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TRANSLATOR’S NOTE

Ar the express wish of the Author, the translator has con-
densed or omifted some descriptions of litile known types of
European consteuction of no particular interest to British and
American readers, and has included some new matter to record
recent progress,

The original work has been entirely rearranged and recast in
order to deal with the subject in a systematic manner. Thus, the firat
_ tbree chapters include the Author’s remarks upon the subject generally
and are prineipally concerned with the progress in the past, scope in
the present, and possibilities in the future. ChaptersIV. to XIII. have,
been arranged to bring under review all matters concerned with design
and construction. Chapters XIV. to XVI. similarly co-ordinate the
Author’s valuable hints upon the determination of power and efficiency,
and upon the adequate classification of test results,

The lists of Gas and Oil Engine and Gas Producer Makers, and of
various hooks, articles and papers published upon the internal com-
bustion engine, have been brought up to date, separated from the
context, and appear as appendices.







PREFACE

AvtHougr the internal combustion engine has been applied to
industrial use only during the last fifty years, it can well substantiate
the claim to have attained o degree of perfection closely approximating
to that lield by the steam engine of to-day. The studies and researches
of numerous scientists, and the many experiments conducted by skilled
engineers in charge of constructional workshops, have enabled certain
general principles to be established and formulated, the application of
which must be considered indispensable to the proper construction of
internal combustion engines.

A list of the more important books that have been published in
different countries, of valuable papers read before techinical societies, and
of informative articles in the technical press, is given in an appendix
to the present volume. From these different contributions it would
appear that the internal combustion engine has been dealt with by
8o many people, so frequently, and from so many different points of
view, that tlie whole subject has been exhausted, and, therefore, a
further volume could be merely a repetition of statements that have
already been made several times over, and could not contain any fresh
maltters of interest, seeing that the most complete books are of some-
what recent date, and, consequently, record the state of progress pre-
vailing at the present time.

Sueh an objection would be well founded if viewed from a purely
descriptive stand-point, because this has been the position more
frequently taken up by the various authors mentioned. But the
objection cannot be sustained if the subject be examined with regard
to the precepts of vheory and of practice as far as experience permits
at the present day. It is precisely from this peint of view that the
Author has written the present work.

He has reviewed the well-known arrangements adopted by the chief
gas engine builders, that in a sense bave become standardised, but,

”~



viil PREFACE

as far as is possible, he has avoided giving descripiions that have
already been made public by several authors.

He has endeavoured fo discuss the various meclianical details
critically, and from a comparative point of view, and therefore has
been compelled to give brief descriptions of the general features of
the types adopted by some of the makers. Each time occasion has
offered, he has given expression to his appreciation of various
methods employed, some of which have been adopted as the out-
come of the Author’s conferences with the engineers connected with
the prineipal constructional establishments. He has also dealt with
the various details that go to make up the complete engine, and
has given a series of practical formul® for calculating their prineipal
dimensions. In this manner, it is hoped that interesting, useful and
original material has been provided.

In order to keep the gize of the book within bounds, that portion
allotted to descriptions of leading features and information of a
general character has been condensed, with the knowledge that those
requiring more information upon such poinis have already many
valuable works to refer to.

The Author takes the present opportunity of expressing his
obligations to those firms who have been good enough to send him
information for incorporation in this volume, and for the manner
in which they bave permitted him to make a ecritical examination
of their work. In so doing, they have presented a siriking contrast
to some of the smaller firms from whom it is practically impossible
to obtain any particulars of what, according to the makers' claims,
must be unsurpassed inventions, and upon the true value of which,
alas! the public are precluded from forming an opinion.
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CONSTRUCTION AND
WORKING OF INTERNAL
COMBUSTION ENGINES

CHAPTER 1
THE PROGRESS OF GAB POWER

WaILsT the excellent qualities of town gas assured ita acceptance
as the best fuel for internal combustion engines by reason of the
readiness with which it could be employed, the application of
the gas engine, previous to the introduction of apparatus for
producing low grade gas, was greatly restricted, owing to the fact
that, for powers exceeding from 50 to 75 =.r., the cost of working
became prohibifive. In order to compete effectively with steam
engines, it has become a matter of paramount importance to produce
a gas, cheaply and readily, capable of yielding good results from a
simple and inexpensive plant.

Power-Gas Producers.—The low grade gas produced from the older
forms of apparatus of the Dowson * pressuve” type encouraged the
utilisation of gas power in installations requiring 100 A.P. and over,
but, beyond this figure, the complicated apparatus necessary for the
production and purification of the gas, the capital outlay involved,
and the amount of space occupied by the engine and producer, rarely
showed to advantage when compared with a steam engine and boiler,
especially as the latter could be used whatever kind of fuel was
available—gaseous, liquid, or solid.

The above remark does not hold good in connection with pressure
power-gas. producers of the Duff, Mond, and similar types, equipped
with apparatus intended for the recovery of ammonia and other
by-products. With such installations it is possible to produce power
with remarkable econoty. Unlortunately, however, for remunerative

1.0.E. B



2 INTERNAL COMBUSTION ENGINES

application, experience has shown that the power developed should
be at least 2,000 m.p,, although Mr. Thomas Righby, one of the
competent engineers in the service of Messrs. Crossley Brothers, of
Manchester, in & paper presented in 1907 to the Ingineering and
Seiontific Association of Ireland, has declared that similar installa-
tions, but of a simpler character, with armmonia recovery, constructed
by his firm, have now proved remunerative from 1,500 H.P. capacity.

“Suction ” power-gas producers have solved the problem for general
manufacturing purposes, and the processes of cleansing and washing
the waste gases from blast furnaces and from coke ovens have proved,
in an unexpected manner, the possibility of applying internal com-
bustion engines for the highest powers demanded by the metallurgical
industries.

The employment of certain low grade fuels, such as lignite and
peat, have slsc given remarkably economical results, one effective
n.p. per hour being readily obtained with 84 1bs. of peat, or with
13 1bs. of lignite. DBut the deposits of these fuels are sparsely
distributed over the surface of the globe, frequently far away from
industrial centres, so that it is of very rare oeccurrence that the full
economy can be realised by the utilisation of the fuel in the neigh-
bourhood of its production, that is to say, when high transport charges
are not incurred.

In connection with the utilisation of these low grade fuels, it is of
particular importance to realise that the cost of transportation
depends not so much upon the fuel itself as upon the number of
heat units that it furnishes,

The figures given above are rather higher than the average, as,
from trials made by the Sarisher Damprhessel Rerizions Verein on two
“ Otto-Dentz’ gas engines, of electric lighting type, about 160 =.p.,
the following results were noted :—

1st engine—Load 170 a.p. . Consumption 575 grammies
(say 1-251bs.)

2nd engine—Load 1028 n.p. . Consumption 600 grammes
(say 1°821bs.)

The tests were carried out with peat briquettes having a calorifie
value of 9,180 B.Th.U. per 1b.

Another trial, made with an 80 u.v. engine of the same manufacture,
has given, for a load of 80 n.r., a consumption of 544 grammes (say
1-21bs.) of ligneous peat of 9,200 B.Th.U. per lb., costing, delivered
on works, 94 shillings per ton (say 06 pence per H.P. hour).

The Gasmotoren Fabril: Deut: have given the utilisation of lignite
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a considerable amount of sttention. Lignite containe a large quantity
of water, generates a large proportion of carbon dioxide, and produces
from 8 to 5 per cent. of tarry residue, containing sbout 63 per cent.
of water, 17 per ceut. of paraftin, and 20 per cent. of ecarbon and ash.
There have been numerous difficulties to overcome, and the Gas-
motoren Fabrik Deutz appear to have been successful. Their
apparatus gives a practical efficiency of 88 per cent. and the purifica-
tion is such as to ensure continuous operation for several months
without cleaning the pipe connections or the engine cylinder.

The Gasmotoren Fabrik Ehrenfeld have also constructed a generator
for burning lignite, and the following particulars give the result of a
test made upon a 40 H.p. engine served by a generator fed with
lignite briquetfes :—

1. Fuel composition—Water . . . . 141 per cont.
Ash . . . . M3,
Carbon . . . . 523
Hydrogen . . - U B

Oxygen and Nitrogen . 242 ,,
Lower calorific value of fuel 8,100 B.Th.U. per lb.
2. Fuel consumption per B.H.p. hour, 800 grammes (aay 1} Ibs.).
8. Calorific value of gas at 32° F., and 29'0 inches of mercury=
118 B.Th.U. per cubie foot.

Liguid Fuels.—For central electric generating stations, steam power
plants constitute a serious rival to gns engines, on account of their
great reliability. Spirit engines have been adopted for vehicular
traffic, and, owing to the marvellous qualities of these small engines,
motoring and aeronautics have opened up new fields for the
application of internsl combustion engines in which steam power is
entirely unsuitable,

The * Diesel” and * Trinkler ” (Koerting) engines, with high
compression pressures designed for utilising heavy or crude oils, have
also brought a satisfactory solulion in cases where it seemed steam
power could never be displaced.

Benzol.—-Amongst those products which are of a suitable nature
for utilisation In internal combuation engines, bLenzol should be
mentioned. Ninety per cenf. benzol ia a colourless liquid with an
empyreumatic odour (that is to say, with a smell as of a slightly
barnt substance) very fluid and perfectly neutral, composed exclusively
of carbon and bydrogen with a slight trace of sulphur. ‘The

T
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hydrocarbons belong to the aromatic series for the most part of
the type CgHe. Its density at 15° C. (59° F.} is from 0-880 to 0-881.

Benzol distils between B0 to 82° C. (175 to 180° F.), and 118 to
120° C. (245 to 248° F.) at the normal pressure of 760 mm. (299
inches) of mercury, Its vapour tension at 59° F., is 2'04 inches of
mercury. Freezing commences-—appearance of the first crystal—at
20°F. The crystala form a greasy mass of laminated, square cornered
pyramide. Its flagh point is lower than 82° F.

Its ascensional power by capillary action is, other things being
equal, at 59° F., 8} times
that of petrol and 23 times
that of ethyl alcohol. It
burns completely away with.
out residue, and, when
properly mixed with air,
gives a very hot blue flame
which is peculiarly steady.

Benzol is not affected by
dull red heat, but becomes
decomposed beyond 980 to
) 1100° F. The molecular
= weight is 78 grammes. Iis
combustion in air, at
conatant vormal pressure

qopd F

b evolves 766,000 small

e calories or 766 large calories
S 7% (for T8 grarmmes) equivalent
3:{: to 9,960 calories per kilo-

i graomme, or 17,920 B.Th.U,

hd per 1b. gross. When the
Fi1a. 1.—1. Geasmotoren Fabrik Dentz water produeed b}, complete

Naphthaline Engine. . s
combustion i8 not con-

densed, the heat given out is 9,5885 calories per kilogramme, say
17,260 B.Th.U. per lb.

Naphthaline.—The Gasmotoren Fabrik Deutz has been able to utilise
naphthaline in engines. This substance ig a solid by-product of the
distillation of coal, becoming liquefied at 173° F., and costing in
Germany only 04 pence per Ih.

The Gasmotoren Fabrik Deutz naphthialine engine comprises a
reservoir for naphthaline briquettes placed above the cylinder, around
which the hot water passing from the eylinder is made to boil within

———
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an outer jacket or envelope. Water is fed into the funnel i (Fig. 1.—1),
and the vapour eacapes from the double envelope of the reservoir «
by the pipe d, and, after circulating round the carburettor ¢, passes
away to the exhaust pipe by the pipe ¢. The melted naphthaline is
conveyed to the carburettor e by a copper tube disposed within the
tube d. The air required for combustion is drawn through the
casing f, which encireles the exhaust pipe, and the heat thus fur-
nished prevents the crystallisation of the naphthaline during the
formation of the mixture in the carburettor.

The engine is first set to work with benzol or benzine, by means of
a special carburettor, and at the end of half an hour the water in
circulation becomes sufficiently heated to melt the naphthaline, and
thereupon the engine is ready to work with the latter produet. The
consumpéion of naphthaline has been found to equal 066 1lba,
per B.H.P. in B 10 H.P. engine.

Blast Furnace Gas.—The iden of utilising blast furnace gas to furnish
power by means of gas engines should, apparently, be attributed to
W. Lurmann, who propounded it in 1887, bui its application to
engines of large power has only occurred during the last seven or
eight years.

Twelve or thirteen years ago, the first experiments were conducted
simultaneously in Germsny, Belgium, and England, and thus opened
a wide field for the application of large engines. Although these early
trials were made with only small engines, the technical information
that the experimenters derived aoon encouraged them o make further
progress.

The Société Cockerill in Belgium, built & 200 B.p. single-acting,
four-cycle engine, and for more than ten years this machine has been
in regular operation in their works.

A further step was successfully made by the construction of a
600 u.r. engine on the Delamarre-Debouteville system by the Cockerill
Co., and exhibited by them at Paris Universal Exhibition in 1900.
This large engine was single-acting, and had a cylinder 1,300
mm. (51 inches} dismeter and stroke of 1,400 mn. (55 inches),
It wae designed to give its power at 80 revolutions per minute, and,
with an initial explosive pressure of about 825 lba. per square inch,
gave a total pressure of over 800 tons at the back of the piston.

Boon after several firms of repute commenced to build large engines
destined to utilise the gases set free by the diverse reactions set up
during the manufacture of iron, coke, &e., and the metslturgical
industry, genersally, was not slow to take advantage of this path to
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further progress, replacing steam engines and boilers by powerful
groups of gaa engines as opportunity offered.

A double-acting, four-cycle engine was built by Koertings' in 1898.!
This engine worked for several years. Koerting Brothers, however,
did not follow up this type of engine, for meanwhile, they had designed
and constrocted their two-cycle motor, which they patented and
exhibited at the Dusseldorf Exhibition. Following the success obtained
in 1902 by the firms Cockerill, Deutz, snd Nurnberg, with their
double-acting, four-cycle engines, Koerting Brothers again took in
hand the conatruction of their engine of this class making extensive
modifications to the original design.

It haa been stated recently that out of fifty German ironworks,
forty-eight have already given ordera for blast furnace or coke oven gas
engines. Thesre orders represent nearly 860 units, aggregating about
420,000 mr.r. The largest installation consists of 35,000 n.r., and
about fifteen central stations in ironworks have from 10,000 to
12,000 mp. In some instances gas producers have been inetalled,
go that, in case of need, the engines can be kept at work when the
blast furnaces are inoperative.

In collieries, and for coke oven purposes, the competition between
gas and steam power has not been so keen, owing to the fact that
the waate gases from the old style of ovens used in a great many
works can only be utilised for firing stenm boilers. In these installa-
tions, however, the number of gas engines at work, ov in process of
erection, amounts to thirty or thirty-five, equal to 45,000 to 50,000 =.p.

The greater number of gas engines used in blast furnaces and
collieries are of the doubde-acting type, some twy-cyele and others
four-eycle. The latter are more usually adopted on account of their
high efficiency.

An ordinary blast furnace produeing 100 fons of iron in twenty-four
houra gives off about 140,000 to 160,000 cubic feet of gos per ton of
iron of 90 to 100 B.'Th.U. per cubic foot, being equivalent to 560,000
to 640,000 cubic feet per hour. The heating of the blast absorbs about
45 per cent. of this quantity. Thevefore, there remains for gas pro-
duction about 77,000 to 88,000 cubic feet per ton of iron, or, say,
300,000 to 850,000 cubic feet per hour. This volume of gas in a

1 The conceplion of a double-acting gas engine appears to be due to Griftin who
ook out an English putent. No, 4,080, of 28rd August, 1893, for a six.cycle wotor,
of which severnd examnples arve still at work.

In 1898, Dick Kerr & Co., Ltd.. built a 90 H.p., two-cylinder, double-acting
tandem gas engine of 124 inches diameter, 20 inches stroke at 180 revolutione per
minute,

q. Letombe built bis double-acting engine in the year 1893,
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steam power plant represenis from 1,200 to 1,500 mr. With gas
engines, from 3,500 to 4,000 H.P. can be obtained from the same
quantity, a difference of something like 2,400 n.p. The mechanical
devices required to serve the blast furnaces absorb about one-fourth
of this power. There remains, therefore, from 2,600 to 8,000 w.p.
available for disposal.

These figures are sufficient to show why increasing favour is given
to large gas engines in metallurgical works.

The following statements have been set forth by the Cockerill Co.
to sliow the relation between the metallurgical apparatus and the dis-
posable power that can be obtained by the use of gas engines.

Coke Ovens.—The disposable power in ».H.P. hours by gas engines is
equal to & figure representing the production of coke in tons per week.

Blast Purnacee.—The disposable power in 1.H.p. hours by gas engines
(the blowing engines being operated by gas) i equal to the figure
representing the production of iron in tons per month.

Such results, however, can only be obtained when the installation
includes all the improvements of modern practice, amongst which the
moat important relate to the systems of washing the gas. This
operation has latterly been the object of attention of large firms of
gas engine builders as well as of those engaged in the production of
iron and ateel.

To separate the gas from the different impurities that it contains,
such as dust, tar, and the chemical constituents that are prejudicial
to the good working of the engine, and in order to reduce the tem-
perature of the gas before its adinission to the cylinder, very complete
washing, purification, and cooling is necessary. These operations are
carried ont by means of fans, rotary washers, and similar apparatus
which involve a consumption of water varying from 90 to 125 gallous
per 1,000 cubic feet.

The amount of gritty dust is reduced by this method from 3 to 0-2
grammes, or about one-fifieenth of the original figure. The power
absorbed by the fans and washing machinery depends upon the system
employed as well as upon the quantity of impurities that have to be
eliminated, and varies from 007 to 0227 B.1r. per 1,000 cubic feet,
being less than 2 per cent. of the power recovered in the utilisation
of gas.

Some very interesting information regarding the amount of heat
capable of utilisation in steam engines and in gas engines for the steel
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industty have been devived from practice by the Maschinenfabrik
Augsburg Niirnberg, and are reproduced below.
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Fia. 1.—3, Thermal Balanee Shect™of Coke Oven of 200 tons per day eapacity.

Figs. I.—2 and 1.—3 represent a thermal balance aheet of a 250-ton
blast furnace and of a coke oven producing 200 tons per day.
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Fig. I.—2 shows that with gaa from a blast furnace of this capacity,
allowing & coke consumption equal to 10 tons per hour, gas engines
of a total of 10,000 H.p. could be permauently served. The blast
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furnace itself requiring abeut 2,500 m.p. for blowing, management,
feeding, lighting, &e., 7,500 H.e. remains for the rolling mills, or for
generation of eleetricity for other purposes.

With the gas from coke ovens, & production of 200 tons per twenty-
four honrs, consuming 10 tons of coal per hour, and with regenerators,
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Fig. I.—8 shows that in permanent work, gas engines of from 1,800
to 2,000 B.P. could be served according to the quality of the fuel.

When the waste coke is gasified in a lean cosl generator of the type
‘made by the Maschinenfabrik Augsburg Nirnberg, it is possible to
produce a further 900 to 1,000 n.p. by means of gas engines, so that,
in this way about 3,000 H.p. are continuously available.

The undoubted economic superiority of the gas engine as compared
with the steam engine is clearly shown from a comparison of the
figures given in Fig. I.—4.

The construction of large gas engines has been greatly developed
during recent years, and especially since their manufacture has been
undertaken in the United States of America, upon lines inspired by
German practice.

The table here given, which includes all the largest gas engines
throughout the entire world, shows the relative output of these engines
from builders in various countries. It only mentions those engines of
more than 1,000 n.r., and has several gaps, owing to some firms not
having furnished the particulars asked for.

Blast furnace gas is used for the largest number of these engines,
and for a lesser number, coke oven gas. Natural gas, oil gas, and
illuminating gas are employed only in some parts of the United
Stabes.

The general classifieation adopted by grouping the engines under
the headings of the type of construction: Deutz, Koerting, Nurnberg,
Oechelhauser, Cockerill, &c., is no longer ralionsl, because a certain
number of firms in Germany and elsewhere, building this or that
engine under licence, have gradually proceeded, guided by the
experience acquired in their own shops, to a more or less complete
transformation of the original design, sc much so, that, ag & con-
sequence, the charactleristic features often disappear.

From the point of view of the relative number and aggregate power,
Germany secures the first place with a considerable lead. However, a
formidable impetus has been given to the construction of large pas
engines in the United Stales, and it seems likely that Germany will
soon be overtaken.

The backwardness of the English industry in this branch is
indicated in the table.
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Ascherslebener Machinenbau-A. -G, vorm, W, Schmidyl 12 | Double-acting, two cycle ., | 17,600 16,
& Co.
Deutsch-Luxemburgische Bergwerks-u, Hticten-Aktien] 11 | Double-acung, four cycie .. ] 14.10cf 1300
Gesellschaft, Abw I
f
Friedrich Wilhelms-Hiitte, Milheim a. Rwhr. Dond 2 | Double-acting, 1two cycle ...] 2,000 2,000,
netsmarckblicte, Labree O.-5,
Ehrbardt & Sehnier, G.m.b. H., Schleifmiihle 39 | Double-acting, four cycle .. | 59,3008 45. 35,0: i
Elsissische Maschinenbau-Geselischalt Mithausen 29 | Ditte ditto | 38.000 ;;tf',a-t:m:»I )
|
Gasmotorenfabrik Dems, Cologne-Deutt ..] 15 | Five single and ten double 20,800 18,000 :
acting. four cycle I
Gutehoflnungshiitte, Oberhausen 27 | Double-acting, two cycle .. | 24.409 al,.poi :
Haniel & Lueg, Diisseldorl-Grafenberg 32 |} Double.acung, four cycle . | 45.0059 38.300 ¢
Markische Maschinenbau-Anstalt Ludwig Stuckenbolz] 8 | Threesingle andfivedoubled 10,60 —
Wetter a. Rubr ’ acting. four cycle
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j
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Riga ‘
Pokomy & Winttekind, Ffanlr.furt a. M..Hockenheim ..] 4 | Ditto ditto 2,209 1.om

{
Schiichtermann & Kremer, Dortmund 3 | Double.acung, fourcycie .| 3.60d 3.600
Siegencr Maschinenbau-A.-G. vorm A. und H Oechel 29 | Double acting, two cycle .. | 41,414 gr.g1c:

haeuser

A. Thyssen, Miltheim 43 | Double-acting, four eycle .| 86,00q 80,40:-1 [

Maschinenfabrik Augsburg Nurnberg A.-G 129 | Duto dite .. Jsor, 82160, 570

Shodawerke A.-G. Pilsen 1o | Double.actmg, four cycle .. | 13,65 1 3,69:.;

Sociére Anonyme John Cockerill, Seraung (Belgum) ..] 33 | Two snghe and thiry ond 42,364 40,165 ¢
double-acting, Jour ¢ clé

Schocider & Cic., Crevzot |Feance) g | Ove single. eight double] 16,80y 16,800
acting, tour vycle :

i
iritish Westinghouse Co., Manchestes o | Single-aciing. Jour eycle .1 100 —
The Lilleshall Ca., Lid., Qukengates, Salup z [ Doubde-acting, four eycle .. ] 2,100 2,100
Wather & Plan, Manchester ] —_— 4o -
Richardson, Westgarth &Co., Middlesborough|England] 6 | Double-acting, four cycle .| 6,900 4,700l
Allis Chalruers Co., Milwaukee, Wis, 46 | Double-acting, four cycle.. J1a8,23cdtar 930!
Snow Steam Pump Co., Bufiale, N.Y. 60 | Dite ditto Jiin,abd as.
William Ted Co., Youngstown, O, s | Dino ditto .. 16,000 16,00
De la Vergne Machine Co., New York 26 | Double-acting. 1two cycle .| 42,2008 10,000

Machine Co., Pittsburg t7 | Double-aciing, four ¢cyele .. ] 35,804 333_




Excines over 1,000 B.p. To Averst 15, 1908.

GAS, FOR DRIVING. ] DELIVERED FOR.
| =i ﬁ
R ] —_ o [ = Lo = : = L= s ] H
18400 By BISE|Z [2g]E | S| §)E ] 8 [sE) ¢ |pd
S|BE 5 |G| £ gl EEE| | E ) E |2 f )28 8|55,
a2 |* g |Fa 5 el 5 1€ | 8| a <| < [73
7 |eH P B R |anP Enr [BRE BT [0 P B P R P | BRP. BILP, | BHP|BH P | BHPF[BEE
o | Lo, — — | 12,800 3,500 1.300] — — | n1o0f 15,500 — — - — | 1,300
ool — — — | 1700 2.400] — - - — | 1o0.100] — - — | 4,000
- - — — | 2000f — —_ - — 2,000 — — — — —_
wo, hasof — — | 48,650/ 10,650 ~ - = | s.050| 41300 1350 7,950 — | 4650 —
oo 10000 — | -~ |i17.800j20.200] — | - — I — lapzo0| — 9000 — | — | 6,700
oo — - ~ | 17,000 3,800 — - - — | 1,600 — —_ - | 72000 2,000
ooy — - - 9,900/ 15,5000 — - - — | 17,600 5,400 — - - | 1,400
oo — - — [ 3#00c| 13,000 — — — — | 45000 «~ — - — -
- -— - 3,000 4,600 3000 — -—- — |10800] — | — - = -
—_ —_ — 2,038|29,510 7,461 — - — | 23.348] 4420 — - — |rr218
- - | - — | 4t04] 1222 — | — | — - =] - - — | $.326
t,200] — — 6oo| 1000 — —_— o] o0 — —_ — —_ 1,200
— - - 3600 — — — - — 3,600 — — - - -—
- - _ 1,330 38,030 — — | 200 — | 3860 — —_ — — | 2,800
o - - — | 3300047700 — | — — |wo500 75500 — | - - =1 -
ol13,200] — — [r28.870| 72.300| 1.500] r.200] — 2,400(150.570| 3.600] 17,200 =— — 20,100
- - - 7.500 3.750| 2400, — - - - - - — [13.480 —
9, — — — — - — - — |e8.664 1,200 —~ | G000 ~— — 6,300
- — — | 15,600 1,200 — — — —_ — —_ b8 = — _—
10000 — — t, 000 — - — - - — | rooof -~ - - —
1 —_ — — — 2,100, — —_ — —_ —_— 2,100, — — —_ —
2,400, — - 1,000 — - — | 149004 — — | 24000 — - - —_
2,200 — — 4,700 2,200 — -— - —- - | 4700 - —_ - | 2,200
6,300 =~ | = [oBamw|zco0oe = | o ¥ — | = e — |eeagl — | —
4,400 24.600 46.540] 47, 790{ 17,000 — - Jab.54d — —_ — - 111,260 - -_
- - — 1,700] 14,300 ~— —_ - - — - - | 16,000} — —
000 — L200] B,000{ 32,000 — 2200 — _ — —_ — | sr:0] — —_
1 oo — 2,300 7600]32.300 — _ - - - —_ — | 39.800] — -







CHAPTER II
GAS VERsUs STEAM ENGINES

Gas engines have still to conquer the vast field of manufacturing
industries. It is in this particular domain that the contest Letween
the gas engine and the steam engine will take place. During the
course of long years, the stean engine has bern endowed with valuable
improvements both in design and workmanship, and, up to the present,
has retained its preponderance in factories requiring motive power to
the extent of between 200 and 1,000 u.r.

In the course of frequent visits to Switzerland, Germany, and
America, the asuthor has visited the prineipal firms who to-day
specialise in the construction of large gas engines, and he has been
struck by the paucity in numbers of gas engines of over 100 n.p.
to be served by producer gas, although numerous gas engines of from
1,000 to 2,000 H.p. were everywhere under construction, destined to
work with blast furnace or coke oven gas.

This state of things is certainly due less to the apprehensions that
are aroused by gas engines and producers of 100 to 500 and 1,000 n.r.
in the industrial field, than to the ever-increasing difficulty that
is found throughout Europe in procuring poor coals at a low price
suitable for gas production by ** suction ” plants.

The physical laws which govern the generation and application
of steam as o motive force have long been formulated. They were soon
disengaged from the obscurity which enveloped their interpretation
and the science of thermo-dynamics has given them a definite sanction
in many forms of application.

Improvements in construction have marched step by step with the
progress of scientific theory to accomplish mechanical marvels. But
ateam is a fluid of a much less complicated nature than explosive
mixtures. The steam during work obeys precise laws appertaining
solely to physics, whilst the production of combustible gases and the
manner in which they exist in the form of explosive mixtures in gas
engines, apply as much to chemiatry as to physics and mechanics.

From an economical point of view the special properties of the
working fluids bring about advantageous or disadvantngeous conse-
quences according 10 the type of engine used. It is therefore
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impossible to speak of absolute superiority or inferiority between
steam and gas engines. The one outweighs the other according to
circumstances.

In a paper read before the Institution of Electrical Engineers in
January, 1907, by Mr. C. E, Douglas, the choice between the two
engines was consideved in relation to the economy obtained by each
systew at diferent loads.
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Fi¢. 1L—1. Relative Fuel Consumption Curves of Steam and Gas Engines at
various out-puts.

The diagram (Fig. IT.--1), in which the ordinates represent con-
sumptmn and the abscissse the loads expressed as a percentage of the
masimum power in kilowatts, shows clearly by the comparntive curves
for different loads, the corresponding consumption per kilowatt hour
for turbines, reciprocating steam engines, “ pressure’ producer gas
engines, and “ suction ”’ producer gns engines.

It will be noticed that at half load the turbine and the reciprocating
steam engine have practically the smme efficiency. The consumption
of the turbine diminishing to a far greater extent than that of the
reciprocating engine under increase of load, while, when the load
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is lessened, the reciprocating engine is more economical than the
turbine.

The consumption of producer gas plants, “ suction’ and “ pressurs,”
remain practically in parallel relation throughout, except that towards
low loads the ¢ pressure” plant becomes more inefficient.

Apart from motive power derived from wind and water, the
remaining sources may be classed in one or other of the following
categories :-—

1. Reeiprocating stationary sieam engines and boilers.

2. Steam turbines and boilers,

8. Semi-portable steam engines.

4. Internal combustion engines,

One of the principal considerations to take into aceount in regpect
of these installations is that relating to the cost of fuel. For installa-
tions of large size in districts where the fuel, delivered on site, is
expensive, this consideration outweighs all others.

In many cases, however, perfect reliability is the most important
question, and, at the present time, a decision upon this point must be
given in favour of the steam engine, unless a sufficient number of gas
engines are installed o act as reserve in case of failure.

Stationary Steam Engines and Turbines.—In these two categories the
engineg fed by the boilers are placed some distance apart. In instal-
lations of considerable size, n distance of about 40 feet usually intervenes.
This, naturally involves loss by condensation and radiation which
sensibly affects the efficiency of the combined plant.

For stationary steam engines of not less than 500 w.p., many
makers are prepared to guarantee a steam consumption not exceeding
8 to 11 lbs, per LH.P. The overall efficiency of such installations,
judging from the results of the most favourable tests made by
the author, or from those carried out by others, has never yet been
less than 176 Ibs. of coal per B.H.P, hour.

Turbines of more than 1,000 B.p. consume about 12 lbs. of steam per
B.H.P. hour. From tests madein 1905 af the central electric generating
stafion at Li¢ge, with the turbine supplied by the John Cockerili
Co., a consumption of 15:2 lbs. of superheated steam per kilowatt
hour was noted, equivalent to 9-95 Ibs, per 5.1.P. hour,

Semi-Portable Steam Engines.—Semi-poriable engines of high
efficiency and low consumption are generally constructed of the
compound condensing fype, with superheaters, from 80 to 400 and
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500 m.p. The consumption of such engines is about 1 1b. of coal
(gross) per n.H.P. hour; 600 H.p. seems to be the practical limit
for insiallations of this class, owing to the difficulty of indefinitely
augmenting the dimensions of Lhe boiler and its steam generating
capacity. However, German makers have built semi-portable engines
eapable of developing about 1,000 n.p.

As togarda fuel consumption, good progress has recently been
realised. The following results have bern sent to the author of a trial
made in 1908 by Prof. Guthermuth, on a Wolf semi-portable engine:—

Length of test . . . . . 7 hours.
Temperature of superheated steam
before admission to high pressure

cylinder . . . . . . 6267 F.
Power developed . . . . . 105 s.m.p.
Mechanical efticiency of engine . . 425 per cent.
Consumption of coal . . . . 1-04 lbs. per B.B.P.
Consumption of steam . . . . 87 lbs. per p.B.P.

Gas Engines.—The competition between gas engines and steam engines
on the question of economy depends mainly upon the difference in the
price of fuel. It being, of vourse, understood that an improved steam
engine is compared to an installation of gas engine and producer, each of
the best design and workmanship in respect of regularity and reliability
of operation.

The majority of gas engine and producer makers of high repute now
guaraptee a consumption as low as 0-86 1b. of coal per v.n.p. hour, for
work varying between 80 and 100 per cent. of the normal power, in
instailations of from 50 to 200 n.r. capacity.

The larger gas power installations are generally fed by * pressure ™
producers by means of a fan or boiler. The cost of fuel used in the
latter must be taken into account in reckoning that of the generator,
and generally amounts to from 15 to 20 per cent. of the fuel burnt in
the producer.

The figures quoted for engines of 50 to 200 u.p., refer to the fuel
consumption noted during full load tests under the most favourable
conditions. In practice, these would be increased by 10 to 20 per
cent., because of the losses incurred due to variations of load, firing
of producer, &e.

Under similarly favourable conditions, a compound condensing
steam engine fed with superhented steam requires at least 1'75 lbs.
of semi-bituminous coal per n.r, hour,



GAS TERSUS STEAM ENGINES 15

Lean coals, containing from 6 to 8 per cent. of volatile matter, and
5 to 7 per cent. of ash, and screened to about § to 1 inch pieces, as
generally employed for “ suction” plants, usually cost about double
the price of steam coal which contains from 15 to 26 per cent. of
volatiles, and 12 per cent. of ash, of about the same average calorific
value as the lean coal, namely, 15,500 B.Th.U.’s per lb.

The fuel cost per u.p. hour, for “suction” gas producer and
engine in therefore practically the same as that for the up-to-daie
steam plant, the latter requiring double the weight of fuel Lut at half
the price.

Taking into consideration that the consumption of lubrieating oil
for the gas engine is very little more than that needed for the steam
engine, and that the initial outlay is practically the same for one as
for the other, it is not to be wondered at that the manufacturer gives
preference to the steam power plant, with ite undoubted reliability and
great elasticity of output.

As things stand, the future of the gas power plant for powers
exceeding 100 to 150 mH.r., depends entirely upon the possibility of
using ordinary coal at normal prices, or some other cheap fuel, such
a8 lignite or peat.

The heavy liquid fuel engines of the Diesel type work with a
consumption of about 0°44 lbs. per effective n.r. hour.

Blast Furnace Gas Engines.—In connection with blast furnace gas
engines, it in interesting to note the figures published in 1907 by
M. Leon Greiner in & pamphlet entitled “ Production economique de
la forece motrice dans les Usines Metallurgiques,” published by
H. Le Souvier, 174, Boulevard Saint Germain, Paris.

The Cockerill Co. estimate that the average eost of a central
station, coneisting of blast furnace gas engines, gas mains, washing
apparatus, dynamos, foundation and buildings is £16 per kilowatt.
The sum provides for an annual allowsnce for depreciation at 13 per
cent., of £2-08,

The cost of working during the firat six months of 1906—7 was
0-0658 pence per kilowatt. The average number of working hours
per year is estimated at 4,880, corresponding to a load factor of
50 per cent.

The total cost per kilowatt is therefore, including depreciation,
0183 pence.

The Cockerill Co. find that the working costs per kilowatt hour
during recent years has been as follows:—
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Year. Production, :‘,f:ti‘::_"!i'_'::"
19000 —1 stean only 1,789,781 kw. hiours rBe  petice
1801 —2 gas and steam 1,930,740 , " 0776 "
1802—3 1" R *r 2.007,290 13 ” 0-59% "
1908—4 ,. ., . 3,887,612 |, » U206 ”
1904_5 EL] L1 L1] 9|999|216 L} " o‘m L ]
1905—6 ,, ,, . 14,915,810 ., " 0-163 "
1906—7 gas only 20,000,000 ,, . 00838,

Regularity.—With respect to regularity, mention may be made of the
installation of two-cycle gas engines by the Siegener Maschinenbau, A.G.,
for driving three-phase, alternating current dynamos. These engines
work with a degree of uniformity of y35 to y35.

Messrs. Mather & Platt, of Manchester, have lately installed a twin
two-cycle engine of 600 m.p. in & Lancashire cotton mill. This is the
first successful installation of large power ges engines for such a
purpose. The chart reproduced in Fig. II.—2, was taken by a Moscrop
recorder during a day’s run, and shows the great regularity of this
particular engine.

The principal considerations of a general character that have to be
taken into account when making a decision between gas and steam
power will now be discussed, and for this purpose some particular
applications will be passed under review, and certain examples
mentioned of existing large gas power installations.

Rolling Mills.—Some experiments have been made with a view to
the utilisation of gas power for driving rolling mills. Their partial
failure appears to be principally due either to the insufficiency of the
power provided for the work, or to the lack of knowledge with regard
to every-day working conditions,

Ii is very necessary to allow for the variations that oceur in the
quality of the gas obtained from blast furnaces from time to time.
This gas is generally used for rolling mill engines, and sometimes is
of about 100 to 110 B.Th.U. per cubic foot, while ocecasionally it is
only of about 85 to 90 B.Th,U. 1In the latter case, the degree of
inflainmability of the mixture ia sensibly affected, and if the engine
is not fitted with some device for counteracting these variations, the
power produced is materinlly lessened. Gas of 85 B.Th.U. per cubic
foot is practically the lowest limit with which it is possible to produce
combustion, owing to the fact that the combustible elements (hydrogen
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and carbon monoxide) are so diluted with inert
gases that the oxygen cannot combine with
them.

I¢ this lower limit of 85 B.Th.U. be frequently
found to exist, it is necessary to arrange for
some method of enrichment, as, for example,
by means of a certain proportion of producer gas
of about 135 B.Th,U, per cubic foot.

Another eonsideration, peculiar to rolling mill
work, is that without warning, and for relatively
short periods, a very large amount of power is
demanded, while usually it is necessary to
arrange for the engines fo be reversible.

A rolling mill may be driven either by a direct
coupled steam engine, or by a gas engine; or
by a dynamo taking eurrent from a central
electric station in which it is generated either
by steam or gas engines.

The direct coupled steam engine has the
advantage of assuring thoroughly reliable opera-
tion, owing to its great elasticity and eapacity for
overload, amounting on occasions to 50 per
cent. of the normal output. It can be reversed
with great ease, but it involves a high fuel
consumption,

When comparing a direct-acting steam engine
with a central electric installation and steam
engine driving rolling mills only, allowance
must be made for the cost of running the engines
and dynamos for intermittent idle periods of
from 10 o 80 minufes’ duration.

The direct coupled gas engine is very econo-
mical with regard to fuel eonsumption. It can
be readily served, and without great cost, by a
gas main coming from the blast furnaces. To
ensure reliability, however, it should be about
100 per cent. larger than actually required to
deal with the normal resistances. This results
in the charges for capital and depreciation being,
in some cases, excessive, Besides this, the
ordinary type of engine does not readily lend
itself to reversing. Rotating always in the same

LC.E. c
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* Moserop " speed varistion record of 600 H.p. Mather & Platt two-cycle Gas Engine (Koerting type),

11.—2.
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direction, it demands special mechanical appliances to be fitted to
accomplish the reversing movements, which, in addition to causing
further complication, involves loss in efficiency.

Indirect driving of rolling mills by a central electric power station.
similarly involves a high capital outlay. If such a station serves
rolling mills absorbiog, for instance, 1,000 H.p. as an average, it will
be found to be subjected to variations of load ranging between 700 and
1,500 u.p. or 100 per cent. Such conditions of working are therefore
unsuitable. But if the central station supplies current for ofher
purposes of a larger fotal capacity, and deals with a load of frem 10,000
to 20,000 B.p., the load variaticn due to the rolling mill, will represent
only b to 10 per cent. of the total power, and, in such a case, the cost
of working per H.p. would be greatly decreased if blast furnace gas
engines were installed to drive the dynamos.

Sundry Examples.—Under this heading authoritative figures will be
given respecting several producer gas power installations known to the
author. .

The Pittsburg Plate Glass Co. has installed inits works at Crystal
City (Missouri) an engine of 1,800 m.p. built by the Allis Chaliners

‘., and coupled to a 1,000 kw. alternating current dyname. This
engine is of the double-acting, lwin-tandem type. The suroke is
42 inches and speed 107 revolutions per minute. It is served with
* presgure ” producer gas made from bituminous Illinoie coal. The
engine and ite alternator work in parallel with other unite. The
alternator is fitted upon the main crank shaft between two sets of
cylindera. The engine is part of an installation tofalling 5,000 u.v.
supplied by the same makers. '

The Snow Steam Pump Co., of Buffalo, have installed 14 gas
engines of 1,000 H.p,, 2 of 4,000 n.r,, and several of 500 wu.p., for
pumping natural ges from the shalis at low pressure, and delivering
it into high pressure service mains. The same company has aleo
supplied to the Californian Gas and Flectric Co., of San Francisco,
for tramway service, 4 engines each of 5,400 H.r. direct coupled to
4,000 kw, dynamos. Three of these dynamos are 25 cycles, one is
60 cycles, and the voltage of the system is 5,500 volts. These engines
are 4 cylinder double-acting, twin-tandem, four-cycle type and are
illustrated in Fig. I1.- 3. Their principal dimensions are as follows:—

Dhiameter of piston —42 inches by 60 inches stroke.
Piston rode—15 inches diameter.
Speed—90 revolutions per minute.
I'he flywheel weighs 50 tons without reclioning the weight of the rotor.
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400 H.P., constructed Ly the Snow

i,

nil Electric Co. of S8an Francisco, direct coupled to 4,000 k.w.

four-cycle Gas Engine of

generator for tramway service.

Fre. II.—3. Four-cylinder, double-acting, twin-tandem,
#team Pump Co,, of BDuffalo, for Californian Gas a

The fuel used is 0il gas of 600 B.Th.U. per cubic foot, containing as
much as 60 per cent. hydrogen, produced by means of Lowe gas
generators from crude petroleum of 20,000 B.Th.U, per 1b. The
petroleum is heated to about 300° F., and the gas produced is mixed
with super-lhealed steani. The saturated mixiure of petroleum vapour

¢ 3
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is fixed in the apparatus at a temperature of about 600° F., the average
analysis being as follows:—

Hydrogen . . . . . . . H. 584 ¢
Methane . . . . . . . CH, 288
Hydrocarbons . e . CHn 34
(Carbon monoxide . . . . . . Co 44
Carbonic acid . . . . . . CO, 1-2
Nitrogen . . . . . . . N 38
Oxygen . . . . . . . . Qy Traces.

The Western New York and Pennsylrania Traction Co., which
owns about 85 miles of inter-urban lines in the vicinity of Olean
(New York), several months ago gave proof of their confidence in gas
engines by disposing of all the steam engines in their central
station. The company now place entire reliance upon their central
station at Ceres for the necessary power to work their trains. The
station comprises two double-acting, tandem, Westinghouse engines,
and one twin-tandem, double-acting, Snow engine, all of the same
output, driving General Electric Co.’s alternating current dynamos,
three phase, 300 kw,, at 150 revolutions per minute.

The Snow engine has pistons 16 inches diameter by 80 inches stroke.
The two cranks are at 90 degrees giving four impulses on the shaft per
ravolution. The distinguishing feature of these engines is that the
combustion chambers are placed at the side of the cylinder with
admission valves above, and exhaust valves below. The engines are
fed with natural gas averaging 900 B.Th.U. per cubic foot, taken
from shafts belonging to the company. The gus is fed into the main
service pipes at a pressure of 200 lbs. per square inch, and passing
through reducing valves the pressure falls successively to 50 lbs., and,
finally, to 18 lbs., at which pressure it is admitted to the engines.

B.Th.L. pai B85,
bour

Diays, Periwl. Average load,  [Gas copaumption,

Fer kw, hour

inura, Rw, cubic feet,
Sunday . . . . 21 192-4 265 16,350
Monday . . . . 20 202-5 250 15,200
Tuesday . . . . 21 2329 233 14,250
Wednesday . . . 19 2487 225 13,500
Thursday . . . 15 2805 220 13,250
Friday . . . . 20 X6 225 13,500
Suturday . . . 19 2926 220 15,300

Average . . . . 195 2408 235 14,200
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The table on p. 20 (from “ Power and the Engineer ") shows the
efficiency of these engines in datly service over a period of one week
with a very variable output, complete stoppages oceurring between the
hours of two and four in the morning when the engines are shut
down.

The figures in the table are based upon an average ealorific value
of 900 B.Th.U, per cubic foot, and an efliciency of about 1'5
p.ap. per kilowatt. The thermal efficiency per m.A.P. under such
circumatances only amounts to about 18 per cent.

Messrs, Rowan & Co., of Glasgow, installed a gas power plant
in their works in 1905, under the supervision of their consulting
engineers, Messrs. Hal Willinins & Bridges. In the first place, the
total power absorl:ed by the existing machinery and required for new
toola was precisely determined and fonnd to be equivalent to about
600 n.p. One of the principal coneiderations was the great discrepancy
between the maximum and minimum loads that prevailed, and
particularly at night when reduced loads were to be dealt with, and
also by the fact that several isolated workshops were to be supplied
with power for overtime work.

It waa decided to adopt gas engines in preference to steam power,
and (o sub-divide the 600 u.r. into four units of 150 u.r. each, It
was arranged that the four engines should drive in parallel by belis
on to one main shaft by friction clutches, and that three of them
should each be belted to a direct current dynamo. The sapace
available was much restricted and, in consequence, it was exceedingly
difficult to arrange for the erection of new engines in place of the old
without stopping the works. In order to avoid this, however, two
engines were first erected and set to work, thus enabling the steam
engine to be removed and the other gas engines to be put into position,
As the headroom available was insafficient to accommodate an over-
head crane, a special arrangement of suspended girders forming a run-
way had to be devised for use when it wae necessary to remove the
pistons for cleaning purposes, &c.

The engines were supplied by the National Gas IKngine Co., of
Ashton.under-Lyne, and the producers by the Dowason Eeonomic Gas
and Power Co., of Londoin. 'The engines have cylinders of 224 inches
diameter by 80 inches stroke, and are speeded at 170 revolutions per
minute. In order to obtain aa slight a eyclical varintion as possible
with “ hit and miss ” governing, the tly-wheels were made specially
heavy, each weighing about 12} tons. Generally three engines work
during the day, the fourth being set to work in the evening to generate
current for electric lighting,.
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The four producer gas plants are placed in line and erected, each
behind an engine. An equalising pipe is connected to each generator.
Any engine is able to work with any of the generators, thus ensuring
continuity of operation during the cleaning of any one of the generators
during working hours. The fomr producers being connected to the
same service main, the effect of the suction of the engine is equalised,
and, in case of a breakdown to one of the sets, it can be isolated from
the others.

Finally when one or two engines only are required for night work
or for overtime, the four generators can be connected to the two
engines. This considerably reduces the standby losses and facilitates
ptarting to work next morning. In fact it is possible to start up
the four engines without blowing up by means of the electric blowing
fans. Each generator has its separate fan.

Under full load, the whole of the plant, producers, engines, and
dynamos, are intercommunicated in parallel, so that, if an accident
should happen to one of the units, the others would immediately take
up the load and keep things going. FEach unit is able to carry a
heavy overload for long periods.

The guaranteed fuel consumption with Scotch anthracite was:—

Atfullload . . . . 11lb. of coal per B.H.P. hour.
sy three-quarter load . . 1125, ., » »
,, half load . . . . 126, ' ’s "

The quantity of cooling water for the engines was not to exceed five
gallons per B.1.r. hour, and for the secrubbers and generators not more
than one gallon per u.H.p. hour for both purposes.

Tests were carried out by the consulting engineevs and the
following figures obtained :—

25th February, 1909, 20tk February, 19509,
Average power developed by
each engine, nL.H.P. . . 11765 136
Average fuel consumption per
B.H.P. hour, lbs. . . 0854 0845
Cooling water consnmption,
gallons . . . . 42 364

I'he Scotch anthracite used was from the Barblues mines, and cost
18s. per ton at the time of the triala.



CHAPTER III
_THE FUTURE OF GAS POWER

TrarovoRovt this work the author has endeavoured to give extensive
consideration to the practical side of the subject of internal combustion
engines, and it is for this reason, particularly, that in the appendices
he has given complete liats of authors, engine huilders, and manu-
facturers of anxiliary apparatus. The reader should, therefore, be in
a position to obtain further and detailed information upon application
to any of the apecialists who are there mentioned.

He has entirely omitted all theoretical considerations, not becanse
they are of little worth, but rather that experience has shown that, so
far, theory has not greatly assisted the progress of the gas engine
towards perfection. No theorist has discovered n cycle and a formula
to satisfy all the extremely complex plenomena that the practical
engineer has to accept, and that force him to exercise the more
ingenuity in overcoming the obsatacles that hinder further improve-
ments. Fanciful generalisation and hastily-formed conclusions, have
often regulted in inisleading inventors instead of guiding them to the
desired goal, and have been the cause of a great deal of money
being lost, owing to the fact that gns engine theory and design, as
far as present knowledge goes, is far removed from being an exact
seience. It should not be forgotten that Otto, who was a true inventor,
and who first thought out the modern four-cycle gas engine, was
absolutely ignorant of theory—he was not even an engineer,

It is worth while to summarise the improvements which must still
be made to gas engines before they can claim to give the steadiness of
operation and ease of control and maintenance thut is 80 necessary,
and which many factory owners have considered hitherto to be the
exclugive monopoly of the steam engine. In accord with all other
writers, the author claims that the gas engine is incontestably superior
to the steam engine upon economical grounds, with regard to the
quantity of fuel used to produce a certain amount of power. But low
consumption is not the only question that the factory owner takes into
considerafion. He must, before everything else, protect himself from
any risk of sudden breakdown, eausing stoppage of industrial pro-
cesses, which are always costly, and soweties disastrous, us in the
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case of metallurgical works, electric light stations, refrigerating plants,
ventilating appliances in connection with collieries, &e., &e., which
cannot be allowed to stop even for a single moment.

The principal adverse criticisms to which gas engines are subjected
are: (1) lack of overload capacity; (2) lack of regularity; and (8) the
delicate nature of some of the mechanical devices which are indis-
pensable for the operation of the engine. But the author would like
to point out that the steam engine, when first broughi out, presented
gimilar weaknesses. More than a century and a half has elapsed
gsince the first application of the steam engine, and, during that time,
naturally, it has acquired & high degree of perfection, due to the
experience gained during so many years of working. On the other
hand, the first serious attempt to develop the gas engine dates only
from the year 1860, the first industrial application dates from 1878,
whilst the blast furnace and * suction ”* producer gas engines have only
beent on the market since the year 1895,

Lack of Overload Capacity.—It is frequently forgotten that a steam
engine is never sold for the maximum power that it is capable of
developing. For instance, a 100 H.p. steam engine is able {0 generate
this power with an admission of stesm during one-fifth or one-sizth
of the piston stroke, a condition which corresponds to sufficiently
economical working. As a matter of fact, however, by the increase in
the duration of the admission period, or by supplying steamm at a
higher pressure, the power is also increased and as much as 150 u.p.,
or 50 per cent. more than the rated power, is within the bounds of
posstbility. 1t is clear, therefore, that the steam engine is essentially
elastic with regard to output.

With regard to the gas engine, however, the custom is to sell it on
the basis of the mazimum power that it is capable of giving out.
Someties, a margin of 5 to 10 per cent. is allowed to provide for con-
tingent irregularity, either of mechanical adjustments or the working
fluid. In such a case, there is evidently no available capacity for over-
loads. Nevertheless, there is nothing to prevent the choice of a gas
engine powerful enough for it to be comparable to the steam engine.

The criticiam relating to lack of overload capacity, therefore, should
not be attributed as a fault of the gas engine itself; it rests with the
puchaser to decide and to choose the power of the machine lie may
require to suit his peculiar circumestances.

Lack of Regularity.—The single-acting, four-cycle gas engine with only
one impulse per cycle, or two revolutions, is evidently less regular in
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action than a steam engine in which an impulse is given for each
half-revolution, but nobody can ignore the fact that any desired
regularity can be obtained by means of a sufliciently heavy fly-wheel,
and a sufficiently sensible system of governing. In this case, therefore,
any lack of regularity should not be looked upon na a gas engine defect.
It ie only necessary to construct the engines adequately for the work
that they are required to do. In the case of a steam engine a very
great number of different types of engines are available for special
duties. With gas engines, the number of types from which a selection
can be made amounts to thiree only.  The vertical engine, at & moderale
speed, for electric lighting, &ec., the high apeed vertical engine for
automobiles, launches, &c., and the slow-running horizonal engine for
general industrial purposes.

Mention is made elsewhere of the many examples of two-cycle gas
engines, which, as far as regularity is concerned, avre at least compar-
able with, if not superior to, the best type of steam engine.

With regard to the criticisins relative to the delicate nature of some
of the working parts, the gas engine, as also the steam engine, is subject
to mechanieal disorders, such as the seizure of badly lubricated
portions, or breakage of some part or other, the dimensions of which
have been incorrectly calculated, or which have been submitted to
enormous strains, The gas engine, however, does include one
particular detail that is not found in a steam engiuve, and that is the
ignition device. In a later chapter, the anthor has dealt with thia
matter, and has mentioned the improvements which have been made
to assure conatant and regular operation of the ignition mechanism,

Low Grade Gas.—Difficulties of & different nature have been referred
to in connection with engines using poor gas, due to the sooting up
of parts, and particularly the inlet devices by imperfectly cleaned gas.

In large installations, where stoppages must be avoided at all costs,
special means of washing and purification by centrifugal and other
types of apparatus are installed. But, although by such means the
amount of dust contained in the gas can Dbe reduced to about
6 grammes per 1,000 cubic feet, there still remains a certain amount
of tarry conatituents which involve the greatest risk of interruption
to the working of gas engines. This tar adheres to the walls of the
supply-pipes, causes the valves and piston rings to stick, and may also
becoine deposited in the cylinder, where it tends to cause premature
firing. Some kinds of coke oven gas contsin as much as 30 grammes
of tarry vapours per 1,000 cubic feet.
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The same far trouble makes it obligatory to exclusively use lean
coals for suction gas engines, so much in vogue at the present time,
on account of their simplicity and economical operation.

Tar, being a direct distillation of volatile hydro-carbons which has
escaped combustion and conversion into combustible gas, should
properly be reduced within the generator itself. Various systems have
been proposed, and, amongst others, up-draft producers, which burn
the volatile matters as soon as given off and also distil the hydro-
carbons in a separate portion of the apparatus, have been devised. So
far the efforta of the inventors have not been attended with entire
success. 'The caking of the fuel and the formation of cores, which
upset the regularity of combustion, constitute the principal difficulties
that must be overcome, 'The use of bituminous coal, therefore, has
not yet been industrially eolved in connection with suction gas
producers.

The majority of producer plants designed up to the present, and
particularly suclion gas producers, have been brought out by manu-
facturers or mechanical engineers. These firms apparently have not
apecially considered the reactions which are produced during the
process of gas manufacture, It is, however, possible that if the
gueslion were to be studied carefully by chemists, as is the case with
blast furnaces, it would be possiblé to mix the eombustible mixtures
with some flux, so as to obtain, even with ordinary coal, a low grade
gas of normal composition, free from tar,and from which the dusty
residuals, without elinker, could be ensily eliminated.

Gas enginee should be particularly improved with regard to the
ease of access and maintenance of working parts, such as the valves.
They ought also to be made less seusitive to variations in the quality
of the gas. The majority of applications that have been carried out
are yet too recent to be of any real service in suggesting still further
improvements. Nevertheless, in the writer’s opinion several leading
principles can now be formulated with regard to which it seems
desirable that engine builders should uudertake further researches.

1. To produce a system of governing of practically constant ratio
of mixture admitted in variable quantity without invelving a vacuum
in the cylinder.

2. Increased compressions facilitated by water injection, for
example, in such a way as to permit the utilisntion of the poorest
posaible mixtures to burn slowly, but completely, at the commence-
ment of the expansion period. In this way the mean pressure would
be increased, permitting the reduction of eylinder dimensions and
avoiding audden explosiona, which would be replaced by combustion
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at nearly constant pressure during a certain period of the power
stroke.

3. Automatic expulsion and complete scavenging of burnt gas, in
order that the quality of the following charge of explosive mixture
should not be unfavourably influenced.

4. Design of parts to allow free expansion of the portions in contact
with hol gas, so as to permit engines to be worked at higher tem-
perature and to increase the thermal efficiency by recovering a
portion of the heat lost fo the cooling water.

5. The design of details to permit automatic regulation of cocling
water circulation in proportion to the work developed by the engine,
80 as to improve the efficiency under low loads.

6. The creation of vertical types of large power, both for marine
and for industrial services, in order to reduce the space reqnired and
80 to lessen the hindrance with regard to free expansion now existent
in connection with the larger tandem horizontal engines.

7. A practical means of recovery of waste heat from the exhaust gas.

A certain number of these principles have already led to practical
improvemeots, and the future will suggest others which it is impossible
to foresee at the present time.

'The ability and knowledge of scientists and constructors will,
without doubt, scon overcome the present difficulties. The high
efficiencies reported in connection with trials made on internal
combustion engines by the best known aunthorities emphasise the
future of gas engines.

Gas TurBINES.

A number of experiments have already been conducted with a view
to the production of gas turhines, but the author proposes to mention
only the opinion of Mr. Dugald Clerk in his presidential addreas to
the Junior Institution of Engineera (November, 1905). Mr. Clerk
has given close study to the question, and his competency to express
an opinion upon the matter is indisputable.

{1) It is impossible for a gas turbine to be subjected to the same -
high temperatures as are developed by the combustion of gaseous
mixtures in gas engine cylinders. Such temperatures, which are of
1,500° C. to 1,600° C., and even 2,000° C., are practicable with
re¢iprocating gas eogines, because, on account of the * cyele,” they
are prevalent only for very short periods,

In a gas turbine, of which . .the characteristic feature is the con-
tinuous flow of gaseous flame, certain details must be subjected to
the sane temperature as the gas, but no material exiats, as far as is



28 INTERNAL COMBUSTION ENGINES

known at the present time, that possesses the mechanical qualities
necessary for the working parts of a prime mover of this type. It
is therefore indispensable for the temperature of the gases to be

«considerably reduced before entering the turbine.

Mr. R. M. Neilson, in a paper presented in 1904 to the Institution
of Mechanical Engineers (London), estimates that the temperature
should not exceed 700° C., which is still & very high limit, for, from
trials conducted with respect to the rapidity of oxidation of iron and
steol at this temperature, it ia certain that the turbine blades, under
such conditions, would rapidly deteriorate.

»~  (2) The necessity for lowering the temperature of the gas has
brought about proposals to partially transform the thermal energy of
the particles into kinetic energy by expansion of the mixture through
an expanding jet of the Laval steam turbine type. The gaseous
mixture is then compressed in a combustion chamber having a lining
of refractory material, the gases escaping from this chamber by a
nozzle of a suitable form to direct the gases againat the blades of

' the turbine.

This type of turbine Mr. Clerk considers to be the most practical of
those yet proposed; but to obtain a satisfactory efficiency demands
(1) & rotary, or turbine compressor of high relative efficiency; (2) an
expanding nozzle which shall ensure that free expansion is quantita-
tively equivalent to adiabatic expansion behind a piston; (8) a
rotating turbine of such construction as to secure very high efficiency
of transformation of kinetic energy of the moving gas into effective
work available at the turbine shaft.

In order to calculate the overall efficiency that should be obtained
from this class of turbine, and assuming for each of the three details
an efficiency equal to the highest obtained in practice, Mr. Clerk has
baaed his figures upon the hypothesis that the gaseous fluid, following
the Joule or Brayton cycle, gives a theoretical efficiency of 48 per
cent. To obtain this theoretical efficiency the compression should be
carried to 140 lbs. per square inch; the maximum temperature would
be 1,700° C., and the temperature at the outlet of the expanding
nozzle would be 700° C,

For the compression it would be more advantageous to use a
cylinder compressor, because the efficiency of such would be higher
than that of a rotary compressor; but to doso would be equivalent to
abandoning the advantages of the turbine principle. It is necessary,
therefore, to assume an efficiency of 60 per cent. for the compressor ;
but in order to give the most Invourable conditions for the turbine,
an efficiency of 90 per cent. will be considered possible.
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Similarly, the efficiency for the conversion of thermal energy into
kinetic energy will be upon an assumption of 90 per eent., although
this figure is mueh too high. The eficiency of transformation of
kinetic energy into useful work upon the turbine shaft is ceriainly
lower. Itisrecognised, in fact, that the mechanical efficiency of a steam
tarbine is lower than that of a reciprocating steam engine at high
pressures. If the turbine gives more useful work from the energy in
the steam, this is on account of the absence of the initial condensa-
tion that takes place in the reciprocating engine. On this account it
is impossible to rely upon an efficiency of more than 80 per cent.

Using the numbers suggested, 90 per cent. for efficiency of
compression, 90 per cent. efficiency of nozzle expansion, 80 per cent.
efficiency of conversion in turbine, there would be, with a cycle having
negative work equal to 04, the following efficiencies :~~To get 0-4 of
work in compression, 0'445 of work would have to be put into the
compresgion. On expanding in the nozzle only 09 of the total
energy of the flame gases would be obtained in the shape of kinetic
energy, and of that 09, only 0’8 would be returned in the shape of
available work by the turbine portion. From the turbine, therefore,
the total work obtained wounld be 09 x 08 = 0'72, and deducting
the negative work, 072 — 0445 = 0:275; that is to say, that the
thermal efficiency of a turbine working on the cyele under considera-
tion would be 275 per cent.

But even then, no account has been taken of any losses of heat
due to radiation or carried away by the exhaust. Such losses,
according to Mr. Clerk, would amount to 25 per cent. if an assump-
tion be made upon the observations noted in conneetion with
reciprocating engines. Thus the efficiency would be further reduced
to 165 per cent.

A reciprocating engine, working upon the same Joule cycle of
48 per cent. ideal thermal efficiency, would give in practlce at least
80 per cent. indicated efficiency.

(3) But the preceding solution is not the only one that has been
proposed for the practical realisation of the gas turbine, suggestions
having been made to make use of the greater part of the energy of
the combustible mixture in a reciprocating engine and to utilise the
exhaust gas in a turbine. One arrangement upon this principle has
been tried by Mr. F. W. Lanchester. It would thus be possible to
obtain a high efficiency in the turbine; but it could not be accepted
a8 a solution of the problem of the gas turbine for large powers.

To avoid the difficulties resulting from high gas temperature,
Professor Reeve has suggested the use of steam to provide the
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working fluid, the steam when produced to be heated by a very
small quantity of combustible mixture of gas and air under pressure,

This would produce a turbine using highly super-heated steam, and
thus be a compromise between the flame turbine and the steam
tarbine. The solution is interesting ; but to obtain a higher efficiency
than is possible with reciprocating engines it would be necessary that
the temperature of the Huid at its entry into the turbine would be
much higher than the limit that could be practicable for safe
working.



CHAPTER IV
PRINCIPAL TYPES OF GAS ENGINES

CoNsIDERATIONS of space render it impossible to refer even briefly Lo
every maker of gas engines or to give detaile as to the type of engines
constructed by them. It is intended, therefore, to review those which
present the greater interest, but for the information of the reader a
list is given in an appendix of all makers in the various countries as
far as is known by the author. Here, as in the appendix, the names
will be referred to in alphabetical order,

AMERICAN.

Allis Chalmers Co., of Milwaukee, Wisconsin, have successfully
installed some of the largest gas engines in industrial service in
the United States. At the Homestead Workes a series of four-cylinder,
double-acting, twin-landem engines comprise thirty-six double units of
4,500 m.p., but in the new works being erected for the Indiana Steel
Co. at ba.ry, on the River Grand Calumet, about twenty-three miles
from Chicago, the gas engine installation will be by far the largest in
the world.

The sixteen blast furnaces will have a productive capacity of 500 tons
of iron per twenty-four hours and be complete with all the improve-
ments embodied in modern practice. From this number of furnaces
about 45 million cubic feet per hour will be produced, sufficient to
serve gas engines totalling 500,000 u.p. or thereabouts; 80 per cent.
of this volume of gas will be employed in regenerative processes ;
73 per cent. will be used in the generation of steam ; 5 per cent. will
be lost in washing processes or utilised for auxiliary purposes;
12} per cent. will serve gas-driven blowing engines for the furnaces;
and the remaining 45 per cent. will furnish electric current in a’
central generating station.

The sixteen gas-driven blowing engines are each of 2,500 wn.p.
horizontal, twin-tandem type, with pistons 42 inches diameler and
54 inches stroke, displacing 8,000 cubic feet of air per minute at a
pressure of about 18} lbse. per square inch, and will work against
30 1bs. per square inch upon oceasion.
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In the central station seventeen horizontal, fwin-tandem, double-
acting engines are installed ruuning at 83:8 revolutions per minute ;
fifteen are direct coupled to alternators and two to coutinuous current
machines. The alternalors are three-phase, 25 periods, 6,000 volts,
and the continuons current machines will generate at 250 volts.

The seventeen engines are rated at 4,000 H.r., the dynamos are
2,000 ew. and will carry an overload of 80 per cent. They have been
built by the Allis Chalmers Co. upon the lines of other similar units
supplied by them to the Ilhnois Steel Co. to work in parallel. The
engine fraines weigh about 90 tons each, and the lower half of these

Fra. IV.—1. = Fus" Gax Engine.

frames are emnbedded in the foundations flush with the floor, giving
freedom of nccess to the valves. The total weight of each engine is
about 750 tons. The pistons are 44 inches diameter, and the stroke
54 inches long. The crank pin is 20 inches diameter; the shaft in
the bearings, 80 inches diameter ; and the fly-wheels, 28 feet diameter,
weigh 91 tons.

Other references to this firm will be found on pp. 18 and 3186.

Blaiadell Machinery Co., of Bradford, Pennsylvania,—A reference to
the double-acting engine built by this firm is made on p. 829,

Buckeye Co., of Salei, Ohio, construet two-cycle engines, a description
of which is given on p. 129,
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De la Vergne Machine Co., of New York, have been for many years
the licensees of the well-known Hornsby-Akroyd oil engine and have
been responsible for many installations throughout America for all
purposes. They have also developed the two-eyele, double-agting
Koerting engine with success, the table facing p. 10 showing a total
of 26 units over 1,000 n.r., aggregating 42,200 u.p.

Foos Gas Engine Co., of Springfield, Ohio, build engines up to
moderate powers presenting s number of interesting features which

i : =hw 4

Fra. IV.—2, Olds (ins Power Co.'s 65 B.H.7. Engine, 16} inches diameter by 20 jnches
stroke, developing 85 H.P, on brake test at 215 revolutions per minute,

are alluded to on pp. 285, 819, 885, 854, 874, and 898. An illustra-
tion of a small engine is given in Fig. IV.—1.

8. M. Jones Co., of Toledo, Ohio, construct vertical gas engines to
which allusion is made on p. 90.

0lds Gas Power Co., of Lansing, Michigan, have heen licensees for
the gas producers of the Pintsch Co. of Berlin and took up the manu-
facture of gas engines three years ago in consultation with the authaor.
They have produced an engine combining utmost simplicity with
highest efficiency.

1C.E. D
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The engine has a strong frame casting, with a separate breech end,
provided with a large opening for removing the core after casting and
for cleaning the water chawber when erected (Fig. IV.—2). Govern-
ing'is effected by varying the volume of mixture admitted &t constant
ratio as determined by two valves, controlled by the governor and
placed in the gas and air inlet passages respectively. The ignition
system is very simple and compact and is illustrated on p. 157.

Riverside Engine Co., of Qil City, Pennsylvania.—This firm has
departed from the arrangements and methods generally adopted by
European makers in the construction of large double-acting engines.
They have designed an engine of which the valve gear and operating
mechanism and the form of cylinder differs widely frow the principles
that are sometimes alluded to as * American practice,” with the
exception of the side disc crank which seems to be preferred by

Fra. 1¥,—3. Longitudinal section of Riverside Enpine Co.'s Tsndem Engme.

American engineers over the eranked shaft that has become the
standard practice of all European makers for engines of all sizes.

The first engine of this type, double-acting, with two tandewm
cylinders, has been supplied to the Watson Steelman Co., of Aldine,
New Jersey, and includes several interesting peculiarities. The inner
cylinders are cast with the outer casing, but both are in sections
forming lwo trunks with a ceniral joint over which the piston passes
(Figs. IV.—8 and IV.—4). These trunks are held together by four
powerful longitudinal bolts placed in ench of the four corners of the
water jacket, which is of the rectangular form shown in Fig. IV.—5.
Each trunk or half-cylinder is fitted with a corresponding breech end
with the valves, and is bolted in position upon a long sole plate having
carefully-inachined supporting surfaces, commmon to both of the tandem-
cylinders.

Alove the cylinders and upon the centre line the cam shaft runs
longitudinally throughout the entire length and on either side the
inlet and exhaust valves are placed, directly operated by short levers
(Fig. IV.—5). These valves are identical and interchangeable, and



PRINCIPAL TYPES OF GAS ENGINES 35

their seats are arranged on the same horizontal plane in the breech
casting and below the cylinder level. Egquilibrium valves are used
similar to those designed by Messre, Crossley Brothers and referred to
on p. 398. They are made in a eylindrical block well cooled internally
and the height is eaflicient to act as guides in the vaive boxes. They
can be readily removed from above after the operating levers have
been dismantled, and the springs need be of a light section, since they

]
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Secteon at l.Ai Sectionat BB,
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RIvERSIDE ENXGINE Co0.'8 TANDEM ENGINE,

Fro. 1V.—4. Longitudinal section Fia, IV.—6. Transverse section
(1 eylinder). (valve chamber, &c.).

are in equilibrinm. No intermediate support is provided for the
central portion of the piston rod.

The method of obtaining nccess to the pistons is of an original
character. Instead of bringing these to the end of the cylinder, the
halt-cylinder, with its valves, cam shaft bearings, &e., is removed, and
in this way the piston is inspected by the opening thus created.

The makers do not seem to have attached much importance to the
shape of the combustion chamber, which is very irregular and presents
a large cooling surface in proportion to its volume. It remains to be
seen whether the dismantling of the complete halfcylinder to get at
the piston is, in every-day practice, a simpler operation than the

D2
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F1e. IV.—7. Transverse section of Struthers Wells Co.’s Tandem Engine,
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removal of a eylinder eover. The future will decide also whether the
universal practice of providing an intermediate support for the pistons
and piston rod in a sliding crosshead can be neglected with impunity.

Snow BSteam Pump Works, of Buffalo.—Several references to the
large engines made by this firm are made elsewhere {see index).

Btandard Motor Co., of Jersey.—This firm have specialised upon
vertical engines for marine work, and reference is made thereto on
p. 105.

Struthers Wells Co, of Warren, Pennsylvania.—The engine made
by this firm deserves special mention as, rather than seeking to
Americanise their design, they have decided ic adopt the principles
embodied in European practice. In Figs. IV.-—6 and IV.—-7, repre-
senting longitudinal and transverse sections of this engine, it will be
. observed that the inlet and exhaust valves are rationally disposed
above and below the cylinder respectively. The liner is independent
of the water jacket and is cast in one piece with the breech end
carrying the valve boxes. The latter are arranged so that to obtain
a tandem-cylinder engine from a single-cylinder engine it is only
necessary to add the stufing box, s second piston with its rod, a
second cylinder, and an intermediate portion forming a water jacket.
The valve gear is copied from the Gilldner system and the exhaust ie
a combination of a separate box with water-cooled valve aseat, while
the valve itself is also water-cooled.

Weatinghouse Machine Co., of East Pittsburg, Pennsylvania, are
well-known makers of horizontal and vertical gas engines, and some
of the features of such engines are mentioned on pp. 70, 80, 215,
and 829.

Wisconsin Engine Co, of Corliss, Wisconsin, build the Sargent
engine which is illustrated and described on p. 79.

Berarom.

Carels Fridres, of Ghent.—For several years this firm have under-
taken the construction of Diesel engines, and many successful
instatlations have been carried out for both European and Colonial
purchasers.

Société John Cockerill, of Seraing.—Throughout the present volume
reference is made to the well-known engines built by Messrs. Cockerill,
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who were pioneers in the construction of double-acting engines and
also of the large single-cylinder engines for blast furnace gas.

EneLanD.
The Anderston Foundry Co., Ltd., of Glasgow, specialise on high-speed
vertical gas engines suitable for direct coupling to dynamos, &c.

Elijah Ashworth, of Colleyhurst, Manchester, pays special attention
to horizontal gas engines of 50 B.H.P. and under.

W. J. Bates & Co, Ltd,, of Denton, Manchester, have been established
for some years, and produce horizontal gas and oil engines in general

— r-

F1a, [V,—8, Britannia Eungineeriug Co.'s Petroleum Engine.

accord with the majority of British engines. Recently they have
revised their models with the view of adopting continental features of
design and construction. The largest engine yet made has a 24-inch
cylinder.

Wn. Beardmore & Qo., Ltd, of Glasgow, are the licensees of the
Oechelhauser engine, and have several of this type at work giving
satisfactory service at their Parkhead Forge and elsewhere.

Blacketone & Co., Ltd, of Stamnford, have earned a world-wide
reputation for their oil engines for agricultural and colonial purposes,
and have lately brought out a crude oil engine which has several
distinctive features. Somewhat upon the lines of the Diesel prineiple
the liquid fuel is injected only after the compression of the pure air, but
instend of the latter reaching a pressure of about 500 lbs. per square
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inch the more moderate figure of 150 1bs. serves the required purpose.
The oil is delivered to an injection valve, the latter being provided
with two passages. In one of these the oil is first led to an ignition
bulb kept hot during normal work by the heat stored up from the
consecutive explosions, while the other passage leads to an orifice at
the end of the combustion chamber so that upon subsequent admission
of a charge of compressed air from a separate receiver at 400 lbs,
pressure, the auxilisry fuel is forced into the combustion chamber for
a longer or shorter period of the stroke according to the quantity of
oil pumped by the governing mechanism. This oil enters the cylinder
as spray at the moment when the charge just previously admitted to
the ignition bulb flashes out into the combustion chamber.

Britannia Engineeriug Co., Colchester.—This firm specialise upon oil
engines from 3 to 70 m.p. The general type of their engines is
represented in Fig. IV.—8. The {ype of vaporiser employed is
described on p. 171.

British Westinghonse Electric and Manufacturing Co., Ltd., of Trafford
Park, Manchester, have greatly developed and improved their original
type of vertical gas engine designed in America. An example of one
of their present engines of 750 m.p. ia illustrated and deseribed on
p- 92. Many gas-electric power stations have been furnished with
Westinghouse engines both for private and public works.

Brown & May, Ltd, of Devizes, Wilts, have an extensive connection
for their steam traction and other engines, and have for several years
taken up the manufacture of oil engines for colonial and agriculiural
purposes in the smaller sizes.

Campbell Gas Engine Co., Ltd., of Kingston, Halifax, have built up a
large business both for home and export trade in both gas and oil
engines. Their vertical engines are described on p. 94.

Capel & Co., Ltd., of Dalston Lane, London, specialise mainly upon
horizontal gas and oil engines of moderate powers. A revision of
their models has recently been completed, and the general design
accords with continental practice.

Crossley Brothers, Ltd., of Openshaw, Manchester, were the English
licensees of the original Otto patents, and they so successfully
exploited the invention that the aumbers made and sold by them
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exceeded the output of the Gasmotoren Fabrik Deutz itself. Al
the improvements that marked the stages of gas engine progress were
applied by “ Crossley’s,” the supersession of the slide valve, scavenging,
the adoption of separste cylinder heads, the application of multiple
eylinders in different combinations, &e¢., &. Until lately they have
remained faithful to the system of hit-and-mise governing, being justly
entitled to point to the satisfactory working of the very considerable
number of engines they have made upon this principle.

Recently they have undertaken the manufacture of engines of
500 and 600 m.r., for which such a method of control is ufterly
uneuitable, and in Chapter XI., p. 254, a description is given of the
unique and wonderfully sensitive yet simple device invented by their
chief engineer, Mr. James Atkinson, and applied both to the large
horizontal gas engines as well as to the multiple-cylinder vertical gas
engine recently put upon the market.

The following is s statement of the output of the firm sinee it
first commenced the manufacture of the old Otto & Langen rack type
of engine:

Oil and spirit engines . . 5,750
Single-acting, single-cylinder
engines . . . . 54,245
S8ingle-acting, multiple-
eylinder engines . . 2925
Double-acting . . . 1
Total . . 60,221, aggregating 973,880 n.».

Davey, Paxman & Co., Ltd,, of Colchester, have been known for many
years as makers of steam engines, and several years ago algo com-
menced the manufacture of gas and oil engines and suction gas
producers. An example of one of the largest engines made by them
was exhibited in the Iranco-British Exhibition in 1908, being a
two-cylinder, single-acting engine with epposed cranks,

The Diesel Engine Co., Ltd., hold the English rights of the Diesel
patent and have carried ont many very successiul installations for the
home industries as well as for those in the different countries owning
allegiance to Greal Britain. The engines, however, have mainly been
built in Germany or Switzerland.

Mirrlees, Watson & Co., of Glasgow, who for many years have built
Diesel engines under licence, have recently erected a new works

™.
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specially equipped at Hazel Grove, mear Stockport, Manchester,
carried on under the Gisle of Mirrlees, Biekerton & Darx. Lid.

The Dundbridge Iraworks, I4d, commenced the manufactare of
engines in 1892 under the name of Humpidge & Snoxell. The
history of the firm is one of continued progress and their engines
have always been distingnished for simplicity and strength. Hit-and.
miss governing has been the system of regulation adopted both for
gas and oil engipes, the general appearance of the engine being
distinetive of the English type.

Recently an entirely new engine has been evolved, fitied with a
governing arrangement with variable admission of mixture at constant
ratio, and its simplicity of mechanism and pleasing general appearance
is conspicuous, The leading dimensions of their 90 B.r. engine are:—
Pigton 173 inches diameter by 25 inches siroke, runming at 160
revolutions per minute.

In addition to ordinary industrial engines, they build vertical
engines for launches and oil tractors. '

Fielding & Platt, Lid, of Gloucester.—This firm is one of the oldest
engaged in the manufacture of gas engines. Mr. John Fielding was
one of the first to ewploy superimposed inlet and exhaust valves upon
the same axis and to govern the engine by the admission of graduated
quantities.

Beveral powerful engines for use with town gas were exhibited
at Antwerp in 1885. Messrs. Fielding make engines of various
designs, some with overhanging c¢ylinders with the breech end east in
one with the water jacket and horizontal inlet valve, and others with
the cylinder supported upon side bearers, independent breech end, and
superimposed valves.

Vertical four-cylinder engines are also built for producer gas.

L. Gardner & 8ons, Ltd., of Patricroit, Manchester, are makers of
both horizontal and vertical types of gas and oil engines. They have
specially devoted themselves to the production of engines for use in
motor-boats, while a number of multi-eylinder vertical engines
running at 500 to 600 revolutions per minute have been supplied for
direct coupling to dynamos.

Grifin Engineering Co., Ltd., of Bath.—Reference is made elsewhere
to the vertical oil engines made by this firm and to the spoecial form
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of vaporiser adopted by them. Recently an improvement in the
actuating gear for rotary magnetos has been introduced in which by
means of toothed wheels of elliptical shape, an increase in the velocity
of revolution is obtained at the moment when ignition is desired.

Richard Hornsby & Sona, Itd, of Grantham.—This firm have a
world-wide reputation as the makers of the Hornsby-Akroyd oil
engine which has been in successtul service for many years. A few

t

F1e. IV.—9. Homsby-Btockport governing
mechanism (variable admission).

yesrs ago, by the amalgamation with the firm of J. E. H. Andrews, Lid.,
of Stockport, they took up the manufacture of gas engines and have
since greatly developed this bravch of their extensive business, which
also includes steam engines, both portable and stationary, and
harvesting machinery.

Reference is made elsewhere to some of the special features of their
gan engines, while within the last fow months a new type of valve gear
has been brought out which is illustrated in Figs. IV.—9 and IV.—10.
As will be seen, the main jolet valve is placed in an inverted position
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on the top of the eylinder, while the gas valve is arranged horizonially
at the rear. A single lever actuates both valves, a clamping bar »
projecting from the push rod ! to make contaci with the gas valve
mechanism by means of the rod w and the bell crank lever 2. Upon
the introduction of a charge into the ecombustion chamber b, the
cam u, through the medium of the lever ¢, liftas the link », thus causing
it to raise the finger m and thereby the push rod I so as to lift the
inlet valve ¢ from its seat. When ! has been raised to a predetermined

Fia. 1¥V.—10, Homsby-Stockport governing
mechanism (variable admission).

extent, the tappet v strikes the lower end of w, so cansing the gas
valve & to open also. As the speed of the engine varies, the governor p
moves the finger m relatively to the plunger rod [, 8o that more or leas
lost motion has to be made up before contact of the engaging points is
made. Thus both the time of opening and the amount of lift given to
the valves is varied in accordance with the load on the engine, but the
two valves are equally affected, ensuring constant ratio of mixture.

National Gas Engine Co., Lté., of Ashton-under-Lyne.—Thia well-
known firm, which includes Mr, Dugald Clerk, F.R.S., upon its

N
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directorate, has taken a high place amongst ieading gas engine
makers for the high standard of excellence and esireme simplicity
that characterise their productions. A section of one of their laiest
designs for a 100 a.p. engioe i8 shown in Fig. IV.—11, and on pp. 161
and 270 reference is made to the sysiem of valve gear and ignition
adopted in this engine.

Premier Gas Engine Co, Ltd, of Sandiacre, near Nottingham.—This
firm have adopied a positive method of scavenging the products of
combustion from the erlinders of their engines at the end of the
exhaust strokes. The air piston works within a erlindrical portion
of the main frame to which the water jacket of the motor evlinder is
attached by a flange. The underside of the casing is planed and rests
upon the foundation. The combustion chamber is independent and
overhangs the cylinder. By the provision of a stuffing-box in place
of the eud cover, the engine is readily converted into a tandem double-
cylinder engine.

The .positive seavenging is effected in the following manner :—
Assuming that the engine is commencing its first out-stroke, the
section given in Fig. IV.—12 shows the admission valve E open, the
exhaust valve H is partially closed and the gas valve G quile closed.
The latter opens at a more advanced position of the piston. Air is
admitted by the pipes S B and the flap valves F. One portion of the
air enters by the opening D into the cylinder .V, and another portion
enters the motor cylinder Z by the passage (', the ports P, and the
valve E,

The gas is fed by the valve G and the openings P, where it mixes
with air. During the compression stroke the air in the front
eylinder N is compressed, but on account of the large volume of the
compression chamber the pressure only reaches 4 or 5 lbs. per square
ineh, falling practically to that of the atmosphere at the end of the
expansion period in the eylinder Z,

Just before the completion of the expansion stroke, the exhaust
valve H is opened and the cylinder pressure is reduced and the
succeeding stroke expels the products of combustion in the usual way,
meanwhile the air behind the piston 4 is compreased until the crank
reaches the position shown in Fig. IV.—12. At this point the admission
valve E opens and the air from A passes through the ports P’ and
the inlet valve E into the space Z as indicated by the arrows. This
air, the quantity of which increases as the volume of the space Z
diminishes, sweeps all the remaining residual gases from the space
and replaces it with cold air. A considerable excess of air is furnished
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by the piston 4 to ensure complete scavenging. Not only ia the
gpace Z thus filled with cool air but the valves and infernsl surfaces
are cooled and prevented from getting overheated.

A large number of these engines have been supplied, and in

Tangye “T" type (las Engine,

Fro. 1V.—14.

Fig. 1V.—18 a view is given of a 2,000 n.r. gas-blowing engine for
blast furnace gan as installed in the works of Sir Alfred Hickman, Ltd.

Tangyee Ltd, of Birmingham, have been makers of gas engines for
wany years, and the gas engine department of their immense works
now occupies a considerablearea. 'The designs of their earlier engines
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conformed generally to the British style of consiruction with over-
hanging cylinder and hit and miss governing, but the careful designing
of the combustion chamber enabled them to obtain very efficient and
economical results. In September, 1905, the author had the privilege
of making exhaustive teste of three engines rated at 8§, 20, and
29 B.u.P. respectively, and the thermal efficiencies based upon the
namber of B.Th.U. contained in the coal at full loade were as much
as 207, 229, and 241, which for such small engines must be
considered remarkable. In April, 1909, a further test was made
by the author upon an engine of new design, the general features of
which can be geen from the Fig. IV.—14. Space will not permit of the
full figures to be given here, Lut the following summary must suffice :
The engine had a piston 16} inches diameter with stroke of 28 inches,
and ran at a speed of 190 revolutions per minute. The trial at the
rated load of 68 B.H.p. was continued for ten hours. Five hours’ test
was made of the engine at 81 p.m.r., and an overload test of 88-75 p.H.P.,
for sizteen minutes.

The mechanical efficiencies at the various loads were 84-2, 868,
and 902 respectively. The consumption of anthracite amounted to
only Or72 Ib. for the rated m.r., and 0665 for the maximum load test,
both on the basis of B.E.P. hour. The gross thermal efficienciea based
~upon the pnumber of B.Th.U. in the coal being 0248 and 0269
respectively per B.H.p. hour. The latter figure is the highest that the
author has had the opportunity to ascertain up to the present, thig
being due as much to the efficiency of the producer as to the high
average pressure and high mechanical efficiency of the engine.

Messrs. Tangyes build engines eitber right or left hand sc that
two can readily be coupled to form a unit of considerable power.

GERMANY,

Bens & Co., Mannheim.—This firm took up the manufacture of gas
engines in 1883. At that time they placed two-cycle engines upon
tbe market, but when the Otto patents expired these were abandoned
in favour of four-cycle engines. Horizontal engines are made for
powers varying between 2 and 150 u.p.

Governing is by variable volume of mixture at constant ratio by
means of a butterfly controlled by the governor. For the smaller
engines 2 to 8 n.pr. hit and miss governing is adopted. The manufac-
ture of the engines is very carefully carried out, and the principles
that have been mentioned as indicating the features of good construction

are observed,

I.C.E. E
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Vertical two-cylinder engines are built of 40 n.r. or 80 u.p. with
four eylinders to run at 800 revolutions per minute, specially

designed for pinnaces.

F1n. 1¥.—15, Dingler tias Engine, part sectional elevation.

During the period 1888 to 1907 they have built 9,500 engines,
aggregating 20,240 u.p., or 8 mean power of 21'8 n.p.

Dinglersche Maschinenfabrik, A. ., Zweibriicken (Alsace).—The
Dingler engine differs considerably from the usual arrangements

Fran

-

" "
LT it
-

P o

o L ® R :oftc

F16. IV.=16, Dingler tins Engine, plan,

adopted by other makers of large engines. (Fig. IV.—15 and 16.) It
comprises two open-ended cylinders joined together at the combustion
chamber.  As shown in Fig. IV.—15, each of the cylinders contain a
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piston, the two being connected by ome rod. The explosion takes
effect alternately on the internal face of one or other of these pistons.
The rod common to the pistons is made in sections and moves in a
sleeve which passes through the common partition of the two portions
of the cylinder. This partition, as well as the jacket of the double
cylinder, ia water-cooled. The valves are arranged as in ordinary
single-acting engines.

The system gives free expansion to the easing and the internal
eylinder which are secured only at one end. The cylinders being

FiG. I¥V.—17. Ehrhardt & Sehmer, 700 H.P. Engine.

open, inspection and maintenance is as simple as in the ordinary
single-acting engines.

Ehrhardt & Sehmer, Schleifmiihle (Aleace).-—Thig firm who make a
speciality of material for metaliurgical works ia well known as being
makers of large engines, and during the space of about five years
have made about sizty engines, together representing 69,790 mn.p.
These are double-acting engines with twin or tandem-cylinders.
Fig. IV.—17 shows a longitudinal and transverse section through the
inlet valve and cylinder of a 700 u.r. tandem engine. The Ehrhardt &
Sehmer engine is distinguished for the features of good construction

E 2
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with regard to cooling, control, &ec., common to this type, mention of
which has been inade in the course of this present volume.

Fra, IV.—14  Seliitz Engine,

Gasmotoren Fabrik Aktien Gosellachaft, Cologne, Ehrenfeld.—This
company build the Schmitz engine originally designed by its founder
and improved by the engineers who have succeeded him. The

Fra, IV.—1%  Sevtional elevation of Schinitz Engine.

maximum power of the engines made is 190 n.p. for one cylinder or
880 u.p. for one twin engine. Since its eatablishment the works have
turned out about 60,000 n.r, Above 20 wLr. the engines are fitted
with the system of valve gear deseribed on p. 226.
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As shown in Figs. IV.—18 and 19, the engines made by this firm
are in agreement both in detail and appearance with the standard
practice obtaining in Germany, which, in the author's opinion, is
bound to become genersl.

Gasmotoren Fabrik Deutz, Cologne, Deutz.—The Otio Deutz Co.'s
services in connection with gas engines are well known. Continuing
the traditions of its illustrious founders, Otto and Langen, they have
made the four-cyele engines, to which the inventor has given his name,

Fre. 1V.—20.  Otto-Deutz. single-cylimier, four-cycle Engine.

for more than forty years. Since its formation this company has pro-
duced nearly 70,000 engines.

The first engines built, of course, were small single-cylinder,
horizontal and vertical types. Since 1895 large engines for blast
furnace gas have been constructed with one, two, or four cylinders,
gingle-acting. twin or double-twin, of 125, 500, and 1,000 u.r. and
over. (Figs. IV.—20, 21 and 22.)

The four-cylinder 1,200 n.r. engine exhibited at Disseldorf in 1902
was much admired as being the most powerful engine made in
Germany at that time. It was built to drive & blast furnace blower
delivering 85,000 cubic feet of air hourly at a pressure of 7 lbs. per
square inch. The total weight of this fine engine was 219 tons, of
which the fly-wheel weighed 19 lons. This weight is enormous asg

.
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compared with that of steam engines against which low-grade gas
engines must compete. These large single-acting engines weigh about
400 Ibs, per H.p. Their price was necessarily high and the space

Mtto-Deuntz, double-cylinder Engine.

Fic. 1V.—21.

occupied excessive. An economical solution was imperative in this
connection as otherwise the application of large engines would have
heen greatly impeded. This solution has been found in the double-
scting engine which is now the standard siyle of consbruction of the
Gasmotoren Fabrik Deutz. The single-acting type is retsined for
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Otto-Deutz, four-cylinder (double-twin), singte-acting Engine.

Fia. Iv,.—22.
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small powers, and for a little more than two years these have been
fitted with a uniform system of valve gear described on p. 220.

For engines of 120 to 150 n.P. in one cylinder the mixture valve ig
separate from that of the gas in order to make the lalter more
accessible for cleaning. A similar arrangement is followed in the
large double-acting engines.

For 200 to 800 H.p. the former type of engine was with twin-cylinder,
either side by side or opposed, or with two cylinders ris-a-ris. The
latter, however, has been abandoned by the chief makers in Europe,
as experience has shown that it involves excessive wear. (See p. 71.)

Since 1901 the Otto-Deutz Co. have taken up double-acting engines,
giving preference to the four-cycle type that is more generally used.
In 1902 they set their first 200 n.p. double-acting engine to work in
their central electrie station where it served as an experiment. Since
that date it has been used in their general service. Meanwhile they
have built eighty-two engines of this type representing 47,500 n.p.
either in their own works or those of their licensees.

The Gasnwotoren Fabrik Deutz make every kind of internal combus-
tion engine, including small spirit and aleohol engines, marine type
engines, benzol engines, &ec. Recently they have undertaken the
manufacture of Diesel engines, the original patents of which have
oxpired. (See p. 90.)

Since the foundation of the firm the number of engines produced,
including those of Langen & Wolif in Vienna, who are licensees, are
ag follows :—

Numbwr, i Total Power,
Aleohol engines . . . K59 6,934 p.H.P.
0il and spirit engines . . 12484 H7 e
Single.neting gas engines
Poor gas . . . %.405 118,383
Town gas . . . 21,547 199,653
45,185 ' 410,098
‘. .
Double.-acting engines . . H2 47,400

If the engines built by Messrs. Crossley Brothers, Ltd., of Man-
chester, were added the total figures would be 105,498 engines, aggre-
gating 1,430,878 n.p,—irrespective of the number made by the Otio
Gas Engine Works of Philadelphia, U.5.A.

~
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Gorlitzer Maschinenbau Actien Gesellschaft, Gorlitz—This company
builds engines from 50 B.7. to the largest powers. The smsller engines
are single-acting and the larger double-acting. In 1907 the company
was re-organised and entirely new designs adopted. Special study has
been given to the form of stuffing boxes.

Gildner Motoren Gesellschaft, Munchen-Giesing.—This firm was
founded several years ago by M. Gildner, whose excellent book * Caleul

Fia, IV.—28. Giildoer vertical Gas Engine.

et Construction des moteurs a combustion,” is referred to elsewhers,
and in aecordance with the principles enunciated in that volume in con-
nection with vertical engines (Fig. [V.—28) this type has been adopted,
with one or more cylinders in preference to horizontal.

The remarkable results obtained by Professor Shrotter from &
Giildner engine have been mentioned on p. 526, and on p. 2283 a
deseription has been given of the system of valve gear applied.

Haniel & Lueg, Diisseldorf.—This company build single-cylinder
engines from 150 to 300 u.p., and single-acting tandem engines from
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840 to 2,000 n.r. The double-acting engines are of such dimensions
that 1,000 w.p. can be obtained from one eylinder, 2,000 u.p. from
a tandem engine, and 4,000 mp. from a twin-tandem engine. The
consumptions guaranteed by these makers are as follows :—

Working load or overload = 9,100 to 9.700 B.Th.U. per s.m.P. honr.

3-load = 11 per cent. more.
3-load = 15 per cent. more.
Cylinder oil consumption = (r0015 10 0-002 lbs. per p.m.P. hour.
Bearings, &e. = 0r00066 to 0r0011 llis. per w.u.p. hour.
TF
LT

Fii, IV.—24.  Koerting four-eycle. single-acting Engine.

Up to the present time thirty-four engines represeniing 55,000 n.n.v.
have been made, including three units of 4,000 w.r. each.

Gebruder Koerting Acktien Gesellschaft, Kortingadorf.—Mesars.
Koerting Brothers, of Hanover, began to build gns engines in 1881
and producersin 1889. Up to 1896 this firin had produced about 3,500
engines equivalent to 15,000 u.r. 8ince that date the Koerting shopa
have made 7,200 new engines. In recent yeara 50,000 mr. in two-
cycle engines have been supplied. Along with the two-eycle type four-
cycle engines have been developed, the sale of which has reached
100,000 H.P., while several thousand i.e. is in progress.

Messra. Koerting huild four-cyele, single-acting engines representing
about twenty-three different sizes from 2 to 200 u.p, (Fig IV.—24).

~
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The latter has a eylinder 24-8 inches dismeter by 854 inches stroke, and
runs at 150 revolutions per minute. They also build twin engines up to
400 m.p. on the same lines, while recently they have constructed a four-
cylinder 600 n.p, engine. This engine forma part of an installation in
which the gas used is impure and contains s large proportion of tar.
The design permits partial cleaning without interrupting the normal
operation. In this case it is preferable to four-cycle double-acting
engines and to two-cycle engines in which the dismantling and cleaning
of the cylinders and valves is carried out with some difficulty.
According to the dimensions given for the 200 u.». engine the output
is obtained with a mean pressure ot 77 1ba, per square inch, assuming a

¥ia, IV.—26, TI'wo 500 H.P. Koerting Eogines, forming part of 7,500 #.P. installation
at Gutehoffoungshiitte, Oberhausen.

mechanical efficiency of 80 per cent. As a matter of fact the Koerting
single-acting engine often reaches 85 to 86 per cent. efficiency.

Double-acting engines, both two-cycle and four-cycle types, are
generally made for outpuis exceeding 500 m.»., but the firm also make
two-cycle engines of about 800 m.p. for direct coupling to pumps. A
series of these engines working with town gas and producer gas are
installed in the Berlin Waterworks.

Finally, they build the enginea with either one eylinder, Fig. IV.—25,
or two twin eylinders. The Koerting Co. is one of those who have
carried out the more important installations with regard to size.
Special mention may be made of the 7,500 wu.p. central station
at the premises of Guiehoffnungshiitte, Oberhausen (Rheinland).
Fig. IV.—26 shows two of these 500 u.pr. engines.

Koerting engines were the firat explosion engines employed in
America to work with blast furnace gas, and this installation was the

LY

1
\
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more remarkable owing to the fact that the total power amounted 1o
42,000 m.p. The installation was equipped by the De la Vergne

F1a. IV.—27. Koerting 300 H.P. double-acting, two-cycle Engine, nsing gus
from lignite.

Refrigerating Machine Co., of New York, for the Lakawana Iron and
Bteel Co., of Buffalo, N.Y., and consisted of ten double.cylinder

Fig. 1V.—28. Hix 300 H.P. Koerting four-cycle, single-acting, twin-engines at
Julienliitte Electricity tienceating Station,

1,000 n.p. engines and dynamos for electrical service, and six
2,000 B.p. engines with blowing engines coupled to the crank shafis.
This installation was at that time the largest in the world,



62 INTERNAT, COMBUSTION TNGINES

Seversal large inatallations have alao been made for ntilising lignite,
which is very abundant in many parts of Europe and America. The
lignite is treated in special pressure gas producers.

Fig. IV.—27 is an illustration of a 800 u.p, double acting two-cycle
engine fed with gas produced from lignite. Fig, IV.—28 represents a
central electric station at Julienhiitte, Germany, where coke oven gas
is used. This consiste of six four-cycle engines, single-acting, of
800 n.p. of the twin type with fiy-wheel armature.

The installations of Koerting two-cycle engines have been carried
out by the parent company and by the undermentioned licensees, and
comprise 214 engines aggregating 182,240 n.p.

Siegener Maachinenbau Akt. Ges. Vorm. A. & H. Oechelhiuser,
Siegen, Germany.

Maschinenban Akt. Ges. Vorm. Gebr. Klein, Dahlbruch, Germany.

Donnersmarckhiitte Oberschlesische Lisen und Kohlenwerke Akt
Geg., Labrze.

Gutehoffnungshiitte Aktien-Verein fiir bergbau und Hattenbetrieb,
Oberlisusen, Rheinland.

Erste Briinner Maschinenfabrik Bes. Briinner, Qestenreich.

Ganz & T'arza, Budapest.

The De la Vergne Refrigerating Machine Co., New York.

Mather & Platt, Lid., Salford Iron Works, Manchester.

Fraser & Chalmers, Ltd., Erith, London.

Leflaive & Co., Saint-Etienne, France.

Magchinonfabrik Angsburg Niurnberg, Nurnberg. — This firm has
alwaye been engaged in the construction of powerful steam engines,
and bas gained well merited renown in this connection. The
experience and practice thus acquired, and the use of large and
improved plant, has enabled them to build large gas engines under
the Lest conditions.

They quickly recognised that the employment of single-acting gas
engines of increased dimensions and multiple-cylinders was only a
temporary solution for the provision of engines of suflicient power to
supply modern requirements. The space occupied, the enormous
weight and low efliciency of thie fype, were so many defects, that,
above a certain power, it was abandoned in favour of double-acting
engines. However, for small engines up to 175 u.pr. the Nurnberg Co.
still build the single-acting type, and when required for even double
this power, by placing two cylinders side by side. 'The photograph
reproduced in Fig. IV.—29, is of a single-acting engine of 60 m.p., the
construction of which was first begun in 1899. From the general



PRINCIPAL TYPES OF GAS ENGINER 83

appearance, strong, simple and yet massive, design, the characteristic
features of German construction will be recognised,

The single-acting Niirnberg engine has been the outcome of
many important improvements, but it is in eonnection with the con-
struction of double-acting engines that this firm excels. These
engines are built up with one, two, or four cylinders according to the
power required. In one cylinder the output reaches 1,600 m.p.; in
two cylinders, 3,000 B.p. ; in foor, np to 6,000 H.p. ; the latter engine

e -
R R,

S s

Fi1q, IV,.—20, Niirnberg 60 H.P, single.acting, four-cyele Engine,

being two tandem engines arranged side by side on the same erank
shaft.

‘I'he Niirnberg Co. has supplied an installation of 22,500 u.p, to the
Rombach Steel Works for electrical service and for the blowers. A
1,000 H.P. tandem engine in this installation is shown in Fig. IV.—80.
Fig. IV.—381 refers to two twin engines, each of 1,100 n.»., running at
100 revolutions per minute and fed with blast furnace gas, for
generating continuous current for the electrical service of the
Micheville Steel Works (France),

Amongst the largest engines mention may be made of the 3,600 m.r.
twin-tandem engine forming a portion of the group of 9,100 u.p. at the
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works of Schalker-Griiber & Hittenverein, (zelsenkirchen. Also the
installation of 12,000 w.», in pix units at the Central Electrieity Works
of the Sociétad de Gasificacion Industrial, Madrid, served by Duff gas
producers.

Between the years 1908 and 1907 the Niirnberg Co. have supplied,
and have in progress, 289 engines of their double-acting type,
representing a total of about 800,000 m.r., served by either blast
furnace gas, coke oven gas, or by producer gas, according to their
destination.

For electric service, continuous or alternating current, they have
supplied 187 engines, equivalent to 216,000 B.p., and for blowers in
blast furnaces, steel works, rolling mills, &¢., 52 engines representing
84,000 B.p.

Siegener Maachinenbau Aktien Gesellachaft. Vorm. A. & H. Qechel-
hiiuser, Siegen (Westphalia),—This firm make, in addition to the Siegen-
Koerting engine, steam engines, blowing engines, compressors, &e.
The arrangement of details, and particularly of the valves, ensures
their engines working with imperfectly purified gas, and even with gas
coming from a blast furnace the engines are capable of working for
several days. The curreni types are as follows: —

- Hevolutions per Minute. Ouipnt B H.P.
Ty . Brroke. . -0l |

" e I?,II:::L“ El:‘t::ir Normal, Maximun.
T l;ll'_lll’l. - o
Light . 438 100 107 S00/600 830,570
Heavy . 493 100 107 560/700 720,900
One . 49-2 80 o5 BOO/9T0 1000: 1250
Three . 55°12 85 20 AW01150 168040, 2800

The twin double-cylinder engines have double the above powers.
Thus a twin double-cylinder engine may give a maximum of 4,600
n.8.P. The engine speed ean be decreased for some time to 24 revolu-
tions per minute, and the engines can deal with an overload of
85 to 40 per cent. Up to the present 47 engines have been built,
representing 50,000 H.p.



CHAPTER V
HORIZONTAL GAB ENGINES

IT was originally in Germany and then in Enpgland that the
consatruction of gas engines made the most rapid progress. America
afterwards was the country that produced most. Each construction
has & peculiarity—some feature in its design—which reveals its
country of origin.

The German engine is characteriaed by its robust appearance and
its massive under-frame (Fig. V.—1). It always presents the
appearance of an extremely well-finished piece of engineering work, as
all the working parts that can be machined are habitually polished,
showing that the makers take a real pride in making their engine &
thing of beauty. The price, naturally, is increased therely, but the
working life of these engines is sensibly augmented by it.

As an instance of longevity it may be remarked that cerfain engines
of the Otfo-Langen rack type have been in constant service for nearly
forty years.

English builders have adopted a different point of view,—that of
building engines cheaply and in numbers, for the most part of small
industrial sizes. These engines opened a fertile field of study and
experience suitable for leading the makers forward, with advantage,
to the construction of larger sizes, but it must be said that few makers
have profited by the data thus placed within their reach.

English engines intended for service with illuminating, or town, gas,
are, in general, characterised by the cylinder being overhung, as shown
in Fig. V.—2. They compete in ingenuity in so arranging the working
parts that the mechanical devices are effective and simple. The
valve movementa and method of econtrol are generslly obtained by
cams and positively moved levers. The governor itself is reduced
to its simplest form, for in “hit and miss” governing, which is a
feature of the majority of English engines, its duty is merely to
displace, or to cause a slight deviation of a small piece of metal which
is interposed or not between the point of contact of the governor
lever and the gas valve spindle, according as the necessity arises for
the latter to open or remain closed.

One cannot be but astonished that English makers have permitted
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themselves to be onl-paced by the Germans in matters concerning the
design of medern and improved types of engines and in the building of
engines in large units. Mr. H. A. Humphrey, in his treatise upon
large gas engines, recognised the fact and attributed it chiefly to the
feelinge of prudence on the part of his compairiots who have not
desired to make adventitious experiments in this matter. Continental
builders have not been possessed by the same fear, and success has
crowned their efforts.

American constructors have been induced, by the peculiar economieal

F1g. V.—2. Gas Engine typical of Drifish construction.

conditions of their country, to establish types of gas eugines which
are more in accord with English than with German practice. The
prime considerations which have, until now, outweighed all others in
America, ne far as working is concerned, are simplicity and ease of
manipulation and maintenance. Users pay but little heed to the
consumption whether of natural gas, benzine, or petroleam. They
desire, before everything else, an engine which has but few complica-
tions, and which may be placed under the care of any kind of workman
who may have only extremely vague notions ahout engine mechanism,
if, indeed, he has any at ull.  Makers have been compelled to build
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their engines in conformity to this desire and have standardised their
types on the general lines of the example shown in Fig. V.—8.

Several makers, however, have realised the necessity of following
the methods adopted in Europe, and particularly for the construction
of large engines. The Allis-Chalmers Co., Bessemer Gas Engine Co.,
Olds Gas Power Co., Westinghouse Co., and Snow Steam Pump Co.’s
engines are all of modern type, some being constructed with important
simplifications, such as, for instance, the use of a side crank in place
of the usual central double web crank.

It is unnecessary to dwell upon the Swiss type, as this is based

Fi6. V.—3. (ns Engine typical of American construction.

upon the German designs. Nor do the French and Belgian engines
call for remark, for, speaking generally, these appear to have lagged
behind the trend of progress in other countries.

In the author’s opinion the German type seems likely to prepon-
derate. 1t hus been recently adopted Ly seversl large English makers,
including Kynoch, Robey, Tangye, Stewart, Stockport, &¢. The new
design of Campbell engine ia also similar. In America, the Olds Gas
Power Co., Bessemer Gas Engine Co., Muenzel Co., Struthers-Wells,
and other firms have brought out new engines upon the same model.

Various Arrangements of Cylinders.—Up to 100 u.r. producer gas
engines are built usually with one single-acting ecylinder. In
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installations of 150 to 200 m.r. the same system applies, but rather
wore rarely, because, as much from the point of view of regularity
ae for reliability of working, it is preferable for the same output to
employ engines with two ¢ylinders.

Reduction of weight, especially as regards fly-wheel and frame,
gives preference to an engine with two cylinders over one with a single-
eylinder for corresponding powers. Some makers sell a ‘ double”
engine at a lower price than for a *single,” for powers ranging
between 100 and 150 m.r. In all respects, therefore, it is rational to
give preference to double-eylinder engines.

Two cylinder engines, either twin or tandem, present a very
appreciable advantage when installed in new factories, where, at the
start, the total capacity of the plant is not required. One cylinder
only can be used at the outset, and will work under the best con-
ditions as to efficiency, the second cylinder being coupled up at a later
period when full power is wanted,

Above 800 m.P. a single-cylinder double-acting engine is generally
considered the most suitable. The weight is reduced to 300 to 400 1bs.
per H.p., and the space needed is considerably less than for single-
acting engines,

In Europe, the two-cylinder *‘ twin " engine soon displaced the type
with opposed or ris-d-ris eylinders, because the latter gave a great
deal of trouble in practical work. The erank heads working on the
crank-pin and the main bearings appeared to suffer more particularly.
Besgides which, in the same direction of rotation, one of the pistons,
during the power stroke, produced a reaction normally downwards in
one cylinder while the second piston caused a reaction upwards in
the other cylinder, thus giving rise to shocks which became accentuated
with wear.

The double-acting type is generally constructed with one cylinder
up to 400 to 500 H.r., and even as far as 800 to 1,000 m.r. For the
largest engines, from 8,000 to 4,000 m.r., it is then sufficient to
arrange for four twin-tandem cylinders. Nevertheless, it is unusual
to find an engine of 800 to 1,000 r.r. with one double-acting cylinder.
1t is preferable for considerstion of weight and regularity to make use
of two twin eylinders, or, better still, {wo tandem eylinders.

Figs.V.—4, 5, and 6, show the various arrsngements of cylinders
both for four-cycle and two-cycle engines with the corresponding
povwer stroke diagrams for each. These diagrams indicate the
tmpulses of the cycle under consideration, as would be represented by
the records obtained by means of indicators, and developed in the
order of the succession of the impulaes.
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BRCUION A,
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frequency of itnpulses (four-cycle engines),

Fie, V.—4.



HORIZONTAL GAS ENGINES 73

For multiple-cylinder engines, the same diagram has been made to
include the cycle of each power stroke, so that the different impulses
occurring during the same period and for one complete cycle can be
differentiated.

The different arrangements of cylinders that realise the same
advantage as regards regularity are batched together.

In Fig. V.—4, Chart 1., section a, corresponds to a single-acting,
four-cycle engine, the different strokes being indicated on the diagram :
(1) suction, (2) compression, (8) explosion and expansion, (4) exhaust.
The engine piston is represented as being in the position corresponding
to the commencement of the first stroke. (ne explosion is produced
for two revolutions of the fly-wheel.

Section B, Charts II., IIL., and IV. of Fig. V.—4, correspond to
three arrangemants of double-acting engines. On the diagram the
full line shows the cycle of one of the power strokes, and the dotted
line that of the second. It will be noliced that, in this case, Lwo
explosions occur in succeeding strokes, and are separated from the
two following explosions by two resistance strokes, namely : (a) suction,
dotted line, and exhaust, full line, marked (4); and (b) suction, full
line, marked (1) and compression, dotted line, marked (2). There are,
therefore, two successive explosions in one revolution of the Hy-wheel,
and two negative strokes in the following revolution. The pistons are
shown in the position for making the strokes 1 and 2 (suction and
compression, respectively).

From these examples it will be seen that a single-cylinder double-
acting engine bas no advantage, as far as cyclic regularity is
concerned, over that with two opposed single-acting cylinders on
one crank.

Section ¢, Charts V., VL, and VIL, Fig. V.—4, also shows three
arrangements of double-acting engines, but in these each explosion is
separated from the next by one resistance stroke. An explosion is
thus obtained for each revolution of the fly-wheel, and, therefore, the
regularity is greater than in the preceding section.

The iwin engine, by this comparison, possesses the same charac-
teristic as the tandem engine. But the latter has greater advantages
from & constructional point of view, because it is simpler, and involves
but one crank shaft, one connecting-rod, and cne side shaft, On the
other band, it necessitates a stufing-box at the back of the foremost
cylinder.

In the twin arrangement (V.) it is customary for one engine to be
left-handed and the other right-handed, so as to be symmetrical, with
one fly-wheel placed between the two cylinders common to both, To
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facilitate supervision it is & good plan to place the side shafts
and the valve gearing towards the interior, but in this case, to permit
erection, the gear-wheels driving the side shafts, which are fixed on
the crank shaft, should be in two pieces, as well as the fly-wheel and
the pulley. The governor is fitted on one of the cylinders, and, by
means of a rod, controls the other eylinder also.

The arrangement shown in Chart VIL is very cumbersome and for
this reason is very rarely adopted.

In section p, Charts VIIL., IX,, X. and XI,, Fig. V.—5, an impulse is
given on each siroke of the cycle, that is to say, at each half-revolu-
tion of the fly-wheel. The four cycles are depicted in the diagram,

HECTION ¥,

One eytinder, donbleacting, two.cycle (Kovrting),

F1G. V.—6, Characteristic features of various cyiinder combinations with relative
frequency of impulses (two-cycle engines).
and for each cylinder 2 figure is noted corresponding to the stroke
of the cycle, which follows the movement of the pistons from the
position shown.

The arrangement VIII. has been abandoned. There was no
advantage in setting the cranks at 180° from the point of view of
balancing the moving masses, except that it modified the sequence of
the strokes of the cycles.

In the Chart IX., the regular sequence of strokes for the diagram
ropresented, demands the fixing of the two cranks at 180°, Thete
two arrangements of single-acting eylinders are cumbersome, compli-
cated, and coutly to construct. Preference, therefore, must be given
to the double-acting arrangement.

With regard to Charts X. and XI,, the latter is preferable if sufficient

-
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F1a. ¥V.—7. Two-cylinder, ris-d.riz, single-acting, four-cycle Hornsby-Stockport Engine.

Fie. v.—5.  Two-cylinder, twin, single-acting, four-cycle Dudbridge Engine,
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Fra. ¥.—9. Two-cylinder, tandem, single-acting, four-cycle Kynoch Engine.

length be available within the engine room, for the same reasons as
those detailed in connection with Charts V. and VL.

Section E of Fig. V.—5 is scarcely ever applied except for powers
exceeding 2,000 m.r. It has one evident advantage from the point
of view of regularity, for, with the cranks fixed at 90°, it gives one
explosion for every quarter-revolution of the fly.wheel.

RGN - _ i
i~ LA - _'J e e e ey ST e
W iz D R L e i L S e 2
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Fig. V.—10. Two-cylinder, tandem, single-acting, four-cycle Winterthur Engine.
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Sections F and @, Fig. V.—6, correspond to the two.cycle engines,
Oechelhiuser and Koerting, respectively.

The Qechelhiuser engine has a single cylinder giving one explesion
every revolution of the fly-wheel, whilst the Koerting engine (double-
acting) gives two. The latter, as regards regularity, is therefore
similar to those of the section p. With the Qechelhiiuser engine,
four cylinders coupled and oppused must be employed. With the
Koerting engine ite multiple eylinders would be coupled or arranged
in tandem. '

In Cbapter XIII., coefficients are given for the ealculation of the
weights of fly-wheels in order to obtain a suitable cyclic regularity
for each of the Charts I. to XIV.

In Fig. V.—7 is illustrated a type of vis-a-vis Hornsby-Stockport
engine. The Dudbridge Ironworks Co. arrange their engines with two
cylinders side by side upon the same base as shown in Fig. V.—8 in
whieh is represented a 140 n.p. engine with the fly-wheel placed on
the end of the erankshaft. Several German firms build their single-
acting engines up to 500 m.p. on a similar plan, combining two
groups of * twin” cylinders (four pistons) with the fly-wheel between.

Kynoch, Litd., of Birmingham, build single-acting tandem engines
of 200 H.r. and over, with the cylinder arranged as shown in
Fig. v.—9.

The Winterthur Co. have brought out a tandem type of single-
acting engine, 300 u.r., shown in Fig, V.—10. The lower cut shows
how the pistons, connecting rod, &c., are removed.,

The Wellmann-Seaver-Morgan Co., of Cleveland, U.S.A., build a
tandem engine, double-acting from 100 m.rp., upon the Sargent
principle.

The fignres on p. 78 are given by Mr. Horace Allen in bis book
* Gas and Oil Engines,” p. 198, and it is interesting to note the great -
variation in total weight per B.H.P. for the engines there referred to.



CHAPTER VI
VERTICAL GAS ENGINES

TrE application of vertical gas engines hitherto haa been somewhat
restricted. Indeed, it is only in America that this form has been
adopted to any great extent. That this should be s0 is not remarkable
when one considers that, with a vertical engine, the space required is
reduced to a minimum, and that, in view of the cost of building sites
in American towns, such consideration is there of the greatest
importance.

Until recent yenrs gas engines in the United States of America
were ordinarily served with either natural gas or town gas, except
when very large units were installed, when they were fed with pressure
producer gas or by blast furnace gas. It seems that it is owing to
this fact that American gas engine builders have not experienced the
gerious troubles that are sometimes occasioned by vertical engines
when fed with power gas, such as i3 produced from suction gas-
producers using lean or non-bituminous coals.

Suction gas plants are becoming more and more in favour by reason
of their advantages, and owing to the increasing demand for this
type of installation o large number of new firms bave commenced to
build gas engines and producers. Several of these firme have hesi.
tated when making a decision as to the type of machine they should
construct, finding it difficult to make up their minds whether to build
horizontal or vertical engines. In the result, the majority have made
their decision in favour of the horizontal type. Many firms have
built vertieal gas engines as well, and after making tests and noticing
their daily operation in the works where they have been installed,
have apparently arrived at the conclusion that the vertical engine,
except in certain cases, is unable to show any advantage when com-
pared with horizontal typee for stationary purposes, when ithe total
output exceeds from 25 to 30 n.». per cylinder.

Amongst English finns who have for several years made a speciality
of vertical type engines are :— British Westinghouse Co., Lid. ;
Campbell’s Gas EngineCo.; Crossley Brothers, Ltd. ; Fielding & Platt,
Ltd.; L. Gardner & Sons; Hindley & Sons, Ltd., and Tangyes Litd.

In Amerijca, the Westinghouse o. have specialised upon vertical



VERTICAL GAS ENGINES a1

engines, although they have now started to build horizontal engines
also. In Germany and Switzerland only a few firms build vertical
engines, either exclusively or in addition to horizontal types. Of
these MM. Bachtold et Cie. ; Engelhardt et Cie.; Giildner Motoren
Gesellachaft ; Hallesche Maschinenfabrik und Eisengiesserei; Gas-
motoren Fabrik Deutz; and the Winterthur Co., are the principal
makers.

The Diesel, Koerting, and Banki engines are of special construction
for liquid fuels.

The partisans of the horizontal type of gas engine jusiify their
preference by the following principal reasons :—

Construction. — Vertical engines of modern type for industrial
purposes with inverted cylinders are usually built with two, three, or
more cylinders. They thus become complicated and expensive to
build. The cam shaft demands special gearing, while the ecrank
shaft bearings require special arrangements for taking up wear.

Examination and inspection of the working parts is much more
difficult than in horizontal engines, owing fo the valves, sparking
plugs, &e., being placed at the top of the engine out of reach of the
attendant, unless & ladder and platform are provided. The lubrication
of the piston and its pin cannot be supervised.

Maijntenance.—With vertical engines the maintenance of working
parts in good order is a much more difficult matier, and especially
with respect to the combustion chamber and the back of the piston.
Indeed, to remove the piston, an operation which ie absolutely
necessary from time to time when producer gas is ueed, is usually a
matler of difficulty. Producer gas is only partially cleaned, and is
always liable to contain dust and tarry matters, and consequently
frequent cleaning of the internal parts is essential. The piston rings
are apt to become set fast, and therefore useless, occasioned to a large
extent by the dirt thrown up by splash lubrication.

Lubrication.—Lubrication of the cylinder has been effected hitherto
by means of the splashing of the oil contained in the crank case by
the rotating crank. This method of lubrication is bad, because,
instead of allowing the oil fo remain still and thus to encourage the
impurities to becotue deposited, it is, on the contrary, kept continually
in motion. Clean oil is only admitted to the frictional surfaces and

in the bearings when the old oil has been taken away.

I.C.E, ¢
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8plash lubrication is still less suitable in connection with producer
gas engines and of the type governed by the admission of a variable
volume of mixture of constant composition, a method frequently
employed by the best makers of gas engines.

In engines served by suction gas producers a partial vacuum is
always produced behind the piston during the admission etroke
and it necessarily follows that this vacuum is greatly increased when
the engine is working under light loada. As the frictional surfaces of
the cylinder always receive an excess of oil, projected by the crank,
there is, at each suction stroke, a tendency for the oil to be drawn to
the back of the piston. This tendency is further augmented by the
relative higher pressure produced in the enclosed crank chamber by
the forward stroke of the piston. This excess of oil becomes partially
burnt and adheres to the interior of the walls, forming carbon deposit,
which extends even to the back face of the piston, ultimately giving
rise to premature ignition and back firing.

The excess of oil occasioned by splash lubrication gives greater
trouble with vertical gas engines that are served by producer gas, than
when gas of a higher calorific power is used, because, in the latter
cage, the high temperature resulting from the combustion burns and
vaporises the excess of oil, up to a certain limit, without causing
carbon deposits. In horizontal gas engines, if an excess of lubricating
oil be accidentally permitted, ite ejection from the back of the cylinder
may be arranged for by means of a small blow-off valve fitted at the
lowest part of the cylinder.

The author has personal knowledge of installations of vertical gas
engines and producer gas plants, using anthracite fuel at a low
working cost, where the amount of il consumed costs nearly as much
ag the fuel, occasioned by the losses caused by splash lubrication. It
can be accepted as an actual fact that, in an ordinary horizontal
modern gas engine of good design, perfect lubrication can be obtaited
with s consumption of two or three grammes {0°125 0z.) of good oil
per n.H.p. per hour.

Cooling.—With vertical gas engines it is difficult to cool the cylinder
methodically, because the water enters at the lower part of the
cylinder, which is the coldest pertion, and rises towards the upper
part, which has the highest temperature. It thus follows the reverse
direction to thnat tnken by the cooling water in horizontal engines, in
which it enters at the base of the breech end and flows away from the
top of the cylinder jacket. In this way the water attains a tem-
persture sufficient lo prevent an excessive quantity of heat being
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taken from the gas while burning and expanding in the interior of
the cylinder.

In a vertical engine the circulation of water cannot be reversed in
order to conform with the prineiple adopted with horizontal engines,
because the air contained in the water or the vapour produced by the
increase of temperature could not then escape. For these reasons
the circulation of water in vertieal eylinders is insufficient to prevent
nnequal expansion of metal due to excessively high temperatures
produced by the high compression pressures employed in modern
engines unless the consumption of water is increased.

Exhanst.—In vertical engines the exhaust being placed at the upper
part of the cylinder, it necessarily follows that a greater length of
pipe is required to connect up to the exhaust muffler, which is generally
placed Lelow ground. Unless water is injected into the interior of
these pipes, which would greatly increase the consumption of water,
this long length of exhaust pipe heats the air in the engine room and
makes the engine itself less accessible. ’

Efficiency.—It is universally recognised, and particularly by the
constructors of automobile engines, that the efliciency of engines
diminishes with the number of cylinders, aud that it is an error to
think that by combining four eylinders, each rated at 10 n.p., for
example, it is possible to obtain a 40 H.r. engine. At the most it
would only be possible to obtain about 85 n.r., for the simple reason
that the engine with one cylinder taken separately can be regulated
exparimentally from the point of view of timing of ignition, so ag to
obtain the maximum useful effect, whilst it is very difficult to ensure
the ideal ignition point in four distinct cylinders using s distributor
common to all. Thies is therefore one loss of efficiency, quite apart
from the mechanical efficiency, properly so-called, which is itself
dependent in great measure on the correct proportions of fricticnal
surfaces and workmanship.

From the preceding remarks it will be recognised that anyone who
proposes to commence the construction of industrial gas engines ought
to give preference to the horizontal type, because it presents fewer
difficulties.

The Gildner Gas Engine.—Giildner, who, at lis works at Munich,
nas undertaken the construction of vertical engines. has set forth the
following advantages in favour of vertical engines over the horizontsl

¢ 2
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type in his excellent book. He claims that a higher mechanical
efficiency can be obtained in a single-cylinder engine. The piston can
be better kept gastight, the lase casting can be much lighter, the
foundation required for the reception of the engine is much less, while
it is & much easier matter to arrange for future extenmsions of plant
and for coupling two engines together. But Gitldner also recognises
the fact, which the author has already pointed out—namely, that

. : .'xl: _\.'_:.'...1 .'___-‘_Ly s

Frg, ¥1.—1. sectional elevationa of Giildner vertical Engine.

when imperfectly purified gas is used the horizontal type of engine is
preferable.

The Giildner verlical engine with open frame must be considered
the standard type of this method of construction. The inventor has
designed his engine so that the details are of a simple character, and
which, while being strongly built, permit of easy counstruction. The
valves are nrranged side by side on the top of the cylinder, the ignition
gear being placed hetween them, The combustion chamber is thus
arranged in a perfectly rational shape, and permits the best results to
be obtained from a thermal point of view. For large engines the
exhaust valve is arranged to be cooled by water under pressure. As
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indicated disgrammatically in Fig.VI.—1, the frame is in the form of
an A, and the upper portion forme the cylinder jacket. It rests upon
a cast iron bed-plate. A long piston fitted with at least six rings
works within & separate liner. The water-cooled cylinder cover is
flat. The valves are operated by means of a horizontal shaft placed

Fi1a. YI.—2. Sectional ¢levation of Diesel Engine.

about mid-height. The general appearance of the engine is aa illus-
trated in Fig. IV.—28.

Diesel Engine.—Figs. VI.——2 and 8 represent the Diesel engine
such as is constructed by the various licensees and particularly
the Niwnberg Co. in their works at Augsburg, and by Messrs.
Carels Freres at Ghent., This engine is classed a8 an internal
combustion engine, which uses heavy petroleum, unvefined, and
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without sulphur, or, at any rate, in which the sulphur is less than
1 per cent. The manner of working is as follows :—

1st stroke.—Air is drawn into the eylinder.
2ud stroke.—The air is compressed by the backward motion of the
piston.

Fia. VI.—3. Transverse section (Diesel Engine).

8rd stroke.~—Injection of the pebrolenm which immediately ignites
by the heat of the compressed air.
4th atroke.—Expulsion of the products of combustion.

Tie valves are four in number and are arranged at the back of the
eylinder, and include that used for starting by compressed air. The
valves are operated by a hali-speed shaft, placed at the upper portion
of the cylinder, driven from the erank shaft by a vertieal intermediate
shaft with gear wheels,

~
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Fig. VI.—4 shows n section of the cvlinder cover. The arrangement
for the injection of petroleum is represented in Fig. VI.—5. Air at

F1G, VI.—4, Section of Cylinder Cover (Diesel Engine).

high pressure is brought into an annular space concentric o the
admission valve, and in the lower portion of this space the oil is
delivered. The liquid upon the
opening of the valve is forced
through a series of perforated plates.
the holes being arranged in fives
and about ¢ inch in diawmeter.
Thé employment of wire gauze for
the purpose has not given equally
good results. The exhaust valve
is water-cooled.

The lubrication of the piston is
obtained Ly means of oil under
pressure from a series of holes
arranged circumferentially in the
lower part of the cylinder jacket.
The lubricating oil valve is con- L
trolled in such a manner that the Fui VI.—3. section through Fuel Injee-
entry of oil takes PIMB at the tion Valve flox {Lesel Engine),
moment when the two upper rings of the piston arrive at the level of
the lubrieating orifices.
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Engines with one, two, or three cylinders are fitted with one fuel
pump. Four-cylinder engines have two. Each pump (as shown

—, g SRR
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Fia, VI.—6. Section through Fuel Pump, showing automalic Governing
Device (Diesel Engine).

in Fig. VI.—6) generally supplies several cylinders, 1t forces the fuel
towards the distribufing device placed at the junction of the passage,

Fig, VI.—7. Section through Reavell Quadrupiex Compressor.

each branch being fitted with a retaining valve and a screw which
permits the amount of fuel delivered to the injection valve to be
regulated.
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The piston planger (I*) of the fuel pump ie actuated by an eccentric
fastened upon the vertical shaft (V). The suction valve (4) and
retaining valve (R) are placed vertically one above the other. A
second eccentric placed under the first, by means of a rod parallel to
the axis of the plunger, gives an oscillating movement to the small
lever (L) placed in the suction chamber of the pump body, and this
lever (L), when at its highest position, keeps the suction valve open.
The mechanism is arranged so that the valve remains open during the
early portion of the backward movement of the piston, permitting the
oil to flow back towards the suction chamber. The effective pumping
portion of the stroke is determined by the instant when the-suction
valve is allowed to regain its seat.
The governor decides whether to
advance or retard the instant when
this shall oceur, in giving an an-
gular displacement, by means of
a vertical shaft, to the eccentrie
which works the small lever.

In the lower caging of the fuel
pump and in the axis of the valve
a rod (M), fitted with a longdouble
thread, is screwed. By means of
a rod with which it is connected,
furnished with two handles and
with three stop potches, the
screwed rod is able to receive
three different adjustments, and
by this meanz it may be fixed at
three determined heights. Inthe
lowest position it permits the valves to work freely; in the mean
position, which determines the stoppage of the engine, it causes the
suction valve to close, whilst in the upper position it at the same
time raises the retaining valve, and permits the oil pipes to empty
themselves by gravity. If the petrolenm pump be not charged, an
auxiliary piston worked by hand must be used, the return stroke
being made by the action of the spring.

For compressing the air to high pressure, Messra. Carels Freres
employ three-stage Reavell compressors which enable them tu easily
obtain in eonfinuous working, air at from 60 to 65 kgs. per square
centimetro (850 to 925 lbs. per square inch) and over. This
apparatus ig cailed a quadruplex compressor. Two cylinders are
utilised for simple compression, one for the second siage and the

F1¢. ¥1.—8. Pistons and Connecting Ioda
of Reavell Qundruplex Compresscr,
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fourth for the third stage. Fig. VI.—7 shows clearly the method of
construction of the machines., Tubular cooling arrangements are
placed round the high-pressure cylinders to keep the air at low
temperature between each degree of compression. By this means and
by suitable proportioning of the diameter of the cylinder a high
efficiency is obtained.

Reavell compressors deliver air at a pressure of 1,000 lbs. per
square inch. They have & volumetric efficiency of more than
90 per cent., and an equally high mechanical efficiency. The firm
build similar apparatus fo compress air up to 8,000 lbs. per square
inch. Fig. VI.—8 shows the details of pistons and connecting rods.

Otto-Deutz Engine (Diesel Type).—The Gasmotoren Fabrik Deutz, of
Cologne, are aleo huilders of Diesel engines, and the following figures
give the results of a test made by M. Barthe in October, 1907, upon
one of their 85 H.p. engines :—

Revolutions per minute . . 2098
Mean B.HP. . . . . . 850 (854 Metric B.H.P)
Consumption per p.H.P. hour . 041 lbs,
Consumption of cocling water per
B.4.P. hour . . . . 2:65 gallons

Mean temperature of inlet water .  66°0 ° F.
Mean temperature of outlet water 1600 °F,
Mean temperature of exhaust gas 5860 ° F.

The fuel cost, delivered at works, including 8-5 shillings Customs
Duty, was 11s. 10d. per ton.

The calorific value was 16,200 B.Th.U. per 1b. and the solid
residuals, 19 per cent.

@Gardner Engine.—Messrs. L. Gardner & Sons of Patricroft,
Manchester, build several different types of vertical engines, some
petroleam engines with open frame, as represented in Fig. VI.—9, and
others with closed erank case, as illustrated in Figs. VL.—10 and 11.
The number of cylinders vary fromone to four. The speed of rotation
is from 600 to 80O revolutions per minute, and they are suitable for
consuming either petroleum, spirit, or illuminating or producer gas.
The weight of the engines amounts to about 55 to 66 1bs. per s.H.P.

Rathbun Engine.—The Rathbun engines, built by the 8. M. Jones
Co. of Toledo, Ohio, are built with two, three, or six cylinders
and preseut several interesting features. 'I'lie admission and exhaust
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Fie. VI—9. Open frame Garduer vertienl Engine,

Fii, VL—10.  Section through Gardner (enclosed) vertical Engine.,

81
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valves are placed on the cylinder cover. The exhaust valves and
their spindles are cooled by water eirculation, as shown in Fig, VI.—12.
Governing is by means of throttling, and adjustable ignition is pro-
vided. The half-speed shaft is placed ai the base of the frame in a
kind of box fitted with a cover which can be removed to obtain ready
accens to the eams, and to the ignition and governing mechanism.
Ignition is of the mnake-and-break type with water-cooled plugs.

Westinghouse Engines.—Within recent years the former method of
construction of this well-known engine has been sbandoned in favour

Fia. V1L—11. Trausverse section, Gardner (enclosed) vertical Engine,

of a vertical tandem arrangement of single-acting eylinders so that
the suction stroke of one cylinder is the explosion or working stroke
of the other, the inertia of the moving parts being absorbed by com-
pression in one of the tandem cylinders on the up-stroke and by a
buffer eylinder on the down-stroke. At the Franco-British Exhibition
in London, 1908, severa! engines of this type were installed for
generating electric current and motive power, amongst them being one
engine of 500 kw. capacity, direct coupled to a dynamo, and erected in
the large Machinery Hall. Two other engines, of 180 kw. out-put,
were erected in a building adjacent to the Canadian section ; a third
eugine of smaller power, and a fourth of 100 kw. were placed in the
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adjoining building to the Australian section; each of these supplying
the electric current for illuminating the various sections named.

The total ground area occupied by the 500 kw. engine (750 B.u.».) a8
shown in Fig. VI.—18 was 24 feet by 12 feet 6 inches. The diameter
of the lower pistons were 21 inches and of the upper pistons 28 inches,
by 24 inch strokes; the normal speed was 200 revolutions per minute.
The three pairs of cylinders are placed above the crank shaft, the buffer

F1G. VI.—12. Rathbun vertical Engine.

cylinder being formed by the space between the open end of the
upper and the cylinder cover of the lower. The frame is totally
enclosed. Forced lubrication is adopted by means of duplicate
valveless pumps. The oil is made to pass through wire gauze before
passing to the pumps and the filters can be removed and cleaned
whilst the engine is at work. None of the moving parts are water-
cooled, as is often provided for in horizontal engines of the same power
which have both their pistons and exhaust valves water-cocled. This
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ie one of the advantages that result from the use of a number of
small diameter cylinders, while a further important advantage is,
that the engine worke with great cyclic regularity without requiring
fly-wheels of exceptional weight. Thus, the engines are peculiarly
suitable for driving alternating current dynamos working in parallel.

The engine has been designed with great care in order to obiain
simplicity and accessibility of all parts. By removing the upper
covers and diseonnecting the lower part of the conmnecting rod
bearings, the connecting rods, pisions, and crossheads can be quickly

Fig. VL—13. Six-cylinder, three-exnnk Uritish Weatinghouse verticn] Engine,

removed. All the valves ave operated Ly eams and the push rods
work directly upon small bell erank levers pivoted on the cylinder
covers. The engine is controlled by means of throttle governing.

Camphell Engines.—The Campbell Gas Engine Co., Ltd., of Halifax,
England, have supplied over 54 vertical engines of from 60 to
860 .u.p. up to May, 1909. The majority are in daily serviee tn
public and private electric generating stations and seven have been
sup)lied as repeat orders, pointing to the fact that the engines originally
supplied have been found to work satisfactory even under exacting
conditione and in comparatively remote countries.

As specisl features the lntest Campbell engines have their eylinders
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combined in groups of two, but each cylinder is distinet and indepen-
dent with its own valve and ignition gear, so that in case of necessity
the engine may run with one or more cylinders idle. The valve gear
is arranged quite clear of the cylinder covers, enabling the latier to be
removed or replaced with a minimum of troable or time. The inlet
and exhaust valves are operated from one cam shaft placed within the
crank case and driven direct from the cronk shaft by machine-cut gear
wheels. The inlet valve is carried in a removable plag with a ground
joint, the exhaust valve being water-cooled in the larger sizes.

Fre. VI.—14. Cyhnder-heads and valve gear, Camplbell vertical Engine.

Governing is effected by variable admission of a constant mixtare,
the control valve being operated by a powerful governor, Low tension
magnetos are fitted to each cylinder with adjustment for advancing or
reiarding the instant of ignition while the engine is in opersation.
Lubrication of all bearings in the erank chamber and of the crank-
pin is effected by forced lubrication, the pressure being produced by
one or nwre submerged valveless ram puwmips driven by eccentrics on
the crank shaft. The oil passes through a strainer to the punp, and
a bye-pass, relief valve, and pressure gauge are provided. Water
circulation is positively controlled by means of a centrifugal pump.
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Fig. VI.—14 shows the ignition gear, inlet valves, and controlling
valves of a 100 n.u.r. Campbell engine, with a platform all round the
upper portion. Fig. VI.—15 is from a photograph of a four-cylinder
engine rated at 125 p.H.r. on producer gas when running at 300
revolutions per minute.

Cfoulgy Engines.—Fig. VI.—18 illustrates the four-cylinder vertical
engine inlroduced by Crossley Brothers, Ltd., of Manchester, in the
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Fie. V1,—135. Four-cylinder, 125 B.H.P. Campbelt vertical Engine, direct-coupled to
dynamo.

early part of 1908. Xorced lubrication is fitted and the oil is returned
to the engine bed-plate in which are placed two valveless oil pumps
which draw the oil through filters before its redistribution to the
varioug bearings. The cam shaft is placed within the crank case, the
inlet and exhaust valves, inverted in the cylinder cover, being worked
by push rods and levers. From the section given in the right-hand
hottom corner of Fig. VI.—17 it will be observed that the cylinder
eover is provided with side apertures to register with the gas and air
maing, the exhaust being led away above the covers (see Fig, VI.—16).
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The gas and air is conveyed to each cylinder in separate compars-
ments of the supply pipe, as shown in Fig. VL—17. In this way,
ghould the charge admitted to one cylinder through derangement
“back-fire,” a minimum of disturbance occurs, even to that one
cylinder. A gas adjusting valve is provided on all cylinders, so that
the mixture can be cuitably adjusted to obtain good results from each
individually, or, if necessary, the gas charge to any cylinder can

sz 4 @ z ] ] * F7
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FiG, VI.—17. Mixture Regulation Device, Crossley vertieal Engine.

be entirely shutoff. The air can also be regulated, but such regulation
affects all eylinders, being placed upon the air main. Governing is
effected by altering more or less the position of two butterfly valves—
one for gas and one for air—upon one spindle although in separate
compartments. Thus the quantily of mixture admitted is varied
according to the load.

A simple method has been devised by means of which the engine
can be ehanged over from rich to poor gas or rice rersa at a moment’s
votice and without stopping the engine. From the left-hand bottom
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diagram in Fig. VI.—17, it will be noticed that the throttle valve is of
peculiar design, having four cutling edges. The air throtile has these
four edges similar, hut of the gas throttle two are similar to those of
the air and are used when the engine is served with producer gas,
while the other two are arranged with inclined surfaces of such a
shape that they give suitable proportions of gas areag, to the air areas,
when working with rich illuminating gas. It is only necessary io
disconnect the governor rvod frow one arm of the bell erank lever and
connect to the other arm to change from the one gas to the other.

Fia, VI,—-18, Three.cylinder, Tangye vertical Engine,

Tangye Engine—Fig. VI.—18 illustrates the Tangye three-cylinder
vertical engine, which is now being re-designed and improved in
details. A number of these engines are in salisfactory application
in sizes up to the maximum output of 180 or 200 s.m.r. The
governing is by throttling the mixture. Splash lubrication is relied
upon for the bearings and cylinder.

Attention has been directed to the inconveniences that apply to the
vertical engine when compared to horizontal types. These incon-
veniences are, naturally, relative but are of sufficient importance in

y 2
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the majorily of industrial installations to give the preference to the
horizontal type. In a similar mapoper it is well known that the same
arguments hold good in connection with the steamn engine where the
horizontal arrangement is generally preferred, vertical iypes only
being used when the amount of space available is restricted.

Such considerations particularly apply in the application of the gas
engine for marine work, a subject which is dealt with in the following
chapter.



CHAPTER VII
MARINE GAS ENGINES

Tur utilisation of gas engines for marine purposes has been the
subject of very serious study by a number of makers who, in one way
or another, have specialised in this direetion, and who have success-
fully Luilt internal combustion engines fed with heavy petroleum or
even producer gas, which are working to-day with very good results.
Mr. A, Vennell Coster, of Messrs. Crossley Brothers, Ltd., has
published a series of interesting pamphlets upon this question, and
has ardently advocated the attractive proposals to substitute gas
engines for steam engines, both in warships and merchant vessels.
However, in the actual state of progress of gas engines and gas
producers, this kind of motive power is still subject to certain risks
which appear to be incompatible with the reliability of work, which, at
the present time, only the combination of steam engines and boilers
appears to realise. Having regard to the exigencies of navigation it
is none the less true that the practical solution of the problem must
be accopted as the next for gus engines to overcome. The hypotheses
considered Ly Mr. Coster, if somewhat bold, are not entirely premature,
and the ideas that he has put forward in this respect deserve to be
taken into consideration.

Mr. Coster has prepared a thermal balance-sheet of the three types of
motive power, from the point of view of their application for marine
service, and has drawn three diagrams, Fige. VII.—1, 2, and 8, which
show the advantages of the gas engine from the point of view of heat
utilisation in a striking manner. The figures given in these diagrams
are deduced from best examples of current practice, and take into
account, for both the boiler and producer, those fuels that are most
suitable for each of them. In the diagram, Fig. VII.—1, relating to the
marine gas engine, the officiency of the producer ie taken as 80 per
cent,, which is a conservative estimate in view of the fact that some
producers have attained an efficiency of 90 per cent. of the total heat
of the fuel. In the diagrams Figs. VII.—1 and 2, the marine boilers
are internally fired and provided with tubes through which the flames
return, and the efficiency of such.has been taken as 70 per cent.,
which is somewhat over-;ated because these Loilers are well recognised
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a8 being uneconomical, more attention being given to the steaming
qualities with regard to the production of large volumes of steam, and
to restricted ground space than to economy. An efficiency of 80 per
cent., sometimes obtained by stationary boilers fitted with economisers
and other apparatus making for low fuel consumption, is not applic-
able in the case of marine boilers.

For the gas engine, the thermal efficiency per 1.B.p. has been taken
as being 88 per cent,, and this is admissible in the case of well-
consiructed engines of thte power under consideration.

As regards the steam turbine, Fig. VIL.—2, both the thermal
efficiency nand the mechanical efficiency shown in the diagram have
been rated very highly.

From trials made with two steamers identical with respect to form
and water displacement, one driven by turbines and the other by
reciprocating engines, at the same speed, with the auxiliary machines
necessary, and working in the same limits of temperature, the thermal
efficiency indicated for the turbine has amounted to 20 per cent. with
a vacuum of 27 inches, the mechanical efficiency being 98 per cent,
It should, however, be noted that a good mechanical efficiency cannot
be maintained for as long a period iu a turbine as with reciprocating
engines, and, with regard to the latter, according to the diagram,
Fig. VII.—3, the thermnl efficiency is 17 per cent., and mechanical
efficiency 92 per cent. These are the best results that have been
specially obtained by the steamer Jora tested by & commiliee of the
Institution of Mechanical Engineers.

By comparing the dlﬂ’ewnb diagrams it will be seen that the gaa
engine has a thermal efficiency double that of either the best
reciprocating steam engine or the steam turbine,

The lowest consumption of coal per indicated m.p. in the case of
tarbines, has varied between 1°1 1b. and 1°5 1b. of coal. In power gas
installations, this has amounted only to ‘6 to ‘8 lb., pointing to the
fact that the coal bunkers, on this account, may be reduced by 50 per
ceni, from their present capacity, or, conversely, that the radius of
action would be increased Ly 100 per cent. if the vessels were fitted
with gas engines and producers.

Mr. Coster puts forward the following advantages in favour of the
gas power system :—

lst. The consumption of fuel would be reduced by 50 per cent.

2nd. The stand-by loss would be reduced by more than 75 per cent.

8rd. Working pressure confined to the engine eylinders,

4th, No boiler or main steam pipes lo burst or furnace crowns to
collapse,
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5th. No priming in a heavy sea-way; no water-hammer in pipes
and cylinders.

6th. No more difficulties with the firing of Loilers in a beam sea.
Gas producers may be charged only twice every twenty-four hours, and
the rolling and pitching of the vessel is rather advantageous than
otherwise in assisting the settlement of fuel down from the charging
hoppers.

Mr. Coster, bowever, does not conceal the great difficulties presented
by the problem in the present state of gas engine progress. He points
out that these main difficulties are :—

1st. The construction of a gas producer able to gasify all gradea of
bituminous coal.

2nd. To find a simple method to cleanse the gas from tar and dust,
either before the introduction of the fuel into the producer itself, or
after the gas has left the generator on ite way to the engine.

8rd. To ensure perfect control of the gas-propelled vessel, starting,
stopping, reversing, and running at all speeds.

These difficulties are certainly not incapable of solution. The
problem presents itself in different ways according to the particular
pervice that the ship is called upon fo perform.

In pleasure boats, motor-boats, and commercial vessels generally,
for rapid transport with light loads, either vertical four-cycle motors
are installed to work with spirit or refined petroleum, or two-cycle
vertical petrol engines.

The use of light spirit involves risk of conflagration when the
power of the engine is sufficiently large to require a large reserve of
fuel. American engineers have developed the construction of two-cycle
petrol motors for such small vessels, to a great extent, and supply
them at an extremely low price.

For freight boats for river service, as well as for fishing and coasting
veasels, a considerable number of refined oil engines are in use mainly
of the vertical type, but sometimes horizontal.

The @riffin Engine—The Grifin Engineering Co., Lid., of Bath,
have built an engine specially designed for msarine work which
will burn either refined petroleum or any kind of liguid hydrocarbo.
The vaporiser is heated by the exhaust gases, and consists of a
cylinder with rough walls, into which water and the liquid fuel are
injected with a small quantity of air. The supplementary air neces-
sary is admicted through an opening at the other end of the vaporiser.
The temperature of the vaporiser never exceeds 400° F. In this way
the decomposition and gasification of the fuel is avoided, and thus no

/’”\
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tar is formed within the cylinder, Consequently, all the parts of the
engine are maintained in good working condition even after long
periods of continuous work. The residuals of the oil are automatically
ejected from the vaporiser. Ignition is effected by means of a tube
heated by a blow lamp, the tube being maintained at a cherry-red
heat. It can be readily examined whilst the engine i at work, and
the regulation can be instantly adjusted.

The engines are built up to 200 n.p., with two or {our single-acting
cylinders. The pistons of each pair are joined at the lower part by
s rigid cross-head which is connected by a conneeting rod to the motor
shaft, the latter being fitted with a reversing clutch.

From a number of experiments with Grifin engines fed with various
fuels, the average compression pressure is shown to be 60 Ibe. per
square inch. The initial explosion pressure is 240 1bs. per square inch,
and the mean pressure 70 Ibs, per square inch.

The Standard Engive—The Standard Motor Comstruction Co., of
Jersey City, U.5.A., have built several petrolenm engines of 500 H.p.
for ship-work. Several ferry boats are driven by 300 n.p. Standard
engives, and recently a 500 u.p. double-acting engine has been installed
which is set to work by compressed air and has an arrangement for
reversing. For some time past gas engines and producers have also
been employed.

The Oito-Deuntz Engine.—The Gasmotoren Fabrik Deutz have built
several vertical, reversible, producer gas engines. The first engine
built upon this principle was of the following dimensions: Diameter
of eylinder, 280 mm. (11 inches nearly); stroke, 300 mm. (12 inches
nearly) ; revolutions per minute, 800; b.H.p., 150. It consists of
four cylinders; two of these, when slarting up with compressed air,
work on the two-cycle principle, but in normal work all four eylinders
are of the single-acting, four-cycle type. The mechanical details of
each of the four cylinders are completely independent from one
another. The frame is “ A" shaped, as shown in Fig. VII.—4, and
is carried upwards to form the water-jacket, within which the eylinder
liner is introduced. The breechi end holds the liner in position, and
in easch breech end the admission and exhaust valves and ignition
apparatus ove fitted. The admission valve on each cylinder, either
of which can be worked by means of compressed air, is guided by a
piston. Kach group of two cylinders is erected on an iron base
casting, the crank shaft being supported in bearings which form part
of the bed plate. Lubrication of these main bearings is effected by
means of a small force pump. The fly-wheel, 55 inches in diameter,
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is placed betwesn the two base castings. The crank is unbalanced,
the moving parts thewmselves counteracting each other to give an equal
turning moment. The half-speed shaft which operates the valve
gear of the four cylinders is placed at mid-height together with the
reversing gear. It is supported on ball bearings, and is operated by
an intermediate vertical shaft from which the governor is driven.

The movement is transmitted by means of two pairs of skew gear
wheels, giving one-half the
number of revolutions of that

..... . of the engine shaft. The half-

‘ga pa— speed shaft carries the cams

for working the valves. A
box, the lower part of which
is formed by the main frame,
contains thoe cams, levers, and
b reversing gear, and is shown
' in Figs. Y1I.—5,6,and 7. In
1 the upper part of these bozes
o are placed the valve rod guides,
Ll Each valve can be worked by
one cam for forward or another
cam for backward direction of
rotation, these cams being
placed side by side upon
the shaft. To each of the
- two cylinders, which are ar-
ranged to work with com-
pressed air for starting, two
additional cams are filted,
Fii. V1l—4, Bection of Frame and Cylinder of correspondil.lg to forward and
150 nn.p, Il’our-c}'limlur Nasmotorl';znul"'nl])‘rik backward direction, when the
Deutz Marine Gas Engine. cylinderﬁ work as two-cyele
engines.

Finaliv, between the admission and exhaust eams, two others are
fitted, one for forward and one for backward movement, to coutrol the
ignition. To nake the motor reversible the movement is transmitted
indirectly to an intermediate piece, which determines the direction of
rotation of the engine when it is displaced between the cam and valve
rod guide. Every intermediate piece is operated by means of only two
reversing levers. Governing is effected by the variable admission of
mixture. For working with power gas, the air and gas pipes are
fitted with a hand-throtile, Yor working with liquid fuel, the latter
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is conducted directly to a carburettor at constant pressure placed
in the breech end. The quantity of air necessary is regulated by
varying the stroke of the admission valve, as determined by the
governor. Ignition is by electric magnetos.

For reversing, it is necessary to have a compressed air reservoir.

Fig. viL.—;.

Reversing Mechanism of (insmotoren Fabrik Dealz Marine Gas Engine,

The latter is maintained under a constant pressure by means of a
small compressing engine. A pressure of 90 ibs. is sufficient to
permit the engine to be reversed. Reversing can be quickly oblained
by introducing compressed air to produce back pressure.

For ships of heavy tonnage requiring units of large size, the
constructors whe advocate the use of producer gas are now engaged
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in making a series of trials. Some of the conditions that must be
fulfilled, and to which attention has been directed in connection with
Mr. Vennell Coster’s statements on the subject, have not yet received
an entirely salisfactory solution.

If the question of the use of internal combustion engines for
merchants’ ships has not yel made all the progress that one could
wish for, it is to be attributed more to economical considerations than
to technical difficuliies, The solution of the question with regard to

Fia. VI1.--8. Koerting two-cycle, multi-cylinder Engine, for Submarine Veasels,

warships may be considered as having already been acquired, so far
as concerns submarine vessels, although in this particular application
the problem presented gome special difficulties.

Eoerting Engine.—The firm of Koerting Brothers have constructed
the two-cycle engine shown in Fig. VII.—8, for service in submarine
vessels, Its characteristic feature is the eutire absence of valves.
In this engine the admission and expulsion of the charge in the main
cylinder as well as in the mixture pump, and control of the scaveng-
ing air, is effected by the principal piston working as a slide valve.
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The cam shaft serves only the ignition snd governing mechanism.
Thus the motor ie particularly reliable in working. The consump-
tion of fuel is higher in these than in the Diesel engines, but their
reliability is greater. The makers have received orders from several
Governments.

The Thornycroft Engine.—Messrs. J. I. Thornyeroft, of Chiswick,
London, also build engines for twin-screw submarine boats. They
bhave furnished, amongst others, severat to the Royal Italian Navy.

Fru, V1L—9,  Thornycroft four-cycle, multi-eylinder Bngine, for Submarine Vessels,

The engine consists of eight eylinders, in two groups of four, attached
to the same crank shaft (Fig. VII.—9). ITach cylinder is 12 inches
diameter and 8 inches length of stroke. The crank case is com-
pletely closed. Lubrication of the bearings and those at the end of
the crank case are provided with water circulation, and, in addition,
the pistons and crank case are continually cooled by a blast of cold
air from a fan.

To facilitate the removal and replacement of the pistons and con-
necting rods, the base is provided with doors. The cylinders can also
be removed. The cooling water is circulated by a centrifugal pump,
driven either by an electric motor or by a small oil engine using the

7
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same fuel as the main engine. The advantage of this method is that
the engine can be rapidly cooled after stoppage to enable inspections
and necessary adjustmenta to be made, and also that the amount of
cooling water can be controlled to a nicety, according fo the need of
the engine or the peculiar nature of the fuel used.

The vaporiser is connected to the first portion of the exhaust pipe
in such a manner that the temperature can be regulated to suit the
brand of petroleum employed, the quality of the latter being very
variable necessitating different treatment being given with respect fo
the quantity of heat required for iis vaporisation.

With proper regulation of heat neither the engine nor the
vaporiser require cleaning, and tarry deposits are not formed.

For reversing, the cam shaft is made to turn alwaye in the same
direclion, whatever the direction of rotation of the engine. This is
arranged by means of bevel pinions with solid jaw clutches. Com-
pressed air is used to start the engine in either direction, the com-
pressed air admission valves remaining closed whenever the ignition
explodes the working charge. Low tension magneto is employed for
ignition.

The consumption of peiroleum is about 07 pint per B.H.P. per
hour. The total weight per group of four cylinders is 7,700 lbs.
The result of a three hours’ test made by Messrs. Thornycroft on one
of their eight-cylinder engines gave the following figures : —

Average power . . . 925'5 p.un.
Average speed . . . 5825 revolutions per minute.
Consumption of petroleum . ‘66 pint per B.a.p. hour.

Theee engines can be fed either with petroleum, as in the above
trial, or by spirit. In the latter case the vaporiser is not required.

American engineers have principally employed gasoline (petrol)
engines for this work. The United States naval authorities have six
submarines, each driven by a single-acting, four-cycle 160 n.B.P. engine.
Other submarines are under construction, and will be fitted with
250 p.u.p. Craig engines,



CHAPTER VIII
TWO-CYCLE ENGINES

Two distinct cycles are to-day favoured by manufacturers. The four-
stroke cycle of Beau de Rochas (1862) and the Clerk two-stroke eycle.
The latter was particularly studied and employed when the monopoly
claimed by the Gasmotoren Fabrik Deutz, under the name of the Otto
cycle, prevented makers from freely applying the four-stroke cycle to
their engines. Tt was at this epoch that Clerk (1878), Ravel (1878), Wittig
{1880), Koerting (1880), Benz (1884), produced their two-cycle engines,

From 1886, in which year the extent of the Otto patents was
considerably curtailed by the decision of the Germran Law Courts, the
large majority of mokers began to use the four-stroke cycle, and
since then only a few attempts have been made to design two-cycle
engines. Amongst these, well in the front rank are the Koerting and
Oechelhiiuser engines, which have given some remarkable results
when served with blast furnace gns. In America also the two-cycle
engine, working with gasoline, is largely adopted for driving launches,
In Chapter VII. mention has already been made of the two-cycle
engines for sulbmarine vessels built by Koerting Brothers.

Partisans of the double-acting four-cycle engine put forward the
following as advantages of this type over two-cycle engines for large
pOWers :—

1. A minimum of weight of engine, which so far has not been
attained. This weight will be 200 ibs. per B.H.r. for single-cylinder
engines, and in somewhat less proportion for the tandem engine.
{Nevertheless, these low weights are not realised by the examples
mentioned on p. 78.)

2. A mechanical eofficiency of 90 per cent. instead of 65 to 70 per
cent. for two-cycle engines. With regard to this point, it may be
mentioned in passing that the Sicgener M.4.G. guarantes an efficioncy
of 74 to 76 per cent. under normal load for their two-cycle engines,
and 78 to BO per cent. on overloads; this efficiency being measured
by the ratio between the indicated work in the air cylinder of a
blowing engine and the indicated work in the engine eylinder. The
work of the pumps on normal load never exceeds 6 per cent., and on
overloads 7 per cent. of the total 1.m.p. of the motor cylinder.
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8. Elimination of cylinder ports which shorten the life of the
cylinder iteelf and the piston rings.

M. Giildner, who has himself designed two-cycle engines, but now
builds the vertical four-cycle type, is of the opinion that the future
belongs to the two-cycle engine, and that only.

Professor Witz believes that four-cycle engines, double-acting, are
bound to prevail, seeing that the mechanical efficiency of two-cycle
engines is not usually more than 72 per cent.

Herr Reichienbach is of the same opinion, and states that the use of
the four-stroke cycle, tandem, double-acting engines allows the ecom-
bination of high thermal efficiency with an equally high mechanical
officiency. On one hand, there is no fear of wasted gas; the best
mixture of air and gas is assured ; no danger of explosion during the
suction stroke need be feared; and finally, the compression can be
raised sufliciently to assure the maximum utilieation of heat being
obtained without risk. Besides these poinis, the internal resistances
are reduced to » minimum, seeing that each compression is produced
by the engine piston without any intervening rotary or reciprocating
mechanism ; therefore, the preparation of the gaseous mixture entails
no frictional loss.

DPraofessor Meyer, after having found that the negative work is 4 to 5
per cent. of the indicated power in four-eycle engines and from 10'5
to 115 per cent. in two-cycle engines, admits having thought, at one
time, that the two-cycle engine will supplant its competitor, but he
now points out the advantages of the four-cycle engine, particularly
its simplicity of operation, whick make it exceptionally fit to compete
with the two-cycle type.

Ilerr Junge hias compared the two types of engines particularly in
relation to fuel consumption, initial eapital outlay, space occupied,
and ease of management. He states that the economy of fuel is a
very important subject to enquire into when the relative merits of gas
and steam engines are under discussion, but it does not enter into
constderation when a decision is to De made in connection with two-
cycle or four-cycle engines only, lecause, in the first place, no
sufficiently precise tests have been made to enable just conelusions
to be formulated a8 to the superiority of one over the other, and in
the second place, because it is of very little consequence to know if
one engine does consume a few hundreds of cubic feet more than
suother. Such gain wonld have no real value except when the gas
thus saved could be stored and used. 'This cannot he arranged in ihe
majority of large gas-power instullations.

The initial capital cosl is lower for a two-cycle engine of the
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Koerting type than for a four-cycle engine, and the simplification
of the pumping arrangements made from day to day increase this
difference.

The space occupied by the Koerting is also less, and when this is
an important consideration it should be given the preference.

The absence of exbaust valves in the Koerting engine is an un-
deniable advantage, but itis usually appreciated more by the attendant
than by the proprietor.

Professor Diederichs bas studied the quoestion in great detail and has
made a complete comparison between the four-cycle and two-cycle
types. His conclusions are briefly summarised as follows :—

1. Thermodynamic Actions in the Cylinder.—-At the beginning of com-
preesion in the two-cycle engines the temperature is lower and the
pressure of the working charge greater. The denser mixture produces
6 greater specific power. In the two-cycle the loss of heat to the cool-
ing water is greater during compression ; this permits higher com-
pression pressures and produces higher thermal efficiencies.

2. Fluid Friction.—The losses resulting from fluid friction are
greater in a two-cycle than in a four-cycle engine. They are lesser
or greater according to the system of pumps adopted ; the latter may
be classed in the following order of merit:—

A. Separate pump with large reservoir.

B. Sepsrate pump without reservoir.

€. One end of the working cylinder used as a pumping cylinder.
D. Use of the crank case as a pump.

3. Mechanical Priction.—The mechanical efficiency properly so ealled
(making ¢ distinction between mechanical and fluid losses) appears to
be a little higher in two-cycle engines.

4. Economic Considerations.—The net cost of installation, the
running expenses, ease of maintenance and reliability are the
principal considerations. According io circumstances and the duly
to be fulfilled, the advantages of two-cycle engines may outweigh those
of the four-cyeclo, and riee rersd.

It is of interest to make a comparison between the two cycles with
respect to the nuinber of essential parts that are involved in construe-
tion, working and maintenance, and particularly those which are
subjacted to heavy straing and exposed 1o wear.

I.C.E. 1
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For instance, in a 2,000 £.p. engine, the number of such details for
the various types of present day construction are as follows: —

Twao-cycle engine.
l-‘ourf}'cle
Gechelbituner. : Keerting. cneme
Number of cylinders . 2 2 4
" .+ pistons {engines and pumps) 6 6 4
. " plht-on -rods and Btuﬂing—boxes 4 10 8
" , admission valves 2 | 4 8
) . exhaust-valves . . . —_ i — ]

For the valve gear the four-cycle double-acting engine with two
cylinders will require two side shafts, operated by four or eight gear
wheels. These shafts usually carry sixteen eccentriecs or cams for
inlet and exhanst, and, in some cases, eight additional eccentrics or
cams for the gas. In the Qechelhiuser engine, this complication is
balanced by the four retura connecting rods with their coupling rods
and crossheads, and, in the Koerting engine by the set of distributing
valves, slides, &ec., for the supply of air and gas.

M. Reinhardt, a constructor of four-cyele engines, recognises the
qualities of the two-cycle engine and even its superiority for operat-
ing bLlowing engines. Ilis conclusion is that it iz impossible to
definitely decide the point at issue at the present time.

The author shares this opinion and thinks that it would be pre-
mature to positively accept one system to the exclusion of the other.
He lelieves, moreover, that any such preponderance will never be
manifest. The two cycles each have their special spheres, and the
improvements that builders are constantly meking in one or the
other present an equal interest.

The characteristics of the two systems may be recognised by
reference to the annotations to Figs. VIII.—1 and 2.

In the Oechelhiuser and Koerting two-cycle engines, the pumps
attached to them infroduce the explosion charge into the eylinder,
deltvering the air and gas separately under a pressure varying from
55 to 14 lbs. per square inch. In this way, not only is there no
depression at the time of admission, but, by means of the separate
control of the air and gas, a blast of air can be admitted previous to

the introduction of the fresh charge o scavenge the products of
combustion.
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It is during the period between the end of the expansion and
commencement of compression that exheusting, scavenging, and
introduction of the new charge should take place. In spite of the
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Fii, VIIL.—I1. Indicator diagmm, illostrating four-stroke eycle.

1. a. to b. Induction of mixture.
2. b. to ¢. Compression. .
3 e.d.and f.  Ignition and expansion forming the ouly working

stroke of the cylinder.
4. f. to a. Exhaust.

FiG. VIIL=2, Indicator diagram, illustrating two-stroke eyele,

1. a. to b. Induction ; b, to e, Compression.
2. ¢. d.and f.  Ignition and expansion ; . to a. Exhoust.

large admission ports provided, the short time allowed for these three

operations necessitates the nse of pressure to overcome the resistances

to the admission of mixture. The pumps which accomplish this
12
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operation should be of nearly equal dimensions to that of the engine
cylinder. This involves an appreciable amount of work and a redue-
tion of the total mechanical efficiency to 75 or 80 per cent. under the
most favourable conditions, and, further, tends to complicate the two-
cycle engine.

The Oechelhiuser and Koerting systems have, however, some
peculiar advantages, foremost amongst which may be mentioned the
fact that the speed of these engines can be varied within a wide range,
thue approaching the working conditions of ateam engines.

The construction of two-cycle engines is more simple and easier
than that of four-cycle tandem engines of the same power, for the
machine is shorter, and only compriges one motor eylinder. The
complicated and difficult operation of opening and closing large
exhaust valves is also avoided, but on the other hand it becomes
necessary to carefully study the operation and adjustment of the
admission valves and pumps. In one word the construction of a two-
cycle engine, and especially of the Koerting type, demands the utmost
care, but when the makers’ shops at Koertingsdorf are visited and
inspection is made of the machines that are sent out, any anxiety that
may be felt in thie matier is entirely allayed. The workmanship,
finisgh, and the serupulous care bestowed upon the selection of material
are traditional of the firm of Koerting Brothers.

This firm and their licenseee have triumphantly responded to the
arguments of their competitors by the number of installations already
carried out or in progress. In 1907, 214 engines, representing about
182,000 u.p. were supplied, while the Oechelhiuser two-cyele engine
was represented by 60 engines amounting altogether to about
50,000 =.P.

Two-cycle engines still find serious detractors, and up to the present
time the preference of the majority of builders has been given to the
four-cycle type because of the simplicity and high efticiency of these
engines.

The following descriptions are given of the most interesting two-
cycle engines :—

Koerting Engine.—T'his double-acting engine is represented in eleva-
tion and in horizontal and veriical section in Figs. VII.—38 and 4.
Its method of working is as follows : —

1. The ignition of the mixiure and development of pressure iskes
place, after the introduction and compression of the charge, close to
the back dead centre of the piston.
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2. The expansion of the burnt mixture and trausmission of power
to the crank sbaft takes place during the forward stroke of the piston.
3. When the piston has arrived at the frout dead centre, the expul-

Fre, VIiL—3.  Diagrammatic elevation and part <ectiapal plan.
Kaetting two-cxcle Engine,

Fig. VII[,—4. Diagrammatic sections of Koerting two-cvele Engine.

sion of the products of combusiion and then the admission of the

new charge takes place.
4. During the return stroke the piston compresses the explosive

mixture,

-
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This work, which in four-cycle engines occupies four strokes of the
piston, is effected in two strokes in the Koerting engines, the expulsion
of the residusl gases and the inlet of the new charge occurring during
the very short time that the piston remains in the zone of the front
dead centre.

The engine piston B, Fig. VIIL.—4, does not draw in the mixture.
The cylinder A4 is refilled by the pumps D and C, Fig. VIIL.—3, the
new charge itself expelling the burnt products and occupying the
space thus made vacani. The introduction of fresh mixture is made
in the following manner :—

1. It becomes diffused uniformly throughout the area of the cylinder
and thus drives out the former mixture.

2. A cushion of air becomes interposed between the new charge and
the hot residuals of the previous explosion, preventing contact of the
two mixtures and premature ignition of the fresh charge.

The outlet ports in Fig, VIII.—4 for the products of combustion
are situated in the middle of the cylinder in the form of annular
orifices. The piston (of a length equal to the stroke, less the width of
the exhaust ports—i.c., one-tenih of the siroke} alternately opens and
closes these openings in its backward and forward movement.

When the exhaust commences, the internal pressure is still from 30
to 45 lba. per aquare inch, and consequently the burnt gas escapes at a
velocity of from 1,000 to 1,800 feet per second, causing the pressure to fall
to about 1'5 1bs. per square inch when the crank-pin is only 20° from
the outer dead centre. The expulsion of the products of combustion and
the introduction of the new charges, pushing out the last traces of the
previous explosion, occurs in the peviod that elapses between the dis-
closing and the obatruction of the ports by the piston.

The admission valves—plates with spring shutters—are operated by
the cams placed on the two sidea of the cylinder. The gas and air are
brought by the separate pumps I} and € (Fig. VIIL.—3) but ouly the
mixture enters the eylinder. The pumps are driven from the main
ghaft, and the angle of lead of their crank is about 110° in advance of
the engine crank, They at first force pure air, and afterwards a
mixture of uniform composition of whicl: the quantity only is varied
to regulate the power developed by the engine. The pumps introduce
the mixture at a pressure of about 8 o 4 1bs. per square inch. The
pumnping pistons are at the end of their suction stroke as soon as the
engine piston has closed the exhaust ports, and then compression
begins. The two pumping pistons are placed on the sanie rod and
have the same movement; the composition of the mixture depends
entirely upon the ratio between the areas of the two pumping pistons.
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The supply pipes ¢ (Fig. VIIL.—3) for the air and Ce for the gas
terininate at the adwission valve. When the admission valve opens
the fluid nearest to the valves will enter first inte the engine eylinder ;
therefore, if by some means, air ia wade to pass into the gas supply
pipe and thus push back the gas, air will then be present on both
sides of the valve, as shown in Fig. VIIL.—5, and upon the opening of
the valve air only will pass through in advance of the gas until the
latter reaches the valve. -

The critice of two-cycle engines, however, say that a certain amount
of gas is always mixed with the scavenging air because the two fluids
do not remain distinct but become diffused. Analysis of the products
of combustion madein different cases have in fact revealed the presence
of combuatible gas in the exhaust pipes. DBut this waste of gas is very

Frg, VIIT- 3. Diagram showing Methad of Bupplying Air only at first opening of Inlet
Valve (Koerling Engine).

suall, hecause a portion of the scavenging air remains in the cylinder
-under normal loads.

The manner in which the pumps introduce and eontrol the charge
can be readily understood from Fig. VIIL.—6. As alrendy mentioned,
being double-acting, they draw in and drive out at the same time, and
are arranged to first introduce pure air and afterwards an intimale
mixture of counstant composition. The gas pumyp, therefore, has no
work to do during s cerlain period, while the air pump is operating.
Afterwards, the gas pump delivers in such manner that the com-
position desired reaches the engine instead of pure air.

The air pump works with full admissiou like a steam engine. In
the gas pump the opening of the suction occurs only after the piston
has completed 40 to 50 per cent. of its travel. During this time the
delivery remaing closed and the gas drawn in by the preceding stroke
re-enters the suction pipe. The pump delivers during the second
period of the piston’s stroke, and the two pumps acting together from
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this moment, supply gas and air at equal velocity so that the com-
position of the mixture is uniformly maintained.

The engine inlet valve is not opened at the beginning of the delivery
stroke of the air pump piston but only after the pump piston has
nearly reached mid-stroke. During this interval the air accumulates
in the supply pipe, and by its pressure forces back the gas, the gas
pump not yet delivering. Upon the opening of the engine inlet valve,
therefore, pure sir salone enters until the gas pump commences its
delivery. This produces the scavenging of the cylinder and the

F1a. V111.—6. Diagram showing Mcthod of Governing (Kocrting Engine).

formation of a cushion of air agninst the piston previous to the
introduction of the uniformly constituted explosive charge.

The regulation of the engine is obtained in two ways:—

(1) By retarding the delivery from the gas pump, by actuating the
side valve of the pump rod by a slotted link operated by two different

- eccentrics, and eontrolled by the action of the governor raising or
lowering the link. This method necessitates the use of a very
powerful governor.

(2) By a bye-pass between the delivery and suction Lranches of the
gas pump by means of a buatterfly throttle valve operated by the
governor. When the throttle is partly open during the suction stroke
and the first portion of the delivery stroke of the piston, a greater or
lesser amount of gas iy bye-passed from the delivery pipe to the suction
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chamber. The column of gas flows back in the passage behind the
engine inlet valve and is replaced by air. When the engine inlet valve
openg 80 much more air and so much less gas enters the cylinder,
according to the position of the throttle. This adjustment is effected
by a slotted link as in the first case.

The butterfly throttle valves in some cases are now replaced by piston
valves mounted coneentrically to the admission and exhaust slide valves
of the pump.

A reciprocating movement is imparted to the piston valves by the
operating eccentrics and they can aleo rotate upon their rod as regulated
by the governor. The two movements occur simultaneously and thus,
according to the load upon the engine, permit the gas supply pipe to
deliver more or lesa gas to the mixture fed to the engine cylinder.

Ignition of the mixture is obtained by meana of two magnetos, with
the spark advanced 18 or 20° before the dead centre. Compressed
air is used for slarting.

The normal speed of the Koerting two-cycle engines ia from 80 to 140
revolutions per minute; this speed can be considerably reduced, and the
engine worka very well even at 15 or 20 revolutions per minute, which
is a great advantage in certain circumstances. Owing to this great
elasaticity the engine can be started and even put under load, and, in
consequence of its method of adwission, it possesses a very large over-
load capacity. These qualities render it particularly serviceable for
blowing engines and rolling mills.

As the Koerting engine is built by different licensees there are
several variations from the original form in evidence. The author
would particularly mention those made by the Scigener M.4,G., and
the Gutehoffnungshiitte of Qberhausen, who have been referred to several
times in this book.

The Gutehoflnungshiitte Co. employ slide pistons for the air and
gas pumps operated by rods and separate levers. Governing is
effected by the turning movement of external piston valves under the
control of the governor. They also receive a reciprocating movement
parallel to the axis of rotation worked by a hand lever.  The admnission
passages of the gas pump are then opened, more or less, according to
the quality of the gas employed and the load of the engine.

Mather & Platt, Ltd., Manchester, build Koerting engines for manu-
facturing purposes and for generating electricity. At the outset, they
constructed them upon the original lines, but bave now made a number
of modifications in the way of simplification and for the better utilisa-
tion of producer gas and coke oven gas.
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The gas pump is double-acting and is placed on the same axis as the
two air pumps which are single-acting (Fig. VII1.—7). The pump
cylinders are separated from each other by the admission boxes,
each of which is divided into two parts by a partition, and fitted with
automatic valves.

The gas piston i8 hollow. Ite two faces are fitted with automatic
valves and it is provided with openings in its periphery. The
admission ports are placed in the wall of the cylinder in such a

Fla. VI1I.—7. Scction through Gas awl Air Pump, Mather & Platt Eogine
(Koerting type).

manner that the hollow piston places the gas supply pipe in com-
munication with first one and then the other end of the pump
cylinder. When the openings are masked by the piston, the gas must
enter into the hollow portion by the ports and then pass through the
automatic valves in the eylinder of the punps at each suetion stroke.

It is necessary to retain the gas charge until the air scavenging has
been effected; therefore the position of the piston is given a certain

Fri, VHL - %0 Nectional clevation. Mather & Vlatt Engine (Koertinge type).

amount of lead according to the ealorific value of the gas used, in order
to cover the openinge and thus cut off the adimnission of gas. By the
following movement the gas is compressed through the automatic
valves into one or other of the valve boxes and from there expelled to
the proper passage.

The different pistons are connected together by the same rod. The
boxes forming the ends of the double-acting gas pump are placed
respectively in cominunication with each of the engine inlet valves.
These admission valves, as shown in Figs. VIII.—8 are mounted
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on a rod, passing through the valve boxes and surrounded by a coil
sprisg which normally holda the valve to its seat. Above each valve
rod is placed a pair of rolling levers. The lower one has a nose
which rests on the end of the valve rod. As the adwission valves
should open only for just about one-fourth of a revolution of the engine
crank, and remain closed during the other three-fourths, the contact
surfaces of the levers are shaped so as to give a rapid moveent to the

e

-y

Fre. VHL—9. 600 1r. Mather & Platt Engine (Koerting type).

valve rods on opening aud closing and a prolonged inaction for the
remainder of the revolution.

The two pairs of levers are connected by a rod so as to work
together in nn opposite direction, one pair being closed when the other
pair ig opened. The levers are opernted by connecting rods and simple
eccentrics placed on the erank shaft aud have means for adjustment.
This patented arrangement dispenses with the usual side shaft with
its camns and gearing.
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Governing is effected by varying the quantity and not the quality
of the mixture. Lubrication is controlled from a central distributer.
Ignition is obtained from two magnetos placed at either end of the
eylinder. Fig. VIIL.—9 represente one of the most recent 600 m.r.
engines by Mather & Platt, Ltd., distinguished by its extreme
simplicity.

Oechelhdanser Engine.—The Oechelhiiuser engine was one of the first
designed for large outputs of power. It was put in practice early in
1898 in the form of a 600 H.P. engine, and has since been able to show
its excellent qualities during an active life of nearly 11 years.

The characteristic feature of this engine is the employment of two
pistona working in one cylinder, thus recalling the arrangements
designed n number of years ago by Robson, and constructed by Scotf

M

Fra. VIlL.-to.  Diagram of Oechelhiiuser Engine.

Brothers, of Halifax (Ilngland). The Robson engine was of the four-
cycle type with valve gear, whilst the Oechelbiiuser engine is of the
two-cycle principle with no valves whatever for the cylinder. This
peculiarity is the more interesting as in all other large engines the
valves are delicate organs, difficult to keep in good order in conse-
quence of the high temperatures they have to withstand within the com-
bustion chambers. The same remarks apply equally to stuffing-boxes
and breech ends which are non-existent in the Oechelhiiuser engine,

The diagram Fig. VIII. - 10 shows the method of working of the two
single-acting pistons. The front one is connected to the central throw of
a triple crank shaft by a connecting rod and pushes the crank forward
under the influence of the explosion in the ordinary manner, whilst
the back piston is connected Ly cross har and side roda to the two
outer cranks placed at 180 and pulix the crank backward on power
atrokes.

The lirst advantage of this arrangement is that it produces a perfect
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balanee of moving parts, and the equilibrium is particularly favourable
on account of the neutralisation of working stresses in the crank-shaft
bearings. Another advantage is that the combustion chamber is formed
by the cylinder itself between the backs of the pistons when these have
been brought together at the time of ignition. This explosion ¢chamber
is thus an enclosure presenting & mirimum of surface cooled by the
circulation of water and devoid of sll passages and recesses which might
be obstacles to the movement of the gas at the time of explosion,

These arrangements ought to have & manifest influence upon the
thermal efficiency of the Oechelhiuser engine. They explain the
favourable results obtained by an engine constructed by Borsig of
Tegel. This engine of 500 B.r. has developed 1 r.mH.r. hour with
an expenditure of 6,350 B.Th,U., the thermal efficiency being 895
per cent., and the mechanical efficiency 83 per cent.

The valve action is obtained Ly the pistons themselves forming slides
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Fic. VILI.—11. Represeatative indicator diagram from Oechelliiuser Engine.
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which alternately uncover and obstruct annular ports provided in the
eylinder walls (Fig. VIII.—10}, serving for the admission of air (¢} and
of gas (g, as well a8 for the expulsion of the products of combustion (e).

Before the pistons reach their dead centres on the outward strokes,
the firat piston uncovers the exhaust ports (¢); then the back piston
uncovers those for the admission of air («), which, entering under
pressure, scavenges the cylinder before the ports () admitting the gas
are uncovered. The gas then mixes with the air to form the explosion
charge. On the following stroke the pistons are brought hack towards
the middle of the cylinder, and, having first closed the inltet and exhaust
orifices already referred to, they compress the charge previous to the
commencement of another power stroke.

These operations are therefore conducted upon the two-cyele prin-
ciples, (1) compression, (2) expansion. Admission and exbaust only
occur during a fraction of the cycle, the air and gas being admitted
under pressure.
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The double-acting pump p (Fig. VIII,—10)—the piston of which is

Fru. VI1L—12, Governor Trip Gear,
Occhelhiiuzer Engine.

mounted upon a prolongation of (or
independent of} the back motor pis-
ton—supplies both air and gas to the
main cylinder. The front of the
pump piston sends gas through the
passage ¢' and air through the pas-
sage a',

These passages always contain
sufficient air and gas under pressure
(the former at about 9 to 11 lbs. and
the latter 65 to 8 lbs. per square
inch) to fill the working volume of
the cylinder, which corresponds to
about 70 per cent. of the total
volume. The difference in pres-
sure between the two fluids is re-

quired by the exigencies of distribution.

The indicator diagram takes the form shown in Fig. VIII.—11, in

which the exhaust, air blast and gas
mixture admission takes place between
the points a and b.

Governing is by variation of quantity
of mixture. The compression is vari-
able, bul in ovder not to produce a
vacuum the entire charge is introduced
into the cylinder. The governor then
regulates the opening of a return valve
which permits a portion of the mixture
admitted to be stored in an auxiliary
receiver. 'The valve is operated by the
medium of two levers 4 and 3 moving
round a point (1) (Fig. YIII.—12), the
movement of one being communicated
to the other by the fulerum block (()
wlich can oseillate round the point (2).
Against this fulerum block, at the point
(8), bears the roller of the lever I
mounted on an eecentric (4) forming a
part of the lever £ which is operaled
by the governor. The levers I} and

Fra. VHL- <13, Gas and Ay Pump
Valves, Borsiy Co’s " Occhel-
hiinzer” Engine,

A are lied both together by the rod F fixed respectively at e and b,
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Tt will be seen that, according to the position of the eccentric (4),
the roller (3} forces the fulerum block € more or less to the right, and
sooner or later actuates the trip gear at the end of the lever B. The
sprag C is maintained by a spring 2,

The Borsig Co. have fitted their new pumps with the type of
valves used in their air compressors and steam engines. The auto-
matic suction and delivery valve (Fig. VIII.—18) consista essentially

Fiu. VIIL—14, Transverse section through Cylinder avd Valve Box,
Oechelliduser Engine,

of a very thin steel sheet, about gy inch thick, weighing about 13 ozs.,
and stamped so that the surface presents two spirally radiating arms.
This plate is attached to the centre by means of two screws. Above
the plate forming the valve is a circular suppori against which Lear
several spiral springs. Theas springs are to load the valve and to
press the disc against its seat. The ecircular support is fixed to the
middie of the valve plate and thus the dise is forced to lake a
convex form.

With a view to being able to modify the areas of adinission of gas
and air, some slide valves are arvanged round the admission slots,
These slides are generally regulated by hand. However, the Borsig
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Longitudinal section, Oechelhiiuser Engine, with Blowing Cylinder.

Fig, VIIL—15,
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Co. advoeate that the gas slide valve should be controlled by the
governor.

Fig. VIII.—14 shows & section through the wvalve chamber,
Fig. VIII.—15 a longitudinal section, and Fig. VIII.—16 a plan. The
two latter represent an engine with a blowing cylinder (on the right)
for blast furnace work. The gasand air pump is shown on the plan in
dotted lines.

The Deutsche Kraftgas Gesellsehaft have built Oechelhiiuser engines
since 1899, Several other important firms build them under licence
or on their own account having acquired the patents. It is in this
way that about sixty of these engines, equivalent to a total of 50,000 u.r.,
have been inatalled in different countries, being used more particularly
in metallurgical induatries.

Two-Cycle Buckeye Engines.—-With a view to obtaining higher
mechanical efficiencies the Buckeye Engine Co. of Salem (Ohio, U.5.A.)
have thought of utilising the pistons themselves and their eroasheads
as gas and air pumps. The engine works on the two-cyele principle,
single-acting, with twin.cylinders. It is built for powers varying from
25 to 500 m.p. Above that power the Buckeye Co. construct double-
acting two-eycle, and double-acting four-cyele engines.

The engine represented in Figs. VIII.— 17 and 18 consists of two
cylinders with one erank with two throws set at 180°, two gas and two
air pumps. Fig. VIII.—17 is a longitudinal section of the engive. The
piston (2) performs a double duty. It tranemits the motive foree io
the crank and also compresses the mixture in the chamber (18) before
ite delivery in the explosion chamber.

The crosshead of the piston (6) is in the form of a plunger and acts
as an air pump and compressor piston in the chamber (7). 'The
exhaust ports are opened by the piston as usual in two-eyele engines.
These ports are shown at (14) in Fig. VIIL.- 17. Each motor piston
compresses its own explosive mixture and each crosshead plunger
delivers the compressed air for seavenging to the combustion chamber
of the other half of the engine. The cycle of operations is as follows :—
When the piston uncovers the exhaust ports, the scavenging valve (11)
is opened, and compressed air at about 8 lbs. per square inch is
admitted to the combustion chamber from the air pumyp of the other
eylinder. This air scavenges the burnt gases ; the admission valve (10)
is then opened, admitlting a charge of gas and air from the compression
chamber (18); this charge is also at a pressure of about 8 Ibs. per
square inch. The motor piston further compresses the charge which
ig fired by an electric igniter. Whilst the piston travels buck to com-
press the charge in the cylinder, it draws a supply of fresh mixture

L.C.E. K
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into the chamber (3), and the crosshead plunger similarly draws in a
charge of fresh air. The delivery of air from the chambers and
passages (7, 20, and 19) is controlled by the valve (11), whilst the
admission of air by the piston plunger (6) is regulated by a piston fuel
valve (68) (Fig, VIII.-—18), which takes the air from the chamber (68) in

FiG. ¥111.—17. Diagram of Buckeye Engine.

communication with the atmosphere by the base of the engine and
sends it to the chamber (69) which is in communication with the
piston plunger. The piston valve (62) takes in a8 mixture of air and
gas through the chamber (67), which ie in communication with the fuel
supply, and then passes the mixture to the pump (3) (Fig. VIIL.—17)

_ /
F1G. V1I[.—18, Elevation, Buckeye Engine.

——

throngh a balanced throttle valve (60) (Fig. VIII.—18). The mixture
pump then forces the charge back through the throttle valve (60) to
the principal admission valve. This throttle valve (60) under the
action of the governor thus regulates the quantity of mixture drawn
in by the pump (8) as well as the quantity of mixture passing by the

i ve (10). The mixture and air scavenging valves are
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actuated by connecting rods worked by a side shaft. The rod (38)
operates the corresponding valves for the other half of the engine.
The admission and acavenging valves are actuated by rolling levers.

The centrifugal governor adjusts the position of the balanced
valve (60) and thus controls the passage of the mixture. As the
cylinder is filled with scavenging air at every stroke, the variation of
the quantity of mixture introduced does not vary the compression,
but modifies the richness of the mixture. The engine is provided
with both high tension and low tension igniters. The valve gear can
be adjusted to vary the compression and expansion in the motor
cylinders. This changes the pressures of cornpression and of exhaust.
Thus, for instance, with a valve closing at mid-siroke the gas will be
expanded to one-and-two-thirds times its original volume if the free
space were one-fourth of the piston displacement.

The piston can be gimilarly adjusted so that the mixture after
admission in the motor eylinder is still 43 to 5 lbs. above the atmo-
sphere. This capacity is thus increased to the detriment of the thermal
efficiency. Trials made with a 75 H.P. engine have shown a mechanical
efficiency of more than 85 per cent., acecording to the makers.




CHAPTER IX
FOUR-CYCLE ENGINES

IN the previous chapter the characteristic features of the few two-
cycle engines in vogue have been dealt with, but, owing to the great
number of four-cycle engines made, it is clearly impossible to mention
all of these in a similar manner. As a matler of fact the various
designs are adequately treated throughout the remaining chapters, and
it only remains to give here a few details of those engines of the four-
cycle type that possess features of special interest.

Dugald Clerk Supercompression Engine.—Mr. Dugald Clerk bas
endeavounred to produce supereompression by means of air or of pro-
ducta of combustion. The experiments of Mr. Petavel have confirmmed
the idea, advanced by engine makers, that the loss of heat by the walls
is not increased proportionately to the pressure or the density of the
gaseous mixture before explosion. With a mixture of 100 units of
density, the loss of heat is only six times the loss corresponding io the
unit of density.

The greater the diameter of engine cylinders, the greater is the
difticulty of maintaining the temperature of the combustion chamber
within proper limits during the explosion of the charge, and this leads
to the conclusion that it would be advantageous to reduce the diameter
of the cylinder and augment the pressures on the coundition that the
mazimum temperalure would not increase at the same time.

Mr. Dugald Clerk has modified an engine to permit the addition of
air or cooled exhaust gas under pressure into the cylinder alter the
ordinary charge has been introduced during the suction stroke. Some
tests made with the addition of cooled products of combustion gave an
increase of efficiency of 81'5 to 84 per cent. per r.i.e. These results were
go satisfactory that the National Gas Engine Co., Ltd., of which
Mr. Dugald Clerk is a director, decided to build an engine of 300 n.r.
to work with gas of about 120 B.Th.U. per cubic foot.

In this engine, Fig. IX.—1, the back of the eylinder is of the ordi-
nary four-cycle type, but the front of it is made to act as an air pump.
The frame is closed by a cover through which the piston rod passes.
The air valve for the pump is placed above the cylinder, and is
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actuated by the cam shaft to admit air during the exhsust stroke of
the engine ; then the valve closes and the air is compressed in the
clearance space between the piston and the front of the cylinder on
the following stroke to about 15 lbs. per square inch.

The piston, at the end of the suction stroke, uncovers the ports of
the clearance space and admits air under pressure into the cylinder,
and this raises the pressure of the working charge by about 7 lbs. per
square inch. The air under pressure remaining in fthe clearances of
the pump is used for scavenging on the following exhaust stroke, so

Fra, IX.—1. Clerk supercompression Engine.

that the engine has two advantages—supercompression and positive
geavenging. .

A mean effective pressure of more than 110 lbs. per square inch
has been obtained, whilst the maximum temperature never ‘exceeds
1200° C. (2192° F.). The working of the engine ie very smooth and
an explosion ean be taken at every cycle without fear of overheated
parts, and without requiring the piston to be water-cooled. The
speed of the engine in 160 revolutions per minute, the diameter of
the piston is 21 inches, the stroke is 36, which, with the mean pres-
sure mentioned, gives about 270 r.u.r.

M. Dugald Clerk’s theory is very attractive. It is evident that, in
the present state of construction, it is necessary to tend to increase

™~
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mean pressures in order to reduce, for a given power, the cost of
building the engines. If, by the aid of Mr. Clerk’s theory, this
becomes practicable without proportionately increasing internal tem-
peratures so difficult to deal with, a big step will have been made in the
path of improvement of gas engines.

Sargent Engine. — The inventor of this engine (Fig. IX.—2) has
endeavoured to obtain the expansion of the burnt gases down to
atmospherie pressure and to vary the duration of admission in pro-
portion to the load. The instant of ignition is further advanced as
the mixture becomes weaker.

In the ordinary four-eyele engine, the piston at full load draws in a
full charge of combustible mixture which, after compression and

F1a. IX.—2. Margent Gas Engine,

ignition, is expanded to ita original volume and discharged at a pres-
sure of 85 to 45 lbe. per square inch and a temperature varying
between 750 and 900° F. In the Sargent engine, the admission of gas
and air is cut off, at full load, hetween five-cighths or three-fourths of
the admission stroke, according to the fuel employed. After com-
pression and ignition the gares are expanded to the volume of the
cylinder and discharged a little above atmospheric pressure with a
corresponding temperature. The heavy line shown in the dingram
(Fig. IX.—38) is that of the ordinary four-cycle gas engine at full load,
while the thin prolonged line shows the increase of power obtained
with the same fuel completely expanded in n Sargent engine.

The point of cut-off, which is eonstant for full lond, is made to oceur
earlier by the governor when the load falls off, thus giving an
elagticity which is impossible with ordinary iuternal combustion
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engines, Engines of this type below 100 =m.r. require no cooling of
pistons or rods. Fig, IX.—4 shows two diagrams taken with a light
spring. In these the points of admission and cut-off will be noticed,

AN

Fre. 1X.—3. Comparafivc indicator dingrams of Bargent aud ordinary
Four-cycle Engines.

B

and it will also be observed that the pressure at the end of expansion
is nearly that of the atniosphere.

The mechanism of the Bargent engine is very simple. It consists
of one side shaft driven by the crank shaft, and carrying two cans
for each explosion chamber, one for ignition and one to actuate the
valves. Fig, IX.—5 ghows a section through the valves and one of the
explosion chambers. By unserewing six nuts the valve boxes can be
removed. ‘

The gas is brought to the chamber 4 and air to the chamber B,

Fra, IX. ~4,  Reprosentative indicator disgrams taken with “light ™ springs
from Sargent (as Engine,

entering the mixture chamnber when the openings F' of the piston
valve correspond with the openings & and D of the gas and air
chambers. The lift valve and the slide valve remain in the normal
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position during compression, ignition, and expansion. From the point
L, the cam depresses the roller and raises the cylindrical slide which

» /&z ‘"“\\
7 __ ‘ | \\II]

Section through Valve Chamber, Sargent Engine,

IX.—5.

K1,

opens the valve, and the exhaust gas escapes by the openings K. At
the points M and L of the cam the piston valve remaine in the same
position. From M to N it descends, and the ports I’ correspond with
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the openings E and 17 of the chambers 4 and 3. When the piston
valve descends towards this position, the air contained in the dash-pot
I forces the valve A to lift and to admit & fresh charge, whilst the
other end of the lever is raised and moves the piston valve to permit
the admission. The lift valve thus controls admiesion and- exhaust
and remains sufficiently cool. The fly-wheel governor acts upon the
piston valve § so as to regulate the mixiure according to the quality
of gas. The governor advances the valve shaft when ihe speed has a
tendency to increase, and thus diminishes the mean pressure with the
load. When the load decreases tlie mixture is eut off sooner, thus
admitting a smaller quantity of constaint composition in the cylinder.
But, a8 the products of combustion are not decreased, the wixture
becomes weaker and fires more slowly.

The following figures relate to a test made upon a Sargent engine
fed with natural gas. The engine was 10 inches diameter of piston
with a stroke of 20 inches ; the normal speed was 200 revolutions per
minute. The average load amounted to 50-64 n.p. TherLn.p, was 6582 ;
the mean pressure was 43-5 1bs. per square inch ; mechanieal efficiency
83 per cent.; consmuption per H.p, hour was 10,800 B.Th.U.;
and the nm.r. thermal efficiency about 23 per cent. As will be
seen, with the systemm of governing adopted the mean pressure ia
excessively low, involviug the use of engines of large dimensions for a
given output.

Trinkler Engine.—The Trinkler engine, like the Diesel, belongs to
the class of heat engines in which the finely pulverised liquid fuel is
injected into the combustion chamber containing air previously com-
pressed by the piston. As Dbuilt by Messrs. Koerting Brothers, the
Trinkler engine is horizontal. Vaporisation of the fuel is obtained by a
current of air at a higher initial pressure to that of the cowmpression
in the engine cylinder.  The method of working is as follows :—The
motor piston A (Fig. IX.— 6) on its outward movement draws in pure
air through the admission valve. On the reverse stroke the air is
compressed to about 400 to 425 1bs. per aquare inech. The chamber D
behind the injection piston €' becomes filled with compressed air by
the passage I/, as also the passage ¢ and the injector tube F.  The
fuel enters the vaporising valve chamber by the tube A and valve I.
Towards the end of the compression stroke of the main piston A, the
piston €, in consequence of the difference in the areas, is moved out-
wards closing the passage I and thus shutling off the air in I from
the main charge. The piston €. however, is kept in motion by its rod
which is operated by the lever ¢0.  The movement of this lever, by



POUR-CYCLE ENGINES 134

means of & trip gear actuated hy the can shaft, ensures that the piston
C is put in motion backwards at a snitable time. By means of a small
hand wheel placed on the second motion shaft this movement can be
adjusted so as to vary the instant of ignition.

When the leveris liberated by the trip genr the piston € moves

F1a, IN.—46,—The Trinkler {Koerting) 0il Engine.

under the difference of pressure. Air is forced from the chamber D
through the adwmiseion tnbe ¢ and injector } into the combustion
chamber, As the opening of the injector ig very small and the move-
ment of the piston € jg very rapid, the air is driven with great velocity,
pulverising the fuel whieh it sweeps into the combusiton chamber.
The mixture ignites spontanecusly in consequence of the high tem-
perature of the compressed air. A little before the end of the power
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stroke the exhaust valve opens, and
J during the return movement the
burnt gases are expelled. The engine
is started by compressed air admitted
to the cylinder by the valve N. The
consumption of fuel is comparable to
that of the Diesel engine.

From official trials made upon a
12 n.u.p. Trinkler engine it was found
that for continuous work the con-
sumption of petroleum was 485 lb.
per b.E.P. hour with Russian oil of
17,890 B.Th.U per lb,, giving a ther-
mal efficiency of 298 per cent.

At half load, the consumption was
‘525 1b. per B.H.P. hour, which is but
7 per cent. more than at full load.
Fig. IX.—7 represents the indicator
diagrams taken from the engine. At
fullload the mean pressure was 1201bs.
per square inch, and the initial pres-
sure about 540 lbs. per -square inch.
Running light, the initial pressure
reached 430 lbs. per square inch,

vz Ay
ji
3

Full and half-tost indicator diagrams, Trinkler Engine,

Vogt Engine.—'This engine works
on the two-cycle double-acting prin-
ciple, and has aiready been described
by several authors, and particularly
by Mr. Horace Allen. A certain
quantity of water is interposed be-
tween the piston and the gas. The
working pressure therefore acts on
& liquid surface which transmits the
power to the piston and crank shaft,
The presence of the water obviates
the use of cooling water or lubrica-
tion. Several important firnis have
undertaken the construction of this
- engine, but as far as the author is

LALLM LEas Lot v s s Ean) et d aware, no particulars have yet heen
published giving details of any tests.
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However attractive the principle upon which the engine is designed
may be, it 18 very necessary to know thab great diffieulties arise in
practical work. It is particularly indispensable that the working parts
shall remain gastight and that they shall resist the disturbances which
must result from the alteraating movements of the water at a certain
speed, and also that any irregularity of ignition shall be avoided that
might be occasioned by the special circumstances under which the
explosive mixture is compressed.



CHAPTER X
THE WORKING OF Gi$ ENGINES
PRINCIPAL OPERATIONS

Taxriiox, compregsion, and cooling are essential details common to
all gas engines, The general principles which govern these three
operations appear now fo be definitely established and only require
elaboration in detail. After dealing with these matters, the author
will refer to lubrication, starting apparatus, &c., mean pressure,
efficiency, utilisation of waste heat of exhaust, and silencing,

Ignition of Gaseons Mixtures.—The study of the surest means of pro-
ducing in a regular and normal manner the ignition of explosive
mixtures, drawn in and compressed in gas, oil, and spirit engine
cylinders, is one that has greatly occupied the minde of gas engine
builders. Each of the systems hitherto adopted has found warm
partisans and uncompromising detractors. These systems, for the
most part, have been utilised in industrial work. They each present
advantages and disadvantages, and it is illogical to expect from either
a perfection which never can be entirely realised.

The phenomena relative to the influence of the walls, of pressure,
and the speed of propagation of flame, play an important part in
combusgtion,

Some teste on explosive mixtures of coal gas and air in closed
cylinders were made in 1905 by Messrs. Leonard Bairstow and A.
Alexander, of the National Physical Laboratory of Teddington, and
were mentioned by Professor John Perry in a paper presented to the
Royal Bociety.

A cast-iron eylinder, of 10 inches internal diameter and 18 inches
high, was arranged to receive a mixture of gas and air, previously
prepared, at different pressures. The reservoir was fitted with a dise
with which to agitate the mixture from the outside, and the ignition
arrangements were such as to permit the electric spark to be obtained
in different positions.

The pressures were registered by means of a standard gauge, and
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indicator diagrams were taken on a eontinuous sheet of paper. The
composition of the gas used was as follows :

Methane . . . CH, 27'8 per cent. by volume,
Hydrogen . . . Hi 428 ve .
Hydrocarbon . . . CnHn 54 " "
Carbon Monoxide . cO 11'5 " "
Oxygen . . . . 0O 01 .
Nitrogen N 120 '
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Professor Bertram Hopkinson, of Cambridge, has published the re-
sults of his tests relafive to the combustion of gaseous mixture in
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closed vessels in an article appearing in Engineering on June 15,
19086.

These results enable the student to form an approximate idea of
what transpires in the firat three-tenths of a second after the ignition
of an explosive mixture. Thetem-
peratures at different distances
from the point of ignition vary

£
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‘-h-.____
B
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LT compression of the products of
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FiG. X.--1. C(urve representing preseure. . o
rise on combustion (Hopkinsot's experi- that point is .mcrea.sed by the
ments). supercompression.

The curve 4 (Fig. X.—1) repre-
sents the rise of the pressure due to the combustion of a mixture of
town gas and air in the proportion of 1 to 9. The curve B shows the
rise in temperature at a point 4 in the centre of the cylinder
(Fig. X.—2). It will be seen that a steep curve is traced up to 1,200° C.,
and then a gradual rise coincident
with the increase of pressure shown
in curve A. The curve I’ shows
the rise in temperature at the
point D, at the end of the eylinder
(Fig. X.—2). Professor Hopkinson
remarkd from these observations
that, if a gaseous explosive mixture
be ignited at discreet points, very
great differences of temperature
must always exist when the explo- ‘ .
sion is complete, and this quiteapart F16- X-—2. Sectional drawing of Explo-

. . sion Cylinder (Hopkinson's experi-
from the cooling effect of the walls. ments),
Owing to the slowness of the pro-
pagatiou of flame, as compared with the velocity of the reaction at any
point when the flame reaches it, the gas near a point of ignition will
be burnt at low—and nearly at constant—pressure, and compressed
after burning, whereas the last portion of gas to burn will be com-
pressed before burning and not after. Thus the gas near the points
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of ignition will be much hotter than at a distance from such points.
In the experiments described, the difference of temperature from
this cause amounts to 500° C. (300° F.). When applying the results
obtained from such experiments under static conditions in closed
cylinders, it must be remembered that in practical gas engine work
the “ kinetic ” condition of the gases will probably cause other varia-
tions of temperature,

Phenomena of Combustion in @as Engines.—Mr. J. E. Junge, in
discussing the phenomens of combustion in gas engines, states
that, theoretically, ignition should take place sufficiently early to
ensure that the whole of the mixture is in combustion when the
piston arrives at the dead centre. At this moment, the mazimum
development of heat coincides with the minimum of cooling surface
and in a space specially constructed to withstand high pressures and
high temperatures.

When the mixture of gas and air contains just the quantity of
oxygen necessary for complete combustion, the highest possible
explosion temperatures are obtasined. Above and below this ideal
condition, the degree of inflammability becomes modified and the mix-
ture burns in 8 manner more or less active, and consequently developes
a higher or lower temperature. In practice, for gas engine mixtures
more air is used than the quantity theoretically necessary, for the
following reasona:—

(a) To reduce the temperatures to obviate premature firing which
might be caused by the heat of high compression.

(b) To furnish the gas, even in weak mixtures, with gufficient
oxrvgen to permit complete combustion.

(c) To reduce the losses from unburnt gas escaping through the
exhaust, t0 & minimum.

Theoretically, the thermal efficiency of weak mixtures is at o
maximum when the poorest mixture is compressed to the highest
possible extent, but in practice, the upper limit is rigorously defined
by the degree of inflammability of such mixtures, and falls short of
the theoretical possibilities.

Gas engines burning poor gas generally work with a volumne of air
30 to 40 per cent. in excess of the quantity theoretically necessary.
With rich gas, a siill greater oxcess is admitted when the average
ealorific value of the mixture in the engine is from 45 to 60 B.Th.U.
per cubie foot.

The degree of inflammability varies considerably for different gases,
as established by the researches made by Professor LEitner, in the

I.C.R. L
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laboratorg of Carlaruhe Technical School, which gave the following
figures :—

Al

" Gas contained in the  Corres) ilegres
Towal Misture, of inflammability.

Per cent. Per cent.
Carbon monoxide . . . . 2 5345
Hxydrogen . . . . . a7 56°95
Water Gos . . . . . &7 5435
Acetylene . . . . . 451 4895
Tlhuminating Gas . . . . 18 11-2
Acetylene . . . . . 14 106

The quantity of air required to ensure intflammability is much less
than that necessary to complete combustion. The mixtures employed
in gas engines contain (beside the combustible elements and oxygen)
nitrogen, earbon dioxide, and water vapour, and the degree of inflain-
mability is thereby influenced. Conditions of pressure and temperature
gimilarly intervene.

Tests recently made by Messrs. Le Chutelier and Boudouard have
established that very weak mixtures of carbon monoxide and air
become inflammable by a rapid heating. At normal temperature
a portion of 16 per cent. of carbon monoxide forms the lower limit of
the degree of inflammability, whilst at 400° C. (750° F.) this limit fell
to 142 per cent.; at 4907 C, (914~ P.} it was 98 per cent. ; at 600° C.
(1112° F.) 7-4 per cent.

Curbon monoxide and hydrogen are the principal active constituents
in all combustible gases,

Fhe temperature at which hydrogen ignites is much lower than that
necessary for the ignition of carbon mounoxide. The rapidity of the
propagation of flame at atmospheric preesure is about thirty times
greater. Combination with the oxygen of the air is more rapid, and
it requires a considerably greater excess of air to be present for safe
working.

The ideal gas for the engine maker ought not to contain too much
hydrogen in order that the engine may not be liable to premature
explosions, but it should contain enough, however, to quicken the
slower burning carbon monoxide and to aecelerate the transmission of
the flame throughout the volume of mixture.

Position of Igniters,—With combustion chambers of symmetrical and
regular form, eylindrical or annular, the centre of the chamber cor-
responds to the ideal position of the iguiler, inasmuch as the radial
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distance through which the flame should travel is not then too great.
In the small and average sizes of single-acting gas engines it is
generally an easy matter to place the igniter in the neighbourhood of
this central position, and the high efficiency of certain engines must
be attributed, to a large extent, to this arrangement. In the large
double-acting engines the conditions are different. The distance that
the flame has to pass through is very great and several igniters are
necessary. If is almost impossible to get mear the vicinity of the
centre of the combustion chamber. Usually, therefore, it is placed
near the inlet valve.

Some makers who use two igniters put one near the exhaust valve.
This is not a suitable position for four-cycle engines, as in this vieinity
it is likely to be surrounded by burnt products incompletely expelled

TR+

L ' |

Fic. X.—3. Diagram of conneciions for electric ignition, high tension system,

and not with fresh mixture. It would be better to place the second
igniter at a considerable distance from the exbaust valve and at a
point about half-way between the inlet and exhaust valves.

Electric Ignition.—Lenoir adopted electric ignition in his engine,
using a cell, induction coil, and sparking plug, and caunsed the
ignition to occur about six-tenths of the stroke of the piston, that is,
with a decided retardation.

The moment when ignition takes place iz of great importance.
Electric ignition ie effected by means of a combination of three
essential elements, comprising a battery, induction coil, and sparking
plug (Fig. X.--38), or by means of a magneto producing the spark by
mechanical “ break ” of the contacts through which the current is at
the moment passing. The former arrangement wag first used.

L2



148 INTERNAL COMBUSTION ENGINES

The battery may consist either of accumulators which require
recharging from time to time, or of primary cells which need
frequent renewals of materials and caretul cleaning of detail parts.
The induetion coil is provided with a trembler, which easily becomes
deranged, and which must be adjusted to a nicety. The sparking
plug (Fig. X.—4) is a particularly delicate part and subject to many
accidents.

The principal advantage of the system consists in the facility of
adjustment, at will, of the instant of ignition. Its inconveniences are
numerous. It demands scrupulous attention to its proper mainten-
ance; its contacts are liable to Decome covered with oil and thus to
prevent the production of the spark; the intensity
of the spark depends upon the density of the explo-
give mixture, and falls when the compression is raised
owing to the increased electrical resistance between
the electrodes. The distance between the contacts is
generally small and this gives a short spark, so that
only a small number of particles of mixture are in
immediate contiguity with it, and consequently, if
the mixture be not very homogeneous, misfires occur.

Everyone who has driven a metor-car, the engine
of whieh is fitted with this system of high-tension
ignition, knows the brenkdowns that frequently result
from its bad working.

(Dealing with the systems of ignition in chrono-
logical order, a description of the magneto will be
found in later pages.)

F"f:]'gx ;:g b{;‘;:: Slide.~—After the employment of electric sparking

tension current. P08, ignition was effected in the early types of gas

engines by means of a travelling flame. This system

was adopted in the engines of which the inlet of the mixture was

effected by a slide valve. The latter is now completely abandoned,

and requiree no word of comment. The high compressions now

universally employed could not be obtained with the old-fashioned
slide valve,

Tabe.—Tube ignition, which for many years has been exclusively
employed by a great number of makers, consigts of an arrangement
comprising either a metallic or poreelain tube, the interior of which
communicates with the explosion ehawber, whilst it is maintained at
a red hent by an external flame. The substance of the tube, the

~



TIE WORKING OF GAS ENGINES 149

manner in which it is arranged, the distance at which it is placed
from the explosion chamber, and the position of the incandescent zone,
have a great infHuence upon the timing of ignition.
~ The author had a curious experience during one of his tests, in
connection with the substance of the ignition tube. The engine was
fitted with two adjacent tubes. The communication of each of them
with the combustion chamber could be instantaneously intercepted at
will.  One tube was of porcelain, and the other was a metallic tube.
With the Mathot explosion recorder the author obtained graphic
records during work, first-with one tube and then with the other, with
the result shown in Fig. X.— 5. It will Le seen that the initial
explosion pressure with the porcelain tube is less than 285 lbs. per
square inch, whilst with the metallic tube it reaches 850 lbs. per square
inch,
It must not be concluded from this experience that, as an absolute

1gaition with the
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F1e. X.—5. Variation of explosion pressures with * tube” ignition.

fact, metallic tubes are preferable to porcelain tubes, but it is evident
that, under the conditions peculiar to this test, the second tube gave
better results than the first.

Figs. X.—06 and 7 show two arrangements generally adopted for
ignition tubes.

The engine attendant is bound to adjust the heating of his tube in
such a way that the gaseous mixture inside it reaches the incandeseent
zone at the precise moment when ignition and explosion should oceur,
namely, after the crank has passed the inmer dead ceutre. This is
not an easy thing to manage in practice, and very often the ignition
device is adjusted in such a way that the combustion of the mixture
occurs somewhat late, the atlendant being prone to permit this,
because early firing iz then impossible and the working parts are
protected from heavy and sudden shocks.

The difficulty of determining, with sucli pu arrangement, the precise
moment of ignition, has eaused the mukers for all zas engines above
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20 to 25 u.r. to adopt an ignition valve which mechanieally determines
the instant of ignition. 'The tube is heated as much as possible, and
the inecandescent zone i8 brought down as near to the base as can be
managed. The ignition valve is opened at the desired moment by the
action of a cam fixed upon the half-speed shaft. In this way, the
adjustment of ignition is made possible, and engines fitted with this
arrangement and working with town gas, have usually given satisfac-
tion as long as the compression of the explosive mixiure does not
exceed 100 to 110 lbs. per square inch,

There is good cause to look upon the timing valve as a detail which

Fie. X.—86. Ignition device with Fig. X.—7. lgnition deviee with
metallic tube. porcelain tube,

deteriorates very rapidly, It is usually arranged in such a manner
that i} is impossible to cool its seat. It comes into actual contact with
the flame at the moment when the highest temperature prevails, and
therefore requires frequent renewal.

Ignition tules have also been tried upon automobile engines in
consequence of the combination of battery and sparking plug not
having been found satisfactory. But, owing to the necessity of placing
the burner, requiring to be fed with spirit, close to the pipes containing
the working fuel of the engine, the risk involved was too great to run,
and, for this reason, ignition tubes are deemed unsuitable for this
class of engine. Electric ignition has since been greatly improved and
ie universally used.
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The evolution of the gas engine during recent years, and particularly
In connection with the greatly increased compression pressures and the
weaker charges of mixture, has made the working of ignition tubes
very doubtful. FExperience has shown that their operalion is satis-
factory when the engine is fed with rich gas, or town gas, of about
600 B.Th.U. per cubic foot, but with producer gas of about 185
B.Th.U., or blast furnace gas of 100 B.Th.U., they are more or
less irregular in action,

Magnetos.—The magnebo electric machines bhave displaced the other

F1c. X.—8. Diagram of magoeto low-tension ignition device (Winterihur),

forms of ignition deviees previously mentioned. They are mechanically
operated Dy a cam or eccentric fixed upon the half-speed shaft, con-
nected with the armature in such a manner that the latter is slowly
moved through a certain angle, and then, the levers slipping out of
contact, the original position is quickly regained under the infiuenco
of a strong spring. This rapid motion creates a current which pauses
through the contaets arranged inside the ¢ylinder, and hy a mechanical
movement the latter are separated suddenly, causing the cirenit to
“ bresak,” and, in deing s0, to produce a spark. The contacts are usually
made of steel, sometimes being tipped with nickel or platinnm,

f\
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Fig. X.— 8 shows the complete littings lor magneto electric ignition,
as adopted by the makers of the Winterthur engine, the sparking plug
with the contacts working in the combustion chamber being shown
separately, in section, in Fig. X.—9.

The magneto 4 is made up of steel horse-shoe magnets Letween
the iron pole pieces of which the armature oscillates. The armature
spindie has a bell crank lever B, fixed by a nut, at one end. The cast-
iron sparking plug is fixed to a movable flange bolted to the cylinder
jacket, and carries two spindles, D and M. The spindle /), in gun-
metal, i8 movable and is fitbed with & hammer internally, and a small
percussion lever and recoil spring externally. The spindle M is
fixed and well insulated. 1t receives the current from the magneto A
by means of an insulated copper wire 1"

The spring F' is made iu two coils contained in a brass casing with
a steel percussion pin. The operating
gear of the magneto includes a spindle
or actuating rod G, sliding through
a guide provided with a safety spring
and mounted on an eccentric pin.
The range of movenent of 7 can be
varied by means of the lever I. The
actuating rod is moved by the revolv-
ing pin .7 on the extremity of the cam
shaft as shown.

The mechanical control of the
e X 0 et ... sparking gear of a magneto entails
Fia. X. gﬁluxﬁﬁ?tsﬂmﬁ Sparking - sme difficulties, the position of the

apparatus having to be decided to
permit ready access without interference with the valve gear and
other details. M. (fuillou has brought out & pneumatically operated
sparking plug to obviate such difficulties, which allows the magneto to
be placed at any convenient position above the half-speed shaft. The
Dudbridge Ironworks, Ltd., of Stroud, have adopted the * White ™
apparatus shown in Fig. X.—10, which consists of a flexible tube
filled with u series of eylindrical metallic pellets in contact with each
other throughout the length of the tube, and eunsuring thereby the
transmission of movement froin one end to the other. Other makers,
notably the Bosch Co., obtain the * breaking” action by means of an
electro-magnet.  Iigs. X. - 11 and 12 show the ** White ” patent sight
plug, usually supplied with the Dudbridge apparatus, by means ot
which the spark inside the eylinder is made visible to the operator.

By reason of their regularity of operation, magnetos are to be
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recommended. They work for many years without requiring to be
remaguetised. They produce when released a very hot and fat spark,

I

Fie. X.—10. TLow-tension Magncto and Fittings (White's patent).

much more energetic than that produced by a battery and induetion
coil, and the gaseous mixture in the cylinder is fired with greater

Fu:, X.--11.
The “ White"” patent Sight Plug,

certainty. They answer well on engines working with high com-
pression and served with poor gas. To maintain them in good
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condition it suffices to keep them from dampness and from splashes
of oil. They require cleaning from time to time, while it is also
necessary to protect them from excessive heaf, which would cause
them to lose their magnetism.

It is very importent that the instant of the “break” which
produces the spark should be capable of adjustment during the
operation of the engine, and means to this end should always
be provided. In the author's opinion some such provision is
indispensable.

Most of the mechanism employed to operate the magneto and the
sparking plugs comprises a system of levers operated by eccentrics or
cams. Those furnished withh means of adjustment are frequently

Fic. X.—13. Magocto mechanism, File. X.—14, Magneto mechanism,
Gasmoloren Fabrik Deutz.

defective in that they do not ensure an invariable length of stroke or
oscillation of the armature. When ignition is retarded, the duration
of contact between the gear and the armature is reduced, and thus
a weaker current is produced which further accentuates the retarda-
tion. As a matter of fact, the contrary effect should be obtained,
because when starting the engine to work with late ignition the
spark should be more energetic, otherwise the weaker spark would
cause the exploston to occur after the dead centre, and would tend
to produce missfires. It is advisable, therefore, to adopt some
method of adjustment which is not aflected by the amplitude of
movement, irrespective of the instant when ignition may be timed
to occur.

The cateh points of the armature and control lever have to with-
stand some considerable strains produced by the recoil eprings, and
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require to be carefully tempered and provided with sharp edges.
The Winterthur Co. provide a small lobricator to ensare cop-

Fie. X.—13, Msgoeto mechani<m, Tangye,

tinual lubrication of the catch point, an arrangement much to be
commended.

The magneto armature is usually provided with springs to restore
it to the neutral position after disengagement. These springs are
either of the coil or laminated type, and are arranged and adjusted to
counterbalance the armature
and avoid undue wear of the
bearings. For this reason
magnetos fitted with a single
spring are least suitable, for
all the work is thrown upen
the bearings of the armature
spindle. They involve rapid
wear and throw the armature
out of cenire, with risk of
damage owing to the wiring
becoming abraded by contact
with the pole pieces of the
magnets.

The ignition devieces for
magnetos are inoumerable. They generslly include, in the same
mechanism, the movement that oscillates the armature, and that
which, by the sharp recoil of the armature to its neutral position,
causes the break between the contact pieces to produce the spark

Fic. X.—16. Magneto mechanism,
Gasmotoren Fabrik Deutz,
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by the sudden cessation ,of the intensified current. The apparatus
described below all work in this manner.

In Figs. X.—18 to 16 the mechanism consists of & connecting rod
pivoted on a crank-pin projecting from a disc fixed at the end of the
cam shaft. This connecting rod, either at its other extremity, as in
Figa. X.-—18 to 15, or in the centre, as in Fig, X.—16, carries a case-
hardened point which describes an ellipse when in motion and
momentarily engages with the contact fized upon the magneio arma-
ture. The connecting rod has a wovable support which can be raised

Fig. X.—17. Magneto mechanizm, [). Stewart & Co.

or lowered by hand for adjustment of the inslant of disengagement.
In the arrangement shown in Fig. X.—17, an auxiliary connectiug
rod is connected to the cam shaft at ome end, and to the oscillating
catch point that engages with the magneto at the other. The ampli-
tude of oscillation of this catch point is made variable by means of
an arm and hand lever moving along a sector. The principal detail
in Fig. X.—18 is a lever with one end in contact with & slip cam
mounted on the half-speed shaft, whilst the other exiremity is con.
nected to a rod which operates both the contact points of the ignition
plug and the magneto armature. The support of this lever is movable,
and the instant of disengagement can be varied by means of the hand-
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F1g. X.—18. Magneto mechaniam, Tangye.

wheel and screw provided. The arrangements shown in Figs, X.—
15 and 18 are employed by Tangyes Ltd., of Birmingham,

Fig, X,—14, Magneto mechanism, Okls Power Co,

Fig. X.—17, illustrates the method adopted Ly D. Stewart & Co.,
of Glasgow, and Landaal, of Appeldorn (Holland). Those shown in
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Figs. X.—18 are used by many German makers, and particularly by
the Gasmotoren Fabrik Deutz.

In order to obtain a compnct arrangement with short and light
transmission gear, the Olds Power Co., of Lancing (Michigan, U.5.A.),
have adopted the arrangement represented in Fig. X.—19, under
the advice of the author, the whole of the gear being mounted upon -
the cam shaft bearing bracket.

A ig the operating lever, the free end of which is maintained in
contact with a cam shaft, not shown in the photograph, by the coil
spring B. The lever is mounted on an eccentric pivot which can be

Fig. X.—20. Magneto mechanism, Kynoch.

moved by hand, by aid of the handle C on a notched dial. Near this
pivot, and placed on the lever, is the contact piece D formed by a
spring tumbler which becomes rigid when it is supported against the
lever as long a8 it is in contact with the armature, and which fails to
act when the engine is turned in the reverse direction. The armature
carries a branch piece which acts directly upon the * break ”
mechanism of the plug shown in the side of the eylinder casing.

In all the arrangements described, the adjustment of the instant of
disengagement at the same time influences, more or less, the duration
or amplitude of the osciilation of the magneto armature, and increases
both the relative space between the moving contacis and the move-
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ment of the armature. The gear shown in Iig. X.—17 has the
advantage of reducing the amplitude very slightly when the disengage-
ment is retarded. The arrangement adopted by Messrs. Kynoch, Ltd.,
of Birmingham (Fig. X.—20) has the same advantage, added to which
is the fact that it can be placed anywhere along the cam shaft as well
as at its extremity, It consists of an eccentric fired upon the half-
speed shaft, the strap carrying a catch point at one end and a jointed
rod at the other, the latter being provided with a sevew thread and
socket which is pivoted on a fixed support. A wing put permits the
length of rod to be varied and thus displaces the eccentric strap, and

F1a. X.—21. Magneto mechanism, Koerting.

the latter, consequently, makes contact with the magneto sooner or
later, as may be desired.

The methed applied to some Koerting engines, shown in Fig, X.—21,
ensures an absolutely uniform movement of the armature by the fact
that adjustment is made on the cam shaft itself. This is earried out
by means of a spiral gronve along which a flange .1 moves longitudi-
nally, carrying a tumbler D with a knife edge. This flange is
connected to a screwed bush fitted with a hand-wleel B, by means of
which the flange A can be moved longitudinally. The displacement
thus obtained owing to the spiral groove, modifies the time of firing,
The tumbler D is advanced or retarded accordingly. A coil spring in
the casing K, by means of a connecting rod, brings the armature of
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the two magnetos back again to the neutral position. The two
sparking plugs are fitted as shown at ¥ and F, one in the side, and
the other at the back of the combustion chamber. Each plug receives
its current from one of the two magnetos.

Ignition by magneto is now almost universally adopted, and it
appears to have superseded all former types of ignition. To guard
against possible failures and to ensure more uniform combustion of
explosive mixtures, duplicate ignition gear is advocated for engines
developing more than from 80 to 100 H.p. in one cylinder. Messrs.
Koerting Brothers have doune so for the last eight or ten years, and
other makers have also adopted thesame plan. Generally, one of the

|
| 1
I8,
Fia. X.—22, Magueto mechanism, Roerting,

plugs is placed near the admission valve in the top of the cylinder,
experience having proved, as has slready been stated, that when
placed near the exhaust valve at the bottormn of the eylinder the
igniters are unreliable.

Fig. X.—22 shows an arrangement which provides for two magnetoa
operated by one rod 7', moved by a pin in the cam shaft D. The
movement is imparted to the two magnetos Af' and M?® by a con-
necting rod B3, and is fransmitted by the spindle .1 to both sparking
plugs. A single spring R controls the recoil. One sparking plug is
placed at the end of the cylinder, as shown in the drawing, and the
other at the side by prolongation of the spindle 4.

Fig. X.—28 is a drawing of a recently designed duplex magneto
ignition gear by the National Gas Kngine Co., Lid., of Ashton-under-
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Lyne, two separate magnelos and independent igunition plugs being
operated by the sanie mechanism. An eccentric pin on the end of
the side shaft actuates a trigger F{ on the magneto through the
connecting rod J, the latter being supported on a swinging guide
at K. This guide can be raised or lowered by rotation round the
eccentric pin L, and thus the timing of the release of the trigger If
and, consequently, the instant of ignition can be varied through a
considerable range. The trigger M on the second magneto is con-
nected with the trigger I by the tension rod N passing through the
tabe O, and thue simultaneous operation of both magnetos is secured,

Firg. X. =23, Magneto mechanism, National,

All the working parts of ignition devices are snbjected to sudden
and repeated movements due to the magneto trip gear. They are
consequently exposed to derangement and rapid wear. This fault can
be made less pronounced by the use of pieces of light weight, presenting
litile inertia, and by arranging them in a manner which permits of
ready access and manipulation, for inspection and proper maintenance,
ag in Fig. X.—19.

When the plug used has a movable hammer this constitutes a
particularly delicate portion of the system. If the hammmer be mechani-
cally operated it is frequently impossible to place the plug in the moss
snitable position, as far as the combustion of explosive mixture is
concerned. Moreover, the movable hammer is a difficult part to

I.C.E. M
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wake properly, for the reason that some portions, much exposed to a
very high temperature, have to remain in good condition with respect
to ineulation, and to be kept gastight and efficiently lubricated.

Tangyes Litd., of Birmingham, have designed the fitting shown in
Fig. X.—24 to maintain constant cleanliness of the contacts in reapect
of oil and soot. The entire arrangement is mounted on the flange of
the ignition plug.

T i the rod which is gradually litted by the ignition cam, and in
so doing, causes the pawl (' fo engage in a teoth of a ratchet wheel
fixed on the insulated electrode I of the ignition plug. When the

Fiu. X.—24. . Tangye relf-cleaning Hparking points,

sudden return movement takes place, in the direction of the arrow,
under the influence of the magneto spring, the separation of the
contact points oceurs by the movement of the pin A, which is after-
wards brought back again to its normal position by the spring I’. At
the same time, the pawl C returns to its original position and engages
with another tooth of the raichet wheel in preparation for again
slightly turning the insulated electrode I. Thus a fresh and elean
contact is constantly inaintained by the same mechanism that sepurates
the contact points. Messra. Tangyes supply a similar arrangement,
hand operated, to readily permit the cleaning of the contaet without
necessitating stoppage of the engine.

In order to avoid troubles, which sometimes present themselves in
plugs of the make-and-break type, an endeavour has been made to do
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away with all moving parts within the eylinder and to utilise high
tension ignition, and it is now possible to ensure perfect insulation of
these currents,

The ignition plug may be placed wherever desired, and the high
tension spark which jumps between the points maintains these in
proper order, doing away with the inconvenience of frequent vemoval
of the plug to clean the contacte. The high tension current can be
obtained from a source of electrivity with a coil and condensers, which,
at the desired moment, discharge a current of very high frequency in
the ignition plug.

Sir Oliver Lodge, of Birminghat, the inventor of this system, attri-
butes to it the advantage of being able to work in spite of oil, soot, or
grease which may cover the plug, owing to the calorific intensity and
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F16, X, 25, High-tension “parking Plug for Lodge iguition eystem.

the energy of the spark produced. The condenser is charged with
electricity by means of an induction coil and the epark is obtained
within the cylinder by means of an insulated plug.

Fig. X.—25 represents this type of ignition plug used upon some of
the Qechelhiduser engines. It consists of a cylindrical external portion
which is fixed on the engine, and a central rod insulated with mica.
At one end this rod has a crown separated from the main body by
about +& inch. At the other end, the rod is prolonged by a screw with
an intervening space which can he adjusted so as to prevent all passage
of the current across the insulator.

For a single-eylinder engine the equipment consists of an igniter,
sparking plug, battery, and distributor. The igniter includes a large
induction coil, a condenser, and a spark gap. ‘Thespark gap is placed
in the upper portion of the coil and the spark ean be easily seen through
the glass cover of the apparatus (Fig. X.—26). This spark is a valuable

: u 2
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indieation, for it flashes in synchronism with that inside the cylinder.
The battery includes an 8-volt accumulator, and, to avoid recharging,
this ean be placed in connection with the ordinary lighting mains in
geries with lamps. The distributor consists of two insulated brushes
which bear upon a ring similarly insulated. Thig ring is provided
with two metallic portions which place the two brushes in connection
at each revolution. The brushes are mounted in such a way that by
changing their position the ignition is advanced or retarded.

The igniter can be placed in any convenient position because no
mechanical movements are needed to produce the spark. The external
spark in the igniter is visible all the while the engine is at work.

For double-acting tandem engines, the Lodge system includes four

F16, X.—2i. Ladye high-tension ignition apparatus,

ignition plugs per eylinder. Each igniter operates two plugs simul-
taneously. The spark from each plug can be cut out by menns of a
two-way switch arranged on each igniter, and the ignition of any eylinder
can be cut out by a switch.

The distributor consists of five brushes carried by a brush-holder
which is moved in a guide concentric with the cam shalft. By displacing
the brush-holder the ignition in all plugs is advanced or retarded.
The centre brush is fixed, but all the others can be adjusted by a nut in
order to allow the adjustment of ignition for each of the four cylinders.

Oue of the characteristies of this ignition system is that, when once
sdjusted, it does not hecome retarded after being at work for some
time ag is the case with low tengion ignition, due to wear of moving
parts.
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Messrs. Richardson, Westgarth & Co., at Middlesborough, and
Messrs. Ehrhardt & Sebmer, amongsi other firms, have made
numeroue applications of the system.

Ignition by make-and-break continues to be in favour amongst all
the Continentsl makers, although the Lodge high tension system has
given very remarkable results wherever it has been tried. Nevertheless,
ignition still remains 8 weak spot, and ite influence upon steady opera-
tion i felt as well as on the power developed. Inventors should there-
fore be encouraged to do as Sir Oliver Lodge has done, and to seek
improvements in a new direction.

Engines with very high compression of the Diesel, Banki, and
Trinkler types, work without ignition devices, combustion being caused
by the increase of temperature occasioned by compression only.

Compression.—With the increased size of gas engines, it hag become
neceasary to deal with larger volumes of explosive mixtures but of
poorer composition. At one time, some makers, in following the
indications of theory, raised the compression pressures of their engines
to over 200 lbs. per square inch. During the last four or five years,
however, the majority of them have reduced this to a figure which
better accords with the necessity to avoid premature ignitions while
assuring the combustion of the very weak mixtures that must be
employed for economy of fuel.

The highest compression pressure now employed varies between 140
to 170 lbs. per square inch, and there is a tendency shown to go below
these figures just as ipuch as the composition and treatment adopted
for gaa and air mixtures will allow.

Taught by the example of British makers who have long been averse
to high compressions, the author deems it wise, in normal practieal
conditions, not to go beyond an average of 130 or 140 1bs. per square
inch, if the engine is governed at constant compression.

1t appears from a series of trials that the suthor has frequently
made upon indusirial engines in the United States and in England,
that mixtures of 56 or 62 B.Th.U. per cubic foot, formed of 55 per
cent. of air and of 45 per cent. of suclion producer gas (of 125 to 145
B.Th.U. per cubic foot)} burn perfectly with & compression of 100 to
115 1bs. per square inch, and give a menn pressure of from 70 to 80 lbs.
per square inch and an explosion pressure of 840 to 360 1bs. per square
inch. These mixtures, however, contained 8 to 10 per cent. of hydrogen,
circumstances favouralle to rapid propagation of flame. Independently
of town gas, which, on account of its high price cannot be used in large
engines, Mond gas (30 per cent. hydrogen), coke oven gas (50 to 55
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per cent. hydrogen), and water gas (50 per cent. hydrogen) are
guitable for the formation of weak mixtures. The presence of hydrogen
assures rapid and complete combustion even with low compressions.
For blast furnace gas only, low compression is unsuitable on aceount
of its low content of hydrogen (2 per cent.), quite apart from its low
calorific value and the large proportion of the inert gases,—carbon
dioxide (COy), 12 per cent., and nitrogen (N) 55 per cent.

The average compression pressure already mentioned—140 lbs. per
square inch—is therefore applicable—excluding blast furnace gas—to
the majority of cases when producer gas is used. It lessens inagreat
mensure the difficulties and distress occasioned by the fracture of
cylinder heads due to high temperatures, and permits, at all events in
single-acting types, the construction of engines of relatively high
powers without having to provide water circulation for the back of
the pistons and exhaust valves.

The compression pressure to adopt necessarily varies in accordance
with the nature of the fuel employed. In industrial engines working
with more or less heavy petroleum spirit, 60 to 70 lbs. per square
inch is rarely exceeded. With the same fuel, automobile engines
running at high speed can be given a compression pressure of 70 to
85 1hs. per square inch.

When using aleohol it is indispensable to carry the compression
pressure up to 115 to 140 lbs, per square inch (or even 140 to 210 lbs,
per square inch) with a view of overcoming the characteristic tendency
of aleohol mixture to condense. This tendency should also be counter-
acted by very moderate cooling of the cylinder walls.

In indicator diagrams obtained from alcohol engines, those with a
lower initial explosion pressure have & much greater area than those
from bengzine engines. This phenomenon appears to be dne, partly at
least, to the presence of waler in the alecchol and to its transformation
into steam. Without establishing an absoclute eomparison with the
phenomena produced wlen water is injected in an oil (petroleum)
engine, it can be said that a certain similnrity exists hetween the
two cases.

Water Injection.—From a purely theoretieal point of view, it is
evident thal the additiou of water produces no favoursble effeet upon
the thermal efficiency of a cycle. All the theories propounded on lhe
subject are based upon the hypothesis that fluids are working in a
vessel entirely impervious to heat.

Given a volume of Gas I'o, at a temperature 7', and at the pressure
Po, if it be compressed to a volume 17, the temperature will become T
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and the pressure P. The curve will be adiabatic. After expansion to
the original volume, the 1nass returns to the initial temperature and
pressure.

Supposing that, before compression, within the enclosing vessel,
a very small quantity of water is added as compared with the volume
I'n of gas. This water will become heated to the temperature To.
During compression it will absorb a relatively large quantity of latent
heat of vaporisation. At the end of compression the mixtare of gas
and water vapour will occupy the volume I°, but at a temperature T'1,
and a pressure P!, lower than T and P. ‘I'he compression curve will
more nearly approach an isothermal curve. After expansion, the
inittal conditions will be restored, the vapour becoming condensed.

In practice, the changes take place in a different way, the enclosing
vessel not being impervious to heat. Take the two examples given
above. In the first case, the gas will give ont heat to the walls during
compression ; this heat will be in part lost to the circulating water ;
it cannot be entirely restored after expansion, so that the curve will
not coincide with that of compression.

In the second case, the gas will give the greater part of the heat of
compression to the water that it contains, its temperature will be less
elevated, the losses to the walls will be diminished, and, during
expansion, the vapour formed will restore by condensation the heat
that it had absorbed. The expansion curve will be below the com-
pression curve, but the difference of the ordinate between the two
will be less than in the first ease. The variations occur as if the
permeability of the walls to heat had heen diminished. It ia therefore
probable that the total loss will be less in the second case than in the
first.

This reasoning applies also to power cyeles, for in this case a con-
siderably greater amount of water could be vaporised in the abstrac-
tion of heat produced by the combustion of gas. But, upon this basis,
the walls give out heat to the gas during compression instend of
becoming hotter, and, ai the end of expansion, the vapour is no
longer condensed, so that the heat of vaporisation is lost to the exhaust,

It remains to he seen whether this loss diminishes the inherent
losses occurring in normal working, or, in other words, whether the
efliciency of the engine is inereased by water injection simply, com-
pression being unchanged.

An engine with water injection that would maintain normal working
conditions with regard to tewperature and lubrication, and with
re-heated walls, as for example by aid of the exhaust gases, wounld
probably give an excellent efficiency.
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At the present time there is a lack of sufficient data, based upon
actual experiment with explosive mixture in the presence of water, to
enable any precise rules to be formulated. However, from tests which
have been carried out it is possible to deduce some interesting points
which are of value in indieating new fielda of research, and at the
outset, examination ean be made of the conditions under which water
can be usefully employed in an explosive mixture coniaining a
combustible such as rich or poor gas, mineral spirits, or heavy
petroleum.

1t appears, & priori, that water should enter the eylinder as a liquid
and not as a vapour, so that the transformation, from the first state
to the second, may have the effect of absorbing a comparatively large
amount of heat, and 8o produce a pressure that will give out power,
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Fre, X.-—27.  Indicator diagram from Banki's Benzine Engine with water injection.

the power being the greater, the higher the temperature of the enclosing
walls, and, in consequence, the water and vapour being able to borrow
a greater number of heat units. Such conditions can be obtained
either by means of increased compression pressure or by restricting
the cooling of the combustion chamber. :

It these conditions be not fulfilled, the introduction of water may
eause the igniter points to be covered with small beads of water which
wounld prevent the passage of the spark. On the contrary, if higher
temperatures are established, it will be neceasary to have recourse to
water injection to prevent the various details becoming over-heated.
and the occurrence of premature ignition.

Amongst the tests that have been carried out in connection with
water injection, one of the most eharacteristic was that made by the
anthor in 1899 on a 35 w.p. Banki engine at the works of Ganz and
Tarza at Budnpesi.
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The initial explosion pressure was about 400 to 480 lbs. per square
inch. The casing maintained a uniform temperature due to the water
injected with the benzine. The amount of water injected wae from
three to four times the weight of the benzine consumed. The mean
pressure of the diagrams amounted to 146 to 150 1bs. per square inch,
and their area was not sensibly affected by the amount of ‘water
injected. The latter simply retarded the combustion and diminished
the explosion pressure as shown by the diagrams taken during the
test and reproduced in Fig. X.—27.

In connection with this subject it is interesting to mention the tests
made by Crossley Brothers, Ltd., of Manchester, with their petroleum
engines. The type adopted, shown in Fig. X.—28, consists of a cast-
iron cylinder at the back of which a long cast-iron vaporising chamber
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F1a, X.—28. Crossley (il Engine Vaporiser with water injection device,

is attached, having external ribs lo give atiffness and ensure cooling.
This vaporising chamber is in communication with the eylinder
by a uarrow passage in which the inlet and exhaust valves are
accommodated.

The petroleum is injected at the end of the vaporiser at the same
time as a jet of water and a small volume of supplementary air. The
resulting mixture is then compressed and fired by means of an ignition
tube situated in the middle of the vaporiser. 'The makers claim that,
owing lo the water injeetion they are able to employ a higher com-
pression pressure without fear of premature ignitions, and also that
they are able to prevent the decomposition of the fuel which would
have caused a deposit of carbon.

Messra, Crossley have also applied water injection to gas engines,
and have been able {o reach compression pressures of 200 lbs. per
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square inch without causing pre-ignitions. Fig. X.—29 shows the
method employed, and it will be seen that the mixture flowing past
the inlet valve meets the water and sweeps it along, preventing it
from being deposited on the cylinder walls.

Tangyes Lid., of Birmingham, adopt water injection for their
petroleum engines, and obtain incresse of power by so doing.
Fig. X.—380 shows the principle of admission that they employ.

It is therefore indisputable that water ipjection provides means
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Fra, X.—29. (Crossley (ias Engine cylinder with water injection device.

whereby higher compressions may be reached, resulting in reduced
tuel consumption.

In some heavy oil engines, sucl as that made by the Grigin
Eugineering Co,, of Bath, for instance, a certain amount of water is
injected into the vaporiser with the fuel, in the form of very fine
spray, which is immediately converted into vapour combining with
the fuel within the cylinder when the compressed mixture is ignited.
The economienl results obtained with this system of vaporisation is
most marked when erude oil 18 used as fuel. The moderate temperature

™™,
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of the vaporiser (never more than 400° F.) produces fractional
distillation of the heavy oils, the residuals are automatically rejected
from the vaporiser whilst the lighter portions, set free by the distil-
lation, pass into the cylinder, where they are completely burnt without
the slightest deposit of tar.

The Britannia Engineering Co., of Colehester, also use water
injection in their crude oil engines. Their vaporiser I (Fig. X.—-81)
is & cast-iron box bolted to the breech end of the eylinder, and is
fitted with deflecting plates. The o¢il and water aro injected under
pressure. The igniter 4 is & small piece of cast.iron enclosing a
corrugated iron tube which is in communication with the eombustion
chamber at two points. This igniter, whilst the engine is at work,

Ma7Er Sigararon Locr
Fi1, X =30, Tangye 0il Engine with water injection device,

absorbs sufficient heat from each explosion to maintain a sufficient
temperature to fire the vich vapours that are contained in it at the
end of the compression stroke. The puwmps, shown in the lower
drawing of Fig. X.—81, are contained in one casting. The plungers
are brought to their normal position by means of springs, and are
depressed by lell-crank levers jointed to that which operates the gas
or vaponr valve. In this manner, neither oil nor water are injected,
when the governor puts the gas or vapour valve out of gear. The
stroke of the pump can be vegulated by an adjusting nut placed at the
top of each plunger, the quantity of oil and water admitted per
cycle being thus controlled. 'The puimps are fitted with ball valves.
With petroleum having a flash point of 250° I. it is necessary to
renew the ignilers after twelve hours’ work, an operation requiring
only a few minutes.
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Coonaxa.

The use of water should be discussed from different points of
view :—

1. Cooling apparatus.

2. Control and maintenance.

8. Effect of the circulation upon the working parts of gas engines.

1. Cooling Apparatus.—For a pro-
ducer gas engine, single-acting, and
of less than 200 m.p., the normal con-
sumption of water per m.m.p. at full
load is:—

58 gallons for cooling the engine, if
allowed to run to
waste.

88 ,  , washing the gas in
the serubber,

9 R ,» foedingthe vaporiser,
making a total of 8'9 gallons or, in
round numbers, 9 gallons per p.H.P.
hour.
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For a 50 u.r. engine, for instance,
it will be necessary to arrange for
450 gallons per heur,

If, instead of running the cooling
water to waste, some system of cool-
ing is employed—either an arrange-
ment of tanks on the thermo-syphon
principle or by cooling towers-—the
consumption of water for the engine
becomes negligible. It is sufficient to
make np evaporation losses, and these scarcely amount to more than
1 per cent.

The scrubber water should be considered as useless in nearly all
cases. However, if it be obligatory to economise as much as possible
by adopting apeeial treatment, it can be utilised over and over again.

Tangyes Lid., of Birmingham, have brought out the purifying
process illustrated in Fig. X.—-82 for this purpose. The water, after
leaving the scrubber (), tows through the pipe (1) to a closed
tank (7 where it becomes filtered by the settlement of the eolid

Fia. X,—31, Britannia Crude il
Engine with water injection device.

'
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matters contained in it. The filtered water is then drawn through
the pipe (2} by a small pump which forces it by the pipe (8) through
the water-jacket of the engine (C), from which it is afterwards led by
the pipe (4) to the combined exhaust silencer and deodoriser (E).
Owing to the heat of the exhaust box the water ie purified from the
gases with which it was saturated, the gases passing away to the
stmosphiere with the products of combustion from the engine itself.
The purified water is next conducted by the pipe (5) to the open

Fre. X.—32. Tangye Water Porifying Apparatos,

tank (J7) fron: which it i pumped through the pipes (6) and (7} to the
scrubber, in which it again meets and cools the gas and commences
once more the “cycle” of purification. The water used in the
vaporiser i8 necessarily irrecoverable, because it is transformed into
vapour whilst passing through the mass of incandescent fuel, and
coinbined with the latter to form bydrogen and earbon monoxide.

For the sake of comparison, it can be accepted that an improved
non-condensing steam engine requires about 25 Ibs. of steam, or 25
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gallons of water per u.p. hour. For a 50 n.r. engine, 125 gallons per
hour would be indispensable.

For a condensing engine, the eonsumption of steam required for
working would be reduced to about 173 lbs. of steam or, say, 1'75
gallons of water, and the condenser would absorb nearly 44 gallons
per H.p. por hour, making a total of, say, 45 gallons per u.p. or 2,250
gallons per hour.

It is of course true that, as in a gas engine, a cooling apparatus can
be utilised. 'The preceding figures enable the necessary arrangements
to adopt in each case with regard to the consumption of water to be
appreciated, but other considerations must be taken into aceount.

The cooling of gas engines with water running to waste is advisable
only for small powers, and when the water svailable contains but a

Fiu. X.—33. Waler circulation by Centrifugal Pump.

small amount of lime ealts in sotution. The laiter, when rapidly
hecoming deposited in the jacket of the engine, lblocks the proper
circulation of water, and prevents the transmission of lLeat through
the eylinder walls, owing to the formation of seale, and oceasionally
results in nccidents and fracture of parts.

The quantity of water required is about 4'5 gallons per u.p. hour for
“ hit-and-miss”’ governed engines, and 5'5 gallons for those regulated
by variable admission.

Cooling by tanks upon the thermo-syphon principle is not advisable
for engines above 50 H.p,, and when, owing lo local considerations, it
is necessary to place the tanks at some distance away from the engine,
it is a good plan to insert a pump in the circuit to quicken the
circulation, by means of a by-pass connection and a stop-valve on the
main branch, as Hluatrated in Fig., X.—88.
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To be really effective the cooling tanks should be placed in the open
air, care being exercised during frosty weather to prevent the formation
of ice in the pipes and valves. The contents of one tank is generally
from 3980 to 440 gallons; the number of tanke is decided by the total
quantity of water demanded on the basis of 45 to 55 gallons per n.p.

Fra. X.—34. Water circulation with cooling apparatus (visible ontlet).
for * hit-and-miss,” and 55 to 65 gallons for engines governed upon
tiie variable admission system.

The most rational arrangement for 50 H.p. engines and over is to
use coolers, and of these the coolers made with branches or twigs of
birch wood, erected in the vieinity of the engine house, are least
expensive. Two arrangements may be adopted, either by circulation
with visible outlet, which permits the instant control of the tempera-
ture of the water, or by entirely closed circulation.

In the first arrangement, Fig. X.—84, the cooler (B) should be
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placed overhead and the water made to flow, under the influence of the
difference between the levels of the tank (13} and the engine (F), round
the cylinder jacket, and from this to fiow freely into a funnel at the
orifice of & pipe leading to an underground cistern (K), afterwards
being lifted by a pump (I) and delivered to the cooler overhead. An
objection to this method is that the pump is required to deal with bot
water at 85° to 120° F., and therefore the pump must be erected in
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Fii. X. 35 Water cirenlation {elosed system) with cooling apparatits,

such a manner that the temperature of the water will not prevent the
water being raised. A reservoir (1) should be provided holding a
sufficient quantity of water, which, with tha amount in circulation,
will perniit the engine to continue to work for one or two hours with
the water running to waste, in cage the pump should fail. Two supply
pipes should therefore be taken to the reservoir, the lower one being
fitted with a cock which ean be opened when it is necessary to work
with the water going to waste.
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With & closed system of circulation, the pump (I) is fed with cold
water flowing from the cooler (I)) and keeps the latter full by passing
the water through the engine (I) as in Fig. X.—85. With this
arrangement it is impossible o notice whether the circulation is
working properly unless the flow of water from the top of the cooler
can be observed. However, a gauge can be fitted on the outlet pipe ()
of the engine so as to show the pressure under which the water is being
circulated. In order to obiain continuity of working in case of a
breakdown of the pump, provision should be made to run the water to
waste at (J), while it is also advisable to provide three stop-valves
at (€/) 8o as to isolate the pump (/) when under repair.

The arrangements mentioned above apply only to engines of small
power. For larger installations birch twig coolere are scarcely
smtable. There is always the possibility that obstructions caused by
pieces of wood, shavings, and other foreign matter, will cause trouble,
while the twigs themselves deteriorate comparatively rapidly. These
risks are naturally greater in large installations. Preference should
therefore be given to less curnbrous apparatus, which are not so liable
to get out of order. Heveral firms make a speciality of such coolers,
and amongst them are the following :—

Balcke & Co., Paris.

Blasburg & Co., Diisseldorf.

Klein, Schanzlin & Becker, Frankenthal.

Jarvis Brothers, Ltd., Middlesborough.

Munzinger Albert, Kaiserlautern.

Schwartz & Co., Dortmund.

These *‘open’ coolers, or those provided with a chimney, with
either automatic or mechanical ventilation, are designed so as to
obtain as thorough cooling as possible, and to avoid the formation of
vapour or water spray. They are a practieally indispensable adjunct
o large gas power installations when it is vequisite to economise the
water at disposal.

Cooling devices having for their objects (1) economy of water and
{2) the prevention of scale within the cylinder jackets of gas engines,
it becomes necessary to avoid using a common reservoir for the cooling
of the engine and for the washing of the gas in the scrubber, for in
the latter case fresh water would be constantly mixing with the old,
and, consequently, the deposit of scale would be wore abundant than
if the same water were used over and over again for the engine.

It is & good plan to fix a regulating tank having a capacity of 100 or
200 gallous, at a height of 15 or 20 feet above the upper top of the
scrubber, so that the water will flow trom the sprinkler or distributing

1.C.E. N
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device within the serubber in the form of rain. Insufficient pressure
permita the water to escape in a solid jet on to the central portion ol
the coke bed only, with the result that the gas is badly washed.

This regulating tank should be placed above tite level of the reservoir
of the engine cooling system, in such a manner that, by meana of a
float, the quantity necessary to compensate for evaporation is fed auto-
matically, and a constent level of water maintained in the cooler.

The water used for washing the gas and passing from the scrubber
containg salts of ammonia and sulphuretted hydrogen in solution,
which gives it an unpleasant smell. If the fuel used contains ap
appreciable amount of sulphur, the water will also contain sulphurous
acid in solution, which, in the presence of air, will become vxidised
and produce sulphuric acid. It is, therefore, necessary to avoid the
use of zine pipes or vessels which would scon be eaten away. Iron
also rapidly oxidises if the sulphuric acid be present to an abnormal
extent. To confine the smell within close quarters to the plant, the
overflow from the seal box should be fitted with a syphon bend, and
the top of the water should be covered with a film of oil which will
prevent the smell from impregnating the atmosphere.

In installations outside towns where the overflow cannot be led into
the sewers, the waler must be exposed, with the result that the smell
ariging from it may give annoyance to neighbours. This possibility
should not be lost sight of when contemplating the erection of a gas
power installation,

The water for feeding the vaporiser is generally taken from thesaine
supply pipe that feeds the scrubber. Care must be taken to arrange
that the supply to the vaporiser shall not be influenced by any adjust-
ment of the supply to the scrubber or vice versa. The quantity
required varies between 0066 and 01 gallons per B.H.P. hour.
But it must be remembered that this figure is but an approximation,
variations being due to the peculiar features of the generators and
vaporisers adopted. '

Ag a result of about forty trials made with ten or twelve different
typen of generators, the average water consumption is at the rate of
07 to 0r9 1b. per Ib. of coal burnt per hour.

In a number of producer plants the overflow from the vaporiser is
diverted to the ash-pit of the generator, whilst others work with the
supply of water strictly limited to that evaporated in the vaporiser.
In the author’s opinion the first method is preferable having regard to
the preservation of the firebars, but it is difficult to adopt the plan
with a rational system of feeding the fire with air and superheated
vapour ag in the Winterthar producer. The ush contained in certain
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kinds of coal becomes pasty, and eauses very hard clinker to form when
burnt without a sufficient amount of water vapour being present.

2. Control and Maintenance.—Upon the assumption that a properly
equipped insiallation has been provided comprising everything that
experience has shown to be neeessary, how should the quantity of
water be regulated to obtain best working results ?

Engine.—Is there any advaniage to be gained in using such a
quantity of water for the engine that the temperature at the outlet of
the jacket shall reach 130° to 140° F' ; or would it be better to permit
sufficient water to pass through the jacket to bring the outlet
temperature down to 76° or 85° F, ?

Variations produced in consequence of water circulation have an
influence in small engines. Mention is made elsewhere of the results
of & n.H.P. test of a 10 n.r. English engine. With abundant water circu-
lation the power developed by the engine was 10-65 nr. With
moderate cooling, other conditions remaining unchanged, it developed
11-25 m.p. (p. 472).

With large engines it appears that the more or lesa abundant supply
of water has no influence upon the efticiency. *' The amount of heat
passing through the walls and the exhaust is practically constant.”
This fact has been demonstrated by different experimenters. Ior
large engines, especially with high compressions, it is dangerous to
work without an abundant water cireulation, for otherwise, almost
without exception, premature firing results.

Washers or Scrubbers.—The supply of water not being in sight
there is no other means of taking note of its sufliciency or otherwise
than by ascertaining, after several hours of work, if the temperature
at the base of the scrubber has become higher. The external tem-
perature of the lower ring of plates should not exceed 85” to 95” F.,
and the upper portion should remain quite cold. If otherwise, it is a
sign that an insuflicient amount of water is lowing through, and this
must be attended to, or that chimneys or “ cores "' exist throughout
tbe depth of coke which allow the gas to pass through too freely at
such points.

Vaporiser.—I{ is impossible to give any general rule respecting the
quantity of water to be admitted to the vaporiser, asgo much depends
upon the type of apparatus. Sowme producers are fitted with an
sutomatic device which controls the supply in accordance with the

N 2
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work on the engine. There is, therefore, no other course to follow in
such cases than io canse the water to flow into the apparatue in such
a manner that it cannot eseape unused from the overfiow pipe.

When the overtlow from the vaporiser is carried to the ash-pit, the
inlet to the latter is fitled with a funnel and syphon, so that the
amount dropping into the latter can be seen. In this case the supply
to the vaporiser must be adjusted in such a way that the ash-pit is
fed very slowly. drop by drop.

With a dish vaporiser placed on the upper part of the generator
itself, attendants generally completely fill this with water before the
plant is et to work. In such cases about two hours elapse before
the apparatus attains sufficient heat to warm the mass of water in
the vaporiger.

Very little water should be fed to such vaporisers at first, but they
shonld be filled up gradually to the normal level as the generator gets
hotter, For this purpose all vaporisers of this type should be fitted
with water gauges. Faulty manipulation in respect of supplying too
much water at starting rarely has any other convenience than the gas
is slow in reaching its normal richness. It is a8 much more serious
matter if the vaporiser be carelessly permitted to become dry and then
to be suddenly filled as soon as this is found out. Such treatment
wonld cause fracture of the vaporising dish, which is usually made of
cast-iron.

When vaporisers with but a small volume of water are placed near
the furnace itself, a high working temperature is rapidly attained and
they should be filled with waber scon after the plant is put in
operation,

3. Effect of Water Circulation upon Working Parts—Cooling should
be efficient and absolutely assured, because the tensile stresses in cast-
iron, set up Ly unequal expansion due to increase of tempersture,
become serious in the heavy pieces of metal used in the construction
of gas engines. The breech ends, or explosion chambers, have often
without apparent reason become fractured in moat unexpected places.
It is only by long experience, resulting front a number of tailures, that
makera have been able to decide how to inake alterations to their
designs so that the breech end eastings may be better able to resist
the straine set up. The use of other materials for their construction,
guch as steel, has been tried without success.

The principal factors operating for the preservation of the breech
oends are their shape and the mawner in which the cooling water
circulates within them. lor single-acting, four-cyele engines the
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type that appears to be most in favour at present is that in which the
inlet and exhaust valves are arranged upon the same vertical axis, the
two valves being placed in a passage or nute-chamber which envelopes
all the parts with cooling water. To ensure equal expansion through-
out, the chamber is arrunged symmetrically in relation to the cylinder
axis. The exhaust outlet is arranged upon an extension of the chamber
and is surrounded with water as completely as possible.

An abundant eirculation is thus provided round the seat and guide
of the exhaust valve, and for engines of above 100 H.p. water is cir-
culated within the interior of the valve itself. In Chapter XIL. some
further remarks appear in connection with the form of breech ends.
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Fra. X.- 36. Water circulation for small engine cylinders.

The water enters at the base of the combustion cham!l.er and escapes
from the top, or, sometimes, in motors of less than 75 w.r., it passes
from the breech end into the cylinder jacket proper (Fig. X.—36).

It will be seen from the section that the jacket is cast with the base,
the cylinder being an independent liner and free to expand, whilst the
combustion chamber is connected to the eylinder by a lunge and bolis.
This arrangement ensures an extensive bearing surface for the engine,
and does away with the objectionable overhanging cylinders, now
completely abandoned in good modern construction.

To obtain high efficiency, the cylinder, nt that part within which
the expansion of gas occurs, should not be excessively cooled. In fact,
expansion itself causes & fall of temperature, and to lessen it, it is
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necessary to keep the walls as warm as possible (ns in the case of
engines using saturated steam, by using a cylinder jacketted with live
steam). For this reaeson, the water outlet from the eylinder jacket
should be arranged towards the back and not towards the front as
some makers wrongly cast it.

T'o overcomse the excessive increase of temperature involved by high
compression, 8 number of makers, amongst whom may be mentioned
the Machinenfabrik 4ugsburg Niirnbery, have even provided a separate
water circulation to the pisions of their single-acting engines ranging
from 100 m.r. (Fig. X.—86). This is a complication that has been
easily avoided by other makers up to even 150 u.r., by arranging the
piston in such a manner as to obtain sufficient cooling, simply by free
contact with the air during its backward and forward movements.

For gaining all the advantages of high compression without running
the risk of *“ self-ignition,” Keerting Brothers, in the inierior of the
combustion ehamber of some of their engines, have arranged a bollow
projection within which separate water circulation is made. This
cooling taking place in the centre of the mixture damps down the
excessive temperature, and has, it appears, given the best economical
results with a compression pressure raised above the ordinary limits.

In double-acting engines, the cooling has to be earried out with
great care, for, apart from the cylinder jacket and the cylinder covers,
independent water cirenlation is required for the piston and its rods,
the valve seats, exhbaust valves, and stuffing-boxes, The general tem-
perature is kept relatively low, and, to this end, the water in certain
portions, such as the piston and its rods, is maintained at a pressure
of at least 15 ibs. by means of a special pump.

Quantity of Water in Circulation.—From a number of tesis made
by the author upon double-acting, four-cycle engines, it seems that
the quantity of cireulating water required per B.H.P. per hour, for
engines of 200 to 1,000 m.p., is as follows :—

Cylinders, covers, and stuffing-boxes . 55 to 65 gallons.
Pistous and their rods . . ) . 20t025 ,,
Bozxes, seals, and exhaust valves . . 10to 1756

Say, from 9 to 11 gallons for all purposes.

The water admitted at a menn lemperature of 55 to 60° F. flows
from the cylinder jackels at 75 to 95° F.; from pislons at 95 to
105” F.; and from the seats and valve boxes at 105 to 115° F.

An engine of 1,000 n.p., two-cylinder, double-acting, will require,
according to the figures given in the above table, about 1,600 cubic
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feot (250 gallons) of cooling waler per hour. As this isa large amount
that cannot be arranged for continuously in every works, coolers are
usually installed, which, as has been already mentioned, present the
appreciable advantage of eliminating the causes of inerustation by
using the same water constantly. Without presenting the same
dangers to gas engines as in steam boilers, deposits of scale are a
gerious nuisance, by causing fracture of the parts within which they
form. In casings which cannot be dismantled for cleaning, it is
necessary to arrange large hand holes, closed with bolted cover plates,
to permit free access to the interior for cleaning purposes.

Lubrication.—The great importance of lubrication and the necessity
of using specially prepared oil for gas engine cylinders, are matters
upon which all authors are in accord with manufacturers. In view of
the conditions to be tulfilled, it is advisable to purchase oil from those
oil merchants whe have given close study to the question.

The following remarks have heen abstracted from a circular
published by the Henry Wells Oil Co., of Manchester :—

The high cost for lubrication of gas engines that is mentioned as
8 weak point is due partly to the excess of oil consumed, and partly to
the poor quality of oil used.

A number of makers of small gas engines have looked upon the
quality of oil as 8 matter of indifference, thinking it possible to com-
pensate lack of quality Ly a larger quantity. Other makers have
become 0il merchants and have insisted that their customers shall
purchase their supplies direct from them. This has sometimes led to
- the sale of cheap oils to the engine builders, and the resale at a high
price to the engine user.

The use of large englnes has modified this state of things, and at
the present time there is a marked tendency, as mmuch on the part of
users as well as of makers, to follow the advice of specialists who have
studied the compositions of oils, their qualities and manner of use, from
8 scientific point of view.

At first sight it would appear that the flash point of oil is an impor-.
tant factor in the choice of a suitable lubricant for gas engine eylinders.
As s matter of fact, the flash point is practically negligible. It is
recognised that the most suitable oil for the purpose has n degree of
viscosity similar to that of bearing oil, and such oils have a low Aash
point when comnpared with the cylinder oils used for steam engines,

In spite of the very high temperatures which obtain in a gas engine
cylinder, the low flash oils used lubricate perfectly, due to the extreme
care taken in the selection of the constituent elements. ‘These oils
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may become vaporised under the high cylinder temperatures, but in
doing so they should not leave o residue which, being burnt, would
form a deposit of carbon.

During work, a very thin film of oil covers the eylinder walls; the
temperature conditions of these walls and the rapid renewal of the oil
film suftices to prevent combustion except in the case of oil of inferior
quality.

The regular maintenance of this oil film is one of the essential
elements of good lubrieation, and the best oil is that which will
remain in thin particles for the longest time and require to be less
frequently renewed. Bad oils always necessitaie a rapid feed, because
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F16. X.—38, Paxman Multiple-outlet Automatic Lubricator.

of the filn being consiantly evaporated, and any excess forms a deposit
in the lower portion of the cylinder, when, if the oil is not immediately
consumed, it combines with the tar, soot, and dust brought in by the
gas and air, and gradually becomes dry and hard.

The question of cylinder ¢il is hound up with that of the oil used
for the bearings and other working parts of the engine. At one time
two different oils were used, but the almost universal practice now is
to use but one. When two different oils are used it is impossible to
use the bearing oil for the cylinder in case of need,

Cases have occurred when the bearing oil had been thrown upon
the piston rods and gradually entered the stufting-boxes and ends of
eylinders. There it has been burnt, ruining the packing in the
etuffing-boxes, spoiling the piston rods, and scoring the cylinders.
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Oile should be practically free from acide, but it is not necessarily
good for them to be exclusively hydro-carbon oils. The best gas
engine o0ils are combinations of suitable elements. Different oils may
be good, though the factors relative to viscosity, density, boiling point,
and flash point may be very different. On the other hand, a very bad
lubricating oil could imitate a good one in nearly all these factors.

One important point to notice in the selection of s suitable oil is
that it does not form an emulsion with water. If water in any way
whatever enters the cylinder, as sometimes happens, an oil which will

Fia, X.—39. Crank-pin Lubricator.

form an emulsion will form a compound which lends itself to rapid
drying and burning.

Fioally, cheap oils are neither economical nor efficient. A good oil
costs more per gallon, but it gives grealer efficiency and conduces to
economy.

Lubricators,—There are a very great number of types of lubricators.
The ratchet-wheel applied to lubricatore is not to be recommended,
for the amount delivered can only be varied within very wide limits.
For example, if the pawl should teke three teeth and a reduction of
the quantily be desired, it could, of necessily, only be arranged to take
two teeth inatead. This corresponds to a reduction of 33 per cent.,
which may be too much. Similarly, on passing from two teeth to one
tooth, the amount delivered will be reduced by 50 per cent.

N
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Fig. X.—88 represents the section of a central asutomatic lubricator
with multiple outlets, as made by W. Paxman, of Colchester,

The shaft B is mechanieally operated by the engine. It earries a
series of eccentrics E, actuating small pistons P, which force the oil
through retaining valves S, with spring conirol, to the tubes. The
oil escapes freely from a reservoir 4 by sight-tube I', which permits
the amount delivered to be controlled, the adjustment being made by
means of a needle-valve.

Some of the general rules which it is useful to observe in connection
with the mechanical lubricators are as follows : —

G i
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Fig. X.—3#0.  Diston-pin Lubricator,

All rubbing surfaces should be automatically and continuously oiled
with sight-feed apparatus.

The lubrication of the crank-pin or connecting-rod head should be
ensured by a centrifugal ring, fixed to one of the crank webs, arrange-
ments being made to permit the oil passages being cleaned, as shown
at A in Fig. X.—89.

The piston pin should be lubricated by an independent apparatus
with an adjustable and visible feed, as in Fig. X.—410.

The lubrication of the piston should be ensured by means of a
pump, positively operated by means of a eam or eccentrie, and not by
a belt liable to slip. This pump should introduce the oil under
pressure and be arranged in such o manner that the amount fed to
the piston may be adjusted while the engine is working, and also
operated by hand for lubrieating the cylinder previous to starting up.
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'The reservoir containing the oil whicl: feeds this pump ehould be fitted
with a gauge glass so that its contents can be noted. The base should
be fitted with a filter, to prevent all dust and foreign subsiance from
entering the cylinder.

Towards its extremity, the tube opening into the cylinder should be
fitted with a drip-sight-feed arrangement and a retaining valve, which
can be easily dismantled during the working of the engine, as shown
in Fig. X.—41. The amount of oil stored in these apparatus should
be sufficient to ensure lubrication of the different parts for at least
five hours at full load
without needing replenish-
ment.

For engines from 50 to
60 H.p. and upwards, the
bearings of the crank shaft
should be of the single ring
lubricating type (Fig. X.—
42). Forengines of 100 1.p.
and over, two rings should
be employed in these bear-
ings. The jeurnals should
be of the shell type and
made of cast-steel lined with
white metal. The oil reser-
voirg of the bearings should
be fitted with oil level in-
dicators with glass tubes

!
— > and a drain cock. The ad-

Fia. X.—11. I.ubricatir!gnil Pump for Gas Bogine  pieaion valve gpindle and

exlinder. more especially the spindle
of ‘the exhaust valve should be filted with an eflicient system of
lubrication.

In motors nbove 400 to 500 n.p., lubrication should be ensured by
a continuous flow of oil under pressure. This pressure should be
sufticient to give positive lubrication to the large arens supporting the
enormous weights, as in the cnse of the crank shafts of an engine
from 2,000 to 3,000 u.r., which reach 20 inches diameter.

With regard to the lubrication of stuffing-boxes it is indispensable
to use forced lubrieation to ensure its penctration into the rings, as
the * gastight™ condition necessary depends to a great extent upon
the free “ play ” which is guaranteed only by good lubrication,

The excess of oil in the cylinders is one cause of fouling by deposit
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and is the principal factor of premature firing. To reduce this
inconvenience a blow-off cock is arranged on the cylinders as shown
in Fig. X.—48, This valve is placed in the lowest portion of the
cylinder. 1t is manipulated by hand whilst the engine is at work and
geta rid of all excess of oil and foreign matters.

Double-acting engines, the exhaust valves of which are not arranged
in the base, should be arranged with an automatic evacuation of oil
by means of a Llow-off valve as in single-acting engines. Schuchter-
mann «& Kremer operate this valve mechanically.

With regard to oil consumption it has been ascertained from many

F1a. X.—42, Ring lubrication of main bearings,

installations that it does not exceed 0-035 to 0043 ozs. per p.u.P.
hour. The following figures have been taken in connection with a
Niirnberg double-acting, twin tandem, 1,800 u.p. engine, during three
months' work. The engine consumed for an average load of 1,500 B.5.v.,
one gramme of cylinder oil per u.p. hour, ‘8 grammes of machine oil,
and 7 grammes of grease,

In connection with large gas engines, ench detail should be fitted
with a suitable system of lubrieation. For eylinders, stutfing-boxes
and exhaust-valve spindles, it is advisable to use forced lubrication
by means of a pump, with sight-feeds separately adjusted for each
part. For the main bearings of the engine shaft, eross-head, guides,



190 INTERNAL COMBUSTION ENGINES

and connecting-rod brasses, a central distributor with adjustable sight-
feeds in generally inatalled.

For the cam shaft bearings, eccentrics, and the various joints,
grease lubrication ghould be used. It ie a good plan to collect the
excess of oil in the reservoir placed below the engine, in order that it
may be used a second time after being filtered.

Starting—A half-compression cam is used for amall engines, being
kept in gear during the turning of the engine shaft—either Ly pulling
the fly-wheel round by ite arms or rim or by means of a crank-handle
—until the first power strokes have set the engine to work. With an

Fic. X.—43. Blow-off cock [or evacuation of vxcess Jubricating oil,

engine having a normal compression pressure of about 1701bs. per
square inch, the starting compression pressure will be about 100 lbs.
it the exhaust-valve remains open for one-third, and about 501bs. if
held open for two-thirds the length of the compression stroke.
Beyond this limit, the force of the initial explosion will be insufficient
to overcome the resistances and the inertia of the engine during the
three succeeding strokes,

Explosion * self-starters ” are only applicable to engines of low
power. A charge of mixture, previously intreduced while the engine
is at rest, is exploded and creates a sudden and violent blow which
may lead to accidents owing to the inertia of the moving parts.
Moreover, their action with producer gas is somewhat uncertain.

Howaever, some makers still use starting pumps for forcing in an

/ -
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explosive mixture behind the piston. The mixture can be either air
and gas, or air and petrol or benzine.

The syatem now in general use ia to utilise compressed air of about
150 to 200 lbs. per square inch, atored in e reservoir either by means
of a eompressor or by the engine itself.

‘When starting the engine, the erank is placed in the position ecorre-
sponding to the outward expansion stroke by the use of a barring
lever or toothed gearing.

Single-acting engines are supplied with compressed air by manually
operating the valve shown at the back of the combustion chamber
in Fig. X.-—43. Repeated charges of compressed air are given

——r
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Fra, X —44. Tangye compressed air Starting Valve, Section.

at each succeeding expansion sircke until the engine has gained
sufficient speed to draw in and explode a working charge by its own
mechanism.

The compressed air starting valve shown in Fig, X.—44 is used
by T'angyes Ltd. It consistsof a box containing a set of valves operated
by the two solid bosses ¢ and s on the cam C, which is moved by the
external hand-lever L. The spindle-valve T, opens inio the cylinder
and is kept on its seat by the spring B. The apindle 7' has a notch
in its “ guide” portion, in which the hoss ¢ of the cam ' engages, so
that, by & movement of the lever L, the spindle is made to open the
valve 7' communicating with the cylinder, whilst at the same time,
the bose s, of the cam C, opens the back pressure valve S and thus
admits the compressed air. The reversed movement of L closes the

-~
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valve T and the back-pressure valve S, the latter shutting off the
compressed sir.

Fig. X.—45 shows the three different positions of the lever for
starting, compressing, and closure, each position being secured by
means of & pin,

The capacity of the air reservoir should be sufficient to permit at least
four successive starting charges to be withdrawn without the pressure
falling below 60 Ibse, per square inch. It should of course be absolutely
airtight.

Fig. X.—46 shows a complete compressed sir starting set as
arranged by the Gasmotoren Fabrik Deutz.  This firm, for their large
engines, make use of the ordinary inlet valves, thus avoiding any special

F1a, X.—45. Tangye compressed air Starting Valve,

starting valve for the compressed air. Until the engine is well under
way, these valves work on the two-cyele principle.

The largest gas engines are usually fitted with an eleetric turning
gear, so that when necessary, in addition to the ordinary usse for
starting, valve adjustments can thus be easily made. The turning
gear should be complete with an automatic arrangement for throwing
the gearing out of operation when the engine takes ite own charges.
For large engines the compressed air is earried up to 800 lbs. per square
inch. The adission to the eylinder is made by gearing operated by
the cam shaft and should be qguite automatic—that is to say, the
admission of air should cease as soon as the firsl explosion has been
produced.
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Mean Prossure.—The makers of single-acting engines more especially
designed for use with producer gas have adopted the commendable
attitade of caleulating the power of their engines upon the basis of &
mean pressure of 656 to 70 1bs. per square incli of area. In adopting
this rule they do not sell their engines above the power limit, and
they lock upon this as being analogous to the conditions applying
to steam engines, in that a certein margin is available for carrying
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F1a. X.—46. Gasmotoren Febrik Deutz compressed air starting equipment,

an overload of 10 or 15 or more per cent. above the normsl rated out-
put. This margin is taken as being sufficient to eompensate for
the variations in the richness of the gas or temporary derangement of
adjustments.

In practice, with a well constructed and properly adjusted engine,
the mean pressure easily exceeds 70 lbs. per square inch. The dia-
grams, Figs. X.—47 and 48, were taken from British engines, and are
interesting on account of the mean pressure represented. That in
Fig. X.—47 is 90 lbs. per square inch with pressurve producer gas, and

1.C.E. - o
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that in Fig. X.—48, with town gas, is 85 lbs. per square inch. The
author has often remarked that British built gas engines, although
working with comparatively low eompression pressures, are able to
realise higher mean pressures than German engines with higher com-

N EFR =30 tbs

Fio. X.—47.  Indieator disgram from Engine served
with pressure producer gns.

pression pressures. He attributes this fact more particularly to the
shape of the combustion chamber, and in confirmation of this opinion
the diagrams in Figs. X..—49 and 50 are given, showing equally high
mean pressures. These were obtained from a double-acting Otto-
Deutz engine, that is to say, from an engine having a dissimilar com-
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Fre. X~ 4%, Indieator diagram from Eogine served
with town gas.

bustion chamber end to that usually adopted in single-acting engines,
and by comparisonwith Figs. X.—47 and 48 the respective compression
pressures may be clearly differentiated.

The cylinder dimensions of double-aeting engines are caleulated
upon the basis of 80 lbs. per square inch mean pressure with coke
oven gas, and 70 Ibs. with blast furnace and producer gas. The linear
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piston speed also tends to increase, and, except perhaps in the very
large engines when the number of revolutions is limited by considera-

tions of inertia, it now frequently reaches 850 feet and more per
minute.

Consumption and Eficiency.—Modern gas engines have high
mechanical efficiencies owing to the proportional reduction of their

MEP=75 s MEFRT71bs"
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Fie. X.—49. Iudicator diagram from double-acting
Deutz Engine.

weight and to the care exercised in their manufacture. It is admitied
that double-acting, four-cycle engines are able to attain 90 per cent.
mechanical efficiency, while two-cycle engines can scarcely reach 80
per cent. This difference, being due to the work absorbed by the air
and gas pumps, does not, however, detract from the high value of
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Fia. X.—i0. Indicator diagram from double-acting
Deutz Engine.

those splendid engines of which the Koerting and Oechelhiuser are the
standard types. Double-acting, four-cycle engines attain a thermal
efficiency of 28 to 80 and even 81 per cent, per B.H.p., that is o say,
they develop 1 B.H.p. per hour with a heat consumption of less than
8,700 B.Th.U,
The volumetriec consumption of the different power gases employed
o 2

P
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corresponding to these high efficiencies, expressed in relation to their
average calorific value, ia as follows :—

Cubic Feet. B.Th.U, per Oubic
1. Coke oven gas . . e . 195 450
2. Mond producer gas . . . . 820 140
8. Anthracite producer gas . . . 850 185
4. Blast furnace producer gas . . . 70 107

The relative proportions of the constituents in each power gas is
shown in Fig., X.—51, the symbols being as follows:—Saturated

r5+3 2535

Fia. X.—51.  QRelative proportion of constituent guses in (1) noke oven gas.
(2) Mond gas, (3) antheacite gas, (1) biast furnoce gas,

Hydro-carbons, CnHn; Methane, CH,; Carbon-monoxide, CO ;
Hydrogen, H; Carbon-dioxide, CO,; and Nitrogen, N.

In conneciion with the fuel consumption of gas engines a few resulis
selected from about 400 tests carried out by the author, either as a
consultant or as an expert appointed by the legal tribunals, may be
referred to.

In 1906 a test was mutually arranged between the engineers of
Elrhardt « Sehmer, and those of the Konigliche-Berginspection, at
Heinitz Saarbruck, upon a four-eylinder, double-acting 600 1.P. engine.
After four months of constant work, without any previous cleaning,
this engine was put under test with coke oven gas of about 450 to 470
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B.Th.U. per cubic foot. It showed a consumption of 8,000 B.Th.U.
per B.g.P. hour. The mechanical efficiency under the load earried
was 83 per cent. The engine was new, and was tested with a three-
phase dynamo mounted on the engine shaft. The principal details
were as follows : —

Diameter of cylinder 245 inches (620 mm.)
Btroke of piston . 296 ,, (750 mm.)
Diameter of piston rods. 68 , (170 mm.)
B.H.P. average . 520°0
Revolutions per minute. 150°0

It will be observed that the figures show that the thermal efficiency
per B.H.P. was nearly 81 per cent., or, if based on the 1.m.P., 875
per cent.

Similar trials are unfortunately rare because it is not alwaye possible
to arrange for a gas holder of sufficient capacity to measure exactly the
gas consumed.

The following figures relate to tests made on a series of smaller
installations, and which are interesting on account of the different
faels used. '

SumuirY oF TEsTr RESULTS.—SINGLE-ACTING NURNBERG ENGINES.

L 2. R 4.
—_— Roysl Foundry Tm L Poat Municipal Kurtz & Zanders,
of Wirtemberg fce at Electric dtation Wendelatein,
at Wasserflingen, Hamburg. at Greisswald, oeal’ Nurnberg,
Fuel . . . Anthracite Coke Lighting Gas | Anthracite
Test load B.H.P. 1074 110 1528 66
Normal load B.H.P. 100 100 150 60
Fuel consomption per | 0775 lbs, 0925 lbs. | 158 cub. ft. | 0-760 lbs.
B.H.P.
B.Th.U. per B.H.P. per 10,850 10,800 —— 10,800
hour fed to Pro-
ducer.
B.Th. G. per b.B.P. per 8,700 8,150 8,850 B,780
hour excluding Pro-
ducer, )
Thermal efficiency of 80 75 —_ 80
Producer per cent.
Mechbanical efficiency 80 B0 78 80
of Engine per cent.
B.Th.U. per LH.P. per 8,950 6,500 6,900 6,840
hour.
Thermal efficiency 868 888 366 2368
per LH.P,

A large number of further teste will be found in Chapter XVI.
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Exhaust.—The thermal efficiency of gas engines being about 30 per
cent., there is, therefore, & loss of 70 per cent. of heat by radiation,

F1@. X.—-52. Utilisation of waste heat in exhaust gases.

cooling water, and exhaust gases. The latter have a temperature of
about 750 to 900° F., and the quantity of heat escaping in this way
represents sbout 85 per cent. of the total number of units supplied to
the engine. When large gas engines are used some of this heat should
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Experimenta in exhaust silencing,

be recovered. Different schemes have been adopted in this direction,
and in some cases by raising steam in 8 special type of boiler which
receives the hot gases, the steam thus generated being used either to
drive an engine or some similarly useful purpose.
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Upon this basis, supposing that about 8,000 to 8,600 B.Th.U. per
B.H.P. developed by an engine were avatlable, if this could be utilised
in the production of steam, an output not exceeding 2-2 lbs. of steam
at 70 to 85 lbs. per square inch per B.H.P. developed could probably be
obtained. But in order to obtain this recovery of waate heat, the
engine must work at least about two-thirds of ite maximum power; if
pot, the exhaust gas is expanded down so much, by the modern
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methods of governing, that it is not hot enough to give up any
appreciable quantity of heat for recovery in this manner.

For instance, an engine of 100 s.1.r. working at full load would give
220 Ibs. of steam per hour, which, used in a non-condensing engine,
would produce 6 or 8 B.p. It will be seen, therefore, that the amount
of heat recoverable is not of very great consequence, owing to the
successive transformations of heat into work.

It is more advantageous to utilise the waste heat of the exhsust gas
in & heating installation either by hot water or by means of a series of
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stoves, in the form of a drum, in which the gas circulates as shown in
Fig. X.—52.

Several Britieh firms, such as Andrew Barclay & Sons, Ltd., of
Kilmarnock, build steam boilers specially constructed for the recovery
of the waste heat from exhaust gases. To obtain the maximum
useful effect the boilers must be placed as near as possible to the
engine in the immediate vicinity of the exhaust outlet. The boilers
are relatively bulky, and it is necessary to arrange a specially appro-
priate site for their mccommodation. They should be fifled with
efficient arrangements to eliminate the condensed water contained in

]

b

-+

1e

Fias, X.—58, 59, 60,
Experiments in exliaust silencing.

the gas, as these are ususlly corrosive and cause rapid deterioration of
the wrought iron plates.

With respect to the noise occasioned by the exhaust, the author has
already discussed different arrangements which can be adopted to
silence this, in the fourth chapter of his book, “Gas Engines and
Producer Gas Plants.”” The golution of the problem sometimes
presents great difficulties, and the following is an abstract from the
Gas and Oil Engine Record of 15th March, 1906, relating to such
difficulties in connection with two 200 m.p. three-cylinder vertical
. engines installed in a building ou the side of & hill. The working of
the engines had caused the neighbours to complain, those living abore

~
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the level of the building objecting to the noise, while the air pulsations
made the windows of some of the buildings below vibeate. Fig. X.—58,
showe the original arrangement. The three cylinders were connected
by one pipe common to all, which opened into s large expansion
chamber from which the gases escaped to the freeair. The vibration
set up was felt for 150 yards from the works.

The first experiment to obviate the defects was to inject water in
the exhaust pipe. The noise was reduced as regards the tenants living
on the hill below the engine room, but no perceptible difference was
made for those above. The next step, as shown in Fig. X.—54,
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was to lengthen the bend in the interior of the expansion chamber,
No improvement was obtained. Two expansion boxes in series were
next tried, as shown in Fig. X.—55, and while this arrangement
made the noise disappear, the consequent back pressure on the engine
was too great for proper working.

1t was then noticed that the exhaust vapour travelled up the pipe
with a rotary motion, and, to prevent this, the upper portion of the
pipe was fitted with a wooden baffle, but the back pressure was not
relieved. The expansion box was then fitted, without a bottom plate,
above a leaden basin containing enough water to make a hydraulic
joint a8 in Fig. X.—56. This was unsuccessful. The following
experiment consisted in fixing a large box of about four feet square
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at the utmost end of the pipe. The top of the box was then pierced
with a number of 3-inch diameter holes, and, through each hole,
sheet iron pipes protruded of varying lengths of from 1 inch to 8 feet
(Fig. X.—57). The end in view was to create a number of streams
of exhaust, each out of time with any other, and thus to avoid
air puleations. No difference was noticed in the effects of these
vibrations on the window panes. The diminution of noise was
imperceptible. Following the same idea, the top of the box was
rengwed, and a large number of }-inch diameter holes were bored
on all sides, a8 shown in Fig, X.—58. This arrangement gave more
satisfactory results, and the engine worked some time in this way.

In order to increase the expansion by using two boxes, which had
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previously been done (Fig. X.—55), the second chamber was placed
on the first by means of a collar of the same diameter as the exhauet
pipe (Fig. X.—59). 'Y'his arrapgement appreciably reduced both the
noise and vibration, but in order to make a permanent fixture, the
collar was replaced by a metallic diaphragm, as shown in Fig. X.-—60.
However, on calm days, the casements of one particular house still
rattled.

Fig. X.—61, shows that an iron bafle plate was directly placed
above the first exhaust chamber; this was found to make a slight
improvement. The end of the pipe was then fitted with a cowl, as
shown in Fig. X.—62. Very little improvement resulted. A cast-
iron plate, placed above the orifice (Fig. X.—68), produced vibrations,
as also did a tub placed as showrn in Fig. X.—64, while with the
latter the back pressure was increased by about 8 inches of water.
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A sheet iron funnel sbout 9 feet long, tapering from 9 to 18 inches
(Fig. X.—65) reduced both noise and vibration by enabling the
gases t0 pass away at low velocity, but & permanent cast-iron pipe
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conld not be fitted, owing to ite excessive weight. A shorter funnel
was useless. '

Finally, the arrangement shown in Fig. X.—66, was the solution
of the difficulty. This consisted in adding, above the second box,
a baffling cylinder of the same diameter as the box and communi-
cating directly with the air. The back pressure was practically nil,
and the noise and vibration disappeared.



CHAPTER XI
GOVERNING AND VALVE GEARS OF INTERNAL COMBUSTION ENGINES

THE system of valve gear of a gas engine includes the admission
and exhauet valve gear with the mechanical detsils that control the
speed under the action of the governor.

In Chapter VIIL the metheds of control in two-cycle engines have
been described. In modern four-cycle, or “ Otto ™ cycle engines, the
valves are invariably operated by the side shaft (or cam shaft, or
half-apeed shaft), and their movement is obtained either by cams or
eccentrics. On the whole, the different methods of general design do
not permit the superiority of either eams or eccentries to be deter-
mined. Both work equally well when properly designed for the work
they have to do. The combination of eccentrics and rolling levers,
so much in favour, for large gas engines particularly, because of
their smooth and sileat operation, invelves the inconvenience of
demanding great amplitudes of movement and bulky details.

The different rystema of governing may be classed as follows :—

1. Constant Ratio and Constant Volume.—Hit-and-misa aystems.

2. Variable Ratio and Constant Volume.— Variable stroke of the gas
valve by a conical cam, or stepped pecker-block, either by continuous
motion or automatic cut-off.

8. Constant Ratic and Variable Volume.—Throttle Butterfly valve,
variable atroke of mixture valve by continuous motion or by automatic
cut-off.

4. Combined Reogulation—By application of the two preceding
methoda.

1. Constant Ratio and Constant Volume.—The first method of control
has been carried out by the ‘ hit-and-miss ” system, which for a
number of years has been almost universally adopted for engines
working with town gas or liquid fuel. This system has rendered
substantial service to makers, and it has permitted very economicsl
working to be realised. The development of producer gas and the
building of engines in units of increasing power has shown that the
*“ hit-and-miss *’ system, although excellent for town gas engines, is
less suitable and even deirimental for large producer gae engines.
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Although it has been definitely abandoned by the majority of
makers, this method of regulating the speed and the output of the
engine by varying the number of explosions constitutes the simplest,
most efficient, and most economieal means of eontrol.

No other mechanical device can enmpare with this governor for
simplicity, while its minute dimensions permit great sensibility. It has
liftle or no resistance to overcome and is not exposed to any detrimental
reaction. It limits to a fraction of an inch the displacement of a lighi
piece of metal, which, upon the slowing of the engine, is interposed
between the gas valve spindle and its actuating lever and which is pulled
away when the engine speed increases. In this manner the gas valve
opens and admits the charge or remains closed during several cycles,
in the course of which a charge of air only is admitted to the cylinder.

The economic advantage of the sysiem as regards consumption
enables the proportions of gas and air in the mixture to be adjusted
once for all, each charge admitted constituting a perfect explosive
mixture and giving & maximum of useful work. Bat, in apite of the
favour etill given to the “hit-and-miss” systemn by several British
and American makers, it must be recognised that this method of
control does not resulf in smooth and silent working of the engines,
which must be a feature if they are to compare with steam engines.

The temporary cessation or suppression of charges, after several
cut-out cycles have been made, sets up sudden and violent shocks
which may be without immediate serious consequences in small
engines, but become prejudicial to engines ranging between 80 to
75 H.P., and involve real risks in engines of 100 B.». and above.

Besides this, the *hit-and-miss "’ aystem does not answer well for
enginea working under light loads, or at no loads, with gas from suction
gas producers. In these circumstances, the gas is taken after three, four,
or even five cut-oub cycles, and then the draught of air through the
generator is not constant enough and the fire becomes extinguished, or,
at least, produces very weak gas, due to the lack of furnace activity.

Those makers who apply the ¢ hit-and-miss ” system to their
engines are familiar with the series of very special phenomena that it
gives, and particularly (1) that after a cut-out the following explosion
is stronger in some cases and weaker in others, according to the form
of the combustion chamber and the position of the valves and ignition
device ; (2) that it frequently produces very high pressures from the
violent explosions, the consequences of which are so much the more
harmful to the working parts as the engines become larger, because
the moving masses become heavier and the inertia more considerable ;
(8) that the intermittent explosion produces cyclical variations or
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irregularities extending over a certain number of revolutions of the
fly-wheel, and that these cyelic irregularities are incompatible with the
conditions of driving dynamos for electric lighting, &c.; (4) that to
counteract these it is necessary to make use of extra heavy fly-wheels,
which constitute an additional load on the engine and reduce the
mechanical efficiency.

Against these defects it ie true that the * hit-and-miss ™ system is
the most simple governing arrangement to construct, the least liable
to derangement, and presents the following further advantages:—
(1) Low consumption at light loads, due to the fact that the mean
pressure tends to increase rather than to diminish under such con-
ditions, as has been mentioned above; (2) the proportion of the
mixture, being adjusted once for all, remains constant and always
realises a maximum mean pressure without necessitating high com-
pressions; (3) regularity as regards variations of speed produced by
variations of load. This regularity remains between the limits of
13 to 2 per cent, of variations in the number of revolutions between
the “ no-load ” and “ full-load ”” speeds of the engine.

The general statement that the “ hit-and-mise ” system gives alower
consumption than other governing methods cannot be maintained
to-day. It has been practically demonstrated from a number of
impartially conducted teste that a goed system of governing by
variable quantity concedes nothing to the “ hit-and-miss " method.

In Germany all the makers have abandoned * hit-and-miss "
governing, and those who do not yet build the larger engines with
variable admisgion have chosen temporarily an intermediate system,
which, if itis not more economical, has, however, the merit of ensuring
smoother and more regular working without necessitating the use
of extra heavy fly-wheels.

2. Variable Ratio and Comstant Volume.— The characteristic of
this system is an admission of air throughout the whole of the suction
stroke whilst s variable admission of gas changes the ratio or composi-
tion of the mixture according to the load. The compression is there-
fore constant. The admission of gas commences sooner or later in
the suction stroke and stops just before, or at the end of the stroke at
about the time the main inlet valve closes.

This is contrary to the method adopted in the steam engine, in
which the admission begine with the stroke snd finishes earlier or
later during the stroke.

It is with s view to obtaining the richest mixtures at the end of the
piston stroke and to ensure that the explosive charge shall remain in
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the vieinity of the igniter, that many makers have arranged the
admission of gas in this manner rather than at the beginning of the
stroke. Some makers still seem to believe in the old theory of the
stratification of fluids and to respect it as a valuable tradition in spite
of the fact that specialists have proved that no stratification of gases
is possible. One of the most reputable German builders has frankly
resigned the theory of layers or stratification, formerly defended by
Otto, and he has, without any apparent prejudice to the thermal and
mechanical efficiency of his large engines, operated the variable
method of governing by admitting the gas, not along with the
admission of air, but from the commencement of the period of
admiasion, cutting off its introduction, more or less early, during the
forward movement of the piston, so that at the end of the stroke there
is an admission of pure air only.

In such conditions, if the theory of stratification be a correct one,
the back of the cylinder or combustion chamber should be filled with
air alone, confined round the igniter, whilst a cushion or layer of rich
mixture remains contiguous to the piston. To argue in this way it is
necessary to admit the possibility of the layers of fluids remaining in
their respective positions in spite of the swirling of the fiuids during
the admission period caused by the throttling of the gas and air
passing through the ports, at a velocity of from 180 to 230 feet per
second. It is also necessary to admit that the inertia of the gases
drawn by the piston in one direction and suddenly pushed back in
another, would allow these fluids of a sensibly equal density to escape
diffusion, and to remain stratified and separated from each other until
the end of the compression stroke.

This interesting question is, of course, entirely hypothbetical, and
therefore the author prefers to confine his remarks to some physical
facts relative to the variable mixture at constant volume.

Theoretically, the variation of the ratio of mixture ocught to be made
exclusively under the control of the governor, so that it would only
take place according to the work done by the engine. Hence, the
mixture ought to remain constant for a constant load. But such is
not the case, because the air, continuously admitted during the whole
suction stroke, acquires a speed approximately corresponding to that
of the piston, whilst the gas valve, which opens earlier or later, and
closes invariably at the end of the stroke, sets up a restriction entirely
depending upon the position of the piston when such opening takes
place. Thus the speed or varying velocities of the gas do not
svnchrooise with those of the air. Moreover, the influence of the
inertia of the moving Hluids plays hers an important part.
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Mr. Reinhardt has proved that the air aequires under the influence
of the constant suction, an accelerated speed in the pipes and ports,
whilat the gas, which is progressively admitted, must start from zero,
and thence accelerates its velocity in passing through an orifice of a
continuously varying ares.

The gas valve opens during the outward stroke of the piston, and,
when the position of the latter corresponds to its maximum speed, the
gas which is at rest in the gas pipe is suddenly urged forward by the
suetion. It is this lack of synchronism between the velocities of the
streams of gas and air that spoils the proportion of the explosive
mixture and retards ite combustion at low loads. This causes the
beck firings which are more often observed in engines governing on
the mixture than in those governing on the volume.

The tendency to back firing at low loads is also due to the fact
that the mixture may be impoverished and diluted to such an
extent that it is no longer explosive in the real meaning of the
word, but merely burns slowly from the beginning of the expamsion
stroke till the end of the exhaust stroke. 'This burning mixture is
tiable to fire the lollowing charge entering through the inlet valve,
which is usually opened in advance of the actual piston stroke.
When this gas is burning slowly, it is mueh more liable to cause
back-firing, as, owing to the absence of an explosion, it has hardly
the necessary pressure to help it to esecape at a great speed through
the exhaust.

To prove that this explanation of a rather complex phenomenon
has not at all a hypothetical foundation, the results of experiments on
the inertia of fluids moving in the pipes and cylinders of the engines,
which the anthor has already published, may be recalled.

It an indieator diagram be taken with a light spring, with a stop to
restrict the movement of the indicator piston during the compression
eycle of the engine, no explosion will be recorded from the engine
cylinder, but only the first portion of the compression curve will be
traced as well as the end of the expansion curve, and the entire
exhaust and suction curves.

Fig. XIL.—1 shows two consecutive disgrams taken from an
engine. The first one (in thick lines) shows the pressures prevailing
during a portion of a power ¢ycle during which an impulse is given to the
piston, and the second one (in thin lines) shows the pressures when a
charge of mixture bas been admitted, compressed, expanded, and then
‘discharged by the sole effect of the in-stroke of the piston, the ignition
device having been intentionally put cut of action to prevent the
explosion of the eharge.

"~
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The exhanst back pressure in the case of the explosion diagram
(thick lines), measured by the scale of the indicator gpring, shows &
resistance of only 2 lbs., whilet in the diagram without an explosion
(thin lines) this back pressure
reaches 63 lbe. This proves
that the gases without pressure,
when the exhaust period com-
mences, have encountered the
resistance due to the inertia of
the fluide at rest in the exhaust
pipes duriug the inward stroke '
of the piston, Fie. XI.—1. If:asistancc”diagram. “ power

It will be observed that the and eat-ont ” cycles.
expansion curve runs at a eertain distance from the compression curve,
owing to the heat borrowed from the walls of the eylinder, which has
caused the charge to expand.
Increasing back pressure to
the exhaust takes place also
when dealing with very poor
mixtures, burniug slowly in-
stead of exploding. This
pbhenomena is illustrated in
Fig. XI.—2, obtained from

F1e. XI.—2, Resistance disgram, slowly different tests, in which the

burning, weak mixtures. . .
mixture has been impover-
ished to such an exteni{ that the very late ignitions are recorded,
causing much greater back pressures than when the charge was
exploding, expanding, and then
discharging under high pressure
in & normal manner.

Back-firing may occur in any
of the different ways which are
shown by the cards which have
been suecessfully isolated from
the normal diagrams.

In the first case {Fig. Xl'.__s)' Fia. X.L--3. Resistlan_ce diagram showing

. . back-fire upon adinission of fresh charge.
the burning gases have fired an
explosive charge, remaining behind the inlet valve during the inward
stroke of the piston, when the admission valve was opening in antici-
pation before the dead centre.

In the second and third cases (Figs. XI.—4 and 5), burning gases,
confined in the combustion chamber till the beginning of the suction

1.C.E. P
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stroke took place, caused the new charge entering the cylinder to
explode.

In order to avoid firing any mixture liable to remain in the valve
box behind the inlet valve, this space must be secavenged or swept out
by a final admission of air. This can be easily done by closing the gas
valve at about the end of the suction stroke, sc that air ie admitted
slone nntil the main inlet valve is closed. The space between the two
valves must also be reduced to a minimum, such as by locating the
air and gas valves in the main box eoncentrically. to the spindle of the
main inlet valve,

The arrangement of the gas and mixture valves within a common
box presents some additional advantages by permitting rapid and close
governor control. The existence of a large dead space between the
regulating valve and the inlet port to the cylinder, permits the mixture

N ™
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Fig. X1.—4. Resistance dingram show- Fig. X1.—5. Resistancediagram show-
ing back-fire during first pertion of ing back-fire towards the end of
suction stroke, suction stroke,

contained in it to escape the control of the governor when the latter
changes its position between two consecutive cycles.

The sensitiveness of the govervor’s action may especially be
influenced in the case of multi-cylinder engines, as for example,
a twin-tandem, four-cylinder, double-acting engine.

The single valve box, however, has some drawbacks in engines of
the single-acting type, below 100 to 150 m.p., designed for work with
producer gas previcusly submitted to but one purifying and washing
process. In such conditions the gas valve is liable to be coated with
tarry matters, and, consequently, needs frequent cleaning. This is
more difficult when the valve is embodied with others than it would
be if it were independent, and, therefore, much more accessible.

The system of governing with variable ratio and constant volume is
applied to a special class of large engines where the load and the
speed remain practically constant, sucl as in those designed for
operating dynamos in central stations, spioning and weaving mitls,
corn mills, &ec.
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In these engines, it is necessary to have recourse to high and
constant compression pressures and to carefully balance the recipro-
cating parts in order 1o obtain smooth
working, to compare favourably with
high speed steam engines.

The system of governing with mixture
of variable ratio snd constant volume
can be effected either by means of a
conical cam or a stepped-block, both
designed for giving the gas inlet valve
a variable lift, or by means of a me-
chanical device, which causes the stroke
of the gas-valve to vary.

Fig. XI.—6 shows the system with
“ conical cam.” '{‘hia eonsis.ts simply F16. X1—6. Variable quality
of a sleeve carrying a conical boss, governing by * Conical Caw."
which is moved by the governor
longitudinally along the shaft so that the roller operating the valve is
lifted to & greater or lesser extent, according to ite position on the boss.

The same result may be obtained with the stepped-block fized
on the rod of the gas valve,
such as in Fig. XI.—7. In this
arrangement the governor moves
the contact pecker up or down
in such a way that the stroke of
the gas valve is varied to suit
the load upon the engine.

The first system is defective
because the governor is subjected
to violent reactions due to the
obliquity of the cam, resulting in
a lack of sensitiveness and steadi-
ness, no matter how powerful the
governor may be, )

In the second system the
governor is not subjected to these
reactions because it does not

Fi1G. XI.~-7. Variable quality governiog A . .
by Stepped Pecker-block. actively interfere in the opera.

tion, buf is only acting upon a
light device incapable of transmitting any reaction, and is, in this
respect, comparable to the ‘‘ hit-and-miss.”

While both the systems assure admission at every other revolution
P2
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in the four-cycle engine, they both have the drawback of causing
violent explosions at full load, which are prejudicial to the good work-
ing of the engine. Moreover, at low load, the ignition is necessarily
late, owing to the impoverishment of the mizture, and, as a conse-
quence, the efficiency of the explosive mixture is considerably lessened.

The indicator cards in Fig. X1.—8 and 9, illustrate these difficulties.

The systems above deseribed are not suitable for higher compression
pressures than 115 to 180 Ibs., because premature ignitions would then
result at full load, owing to the mixture being too rich. It must also
be borne in mind that, with both of the systems mentioned, the
admisgion of the gas to the cylinder does not take place at the same
time as the admission of the air, except at full load, because the
variable stroke of the gas valve is obtained by altering the times of
both opening and closing the valve. To obtain a good homogeneous

Fii. XI.—8, Indicator diagram showing Fie. X1.=-9. Indicator diagram showing
violent explosion duc to rich mixture. loss of efficiency due to weak mixture.

mixture, the moment of opening and closing the gas valve ought to be
constant and to correspond with the inner and outer positions of the
piston. At low loade the gaes valve is opened and closed for a very
short period about the piston’s midstroke, and when ite linear velocity
is at its maximum. This obviously is at variance with ¢orreet prin-
ciples, as the valves should be operated so as to cause the fluids.to
move as much as possible at the same velocity.

The widespread popularity of suction gas producers for powers
exceeding 30 H.p. has necessitated further study in connection with
modern gas engines in order that the utmost reliability of such
combinations may be secured.

It is obvious that the intermittent suctions caused by * hit-and-
miss ”* engines when running light, are detrimental to the regular and
continuous operation of the generator. It may, therefore, be predicted
with certainty that the ‘* hif-and-miss”’ governing, already abandoned
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by European gas engine firms, will soon fall into desuetude in the other
gas engine manufacturing countries.

Some constructors have endeavoured to obtain the mixture at
variable ratio and eonstant volume by operating on the stroke of the
gas valve, either by using a continuous motion or by automatic cut-off ;
others have designed devices that vary the time of the opening or
closing of the gas valve.

As the mechanical devices which have been applied are similar to
those used for operating the admission valve in the system of governing
classified under No. 8, the latter will first be examined and afterwards
the similar contrivances used in the No. 2 system of governing will be
dealt with.

3. Governing at Constant Ratio and Variable Volame.—The charac.
teristic of this method of governing is to cause a variation of
compression pressures proportional to the volume of mixture admitied
into the cylinder,

It is a well-known fact that compression from 140 to 170 lbs. and
over is indispensable in order to obtain low consumption and the
complete combustion of very poor mixtures. Particularly is this so
for engines fed either with producer gas or with blast furnace gas.
The latter especially requires high compression owing to the fact that
the almost entire absence of hydrogen in the gas is unfavourable to
the quick propagation of flame.

With engines governed by variable volume of mixtures at constant
ratio it is necessary to arrange for very high compression of full load
volumes in order to ensure ignition of the small quantity of mixture
admitted at low load. This compression should not, of course, be
carried above the critical limit at which spontaneous ignition might
oceur.

Governing by admission of variable volumes of mixture at constant
ratio is obtained by throttling the gaseous mixture before entering the
cylinder. This throttling may be produced either by means of a
butterfly valve in advance of which an automatic valve is sometimes
fitted, or by varying the lift of the inlet valve itself, or by means of a
mixtare valve.

It would be premature to declare that this system of governing as
applied in its different forms will preponderate over other systems, as
both the methods 2 and 8 are used by makers in equal numbers.

Butterfly Valve—The butterfly valve has been applied by the firms
Schmitz, Soest & Co., Hornsby-Btockport, Tangye, Koerting and Benz,
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the two latter using an automatic mixing valve before the butterfly
iteelf. The butterfly is worked by the governor, and is fitted imme-
diately before the admission valve to the eylinder, where it operates on
the mixture previcusly effected. Sometimes two butterflies are fitted,
one controlling the gas and the other the air as in Fig. X1.—10.

With the butterfly arrangement a free space or clearance is formed
between the butterfly and the inlet valve, This is filled with mixture
formed before the action of the govermor upon the butiterfly, and
cannot be seavenged by air only, since both air and gas are entering at
the same time. In order to lessen the detrimental effect of this bulk
of mixture the butterfly should
be fitted as close to the combus-
tion chamber as possible. The
only advantage that ecan be
claimed for this deviee is the
facility with which the butterfly
can be dismantled for ecleaning
purposes, a consideration of par.
ticular importance when producer
gas is used, a8 the necessity of
lifting the heavy admission valve
and its cage, &c., is thus avoided.

The butterfly valve in the
arrangement under notice is the
first detail that restricts the gas
or the charge before its ebiry
into the eylinder, and as it re-
F1a. XI.—19. Governing by variable volume : mains cold, these two features

mizture throttled by separate Butterly  contribute to the precipitation of
Valves, .
tar. In gas producing plants
with & single purifier it constitutes one of the principal causes of dis-
turbances in working, and it is necessary to remedy this as much as
possible by providing means for its ready cleaning.

The arrangement of butterfly valves shown in Fig. XI.—11 (Koerting),
prevents the gas under pressure from passing into the air supply
pipe by means of an sutomatic back pressuve valve which closes both
air and gas passages at the same time. It acts also as a mixture
regulator, and forms a useful complement to the butterfly valve owing to
the fact that it ensures the air and gas remaining in the same proportion
whatever the lift of the valve.

The partial vacuum caused by the suction of the engine operates the
mixing valve, and, being modified by the position of the butterfly valve
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controlled by the governor, the lift is thus always in accord with the
working of the governor. The mixing valve is necessarily exposed to
the deposit of tar, but as it can be readily removed it does not involve
much interference with the good working of the engine.

The Westinghouse Co. apply throttle governing to both air and gas
by means of a double equilibrium valve actuated by the governor as
indicated in Fig. X1.-—12.

A. H. Alberger & Co., of Buffalo, for their four-cycle, single-acting,

Dok Por

*

Fig, X1.—11. Batterfly Mixture Valve and automatic (3as Valve {Koerting).

tandem engines use a piston valve, shown in Fig. XI1.—18. Longi-
tudinal ports are provided in the piston valve and in the box which
contains it, the two portions being shown separately in the drawing.
The rotary movement given by the governor throttles the air and gas
passages {0 a common port leading to the two eylinders. The piston
valve is placed between the gas inlet above and the air inlet below,
and in case of need a small injector for feeding petrol or gasoline ean
be provided, as shown in Fig. XI.—18, if the engine is to work with
this liquid fuel. The diaphragm separating the two ingredients within
the valve box can be moved by hand and adjusted so as to obtain the
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proper mixture ratic. Governing is thus effected by culting off
the admission of mixture sooner or later according to the power
required,

On account of the frictional surfaces comprised in this arrangement
it is not suitable for imperfectly purified gas, which might cause
deposits to collect upon the piston valve. Bat it is, of course, well
understood that American anthracite does not produce tar.

On the other hand, as the slide valve is suspended entirely from the

Fia. X1.—12. Westinghouse Air and las Throttle Governor.

governor and does not intercept the communication between the gas
and air inlet, the arrangement does not permit any scavenging of the
gas coniained in the mixture port into the cylinder by means of a
blast of air only. Moreover, if the gas be supplied under pressure,
there is a tendency for it to pass into the air pipe displacing the air,
while, if the gas is supplied at less than atmospherie pressure as from
# suction gas plant, the air has a tendency to enter the gas supply
pipe. The result is that there ia a lack of atability in the proporfions
of the mixture.
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Fia. X1.—13. Alberger Piston Throttle Valve,

Variable Valve Lift.—If the governing be effected by the mixture
inlet valve, it may be described as follows :—

“ 8ystem of governing with mixture at constant ratio obtained by a
variable opening of the main inlet valve under the control of the
governor.”

Fra. X1.—14. Gasmotoren Fabrik Dentz variable Valve Lift Device.
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This method, already complex by its definition, presents some
practical difficulties in application, to which it is desirable to call
attention. It may be designed in seversl ways, all more or less
commendable, and be operated by s variety of mechanical devices.

To ensure a good arrangement and to avoid defective working, it is
indispensable to observe the following points :—

1. The time at which the opening begina or ends should be
invariable,

2. Any direct reaction should be transmitted to the governor
through the operating levers of the valves, and, if this reaction cannot

Fi1e. XI1.—15, Kinig Governing Device.

be altogether avoided, it should be so small that it ean be easily
overcome by means of springs or dash-pots.

3. The posilion corresponding to the minimum opening of the valve
should be very near the position where there would be no opening
at all.

4. The rods and operating levers should be of rigid design in order to
avoid any vibration,

6. The different parts should be designed so as to afford free access
and easy dismantling of the valve.

Several manufacturers have obtained the monopoly of certain
designs of gear by duly acquired patents. Nsturally the mosat simple
and rational arrangements are the property of those makers who first
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investigated the question, and it is inevitable that thore who have
to consider the problem at a later date must be content with more
complicated, though probably equally efficient devices, to avoid
infringement of the prior rights of the original patentees.

In all designs the mixture inlet valve is operated by means of levers
actuated by a cam, or an eccentric fixed on the side shaft. The
simplest arrangement uses a single lever; other systems utilise two
or sometimes three levers combined with each other to secure the

Fio. XI.—16. Gilissen Governing Device,

proper variation of the valve lift. The various systems may be
divided into two principal classes :—

(8) Those with a single lever; (b) Those with combined levers.

In order to avoid confusion the movements should be differentiated
with respect ko the lever which is in immediate contact with the valve
spindle. The following definitions of terms will be useful when
comparing the various examples noted in the following pages :(—

Resistance.—The force to be overcome when moving the valve by
movement of its rod in the direction which corresponds with its
opening. (The point of application of this resistance must have the
variable stroke taat meets the predetermined requirements.)
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Stress.—The effort exerted more or less directly by the motion of
the cam or of the eccentric, so as to vary either the stroke or the
peint of application of said stress,

Support—The centre of oscillation of the rocking lever. This
support may be moved as well as the lever itself, so aa to vary the
position of the point of application of the stress as well as the point of
application of the resistance.

Single Lever.—The combinations of the single lever arrangement

f
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Fia. X1,—17, Gilldncr Governing Device.

comprise either the diaplacement of the aupport, or the varistion of
the stroke of the point of application of the stress.

Displacement of the S8upport.—The device employed by the Gas-
motoren Fabrik Deutz utilises the displacement of the support, and is
illusirated in Fig. XI.—14.

It is protected by a German patent applied for in July, 1902, and
granted in Muy, 1904. It involves a lever I, sttached at 1 to the
spindle of the valve to be operated. The fulerum of this lever is
formed by the end of an arm which oseillates around its suapension
point 2, and which ia controlled by the governor by means of the
rod m,
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The claim of the patent is as follows :—

“@overning deviee for inlet valve of explosion engines, characterised
by the displacement of the support of the operating lever, effected by
the governor according to the load of the engine in such a way that
one arm of the lever is elongated, and thereby the other shortened,
and consequently the stroke of the valve is varied whilst maintaining
a constant duration of the opening.”

The author is not entitled to offer any opinion upon the patent

FiG, X1.—18, Bollinckx Governing Device.

rights that the Gasmotoren Fabrik Deutz has acquired in Germany.
From the long period which elapsed from the time of application till
the time of granting this patent, it is obvious that the German Patent
Office thoroughly investigated the matter, and carefully examined the
different anticipatory claims which might have been alleged. 1If, after
this examination, the patent has been granted upon the text above
mentioned, this constitutes a recognition of the right of the Gas.
motoren Fabrik Deutz to benefit by this invention and to prevent any
other constructor from making use of mechanism based on similar
principles to these which are defined in the patent.
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The arrangement under notice may be considered as one of the best
yet designed. It is simple, rational, and compact, and in practical
use it has worked exceedingly well. But since it is patented in certain
countries, other makers will bave to content themselves with the use
of devices less simple, but perhaps quite as ingenious.

K16, X1.—1%.  Mora Governing Device.

It will aceordingly be intereating to examine similar devices to the
Otto-Deutz, which have been the subject of previous patents, and
which have, in consequence, been opposed by the Patent Office against
the application for the patent. The Gasmotoren Fabrik Deutz were
one of the first, if not the very first, to design gears for giving a
variable stroke of the mixture valve of gas engines, and the prior
applications deal almost entirely with devices relating to the governing
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of steam engines. The Konig and the Gilissen systems may be
particularly mentioned in this connection.

In the Konig system, Fig. XI.—15, the arrangement is absolutely
similar to the Otto-Deutz gear, except that the valve is opened by
lifting, and that the motion is obtained by an eccentric. In the
Gilissen system, Fig. XI.—16, the operating lever L rests upon a
curved rolling lever «, the inclination of which is varied by the
governor by means of the cam b. The result of this is the variation
of the support of the principal lever L.

The Gilduoer system, Fig. XI.—17, used by the Gildner Motoren

3 a4
Rt

—r

& _
|

Fig, XI.—20, Anzin Governing Device.

Gesellschalt, differs from the Otto-Deutz gear, by the fact that the
support is formed by & block with a partial rolling surface, 4. This
block is moved along the straight sliding surface by means of the rod
m, operated by the governor. 'This device infringes the claims of the
Gasmotoren Fabrik Deutz, but they have permitied Messrs. Gildner
io make use of it.

A Belgian patent has been obtained for the gear shown in
Fig. XI.—18, by M. Bollinckx, of Brussels. In this the support is
replaced by a sector 4, the circular edge of which rolls on the lever L,
whilst the centre slides against the straight rolling surface ¢ and is
fulerumed to n rod operated from the governor.
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M. Mora, of Paris, adopts the arrangement shown in Fig. XI.—19,
The Société de Mécanique Industrielle d’Anzin (France) has patented
anx arrapngement which is an improvement on the Guldner patent,
Fig. XI.—20, and includes a curved rolling surface b, instead of a
atraight one, fulecrumed at 2, and held firmly in position by two
set-acrews, which provide for hand adjustment. The lever L is not
fized to the valve, but rests upon the spindle, and is guided by a
secondary lever a.

Variable 8troke of the Point of Application of the Stress.—M. Bollinckx
proposes the arrangement shown in Fig. XI.—2!. The arm L of

L LELLL)

(L LYY T

of

Fi6. X1.—~21. Bollinckx Governing Device.

the lever Ll is in contact with the rod e, and is kept in position
by the connecting rod b, fulerumed at 2; the end 8 of this connecting
rod is moved on & curved rolling surtace C. According to the position
of the point 8 along the surface C, the stroke of the point 2, resulting
trom the constant movement of the rod @, is varied, and, owing to the
reaction of the lever Li, the stroke of the valve is also made to vary.

Combined Levers.—In making use of two or more levers, the
variable stroke of the valve can be obtained by means of various

combinations :—
1. The variable stroke of the point of application of the stress.
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2. The variable stroke of this point combined with its own displace-
went or with the displacement of the point of application of the
resistance.

8. The displacement of the point of application of the resistance.

(1) Variable Btroke of the Point of Application of the Btress.—In
this class is included the arrangement formerly used by the Niirnberg
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Fia. XI,—22. Otto (French) Governing Device.

Co., similar to that used by the French Otto Co., Fig. XL—22.
The main lever L! is fulcrumed st 2 with a rod e, resting at its lower
end on a curved link b.

One of the ends of this link is fulerumed to the frame at 8, whilst
the free end 4 rests on the operating eam. The governor moves the
rod a along the link by means of the bell crank lever S, the connecting
rod C, and the governor rod m.

LC.E. q
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Accordingly, as the position of the rod & varies on the link b, the
siroke of the valve is caused to vary from =il to maximum,

1t should be mentioned, however, that this arrangement has been
practically abandoned by the original users,
because of its defective working due to the
short connecting rod (C), causing prejudicial
reactions on the governor. It has now been
superseded by a recently patented device.

(2) Variable 8troke of the Point of Appli-
cation of the Stress Combined with its Dis-
placement.—In Lhis class are the well-known
and standard devices of Nirnberg, Fig.
XI.—28, and of Schmitz, Fig. XI.—24. The two designs differ from
each other only by the position of the levers and their mode of opera-
tion. They each contain a secondary lever, which rests upon the

Fla. X1.—23. Niirnberg
Governing Deviee.

Fig. XI[,—24, Bchmitz Governing Device,

valve spindle, as well as a prineipal lever, the arm of ‘which is parallel
to the secondary lever, Contact between the two levers is ensured by
means of & block or a roller, which moves under the action of the
governor, As the block, or roller, moves more or less, so it causes
the valve to open from »il to maximum.
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(8) Variable 8troke of the Point of Application of the Stress Combined
with the Displacement of the Point of Application of the Resistance—
The combination, Fig. XI.—25, patented by Tangyes Ltd., and

. J. Robson, of Birmingham, comprises s principsl lever Ll, resting at 2
on a secondary dever b, The latier rests at 5 on the spindle of the
valve. The rod m of the governor is fulerumed at 4 to the lever b,

Fia. XI1,—25. Tangye Governing Device.

so as to move the latier upon the pivot 6, to which is fulerumed the
connecting rod a.

This motion varies the point of application of the stress 2, and at
the same time alters the position of the resistance 5, with respect to
the point of applieation 3. '

Displacement of the Point of Application of the Resistance.—Some
combinations of this class have been recently constructed. They are
too recent in application to enable any judgment to be formed of their
reliability in actual work.

Q2
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Miring Valve.—In coisidering the hypothesis of governing with
constant ratio and veriable volume, the use of the * mixing valve ™
must be considered. This valve is, as a rule, composed of two parts;
one is an ordinary double-seated equilibrium valve, which closes the
annular gas ports; the other is formed with a circular slide that
moves over the air ports, which ave, in almost all cases, placed below
the ring of gas ports.

In the design used by the # Schweizerische Locomotiv und Mas-

Fia. XL—26. Winterthur Governing Device.

chinenfabrik,” of Winterthur, Fig. XL.—26, the mixing valve 8 is
concentric to the admission valve 4, and placed in the same box, which
can easily be taken to pieces for cleaning. The main inlet valve, kept
on its seat by the spring 11, is operated by the ordinary combination
of lever, rod and cam, so as to keep the valve open during the full
suction stroke. The mixture valve 8 consiste of a double-seated
gas-valve and a circular air slide, made in one piece. This valve is
operated from outside through a sleeve fulcrumed to another combina-
tion of lever 17, rod 18 and cam, with the difference that the latter is
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part of an eccentric 28, the position of which can be altered by the
governor 26, through the rod 24.

Owing to the special shape of the cam carried by the eccentric, the
mixture valve opens always at the same instant, whatever the position
of the governor, but closes earlier or later during the piston stroke
according to the power developed by the engine. The air dash-pot
deadens the shock caused by the rapid closing of the valve by the
action of the spring 9.

Fig. XI.—27 illustrates the former arrangement used by the

Fig. X1.—27, Niirnberg Gioverning Device,

Niirnberg Co. in their single-acting engines. The lever operates a
mixing valve through a rod, the end of which is moved on a link
by the governor. This link is part of the lever which receives a
constant motion through the cam and roller. By means of the link
a variable opening to the mixing valve is obtained.

Governing at Variable Ratio and Constant Volume.—The mechanical
devices designed to secure the second system: of governing with
variable ratio and constant volume by operating upen the valve
stroke of the gas valve will now he reviewed.

It the gas valve be separately considered, irrespective of the

rd
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admission valve to the cylinder, the different combinations may be
divided into systems with single lever, and systems with multiple
levers just as for the third system of governing. In practice, the
mechanism of the gas valve is always combined with the inlet valve
fen.r, and the arrangement consequently involves the use of several
avers.

These combinations may be classified as follows :—

1. The displacement of the support of the operating lever.

2. The variable stroke of the point of application of the stress.

8. The displacement of the point of applieation of the resiat-
ance.

1. The displacement of the point of application of the support has
beon applied by the Gasmotoren
Fabrik Deutz, and will ba discussed
later on when dealing with the large
gas engines.

2. The variable stroke of the
point of application of the stress is
used in the device of Fahlencamp,
PFig. X1.—28, whose patent was
opposed to the Gasmotoren Fabrik
Deutz by the Patent Office, although
the two systems are absolutely
different. Fahlencamp operates the
air-valve 5 by means of a lever L at
constant stroke. Through the sleeve
of this valve passes the spindle of
the gas valve. On the carved air-
valve lever I. rests an arm b, ful-
crumed at the other end to the
spindle of the gas valve. The arm b
is moved by the governor by means
of the rod m, and so causea the

Fia. X1.—28. Fahlencamp Governing  yariable opening of the gas valve.

Deviee. 8. The displacement of the point
of application of the resistance has been realised in the device of Recke,
of Rheydt (Germany). This arrangement, Fig. XI1.—29, has a
prineipal lever, LI, connected to the inlet valve, to which it gives a
constant motion. To this lever is fulerumed a connecting rod b, ful-
crumed to a lever 4a. The latter can turn upon the pivot 3 through
« movable support displaced by the governor.
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The arm a of the lever da is so curved that it keeps in constant
contact with the roller €, fitted to the end of the gas valve. The
stroke of the latter varies in accordance with the displacement of the

Fra. X1.—29. BRecke Governing Device,

lever Aa, as the movable support ia brought more or less near the
roller.

Governing at Variable Ratio and Volume.—The governing arrange-
ment designed by the Hallesche Maschinenfabrik can simultaneously

Fi1a, X1.-—30. Hallesche Throttling Fira. X1.---31.  Hallesche Gas and Ajr
Device, Regulator,

vary the quality and the quantity, and eniers, of course, into the fourth
class. It eonasisis of a eylindrical box, fitted in the prolongation of the
gas and air pipe. In this box is a throttling device S, Fig. XI1.—30,
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containing a butterfly valve P, which is under the conirol of the
governor and regulates the quantity of mixture admitted to the
cylinder, On opposite sides of the throttle are two movable seg-
ments S5, which can be moved as shown by the dotted lines. Accord-
ing to the position of the segments, the supply of one or another of
the two fluids composing the mixture can be altered so as to modify
the ratio. This modification can be effected either by the governor or
by hand.

The patent granted to this firm for their governing device also
includes an arrangement for separating the gas and the sir in two
passages, as shown in Fig, XI.—81, and in securing the variation of
the mixture by means of two slides 4 and B, operated by a lever in
such s way that one slide opens when the other closes, and rice versd.

Governing of Large Gas Engines.—From a practical a5 well as from
an experimental point of view, and more particularly when dealing
with large engines, it will be noticed that several important firms
after having made use of the one system of governing, have aban-.
doned it in favour of another. Other firms have designed a combina-
tion of variable volume and variable ratio, thus endeavouring to get
the good qualities of each method while eliminating the defects. Tt
is interesting to notice how these makers have solved the prolilenm,
but at the same time it is open to question whether the combination
of the two methods has not been obtained at the cost of great
mechanical complication.

As has been already mentioned, considerations of fuel economy
have not encouraged improvements in the constructional details of
large gas engines with respect to high efficiency on the patt of gas
engine makers in America and England as much as they have in
Germany, France, and Belgium. Jt is in the latter countries that
within the last seven or eight years the use of large engines has been
rapidly developed, and the leading engincers bave had to deal with
the difficult and complex problem of building large internal com-
bnstion units, coniparable to stewm engines in regard to aafe working
and reliability.

During the four or five years oceupied in developing the new ideas
English and American makers have watched the laborious though
rapid revolution of the blast furnace gas engine ; and now, when the
principal practical difficulties have been solved, they are able to make
8 selection from the best Continental designs and commence con-
struction of such engines under licence. In their turn they have
endeavoured to simplify the design, and to incorporate such further
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improvements which are supposed to be best snited to local require-
ments.

British end American engineers have always opposed the tendency
of European makers to complicate the mechanical arrangements, and
in consequence, we may perliaps expect that in the very near future
the Continental designs will be considerably simplified. The author
has always insisted upon the simplification of the designs of the
Continental engineers, and when, in December, 1906, Dr. Lucke,
Professor Fernald, and Mr, Junge read their inleresting papera at the
annual meeting of the American Society of Mechanical Engineers in
New York, he took advantage of the discussions to set forth his
opinions in this respect.

The author must, however, take exception to cerlain statements
that have since been made, namely, as to the necessity of building
gaa engines after a so-called ** American practice.” He is of the
opinion that in the future there will not be any *' American practice ”
nor will there be an *“ inglish ” or a “* Germsan,” but there will be a
universal practice, and one that will be based upon the ripest experience
and the most scientific principles. It will be the best practice sug-
gested by pioneers like the German and Belgian engineers. With the
exception of certain constructional details and rules with which

“American engineers seem at variance, notwithstanding the fact that
these principles have been evolved Iy European makers as the result of
long experience, there is no doubt that the Continental engine will be
improved when slightly Americanised. That, perhaps, will be the
momen} for European makers to derive some benefil from American
methods, and they may be permitted to do so without any prejudice
to the honour due to them as the originators and pioneers.

The devices that have been already described and commented upon
are more especislly applicable to small single-acting engines of powers
up to 100— 125 u.p. per cylinder. Although they have the merit of great
constractional simplicily, they cannot, in many cases, be applied to
large double-aciing engines, because of the weight of the moving paris,
the inertia of which would be detrimental to the sensitiveness of the
governor. Moreover, the partial vacuum caused in the cylinder at
low loads, which may reach from 7 to 10 lbs., causes negative work
which has to be considered wlen dealing with large engines. The
result is not only the loss of useful work, which affects the mechanical
efficiency, but also the tendency of the admission and exhaust valves
to open, due to the suction. In a single-acting engine of 150 m.p.
these valves have an area of about 65 square inches, which, with a
vacuum of 7 lbs., would entail & suction effort of about 455 1s. upon
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the valve. To ensure tightness, a tension three times as great as that
needed for keeping the valves on their seat is used for these springs,
because, in addition to the tendency of such springs to yield to the
action of the vacuum, they have to overcome the frictional resistance
of the guides. In large engines, where the valves reach 15 inches in

~* diameter and are subject to a suction effort of about 1,250 lbs., these

eprings offer, of course, an enormous resistance to the motion of the
engine.

In gpite of certain complications of mechanical parts, which cannot
be avoided, makers have endeavoured to replace the negative action
caused by springs on the valves with mechanical devices that maintain
the valves tight on their seats, a spring only being used to compensate
the play in the fulerums. This spring may, of course, be light and
small, since it is not used to draw the valve back on its seat. Hence,
the triple function of opening, closing, and maintaining the valve on
its seat is entirely dependent upon a positively actuated mechanical
device obtained by means of connecting rods operated from the side-
shaft of the engine. DBut as a consequence, and with very few
exceptions, recourse has been made to eccentrics instead of cams. In
order to assure the gensitiveness and independence of the governor, an
automatic cut-off has been applied in many cases. In steam engines
of the automatic cut-off type, the tunction of the governor is but that
of an apparatus which will show, in a passive way, the moment where
admission must start or stop, without itself operating these functions.
The active forces are obtained by the operating device.

For certain special services, such as operating rolling mills, hoisting
machinery, blowing engines, &c., the engines must be built so that
their speed can be varied. Ior instance, in the case of engines
directly coupled to large blast furnace blowers the number of revolu-
tions must be capabie of variation from half to full.

In such conditions, engines running at a low normal speed are best
suited to the purpose, because the inerlia of the moving parts is less
prejudicial to smooth working and there is no need to adopt constant
compression for the sake of balancing the moving parts. In the latter
cage, of course, the governing with constant ratio and variable volume
seeme to be the most suilable owing to the simplicity of the
mechanical devices and to the high efficiency at low loads, while
ignition faults occur less frequently with this system.

The gears applied by the leading Continenlal makers for govern-
ing large gas engines will be reviewed and described in the order
which corresponds, as far as possible, to the classification previously
adopted.
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(8) Method with constant ratio, variable volume (8rd category).

EXAMPLES.

1. Gasmotoren Fabrik Deutz.
2. Société John Cockerill.
8. Gutehoffnungshiitte.
4, Elsassische Maschinenbau.
5. Dinglersche Maschinenfabrik.
6. Gebriider Koerting Actiengesellschaft.
7. Société Frang¢aise de Constructions Mécaniques.
8. Snow Bteam Pump Works.
(b) Method with variable ratio and econstant volume (2nd category).
9. Maschinenfabrik Augsburg, Niirnberg.
10. Crossley Brothers, Ltd.
11. Société John Cockerill,
12. Ehrhardt and Sehmer.
{¢) Combined method.
18, Thyssen & Co., of Mulheim.
{d) Method with constant ratio end econstant compression.
14. Schuchtermaenn & Kremer.

() Meothod with Constant Ratio and Variable Veolume,

(1) Gasmotoren Fabrik Deulz— Double-acting Engine.—In their
double-acting engine, the Otto-Deutz Co. has abandoned the use of the
gas and air valves fitted concentrically to the admission valve. They
consider that this srrangement involves exeessively heavy working
parts, and that for the sake of easy diemantling and cleaning it is
better to have the mixing valve, which is the most liable to get dirty,
fitted in a separate box.

This is commeon to the three systems of governing here described.

In Figs. X1.—382 and 84, the motion of the admission gear is
obfained by the cam fitted on the side shaft by means of rods and
levers to the mein valve. The mixing valve has & double seat, the
upper one used for the air and the lower one for the gas, whilst in the
eir pipe is a butterfly, which is operated by hand, and in the gas pipe a
hand cock, Fig. XI.—82, the latter being veplaced by a valve in the
device shown, Fig. XI.—84.

In both cases the mixing valve is operated by the rod used for the
motion of the admission valve, in such a way that when the latler
drops the former rises, and its lift is variable according to the position
given by the governor to the movable support, which moves between
the two levers, forming the rolling path.
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It is this variable stroke, always beginning and ending at the same
points, that assures the admission in variable quantity of a pre-
determined mixture.

The double seat of the valve has also the effect of balancing it and
of opposing the minimum resistance to the governor, whatever the
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Fra. X1 32, Governing Device, Olto-1enlz double-acting Engines,

amount of the vacuurm existing between this valve and the main inlet
valve,

In the device, Fig. XI.—88, a specinl inlet for town gas is also
provided under the mixing valve. This inlet is controlled by a cock,
o he used, of course, when the fuel gas inlet is closed.

The mixtures obtained with town gas must be more correctly
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proportioned, and in order to avoid leakages, which easily take place with
double-seated valves. a special town gas valve has been provided with
a spring which keepe it tight upon its seat. The construetion of the
device shown in Fig. X1.—84, differs from Fig. XI.—38, by the
operating mechanism of the main inlet valve, in which the strong
opposing coil spring is no longer used, but is replaced by a set ol
levers which draw back the valve on its seat by means of a spring

Fiq. X1.—33. (Governing Device, Otto-Deutz double-acting Engines,

fitted to the lower lever of the operating rod. As soon as this valve
ia brought back on ita seat it is mechanically retained by the device
of levers and fulecrums in the following manner :—

The main crank lever, Fig, XI.—384, the pivot of which is sup-
ported on the casting, is connected at one end by two small connecting
rods to the spindle of the valve, and at the other end tothe operating rod
by means of two other short connecting rods. At rest, the latter are
fitted to follow the same straight line and to constitute & toggle joint
arrangement thai prevents the valve opening when it is subinitted to
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the action of the suction during the forward stroke. As soon as the
main rod enters in operation, this straight line is broken, causing a
reaction that makes the valve open.

At the end of the valve there is only a smnall spring used for
compensating the play in the fulerums and pivots.

A circular slide is also shown in Fig. XI.—84, on the spindle of the

Fi1e. XI1.—84. @Qoverning Device, Otto-Deutz double-acting Engines.

inlet valve, between two guides. This is used either for making an
additional independent air inlet, in order tv impoverish the mixzture
when uning rick gas or for scavenging the mixture chamber by
admitting air after the mixing valve is closed at the outer dead centre
of the piston, or when the exhaust valve is still kept open sfter the
inner dead centre.

The third device applied by the Gasmotoren Fabrik Deutz to their
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very large machines (for instance, 2,000 H.P.) presents some very
interesting and entirely novel features. These are illustrated in
Figa. XI.—36, 86, 87, and 88. The main inlet valve, which, inatead
of being opened in the usual way by a cam on the side shaft, is,
on the contrary, retained closed under the action of this cawmn,
presents & development three times larger than the normal cam.
The usual operating lever is fulerumed to the spindle of the valve by
means of two small connecting rods, a small ¢oil spring absorbing the
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F10. X1.--35. Governing Device, Otto-Dentz double-acting Engines.

play. As soon as the cam releases the motion and allows the operating
rod to drop, a strong coil spring, attached to the operating lever, and
which was compreassed during the whole period the valve was closed,
relaxes its tansion and opens the valve during the whole period corre-
sponding to the continuity of the cam. This arrangement ensures the
positive mechanical locking of the valve by preventing it from opening
under the action of the suction.

The lift or stroke of the valve determined by the sirong coil spring
is invariable.
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Another novelty consists in the use of a single set of gas and air
valves which are common to the two inlet valves, each fitted at the
end of the cylinder. This arrangement reduces the number of the
operating mechanical parts by one half, and has the further advantage
of supplying an identical mixture to both ends of the cylinder.

It must, however, be remembered that the length of the passage

Fic. XI.—346. Gorerning Device, Otto-Deutz double.acting Engines.

from the mixing valves to the admission valves creates a dead space,
the contenta of which may partially escape the action of the governor
in such a way that the governor would not control the speed as closely
and ag quickly as with valves fitted concentrically, according to the
practice of many other makers.

The gas and air valves are fitted in a cage located between the two
admission valves, in the middle of the eylinder, and in its transverse
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axis. The variable admission of both air and gas is obtained by
means of a device with variable fulerum giving a variable valve liff as
used in the other controlling gears of the Gasmotoren Fabrik Deutz,
Figs. XI.—87 aud 38. The air valve carries the rocking lever
operated by the rod and the cam on the side shaft, and the governor
acts directly upon this valve, which is connected to the gas valve by a
similar set of levers in such a way that both valves are dependent
upon each other in their motion. The two valves drop for the
admisgion, and, as they are of the double-seated type, they open at

Fie. X1.--37. Governing Device, Cito-Deuatz double-neting Engines.

both top and bottom. The channels for the air and for the gas both
end in the shape of tuyeres, immediately behind the admission valves
where the mixing takes place.

The gas inlet can be increased or diminished by means of a circular
disc, fitted to a sleeve, moving along the spindle of the inlet valve.
This can be operated by hand to regulate the quantity of gos, uceord-
ing to its quality. The air supply can also be regulated by means of
butterfly valves fitted in the supply channel.

(2) Société John Cockerill, Seraing.—The system of governing at con-
stant ratio used by this firm consists of a main inlet valve with
L.C.E. R
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invariable stroke, which is kept on its seat by means of the usual coil
spring. On a sleeve, moving along the spindle of this valve, a double-
seated balanced valve and a circular slide are fitted. The balanced
valve controls the gas inlet at the top, and the slide controls the air

Governing Mechanism, Otto-Deutr double.acting Engines.

F1e. XI. -38,

inlet at the botiom. The main inlet valve is moved by the usual
system of cam, rod, and lever, shown in Fig. XI.—89.

The gas valve and the air slide are fitted upon a sleeve joined to 8
rod I. which is provided with a stop at ite free end. Against this
stop reste the push rod P, which slightly turns on the free end of the
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lever 4, which, in its turn, receives an oscillating movement by means
of a set of levers from the engine cam shaft.

‘I'o support the upper ends of these two levers, the lever B is fitted,
terminating in a small roller, the position of which is determined by
the governor,

When the lever 4 is drawn downwards by the operating rod, the
lever L participates in the movement and lifte the gas and air valve
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Fra, XI.--39, Governor Trip (ear. Corkerill.

cages until that portion of the stroke is reached, when the contact
between the roller B, and the end of the push rod P, releases the
catch points and allows the coil spring to act, thus shutting off the
admission of mixture by movement of the valve cage sleeve sooner or
later under the control of the governor. The mechanism is similar to
that represented in Fig. VIIE.—12 (OQechelhiuser),

This device has been nbandoned recently by the Cockerill Co., and
they now govern all their engines with variable ratio and consiant

volume.
R 2
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8) Gutehoffuungshiitte, of Qberhausen.—The inlet valve shriown in
Fig. XI1.—40 is of the ordinary type, closed and maintained on its seat
by a powerful coil spring and opened by the usual device, consisting of
lover, rod, and cam. Two rolling levers secure a smooth motion for
the conslant stroke of this valve. The mixing device is located in a
side box in which two slide valves are fitted on the same rod, one for
gas and the other for air. Their simultaneous lift determines the
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F1a, X1.—10. Gutehoffnungshiitie Gioverning Device.

mixture at constant ratio; the latter can be regulated by hand, while
the total quantity admitted to the cylinder is varied by the duration of
the opening.

The mixture slide valves are opened by eccentries fitted on the side
shaft through a set of rods and trip gears controlled by the governor,
8o as to cut off the inlet of the mixture, earlier or later, along the
saction siroke. When the cut-off takes place, the slide valves are
suddenly closed under the action of the spring placed within an air
dash-pot to ensure smooth operation.
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(4) Flsassische AMaschinenbaw of Mulhgusen.— This company,
which started the construction of large gas engines under the
licence of the Cockerill Co., now make engines of their own
design, in which the controlling gear is of a different character. This
is shown in Figs. XI.—41 and 42. They have adopted eccentrica
for the valve motion. The inlet valve is opened by means of a com-
bination of levers, one being fulerumed to the eccentric rod, the other
to the valve spindle. Both levers are supported by pivots carried by
the easting, and the combination assures the smooth operation of the

F16. XI.—41. Elsassische Governing Device.

rolling path. The admission valve has a constant opening, and is
brought back and kept on its seat by the coil spring fitted on its
spindle. A eylindrical mixing slide with multiple porta is concentri-
cally fitted to the main valve, and guided by means of an independent
sleeve.

The cylindrical slide is connected by means of two vertical rods to
the air dash-pot fitted at the top of the casing, and is operated by a
trip motion. The channel which surrounds the mixing slides, containg
gas in one half and air in the other. Fig. XI.—42 shows a horizontal
and vertical cross sections of the valve box.
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To obtain the admission of a variable quantity of predetermined
mixture, the trip raises the mixing slide and opens it. At the same
time the admission valve is dropped, admitting the mixture, whilst the
governor causes the cut-off of the mixture to take place along the
suction atroke. The effect of the cut-off is Lo permit the mixture slide
to close by the action of the spring and dash-pot. The slide then
suddenly and smoothly stops the supply of air and gas, whilst a
corresponding partial vacuum takes place in the cylinder. This comn-

Fia. X1.—42. Eleassizche Mixing Valve Box,

bination is very simple indeed, and secures even velocities to the
streams of both air and gas.

As an inlet gear for the gas, however, the slide is subjected to the
inconvenience of sticking or of grinding the rubbing surfaces if the gas
is not well freed from tar or dust. The makers state that in practical
work no trouble of this sort has cecurred; but it must be borne in
mind that the engines made by the firm are almost all intended for
use with Dlast furnace gas or coke oven gas, which are thoroughly
washed and cleansed, and contain imperceptible traces of tar, and less
than 10 grains of dust per 1,000 cubie feet.



GOVERNING AND VALVE GEARS 247

(5) Dinglersche Maschinenfabrik, Zweibriicken.—This gear, illustrated
in Fig. X1.—48, presents some distinctive features, and has two side

’,!I
..
i
Fia. XI.—43. Dingler Govorning Device.

shafts for ita operation; the one(a) is an auxiliary shaft, running at
the same number of revolutions as the crank ehait, and carrying an
axial governor; the other (¢) is the usual half-speed cam shaft. The

Fia. X[,—44, Diagram showing Regulation under varying Loads.

first shaft {a) carries a cam () acting upon fhe roller (¢} of the curved
lever pivoting one end at (¢} and carrying at its free end a sort of rolling
path{ /). This rolling path inclines more or less, according to the
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movement of the governor cam(b). The main inlet valve, with the
circular air and gas slide which it carries, is lowered by the usual
device of a rolling path (!) with rod and cam operated from the half-
speed side shaft. Hence, the motion transmitted to the device is
longer or shorter in consequence of the renction of the roller of the
operating rod when the cam raises it, whilst it is kept on the movable
rolling path by the spring (). The roller of the operating rod moves
concentrically or eccentrically with respect to the pivot (e) of the rolling
path lever,

The makers illustrate the effect obtained on the admission by the
diagram, Fig. X1.—44, in which the curves illustrate the different

Fia, X1.-—45, Koerting double-acting. four-cycle. Engine,

admissions, and show that the strokes and the duration of admission

inerease in proportion to the load under the control of the governor.
The air and gas slide being part of the adwission valve, the niixtare

remaine at a constant ratio, and the volume admitted is variable.

(6) Gebriider Koerting, of Hanorer.—Four-cyele engine. The new
Koerting double-acting Otto cycle engine, Fig. XI.—45, has heen
recently introduced lo meet the demand for engines of this class,
rather than for the two-cycle type. The design of gear applied with such
advantage to the single-acting Koerting engine has been retained. It
consists of a butterfly valve placed in the passage between the mixing
valve and the main admission valve. Instead of being arranged with
the combustion chambers at the back of the cylinder, as in double-
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acting engines, the new construction has these chambers fitted
lnterally.

The side shaft operates the main inlet valve with a constant motion
obtained from a cam. This valve is located in a box provided with a
series of ports for the introduction of the mixture. This box is
connected with an antomatic flat valve, common to both the air and
gas porta. The mixture is of constant ratio, and is admitted in a
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FiG. X1i.— i, Denain Governing Deviee,

variable quantity by the butterfly valve operated by the governor.
See Fig. XL.—11.

(7) Sociéle Frangaise de Constructions Micaniques, Denain.—Thia con-
gtruction, Fig. XI.—46, has also the inlet and the exhaust valves
arranged at the side of the cylinder, but in this case the valve box is
on a level with the bottom of the eylinder. The inlet valve is
operated by a set of levers, rolling path, and eccentrie, giving an
invarinble stroke. In the box behind the inlet valve the gas ports
are arranged, and above them, the air poris. A cylindrical slide
opens simultaneously both series of ports, so that air and gas enter at
the same time and forin a mixture at constant ratio behind the inlet
valve. The slide is quite independent of the valve, and is connecteda
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by a sleeve to an outer lever. The latter is rendered either dependent
-or otherwise upon the rod of the eccentric that operates the imlet
valve, by means of a trip motion under the control of the governor.
The mixing slide uncovers the air and gas ports at the same time as
the inlet valve opens—i.e., at the beginning of the suction stroke.
Along the latter, and according to the load on the engine, the trip
motion releases the slide to the action of its eoil spring, causing a
sudden cut-off of the supply, whilst the sheck is broken by the air
dash-pot in combination with the spring. The slide is then brought
back as in Fig. X[.—46. The vacuum that follows does not affect
the slide, and in the absence of any tendency to be re-opened, its spring
is very weak, and haa the least possible infiuence on the sensitiveness
of the governor,

However, the reliability of the device depends on the tightness of
the slide and on its intimate contact with the whole surface of the box
provided with the ports. This surface is continucusly exposed o dust
and tar carried by the gas, and is, moreover, difficult to lubricate
efficiently. 'The slide would in this case be liable to stick and jo
resist the action of the light spring, with the result that the engine
would “hunt.” The device, therefore, would answer better with well-
purified and washed gas, such as coke oven or blast furnace gas, than
with suction producer gas. The position of the valve box involves
rather a long channel, which is detrimental to the quick propagsation
of the flame. In consequence, and in order to avoid very early firing,
a second ignition device has to be fitted in the combustion chamber.
It is exceedingly difficult to obtain a short and evenly shaped combus-
tion chamber when placed laterally, so that this arrangement musi be
taken with its inconveniences and advantages. The Société de Con-
structions Mecaniques of Densin, when designing their engine, seem
to have realised the practical and valuable qualities of simplicity and
facility of accessa.

(8) Snow Steam Pump Worke, Buffalo.—This firm have employed a
new governing srrangement acting upon the volume of mixture in
their new four-cylinder, double-acting, twin-tandem engine, installed
in 1908 at Ceres, New York, for the Western New York and Pennsyl-
vania Traction Co.

Fig. X1.—47 shows & longitudinal section and end view of the
mixture chamber with the valves and mechanism, and is taken from
an arlicle published in Power and the Engincer of New York.

The governor controls the action of two trip valves, one for air and

tthe other for gas, The arrangement of the inlet and wixture valves

™~



GOVERNING AND VALVE (GEARS 231

for ove end of the eylinder is shown in the left hand drawing ot
Fig. XI1.—47.

Air and gas enter the mixing chamber M by separate openings,
shown closed by the valve discs 4 and G respectively for air and gas.
These valves are connected by a cylindrical distance piece and there-
fore move as one. In the chamber M the mixture enters the cylinder
by the main inlet valve I at the commencement of the suction stroke,
and sooner or later during this stroke the valves 4 and G are closed
by means of a trip gear by the coil springs which encircle the spindle,
as determined by the governor.

The disc B is adjustable by hand from outside the casing to regulate
the proportions of air and gas. The shoulder of the diac B serves as
a guide for the lower end of the valve spindle.

s

The gas valve G moves in a conical passage in puch a manner as to
admit more gas in proportion to its lift. The air valve A4 has a
beveiled seat.

The inlet valve I opens and closes always at the commencement and
end of the suction stroke. It is operated by a rocking lever from the
cam shaft, and is connected by means of a ball and socket jointed rod to
another lever R, the other end of which is in connection with a sliding
block moving up and down in guides. T'he sliding block is joined to
a fulerum lever L at the end of whicl is a catch block engaging with
the end of the gas and air valve spindle, the catch block also serving
as a guide for the spindle. 'This lever L is connected at the bottom
to a kind of connecting rod the free extremity of which slides in a

Fia, XL—47. Spow Bteam Pump Co.'s Qoverning Device,
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socket cam fixed on the shaft S. The latter operates the trip gear
under the action of the governor and revolves at the same speed as
the cam shaft.

As the piston moves forward along the suction atroke, tlie admission
valve I opens, and, by the engagement of the arm I, the two valves
for air (1) and gas () also open, until at a definite point of the stroke,
determined by the governor, the cam shalt C of the trip gear shaft S,
in revolving, releases the trip action and allows the mixture valves
to close by the action of the spring. The top of the mixture valve

FiG. X1.—1%,  XNiirnberg Governing Deviee,

spindle is fitted with & eylindrieal box F, which, descending over the
piston F, forms an air cushioning device.

It will be noticed that the designers of this gear have not been
concerned in providing means whereby the mixture contained in the
chamber M can be seavenged inlo the cylinder by a retarded closure
of the air valve. The normal shape of the air passage and the conieal
shaped passage for the gns o not seem capable of obtaining a syn-
chronous movement of gas and air which neet between the two discs
of the mixing valve, and, therefore, it would appear that the propor.
tions of gas and air would not bLe constant for all positions of the
mixture valve trip gear, while the throttling of gas in the conical
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passage would have a tendency to cause deposit of tar and other
matters in the event of imperfectly purified gas being employed.

(b) Method with Variable Ratio and Constant Volume.

(9) Maschinenfabrik Augsburg of Nirnberg, — The best known
standard type of engine governing on the ratio of mixture with
constant volume is certainly that of the Maachinenfabrik Augsburg.
This engine has been extensively described. The early design of

Fi6. XI.—#%. Niirnberg Governing Derice,

control gear has now been replaced by the device shown in Fig.
XI.—48, and therefore the illustration, Fig. XI.—49, of the mixing
and inlet valves is given merely to assist recollection with respect to
the leading principles.

In the general arrangement of the Niirnberg construction the main
inlet valves are fitted at each end of the cylinder and are operated by
eccentrics with sets of rolling path levers providing a coustant motion
for opening the valves, the latter being drawn back upon their seats by
the usual coil spring fitted at the top. The gas valves are fitted between
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the two inlet valves on the longitudinal axis of the cylinder (Fig.
XI1.—49). They are of the double-seaied equilibrium type, through
which the gas is admitted esrlier or laler, near the end of the suction
period, whilst air is passing around the body of these valves during
the whole suction stroke of thie piston. The mixture is made in the
common channels ending at the main inlet valves. The mechanism
shown in Fig. XI.—48 works as follows :—

An eccentric on the side shaft gives a rocklng motion to lever B,
fulcrumed on a pivot in a cylindrical box, traced in thick lines on the
illustration. On the same pivot moves freely a piece C, which ia
maintained in position by a small coil spring. This piece C is the
trip of a cui-off motion in which D is the fixed abutment. D is part
of a cylindrical slide, concentric and external to that mentioned above,
and to D the spindle of the double-seated gas valve is fixed. Lever 4,
used as & support to the operating lever B, terminates inside in the
shape of a fork, the two branches of which are carried by pivots fifted
on the frame whilst the outer free end is attached by means of a small
connecting-rod and a crank lever, to the governor rod. Lever 4
moves under the action of the governor, and so causes earlier or later
contact between the pieces € and D of the trip motion, and thus the
gas valve cuts off the supply invarisbly at the end of the admission
stroke when abandoned to the pressure of the strong epring and air
brake piston surmounting the device. This method of governing
answers the aim of the makers in ensuring the existence of a layer of
air immediately behind the piston, and of a richer mixture close to
the igniters, at the end of the admission stroke.

(A0) Crossley Brothers, of Manchester, have recently applied a new
system of governing lo their large engines designed by their well-
known chief engineer, Mr. J. Atkinson, after trip gears had been tried
and abandoned, the method now adopted being simpler, quicker in
action, very practical, and giving considerably better working.

The cross section of the valve arrangements is represented in
Fig. XI.—50, and consists of a main casting A4 fised on the top
of each cylinder end.

The air is admitted by the connection B, and controlled by a hand
throttle C, whilat the gas is admitted in the upper part of the
valve arrangement by a gas connection I} containing a gas cock E for
regulation,

F' is the adimission valve, operated from the beginning of the inlet
siroke in the usual way by means of cam, roda, and lever, and closed
by the top spring G about the end of the stroke.
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H is the gas valve with a reversed sea$, provided at its upper end
with a vacoum piston I; the quantity of air admitted behind this
piston, so as to fill the vacuum cylinder entirely, partially, or not at
all, is controlled by a small cylindrical plug J, operated by the
governor and provided with a circular groove for opening or closing
the air connection.

A very slight motion of this governing plug controls the work from
full to no load.

A nut M, keyed on the spindle of the valve F, provided with a
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F16. X1.—50. Crossley Governing Device,

buffer spring L, forces the vacuum piston I to the end of its upper
stroke, when the admission valve F is closed.

The inner spring K i8 neutralised when the valve F is closed, and
as soon a8 it opens the pressure of this spring at its upper end is
taken by the nut M, and the pressure at the lower end tends to open
the gas valve H.

If the governing plug J allows air to enter too freely behind the
vacuum piston I, the gas valve H moves with the spring K, and
closes with it, sc as to allow a uniformly rich charge of mixture to be
drawn through the admission valve during the whole suction stroke

for realising thae full power,
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If, on the contrary, the plug J cuts off the admission of the air
behind the vacuum piston, the latter preveots the gas valve being
opened, a partial vacuum in the cylinder being sufficient o overcome
the pressure exerted by the spring K. Under these circumstances air
alone is admitted into the eylinder, and, of course, no impulse takes
place.

For regular working, however, the plug J moves in an intermediate
position more or less restricting the air passage, eausing a partial
vacuwin hehind the valve piston and restraining proportionately the
opening of the gas valve, making it later and slower. As in the
Niirnberg system, the gas is admitted more or less late along the
suction stroke, but is stopped off always at the end of this stroke,
causing first an admission of air and afterwards of mixture.

The little snifting-valve N opening outwards from the vacuum
eylinder ensures a prompt return of the valve F' in closing. A small
indicator rod (0) (see separate section) i also fitted to the vacuum
piston 8o that ita working can be made visible to the attendant.

It will be realised that the governor has no resistance to overcome,
the eylindrical plugs moving easily in their cylinders, with the result
that accurate control can be ensured to the four separate valve
arrangements which constitute the gear of & double-acting, two-
eylinder engine. The internal working parts are protected from dust
and tar that might cause them to stick.

It is eaid that in the course of the experiments made upon the first
engines fitted with this gear by Messra. Crossley Brothers the power
was suddenly dropped from G600 to about 50 m.r,, and loaded again
without cousing more than 1-:65 per cent. total variation in speed.
That is, of course, a wonderful result, and undoubtedly proves the
gensitiveness of the governing device. Time will show whether the
effects of wear and lack of tightness that may take place butween
the rubbing surfaces of the air piston and plug will affect its
sensitiveness.

(11) John Cockerill Co., at Seraing.—In the section of this chapter
dealing with the mechanism for governing with a mixture of constant
ratio and variable volume, one of the constructions of the Cockerill Co.
has already been deseribed. The author believes that this firm bave
very wisely solved the question so much discussed as to the advantages
of governing on the quantity compared to governing on the quality,
by designing a type of governing for each method, and using eitber.
aceording to the duly of the engine. “Their system of governing on
the mixture admiiting a constant volume to the cylinder (and, of
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course, at constant compression) is realised in a very simplg and com-
mendable manner, as shown in Fig. XI.—51. ‘The inlet valve is

Fia. XI.—51. Cockerill Governing Device,

opened by the usual device of lever, rod, and ecam, and is closed and
kept on its seat by means of a powerful spring, fitted on the top of
1.C.E. 8
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the gpindle. On this spindle, and behind the vaive itself, is also fitted
8 cylindrical slide that controls the admission of air during the
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Fra. XI, -52. Cockerill Governing Device.

whole suction stroke. Above this slide is the double-seated equilibriem
gas-valve, fitted on a sleeve moving concentrically with, and inde-
pendently to, the spindle of the main inlet vaive. The equilibriam
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gas valve is connected to one of the ends of a lower lever, pivoted
on the frame. The other end of this lever is held by means of a

o 81 [C

K==V

Fia. X1.—53. Cockerill Governing Device.

governor-controlled trip gear, also connected, through an air-brake
piston, to the operating upper lever of the main inlet valve, the

latter having a uniform lift.
s 2
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The gas valve is connected by a coil spring to the inlet valve
gpindle. At the beginning of the inlet, air alone, coming from the
slide, is admitted through the main inlet valve, whilst the lever
of this valve compresses the spring of the gas valve. The gas valve
is kept closed during the time the air is entering until towards the
end of the suction stroke, when the governor actuates the trip gear of
the air piston, which, abandoning the gas valve to the action of its
spring, causes it to open suddenly. The gas then enters until the end
of the stroke. The wixture is thus made at the end of the suction
stroke, and therefore remains in the bottoin of the cylinder near the
ignition plugs when compression atarls.

It will be noted that the valve casing carrying the supports of the
levers used in this system of governing is, at the point of ita connec-
tion with the cylinder, of the same shape and dimensions as the valve
casing nsed when governing by the regulation of the quantity. This
fact makea the transformation of one system of governing to the other
quite a simple matter. This is the only example of which the author
is aware where both systems are interchangeable, and where they are
designed in such a rational way viewed from bolh constructional and
working stand-points.

The engineers of the John Cockerill Co. were the pioneers of
large blast furnace gas engines of Lthe double-acting type. In spite of
their wide experience, improvements on their early makes have been
relatively slowly earried out, but have resulted in the construclion of
engines which to-day may be cited as the model of their kind. Just
recently they have given up their system of governing on quantity,
and they have unified all their designs in accordance with the type
described above. At the same time, certain alterations have been
made in detail, particularly with regard to the equilibrium gas valve
being replaced by an ordinary disc valve with a pingle seat, as shown
in Figs. XI.—52 and 58.

(12) Ehrhardt & Sehmer, of Schleifmuhle.—This firm first con-
structed their gas engines under licence from the Gasmotoren Fabrik
Deutz, with cam gear for both inlet and exhaust valves. The mixing
valve was of the double-seated type, admitling the air from above and
the gas from below. The quantity of mixture admitted at constant
ratio was dependent on the stroke of the valve as varied by the
governor. The variable stroke device was obtained by the regular
Deutz mechanism, the bhasis of which is the displacement of the
support of the operating lever, without intervention of any cut-off
gear. The system of governing by cut-off operating on the mixture,
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a8 now applied by Ehrbhardt & Sehmer was designed by their chief
engineer, Mr. Drawe, and is developed from original theories which
were very elaborately expounded in a report from which the author pro-
poses to quote some of the interesting
statements in support of the new sys- Y
tem of governing. Referring to the
diagram Fig. XI.—54, if the lift of the J
ordinary valve is represented by the
curve @ b, in funetions of the piston
stroke x, r), the ascending period of
the curve a—b, corresponds to the
period during which the valve is
mechanically operated in ite progres- /
sive opening, whilst its closing, when ¥
the cut-off takes place along the Fiu. XI.—54 Diagrm of ordinary
stroke, is shown by the line 5, ¥, Valve Lift.

which is the maximum ordinate cor-

responding to the highest lift of the valve. Now, this would be correct,
it the quantity of gas admitted remained constant for any position of
the piston, so as to avoid the inertia effects due to the relative varia-
tions of the speeds between the admission ot air and that of the gas.

The curve representing the openings of the gas valve would, of
course, be parallel to $he axis of abscies® z, +', independently of the
variations of the valve lift.

Messrs. Ehrhardt & Sehmer bave adopted a special shape of valve,
ns shown in Pig. XL.—55, for the purpose of assuring a constant
supply, beeause the dimensions of
a and b may increase, whilst ¢
and f remain constant, Fig. XI.—
56 shows the curve 1 of the open-
ing of the main inlet valve; the
curve 2 is the opening of the gas
valve parallel to the axis of X.
The intersection of these curves
‘ at 1, for example, corresponds to

FiG. Xl.—.». Ehrhardt & Selimer t'!:le pOil]t .Of maximum introduc-

Admission Valve, tion of mixture in the cylinder

obtained with an equivalent open-

ing of both the gas valve and the main inlet valve. Contrary to what
happens in other systems where gas ia admitted more or less early
before the end of the suction stroke, in the Ehrhardt system the gas
is ent off more or less enrly before the end of the stroke, so that the

or

x,

X
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latter always finishes with an admission of pure air which sweeps out
all the mixture that may be contained in the gas valve passage. The

rich mixture would thus remain

near the piston, whilst poorer mix-
. ture, or even pure air, would be
coufined in the combustion cham-
ber near the ignition plugs. This
is an absolute denial of the hypo-

5 thesis of stratification of flnids,

\ \ snd, in this respect, the method

/ Voo Y applied by Mr, Drawe is as daring

X1y T"x, a8 it is interesting. Notwith-
Fra. X1.—56. Diagram of Ehrharit s 9680ding, it is of great interest to

Sehmer Valve Lift. note that it is said to secure perfect

practical results.

The main inlet valves have peculiar features. They are operated
by rods and cams, and ars fitted on the top of the cylinder on the
longitudinal axis. There are no separate air valves. The gas regula-
tion valves are placed between the main inlet valves, and their working

g xgp W o//.'fZily

Frc. XI,—57, Ehrhardt & Sehmer Governing Devier,

will easily be understood from Fig. XI1.—57, in which an independent
regulating dise can be seen on the rod of the gas valve. Although of
a very simple design, the disc arrangement presents the peculiarity of
operating simultaneously on the one relatively to the other, and, at
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the same time, acting as a baflle preventing both Auids from rushmg
against each other before mizing.

The gas valve is operated by the rod of an eccentric, through a trip
restmg on a lever fulecrumed to the valve. and supported by the
casing. When gas must be cut off in relation to the load, about the
end of the suction stroke, the governor causes a roller to slide off the
abutment of the valve lever. The latter is then abandoned to the
pressure of the spring with an air cushioned piston, fitted on the top of
the casting, giving a sudden tut smooth closure. The air alone con-
tinues to enter the cylinder by the central channel, and sweeps out
the space between the gas valve and the main inlet valve, thus
preventing back firing. It will be noticed that, in this governing
gear, no rubbing surface exists, 8o that neither sticking nor hanging
of the valve can take piace owing to the presence of tar or dust.

(¢} Combined Method with Constant Mixture Ratio and Constant
Volume.

(18) Thyssen (& Co., Mulheim on Rulir.—The general arrangement
of this construction, like the Niirnbery, consists in placing the
two main inlet valves at the top of the
eylinder with the regulating valves
botween them. The latter have heen
the object of special investigation on
the part of Mr. Richter, formerly
chief engineer of the Niirnberg firm,
but now in charge of Thyssen & Co.’s
gas engine department. In this
mode of governing, it is not the ad-
misgion of the gas which is controlled
by the governor, but the admission
of a mixture ready made by valves
which open more or less late along the
suction stroke, and sre putomatically
cut off, invariably at the end of the
stroke, when the main inlet valve it-
self closes. The contrivance conasists
of a double-seated valve and a slide,
which are both fixed on the same
spindle. The equilibrium valvein the lower part controls the gas inlet,
whilst the circular slide on the top admits the air. When the valve
ia closed, the slide permits the air to enter the cylinder alone through
the by-pass shown at the right hand of Fig. X1.—58.

Frg, X1.—4 Thyssen Governing
Device.
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When the gas valve opens, the slide uncovers the air ports pro-
gressively in proportion o the passage areas for the gas. The result
is that for any position of these valves, and until they are closing, the
speed of both fluids remaine constant. The equilibrium valve being
used at the same time for gas and air secures a uniform mixfure
which, in moving, depends upon the accelerated speed of the pure
air admitted before the equilibrium valve opens. It would be interest-
ing to know precisely whether this accelerated speed of the pure air,
admitted in advance, does not prevent the formation of a uniform
mixture, because if the regulating device opens more or less late
during the admission of pure air & lack of synchronism between the
speed of both fluids may take place, owing to the fact that the gas
has a velocity depending on the governor, whilst the air enters con-
tinuously st the velocity depending on the epeed of the piston. In
this device disturbances in the formation of the mixtures may be so
much the more prejudicial, because the system of governing on the
mixture hae an inherent tendency to canse misfirings at low loads
when the mixture is much diluted and impoverished.

{d) Combined Method with Constant Batio and Constant Compression.

Schuchtermann & Kremer, of Dortmund.—This firm has tuken up
Mr. Reinhardt’s patent, who has combined the devices with the object
of obtaining a constant mixture without varying the compression at
different loads, by means of increasing the amount of air admitied
for filling up the cylinder. As shown in Fig. XI.—59, the main
admission valve has a constant lift obtained by eccentrics, rods and
rolling lever, and is fitted above the cylinder. Behind this valve is
an independent cylindrical slide, operated through its sleeve Ly a trip
gear. This slide conirols three series of ports, of which the upper
one I. serves for the gaer and both the intermediate I1. and the lower
one III. serve for the air. In the beginning of the suction, the
openings for the gns I. and air I1. are covered by the slide, whilst the
lower ports for the air I71. are open. Through the latter pure air is
first drawn, until the instant when (depending on the work of the
engine) the trip gear, which up to then kept the slide up, abandons it
to the action of ite spring. Then the latter suddenly lowers the slide,
to the position shown in the figure. The primary air port J71.is then
closed, whilst the gas port I. and air port II. are opened. When the
piston has reached the end of its suction stroke, and when the main
inlet valve closes, the vegulating slide is re-engaged by the trip gear
and lifted to its initial position, closing the upper gas and air ports.

The cut-off gear operaled by eccentric and fitted with an air enshion
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piston, is similar to the systems usually applied in the Cockerill and
Nurnberg constructions.
It will, however, be observed that in the position for admitting the

Fia. XIL--59. Reinhardt Governing Device (Schuehtermann & Kremer).

mixture, in Fig, X1.—59, the ports I. and II. being simultaneously
open, there must be in the zone which iz separating them inside
the box a smaller depression then in the zone hetween ports /1. and the
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inlet valve, gince for an equal area in the first zone only one fluid
moves, whilst in the second two fluida are moving—the latter being a
mizture of equal volumes of air and gas in the case of blast furnace
gas. The result of this might cause disturbances in the formation of
a homogeneous mixture, and it would be easy Lo remedy it by placing
thoss ports in the same horizontal plane, and by alternating the air
and gas ports, thus dividing both fluids into streams favourable to the
formation of a perfect mixture. It shouid, however, be taken into
account that the gas alone is under pressure.

Notwithstanding, Mr. Reinhardt seems to have solved the problem
of realising the displacement of an equal column of air and gas in a
very ingenious manner, and without causing a very heavy vacuum at
low loads. At the time of the Congress of Mechanics, held at the
Universal Exhibition at Liege in 1905, the author, in a paper on the
governing of large gas engines, enmuerated different principles that
the makers should endeavour to realise. Among these he mentioned
“ The realisation of governing with a practically constant mixture to
be admitted in variable quantity without causing depression in the
cylinder.” The device designed by Mr. Reinhardt in his combined
arrangement for governing at constant ratio and compression is said to
answer the asbove-mentioned deaideratum.

The engine constructed by Schuchtermann & Kremer presents
another peculiarity in its construction. This consists in a side
chamber for the exhaust valves at both ends of the eylinder, thus
making them more sccessible and also aveiding the interruption
of the continnity of the foundation underneath the eylinder
(Fig. X1.—69).

An antomatic oil-drain valve ir fitted at both ends of the cylinder,
thus answering another desideratum get forth in the above-mentioned
report at the Congress of Mechanics,

The principal and most interesting governor gears for four-cycle
engines, which may Dbe cited as Furopean examples of sound
mechanical conception and perfection of workmanship have now
been examined.

Apart from the classification that has been adopted in accordance
with the method of regulating the explosive charge under governor
control, other classifications may be made by considering the relative
positions of the admission valves to themselves and to the cylinder.
Some makers have pluced the gas valve and mixing valve in separate
casings from those containing the main inlet valve, and have either
fitted them on the longitudinal axis of the cylinder between the main
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inlet valves, or behind these valves. In the first classification relating
to the large engines are the Nirnberg engines (Figs. XI.—48 and
49) ; the latest system of the Gasmotoren Fabrik Deutz (Figs. XI.-—
85 and 86) applied fo engines of 2,000 m.r.; the constructions of
Ehrhardt & Sehmer (Figs. X1.—55 and 57), and Thyssen (Fig. XI.—
58). These devices have a separate and independent operaiing gear

F1e. X1.—60.  Schuclitermann & Kremer Engine.

for the gas valve or the mixing valve, whilst the combination with a
mixing chamber behind the admission box ean be operated by a
simple arrangement from the side shalt, either by means of a cam
or an eccentric, such as in the eounstructions of Gasmotoren Fabrik
Deutz (Figs. XI.—34 and 85) and Gutehoflnungshiitte (Fig. X1.—40),

The mixing devices, if placed between or at the side of the admission
valves, are obviously more accessible, and this presents a real advan-
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tage with respect to the ease of dismantling for inspection and
cleaning, and especially in those cases where the gas might not be
thoroughly puritied and in consequence would be likely to foul the
inner working parts with dust or tar. From this point of view, this
type of construction is particularly suitable for large central power
houses such as central electric lighting stations.

The next construction to be considered is the arrangement with
regulating valves concentric to the main inlet valve and located in a
comnmon box, as in the type of the Cockerill engine (Fig. X1.—51),
Elsassische (Fig. XI1.—41), Dingler (Fig. X1.—43), Crossley
(Fig. X1.—50), Schuchtermann (Fig. XI.—60). The simplicity and
nent appearance of these devices are very atiractive, necessitating very
few joints and fittings and resulting in the minimum of mechanical
operating parts. The shape of the mixing box, immediately behind
the admiseion valve, is simple and rational, and the air scavenging at
the end of the suction stroke prevents any mixture remaining in the
recesses or pockets of the mixture box. When it happens that, due to
either of the enuses examined and illustrated in Figs. X1.—8, 4, and 5, a
back-fire talkes place, it will only affect a very small volume of mixture,
and the resulting produets of combustion will only slightly influence the
following new charge. In the latter types, characterised by a small
deud space, the action of the governor is obviously more accurate
and quick than if the mixing valves were separated from the inlet
valve by a long channel. From both constructional and working
points of view, the governing device, pluced concentric to the inlet
valve aud located with it in a common box, suggests the possibility
of its acceptance as a standard in the future.

Wherever possible the gas or the mixing valve will be used in
preference to the slide, because the rubbing parts of the latter need
lubrication, which it is dificult to secure with any certainty. More-
over, it is the oiling of these parts which invites the dust in suspension
in the gae Lo become deposited on the rubbing surfaces. As 8 mixing
device, the double-seated valve seewns to answer better than the regular
mushroom valve; first, because it affords a double passage, the section
and direction of which ean be varied so as to help the cireulation of
the fluids, and also becnuse it particularly suits the automatic cut-off
action. It is balanced and does not feel the variations of resistance
due to the gear which are liable to influence the governor. It is this
feature which has caused it to be so extensively used in steam
engineering.

The trip gears, which secure the independence of the governor, are
now applied to almost all large gas engines of modern construction in
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which, in spite of all other advantages, similar arrangements to those
applied to vary the stroke of the admission valve in single-acting engines,
would not work satisfactorily. Of course, with mechanisme for small
engines of the kind of Gasmotoren Fabrik Deutz (Fig. XI.— 14), Schmitz,
Fig. XI.—24, &c., the movable piece controlled by the governor is
necessarily engaged and locked during the whole suction siroke, and
becomes free only during the three consecutive strokes of compression,
explosion, snd exhaust. Now, in a double-acting engine with two
cylinders there is always one end of the pistons at the suction period,
and the result would be that the movable piece moved by the governor
would slways be engaged, and the action of the governor annihilated.
Thbia would be the case with the large tandem double-acting type of
Gasmotoren Fabrik Deutz, if these skilled constructors had not over-
come the difficulty by making use of a sort of ball coupling which gives
the governor liberty to operate the gear of one of the eylinders when
the other is locked.

1t will be seon from this practical study of the different methods of
governing which are in favour for modern large four-cycle engines,
that all makers endeavour to secure an explosive mixture giving the
highest thermal efficiency at different loads. Less attention seems to
have been given to the question of the moat favourable shape of the
explosion chamber, although this factor of efficiency becomen of great
importance as the sizes are increased.

The Duisburger Mascliinenfabrik Co., at Duisburg, hiowever, have
made a praiseworthy attempt in this direction, and in their double-
acting engine have shifted the vertical axis passing through the
admission and erhaust valves to a position laleral to the axis of the
piston. With this arrangement they eclaim a more homogeneous
mixture, snd that when ignition takes place, the flame is propagated
in the mixture in a spiral wave creating whirls of Lburning gases, and
thus securing a more thorough combustion of the whole bulk of
mixture. In the author’s opinion the useful effect is more in favour
of complete combustion than that obtained from mechanical combina-
tione for timing the ignition automatically by means of mechanical
gears, in such a way that the ignition ie advanced under the action of
the governor in proportion as the mixture is more diluted.

As s matter of fact, ignition is only one of the numerous factors on
which the combustion of the very variable mixtures fed into large
engines depends. The temperature of the metallic enclosures which
change continuously with the charge, the temperature of the air and
of the gaa, their pressure, their state of dilution, the variations in
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composition of the gases, &c., are other factors that will greatly alter
the conditions of combustion of a mixturein a given eylinder. This
explains why, although everything may be apparently equal, and the
engine be carefully maintained at constant load, one is very seldom
able to record five or six consecutive indicator diagrams which are
identical with respect o initial explosive pressure, the expansion ecarve,
and to the mean effective pressure.

From the British and American stand-point, eapecially, the question
of automatic timing of the ignition is of no interest, because it leads
to mechanical complications, and none of the Continental firms whose
constructions have been discussed, seem to have taken it into econ-
sideration. A very elaborate report on the subject of unevenness in
the combustion of the mixtures, independently of the ignition, has
been presented by Dr. Ch. E. Lucke to the American Society of
Mechanical Engineers, and is referred to elsewhere.

During the translation of this work {wo interesting methods of
governing have been introduced to which reference should be made.
The first is illustrated in Figs. XI.—61 and 62, and has been
designed by the National Gas Engine Co., Litd., of Ashton-under-Lyne.
The main inlet valve to the cylinder receives a constant stroke by
means of the usual cam and lever, but graduated charges of variable
volume but constant ratio are obtained by varying the lift of supple-
mentary gas and air valves, arranged upon a common spindle, and
operated by e separate cam and a special but extremely simple form
of mechanism.

The movement of the supplementary valve cam is transmitied to
the spindie by means of two short levers, 1 and 2, fulerumed respec-
tively at 4 and B. The roller C is always in contact with the cam,
and therefore the lever B is always moved through the same distance.
The movement of B is, however, communicated to 4 by means of the
governor die D interposed between themr. The governor regulates the
position of 1), and it will be clear from the illustrations that the travel
of the vaive spindle is thus directly affected. In Fig. XI.—61, the
mechanism is shown in the position taken up by the governor when
the engine is running under no load, and thus the di¢ is at the
minimum distance from the fulerum B and the maximum from the
fulcrum A, and, asz a consequence, the lift of the gas and air supple-
mentary inlet valve is reduced, so as 1o admit only sufficient gas to
keep the engine in rotation. In Fig. X1.—62, the governor die s
shown in the position that is at & mazimum distance from B and the
minimum from A4, giving e lift sufficient to ensure full load charges.
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An advantage of this system is that little or no work is thrown on the
governor, while all details are of great simplicity, with but a few wear-

Fra. XI,—¢1. National tioverning Device (light load).
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F1:. X1.--62. National Governing Device (full load),

ing parts, such as links and pins, to cause erratic working due to
ordinary wear and tear.

Fig. XI.—68 illustrates the governing mechanism of the latest
American Westinghouse horizontal gas engines of large power as °
fitted to those made for the Indiana Steel Co.’s blowing plant at Gary,
U.8.A. This is similar to the German Mietz arrangement. The inlet
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valve is operated by a single eccentric with rolling contact levers, as
is also the exhanst valve, this independence permitting the valve

A
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Flc. XI1.—63.  American Westinghouse Governing Device.

sottings to overlap so as to encourage scavenging by inertia and to
obtain fuller charges.

The main inlet valve is given a constant lift, but the volume of
mixture is controlled by a cylindrical slide-valve with apertures which
register more or less with others in the valve casing and thus adjust
the charge to auit the load. The cylindrical valve is rotated slightly
as required by a rod, which couples all the similar valves in each line
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of double-acting, tandem cylinders, and this rod is actuated by oil at
a pressure of 50 to 60 1ls., provided by a plunger pump driven from
the emgine crank shaft. The centrifugal governor is thereby relieved
of all work except operating s small pilot valve which controls the
supply of oil to the working cylinder of the system. The oil pressure
can alwaye be noted by a gauge conveniently disposed, and should the
pump fail, a small gravity accumulator serves to maintain pressure
until reserve valves can be opened. In addition to the main governor,
a centrifugal safety-stop device is arranged at the fly-wheel rim which
trips the main igniter switch at a predetermined speed and causes the
angine to stop.

The Premier system of governing is deseribed on p. 404. The
recently designed method adopted for Hornsby-Stockport engines
is referred to and illustrated in Chapter 1V., p. 42.

Figs. XI1.—81 and 82 are reproduced from The Engincer, London, and Fig. XI.—
63 from Poiwer, New York.

I.C.E. T



CHAPTER XII
DETAILS OF CONSTRUCTION

FORMUL¥E. DIMENSIONS OF STATIONARY PARTH

In giving some practical formul®e to simplify the caleulationa with
regard to the dimensions of the different detaila of gas engines, the
author desires to point out that, Leing empirical, they should not
entirely substitute those established after more precise principles
based upon the resistances of materials. The latter, however, studied
in detail by several authors, are often presented in such a complex
forme as to render them scarcely intelligible and their application
difficult. Especially is this so when acconnt must be taken of all
the factors that come into play, of which some cannot be precisely
determined.

With empirical formui®, a portion of the factors are neglected, and
certain coeflicients substituted, deduced from experimental data. Im
this way determination or verification of the diwensions of paris can
be effected with sufficient exactitude for general purposes.

The formule here given, therefore, may be employed to approxi-
mately fix the required dimensions, recourse being made to more
precise calculations in some particular cases #0 as not to subject the
metal to abnormal stresses,

It should be remembered that the most precise and most com-
plicated formule contsin nearly always some coefficient to take intc
account some hypothesis or other, which, in consequence, destroys
their character for absolute exactitude. They frequently conduce to
unduly strong dimensions which uselessly increase the weight and
the selling price of the engines.

Practical engineers and designers, therefore, make use of empirical
formule, leaving the others to the theoriats who are more particularly
interested in pure mathematics. British and American makers
genterally npply the former, and the engines made in accordance
therewith are strong and substantial, yet relatively light.

Different tables are given showing the dimensions that should be
given to the various parts according to the power of the engine. The
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author suggests the following procedure for deciding the details and
the dimensions of an engine to be built :—

1. To take the normal power to be developed.

2. To choose the type of engine—four-eycle or two-cyele, single
or double-acting, single-cylinder, tandem or twin, horizontal or
vertical, &c.

8. To deduce the diameter of the cylinder and the stroke of piston.
These should be within the linmits fixed by practice, and decided with
respect to the number of revolutions per minute and the mean linear
piston epeed. The ratio between the stroke and diameter of the
cylinder depends upon the mean pressure per eycle upon the piston,
according to the fuel used equivalent to those shown in the table on
p. 278. .

4. To determine the weight of the fly-wheel to permit a certain
degree of regularity according to the purpose for which the engine
is designed. A profile to be chosen for the rim and the different
dimensions calculated.

5. According to the manner in which the power is to be transmitted
by the fly-wheel or by a pulley, and according to the number of
bearings that it is proposed to employ, to fix the different parts
of the crank shaft, and to deduce their dimensions to suit the stresses
they will have to withetand.

6. To caleulate the connecling rod from knowing its length; to
determine the dimensions of the bearings and of the bearing bolts.

7. To ealeulate the piston and fix ite different dimensions.

8. The previous essentials being known, to draw the frame to show
the form and stiffening webs.

9. To design the combustion chamber according to the compression
pressure to be sttained, the method of governing to be adopted, and
the type of engine.

10. To determine the different details of the valve gear—cam
ghaft, cams, levers and rollers, valves and their springs, governor,
ignition device, &e.

In the following examples, the author takes into consideration fuel
gas engines, single-acting, calculated to produce a mean effective
pressure I'm of 70 lbs. per square inch per cycle, and a mechanical
efficiency R of 80 per cent.

The majority of the formule will be in termns of the piston diameter,
and will assume an initial explosion pressure of 430 lbs. per square
inch, and a resistance to tensile stress of 8,000 to 4,000 tbs. per square
inch for cast iron as a safe working load.

T2
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Constant Effectlve Work. BRF. . . 15, 25, 35, 5. 75, 100, 180,
Piston. . diameter Dinches | 8 | 10} | 12 | 18§ | 1 189 gg}
stroke % " 18 19 | 21 | 225 | 25 28 3

A stroke " . . . . .
Ratio . - diameter D 295 | 185 | 196 | 164 | 1:54 | 15 | 1'4
Revolutions per minute, N 280 | 220 | 210 | 200 | 190 | 180 | 160

Linear-mean-piston speed,

in feet, per minute, V 890 | 700 [ 785 | 750 | BIO | 840 | 870

The above figures are derived from data collected on engines of the hest modern
practice,

Single-acting Gas Engines—Principal Details.—The majority of
engines are designed to drive dynamnos exclusively or simultaneously
with other machines. There is & tendency, therefore, to increase the
number of revolutions and mean linear speed of the piston as being
favourable to efficiency.

In small engines congiderations of wear and vibration render it
necessary not to exceed a certain angular speed, and consequently the
linear piston speed is resiricted thereby.

According to Haeder the ralio 11_:; should be about 16 for engines
over 27 inches of stroke. Giildner suggests 1'2 to 1'8 for large
engines, and advises the ratio o be made as Inrge as possible,

Tangyes, Ltd., of Birmingham, in their former type of engines
adopted the ratio of from 2 to 1'2. In the latest type they bave
increased this ratio, and have also increased the number of revolutions
per minate.

Koerting Brothers, of Ha.nover, generally use Iong sirokes and low
rate of revolutions, the ratio varying between 1-9 and 1-6.

The ratio depends, also, upon the form and volume of the com.
pression chamber, II this be large, a8 in cylindrical or hemispherical
chambers, it necessitates a long stroke in order to attain a high
compression.

With respect to the number of revolutions per minute, the figares of
the above table are higher than those applied several years ago. The
care taken in balancing the moving masses, and the finish of eon-
struction, now enables such limite to be reached without prejudice to
the engine’s emooth and silent working.

To determine the dimensions which enter into the ultimate power
of the engine it will be logical therefore to decide, firat of all, the
number of revolutions suitable for the particular eervice and the
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corresponding linear piston speed. This for industrial engines should
not exceed 900 to 1,000 feet per minute, while for automobile engines
it may be 1,200 to 1,500 feet per minute. At the present time these
limits are considerably exceeded for special types.

The formula for mean linear speed is:—

2x LxN_LN

V= o = < = Velocity in feet per minute,

the stroke being :—

6_’?
N

The stroke being fixed, the diameter of the eylinder is deduced by
the formula;—

.L=

ﬂi’ X I'm x R
B.H.P. = 3
therefore
- 38000 Fe
D=4x =}V Pm R
in which :—

B.o.P. = Effective or brake n.r.
}” = Linear piston speed in feet per minute.
L = Length of stroke in inches.
N = Revoluations per minute.
Pm = Average mean pressure on the piston in lbs. per square inch.
D = Diameter of piston in inches.

R = Coefficient of mechanical efficiency ':;:'—11:-'
The formula applies to single-eylinder, single-acting engines for
2
which the expression Eﬁ - represenis the piston area.

For engines whose pistons are furnished with a piston-rod or tail-rod
of d diameter, the effective area will be expressed by

A =%(D’—J‘).

The expression 3] applies to a single impulse during 4 strokes of the
piston or 2 revolutions of the fly-wheel. To calculate the power of

multi-eylinder or double-aciing engines the expression ‘—: is replaced

by the following values according to the arrangement of cylinders
shown in Figs. V.—4, 5, and 6.
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For arrangements 1I. to VII. inclusive; = 14

)
,, , VI, IX.endXIL. , ;=7
. » XIL to XIV. L s =23y

and so on according to circumstances.

The mechanical efficiency K = 080 is an average applicable to the
different engines with & heavy wheel. For engines with lighter wheels
R can be taken as = 085,

In four-cycle engines, single and double-acting, R may vary between
080 and 0-87 and fall to 0'75 or even 0°70 in two-cycle engines with
one or two cylinders, owing to the work absorbed by the gas and
air pumps.

The mean pressure Pm = 70 lbs. per square inch iz an average
value sllowing a certain margin, and not the limit of power the engine
ean reach. Under some favourable conditions the mean pressure
sttains 85 lbs, per square inch and more, with power gas.

The following is & list of different fuels used and the mean pressures
which may be realised in some engines of good modern construetion,
with the figures for corresponding compression adopted in practice.

Mean Preasare

Fusl o are e, | 1m Mo et
Blast Furnace Gas . . . . . . 170 to 200 70
Producer Gas . 140 to 170 70
Natural Gas (800 to 900 B.Th.U. per cubic foot.; 140 to 160 #0
Coke Oven {Gas . . 130 to 140 80
Town Gas (normal) . . . . . . 110 to 140 &
Refined Petroleum . . . . 40t0 70 &0
- with water m)ectlon . . 70 to H5 65
Spirit and Benzol (industrial engines) . . 70 to BS 0
Aleohol (industrial engines) . . . 100 to 150 85

Spirit and Benzol (automobile engmes) . . 85 to 100 a5—100

Alechol (automobile engines) . . . . 110 to 160 100—110

In order to examine the different parts, which together compose s
gas engine, in 8 clear and methodical manner, they will be classified
as follows :—

A. Btationary Details. —Frames ; Foundation bolts; Main bearings:
Outer bearings; Side shaft Learings; Cylinders; Liners and Water
jackets ; Cylinder covers; Stuffing-boxes; Breech ends and explosion
chambere ; Joints; Water circulation; Valve boxes.
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B. Moving Parta.——Fly-wheels and pulleys; Crank shafts; Pistons ;
Connecting rods; Piston rods; Crossheads,

C. Governing and Operating Detsils.—Valves; Half-speed shafts;
Gear wheels: Rollers; Bearings and supports ; Valve gear; Pivots ;
Cams; Levers; Eccentrics; Rolling paths; Trip gear; Governors;
Springs.

A, StaTioNARY DETAILS.—FRAMES.

Formula.—The complex form of frames do not permit any general
formula to be used for the calculation of their strength. It is

F1a. XII.—1. Design of Frame Casting.

necessary to give each section such form as will correspond to a
maximum of resistance.

Fig. XI1.—1, indicates in perspective a frame or Llase casting
with sections of two important portions B and S. The right-hand
gide of the frame forming a separate chamber is used as an air
suction chamber,

Section R.-—This is made in the horizontal plane of the back portion
of the crank shaft bearings. This portion should be strengthened by
extending the frame towards the front so as to form a buttress or
strut. It must, in fact, compensate the loss of resistance due to the
separation caused by the accommodation for the main bearings.

1f E is the total explosive force acting on the piston at the rate of

480 lbs. per square inch, ‘; will be the load on each bearing, acling

horizontaslly,.
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To produce a fracture along the horizontal section, the latter is
calculated by taking into account the shearing stress by the formula

E _
2—S—R

in which :—

E = the total foree acting on the piston in lbs.

S = the area of the metal in square inches.

R = the resistance of cast-iron to shearing in lbs. per square inch.

But the fracture, if produced, would not follow the horizontal plane
but that of R (Fig. XIL—1), making an angle with the hori-
zontal plane, which Giilldner estimates as 20° in the case of a bearing
inclined about 50° towards the interior.

To ealeulate the section the following must be considered :—

1. The tensile stress F acting at the centre of gravity of the section,
expressed by :—

5

F= 'g sin 3,

and if n is the aren of fracture in square inches, the tensile stress

will be

_Esinp
Itt —_— —é-;—.

2. The bending moment, expressed by
El
2
! being the distance between the horizontal plane passing by the axis

of the forces (centre of cylinder),
The resistance to bending is given by the equation :—

M=

Zi being the sum of the moments of inertia of the portion under
consideration.

E E
5 Esmﬁ
Rf-]-Rt_E_i — =

should not exceed 2,800 lbs. per square inch,

TUsually the thickness given, determined either by the form of tbe
frame or Dby the foundry limitations, i such that R is in the
neighbourhood of 1,400 lbs. per square inch.
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Section 8.—This is made at about halfway between the bearings and
the beginning of the cylinder. The caleulations are made by taking
into account the tensile and bending stresses.

Tension.—1t § = the tolal aresa of the section in square inches, the
tensile stress will be
E

by

E being the total load upon the piston in Ibs.

= Rt foot 1bs. per square inch,

Bending.—If y, is the distance between the neutral axis of the
section and the power axis (axis of cylinder), the bending moment
will be :—

Mf = Ey,.

The tensile stress for the most remote portion of the metal is given

by the equation ;:—

i X Xy _
_ﬁ_._j‘.‘_i =R
in which,

Xi = the moment of total inertia with respect to the neutral axis.
y2 = the distance between the neutral axis to the most remote fibre.
R = Rt 4 Rf should be lower than 2,800 1bs. per square inch.

General Form.—For horizontal single-acting engines the most recom-

mendable form, in the author’s opinion, is that which is similar to the
German models, a frame with s lnrge base area supporting the cylinder
for practically the whole of its length and forming one piece with
the water-jacket (Fig. XII.—2). This arrangement of cylinder
and frame constitutes a strong and compact casting which opposes all
tendency to bend at the moment of explosion. The author also advo-
cales the arrangement, shown in Fig. X11.—3, in which all the side
shaft brackets are fitted upon the frame itself, leaving the breech end
as independent as possible.
- For purposes of cleanliness a groove should be arranged at the base
of the frame to receive the excess of lubricating oil (Figs. XII.—
2 and 5), & small drain cock being fitted at the lowest point or a com-
munication made with the trough between the hearings within which
the crank revolves; the same arrangement being carried out to all
parts forming a basin where 0il can accumulate.

For suction producer-gas engines the air chamber can be arranged
without inconvenience in the frame. With town gas it is not
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permisgible, owing to the liability of the frames to become fractured by
the ignition of explosive mixture that may be accidentally formed. The
risk does not exist with suction gas engines, as the mixture is produced
by the suction of the engine itself. Nevertheless, the frame should be
kept low and strong so as not to present large flat areas against which
abnormal pressures might aet.

The number and area of air apertures should be sufficient to avoid

Fi6. X11.—2. German form of Frame Casting.

all whistling or hissing during suection, and for the same reason the
walls should be smooth and without seams or blisters.

The general form of frame which has been referred to as the German
type has been applied to the largest powers reached from a single
cylinder by the Maschinenfabrik Augsburg Nirnberg (Fig. XTL—4).

Fi1a, X11.—3. Frame Casting with provision for Cam Shaft Brackets,

This design was used in a blast furnace gas engine developing 700 B.r.
at a speed of 90 revolutions per minute, with piston 52 inches diameter
and stroke of 55 inches. The engine was fitted with two admission
valves and two exhaust valves in simulianeously operated pairs.

The two separately-cast side pieces forming the supporting beams
were tied together by a central tie rod. Their total height was 94}
incheg, the breadth at the base 354 inches, and at the upper portion
2383 inches.
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The construction of single-acting engines of this size has been
definitely abandoned, and to-day the output of 150 or 200 u.p. maxi-
mum is hardly ever exceeded for engines of this type.

Fig. XII.—5 represents a section through the frame of a single-
acting gas engine made by the Société Winterthur. M. Reichenbach has

E——'- — g = 6550 T |
p—2200 ——p—— 2400 —— 1950 -
| | \
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Fi16. XIL.—4. Frame of 700 H.P. Niimmberg Engine.

designed a type of engine—constructed by the Union Society of Dort-
mund and the Gorlitzer M. A. G. of Gérlitz—which enables the frame
to be used indifferently for either single or double-acting or tandem
‘engine (Fig. XIL.—6). In the single-acting and the tandem

F1e. X11.—5. Frame of Winterthur single-acting Engine,

arrangements the frame casing serves as the cylinder water-jacket ; in
double-acting engines it is used as the crosshead guide.

English and American makers until recently have remained faithful
to less imposing forms of frames than the German. Some further
remarks will be made later on when dealing with eylinders and jackets,
but, as has been elready mentioned, in all countries there seems to be
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8 very marked tendency to adopt the German type of frame. Several
of the more important firms in America and England have consl}lted
the author with regard to the conversion of their existing engines,

Fii, XJ1.—6. Frame euitable for various Cylinder Combinations (Iteichenbach).

and, as a result of serious congideration of this question, have decided
to adopt this type of frame.

It has been already mentioned that the frame, forming one piece
with the cylinder water-jacket, presents the advantages of being very
rigid and obviates the objectionable overhang.

The pnrtisans of jackets independent of the frame, in support of

Fra. XIL—=7. Supported Cylinder { Pudbridge).

their preferences, put forward the specious argument of the great ease
of renewal of this jacket should it at any time le fractured by frost.
But it must be conceded that an engine is not designed to be exposed
full of water to frost. Such accidents were frequent when gas engines
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first began to be employed and when those placed in charge were
incompetent with reapect to the attention necessary, but to-day, with
better education of the attendants, such fractures rarely occur.

Fie, XI1.—8, Cylinder snpported on Side Bearers (Foas).

In certain cases, water jackets independent of the engine frame may
prejudice the stability and complicate the appearance of the engine,
Some makers, however, remain partisans of this separate casing,
which, if it is subject to eriticism, does not always present grave

Figq. XI1.—9. Xirnberg Frame with Tic-bar.

inconveniences when applied to single-acting engines of lower power
than from 20 to 80 u.r.

The Dudbridge Ironworks Co., Lid., for some of their engines, shape
the frame with a rear bracket, all in one piece with the water jacket,
as shown in Fig. XII.—7.

Fig. XIL.—8 represents the frame of the IFoos engine, with bearings
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inclined towards the rear, fitted with two longitudinal bearers to
receive the eylinder.

In large double-ncting engines the frame usually differs from those
used for single-acting engines on account of the size of the parts and
the necessity of providing for the disposition of the valve gear in a
rational manner. The engine iz nearly alwnys made of different
members joined up together, some of the segments occasionally
reaching considerable dimensions and weights. The frame con-

Fra. XIL—10, Frame of 5,400 H.P. Engine (Snow Steam Pump Works).

structed by the Maschinenfabrik Augsburg Nirnberg for the engines
supplied to the steelworks at Rombach weighs over 26 tons.

Fig. XI1.—9 is a section of a frame constructed by this firm. The
openings arranged in the sidea to give access to the slides and cross-
head are strengthened by a powerful steel tie-rod.

Fig. XI1.—10 shows the frame of the 5,400 u.r. engine of the Snow
Steam Pump Works of Buffalo, weighing 77 tons.

The trame of the large Cockerill angines is formed by two strong
cant-iron beams running the whole length of the engine, and between
which the cylinders are fixed. They terminate in the croashead guides
and the erank shaft bearings (Figs. XII.—11 and 12).

The Ebrhardt & Sehmer engines have a strong frame, with a large
bearing surface, fixed to the masonry by a series of uniformly spaced

~
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boltse (Fig. XI11.—18). This frame 1s furnished with a crosshead
guide, the latter being machined at the same time as the facing for
the eylinder so as to ensure absolute concordance in erection.

Cockerill Girder-type Frame.

Fic. X11.—11.

The Haniel et Lueg frame bears upon the foundation throughout its
length. Tt is hollow and fitted with internal ribs. Two side openings
are arranged on each of the side frames near the site for the first
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cylinder to allow the front stuffing-boxes to be inspected, the openings
being closed during work by a wrought-iron slide. The bore of the
portion which joins ov to the cylinder is concentric to the piston
crosshead guides.

In the tandem engines the intermediate frame is similarly hollow

Fie, X11.—12. Cackerill Girder-type Frame.

with & large number of internal ribs designed to give the maximam of
rigidity with least weight. A lateral opening in this portion permits
the erection of the piston rods and inspection of the middle crosshead.
This opening is strengthened by two strong steel rods.

Fig. XII.—14 is a transverse section of the frame of the engine
built by the lilsassische Maschinenbau of Mulhausen. It is of the
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two symmetrical beams type, strongly braced by the crosshead slipper
guide nnd by the oil trough. The cylindrical guide is bored ai the

|

1

FiG. X11.—~13. Ehrhardt & Sehmer Frame Castiog,

same time as the flange for the eylinder attachment. It is cooled by
water cireulation and titted with means of adjustment.

Founpartion Borrs.

Dimensions.—Only experimental data existe for the dimensions of
foundation bolts. Their number and position depends upon the length
and shape of the base. To strengthen the base at the crank shaft

A

U_i_ —— CD ) :'.

F10. XIL.—14. Elsassische Frame Casting.

bearings it is & good plan to place a foundation bolt on either side in
their immediate vicinity (Figs. XI1.—2 and 25).
The following table gives the dimensions which should be employed
for single-cylinder engines upon the basis of using from six to nine
L.C.E. v
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bolts, the ninth bolt being placed in the middle of the front portion
of the frame.

Dimexaions ofF FouxpaTioN Bovra.

BUP . . B . . . B B 15. 25, 35. 50. S, 100, | 1350,

Diameter of bolts, inches . 1 1} 13 14 1} 1} ’ 2
Number ,, w - | & L 6 6 8 9 ¢

The holding-down bolts should preferably pass through the whole
depth of the frame so as to obtain the best bond with the foundation.
This arrangement increases the rigidity of the frame and, for an equal
resistance, permits lighter sections to be used. It is much to be

O

N

.'./

NN
DY

- -

F1e. X11.—15.  Boss for Foundation Fia. X11.—18. Boss for Foundation
Dolt. with Stiffening Web. Bolt, with Solid Sheathing.

preferred to that in which the bolts are passed through bosses formed
in the bottom of the frame casting.

The bolt holes should be strengthened at their upper part by a rib
(Fig. XI1.—15) or by a solid sheathing wider fowards the base, as in
Fig. XI1.—16. The nut should rest upon a perfectly plane surface
with & washer intervening.

It is a good plan to arrange the bolts in two parallel lines, and to
make them flush at the same height 8o as to be ell of the same length,
o wmatter which simplifies the construction of the foundation. This
condition can only be realised when the base is designed accordingly.

Marmx BEariNas.

The frame of & gas engine comprises two main bearings designed to
support the shaft. These bearings are arranged horizontally in the
majority of cases. Bearings inclined towards the cylinder are only
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employed for the smaller engines. Those inclined away from the
eylinder are wrongly designed and are no longer used.

The crank shaft bearings should be fitted with gun-metal or anti-
friction metal brasses of a type which allows play to be easily taken

Fra. X11.—17. White-metal lined Fia. X11,—I4.  White-meta] lined
Bearing before cooling. Bearing after cooling.

up. The brasses are fitted with a key or dowel peg to prevent their
rotation.

Gun-metal or phosphor bronze is used for brasses of small dimensions.
For others either shells of east iron, steel, or deita metal are used,
lined with white metal. The latter should project at the edges with
respect to the shells in order to provide s side supporting surface for
the clearances of the drip rings (Fig. XII.—28, p. 292).

The tonstruction of these bearings necessitates ceriain precautions.
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Fro. XIL—19, White-metal lined Fi6. XI1,—20, White-metal lined
Bearing after cooling. Bearing, with Dovetailed Grooves.

The coefficient of contraction of the white metal is two or three times
greater than that of iron or steel, with the result that after cooling the
surfaces do not remain in contact in the transverse direction as shown
in Fig. XI1.—17, but sre slightly separated as is to be seen in
Fig. XIL.—18. In the longitudinal direction they similarly

produce a shrinking at each end of the journal (Fig. XI1.—19).
L
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To avoid such shrinking, dovetailed notches are provided, as shown
in Fig. XII.—20; but during cooling of the metal the back
surfaces of these notches take a conmeave form (Fig. XII.—21).
Little by little, the oil peneirates
into the free space left, and as its
coeficient of conductibility is about
zdp that of the metal, it may set up
abnormal hesting of the white metal
Fia. X11.—21. White-metallined Bear- g4 wange its fusion.

ing, showing effect of Contraction in The arrangement for takin
Grooves. g or taiing up
. waar in single-acting engines is
placed at the side of the cylinder so that it may not be directly
submitted to the force of the explosions.

For engines exceeding 60 to 75 m.r. it is indispensable to ensure
lubrication by means of revolving rings or chains, and in the larger
engines the oil is forced into the bearings under pressure. :

Fig. X11.—22 represents a prospective view of a ring bearing and
shows the ring resting on the shaft itself, & notch E being cut away in
the brass. This notch should only exist in the upper part of the top
half brass, so that this may be all in one piece and not cut into two.
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Fio. XI1.—22. Shait in Bearing, with Fre, X[1.—28, Hection of main Bear-
Qiling Ring. ing. with two Qiling Rings,

The ring should be of sufficient diameter to revolve freely under
these conditions. The interior face of the ring in eontact with the
shaft should be in the form of a groove rather than a plane surface, as
it will then take up more oil and is more likely to continue in rotation.
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For engines of 75 to 100 8.p. two rings are employed. It is known
that, unless precautions are taken by cutting grooves in the middle of

F1e. XII.—24. Bearing for SBhaft with two fixed Oiling Rings.

the bottom brass and o vertical passage leading to the oil bath, the
oil is likely to flow badly between the two rings (Fig. X11.—28).
Instead of a movable ring, which is likely to cease revolving, some
constructors prefer to use fixed ringa upon the engine shaft, bathing
in the oil aud rubbing against a spring I, in the upper part of the
bearing, in the form of & spoon which scoops the oil from the ring

Frue, XTE—25. Bearing with Socket Cap,

and diverts it to a distributing trough (Fig, XIL.—24). This fixed
ring is formed of two pieces joined together.

The grooves in the brasses should be sufficiently large to permit
lateral movement of the engine shaft. The play of each side should
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be from 3 to & inch. In this arrangement the brasses present
the inconvenience of being in several pieces, and therefore it is a

Fra. XT1.—26. Transverse Section. F1e. XI1.—27. Elevation.
Main Bearing Constraction of 8,400 H.P. Engine (Snow Steam Pump Works).

matter of greater difficulty to rigidly maintain the different sections
a8 & whole.
In Figs. XI1.—28 and 28, the bearings are fitted with side ol
catchers within which the drip rings projecting from the shaft revolve.
These oil catchers are cast with the frame in small engines as in

Water iniet Water Outict

¥1a. XI1.—28. Four-part Bearing, with Wedge Adjustment (Snow Steam Pamp Worls).

Fig. XII.—28, and attached by screws as separate pieces in large
engines (see Fig. XI[.—28). In the latter case they do not
involve the separation between the two halves of the bearing, which
might allow oil to escape,
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An opening must be provided in the externa) face of the bearings by
means of which the internal oil bath can be cleaned out. On the
cover of this aperture an oil gauge glass can be readily fitted to show
the level of the oil, and a drain eock should also be furnished.

Some makers make use of the plain cap, which is simpler and
requires least adjustment. In the author’s opinion it is preferable to
construct the bearings as shown in Fig. XII.—25, with a socket cap.
The internal parts are fitted but not jointed, whilst the parts B that
strengthen the bearing are adjusted to dimensions with a little overlap
to prevent them becoming wedged during dismantling. This overlap
is from 02 to 01 of the diameter of the shaft. The space A (Fig.
XII.—25) permits the wear of bearings to be taken up.

If the weight of the bearing cap exceeds a hundredweight it js
necessary to provide fixed lugs or serewed holes in which a hook can
be inserted for easier handling.

The covers are secured by two or four bolts with shoulders, screwed
into the frame and furnished with a turned washer and two lock-nuts.
Sometimes the bolts used are tee-headed, filting into a socket cast in
the frame, but this arrangement is less mechapical than the
preceding.

In their very large engines the Snow Steam Pump Co., of Buffalo,
strengthen the upper part of the bearings by belts B (Figs., XII.—26
and 27) arranged horizontally and passing through the cap and the
bearing itself.

When ring bearings are used it is eagier to fix the caps by four bolts
inatead of two, in view of being able to arrange the cil bath between
the bolts,

DivEexnsions oF Car BoLTs.

B.E.P. . . 15 25 a5 50 T 100 | 150
Number of bolts 2 2 4 4 4 4 4
Diameter in inches . i 1 1 1 1} 1} 1}

Kynoch, Ltd,, of Birmingham, for their engines of more than 80 u.p.
employ brasses in four pieces, adjustable in herizontal and vertical
directions, and removable without lifting the shatt.

Beheben & Krudewig use long brasses in red brass. Dingler's
brasses are imterchangeable, in cast-steel lined with alloy. Lubricalion
of the main shaft bearings is by means of a chain; the side shaft
bearings are fitted for ring oilers.

In the large engines of the Snow Steam Pump Works the bearing con-
sista of four pieces of cast iron lined with white metal (Fig. XII1.—28).

~
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The lower part of the brass is let in a seat bored in the frame, whilst
the two side pieces are adjustable by means of wedges and tightening
screws, The lower shell may be water-cooled in case unforeseen
heating is produced.

Outer BEeaRINGS.

Modern gas engines genevally comprise a third bearing supported by
brickwork or by a casi-iron standard. It is important that such
brickwork or concrete pier should be built as part and parcel of

Fia, XI1,—29. Outer Bearing F1¢. X1I.—3v. Hornsby Quter Bearing
and Hole Plale. and speeial Oiting Device,

the engine foundation. The bearing should Le fitted upon an
independent base or soleplate with oil catchers and keyed to the brick-
work with long foundation bolts, two for engines up to 50 to 75 u.r.,
and four for higher powers.

The bearing and the soleplate should be connected by bolis. In order
to allow slight movement in all directions during erection, the holes
arranged in the soleplate and in the bearing should be cast oval in
two directions at rizht angles to each other. The dimensions of this
bearing, pedestal and diameter, will be given in the paragraph
relating to crank shafts. The form and arrangement will be the
same afR those for the main bearings, but the dimensions may be
somewhat less, seeing that it will only support a part of the weight of
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the fly-wheel, of the pulley, and of the crank shaft as well as of the
work transmitted.

Fig. XII.--29 represents an onter or outboard bearing with gun-metal
brasses, suilable for engines of less than 50 m.p. The cil eatchers are
shown at C, being cireular grooves cast with the pedestal iteetf, Two
passages K permit the oil thus collected to return to the central
trough.

. Hornsby & Sons, of Grantham and Stockport, sometimes employ
the arrangement shown in Fig, XI1.—80 for the outer bearing. 1t
comprises a set of adjusting screws to level and adjust the bearing
upon the cast-iron soleplate. Continuous Inbrication is effected by
means of a small oil reservoir; the oil overflows in & side groove,

]
_———

4
R

Fic. X11.—3]1, Cam-shaft Bracket and Ring Oiling Bearing.

and is returned to the reservoir by a smail centrifugal pump driven hy
a chain from the erank shaft.

In large engines upon the shaft of which a dynamo is mounted,
particular care is demanded in the construection of the outer bearings.
Long brasses must be used having a spherical part, and the shells
must be placed in the direction of the line of elasticity. This outer
bearing should alse be fitted some mils higher than the two engine
bearings (1 mil = 0-001 inch).

Sive SHarT BEAsRINGS,

At least two bearings are fixed upon prepared facings, either on the -
frame or on the breech end, making s solid and firm support. The
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length of the bearings is from one-and-a-balf to twice the d:ameter
of the side shaft.

The first bearing is fixed as near as possible to the skew gear
wheels 80 as to reduce the overhang of the shaft. It partly projects
into the gear wheel box, which serves at the same time as an oil bath.

For engines over about 100 u.p. it is a good plan to snpport the
side shaft at the centre by a third bearing. In very large engines it
is even wise to place a bearing on each side of the gear wheels.

The second bearing is placed as close as pousible to the cams or
eccentrics operaling the valve gear to reduce the bending stresses
upon the shaft. For simplicity it is advantageous to cast the governor
bracket and gear wheel case with this bearing.

English makers usually make these bearings solid without gun-
metal liners, even though the length of bearing is necessarily increased.
Steel and iron answer very well as regards friclion of surfaces.
Lubrication is effected by means of a small oil cup or wick.

Other makers use gun-metal brasses in two pieces to allow for
taking up wear. The author advocates the type of ring bearing
shown in Fig. XII.—81 in cast iron for 50 m.r. and under, in white
metal or bronze for bigher powers.

Frictional Arens.—The frictional areas of the brasses of the different
bearinge should be calculated to prevent all kinds of heating or undue
wear. The loads per unit of surface given below may be applied as
limit bases, reckoning upon an initial explosion pressure of 430 Ibs.
per square inch upon the piston area.

Lbs. per square inch.

For the piston pin . . . . 1,700 to 1,850
crank shaft bearlnga R . 500 to 550
crank pin . . . . . L7700

pins for valve gear leversand rollers 550 to 650
These loads are on the basis of the projected areas (diameler X
length).

CYLINDERS—SINGLE-ACTING ENGINES.

General Form.—It is generally accepted that a gas engine cylinder
should be formed of a separate liner made of specially hard cast iron
of great strength and tenacity, and a water-jacket independent of the
frame or forming one piece with it. There are very few exceptions to
this rule in modern horizontal gas engines.

Some constructors have provided circular ribs at the external
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surface of the cylinder liner with the object of quickening the cooling.
The author’s opinion is that this provision is irrational, seeing that,
though it is necessary fo encourage ample water cireulation o the
combustion chamber to guard against the explosion temperature
acting prejudicially to its strength, it is incumbent to cool that portion
of the eylinder within which expansion occurs very slightly indeed to
cbtain proper working conditions.

A sufficient space should be left between the liner and the eylinder
casing to diminish the influence of incrustations and to allow for
cleaning. This space is usually equal to twice the thickness of the
cast-iron casing.

In addition to the effects of expansion due to the tempersture
variations, either in the interior of the liner or in the interior of the
casing, stresses are seb up in the liner iteelf resulting from the internal
wall in contact with the hot gases being at 8 much higher tempera-
ture than the water-cooled external wall. This causes the internal
fibres to be compressed and the external fibres to be in fension, a
condition which, for great temperature differences, might be serioua.
Apart from this, tensile stresses exist in the horizontal diveetion
resulting from the force of the explosion acting against the back of
the cylinder and reacting upon the liner itself. Finally, in some
cases, the separate portions which constitute the cylinder are tied
together by means of Dbolts, the tightening of which sets up
considerable tension.

Experience has shown that it is advisable, whenever possible, fo
provide large fillets to couple the pieces so as to permit free move-
ment and to avoid making ribs which interfere with expansion without
preventing it, and which, in consequence, leads to the formation of
cracks.

Dmensions.

Thicknege of Liner.—-The following formula is applied :—

_PD
¢ = 3R
in which

= Thickness of liner in inches.
P = Pressure per square inch = 285 lhs. per square inch.
I) = Internal diameter of liner in inches.
I = Practical coefficient of resistance of cast-iron to tension
= 2,850 1bs. per square inch,
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This gives—
=2
20

For P, 285 lbs. per square inch is taken instead of 430 lbs. per
square inch, because the latier, when acting upon the liner, has
already been appreciably reduced by expansion.

In this formula fracture in the direction of the force is considered,
because in the direction at right angles the work on the metal is only
one-half as much.

To provide for re-boring the liner at some future time the formula

should be:—
D
e =12 x -2—0
This formula does not take into account the bending that may
occur in the liner by the verfical reaction due to the obliguity of the
connecling-rod a about half-siroke of the piston. Also for engines
beyond 50 to 75 B.r., and particularly for long-stroke engines,itiss
good plan to cast a semi-circular sopport in the frame to bear against
the cylinder towards the middle of the water-jacket.
Similarly it should be noted that for enginea with cylinders less
than about 12 inches internal diameter the liner should not be les
than % inch thick to ensure good working.

Thickness of Casing.—The thickness of casmg e, = 06 to 0'8e, ¢ being
the thickness of the liner.

Bolts or Studs of the Cylinder Joint with the Breech End or with the
Cylinder Cover.—Up to 200 u.p. sizes the number of bolts is determined
by the equation :(—

n =05 to 0625 D,

Some constructors take n = 0-76 D, in which

n = number of bLolts.
D = diameter of cylinder in inches.

For engines upwards of 15 to 20 B.r. the pitch of the bolts should oot
exceed 5°5 times their dinmeter.

The effective area iz taken as that of the bottom of the thread
This is equal to about 07 of that of the bolt, implying that the
diameter of the two sections is in the ratic 0'84 to 1.
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To calculate the diameters the following equation is used :—

4380
d=2D Py
in which—

d = effective diameter of bolt expressed in inches.
D = diameter of cylinder expressed in inches.
n = number of bolts.
Il = practical coefficient of resistance of steel to tension.
= 7,200 for emall bolts (to take into account the additional
tenaion due to tightening).
= 7,900 for medium bolte.
= 8,600 for large bolts
480 = initial explosion pressure in lbe. per sguare inch.

. d
d = outer diameter of bolt = o081

The following table has been constructed from the above formula:—

Drgenstons oF CYLINDER BoLTs.

Diatnetar.
Number,

Effective. External,

3 ri41 D 0180 D
4 0122 D 0145 D
5 014 D 0124 D
i o00e D 0118 D
8 0082 D 0098 D
10 071 D 0084 I
12 0084 D 0076 D
14 0060 D 0071 D
16 0056 D 0067 D

Many constructors adopt stronger dimensions than those given, but
it must be taken into account that the above are based upon the
hypothesis that the breech ends are entirely independent of the valve-
operating mechanism, and, consequently, are only called upon to resist
minimum side strains.

Flanges or Collars,—The bearing surface of the nuts should be eare-
tully prepared. The breadih of the flanges should be 2-5 times the
diameter of the bolis. Their thickness, if solid, should be 1'5 to 20
times the diameter of the bolts.
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The bolts and studs should be made from mild steel of the best
quality. The threaded portion of the stud screwed into the metal
should have a length af least 1'5 times the external dismeter.

Chamfers.—At each of the two ends of the liner, a chamfer or
counterbore should be turned, and the piston rings should be arranged
in such & manner that, when travelling backwards and forwards, the
front ring and the last of the series of rings at the rear overlap the
commencement of these chamfers at each extremity of the stroke.

This rule is particularly observed in the Tangye and Winterthur
engines, as well as those of other makers. Some, on the contrary,
neglect this detail, and the friction of the rings wear the liner, and
after a time the latter becomes rutted, as shown in exaggeration in
Fig. XI1.—82.

The piston ring grooves become deformed at the sides, and dirt,
sooner or later, enters under the rings. The latter are then prevented

-

Fre, X11,—32.  Wear of Liner due to Piston Movement,

from closing in, with the result that it is impossible to remove the
piston from the cylinder. On the other hand, supposing that this
accident should be avoided, the renewal of the rings ecould only be
done effectually by re-turning and consequently enlarging the grooves.
This involves fitting wider rings, which butt against the portions A4
and B (Fig. XI1.—82), causing a very disagreeable noise and probably
eventual breakage.

It is to avoid these inconveniences that a ring in the front of the
piston is employed and that counterbores are turned at the ends of
the liner. These chamfers should similarly be provided in the case

of double-acting engines,

Joints.—The arrangement of cylinder mosi widely adopted in
Furopean practice for single-acting engines i3 represented by
Fig. XII.—5. It consists of an internal liner, which is inserted into
the casing from the rear, bearing in front in a eylindrically-turned
portion, and, at the back, agninst a fillet in the casing, ferminating a



DETAILS OF CONSTRUCTION 303

little behind the vertical face of the latter, so as to ensure the tight-
ness of the whole upon the erection of the breech end. At the lower
back part of the liner an oil blow-off valve is fitted, as explained in
connection with Figs. X.—86 and X.—48.

This is the type of eylinder that the author advocates as the best.

Fig. X1I.—88 shows the manner in which a good joint is made
between the liner ¢ and the water-jacket casing E for engines fitted
with o separate breech end. The cylindrically-turned part, with the
shoulder A which forms the joint between the jacket and the liner,
are made gastight by a simple coating of red lead, whilst the joint D,
which resists the internal pressures of the cylinder, is made with
ashestos or annealed copper,

The coupling of the breech end with the water-jacket E, forming

| /'9\

Fro. X11.=—33. Detail of .Joint between Liner, Jacket, and Breech Caating.

part of the frame, is effected by means of a series of studs G, arranged
around the circumference of the flange B. It should be observed that
all the pressure at this coupling acts against the joint D; therefore,
to reduce torsional strains, the coupling studs should be placed as
closely as possible to this point.

The sarrangement in which the liner is fitted with a large flange
which is flush with and is coupled between those of the jacket and
breech end is not advised, because of the extra thickness of the metal
making the efficient cooling by water difficult.

Fig. XIL.—84 represents the method of fixing the cylinder liner and
separate breech end, for small engines in which the water-jacket M
forms part of the base,

The liner is first of all fixed to the breech end 4 with the joint a of
asbestos or annealed copper. The tightening is by means of bolts B,
of which the nuts are placed outside the water-jacket of the combustion
chamber. This done, the liner is inserted within the water casing
from the back. An indiarubber joint ring D sufficiently ensures
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tightness of the casing and allows free expansion of the liner in the
horizontal direction, The whole is fixed to the frame by the nuts £

Fi1a. XII.—34. Detail of Liner Joint, with Bolts through Breech Casting.

on the studs and bolts of the breech end. The tightness of the outer
joint is ensured by means of an asbestos ring.

Examples.—Other arrangements applied in Franece, America, andin
England are very numerous, but only some of the better known will
be referred to.

The Charon engine, which was at one time a very well known
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F1q. XII,—35 Liuer in combined Combustion.chamber and Water-jacket.

French type and which gave very favourable results under test, was
cast with its cylinder—internal liner and casing—in one piece. The
whole was coupled up and overhung the frame by mesans of a flange
and bolts. The cylinder cover was formed by a double wall, forming s
water chamber in communication with the cylinder jacket. Tightness
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was obtained, after a fashion, by means of asbestos joints, The
inlet valve was placed on the cylinder end, whilst the exhaust valve
was arranged in s separate box, supported from the side of the
eylinder.

Oue of the forms that has been in use for several years by a number

F1u. X11.-38, Reichenbach Engine (ylinder.

of English makers, and is still in use to-day, consists of a cylinder
casing £ (Fig. XI1.—85) independent of the liner C,but of one piece with
the combustion chamber A, in which the inlet and exhaust valves are
placed, one above the other. 'This casing overhangs the frame, to
which it is attached by bolts. In this arrangement, the joint{ J,
between the liner and the separate water-jacket, is inaccessible and
difficult to keep tight. Other makers employ the same arrangement,

Fra. X11.--37,  Section of ('ylinder, Oechelhiiuser Engine.

but with the admission valve placed on the horizontal axis, at the side
of the cylinder. The frame casting forms the air chamber,

An old type of Tangye engine, which had the merit of a rationally
formed eombustion chamber, had both admission and exhaust valves
vertieal, the former in the back of the combustion chamber and the
latter on one side.

I.C.E. X
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The latest .type of Hornsby-Stockport engines employ a cylinder
liner and breech end independent of the frame, the latter being one
with the water-jacket. The valves are vertical, one above the other.

As an interesting arrangement, reference may be directed to
Fig. XII.—8, in which the casing is supported upon two longitudinal

Fic. X11.—33. sSection of Cylinder, Koerting Engine.

bearers from the frame, in order to avoid an overbanging cylinder,
the whole being joined together by means of studs. Many American
firms have adopted this type of engine, the liner and casing being
one casting, with the valves at either side.

The special form of the Premier gas engine is alluded to in
Chap. IV., p. 45. The single-acting Reichenbach engine cylinder

Fig. X11.—39. Section of Cylinder, Koerting type, Gutehoffnungshiitte,

is iltustrated in Fig. XI1.—36, and is similar to the form of double-
acting cylinder without a separate combustion chamber and with a
waler-jacketed cylinder cover.

Whalever the forin adopted for the cylinders and water-jackets may
be, a 2-inch hole for the reception of an indicator should be arranged
in an aceessible position, and tapped with a §-inch Whitworth thread.

N~
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This hole should be filled flush up to the inferior wall of the com-
bustion chamber by a plug or prolongation, so as to prevent

Section of Cylinder. Koerting type, Siegener Maschinenbau,

Fra XI1.. 40,

accamulation of oil or dirt in the gas passage when the aperture is
not in use.
x 2

-l
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Cylinders—Double-acting Engines—In double-acting engines, where
the symmetry of arrangement of organs is of most importance, and
in which the breech end is replaced by cylinder covers, the amount
of expansion, due to the size of the pieces, should be particularly
considered.

The effects of such expansion have been skilfully contended with in
the Koerting and Oechelhiiuser types of two-cycle engines.

In the modern Oechelhiuser engine (Fig. XII.—87), the internal
cylinder liner is formed of two trunks tied at one of their extremities,
whilst the other is free. These trunks are, moreover, independent of
the casing, with which, as regards free expansion, they compare with
the working conditions of single-acting engines.

In the Koerling, a similar arrangement is adopted (Fig. X1I1.—38).
Fig. XI1.—89 represents the transverse and longitudinal sections of a
modern Koerting eugine constructed by the Guteboffnungshiilte of
Oberhausen. The cylinder liner is independent of the casing. It is

F1. X11.—{1. Scction of Crlinders, Dingler.

formed of two parts joined in the middle of the exhiaust ports in such
s way that the expansion and contraction are entirely unfettered. In
the lower part of the wall, upon which the piston bears, there are no
exhaust ports, in order to ensure a large frictional area. The reactions
due to the movement of the piston are normally absorbed by some
intermediate cylindrical pieces and stays.

Fig. XII.—40 shows a horizontal section of a cylinder of a Koerting
two-cycle engine made by Siegener Maschinenbau A. G.

The Dingler engine, four-cycle, with double open-ended cylinders,
is of the same arrangement (Fig. XII,—41). The combustion chambera
are placed back to back and bolted together, a long water-cooled box
intervening within which the rod passes that couples the two pistons
iogether,

In the other double-acting engines with closed cylinders, the free
expansion of the internal liner and of the casing, the shape of which
is made very complex by the valve orifices, is provided for in various
ways., Certainly the most simple consista of casting the liner and
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casing in one piece, spacing them sufficiently clear one from the
other that the curves of the junction pieces at the extremities yield
to slight bending by the elasticity of the material. This is done in the
Maschinenfabrik Augsburg Niirnberg engines (Fig. XI1.—42), who have
experienced no trouble and bhave not been forced to run their eylinders
colder than those of their competitors. The external portion of the

Fig. X1L=—13. Uylinder ensting, Niirnberg,

casing is stopped off, the gap being closed by a flexible circular band.
Fig. XI1.—48 represents one of the eylinders of the Niirnberg engines
installed at the Rombach Steelworks.

The Ehrhardt & Sehmer cylinder is similarly cast solid with its
casing (Fig. XII.—44), but this, owing to the great interval provided
between the two parts, can expand freely, having regard to the
elasticity of the cast iron at the points where the two parts are
connected. These constructors have also striven to realise some
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symmetrical shapes to ensure equality of tenmsion throughout. It
will be seen that large cleaning holes are everywhere provided $o
give ready access to the casing.

In designing the form of the casiing to accommodate the valve

Fi1o. XI1.—44. Section of Cylinder, Ehrhardt & Sehmer.

bozxes, Ebhrhardt & Sehmer have followed the arrangements adopted
in high pressure pump construetion which, but for temperature, work
under similar conditions to those of gas engines. The cylinder is
bolted in front to the base and bears freely at the rear upon a guided

F1a, X11.—4#b. Section of Cylinder, Gnsmotoren Fabrik Deutz.

glide which permits free expansion along the horizontal axis of the
engine.

The Gasmotoren Fabrik Deutz, on the contrary, make some double-
acting eylinders in two pieces (Fig. XII.—45). One is formed by the
liner itself, in which the admission and exhaust apertures are cast,
and the other by a sort of central sheath connected to the first by an
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expansion joint which permits the extremitios to slide one in the other.
The ‘easy disinantling of the central porlion enables the casing to be
thoroughly cleaned.

The Gasmotoren Fabrik Deutz in their 2,000 H.p. engine Liave even

s S
——{An

Fro. X1L—46. Rection of Cylinder, Gasmotoren Fabrik Deute.

deemed it advisable to make the cylinder in five pieces (Fig. X11.—461,
the two extremities for receiving the valve boxes being formed by

1, X1E—47, Section of Cylinder, F16. X1L.—48. Detail of Cslinder
Reichenbach, joint, Reichenbach.

annular portions independent of the liner and of the external expau-
sion sleeves. The valves are arranged in the same vertical axis, the
air valve above and exhaust valve bLelow, so that excess of oil or
moisture muy be expelled naturally.
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The double-acting Reichenbach eylinder, represented in Fig. X1I.—
47, is entirely symmetrical to avoid contractions of the cast iron and to
allow longitudinal expansion. The circular bearers are arranged close
by the side of the valve chambers, and
serve Lo support the wrought iron cylin-
der which forma the external wall of the
water-jacket. The conical-shaped end
flanges are separated from the adjacent
cast-iron external casing by circular
grooves which are filled by an india-

rubber ring held by a cord (Fig. XII.— . o ‘
48). Fig. XI1,—19,  Section of Cylinder,

Winterthur,

By the shape given to the cylinder
covers and the piston itself, the compression chamber forms an annular
space without recesses or projections, which is one of the characteristic
features of the Reichenbach engine.

The Winterthur Co. similarly adopt a symmetrieal arrangement
(Fig. XII.—49). The whole is castin one piece, but the externsal casing
is stopped off in the centre to allow for expansion. The opening
is closed by two cast-iron semi-circular pieces to form the water
chamber,

As ghown in Fig. XIL—50, the cylinder of the Elsassische

| | 5 |
R

Fra. XI11L.—50.  RSection of Cylinder, Elenssische.

Maschinenbau engines is made on the same principle. The internal
liner and the valve box seats are cast in one piece, and the central
water chamber is formed by two semicircular pieces carried and
bolted as in the Niirnberg cylinder, near the valve box seats, by solid
stays passing through the water-jacket to strengthen the liner.

The cylinder of the Markische Maschinenbau Anstalt engine is in
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three pieces (Fig. XIL.—51). Oune of these forms the central part of the
cylinder, liner and jacket, and at the same time is part of the support-
ing beam which runs the length of the engine and serves to connect
the tandem cylinders as in the arrangement of the Cockerill engine
{Fig. XI1.—52). The covers are tied together by long bolts passing
through the water chamber.

In the cylinder (Fig. XI1.—51) this central portion is free to expand.
The two end parts which receive the valves are shorter, expausion

2l
|

Fri, X11.—61.  Mection of Cylinder, Markische,

has less effect upon them, and they form annular pieces with a closed
casing. One of these end pieces is independent of the frame, whilst
the other is purt of the central portion.

From the point of view of stability as much as of extension by
expansion, multiple-cylinder, double-acting engines should be specially
designed. The Cgckerill eylinders, by the method of eonnection with
serew and keys, are independent of the frame on which they rest.
They are cast with their oufer casings and their tubular valve box
seats, inlet above and exhaust below. Their construction is absolutely
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symmetrical, to encourage the resistance of the metal to the tensile
siresses produced.

Dingler employs cylinders in the form of simple tubes, interchangeable

F1a. XI1.—52. BSection of Cylinder, Cockerill.

and without projections, entirely free to expand at one end. The

connection is made by flanges arranged outside the water chamber
(Fig. XI1.—53).

In the Snow Steam Pump Co.’s 5,400 u.p. engines the eylinder is in

77 fW//f“///}

Fig. X1I.—53. Section of Cylinder, Dingler,

two pieces with ajoint in the middle (Fig. X11.—54). Each of the two
pieces is cast vertically, the flange upwards, with a big waste end, so
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as to obtain soft and sound iron in view of the turning of this
flange, and hard iron at the outer end which receives the eylinder cover.
The flanges are let in within the water chamber, and the casing is
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Fia. XiL—34.  Section of Cylindder, snow Steas Pump Works,

closed by an annular joint. The cylinders are supported on the frame
with slidea intervening to allow expansion.

Fig. XII.—55 represents the cylinder of a double acting tandem
engine made by the Allis Chalmers Co., having a diameter of 42 inches
for a piston stroke of 54 inches.

The Duisburg M. A. G. (formerly Bechem & Kealinan) in their

Fra. X1L—53  Cylinder Casting, Allis Chalmers Co,

double-acting engines, place the inlet and exhaust valves one above the
other, but on a vertical axis out of centre with the eylinder as shown
in Figs. XII.—58 and 57. Thia arrangement constitutes a com-
Lustion chamber having an annular form which, upon ignition of the
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mixture, tends to set up a rotatory movement of the gas favourable to
the rapid propagation of flame.
The internal liner of the eylinder is made in two parts joined in the

Fre. XI1,—a6. Section of Cylinder, Duisburg. FiG, XIL—357. Scetion of Cylinder
Duisburg,

centre af the cireular exhaust ports, the latter being arranged along the
line of juncture (Fig. XII.—56). At the end of the piston stroke these
ports are uncovered and the hot graes, atill at a pressure of20 to 30 lbs.
per square inch, escape freely. The exhaust valves proper, being called
upon merely to pass the gas completely expanded, may have a much

<
F1¢. XII.—358. lotesmediate easting or distance piece, Koerting,

less dinmeter than in other four-cycle engines. Moreover, water cooling
ie unnecessary.

Fig. XI1.—58 shows an arrangement adapted by Koerting Brothers,
to tie together two eylinders in tandem. The connecting piece is a
hollow casting giving access to the croeshead, piston rod, eylinder
covers, and stuffing-boxes. To avoid all risk of fracture & steel tie rod
is provided towards the middle of the opening.
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The great diversity of the forms of cylinders successively employed
by the constructors gives an idea of the difficulties which have been
encountered in making the pieces in such a manner that no cracks
develop sooner or later during work. Nearly all the makers of engines
of considerable size have been troubled with fractures of this kind, at
least in the first machines they constructed. Generally the external
walls are the first to crack and then fissures appear either in the con-
necting flanges or in one or other of the corners of one of the openings
giving access to the water chamber. These fissures gradually extend
without interrupting the working of the engine whilst they do not
affect the inner walls of the cylinder. Fissures in the inner walls are
manifested by the irregular and jerky flow of cooling water from the
jacket outlet.

With regard to the wear of cylinders, this occurs to a greater
extent at the point at which the piston bears at the moment of
exploaion, and it s not the same in the horizontal as in the vertical
direction. In a paper presented by Mr. C. 8t. George Moore to the
Society of Engineers (London) in July, 1907, the following ligures were
given relative to the different cylinder diameters of a two-cycle
Koerting engine made in England, after erection and also after eight
months’ wenr :—

Bh July, 1905, | 16th March, 1904, Difference,

’ [nches, [nches, Inches,

Front end, vertical . . . 299256 29990 0085
- . horizontul . . 294911 29956 o045
Centre of ports, vertical . . 20-995 80-025 0080
" 4+ horizontal . 29975 30000 0025
Back end, vertical . . . 20011 20975 0084
» + horizontal . . 29-890 290-988 o078

This amount of wear appears excessive, and in the author’s opinion
is only due to abnormal working conditions,

DiMENsIoNS.

Cylinder Cover Bolts.—For large engines made after the style of the
Niirnberg (Fig. X11.—42) and Ehrbardt (Fig. XII.—44), the con-
necting bolts are arranged in two concentrie rings, each being placed
in the extension of the inner and outer eylindrical portions. In this
way the tension is more uniformly distributed, and a better joint is
obtained.
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Thickness of the Liner.— For small engines, as mentioned oo p. 300,
the equation used is
D

8=20

For double-acting engines in which the liner supports considerable
sirains, particularly owing to the cleavage or separation of the water-
jacket, the following equation serves :—

o= P
T 12t0 14

Cyuvper CovERrs.

The cylinder covers are the simple cover-plates, generally water-
cooled, which close the cylinders either at front or back, similar to
those used in steam engine practice.

If the cylinder covers must encircle a piston rod, they are provided
with a central stuffing-box, When these
are used the valves are fitted to the
eylinder itself,

Some makers, such as Charon, Foos,
etc., have adopted cylinder covers for
_ small single-acting engines. They are
usually reserved for double-acting types,
- or for tandem engines for which an
ordinary breech end is not suitable.

Dingler uses cylinder covers instead
of breech ends in a similar way.

With the type of engines without - y . !
breech ends it is possible, by addingn " X! Crtindercover,
tandem cylinder, to economically double
the power. 'The progress in double-acling engine construction, more-
over, at the present time permits the cylinder cover arrangement to
be considered equally as practical and dependable for working as that
of the standard breech end.

Water circulation is provided, apart from the cylinder jacket, for the
eylinder covers, stuffing-boxes, exhaust valve boxes, pistons and rods,
and sometimes even the crank shaft Learings and crosshead slippers

and guides.

' The cylinder covers of the GGasmotoren Fabrik Deutz are held by
bolts with springs, permitting slight movement set up by expansion.

Fig. XII.—59 represents the cylinder cover of a double-acting
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Winterthur engine. Ii will be seen that the stuffing-lox is entively
surrounded by water, whilst in the majority of other designs it is

-

Nirnberg Engine with front Cylinder covers removed.
Niiraberg Fngine with back Cylinder eovers removed,
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placed wholly within the cast-iron walls and is cooled in consequence,
only indirectly.
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Figs. XI1.—60 and 61 show how, in a Nurnberg tandem engine, the
fronf and back covers respectively are displaced to give access to the

corresponding valves.
The pistons are removed by disconnecting the connecting rod, as in

1.C.E. b ¢

Removal of Piston from front end of Blowing Enginc, Siegener.

Fia, XI1}.—64.
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Fig. XI1.—62, and then removing the piston and rod with the from
cover, the piston rods being disconnected at the middle to free the
back piston.

The Ehrhardt & Sehmer engine is similarly constructed with
easily removable cylinder ends. TIn Fig. V.—10, p. 77, particulars have




DETAILS OF CONSTRUCTION 323

been given of the method adopted when the pistons are dismantled in
a Winterthur tandem engine. Figs. XIL.—68 and 64 illustrate the
same operation in connection with the two-cycle engine of the
Siegener M. A. G.

SrurriNa-Boxes.

The problems connected with the conatruction of piston rod stuffing-
boxes, g0 intimately bound up with the good working of double-acting
engines, appear now to have been solved, but they were frequently
a check upon the makers’ progress in the early days.

Metallic packing rings are usually adopted in elastic segments

Lebricetol =t

Fia. X1I1.—66. Stuffing-box, Cockerill.

capable of & certain amount of movement at right angles to the axis,
with chambers permitting a free cireulation of oil and giving pro-
tection from becoming overheated.

The oil tube should be fitted with a retaining valve, and it is
important that the weight of the rod and piston be not earried by the
stuffing-boxes, but by the crossheads.

The packing rings are frequently placed in two compartments in the
same Dbox, being separated by a chamber in connection with the
exhaust pipe. The boxes are cooled either directly—as shown in
Fig. XII.—59—or indirectly, by water circulation.

Koerting Brothers were the first to solve the problems involved by
employing spring ringa round the piston rod and friction segments in
white metal cooled by water circulation.

The Otto-Deutz stuffing-box (Fig. XIL—65) consists of a movable
sleeve fixed to the cylinder by an external flange. The sleeve is

Y2
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provided with & longitudinal lubricating passage. At the end towards
the cylinder, 4 joint ring is placed. In the first compartment is a peries
of carefully fitted rings, and in the grooves between them the elastic
segments are placed to bear upon the rod, the segments being made
in one piece of special cast iron.

In the second compartment, towards the outer end, white anti-
friction metal rings of triangular section are placed alternately with

f o e

b 1:!-

™ Asbestos

Fru. X11.—67. #tufting-box, Elsassische.

bevel shaped steel rings to effect the necessary tightening by means of
an outer flanged gland forming the stufing-box.

In the arrangement adopted by the Cockerill Co. (Fig. XI1.—66), the
packing rings have their inner faces ground and are placed in the
grooves at the enclosing rings that form the box with a play of about
4 mils (0°004 inch). An asbestos joint is fitted tothe front portion of
the stuffing-box. Lubrication is effected under pressure from the
third packing ring, as shown in the figure.

Fig. XIL.—67 represents the Elsassische arrangemeni. Six solid
cast-iron segments are placed in pairs in the rings which form the
rear portion of the box. These segments are made similar to piston
rings. The grooves for the first five pairs of segments are placed
in communication with an oil chamber. In the front a second
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stuffing-box for elastic material, asbestos for instance, is arranged
to permit tightening during work if necessary.
Fig. XII.— 68 shows the Schwabe water-cooled stuffing-box. At the
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Fra. XI1,—68. Stuffing-box, Rchwabe,

back the segments forming packing rings are of cast iren, in three
pieces, pressed inwards by springs. The front box is similar to that
of steam engines.

Fig. XII.—69 represents one of the Niirnberg stuffing-boxes made
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Fia. X1I. 6% Stuffing-box, Niirnberg.

22

in three parts. At the cylinder end solid soft cast-iron segments
are placed, held by a series of outer rings. At the front two series
of triangular antifriction packing rings are filted. The chamber
separating the two compartments is in communication with the
exhaust. Lubrication is effected under pressure.
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Fig. XII.—70 shows the Haniel & Lueg stuffing-box. The tighten-
ing rings are bevelled and the wedge-shaped packing rings are arranged
in pairs. -

All types of stuffing-boxes should be cleaned out from time to time to
maintain free movement of the segments which little by little become
coated with burnt oil. To facilitate this cleaning it is necessary to
ensure that they can be readily taken to pieces and that all parts are
quite accessible.

Fixing of Cylinders.—The method of fixing the eylinders of large
gas engines to their foundations is an important matter, which has
necessitated much attention on the part of the makers. Those

Fii, X11.—70. Stuffing-box, Haniel & Luecg,

who have had practical axperience with large steam engines, and
were thus familiar with the details, have succesafully solved the
problem.

It has already been explained how, in the latest Cockerill engine
(Fig. XII.—52), the cylinders are fixed laterally to a system of cast-iron
beams running the entire length of the engine. The Markische
engine is similarly fixed (Fig. XII.—51), the cylinders being bolted
or keyed to the beams by means of large bearers.

In the Nurnberg, Otto-Deutz, Krupp, and other engines the casing
is cast with lateral feet at the middle of the cylinder. In this way
the ends are left clear and the exhaust valves are easy of access,

During erection it is indispensable to equally, systematically, and
finally tighten the holding-down bolts before commencing to put the
working parts iu position.
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Breech Ends.—The influence of the shape of explosion chamber
upon the efficiency of an engine is manifest. The enclosure within
which combustion at high tempera-
tures occurs, from a thermsl stand-
point, should present a minimum
of cooling surface and be free from
projections or recesses. Projections
constitute obstacles to the move-
ments of the exploding gas, while
recesses are likely to retain a por-
tion of the fresh mixture and to
permit it to escape finally unburnt
or to retain the burnt gases which
pollute the following charges.

Explosion cbambers ehort and
regularly shaped, arranged as an
extension of the cylinder, are to be
preferred. An example is given
(Fig. XII.—T71) of the old type of Fig. X11.—71.  Form of Combustion
Tangye single-ncting engine. Chamber, Tangse (okl type).

The idesl form would be either a spherical or a parabolic cylinder
head, with the ignition device at the back or lowest part, the valves

Fig. XIL.—72.  Koerting four-cycle Engine with side Yalve Boxes.

being placed to open into the cylinder axis without forming projec-
tions, hollows, or recesses. Unfortunately the ideal ennnot be obtained
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in practice as much from constructional as from functional points of
view. '
Compression pressures of from 140 to 170 lbs. per square inch can

Fig. X11..-73. Cylinder with side Valve Boxes. Snow Steam Pump Works,

only be obtained when the volume of the compression space is from
18 to 15 per cent, of the total cylinder volume, and this involves
either long piston travel or deeply domed pistons. Moreover,
for ense of construction and rational disposition of valve mechanism,

i, XIL- .54, Faultily designed Valve Chamber.,

the valves, ag far as possible, should be arranged vertically and in
the same axis.

The excess of lubricating oil plays an important part in the working
of gas engines, and should be blown out naturally, as formed, at each
oxhsust stroke as in the engines which have the discherge valves
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sijuated in the lowest part of the cylinders. These valves, however,
demand the most care and attention as far as inspection and main-
tenance are concerned, and, therefore, it should be recognised that, thus
placed, they are very badly arranged, because under the eylinder they
are very inaccessible.

Moreover, in powerful engines and tandem types the exhaust
valves below the ¢ylinders and below ground level involve separation
of the foundations affecting their strength, unless they are excessively
masgsive.

All these practical considerations, the most important of which are
simplicity, ease of construction, and access, have led Koerting Brothers
to prefer separate explosion chambers for their large four-cycle engines,

2551k
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F1e. XI1.—75.  Diagram from Engine with Valve Chamber ax Fig, XI1I.—34.

sapported laterally by the cylinders, notwithstanding the theoretical
considerations. In these engines (Figs, XI[.—72 and XI1.—45) the
evacuation of oil is effected by a blow-off valve specially fitted at the
point at which, in other engines, the exhaust valve is placed.

The lateral chamber was also adopted in the double-acting engine
made by the late Blaisdell Machinery Co., at Bradford, Pa., U.8.A,,
as well as in the old type horizontal Westinghouse engine, The
Snow Steam Pump Works use the same arrangement, as seen in
Fig. XI[.—T78, for their 5,400 .. engine, to which reference has been
made previously.

As shown in Fig. XI.—60, Schuchtermann & Kremer, of Dortmund,
arrange the exhaust valve in a side chamber, whilst the inlet valve
is placed above the cylinder.

When the side chamber contains the two valves, a long passage is
formed which may prejudice the rapid propagation of Aame. Itisthen
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necessary to fit two ignition devices within the ignition chamber to
avoid working with a considerable amount of lead or advanced igui-
tion, It is very difficult to design a very short explosion chamber
with lateral valve gear, and therefore the bad points must be taken
with the good.

In some breech ends which are a prolongation of the cylinder, and
in which the sparking poinis of the magneto ignition plug are placed
st the side of the explosion chamber and near the cylinder liner, the
author has frequently obtained the ignition at the exact dead centre,
even when the trip gear had operated when the crank shaft had from

Fia. X11.-- 76. Combustion Chamber of Niirnberg Engine.

8> to 5° of inclination before the dead centre, whilst with & certain
old type of German engine it necessitated a lead of 50° to 60°.

In one similar engine of 75 u.r, tested by the author, the breech end
had a very elongated form,asshown diagrammatieally in Fig. XIL-—74,
and contained both air and exhaust valves on the same level. The
ignition device wasa at the back.

The characteristic dingram taken from this engine (I'ig. XII.—75)
proved that the explosion had two distinet phases. The first, from the
mixture within the combustion chamber, reached 185 lbs. per square
ineh, while the second, resulting from the ignition of the mizture in
the immediate vicinity of the piston, was from 210 to 255 lbs. per
square inch. The breech end, abundantly water-cooled, must un-
doubtedly act prejudicially to the rapid propagation of flame, but, as
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soon a8 the latter reaches the gas close behind the piston within the
very hot cylinder, & more powerful burning increases the explosion
pressure. The mean linear piston epeed of this engine was 785 feet
per minute.

As for the evacuation of excess oil by the exhaust, the Maschinen-

2

[}
19

-l
T
sehsuwen

1D

ol

z
]

o —
i

{
LI

‘g

I
|
|
|
|
“tl.qu--‘q
|
veuvpuvenl

i1 |

|
Fro. XIT.—77. Section of Combustion Chamber, Gesmotoren Fabrik Dentz,
fabrik Augsburg Niirnberg attach so mueh importance to it, that in
their single-acting engines they have lowered the explosion chamber
so that the exhaust valve seat is sufficiently low to permit the oil

driven back by the piston to be got rid of automatically (Fig. XII.—76).
From thie point of view it is an interesting arrangement, in spite of
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the peculiar shape it gives to the combustion chamber; but it is to be
feared that during the explosion the thin film of gas between the
back of the piston and that of the cylinder in the upper part of the
clearance space will be retarded in its combustion. Diagrams, taken
simultaneously at this point and in the back of the breech end itself,
confirm this opinion. Soest used the same arrangement in his 850 m.».
engine exhibited at Diisseldorf in 1902.

The author does not recommend the antomatic discharge of oil by
the exhaust valve when the latter is not water-cooled, because the
high temperature of the valve may give rise to the deposit of hard
carbon and dirt, which would tend to cause pre-ignition.

Symmetrical explosion chambers, forming a vertically narrow exten-

¥1G. X11.—78. Longitudinal section, Fia. X11.—79. Transverse section.
Form of Combustion Chamber.

sion of the eylinder with the exhaust passage in the longitudinal centre
line of the engine, are now adopted by a large number of makers.

The expansion of metal exposed to high temperatures produces un-
equally distributed strains. Fractures due to unequal expansion have
therefora become very inlrequent, and are more often caused by
stresses in the cast iron, originally due to unequal thicknesses of the
walls, from displacement of cores during casting, or to defective con-
nections between the explosion chamber and the walls of the water-
jacket. These connections consist of the inlet, exhaust, ignition, and
starter valve casings, which present difficulties in moulding that only
long experience can successfully overcome.

Fig. XI1.—77 is taken from the Gas and Oil Engine Record,and is a
transverse section through thecentres of the valves, breech end, and valve
gear of a 110 m.p. Otto-Deutz engine of modern type, with 520 mm.
cylinder diameter and 620 mm. piston stroke (20'5 X 24-4 inches).

-
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The two seciions in Fig. XII.—78 and 79 show the general shape
the drawing, the water space is very spacious and uniformly

and the arrangement advocated by the author, and several large
Englieh and American firms have adopted the principle. As shown

mn

Breech end for small Engines.

F1a. XIL—8L
surrounds all parts of the exhaust vslve seat.

spindle is guided in a well cooled sleeve.
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to the interior of the water chamber. The oil scavenging valve and
passage is arranged at the lowest part.

TFigs. XII.—80 and 81 illustrate two breech ends suitable for
small engines. In Fig. XII—80, the inlet valve Af is horizontal, and
carried in & removable box. The exhaust valve F is vertical and
placed on the centre line, its seat being part of the main casting. It
is put into place through an upper opening closed by & plug, the latter
being cast with an aperture to serve as an indicator connection. The
gas valve G 18 similarly vertical. Each valve is operated by a special
lever.

In Fig. X11.—81 the three valves are vertical. The exhanst valve E

Fi1g. XIT.—%2. Breech end Casting of Fiu, XI1.—83. Hollinskx Combuostion
schwitz Engine, Chamber.

is placed at the side. The two operating levers are fitted upon the
game fulerum pin A.

TFig. XII.—821s reproduced from a photograph of the breech end ofs
Sehmitz engine. For their new type small engines, this firm have a
special method of ensuring free expansion of the internal walls of the
combustionchamber and the outer walla. As seen from Fig. XII1.—384,
all direct connection between the inner and outer walls of the
combustion chamber is suppressed near the portion which is attached
to the frame. The external wall is bolted to the cylinder water-jacket.
and the internal wall inte that in which the piston moves. The
latter bolts are lengthened to reach the rear end of the breech
casting.

Fig. XI1.—88 shows a similar arrangement made by Bollinckx with
the bolts let in the water chamber. In the Foos engine (Fig. X11.—84),
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the breech end is replaced Ly a simple water-cooled back cover ; the
valves are placed on either side of
the cylinder, the liner and jacket
are cast fogether.

In the old Otto type both the
valves were below the cylinder, the
inlet valve being on the centre line
and the exhaust valve on one side.
The 600 g.7. Simplex engine breech
end made by Coclierill also had
the two valves underneath.

The Crossley, Dudbridge, &e.,
combustion chambers, which are
either separato castings or else cast
in one with the cylinder water-
jacket, have the exhaust valve ver-
tical and theinlet valve at the side,
ibe exhaust valve being removed through an upper aperture closed

' 1 l:u-ﬁ-\-\-'» -
|
'.

F1G. XI1.—81. Foos Engine.

F1u. XIT.—83, Becech end of Dudbridge Engine.

by a hollow plug. The gas and mixture inlet valves are in removable
bozes which form their seats.

-~
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Fig. XII.—85 shows a back view of the Dudbridge combustion
chamber end. This arrangement has been fitted to town gas engines
and oil engines. For producer gas engines new types have recently
been built as described elsewhere.

Fig. XII.—86 shows, in longitudinal and transverse section, a breech
end designed by Mr, R. Bellamy, who for many years has skilfully
directed the construction of the Hornsby-Stockport gas engines.

Fiu. X1I.—86,  Combustion "hamber, Hornsby-Stockport.

As will be seen, the height of the combustion chamber is equal to
that of the cylinder, but laterally it is narrower, A large water
chamber is arranged all round the inner walls, and s cleaning door of
ample size is fitted at the back. The ignition gear is placed either at
the npper part in the immediate vicinity of the inlet valve, or upon
the side close to the piston. The excesa of oil is blown out by the
exhaust.

It will be scen that at each side of the outer wall a gap is left in
the outer casing to permit expansion. These gaps are filled by
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cover plates bolted on making a flat joint to retain the water in the
jacket,

Compression Chambers.—On p. 165 mention has been made of the
fact that compression pressures from 140 lbs. to 170 lba. are the limits
which it is not prudent to exceed in practice for producer-gas engines.
From a given compression pressure, the volume of the compression
chamber is determined according to the volume of the engine
cylinder.

Compression of gas in an enclosing vessel which is assumed to be
impermeable to heat, gives rise to an increase of temperature and
pressure, consequent upon the internal heat of compression and of
the external work which produces the compression,

Upon expansion of this gas there is a diminution of the infernsl
heat, or, in other words, the heat accumulated by the work of com-
pression is transformed into work. This naturally would Dbring
about a diminution of temperature within the cylinder. To this
diminution of temperature there is a corresponding contraction—that
38 to say, a diminution of volume, and a fall of pressure. This
change of state is called “* adiabatic ” when it is assumed that no
heat is either gained or lost,

The equation of the adiabatic curve is:—

P " = constant

Cp _ Specific heat st constant pressure.
Cv ~ Specific heat at constant volame.

where n =

The constant iz determined by basing it upon the pressure and
volume corresponding to a given state p,r,. The problem then is to
find the volume that the mixture should occupy to have the pressure
required.

The following table gives the values of the ratio . for different

gasos :—
Air = 141
Oxygen = 14026
Nitrogen = 14114
Hydrogen = 14182
Carbon monoxide = 14104
Carbon dioxide = 14090

I.C.E. Z
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and for the following miztures of illuminating gae and air, according
to Gilldner :—

Gas 1

Ar 6= 1'8560
Gas 1 _ .,

Air 9 = 18700
Gas 1 _ ., ’
Air 12 — 13800

It would be rational to calculate the volume of compression
chambers upon the basis of PF'®, but practice has shown that,
usually, the compressions obtained are a little lower than those found
by calculation, and it ie therefore better to use the expressiom PF'*
which gives a smaller compression chamber.,

By applying the formule :—

P17 = vonstant
P¥'? = constant

the following figures are obtained :—

. : i " Ratlo between the Clsarance Voluine sl
T e | e e e P | e Tl e R brplar
(atin Sh¥ 35 on -
1er mpuare jocls). o 1 W18 o= 108 "= 13
2 1-545 1-420 0806 0-587
8 0820 0758 0450 0-480
4 0-575 0525 0365 0-844
5 0452 0407 0-812 0-280
8 0876 0-337 0278 0252
7 0-828 0208 0244 0224
8 0285 0253 0222 0202
4 0256 0226 0204 0185
10 028 0205 0189 o170
11 0214 0-1488 0176 0158
12 o198 174 0-165 0148
13 or1s5 o182 0-156 0139
14 0178 0r153 0148 0181
13 0168 0142 0140 0125

Joinie.—The joints upon which the tightness of the cylinder depend
should be obtained by the direct contact of metal to metal, the surfaces,
whenever possible, being ground.

All *“ ground ” jointe should be so arranged that the surfaces may
be bedded down to each other by rotation of one upon the other
after erection of the engine. The rear joint of the liner, which is one
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of the most important, should prevent all leakage of gas even at the
instant of explosion, when the pressure may reach 550 1bs. per square
inch, and should be made as explained on p. 808, Fig. XIL-—88. The
suthor is of the opinion that except for extensive contact areas, dry
joints, metal to metal, with well ground surfaces, are the best.

The joint in front between the exterior of the lirer and the internal
portion of the jacket should be sufficiently
tight to prevent all leakages of the cir-
culating water. It is made either by
means of an indiarubber ring, as in FFEZ
Fig. XII.—384, kept in place by a groove
between the liner and the jacket, or, for
engines of larger dimensions, by an ex-
ternal bolted ring (Fig. XII.—87).

The ignition plugs and the mixture gy Xxir.—87. Front end Liver
inlet, exhaust, and compressed air valve Joint.
boxes are generslly given an inclination
of 80° at least or 45° at most, as the jointing surface. The width of
the joint varies from % inch at least to & inch af most, according to
the dismeter of the box or plug.

| BRI VER R BN B Serw

Water Circulation—The breech ends should be designed to permit
ample cooling, and particularly round the exhaust valve. Cleaning
doors should be provided, giving access to all parts of the chamber,
similar to those arranged on the cylinder water-jackets (Figs. XII.
—178, 82, and 86),

Communication between the wafer-jacket and bresch end should
be incorporated in the flanges ag indicated in Fig. XII.—78. The
employment of an external counecting pipe for this purpose should be
avoided, because it permits air or vapour fo collect in it, and thereby
to ecause an obstecle to the free circulation. As a remedy, however,
a emall pet cock can be arranged at the upper part of the bend.

The water outlet should be placed, preferably, near the rear flanges
so as to avoid rapid circulation in the front portion of the jacket,
which, without inconvenience, can remain stagnant, and be allowed to
reach a higher temperature. It should be remembered that in this part,
heat is absorbed by the mechanica! work of expansion, and therefore
all losses to external cooling should be avoided as much as possible.

For engines of 50 to 75 B.p., with compressions of 140 to 170 lba.
per square inch, the jacket of the breech end should be furnished
with separate water circulating arrangements to those for the cylinder
itself 8o as to permit control of the temperature for each part.

z2
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The exhaust pipe, in the portion contiguous to the breech end,
should also be fitted with a water-jacket for engines of over 75 u.p.,
in order that abnormal temperatures within the engine-room may be
avoided, and that the noise of exhaust may be deadened by the
diminution of pressure due to such cooling.

-Dimensions of Orifices.—The sizes of water circulation pipes are
determined by the diameter of the tubes usually stocked by makers.
They should be such that, in each section, the veloecity of the water
in circulation should not be less than 2 feet per seecond in the case of
forced circulation. This speed is taken as a basis; (1) to take into
account the throttling of cocks for controlling the flow, (2) to prevent
the pressure within the jackets becoming too high which might cause
leaky joints, and (3) to allow for eventual reduction of areas through
incrustation.

The figures given in the following table are based upon these
gpeeds and for an output of 55 gallona per m.p. hour :—

BN 1 1% b3 E L) ) I 100 156

Maxinmun quantity, gellons per second r'028 036 | '053 | 077 [-114 1153 | 23

. : . Separate service for
Thermo-syphon { inlet | bore in .| 2 Qi 2} ( :
: A | b jacket and breech
Bystemn t outlet § inches .| 212 3 end for these sizes.
Forced circulation at | inlet j bore in 1 |11 1311
7 ibs. per square inch | outlet | inches 1 1} |1 1 | 13

Valve Boxes.—In single-acting engines

the exhaust valve seats are usually part

of the breech end casting, an arrangement

which presents many inconveniences, such

a8 the impossibility of making the eylinder

\Y N @gastight without renewing the entire cast-

ing if the seat of this valve has a flaw or

is eroded, unless the thickness of metal

is sufficient to support a separate seat.

For engines of over 15 to 20 n.r. the

spindle of the exhaust valve is guided by

_ & sleeve passing through the water-jacket

to obtain more efficient cooling, and also

to permit lubrication without risk of burn-
ing the oil.

The inlet valve is fitted with o movable box making a ground joint

Fri. X11.—s4 Removable Valve
feat with separate flange,
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with the breech casting. In small engines it is a good plan to make
provision for the joints to be re-ground after the studs have been
placed in position, by making the valve hoxes with a separate flange,
as shown in Fig. XIL.—88. In large engines, the box is similarly made
in two parts, one of which is flanged while the other and lower
portion can be rotated and thus ground to iis seat.



CHAPTER XIII

MOYING PARTE

Fly-wheels and Pulleys.—Fly-wheels should be truly turned and faced
on the sides of the rim and boss. For * electric lighting " engines
the periphery should be slighily rounded to receive the driving belf.
The circumferential speed in this case should not exceed Y0 feet per
second ; usually the speed adopted is
from 650 to 82'5 feet per second.

The projecting ends of the crank
shaft should be safeguarded by the
provision of sleeves of snfficient dia-
meter and lenglh to cover fhe over-
hanging fly-wheel Leys.

For industrial engines of less than
80 n.r., the crank shaft is sometimes
fitted with one or two wheels over-
hanging the main bearings. This ar-

i s rangement is not 8o expensive as that
¥1a. xm'_‘:gt: g;l::el Ross Cast  with three bearings, but it is less to be

commended.

In large engines, as well ag those directly coupled to a dynamo, &
gingle heavy fly-wheel supported by a third outside bearing should be
fisted. In this case, should the installation comprise a driving pulley
this would be placed between the fly-wheel and outer bearing, The
pulley should always be in balves, so that it can be removed without
lifting the shaft or wheei.

Small fly-wheels are cast in a single piece with curved arms. In
some cases fo prevent fractures due to contraction after casting, and
to facilitate erection, fly-wheels with straight arms are furnished with
hosses with one or more clefts, according to the size of the wheel
(Fig. XIII.—1). In erection keys are introduced in the clefts and
removed before tightening the bolts or putting on the tightening bands.

When the weight exceeds 23 to 8 tons, a system of barring gesr
should be employed to permit one man to place the engine in the
starting position without pulling on the spokes.

In enginee with only one fly-wheel, the latter is generally fitted on
the left hand side of the engine when looking towards the crank
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from the cylinder, the half-speed shaft being op the right. The
usual direction of rotation is such that the top of the fly-wheel runs
away from the cylinder when viewed from the same pogition.

Calculations of resistance of material assign the figure of 115 to
180 feet per second as the limit of linear velocity for cast-iron wheels,
but in practice it is prudent not to exceed 110 feet.

Fly-wheels of less than 10 feet diameter usually have six arms, above
this size they are constructed with eight arms.

The finished fly-wheels weigh 90 to 98 per cent. of their foundry weight.

Coefficient or Degree of Irregularity.—With engines of the electrie
lighting type driving dynamos, the light from incandescent lamps
should be perfectly steady, whether the engines be working at full
load or one-third load, without the intervention of a battery. To
obtain this result the engineshould have a cyclic regularity, sucli that the
variations of amperes and volts as shown by aperiodic instruments do
not exceed 2 per cent.

The method of governing by admission at each cycle permits the
use of less heavy fly-wheels than in the case of ¢ hit-and-miss”
governing. Double-acting or multiple-cylinder engines are, for the
same reason, preferable to the single-acting engines,

The coefficient or degree of irregularity, a, is chosen in accordance
with the use to which the motor is to be put, and represents maximum
velocily -~ minimum velocity -+ mean velocity.

The values of the coefficient, 4, adopted for various applications are
as follows :—

%5 to g, for industrial engines, constructional workshops, wood-
working machinery, pamp driving, &e.

& for continuous current dynawmos driven by intermediate
gearing.

& for belt-driven dynamos, working in series.

- for alternators in series, driven by intermediate gearing.

oo for continuous current dynamos, working in parallel,
driven by intermediate genring.

10 for belt-driven alternators in parallel.

] for belt-driven, continuous current dynamos, working in
parallel.

135 for alternators coupled in series, driven by intermediate
gearing.

¥ for continuous current dynamos, working in series, and

direct coupled to the engine shaft.
% for belt-driven alternators in parallel.
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235 for continuous current dynamos, working in parallel,
and direct coupled to engine shaft.

zbs for alternators, working in series, direct coupled lo engine
shaft.
135 for cotton-spinning and similar industries.
o for alternators, working in parallel, and direct coupled

to engine shaft.

As will be noted from the following equation, the formula upon
which fly-wheel caleulations are based, includes an empirical coefficient
XK, which varies according to the type of engine.

The values of K for the different conditions are :—

For four-cycleengines, single-cylinder, single-acting K = 475,000
two cylinders, single-acting,

vig-d-vis, upon the same

crank pin
one cylinder, double-actmg, = 800,000

Fig. V.—4, charts I1,, III

and IV.
two cylinders, single-acting,

tandem, twin, or opposed, —

with cranks at 180°, Fig. V. 225,000

—4, charts V., VI. and VIL
” ” »  four eylinders, twin, oppasedl

K=

b » "

¥ bl Lh

or tandem, single-acting

. » »  two cylinders, double-actin
tandem or twin, Fig. \
—38, charis VIII, IX,, X
and XI.

Fly-wheel Calcnlations.—7i’cight.—The following formula may be
used to determine the dimensions of the fly-wheels for the different

types of engines :— Bk
v g Blep.
W=k an®
from which :— —— B.hp.
- 7 DPan?

¥ = Weight of the rim (without arms or boss) in tons.
I» = Diameter of the centre of gravity of the rim in feet.
a = Coeflicient or degree of cyclic xrregu]anty
n = Revolutions per minute.

B.k.p. = Brake horse power.

K = Coefficient varying with the type of engine,
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The total weight of the fly-wheel would be about
Wy = 14W.

As examples, calculations will be made and tabulated for a series of
single-acting engines, agsuming X = 475,000

" a = ylgcorresponding to the practical
coefficient of irregularity for continuous current dynamos,
working in parallel, driven by a belt from the fly-wheel or pulley.
@ = g for electric lighting engines,

driving belt-driven dynamos coupled in series.
a = 7 for ordinaryindustrial engines.

The outside diameter of the fly-wheel rim 18 obtained from the following
equation :—

Di=191%
"

in which r = circumferential velocity of the fly-wheel in feet per second.
r = not exceeding 82'5 feet per second if used for belt-driving.
o= i 105°0 feet ,, »» if belt is driven by a separate
pulley.
v = ranging from 825 feet ,, » for 15 to 50 B.p. engines.
to 10070 feet ,, ys n T0t0150 "
D, = D X 1'1 approximately, varying according to the rim section.

In the following table the minimum width of belt is noted for the
different size fly-wheels and powers, as deduced from the equation.

B =198 }—3‘-_’:;731‘ = width of single belt about } inch thick.

B= 90 B_ijﬁ = width of double belt about & to § inch thick.

in which—
B.h.p. = Brake horse power transmitted.

r = Circumferential velocity of wheel in feet per second.
B = Width of belt in inches.

The section of the vim in square inches is given as a function of the
weight by the equation :—
' — o9 W
S = 2285 b
in which—
W = Weight of rim in tons. .
D = Diameter of centre of gravity of rim in feet.
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The shapes given to this section are very variable and are deter-
mined as fancy dictates. No general rule is applicable, and the depth

o m
FiG, X111.—2. Fly-wheel Rim Sections,

and breadth are necessarily a function of the selected shape. For the
purpose of calenlation three simple forms have been adopted, as shown

Fi¢. XTT1.—3.  Fly.wheel Rim Sections.

in Fig. XII1.—-2, and, for further information, three other forms
adopted by different makers (Fig. XII1.—8) have also been illustrated.
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The tables give the dimensions of the rim for Sections L., IL, IIL., of
Fig. XIII.—2.

FLy-WBEELS.

Weight, Rim Speeds, Section of Rimes.

uHP. Brake Florse Power, 15 25 55 L] ] 100 150

n. Revolutions per minute L] 280 | 220 | 210 | 200 | 190 | 180 | 160
v. Circumnferential speed

feet.persecond 783 | 806 | 825 | H1-Q 995 | 101°3 | 1005
Dy, External diameter

=191 : feet | 65| 70
D. Diameter centre of gravity
of rim = ;D_l‘ feet: 69| 84| 68

B. Width belt inches
- m~33 AP gingle (1) inches | 875 | 60

=1

100 | 10°75| 120

L
-:l
-1
@

=1
o
=]

1 ¢8| 10¢

=9'0‘-B—::—P-doubleu”)inches — | = | #0] 55

Coefficient of irregularily =
14z = a.
W, Weight of rim (approx.) =

475,000 B.h p. - . s

T A ! SO . tons | — —_ —_ —_ 76| 102 | 175
W,. Total weight of wheel =

14W ., . . tons | — — — — | 105 | 1425 245
5. Sections! ares of rim =

2265 g . aquare inches | — — —_ — |1B8°5 123880 4670
Type of eection (Fig. XI11.—2) | — — — — y IIL y III. | L

Coefficient of irregularity =

ds = &
w. . . . . tons | 135 ) 218 | 81 | 495 HRY 88| 117
Wi.. . . . . tons | 189 | B5-05 434 865 70 &5 183

. . . . equare inches {523 |773F [1040 | 1540 | 1250 | 1585 l2450

Type . . . . . L I 1r. | II. | II. | IIL § §YL
Coefficient of irregularity ==

&=
w. . . . .  .tons| 675| 1'09 | 1'55| 2875 25 | 34 585
W . . . Ltons | 945 | 1-526) 217 | #0251 35 475 825
8 . . . square inches (2615 3875 [ 520 |77°0 | 625 | 7925 1223
Type. . . . . .| L L I L I II. | IL
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Dimexsions oF Fuy-wBeeL Riu.
Section I. Fig. XIIL—2.

e Area
L3P ‘;:_’g:;;';}t;‘ t A " ¢ n d b | Square
15 & 55 [e0s (18 | 5 | — | — | — |2815
23 ' 675 | 70 15 b - — — | 8875
85 o g0 |85 |125 |10 — | = | — |520
30 » 975 (o6 18751125 — | — | — | 770
5 " 888 | 95 15 10 — -— — | 8629
15 & g0 185 |12 (10 | — | — | — |520
25 ' 975 | #6756 | 1'875 | 1125 —_ _— — 770
Seclion II. Fig. XIIT.—2.
. Are
B.N.P. m";:‘l:‘g‘;‘ ' A " ¢ 5 4 > | Byuars
100 o5 1895 | 75 15 2875 | I'6 |75 | 45 79-15
150 " 1425 | 115 16 | 2875 |15 875 |96 12225
B85 oy 1825 &0 20 | 35 225 240 | 475 | 1040
50 " 19-5 120 20 | 475 2%5 20 | 725 | 1540
T " 17875 90 20 | 24875 275 |1-8875| 425 | 1250
Section IIl. Fig, XIIL-—-2.
- . -
BHP  Gofelent of ! A m ¢ n 4 ® ?:.qu?
100 o 1625 | 1125 2:0 1875 | 20 10 725 ! 1588
150 " 2000 150 2-5 15 2:8 100 (100 | 2450
75 135 180 11-5 275 15 20 1-0 70 1885
100 s 200 18-0 25 1-5 20 1:26 | 90 | 2880
150 » 240 16-5 35 1876 | 30 5 |10-0 8670

Arms or Spokes.—As alrendy mentioned, wheels of less than 10 feet
diameter are made with six arms, while sbove this eight arma are
provided.

The sectionsl area of the arms near the rim are calculated by the
following empirical formula for wheels with six arma :—

WD 1 1
A= g5 X (1400 to f?()"o)

and those with eight arms—
A= WatD ( 1 1 )

210 1306 ¥ 1700
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according to the practice adopied for taking the figures of 1,400 to 1,700
Iba. per square inch, the limits recommended for fly-wheel caleulations.
Ia the above formule :—

A = Area of the arms in square inches.

W = Weight of rim in tous.

n = Revolutions per minute.

D = Diameter of centre of gravity of rim in feet.

The arms are given an elliptical form, the smaller axis being about

IiuenstoNs or FLY-WHEEL SPOKES.
Rased on resistance of 1,500 lbe. per square inch.

BH.F 15 25 5 “ T S 150
Number of Spudes, & 3 ¢ 8 8 6 -3
u = Revoluticns per
ninate . . 80 220 210 200 180 180 1650
D = Diameter, centre of
gravity of im . . feet. 59 84 63 705 o4 08 10y
o, + g i’mmlhﬂw :I.
¥ = elxllt tons, — - - -—_ ] 102 175
A = Sectional sres of
Wpoken Rear rim ML DS, — — .- —_ ol 20 127
a = Length major axis
A
a= R —— T N - - - - -
g ™ 111 17
b = Length minor axin
b= ‘8a . . joa. -— _ —_ - B33 06 10-23
Ay = Seclional area ner
bar A1 =145 A »q.iDA, — - - —_ 13854 174 194
rep = Lemgth mnjor axis ina. — - — - 1AHYS 1025 205
- o miRer . ins. — - -— - 1125 100625 | 127875
(,frjnml' o] fmgufﬂrﬂy ",
W= .. 145 218 81 475 50 L] 117
A= . . . . sq lnu‘ 157 %2 M6 5y a1+ B 5 1 0]
a= . . . . ins, 3Th 79125 g 103135 11875 1325 140
b= ing. 35 4% 5124 G125 L T A1375
Ay = . . . . Bg, ins | 228 86D 500 75 B85 um 18275
ay = - . N . ins. 70 R S 1 3 P 15 137h 1575 16+A12
by = . . . . ins. 425 55 6125 V5 #15 9¥s | 100
Coefictent of Trregularity &
W= . N . . ne. 75 109 155 2975 25 34 BAN
A= . . . « M. inm. TR 120 13 i 33 40 4575
a = . . . . ina, 4135 > 4125 73125 L3 1 324 *Th
b= inm, 25 3125 3Ids 4375 48125 3 5Hrh
Ay = . . . «sq. ine. 11-975 1825 251 383 42 555 ]
ay = . . . . ins, 48125 635 75125 LT wTh 1n7h 1187
= . . . . inw. Lx75 375 4975 545 L] U #5 T

06 of the larger axis. The larger axis is disposed at right angles to
the centre line passing through the length of the boss.
The dimensions of the arme near the bosa are calculated from :—

A1 =141t0 154
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Subjeet to verification that the sum of the tensile and bending stresses
does not exceed 1,400 to 1,700 lbs. per square inch for thia section.

Boss.—The diameter at the extremities of the boss is 2:0 &.

The diameter at the centre of the boss is 2'1 & to 24 8,

8 = diameter of the thickened portion of the crank shaft upon which
the fly-wheel is placed.

The length of the boss can be taken as equivalent to 17 8 to 2:03,

Fly-wheels in Halves.—For convenience in transit and erection, fly-
wheels exceeding five tons in weight should be made in two sections,
and coupled by means of four or two bolts and two bands, or by either
holts or bands.

The caleunlation of the coupling to vesist the tension due to cenin-
tugal force acting on half the fly-wheel is based on the formula :—

1 1 )Wn’f)

A = (4250 b 2000) ~18

in which :—
A = Sectional area of bolts and bandse in square inches.
W = Weight of fly-wheel rim in tons.
D = Diameter of centre of gravity of rim in feet.
# = Revolutions per minute.

When both bolts and bands are used the sectional area of the latter
is taken as GO per cent., and the former 40 per cent., of the total ares
found by the equation.

Bosses, BoLTs asp Cramping Rinos For FLv-wHEELS IN HaLves.

EFF, NP, e 100 150 e ] 100 150 10

a. Coefficient of irregularity | s in iz a% .. i ¥

1. Weight of rim in tons 75 102 176 ] 50 68 | 1147 | 545
D. Diameter centre of

gravity, feet | e 98 | 109 o1 | @8 | 109 {100

n. Revolutions per minute .| 190 180 160 | 190 180 160 | 160

A. Teial sectional arca of
bolts and rings, square
inches . . . .| 1025 | 1850 | 2080 ] 885 | 90:0 | 1360 | 680

64. Sectionnl area each of
two rings, square inches | 61-25 | 81'0 | 1220 | 41-25 | 540 820|410

Dimension for each ring,
breadth==depth, inches | 40 45 35 925 87 45 | 32

‘44, Sectivnal aren of 4 bolis
square inches . .1 4125

Diancter of each bolt . .| 8625

e
"
o
s
L40)
L
—
[ ]
=]

BI'0 |20625| 860 | 540 | 270
: 25626, 8-875 | 41875 80
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Fly-wheel Couplingse.—Fly-wheels made in two er more separate
pieces are coupled at the boss and rim in one or other of the methods
shown in Figs. XIII.—4 to 10. Fig. XIIL—4 shows an arrange-
ment with internal clamping rings and tongued side plates as adopted by

F16. X1ll.—4. Fly-wheel Rim Couplings.

several makers. Both the methods of flanges and bolts (Fig. XIII.—5)
and of flush wedges iu the rim, tightened by keys (Fig. XIIL.—10) are
good. The arrangement shown in Fig. XII1.—9 is defective because
the maximum stress ia produced at the periphery of the rim, whilst the
coupling bolts are applied inside the rim. Fig. XIII.—6 ehows how

Fra, X1I1I,—35. Fly-wheel Rim Couplings.

thie arrangement may be improved by the addition of a tongued piece
of steel extending the whole width of the periphery. This method has
been patented by Messrs. Crossley Brothers, Ltd.

Coupling by means of bolts passing through the arms as shown in
Fig. XII.—8 diminishes the resistance by about one-hslf. It is
therefore indispensable 1o add four clamping rings at the rim.
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Bosses coupled by bolts passing through the middle of the metal
(Fig. XII.—T7) are preferable to those with bolts through side bearers
(Fig. XII1.—10). It is advisable to use clamping rings for couplings,
as these, being fitted when hot, either on boss or rim over projecting

Fie. XII11.—6. Fly-wheel Rim Coupling. Fia. X11L=7. Fly.wheet Rim Coupling-.

portions, set up a tension in the metal, the amount of which is beyond
centroel.

In fly-wheels made in several pieces the resistance of the coupling
is only one-fourth or one-fifth as regards the boss, and about two-

Fie. X1IL—8. Fly-wheel Rim Couplings.  Fle. X11[.—%. Fiy-wheel Rim Couplings.

thirds with respect to the rim, of that of the solid cast-iron. That is
to say, the amount of resistance of the cast-iron in these portlons
is increased in inverse proportion to the' ratios mentioned. It is
therefore necessary to make allowances accordingly.

Fly-wheel Keys.-——No laternl movement of the fly-wheel ean be
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permitted during work, and therefore extreme care is required in
keying them to the shaft.

The simple key for a flat on the shaft, without groove, should never
be used (Fig. XIII.—11). Neither should the round key let into the
ghaft be employed (Fig. XIII.—14). For the lighter wheels and those

Fra. XI1I1.--10.  Fly-wheel Rim Couplings.

of less than 8 feet diameter a single key placed in & keyway is generally
deemed suflicient (Fig. XIIL.—12). Above thia size and for heavy
wheels it is better to use two keys fitted at 90°,

When tangential keys are fitted, which are to be preferred, two
keys are placed at 120° (I'ig. XIII,—13). A tangential arrangement

Fila, XIitl.— 1. 12, 13, 14.
Fly-whee! Keys.

is shown in Pig. XII1.—15, with double keys, C. The fly-wheel bosses
are bored eccentric, following a semi-circle traced by the radius

I
R g-

The eccentricity {(distance between the centres 4 and (J) is from
04 to 08 of an inch. The spaces shown in Fig. XII1.—18 round the

shaft are provided in the middle portion of the boss, the two
I.C.E. A A
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extremities being of correot diamefer to come into contact with the
crank shaft.

The big end of key is usually taken as 0-24 times the diameter of
the shaft, and the small end 0°66 of the end.

The Foos Gas Engine Co., of Springfield, U.S.A., who make their
small wheels with cleft bosses, adopt the following method of fixing:

The coupling bolis being loosened, iron wedges are placed in the
clefts to slightly separate the two halves of the boss. The wheel is
then placed on the shaft and the wedges removed. After examination
to ensure that the boss is properly sealing, the bolts are fully
tightened. Oil is then put in the keyway and on the key to prevent

F1g. X111.—15. Fly-wheel Keys.

its binding, and the key driven right home. Aeccording to the practice
of some makers, white lead soaked in oil ia preferable to oil only.

Sundry Examples.—Mr. H. A. Humphrey, in one of his papers, gives
the weights of fly-wheels according to the type and arrangement of
gag engine cylinders, taking, for comparison, a steam engine of the
same power, same diameter of fly-wheel, and running at the same
number of revolutions per minute, In order to realise equal cyelic
irregularity, the fly-wheel weights are given as follows :—

Tona.
Single-eylinder steam engines, double-acting . . 10
' " gas . single-acting, four-cycle 638
Two-eylinder ,, ' opposed cylinders, single-
acting, four-cycle . 40

™~
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Tons.
Single-cylinder gas engines, double-acting, four-cycle . 40
Two-cylinder ” " twin, on the same ecrank
angle . . . . 80
Four-cylinder , » twin tandem, working on
same crank angles . . 80
" . . . twin, vis - -vis, opposed
cranks . . . . 10
Two-eylinder ,, " tandem, double-acting, four-
cycle 10
' Dingler gives the following figures for gas engine fly-wheels:—
Onlinary Service. ‘ Klectric Lighting,
. Exiernnl Wilth of
- Revolutiona ianmster “hee, [ty . — .
EYY. Mo per Mioule, Wl\.";laeleil‘:tl"‘ef{ l\:xﬂ:-e: Wfigllt. - L'{ME:."Q"L Weight, L:;f'}l:;:"ht
Tons. "trregnlarity,! Tona. aularity .
Single.acting engines.
ft. in.
85 180 1086 12 275 ) 62 ]
80 180 10 8 12 844 . | 786 I
110 160 12 0 i2 51 L& S I R
140 160 120 14 6875 4T ]
180 150 12 8 14 9-05 P2nel
. . |
Donble-acting engines. |
ft. in.
200 160 20 177 59 | B35
260 160 12 0 197 76 l 108 '
835 150 12 6 248 98 |t 1425 [ 43g
390 140 13 4 170 12:8 ' 183
510 125 150 208 19°15 270
Tundem double-acting ;nginca‘
6. in.
885 160 12 0 177 49 8-33
520 160 120 208 65 108
670 150 12 6 248 855 || ks 1425 |~q3g
780 140 18 4 295 108 l 18:3
1020 125 150 43-3 16-7 270

The Cockerill Co., for their high-apeed electric light type of engines,
use cast-iron rims with rigidly connected forged steel arms,

Crank Shafts.—The crank shafts should be made of best quality mild

steel with throws slotted out.

Siemene-Martin ateel or crucible cast-

steel is used, having a limit of resigtance of 65,000 to 70,000 lbs. per
A A2
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square inch, with an elongation of 18 to 20 per cent. For very large
engines nickel steel (1 to 8 per cent.) is successiully employed, having

4
Urapk-pin Lubricator (ineorrect),

Detnil af Ceank Shalt,

Fras, XI.—13 and 16,

Fra, XTI11,—~17.

[c:q._ .
Crank-pin Lubricator (¢orrect)

& resisiance of 100,000 lhs, per syuare inch, with 20 to 22 per cent.
elongation.
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The shaft should be strong enough to resist bending when subjected
to the stresses set up by premature explosions, which, in some
instances, may reach 640 lbs. per square inch.

The portion of the shaft running in the side bearings should have
oil throwers turned in the metal to recover the oil coming from the
journal and to prevent splashing or creeping of the oil to the fly-wheel,
pulley, or crank webs. For details see pp. 292 and 294,

For engines with a single fly-wheel the shaft is strengthened by being
made of a larger diameter where the wheel is supported, as well as for
the driving pulley, or, if necessary, a dynamo armature. This swelling
either tapers off on each side conically or by & well-rounded fillet.

The crank pin is a difficult part to lubricate. If cil rings are fitted
to one of the crank webs the erank pin should be drilled obliquely by
& passage opening to an oil groove cut in the pin as shown in
Fig. XIIL.—15. A great many makers form this passage by two holes
drilled at right angles as Fig. XII[.—16. This arrangement does not
lend itself to cleaning ns well as the first.

The erank pin lubrication must be provided for by a passage formed
of various holes starting from the free end of the erank shaft to open
into the pin itself. The oil flows into a small basin provided for the
purpose.

For engines over 100 r.p. it is advisable to use a duplicate system
by fitling & ring on each of the crank webs,

The owtlet of the oil to the pin should be placed in the position
ghown in Figs. XIII.—15and 17, and not as in Fig. X111.—16, becauss,
in the latter case, the shock which is produced at the moment of the
explosion has a tendency to force the oil back into the passage.

For cranks of over 12 or 14 inch radius as small a ring as is
possible is used, fed by a tube to the Dbeginning of the hole drilled in
the web ss shown in Fig. X.—89. By this means the centrifugal
foree acts upon all the column of oil contained in the tube and causes
& greater pressure.

The shaft represented in Fig. XII1.—17 shows the form of the details
for the oil throwers and for the filleis at the dangerous sections.
It must be remembered that the distance between the erank webs and
the portion forming the journals in the side bearings must be reduced
to a minimum. This distance depends upon the thickness of the
crank pin oiling ring. It is necessary to provide a slight clearance to
permit access to this ring.

Dimensions.—Length I.—seating for tly-wheel and pulley—is deter-
mined by the length of the swelling I3, and also of the two conical
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portions y and ), each of which may be taken as being equal to about
25 per cent. of the width of the fly-wheel.

B is given by the width of the fiy-wheel rim and that of the
driving pulley, if the fly-wheel is not used for transmitting the power.

In connection with the type of engines that are under consideration
it will be assumed that the calculation for the erank shaft is made
on the basis of the greatest cyclic regularity, that is, a = 1} for engines
of 75, 100 and 150 u.p.; and, & = g&; for 15 to 50 m.p.

For the former it is not advisable to use the fly-wheel for belt
driving if the peripheral speed reaches 100 feet per sscond and it is
necessary to provide a pulley the width of which should be

W= I.?.“;';”; + 1 = inches,

! B’;‘.’P' Leing the width of the belt of § fo } inch thick, as
mentioned on p. 845, and 1" being taken as 80 feet per second.

The space heiween the fly-wheel and pulley should be at least
3 inch, the fly-wheel being fitted on the side nearest to the engine
frame.

For the 15 to 50 u.p. engines, it is assumed that the fly-wheel is
used to transmil the power by & belt, and that no pulley exists.

The total length of the portion marked B is about 40 per cent.
greater than the width of the fly-wheel.

Upon these assumptions the following values of B in inches are
given :—

Width,
Hth 40 per cent, of Total Leugth
[RTH Hpace, Fly-wheel Wiitth. of It
Fly-whel, 1 Puliey.
Degree of irvegularity a = gy |
15 80 — - 825 1125
25 V5 — — 3875 13-625
85 1625 — - 65 22-75
50 195 - —_ 775 2725
Degree of irregqularily a = 435.
75 14 ah 1 725 8575
100 20 12-0 1 B0 415
150 24 18-0 1 95 525

From the above the values of I are deduced by adding about one-
half the fly-wheel widih to the measurements determined for B to
take into account the two tapered portions y and .
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B.A,T. R. wand 5. Total [l :rr;fut“h of I,
i5 11-25 375 15
25 18-825 4875 18
35 2275 725 30
50 2725 @75 37
76 857H 825 44
100 415 o5 51
150 625 11-5 84

Pitch of Bearings.—The distance between the bearings ! (Fig. XIIL
—17) ig given either by the outline of the frame which is determined
by the metbod of lubrication for crank pin, the spaca for rings, the
shape of besrings, &c.; or empirieally by taking it as the equivalent
of 1'8 to 2:0 times D (D being the piston diameter).

The distance between the centre of crank web and centre of adjacent
bearing !, (Fig. XIIL.—17) is:—

! - d

b= 5yl 244

in which I = distance between centres of main bearings
d = length of crank pin bearing,
or, in function of piston diameter D,

i = 056 to 064 D.

Crank Webs.—The thickness of the webs b (Fig. XIIL—17) is
determined by the equation:—

=045 to 050 1y,

account having been taken of the compression and bending moment
at the dead cenire, and, by taking respectively for the sum of the
corresponding stresses, a practical resistance not exceeding 10,000 to
12,000 1bs. per square inch,

or, in function of piston diameter, D :--.

h=025t0 082D
or, in function of crank pin diameter, d :—
h=052to075 d.
The depth of the webs b is generally taken as:—
b = (r45 to 064 D,
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For the values of & and b the lowest corresponds to { = 1'8 D and
the highest to { = 2 D.

The value of b should be such that by introducing it into Bach's
formula (see p. 363), for the torsion and bending moments, the
metal is not exposed to more {han 8,500 to 9,250 lbs. per square inch.

The height of the webs Z is determined by the radius G/2 and the
diameters of the crank pin d and of the journals & (Fig. XII1.—17).

The dimension : is taken as the distance between the arc described
from the centre line of the shaft to meet the sides of the webs.

The underside of the web is made square, 8o a3 to facilitate the
fitting of the balance-weights. The distance between this squared
end of the webs and the under side of the shaft itself is taken
as = 2 i (about).

CraNk Weps., ThMENSIONS IN INCHES.

B.M.F. 15 25 35 50 ] 1m0 I 150
Piston diameter D . 8 10 12 13§ 16} lﬂi 42l
Thickners k = 028 I 2 2 3 3 4 5 6]
Depth b =19 I 4 54 64 T4 8 10 12

Diameter of erank pin 4. This is obtained from the equation :—
d = 038 v D¥1
in which :—
D
!

The formula takes into account an initial pressure on the piston of
480 lbs. per square inch, and & practical resistance of the metal of
about 15,650 lbs. per square inch.

If the value of ¢ is expressed in function of D, the diameter of crank
pin would be :—

Piston diameter in inches.
distance between cenires of bearings in inches.

d = 043 to 048 D,

Length of erank pin is taken as equal to the diameter d.

The pressure per square inch upon the projected area 4 X d should
not exceed 1,700 lba.

The width between the webs A is equal o d 4 '1 to '15 inches,

Journals of Main Bearings.— Direct calculation of the diameters and
lengths of these bearings i8 a somewhat tedious process, owing to the
complicated formule applied for delermining the resistances of the
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metal to torsion and bending. Usually, therefore, a definite measure-
ment is taken and verified to see that the dimension corresponds to
the limits imposed by practice for the metal employed,

In this way the diameter of the main bearing journals ia given by

= 090 to 095 d,
= crank pin diameter as previously determined,
the length, A, ie taken as = 2 3.
The product 23 or 28 in square inches should be such that the
specific pressure per square inch E%, shall not exceed 500 to 570 lba.
The total pressure p is given by the equation :—

p =11 - ﬁ) s 4 (1675 13)’

in which:—

11, = total weight of fly-wheel in lbs.

x = the distance hetween the centre of bearing and the
centre of Hy-wheel when in its permanent position,
in inches,

Id = piston diameter in inches.

I, = space between the main bearings and outer bearings.

Ap and Ay = length of journals in these bearings.

Journal of Outer Bearing.—For the sake of uniformity, some
makers give the onter bearing the same leading dimensions as those

in the main frame. Smaller dimensions can, however, be provided.

OuTer Bearisa, Joumwats, Minisus DiMesstons.

B.E.P, I 15 : 5 ! L5 l jol | ™ | e 150
—, e
[] . .
Loy=240 | io8125 1825 20 2425892 4675 608125
. . 1 .
] i 1
2 L4543 21625 1205 40 |aw5 foms 665 | w262
3. Weight of fly- | I ' J' : :
whel . tons| 189 305 431 665 105 1425 245

N | v
4. Valueofp, . lbs. ' 2120 8,420 | 4850 | 7450 ' 7460 9,500 14,800
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The length given for the bearing can be verified by the equation for

pressure :—
Jﬁ't=P1(1—'—-——"“—:’;l ‘\)
1
L+ y + g
in which :—
x; = the distance between the centre line of the outer bearing and

centre of fly-wheel.

The effect of belt tension is so small as to be negligible for
determining p;.
P
1A
570 1bs., 3; being the diameter of the journal, and A; the length.

The specific pressure per square inch should be lower than

Fly-wheel scat. Diameter a.

The sectional area of the shaft is calculated to resist bending due to
the weight of the fly.-wheel, the weight of the shaft itself, and belt
tension, and also to resist the torsion caused by the motive impulses.

For all engines of less than 500 wu.p. the effect of belt tension and
weight of the crank shaft iteelf ean be neglected, and the weight of
the fly-wheel only need be taken into account.

Under these circumstances the expressions for the twisting and
bending mowments are the following simplified equations :—

for bending R, = bey N
(et 3+g) e
for twisting R = l'ti}_;,'S

and, according to Bach’s formula :—
R=085 R 4 065 vE¥ r‘i_]é;%
x = distance from centre of main bearing to centre line of fly-
wheel in inches.
y = distance from centre of outer bearing to centre line of fly-

wheel in inches.
W = total weight of fly-wheel in lbs.

L+ %‘ +i;-’ = the distance beiween the centre of the main besaring

and the centre of outer bearing in inches,
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E = Explosive force upon the basis of 480 lbs. per square inch
of piston area in lbs.

& = $Btroke of piston in inches.

& = Diameter of fly-wheel seat in inches.

R = 500 lbs. per square inch.

Sundry Examples.—For large engines the crank shafte necessarily
reach considerable dimensions. Shafts have been made weighing
nearly 60 tons in the rcugh and about 30 tons when finished.

Fi1a, XII1.—18. Crank shaft of 3,000 n.p, Niirnberg Engine,

Fig. XII1.—18 shows a crank shaft made Ly Maschinenfabrik Augs-
burg Nirnberg. Itis 600 mm. (23'62 inches) in diameter and 314 feet
in length. It weighs nearly 20 tons and is designed for a 8,000 H.P.
twin-tandem engine. The diameter of the engine piaton is 87-4 inches
with a stroke of 47-24 inches.

Fig. XII1.—19 illustrates s crank shaft for a 1,200 B.P. engine with
a piston 84-25 inchee diameter and stroke of 43'81 inches, and running
at 107 revolutions per minute. The diameter of the shaft where the
fly-wheel is supported is 22-44 inches diameter, and its total weight is
nearly 15 tons. These shafts are fitted to engines forming part of an
installation of 8,700 m.p. in the * Burbacher Hitte " (Alsace).

The Cockerill engine shafts are built up. The two arms are of
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cast-steel in one piece, with the balance-weighis. The crank pin| is
forged steel.
The cranks hafta of the 5,400 B.p. Snow Steam Pump Co.’s engines

Fra. X1It.—-19. (rank 3haft for 1,200 H.», Niirnberg Fogine.

weigh nearly 45 tona, The main bearings are 80 inches diameter by
56 inches long. The crank pinis 19 inches diameter by 19 inches long.

Fig. X1I1L.—20. Side Crank. Snow Steam Pump Works.

Bide Cranks.—The side cranks generally adopted for steam engine
work are not used for European gas engines, although one of the first
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200 m.r. Cockerill engines was made with a side crank. But all the
American firme who are building large engines have applied this
arrangement. They have an advantage in not requiring such extreme
care during erection, because it is much easier to place two bearings in
line than three or four, as in the case of twin engibes.

Fig. XI1I.—20 shows the type adopted by the Suow Steam Pump
Co. of Buffalo. Itis a solid forging, and comprises Loth erank pin and
balance-weight. The dotted line shows the forging before machining.
The crank is shrunk on to the shaft and fitted with a key. Lulrication
is by centrifugal action as generally adopted in steam angine practice.

Balance-weights.—The weights designed to partially counteract the
moving masses should be very securely fixed to the crank webs by well

Fia. XIIT.. 21, ¥ic. XHL—22 Fra. XIH,--23.
Method of attaching Valance-weights 1o Crank-webs,

fitted surfaces, and secured by bolts and keys. Their shape is generally
trapezoidal,

For engines of less than 10 to 15 n.p. the balance-weights are usually
made part of the fiy-wheel rim.

Fig. XITI.—17 shows the method generally adopted for securing the
balance-weights. Two circular clearing holes are arranged at =
to prevent wedging during fixing.

A stud N is screwed into the web, and a nut and cotter-pin, placed in
a slot provided for the purpose in the balance-weight, secures the
latter in position. This with two double keys complete ithe coupling
arrangement. Ususlly the stud serves no other purpose than fo
facilitate fixing, the keys securing the weights and resisting the
stresses set up during work. The dimensions are calculated accord-
ingly.

Figs. XIIT.—21, 22, and 28, illustrate other methods which
may be similarly applied for amall engines, but these are not so good
as the first (Fig. XII1.—17). The arrangement shown in Fig, XIIIL
—=28 in frequently used for large engines, but it should be strengthened
by the addition of keys.
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Dimensions of Balance-weights.—The equation used is :—

lg'
LR . - 1 s
=07 (W +m )2P
in which :—

G = Weight in 1bs. of the prolonged portion of balance-weight and
that let into the wels.

II" = The weight of crank pin plus the weight of the two upper
portions of the webs, plus one-half the weight of the
connecting rod in lbs.

11"t = The total weight of the piston and its accessories {piston pin,
nuts, lubricator, &e.), in lbs. '

S = Stroke of piston in feet.

p = The distance in feet between the centre of gravity of 13" of
the balance-weights to the centre of erank shaft.

The total length ¥ of the balance-weight is taken as being practi-
cally equal to the length of the upper portion of the webs above the
centre of the crank shaft. I'be obliquity of the side faces of the
balance-weight is such that extension of the line would pass through
the centre of the crank pin, and the arc of the lower portion is struck
with & radius from the same centre.

Koys. — The dimensions of the keys are determined to resist the
shearing stress I due to ceuntrifugal force. The following equation
is used :—

E = G * r?
g P
in which :—

I = Shearing stress in lbs.

G = Weight of balance-weight in bs.

¢ = Gravity = 82:2.

v = Circumferential speed of centre of gravity JI"

# = Radius of centre of gravity IV,

The results found are divided equally between the two balance-
weights.

Connecting Rods.—The connecting rods are usually made of forged
steel, the lengtb between bearing centres being :—

Lb

5= 25
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or for small engines :—

in which :—

Lb = Length of conneeting rod between bearing centres.

§ = Btroke of piston.

The section of the rod is usually either rectangular or eircular; for
small engines cast-steel of I section is sometimes used.

Large End or Head of Connecting Rod.—The connecting rod heads
of gas engines engaging with the crank pin are necessarily of open
type. Forsmall engines the marine type of head may be used. The

Fie. X1TL—24 and 25.  Connecting Rod Head.

head terminates in a flat plate of T shape(Fig. XIII.—2¢ and 25), on
which the solid gun-metal bearings C are tixed with one or more pieces of
metal intervening to allow for adjustment of compression if necessary.

The bolts should be held and tightened in the head itself by means
of a bearing surface at A4 and a nut as shown in Fig. XIII.—25.

For large engines, it is preferable to make the head in one forging,
stamped out, being afterwards split and secured by bolts with the
interposition of liners to permit precise adjustment of the bearings.
The latter are made in two parts from cast-steel, lined internally with
anti-friction metal. (Figs. XIIL.—27, right hand drawing, XIII.—28
and 29.)

The bolts areusually two in number. The use of four bolts involves
an extremely large conmnecting rod head, and somelimes occasions
difficulties to provide sufficient room for it. Iig. XII[.—29 represents
the details of the arrangement in general use. The bolts are fitted

LC.E. BB
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with lock-nuts, and the bolt-heads have each a stop peg, which enters
into a cavity provided in the connecting rod head in the direction
remote from the rod itself, and not towards the interior. This is done
to avoid weakening the metal exposed to the motive impulses.

The bolts are turned with strengthened portions designed to guide

Fii. XTIL.—26. Connecting Hod Ends.

them within the bolt-holes, while the remainder of the length are of
smaller diameter to the threaded portion, so that breakege'is more
likely to oceur in the body of the bolt, at the least diameter, than at
s point hidden by one of the nuts, and therefore more difficult of

inspection.
Asshown in Fig, X111.—29, the bolt-heads fit into notches or recesses

-

Fre. X111L.—27. Connccting Rod Ends.

in the outer portion of the brasses to prevent the latter from turning,
but notwithstanding this provision, the back brass is fitted with a stop
peg to prevent any side strain upon the bolts.

The cover plate of the connecting rod hend does not rest directly
upon the other part, but several thicknesses of liners sre interposed
(C, Fig. XI11.—29), to enable the bolts to be tightened right * home
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without causing abnormal heating during work. The use of liners is
preterable to bringing the metal surfaces in contact, as, with the latter,

FiG. XUL—24. Connecting Rod.

a very precise adjustment is necessary to give the bearings the correct
amount of play.

Small Endor “ Foot ” of Connecting Rod.—The small end of the con-
necting rod can be made from a solid forging, bored and fitted with a

F
sl W
- - 1 "
» iy 1 “
A
¢’) AR
) ! N
Ry "1
o [+
- 0y
N N
)
\\\ I ¢ 3
~ R A
. : -
_ ; }
%-—a
o

Fra, XHIL—2  Conuecting Rod Head.

split bush forming a bearing adjustable by means of a screw (Figs.
XIi1.—26, right hand drawing, and XIII.—28). Some makers have
adopted cast-iron bearings instead of gun-metal for small engines, but
in the author’s opinion the use of cast-iron for such a purpose is not

to be commended.
BB 2
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At ¢ (Fig. XIIL1.—28), a drip lubricator is shown, to feed the pisfon
pin exclusively by a wiping action.

Fig. XI1II.—80 shows another type of connecting rod with a solid foot,
the hearings being tightened by a wedge. This wedge in single-acting
engines should be placed at the back and not in the front of the bear-
ing as in Fig. XI111.—-27, left hand drawing, so as to shield it from the
stresses set up at the instant of explosion.

The open type of foot, of the form adopted for the connecting rod
head (IMige. XIII.—26, left, and XII1.--21, right}, is not advised,
nuwerous accidents having been caused by fracture of the bolts.

To cool the piston it is a good plan to prolong the connecting rod
by a fin, so that its movement may assist the circulation of the air.

Dimensions of Connecting Rods.—The circular section of connecting

Fri. X111 --30,  Sinall end Conneeting Rul.

rod, being less costly to inake than rectangular, will be assumed for the
purpose of caleulation,

The diameter of the middle portion of the rod is given by the
equation :—
rL?

=1 492,920

The diameter of the part near thebhead = 11 d,.
. »r . foot = 09 d,.
o, = Diameter of middle portion in inches,
FE = Total initial explosion pressure at 430 1bs. per square
inch on piston area.
I, = Length of conneeting vod = 25 Btl’okﬁ of piston.

The factor 1,422,320 takes into account the elasticity of the steel at
30,000,000 Lbs. per sipuare inch and a factor of safety of 10 per cent.
for a piston speed of 130 feet per second,
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Cornecting Rod Head Bolts.—Theoretically, these holts, when well
tightened up, have only to overcome the tension set up during the
guction stroke, which dees not excead 70 1bs. per square ineh upon the
piston area, or one-sixth of the initial explosion pressure taking into
account the vacuum and the inertia.

Presumably for this reason many conaiructors have made these bolts
too weak. The author has been consulted on many occasions when
more or less serious accidents have been caused by the fracture of
these bolts,

To take into account some stresses that cannot be exactly determined
by ealculation, it is advisable to increase the amount of tensile stress
by 25 per cent. and also, in the case of two bolts, to determine their
diameter by the empirical formula :-—

& = _ I‘f‘
32000
in which :—
8 = Minimum dismeter of bolt in inches.

E = Total initial explosion pressure at 430 1bs. per square inch
of piston area.

The thickness of the connecting rod head forging should be about
two-thirds of the width of the ecrank pin. The width of the forging is
about 1-3d to 2'0 times the diameter of the crank pin. The length
practically equais the width,

ConnrectiNg Rop Hear Bours.

sanLr, ' 15 | 25 8 a0 15 | 100 150

Total initial explosion !
pressure  on  piston
area, lbs. . . .| 21,600 45,500 48,500 | 64,000 | 92,000 [ 118,500 (170,000

Length of connecting rod
Ly = 25 stroke.inches | 4625 | 476 | 525 | a2 | O3 700 | H1-23

Dintneter at niddle of
eonnecting rod.

dy= S EE snches| 2975 | 275 | w1es | a5 | g0 | 45 | 52
b= \/1422320 R R Tl '

Dinmeter of 2 head bolts

—

8=/ S0 8IS | 10 | 125 | 1875 | ONTS | 19375 | 28125

For the solid type of sinall end, such as that illustrated in 1"tz XIT1.—-
30, the length should be about 18 to 2-0 times the dinmeter of the piston
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pin. The maximum thickness of metal loft at the extremty is from
045 to 0°5 times the diameter of the piston pin. The width of the
foot is equal to the distance between the bosses provided within the
piston less the smount of projection of the bearings.

Examples.—Fig. XII[.—81 shows the connecting rod of the Foos
engine provided with marine ends at the two extremities. The brasses

el 4 : o

o Fra X111,—31. Connecting Rad, Foos.

arein halves, and are brought solid one against the other when tightened
up ; wear is taken up by filing the contact surfaces.

The Benz connecting rod is of great lemgth with a view fo
minimising, as mueh ag possible, the strains upon the piston due to
the inclination of the rod. It is made of forged steel, the head being

Fui. XHL- 32, Connecting Renl, Siegener.

fitted with two gun-metal bushes of large surface. The small end is
solid and containg two half brasses in gun-metal adjustable for wear
Ly a screwed wedge.  For engines over 25 H.r. the bearings are lined
with anti-friction metal.

The Cockerill Co., in their double.acting engines, use forked con-
necting rod ends for the crosshead, the head being forged or cast-
steel,

The Elsassische rods are of forged ateel with fork for the crosshead.
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The bearings are of steel, lined with anti-friction metal, and fitted
with adjustments for taking up wear.

The Siegener M. A. G. use a solid crosshead and a connecting rod, the
small end of which is in the shape of a fork holding the pin. The
bead is formed with flush side plates fixed by means of studs
(Fig. XII1.—82). Adjustment is made by a screw and wedge. .

Pisrons.

In single-acting engines the pistons are generally of the form shown
in Fig. XIII.—88, made from very hard cast-iron and as light as
possible. The back of the piston is flat or very slightly rounded. The
edges are also rounded.

The piston should be fitted with at least five rings, cast from special

SEAD v
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3 :
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Fia. XI11.—33. Fiston for single-acting Enpine.

iron for engines of less than 20 u.p., and with at least six rings
for large engines,

The pistons of engines less than 100 m.. are not usually water-
cooled, but it is advisable to quicken circulation of air at the back of
the piston by means of a plate or fin forming an extension of the
connecting rod as has been already mentioned.

Non-cooled pistons naturally expand to a greater extent than the
liners which are water-cooled. To this end the back part of the piston
is turned of slightly smaller dinmeter than the cylinder. Giildner
suggests a difference of 0-2 to 05 per cent.

Haeder proposes {-18 per cent. for engines with 20-inch pistons and
017 per cent. for a piston of 40-inch dinmeter.

The piston pin is made of the best quality mild steel, hardened to a
depth of about 08 inch and trued up by grinding,

The small end brasses are fitted between the two bosses inside the
piston to receive the pin. The latter is usually placed towards the
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open end of the piston at a point from 05 to 0°7 of the full length.
The pin is turned alightly conical, and should be fixed in such a way
that it ean be readily removed without risk of ita becoming displaced
whilst the engine i8 at work.

Fige. X111.- 33 and 84 show two different methods of securing the
piston ping, B.  As advocated by the author the portions of the pins
within the bosses are furned taper whilst the bearing surface is parallel.

The first arrangement shown is the vsual method cousisting of a
single screw, but it is prudent to use a lock nut in addition. The
screw i3 placed on the side which is of smaller dinmeter, so as not to
impede elongation by expansion. For this same reason the use of
two screws, one in each boss, is not good practice.

The second arrangement (Fig. XII1.—84) shows the pin secured by a

f\q*\
AN

T 200 RN
v

Fri. XITL—3. Methol of sceuring Piston I'in by Cotter.

colter, C, passing throngh the boss and the smallerend of the pin. This
method can be advantageously adapted for engines above 50 to 60 u.p.

The: usual form of piston is not applicable to engines exceeding 150
to 175 n.p., that is, for pistons over 24 inches in dinmeter, and thie is
one of the rensons why single-acting engines of this size ars rarely
made with one cylinder ouly. The length of pistona cannot be less
than 1-4 or 1'5 times their diameter, and when this is over 24 inches
the weight becomes excessive, especially if water-cooled. To overcome
the difliculty resulting from the increased weight of these long pistons,
some makers have had recourse to erossheads (Iig. X.—37), but at
the present time these are only applied to double-acting engines,

Lubrication.—I'or lubricating the piston, the orifice 4 (Fig. XIIT.—
85) is made in the cylinder in such a position that when the piston is at
the outer dead centre this hole opens on to the front rings. Theoilis
conducted by » tube I3 screwed into the liner 4 aud passing through
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the water-jucket C. To prevent leakage of water and to provide an
arrangement that will not impede expansion a siuffing-box is serewed
ou the tube, the packing being of cotton or asbestos.

The piston pin is oiled by a sight feed adjustable lubricator G
(Fig. XIII.—86), with a brush, &, or a roller, from which the oil is fed
to one or two wiping blades L projecting above a small cup fitted to the
piston. A tube from this dish, T, carries the oil along to a second
dish ir the top of the piston pin bearing.

Piston Dimensions.—Assuming an initial explosion pressure of 430 Ibs.
per square inch, the maximum pressure in lbs. operating vertically
on the piston is about 4'2 D?, D being the piston diameter in inches.

77

\g

Ty

Fra, XHL—35  Cylinder F1g. XI11,—36. Piston Pin Lubrication.
Lubrication Tube.

Upon the basis that the nseful bearing surface of the piston corre-
spoods to one-third of ile circumference throughout its length, less 10
to 15 per cent. for large engines, and 25 to 35 per cent. for small, to
allow for the space taken up by the pistor rings, the specific pressure
ia from 185 to 21°5 lba. per square ineh (20 Ibs. mean).

Length.—The piston’s total length is given therefore by :—

for small engives, ip =28 D
s lrge » {p=165D.

‘The piston pin is placed in the front portion of the piston at &
distatice of about 40 per cent. of the full length from the front edge.
It is mecessary to take into account the length of the connecting rod
and to make sure that it can be placed in all positions without fouling
the piston.

Thickness of Metal.—The flat ends with interual ribs should have a
thickness equal to 006 or 007 D. It is advisuble Lo inereuse the



N INTERNAL ("OMBUSTION ENGINES

number of ribs to facilitate cooling. The back portion of the piston
where the rings are placed should be of the same thickness, while the
front portion may be reduced by about 40 per cent.

Pigton Pin.—The diameter ¢an be taken empirically as 0-8 to 0-32 D),
the dimension thus obtained being checked to determine its resistance
to bending :—

d® = 0000887 E {
in which:—
d = Piston pin diameter in inches.
{ = Length of bearing surface of pin in inches.
E = Initial explosion pressurae at 430 Iba. per square inch on piston
area in lbs,

This formula assumes a practical coefficient of resistance for steel of
11,400 lbs. per square inch.

The length of bearing surface of pin I, in inches, is determined by
the formula relating to the specific pressure :—

F
1800 4

The taper given to the two extremities of the pin corresponds to an -
angle of about 2'5 to 8°,

Bosses.—The projection of the two bosses are fixed by the length of
the piston pin bearing. To provide against lateral play the distance
between should not be more than -002 inch wider than the brasses.
The external diameter of the bosses is twice that of the pin.

{ =

Pravox: LensTH, THickngss. DPistox pIN: DiaMETER AND LENGTH.

EFF. H.F. | s ‘ 25 ‘ 35 | ™ ) 5 00 150
1 Diameter. piston, inches| 80 1025 120 1375 165 187 225
21 Length of pisten . . [ 180 |21 | 250 290|310 380 380
3 Ratioline2 ) gy | 9 gus | 204 | 1sk | 176 169
liue )
1

1| Thickness of metal at ! i

Lack of piston . . iR B85, 8125 ARITE ] 10625 11875 1355
4 | Diameter, piston pin [ 2625 2 375 3125 | 50 575 BT

i Totalexplosion pressure
at Bl per suare
inch on piston | ClErdion [ a3500 0 [ 4850 | et | D2.000 | 118,500 | 170,000

Length of pistan pin
bearing . .

T
el
(53
[
-1
[3-]

820 1025 14 140
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Examples.—In Lhe Benz engines the piston length is twice the
diameter. From six to eight soft casi-iron rings are fitted and a
eircular rib extends round the middle where the pin is placed.

For their single-acting 175 u.p. engine, the Maschinenfabrik Augs-
burg Niirnberg obiained cooling by water circulation by means of a tube
following the reciprocating movement (Fig. X.—87). The piston is
connected to a crosshead. In the non-cooled pistons the pin is held
at its two extremities in the forked end of the connecting rod, and
oscillates within a central bearing carried on a cast-iron strut arranged

i,
i ﬁlll:lnlnlc i 2| 1 4 feee

¥ia. XIIL.—37. Niirnberg Piston.

in the centre of the piston (Fig. XII1.—87). This arrangement was
designed to protect the piston pin from the influence of high piston
wall temperature, but appears to have been abandoned on account of
ita cost,

Fig. XII1.—88 is a horizontal section of a 100 n.p. engine made by
Kymoch, Ltd., of Birmingham. The piston is fitted with a double
end for circulation of cooling water. The inlet and outlet of the
water is arranged by means of two sliding tubes and stuffing-boxes.
The pistons of the single-acting, tandem Winterthur engines are
similarly cooled by eirculation of water (Fig. ¥.—10).

Piston Rings.—The method adopted by Tangyes Ltd.,, of Birming-
bam, and the Winterthur Co., of placing a piston ring in the front
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part of the pistons of single-acting engines is undoubtedly good, as
this additional ring retains the larger portion of the oil, which has a

Fui X1 —34, Water-coeled Piston, Kynoch.

tendency to become wasted, and ensures more uniform wear throughout
the length of the liner. See Figs. XIII.—33 and 86.

It the author’s opinion, the rings turned out of centre are not suit-
able, because they do not give an equal pressure, as do those of a
uniforn thickness. Moreover the grooves in the piston being of the

f e i

Fre. XHE- 3% Piston Ring Joint.

{ Jen) !

Fra. XTL—10,  Piston Ring Joint.

same depth, the eceentric rings, being thinner at the point, leave a
spuce which favours the aceumulation of deposit and possible lack of
tightnesa,

According to general practice the thickness of the rings should bLe
‘08 of the cylinder diameter, while the width should be from 1'5t0 2°0
times the thickness in inverse ratio to the number used.
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The original external diameter of a turned ring before being cut,
fitted to the piston and entered into the cylinder is

[
all measurements being in inches.

The amount to be cut out for the gap is 008 D.
To determine whether a worn ring still has sufficient elasticity or

S emr—
I

Fra. XI1il,.—41. Piston Ring Joint.

good work, the length and gap is measured and compared with the
last formula. If it doea not agree, the inside face of the ring is lightly
and uniformly hammered.

The rings should be made of good quality, soft, homogenecus cast-
iron, turned to the original external disameter De before being cut for
fitting. When the gap has been cut to make the ring of the exact
diameter of the cylinder bore, the ring is closed and put back iu the
lathe so as to obtain uniformity of bearing pressure throughout the
periphery of the cylinder.

The gap is cut in one or other of the methods indicated in

¥Fig, X11L—42. Piston Ring Joiot.

Figs. XIII.—89 and 40, being suitable for engines of less than
40 to 50 r.p. The first method is the better of the two. Above this
power the rings are sufficiently large to permit the use of ateel cover
joints either free—as in Fig. XIII.—41—or fixed by a serew—as in Fig.
XII.—42—at the point of juncture. The flueh headed serews should
pasa through all the width of the rings, and the ends should be lightly
riveted over. It is advisable to slightly round the apex of the angles
at a (Fig. XIIL.—42), to prevent fissures in the metal. 'The length
of the cover joint should be about one-third of the cireumference of
the ring.

A ,‘“
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To prevent the rings rotating in the grooves stop pegs are fitted.
Usually these are made by a screw, the end of which projects into the
interior of the piston where if is bent over

' (Fig, XIII.—48), so that the screw may

;%/////%auwy/////% not become slack and score the cylinder.

This stop peg should be placed in the
lowest part of the piston for lubrication
Fia. X11L.—4#3. Piston Ring  and be arranged in such a manner that
Stap-peg. the joints do not come in the same direct

line, s0 as to avoid all gas leakage.
When the rings are inade as explained, it is needless to proceed to fit
them to the cylinder itself. The latter method is still followed in
France by some makers of gas engines and of steam engines, bus has

been abandoned elsewhere.

Pistons for Double-Acting Engines. —These consist of the following
essontial portions :—

1. Piston.

2, Rod.

8. Crosshead.

4. Water-cooling system.

The piston is made in cast-iron or steel with a water-jacket, fixed
against a collar formed on the rod, either by bolte or a large nut, and
is fitted with at least four rings.

Many constructors make ‘their pistons as short as possible, and
support them by means of the piston rod. Others, on the contrars,
are of the opinion that it is to better advaniage to permit the piston
to rest upon the cylinder liner, and, accordingly, give it a great length
to diminish the pressure of contact per unit of area and to allow the
rings full freedom, which, it is considered, is one of the essental
conditions for thorough gastightness. The latter makers think that
the suspension of the piston by the rod causes vibrations and sets
up play between the piston and cylinder in a vertical direction, which
may reach ‘16 inch, whilst this play never exceeds "08 inch if the
pistons themselves bear upon the cylinder.

Numerous difficulties have been encountered in the construction of
pistons, and many designs originally applied when large gas engines
were first set to work have had o be abandoned. Internal ribs in
these pistons have nearly always given bad results; they are pever
long in use without eracking.

The block of metal forming the piston should never be used asa
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coupling to connect the front and back rods. The rod should be a
single piece or formed of two portions rigidly bolied together. The
method of coupling represented in Fig. XIII.—44 is defective, and
fissures are soon produced between the stud holes and the central
opening. When the rod is fixed in the manner shown in Fig. XIIL.—45
by means of a eollar and nut, the connection can be made tight at the
ouiset, but after a certain time it becomes set fast to the thread, from
whieh it is impossible to remove it. Very often it eauses eracks to

L

SN
a7,

Fi:, X111—44. Piston and Rod Coupling (defective},

develop. However, as far as the tightening and slackening of the
nut is concerned, the difficulty can be got over by making the nut and
threaded portion of metals of different hardness.

The rod is made of nickel steel or cast tungsten steel, having a
resistance limit of 85,000 per square inch with 18 per cent. elongation.

tlz ¥ i)
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Fia. X1I1.—45, Piston and Rod Fra, XEHI =46, Piston and Rod
Coupling, Coupling, Duishurger,

It ia hollow throughout its length and fitted with a tube serving as
flow and return for the water circulation.

The ¢rosshead sometimes takes the form of the marine type steam
engine crosshead, so that the piston may be dismantled withont
intevfering with the crosshead. It is made of steel and fitted with one
or two hardened or case bardened pins.

The water circulation system should be designed to ensure a constant
renewal of water at a pressure determined by the speed of the moving
masses. The firms of Koerting and Cockerill, acting entirely
independently from one another, made the first water-cooled pistons.
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Examples.—The arrangements sdopted for the construction of
pistons are very diverse; the principal forms only will be mentioned.
In the Dingler engines water-cooled trunk pistons are used, the

Fic. X1L—47. Piston and Rod Coupling. Ehrbandt.

portion which serves as a slide being shod with alloy. At the front of
the piston an additional ring is fitted to equalise the wear of the
cylinder liner caused by the other rings. The piston rods and the

Fri. XIHL.—Ix8 Fig. XII1.—49,
Koerting Water UCooling System to PMiston and Red,

crosshead bolt are of nickel steel. The pistons are fixed in grooves ir
the rod by means of straps in two pieces. The tightness is ensured
by steel spring rings. The pislons are very accessible and their
tightness cau be easily verified during work.
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The Duisbuerger Co., formerly Bechem & Keetman, use a piston
made in two parts, as shown in Fig. XIIL.—486, and designed to uncover
the exhaust ports at each end of the power slroke to permit complete
expansion and cooling of the burnt gas.

Ebrhardt & Sehmer use pisfona of hollow cast-iron and made as
light as possible (Fig. XIII.—47). The piston rod iz of large size
and guided ot its two extremities. It is hollow and, like the piston,
is water-cooled. The erosshead has only one lower frictional surface,
and is kept in place by two projecting side pieces, an arrangement
which makes the front stuffing-bozes particularly accessible.

In the Haniel & Lueg engines, the piston is fixed to the rod by
means of a cone and taper thread with nuts. The cooling water flows
to the front piston and returns by the rod. The piston is fitted with

Fie. XIITL.—30. Koerting water-cooled Piston.

five or six rings and is supported by the crossheads. The front cross-

head is made in Siemens-Martin steel, and the cast-iron shoe is ghod

with white metal. I'wo side sliding surfaces keep the crosshead in its
ath,

d In tandem engines the supply of water to the pistons and rods is

brought to the middle of the two cylinders, the outlet being at the rear

portion of the piston rod,

As shown in Figa. XIIL.—48 and 49, the Koerting engine has the
same arrangement with oscillating arficulated tubes. In recently con-
structed Koerting engines long pistons cast in one piece are used. The
collar on the rod is made either at one end or the other (Fig. XIII.—50)
or at both extremities. In all engines of large power the piston rod
is fitted with o tail guide.

The piston body of the Siegener Co.’s engine is cast with strengthening
ribs at either end, allowing thin metal to be used and ensuring perfect

L.C.E. ¢ ¢
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water circulation. The piston is fixed against a solid collar on the rod
by means of a nut ; it has & long bearing surface and supports its own
weight in the cylinder. The frictional surfaces are shod with white
metal.

In Nurnberg engines the water used for cooling of the piston is
introduced through a tube within the rod, from the rear crosshead by
means of jointed tubes which follow the reciprocating movement

Fie, XHI1.—531. Nitroberg Piston, Bod, and Crossheads.

(Fig. X11.—42). After passing through the piston, the water escapes
from the rod at the front crosshead. Fig. XII[.—51 shows & new
general arrangement of Niirnberg pistons and crossheads.

The Reichenbach double-acting engine pistons (Fig. XIII.—52) are
cast in one piece with a waler-jacket. They are fitted with four rings,
and are fixed on the rod by two rightand left hand nuts. This

R
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Fra. X111.—52.  Reicheubach Piston, Rod, and C‘rossheads.

arrangement allows the piston to be dismantled from one eide or the
other. The rod is hollow and contains two internal tubes joined at the
centre of the piston with a two-way connection which ensure cireulation
of water in the direction of the arrows.

The Otlo-Deutz pistons are suspended by the rods or the crossheads
without resting their weight in the cylinder. The inlet and outlet of
cooling water is by the piston rods and jointed pipes, connected to a
pump. The inner passage in the rods contains a tube throughout iis
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whole length forming an internal compartment. The water is sent
to the piston at the portion where its diameter is greatest and, passing
by the channel concentric to the tube, passes away by the same tube.

The Cockerill Co. have recently patented an arrangement of a water-
cooled piston represented in Fig. XIII.—58. The piston proper is
composed of two cast-iron water-jacketed portions which may be

Fi1g. X1II. —53. Cockerill Piston and Rod Coupling.

coupled and tightened to a collar forming part of the hollow pision
rod. By this arrangement the coupling joint is not in contact with
the hot gnses, The tightening bolts are let in, the water-jacket and
the openings ¢orresponding to these bolts are closed by separate cover
plates. The rods support the eniire weight of the piston, and are

Fic. X111.—54.  Hchiichtermann Piston and Rod Coupling.

curved slightly upwards so that they become correctly in line nfter
erection under the influence of the weight of the pistons and water.
This arrangement wag first brought out by the Maschinenfabrik
Augsburg Nurnberg.
Sehiichtermann & Kremer similarly make use of pistons in two pieces
connected by nuts placed within the water chamber (Fig. XIII.—54).
Figs. XIIL.—55 and 56 represent two arrangements by the Elsassische
cc?2
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Co. In the first the rods after being drilled are reforged, annealed,
and finished in the shop, so as to reduce the transverse dimensions

Elnnwabiados Tintaon, Wial, pind Cromsdiencds.

Elsassische l'iston, Rod, and Crosshends,

by,

3,

e X6

Xin,

Fra.

of the couplings. In Fig. XII.—56 the internal pipe is of unifurz
~area, and the drawing shows who the water circulates in the pisian:
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and rod. The water inlet is by means of a sliding tube and stuffing-
box,

The pistons of the 5,400 u.r. engines made by the Snow Steam
Pump Co. (Fig. XIIL.-—57) are in halves connected by bolts, the
joint surfaces being ground. The nickel steel rod is in two parts—an
external tube and a central rod. The latter is swelled out at the
middle of the piston and acts as a support to the latter, forming a
bulkhead to cause normal circulation of the water. At each outer end
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Fie. XTIL—57. Spow Steum Pump Works Diston and Liod.

a large nut is used to tighten the external tube firmly againat the
piston, forming a very rigid and perfectly tight connection.

VALVES.

All valves should be very accessible and arranged so as to be easily
and quickly dismantled for grinding and cleaning purposes. Ixcepting
only the gas valves disposed similarly to the practice adopted by
Koerting’s in their four-cycle engine, all valves are mechanically
operated.

The valve spindles should be provided with lubricating tubes, and
for engines over 50 H.p, these tubes should he fifted with sight-feed oil
cupa to prevent sticking of the valves and abnormal wear. The
exhaust valve spindle particularly should be well cooled Ly the water
circulation around its guide.

The spindle and valve head are usually of one piece of mild steel
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except when more than 8 or 10 inches diameter, the heads then being
cast-iron with the spindle screwed or riveted to the disc.

The entire surface of the valve should be perfectly smooth so as to
present no rough portion favourable to the accumulation of dirt or
soot. In the upper part of the valve head, s projection or hole is
provided for the reception of a grinding tool. Such projections are
liable to become overbeated and red-hot, while the holes may become
filled with dirt which is likely to get in-
candescent. The better plan is to make r
& simple groove in the centre of the disc
to receive the grinding tool.

The conical bearing surfaces at the

‘# =
valves should be at an angle of from 80 é%
to 45° with the flat surface of the head. \“&" ;"
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Fri, XIIL—5R,  Inlet Valve, Fiu, Xill,—=89. Exhaust Valve.

The width of the seat should be from 0'2 to 04 inches. Flat-seated
valves for the mixture inlet, and for exhaust, are practically abandoned.

In large single-acting engines, besides water-cooling the exhaust
valves by means of the spindle, the covers over the openings giving
access to the combustion chamber were separately cooled in the earliest
designs. The majority of engine builders now place the inlet valve
vertieally in the same axis as the exhaust in order to reduce the
chamber to the necessary size to give high compression. With such
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an arrangement the exhaust valve is partially cooled by the entry of
the mixture during suction,

In modern engines the valves are placed vertically, horizontal
valves being used only for the mixture inlet in some small engines.
Horizontal valves are difficuli to keep tight, and the least play due to
wear causes wedging. They can only be used when the valves are
very light with long guides and short atrokes.

The inlet valves can be thin and light, as they are not subjected to
heating but cooled by the entering mixture at each suction stroke
(Fig. XII1.—58).

Fig. XIIL.—59 represents an exhaust valve. In order to ensure
uniform lubrication of the spindle, cireular grooves, a a, are pro-
vided with a communicaiing longitudinal groove, b. The spindle is
guided in a sleeve G supported and fixed between the walls of the
water-jacket. At the end of the spindle is a disc C to receive the
concentric coiled spring R. Contact between the lever and spindle is
made by means of a roller in large engines or by an adjusting screw
for small sizes. )

Water-cooled exhaust valves are used in single-acting engines above
100 to 125 H.r., and as a general rule for double-acting engines. The
discs of these valves are hollow and made of either casi-iron or
cagt-steel. Several examples are referred to later on.

For non-water-cooled exhaust valves, experience has shown that a very
rasgive valve head (S, Fig. XIIL.—59) is less likely to reach excessive
temperatures, and for this reason the portion shove the seat is thickened
ap cylindrically, terminating in a flat surface with angles slightly
rounded. Non-water-cooled valves with such large dises are not
recommended becauge the central portion cannot be cooled sufficiently
well by mere contact with the seat. Some makers of large engines,
however, have been able to secure good resulis with large uncooled
exhaust valves.

The form given to the gas valve varies according to the system of
governing as discussed in Chapter XI. When the gas valve is annular,
fitted concentrically to the inlet valve spindle and meoving with it, it
can be furnished advantageously with a tlat seat giving a tight contact
even though the axis of one may Le warped,

Valve Dimensions.—The dimensions of the valves are calculated asa
function of the volume of the fluid drawn in or expelled to give the
best efficiency, that is to say, to cause the minimum of negative
pressure during suction and of back pressure during exhaust.

The instants at which the valves begin to open and completely close
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correspond practically to the inner and outer dead centre positions of
the piston, except in those engines in which the closure of the inlet
valve is timed by trip gear. Thus the areas of the valve opeuings
should be in accord with the linear speed of the piston at the same
moments or, in other words, the valve areas must be proportionate to
the velocity of the fluid passing through.

Main Inlet Valves.—With regard to the determination of the ares of
opening of the inlet valve it is sufticient to take into account the
mean linear piston speed and to give the entering fluid a certain
mean velocity.

Some makers adopt a mean velocity of more than 160 feet per
second, whilst others do not exceed 80 feet. In the author's opinion
these two figures constitute the extreme limits, and he has deduced
from » number of experiments that the speeds of from 100 to 180 feat
give very good resulls. On the one hand they better conform to the
necessity of giving such dimensions that their accommodation within
n resiricted combustion chamber is not a difficult matier, while, on
the other hand, they ensure intimate mizture of the fluids without
eausing any excessive loss in the charges.

The area of opening is equal to the product of the circumierence of
the conduit under the valve and the maximum valve lift. Theoreti-
cally, for equal speeds on both sides of the fully lifted*valve, the lilt
should be one-fourth of the effective diameter. Praciically, on account
of the space taken up by the spiudles and guides, it is sufficient to
provide a lift of about one-fifth the diameter. Some makers provide
even less than this in cases where, for peculiar features of the
governing, it is necessary to prevent a quick and noisy return of the
valve on iis seat.

Agsuming a mean speed of 115 feet per second ‘and a valve lift

equal to d.’ the diameter of the inlet valve is given by the equation

_ SN
de = '\/ 33300
in which :—

d, = diameter of valve in inches,
& = stroke of piston in inches.

N = revolubions per minute,

D = dismeter of piston in inches,

Gas Valves.—In determining the nrea of the gas valves it is
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necessary to take into account the nature of the gas and its ratio to
the bulk of the mixture for the desired amount of compression.
The practical proportions of air and gas are as followa : —

Air to illuminating gas = 8 to 9 to 1.
s ©eokeovengas =6 toThtol.
»» producer gas =18tol5tol.
» blast furnace gas = 09 to 1'0 to 1.

The average speed through the valve should be the same as for the
inlet valve, viz., 100 to 130 feet per second. Taking, as an example,
producer gaa in the proportion of 1-4 air to 10 gas, the formula giving
the diameter of the gas valve for a mean speed of 115 feet per second

will be :—
SN 1
{ = - .
o \/57000

Exhaust Valves.—The diameter given to the exhaust valve is usually
the same as that of the inlet valve.

Air, Gas, and Exhaust Passages.—The gas and air passages are calcu-
lated on the basis of 40 to 60 feet per second. The aren of the exhaust
passage should be equal to 1'5 to 1'8 times that of the valve so as to

bring about & rapid fall of pressure favourable to cooling the produeta
of combustion and their silent exhaust.

Varve DiaMETEES {inches)

B.H.F. 1% 24 43 ] 5 Itm 104
Diameler of piston . 8 10:25 1 12 | 18495 165 | 1875 | 225
Stroke . 185 19 21 (225 | 255 24 325
Revolutions per ininnte .| 230 | 220 | 210 | 200 140 180 160

Dinmeter inlet and exhaust

valves . . | 2875 | 3625 | 4875 h 6-8125 5 7T-8125 | B-HTH
Diameter gan valve for pro- f
50625 | 68125

ducer gas . . | 2 18TH | 255 |3‘3125 3870 | 48120

Examples.—Mr. A. Vennell Coster, of Measrs. Crossley Brothers, Lid.,
was one of the firat to think of balancing the exhaust valves to relieve
the operating mechanism from the enormous loads due to the gus
pressure towards the end of the power stroke. His first arrangement
consisled of an ordivary valve made hollow fur water cirenlution, und
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with ite seat towarde the interior of the combustion chamber, whilst a
swollen part in the shape of s piston formed a chamber in which a
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Fia. XI111.—80. Cmssloy donble-seated Exhaust Valve.

passage opened to give access to the exhaust gas. The admission of
this gas under the piston was assured by means of a small valve

B
=
Fia. XI1L.- 61, Crowley double-seated Fia, X111,—62. Koerting waler-cooled
Exhaust Valve. Exhaust Valve.

operated by the principal lever actuating the main valve, bul opening
in advanee of the latter.



MOVING PARTS 395

At a later period Messrs. Crossley Brothers, Litd., adopted an arrange-
ment consisting of a valve with one annular portion forming a piston,
and balanced without needing an auxiliary valve (Fig. XII[.—60). The
piston of this exhaust valve has an area of about 75 per cent. that
of the valve itself, so that the power required to lift it is reduced by
three-fourths. Fig. XIIL.—61 represents the latest form of valve
adopted by them, which comprises also an auxiliary valve.

Fig. XIII.—62is a Koerting water-cooled valve, The water entersby
a central fized tube and flows into a kind of bucket fitted with an over-
flow arranged below the valve.
Fig. XII1.—63 gives an end view
of the operating lever.

Fig. XII1.—64 shows an exhaust
valve of the “ Union "’ engine.

Fig. XIII.—85 is a reproduction
of a photograph of three exhaust
valves and seats belonging to s
2,000 m.». Nirnberg engine, with

Fla. X1T1.—63. Eod view of Exhaust Fia. X11[.—64, Union water.coolud
Valve Lever, Koerting, Exhaust Valve,

piston 40 inches diameter and 51 inches stroke, running at 90 revolu-
tions per minute. It has been previously mentioned that the Maschinen-
fabrik Augeburg Ntrnberg in their single-acting engines have slightly
lowered the exhaust valve seat below the base of the eylinder so as to
naturally evacuate the exceas of oil and dust brought into the engine.
In the large Otto-Deutz engines the exhaust valve is provided with
water circulation by means of its epindle in the manner adopted for the
piston. Water circulation is also arranged in the liox containing the
exhaust valve seat. In still larger engines, such as the 2,000 n.p. size,
with two cylinders tandem, having pistons 483 inches diameter by
51'2 inches stroke, the exhaust valve seat measures 15 inches. During



496 INTERXAL COMBUSTION ENGINES

the exhaust a pressure of about 2 tons wounld be required to lift
it. It is, therefore, constructed with a bye-pass which establishes
the same pressure above and below the valve head, and, being thus
balanced, only hasg a resistance equal to the tension of the springs.

Exhaust valves anlways constitute one of the delicate portions of the
mechanism of internal eombustion engines, and they cannot be too
well cared for or inspected. It is for such a reason that the irm of
Krupp, of Essen, have made an innovation consisting of placing the
exhaust valve in the top of the cylinder (Fig. XIIL.—66).

Practice and experiment has shown that this combination has not

Fres. X1IL 65, Three Exhaust Valves for 204 1P, Niirabery Engine,

given the aatisfaction expected by the makers, the advantage gained in
the facility of access not Leing enough to compensate for the incon-
veniences that, in the author’s opinion, may be summed up in the
three following peints :—

1. Inerease of temperature of the explosion chambers and iniet
valves, which heat the gas during admission.

2. The complex form of the explosion chamber, which is unfavour-
able to the propagation of flame in the explosive mixture.

3. The absence of the natural means of getting rid of oil and dirt,
a8 when the exhanst valves are placed in the base of the cylinders.

The unfavourable influence of the temperature of the enclosure upon
the cfticieney of explosion engines has nlready been mentioned. The
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Krupp engine as well as the Sargent engine may be criticised in this
connection. The transverse section through the valve gear of the
Sargent engine (Fig. XI1II.—67) shows that a common valve serves both
for admission and expulsion. A detailed drawing of this valve is
given on p. 137.

Usually the valve chamber is arranged upon the cylinder itself and
not at the end, a form of construction originally due to the Otto-Deuiz
Co. It has been adopted by the Cockerill Co. end their licensees, who

FiG, XIIL.--tii. Krupp doubie-acting Engine with Exhaust Valve at top of Cylinder.

have abandoned the original type of double-acting engines in which
the inlet and outlet valves were underneath in a separate cylinder head.

The first 200 m.p. single-acting blast furnace gas engine built by
Cockerill from the designs of Delamarre-Deboutteville had its inlet
valve at the back of the breech end and the exhaust valve below.

The majority of makers put the gas and air valves or slide concen-
trically above the inlet valve. 'T'he Otto-Deutz large engines have the
gas valve at the side of the admission valve, which allowa the details
to be very accessible for the necessary cleaning.

The Niirnberg gna valves, as well as the Ehrhardt & Sehmer gos
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and air valves, are arra.nged at the side of the inlet valve in the longi-
tudinal axis of the engine.

Fig. XII1.—68 shows how the different portions of the Winterthur
inlet valve are dismantled.

Half-Speed 8Shafta.—The arrangement most widely adopted for
actuating the valves consists of a single valve gear shaft placed at the

FiG, X111.-—67. Sargent combined lnlet and Exbaust Valve,

side of the engine frare and exlending shroughout its length, receiving
its motion from the engine shaft.

Upon this steel shaft eccentrics or cams are keyed to operate’ the
valve levers, as well as the gear wheels for driving the governor.

Some builders, however, use a shaft parallel to the axis of the engine
ghaft, the valves being actuated by levers and rods. Fig. XIIL.—69
shows the arrangement of this type of valve gear as made by the
Dudbridge Ironworks, Lid., for some of their small engines. The
Foos Co. and L. Gardner & Sons (Fig. XIII.—74), have also made
engines presenting similar features.
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Diameter.——The diameter of the cam shaft is given by the equation :—

dy = 015t0 02 D.
D = diameter of piston.

The higher coefficient is applied to the smaller diameters, and for
small engines 1} to 18 inches is the mini-
mum diameter. Caleulations based upon
the strains set up to effect the opening of
the valves give dimensions much too weak,
and involve vibrations due to the shock
produced by the action of the eams. For
single-acting engines above 75 to 100 u.p.
it is a good plan to fit a third interme-
diate bearing for preventing vibrations.

Gear Wheels.—To drive the half-speed

Fi1G. XI11.—88. Method of dismant- F1i. X111.—69, Engipe with Valve Gear
ling Inlet Valve, Winterthur. operated by Eccentrie, Dudbridge.

shaft bevel wheels or skew gears are employed, the revolutions of which
are in the ratio of 2 to 1.

For bevel geara the diameters and number of teeth are in inverse
proportion to the number of revolutiona. For rkew gears the number
of revolutions are independent of the diameters, permitting either the
use of equal diameters, for instance, or of one twice the diameter of
the other. In the first case the space required is much reduced, but
the wear of the teeth is more rapid.
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Spherical wheels, upon which some makers have specialised, are to
be recommended, presenting as they do the advantage of gearing
several teeth simultsneously, and thus offering a large contact surface
which diminishes the wear.

The gear wheels are usually made of hard cast-iron or cast-sleel.
To obtain silent working the driving wheel is sometimes made of
bronze. In all cases the teeth should be cut with extreme precision.

The diameter of the gear wheel bosses should be twice the diameter
of the bore. From this rule it is easy to determine the relative

| : S
| £
(®)
- @_ £ —_
(®)
\ . At

!

Fira. XTtL=T0. Valve Gear with separate Cama.

position of the erank and half-speed shalfts according to the ratio
given for the diameter of the two wheels.
Detaila of bearings and brackets have already been given on p. 297.

Levers and Cams.—Yhen the valve lift is obtained by the simple
movement of levers and came, a powerful spring keeps the valve ou its
sent. As far as the iulet valve levers are concerned their duty is
confined to overcoming the spring resistance. Ior the exhaust valves
it 18 necessary Lo overcoine the force of the pressure of the burnt gases
hefore their expulsion from the cylinder, This is equal to about 40
to 45 lbs. per square inch.

Fig. X11I.—70 shows the arrangement generally given to the
valve levers when each is operated by a separate cam.

Fig. XIIL.—71 represenis an arrangement of a single cam C fixed
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to the half-speed shaft V. The inlet valve is actuated by a rod 4 held
in position by the connecting rod D. The exhaust valve receives its
movement by the interposition of a beam I oscillating round the
point O, and against which the rod B works, kept in place by the
conneeting rod K.

In large engines the cam and levers are called upon to transmit a
force of from about 2 to 21 tons.

When the engines are governed by the variable admission of a
quaotity of mixture, causing a partial vacuum M the cylinder when

Fra. XINL—71. Valve (Giear with single Cam,

not fully loaded, the inlet and exbaust valves are likely to be opened,
unless furnished with powerful springs.

The levers are made of either cast-iron, or cast or forged steel, ag
light as possible to reduce the effects of inertia, but very strong and
rigid.

The rollers should be of either chilled cast-iron or best quality
hardened steel. The case hardening should extend to a depth of at
least "08 inch, the surfaces being afterwards trued by grinding.

If d\ = diameter of the half-speed shaft, the rollers are given a
diameter of 1'8 or 2'0 d;; their width being 045 or 0-5 &, for the
inlet valve lever end 0'55 or 06 4, for the exbanat.

It should be remembered that rollers of large diameter revolve more
easily and produce smoother working, and are less likely to become
set fast. When possible it is advisable to let the rollers work in a
bath of oil contained in & dish forming part of the lever.

L.C.E. T
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Spindles and Pins.—To withsiand the effect of the sudden movements
of the cams and levers the spindles and pins are of hardened steel
trued by grinding. Their dimensions should be such that the apecific
pressure per aquare inch does not exceed 600 to 650 lbs. per square
inch,

The figure taken for the resistance of the inlet valve spring is
42-5 1bs. per square inch of the valve. Yor the exhaust valve the
total resistance is taken as 85 1bs. per square inch, half to overcome
the tension of the apring, and the other half to resist the pressure of
the exhaust gases.

The force acting upon the fulerum pin i3 the resultant of those
acting at each of the extremities. In the case of levers with equal
arms, the pressure upon the pin is double that acting on the valve.

The effective bearing length of the fulcrum pin is usually twice its
diameter.

BIpE S#arFr, RoLLERS, AND Pins.

B 13 235 an L] 1] 100 150
Piston dianicter . inches | K-0 1025 | 120 1375 | 165 | 1875|225
Dhiameter, gide shalt . " -5 1874 | 20 225 25 30 3395
Diameter, Jever rollera . " EE TIN5 40 45 50 | 60 6870
Width, inlet valve roller i1 140 1-126 0 125 15 1'73
Width, exhaust valve yoller | . T I 25 | 1187530 1-25 15 '35 | 29
Area of inlet and exhaust valves,

square inches | wd 10-32 | 1iy 19-6 210 | 420 620

I'ressure on inlet valve . - dbs 1276 Hu 637 833 | 1,320 | 1,785 | 2,640
Pressure on exhaust volve
Pinveter of fulerum pins
Inlet valve lever - inches | G875 7
Ezhaust valve lever . " | Iv 125

" oz fat ) 1,274 | 1,666 } 2,640 | D570 5200

125 | 15

175 20
75 20 |2

30
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o =)

——

Cams.—To facilitate the projection of cams it is advantageoua to
give them a large diameter, but, when the peripheral speed of the
body or Loss of the cam reaches about 8 feet per second, the
movements of the valve levers become noisy in sscending and
descending the profile.

From the dimensions indicated for engines from 15 to 150 m.p., if
the body of the cam ie given a diameter equal to twice that of the side
shaft, the peripheral speed will be within 25 feet per second.

The cams are made in extra hard cast-iron or hardened steel in one
piece with the boss ; the projecting portion should be set off tangentially.
The hardened steel cams should be trued up after hardening.

To avoid abnormal resistances it is necessary that for each opening
position of the valves, the speed of the entering fluid should be
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practically proportioned to the linear speed of the piston. It should
be remembered that as the speed of rotation of the erank shaft is
double that of she cam shaft, the angles of lead and lap measured on
the cams are doubled with regard to the erank angles.

The curve of the aceelorations of piston speed is plotted graphically,
and from that the corresponding valve lifts for each valve are deduced,
observing the rule just given. These valve lifts are set out to scale on
the working drawing, attention being paid to the ratios adopted for
the lever arms, and the proper heights being marked off along the

Fui. XITL.—72, Valve Gear of amall Hornsby-Stockport Engine.

rodii of the eam projection between the extreme limits determined by
the angles of lead and lap.

Examples.—Figs. XIII.—72 and 78 show the system of wvalve
gear applied in the small and large types of Hornshy-Stockport gas
engines.

In the small sizes the side shaft passes through the frame and is
driven from the engine shaft by skew cut gear wheels placed inside
the frame next to thebearings (Fig. XIIL.-—72). In the larger sizes the
side shaft is put outside the frame in the usual manner.

In the majority of cases the inlet valve gear is placed at the back
of the engine, the operating lever being arranged in the centre line of
the cylinder. This is a peculiarity of the Hornsby-Stockport engine,
and is carried out in this way to leave the side of the combustion
chamber free for the ignition device. However, in several of their
larger sizes the admission valve gear is placed at the side.

pn2
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Fig. XIII.—74 shows the valve gear as applied to a 1} B.r. Gardner
oil engine.

The transverse section (Fig. XIII.—75) refers to a new type of
engine built by the Olds Gas Power Co., of Lansiog, and shows the inlet
and exhaust valve gear actuated by a single cam. On the admission-
valve spindle, and within the same box, isa gas valve and a cylindrical
air slide valve fitted with multiple porta.

From Fig. IV.—2, p. 88, the very compact arrangement of the

=

Fia. XIIM1.- .73, Valyve Gear of medium power Horosby-Stockport Engines.

valve gear will be remarked. At the extremity of the shaft is a cam
for the mechanically operated compressed air starting valve; another
cam operatea the magneto and sparking plug.

Fig. XIII.—76 shows a section of the mechanism employed by the
Premier Gas Engine Co., Ltd. The gas valve G is snnular, with
double seat and double opening. It ia connected to a circular slide
valve, which partially closes the air inlet when the gas valve opens,
The passage for the gas increases with the lift of the gas valve, whilst
the air passage diminishes. When the gas valveis closed the air inlets
are fully open, thus permitting free passage for the scavenging air.
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Fia, XNNL—74. Valve Gear of 14 H.P. Gardner Oil Engine,

The inlet valve is operated by the lever I., and the gas valve by the
lever K, through a knife blade Y, connected to the governor by the

FtG, XIIL—75  Valve Gicar of Olds Gas Tower Co's Engine.

rod R and lever . When the governor rises the blade Y is pushed
towards the left, and becomes engaged at a greater distance from the
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support of the arm X, to which it is attached, and es a consequence
the opening of the gas valve is reduced, and rice rersd.
Dingler similarly actuates the sdmission and exhaust valve by means

of a single cam.
In large double-scting tandem engines, the side shaft, being very

long, is sometimes made in several pieces. The coupling flanges
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Frii. XI11.—76. Yalve Gear of Premier Kngine.

should be designed to respond to the differences in expansion that
may be set up. The bearings supporting this shaft should be placed
in such a way that no vibration is caused by the movements of tbe

eccentrics or valve levers.

Eccentrics, Rolling-pathe.—The valve gear of large gas engines
include eccentrics and levers with rolling-pathe similar to those used
for steam engines of the Sulzer type, in order to ensure smooth and
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quieter working with the increased size and weight of the working
parts.

The eccentrics should be of large size, as only about 15 per cent. of
their stroke can be utilised. This certainly may be increased by
means of the rolling contacts, which permit also adjustments fo be
made during erection, and useful correction of the acceleration of the
speed of the actual opening and closing of the valves.

To avoid the valves opening irregularly they are positively operated
both for opening and closing, as, for example, in the ingenious
Cockerill device, Fig. XI.—51, where the exhaust valve rod is provided
with a double set of rollers. A short spring with only a slight move-
ment is fitted merely to compensafe for the clearance and ensure
smooth and silent operation.

The Krupp valve gear includes an arrangement upon the same
principle, where a cam moves in a kind of collar,

Both these designa preserve the advantages of the cam, the profile
of which better accords with the movement that should be given to
the valves than that obtainable with an eccentric.

In the new 2,000 B.r. Otto-Deutz engine (Figs. XI.—85 and 86) the
manner in which the movement of the cam keeps the valve closed
whilst a spring opens the valve when the cam is out of contact has
already been descriled.

The Maschinenfabrik Augsburg Niirnberg give preference to eccen-
trice which with the levers with rolling contacts ensure very smooth
working. The Elsassische Co., of Mulhouse, and Soest, also employ
eccentries,

In the Elsassische engine the exhaust valve opens by means of
rolling levers, and is closed by a special lever connected to the
eccentric rod being kept to its seat during the suction stroke, a spring
forming an elastic connection,

The Siegener M. A. G. use eccentrics and rolling levers. The valves
are fitted with air pistons to avoid the need of powerful springs, which
increase the weight of the valve gear.

Several arrangements of trip gears have heen described in
Chapter XI.

Governors.—For engines below 15 H.r. controlled by hit-and-miss
the governor may be of the inertia type, and above this power a
centrifugal governor should be used. The variation in the number
of revolutions between “full” and “no’ load should not exceed
8 per cent. for * hit-and-miss ” governing, and 4 per cent. for engines
governing by variable admission.
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Belt-driven governors are nof advised, and skew-cut gear wheels
are preferable to bevel gears, a certain amount of play being left for
axial expansion.

Horizontal spindle governors are but little used. They are exposed
to greater wear than vertical spindle
governors, unless made extremely
light. '

The Hallesche Maschinenfabrik
place the governor upon the cam
ghaft itself.

In the case of variable admission,

Fra. XI1L—37. Vertical Spindle Governor Fra. XT11.—78, Hartung Govetnor.
and Dash-pot,

sleadivess of governing is obtained by means of an oil piston or dash-
pot. with facilities for regulating the resistance ensily without baving
to stop the engine. A spring, the tension of which can be adjusted,
also enables adjusiments to be made during work to vary the engine
speed with the limits of 5 to 10 per cent. of the normal

Fig. XII1.—77 shows the usual arrangement of the governor bracket.
The verticnl spindle rests upon a steel pin or dise, the position of
which is adjusted by a screw and lock nut.



MOVING PARTS 409

Several firms, parlicularly in Germany, have specialised in the
construction of governors, and amongst others:—Hartung & Co.,
Disseldorf; Wiede Theodore, Chemnitz; and Zabel & Co., Quedlinbury
am Harz,

Hartung makes ball governors and spring governors of the Hartung,
Temple, and Stumpf types.

In the Hartung governor (Fig. XII1.—78) the jointsare arranged so
a3 to be shielded from friction caused by the action of the horizontally
displaced weights and of the springs which counteract them. In
such conditions the sensiliveness of the apparatus is very great, the
coefficient of unsensitiveness being only 0°S per cent.

The energy of the governor increases in proportion to the number
of revolutions, Tables L., IL., and III. (pp. 410 and 411) reproduce the
details communicated by the makers relative to the Hartung type of
governors,

The Temple governors have similarly balanced joints and are of two
different types. One with constant energy, whatever the number of
revolutions of the apparatus, and the other with a great speed varia-
tion that is in the proportion of 100 per cent. The relative details
are given in the Tables IV. and V., pp. 411 and 412,

Stumpf governors, Table VI., p. 412, have a large speed variation,
but the static springs are so designed as to maintain the maximum
number of revolutions without closing up.

SprinGs.

Springs are employed in gas engines to Lring the valves back to
their seats after having been lifted by the positive action of the valve
gear. Two distinet kinds of springs are used, either those acting
under compression and fitted concentrically with the valve spindles,
or those under tension, placed either in an extension, or by the side
of the valve apindle, one end engaging with the latter while the other
is anchored to & fixed point.

The first arrangement (Fig. XIIL.—79) enables the springs to be
accommodated in the valve boxes, where they are partially let into the
engine casing, improving the general appearance of the engine but
rendering their inspection rather more difficult. The springs under
tension (Fig. X1I11.—80), involves a8 more cumbrous arrangement,
but are more accessible, and, consequently, may be inspected with
greater ease. KExternal springs ean be very easily renewed when
necessary,
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The tension springs are alwsys of the type known ae coil-spring,
formed of a spiral of good round steel wire. The square section
springs are usually more costly. The steel should have a minimum
teneile resistance limit-breaking point of 60,000 to 70,000 ibs. per
Pqu]:.re inch, and be worked at about 80,000 to 85,000 lbs. per sguare
inch,

Compression springs are usually cylindrieal. Conical springs are not
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Fra. XWI.—79. Compression Spring on Fia, XI[—80, Tension Spring on

Inlet Valve. Exhaust Valve,

so much used on account of their increased cost with no appreciable
advantage over the ordinary form.

The determination of the power of the springs should be judiciously
made. If too weak they will permit the valves opening into the
cylinder to be raised from their seats during the suction stroke. If
too strong, they throw a useless strain upon the working parts
affecting the mechanical efficiency anrd causing abnormal wear.

In engines governed by hit-and-wiss or by constant volume of
mixture, the vacuum produced by the suction is, of course, less in
amount than in engines governed by the volume admitted. In the
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first, « maximum depression of ‘7 to ‘9 1lb. is reckoned, and 1'8 to
1:5 1be. in the second, per square inch of valve area.

The inlet and exhaust springs should therefore be sufficient to resist
this depression plus the internal mechanical resistance, and sometimes,
according to the condition of the'inlet valve, the resistance due to the
presence of tar and dirt which tends to make the valves stick to their
seats or guides.

In practice, the springs are calculated for three times the power—
namely, 6-5 1bs. for inlet and 182 1bs. for exhaust, per square inch
of valve area. The formula given below is based upon the data just

Fra, X1I1.—81. Cylindrical Coiled Bpring.

mentioned and is used to give the diameter of the wire of which the
spring is made (Fig, XIII.—81) :—

d = *\s/.-}”'

0-196¢

in which :

d = diameter of wire in inches.

» = the load to be applied in 1bs.

r = the radius from the centre of the apiral to centre of wire,
determined by the drawings, in inches.

t = atress on the metal, taken as 85,500 1bs. per square inch
maginnt,
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To determine the length of the spring, being given the amount of
deflexion, f, which is determined by the lift of the valve, the equation
used is:—

4dans?

f==3Xg

G = the practical coefficient of elasticity for the spring steel.
G=04F,.

E = 30,000,000 Iba. per square inch.

n = number of coils.

The extremities of the springs shonld Le flattened so as to bear
practically upon their entire circumference. The bearing surface
against which the spring acts should be fitted with either a hollow
or a projection to keep the spring conecentric to the spindle during
work. The springs should be shielded from the influence of high
temperatures which cause them to become weakened.



CHAPTER XIV
TESTING AND TESTING APPARATUS

Test Sheets.—The preparation of test sheets and schedules for
results obtained from gas engine trials has been the subject of
consgideration by the American Society of Mechanical Engineers
which, in 1902, pullished & series of suggestions to ensure that
all desirable data should be properly and systemnatically noted. The
Verein Deutscher Ingenieur and the German Engine Builders’ Union
have also prepared similar schedules.

Without wisbing to criticise these documentas it inust be stated that
a great number of the particulars enumerated cannot be ascertained
in the majority of practical tests. In fact the opportunity of carrying
out such complete tests occurs only under exceptional and very rare
circumstances.

The engines to be tested are always, almost without exception,
intended for industrial work and not for scientific investigations and,
consequently, they are not provided with the necessary arrangements
to enable some of the particulars mentioned to be verified and noted.
The experimenter generally finds the engines ready for work and not
dismantled, and therefore it is impossible to take all the dimensions
required for a complete scientific survey.

Moreover, the tests are frequently conducted under conditions
which do not permit absclute accuracy being obtained with the
available mensuring instrumenta either in an induatrial installation or
even upon the test bench of a factory. Fioally, as the extent of the
test is limited by the expense entailed, this consideration very often
forces the operator to confine himself to those points only which are
strictly necessary to be determined.

The Object of Tests.—The first rule of any test is to record the
purpose of the trial. In the majority of cases the object is to verify
the accomplishment of contract specifications, and particularly to
check the effective power of the engine and to measure the con-
sumption of fuel, oil, and water. Similar tests are also conducied to
ostablish the most economical condiiions of working .or to study the
operation of the engine.
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These form the whole of the indispensable objects of all tests, while
other items of a report are principally of a scientific nature, and
should be omitted when ecircumstances are unsuitable for accurate
results. At the same time, these scientific particulars must not be
deemed as of secondary importance. On the contrary, they are of the
greatest value in deducing correct theories relating to internal
combustion engines, and all engineers conducting tests should note
such points whenever possible. They should always work with the
utmost care, taking every possible precaution to guard against errors,
repeating similar teats when opportunities permit, and using every
available means of checking and veritying results.

The Personal Coefficient.—It is entirely unnecessary to take certain
measurements to the hundredth part of an inch, or temperatures to a
tenth part of & degree. The desire for exactitude should not extend to
three or four places of decimals, which only slightly influence results
and are of less importance than the personal skill of the experimenter.

The ability of the experimenter affects definite figures by what may
be called & “ personal coefficient ™’ to the extent of perhaps 5 per cent.,
more or less, quite apart from cases where larger errors are sometimes
made,

State of the Installation.~When the relations of power and con-
sumption are to be determined in any installation, it is indispensable
that all parts should be in good working order. If some essential
details permit a considerable amount of play and show excessive wear,
if there are any leaky places, or if the governing mechanism be
defective, it will be evident from the first that the results will not be
favourable. It would, therefore, be useless to proceed under such con-
ditions and would even be unfair if the object of the test were to verity
the accomplishment of the contract specifications.

In such a caze not only should the contractor be called upon to be
present during the test, but he should be permitted to do what ie
necessary to put the engine in order before the test is commenced.

The different operations comprised in a complete test will be reviewed
and an examination made, as briefly as possible, of the methods to
apply and apparatus to use.

A complete test includes :—

1. Inspection of working parts.

2. Determination of effective m.r.

8. . ' indicated m.p.

4. " »  Bpeed,

i.(.E. o
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. Determination of temperatures.

. " " conaumption,

. Examipation and analysis of residues.
. Conditions of working.

. Interpretation of results.

w0 -3 <

1. Inspecrion oF WoRKIRG Panrts.
Description of Engine.—The important details to be noted are :—

(a) Position of the eylinder axis or axes (i.e., whether horizontal or
vertical).

(») Number of cylinders and motive impulses per revolution of
crank shaft,

(¢) Number of fly-wheels.

(«) Number of bearings.

(¢) Nature of cyele.

(/) Type of valve gear.

() Type of ignition apparatus.

"The deseription of the engine should be briefly expressed thus:—

Erample, No. 1.—Horizontal engine; made by X; two cylinders;
twin; single-acting; fitted with four bearings and one fly-wheel placed
between the two cylinders ; four-stroke cycle ; valve gear ; governed by
constant ratio of mixture in variable volume ; governor varies the lift
of mixture inlet valve ; low-lension magneto.

Ezxample, No. 2.—Horizontal engine ; made by ¥'; one cylinder;
double-acting ; fitted with three bearings and one fly-wheel on left hand
side of engine looking from cylinder to erank ; two-stroke cycle ; admis-
sion by valves and exhaust by central ports; governed by conslant
ratio of mixture in variable volume ; governor varies the admission
period of mixture ; two low-tension magnetos at each end of cylinder.

Example, No, 8.—Vertical engine; made by #; four cylinders; side
by side; single-acting; titted with five bearings; one fly-wheel overhang-
ing against one of the outer eylinders; four-cycle; valve gesr;
automatic admission valves; governed by throttling the mixture by
& butterfly valve in suction pipe ; igunition by jump spark and battery.

Dimensions.—The principal mensurements to be taken are the
diameter and stroke of the pision or pistons, for these enter into the
calculation of the indicated u.r. The piston rod—if existing—should
also be measured.

It is wise to take nll dimensions Lefore the test is commenced, as it
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occasionally happens that it is impoasible to do so at the finish ; besides
which, it is very convenient to calculate various results during the
trial, based upon the cylinder dimensions, so as to roughly compute
the results and thus avoid large errors due to incorrect measurements.

When tbe object of the test is the verification of contract guarantees,
the experimenter should avoid, as much as possible, communicating
any of such rough calculations, which may afterwards be found to
be inexact from one cause or another.

The effective diameter of the piston is really that of the cylinder and
not ‘of the piston. As a matter of fact if the measurement of the
piston be taken from the back, the diameter would be less than the
effective diameter owing to the expansion of the piston rings which
exactly fit against the internal circumierence of the cylinder.

The diameter of the cylinder can be measured, either by callipers or
gauge, to the nearest thirty-secondth part of an inch. Any closer
measurement does not sensibly affect results in large engines, while in
small engines with 6-inch pistons the difference will be less than
14 per cent. Although it is preferable to measure the eylinder when
hot in order to obtain more exact fgures, the difference is, after all, so
small that in practice the measurement when cold is quite suficient.

The length of stroke is taken by placing the crank first at one dead
centre and then the other, measuring in one case the distance between
the piston and the front edge of the liner—or some convenient point
legibly marked—when the piston is right in, and the distance between
the same points when the piston is right out. For correet measure-
ment it is important that there shall be no ** play *’ either at the crank
pin bearing or piston pin bearing, as, if such exists, the real length of
stroke is increased by the total amount of play.

The speed of the engine in revolutions per minute and the cor-

responding rated output of the engine are usually given by the
msaker,

Valve Gear.—The complete verification of the valve gear of an engine
is a complicated operation, involving, in fact, the dimensions of cams,
operating levers, valve lifts, valve diameter, &c., and the position of the
piston when the individual valves open and close. As a rule, however,
only such details are noted as can be observed without dismantling
each piece, the valve-settings being ecarefully recorded in order to
explain the diagrams taken by the indicator.

To do this the fly-wheel is turned by hand, or by the barring gear,
to place the crank successively in the different positions co-incident
with the opeuning and closing of the valves, and mensurements are

EE2
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taken in each position either of the piston in relation to the front edge
of the liner, or a similarly convenient fixed point, or of the crank by
noting its inelination from the horizontal by means of a spirit level
fitted in & quadrant graduated in degrees.

Supply.—It is necessary to briefly describe the method of serving
the engine, to indicate the nature of the fuel and the means adopted
for producing it. Under the heading of * consumption” reference
will be made to the subject of fuel analysisa. For the present the
method of feeding of the engine will be dealt with,

Town Gas.—The experimenter should note :—the normal output for
which the meter is marked ; the type of meter; whether the gas is
supplied at sufficient pressure (gt least 75 tenths (inches} of water) ;
whether any abnormal resistances exist in the supply pipes; and
the arrangements, if any, to ensure a regular flow of gas.

In the majority of cases the readings of the gas company’s eter is
accepted 8s correct. It is then necessary to note whether the
apparatus has been properly levelled on erection. Especially so if
a wet meter be employed, as it is important, for correct measurement,
that the water level is normal. To observe this, the gas should be
shut off from the meter and the plug removed from the orifice placed
on the water line, so that the actual water level may be determined
and, if necessary, adjusted. If any doubt existe as to the correctness
of the counter, it should be checked with a certified standard
apparatuos.

It is importaut to mensure the leakage of gas from the connections,
a8 it is very rarely the casé that these are thoroughly gastight. The
gas should be permitted to fill all the gas pipes, including the gas bag,
under the normal pressure prevailing, and readings of the meter taken
before and ofter o lapse of 15 to 80 minutes, during which period, of
course, all the gas cocks must be properly closed.

Producer Gas.—When the engine is served by producer gas, a brief
description should be given of the apparatus employed for generation,
washing and purifying, ns well as any special arrangement of con-
nections that may exist. When a gas-holder is included of known
capacity, it is easy to wreasure the quantity of gas produced or con-
sumed in a given time.

The ohservations take different forms according as to whether the
working of the whole group “ engine and plant,” or * engine” and
‘“ plant’’ as separate units, is to be determined. In the first case the
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most frequent method is to record the consumption of anthracite, coal,
or coke in the generator, and in the steam boiler, and to measure
also, whenever possible, the consumpiion of water for gas production
and purification. In the second place it will be indispensable to
measure the quantity of gas produced in order to appreciate whether
the generator furnishes, per 1b. of coal consumed, a rational quantity
of gas of eufficient calorific value and normal composition, and also
whether the engine uses the gas fed to it in a satisfactory manner.

Petroleum, Benzine, &¢.—The arrangements provided for carburation
should be taken note of, as they intluence the consumption of fuel as
well as the working conditions of the engine.

2. DeTERMINATION OF EFFecrive Powgr.

The effective power of an engine corresponds to the work actually
available at the erank shaft,

Dynamo.—When an engine drives a dynamo of at least equal power
to itself, the most practical method of determining the effective power
is to measure the electrical output as shown by aperiodic instruments
of proved accuracy. The operations should be carried out in such a
manner that the electrical output remains practically constant, being
absorbed either by an electric lighting circuit, or by the load of a
battery of accumulators, or by “liquid resistance ™ suitably disposed.

Readings of the inatruments should be taken at regular intervals,
and the mean electrical load deduced throughout the trial. The
efficiency of the dynamo should be determined at the same load and
speed as that reached during the test to calculate the effective work
transmitted by the engine. If the dynamois belt-driven, the efficiency
of the drive should be taken into account. Usually it amounts to 950
to 97-0 per cent.

With a well-built dynamo and a pliable belt of sufficient width, one
effective n.p. produced by the engine is converted into electrical work
at the rate of 560 to 670 watts per n.p. according as the power varies
between 10 and 100 u.p. and over,

Brakes.—If the engine drives gearing, pumps, or other apparatus of
which the work and efficiency cannot be exactly determined, the effec-
tive power must be measured by means of a brake. Many kinds of
brakes are available, and some very ingenious arrangemnents have
been designed to provide automatic working., The details of these
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various equipments will not be gone inte, as other publications are
available specially devoted to the subject. Attention will be confined
to the two most simple arrangements in common use.

Rope Brake.—This brake is applicable to engines of small power. It
consists of a rope or band encircling the fiy-wheel or a specially fitted
pulley. One end of the band is fastened to a spring balance, and the
other is connected to & weight sufficiently heavy to give the necessary
friction against the face of the wheel. The arrangement presents
several great advantages, such as the simplicity of the devices used,

Free. XIV.—1. Rope Brake. Fio. X1V.—2, Rope Brake with Safety Boge.

and its ready applieation to the different circumstances which present
themeelves in practice. _

To keep the band or rope on the face of the wheel, three or four
piecen of wood are arranged at intervals, having side pieces or cheeks
attached to prevent lateral displacement. The negative weight can be
replaced by a second spring balance upen which tension is produced.
The rope should preferably be made of Manilla hemp, and work by
dry friction on the face of the wheel, and, if lubrication be found
necessary, & little graphite should be applied. Different arrangements
are adopted as circumstances may decide.

To avoid corrections in respect of the weight of the spring balanee
it should be arranged horizontally as much as possible (Fig. XIV.—1),
or very slightly obliquely, or vertically on a support in such s
manner that it works freely. When the arrangement shown in Fig.
XIV.—2 must be used, care should be {aken to suapend the spring
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balance so that its weight has no influence upon the indications of the
pointer, but the weight of the spring balance must be added to the
weight that gives the tension to the cord or a coefficient of correction
applied if placed obliquely.

To prevent accidents, a flexible safety rope should be fitted, as
shown at € (Fig. X1V.—2) to one end of the band and fastened to an
entirely distinet anchorage.

It is important to arrange the brake so that it embraces the whole
of the circumference of the fly-wheel, or, at all events, as large an arcae
can possibly be obtained, in order that sufficient adherence may be
gained without excessive negative tension. The back pull should not
excead 10 per cent. of the positive tension.

In spite of its advantage, this atyle of brake should not be used for
motors of more than, say, 80 m.r., on account of the dangers involved
in its application, unless a specially designed water-cooled pulley can be
fitted to take the brake. All the work absorbed by the brake is trans-
formed into heat, and the temperature of the fly-wheel rin becomes
appreciably increased while the arma remain cold. As a consequence,
streases due to expansion are set up which may exceed the limit of
elasticity in the metal, and if there are any faulte in the casting, or
even if the metal be perfect, the breakage of the wheel may result.
Several serious accidents have thus occurred, causing loss of life and
destruction of important material

When the band ean only be applied to the fly-wheel, it should be
used for but a very short period, the test being stopped when a
noticeable incrense in the temperature of the rim is observed. Some
builders use the rope brake for large engines on their test benches, but
they provide a special pulley with water circulation.

Prony Brake.—The arrangement most frequently adopted is shown
in Fig. XIV.—8. The brake is made of two similar wooden jaws
bolted to channel irons, the whole forming a balanced mass. It is placed
upon a split pulley the deep side plates of which form a trough to receive
the water used to absorb the heat of the Lrake. Keys or suitable
expanding bushes are placed between the boss of the brake putley and
the shalt to ensure proper fastening. The same pulley can be used
for a series of different size engines under such conditions. Usually
the amount of work which can be absorbed per square foot of contact
surface i8 estimated at 12,250 foot-lbs. The temperature of these
gurfaces must not exceed 165° F. to prevent steam being generated
to binder the operator. Certain precautions must be observed as
to the arrangements to apply these brakes satistactorily.
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To prevent the levers moving round with the shaft in the event of
any sudden variation of the load, wooden stop blocks are placed in
suitable positions to limit the movement of the lever arma,

When the weights are aitached in the manner shown in Fig. XIV.—8
care mnust be taken to maintain the arms in a horizootal direction to
avoid the necessity of making a correction on account of obliquity.
In some apparatus the weight hangs from a cord bearing against a

Fro. XTV...-3, Prooy Brake,

sector placed at the end of the lever, so that the oscillations of the
latter are without influence on the load.

The load can be put on the brake in two ways, either in lifting some
weights suspended from (A} (Fig. XIV.—38) or by exerting pressure upon
s weighing machine, (Fig. XIV.—4). The latter method gives greater
ptability if arranged a8 indieated. Reference to Fig. XIV.—8 will show
that the centre of gravity is below the centre of suspension and there-
tore the equilibrium of the parts iz unstable. In Fig. XIV.—4 the

!
1
|
I
i
. 1
Fri. XIV.. 4. Pnmy Beke with Platform Sealea,

illustration makes it clear that the centre of gravity is above the point
of application and is therefore preferable.

For ready tightening the bolts should be screwed with a fine thread
and the tightening nuts fitted with large wings.

The brake jaws should have internal oil grooves and a hole to pour
oil in, should excessive tightening cause heating,

To prevent the water splashing about, by reason of a too copious
aupply in the pulley or leaky joints, the brake jawas are surrounded by
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a shield. The lever arms should be counterbalanced either by &
gymmetrical opposite member or by a counterweight. The equilibrium
of the arrangement can be verified by placing the upper jaw on a
knife edge placed in the vertical plane of the axis of the pulley.

Effective Work.—This is given by the formula : —
Bhp. =r X N X w x 00001907
in which :—

r = radius of brake wheel 4+ half diameter of brake rope, in feet,
or,

r = length of lever arm from centre of shaft to centre of weight
suspension, in feét.

N = number of revolutions per minute.

w = the net load expressed in lbs.

Prony brakes as described can be relatively easily fitted to engines
up to 100 to 150 a.p. For engines of 300 to 500 u.r. the same type
can be used if two apparatus are fitted upon the engine shaft. Above
500 m.p. brake tests are usually considered to present too many
diftieulties and to involve too great an expense. It is therefore upon
rare occasions that such tests are made.

The testing of an engine in industrial work by means of a Prony
brake ir alwaye a difficult operation. Usually the engine pulley has
to be taken off and a special brake pulley fitted, and if the engine has
three bearings, and if one of these pulleys are cast solid, it is necessary
to lift the shaft. Very frequently the space availalle round the engine
is very limited and no facilities exist for cooling the brake by water
under pressure. According to cirenmstances, arrangements must be
made so as to ensure the easy working of the appliances.

Several makers, such as, for instance, the Swiss Society for the
Construction of Locomotives and Machines, Winterthur, provide their
engine crank shafts with a short overhanging portion on the cam shaft
side, which is an arrangement much to be commended. It gives a
manufacturer a chance of placing a driving pulley in this position,
while it becomes a very simple matter to conduct a brake test of the
engine.

It will be evident from the preceding remarks that the testing of an
engine by a brake when erected upon its permanent foundations is not
at all a eimple matter, and it is much preferable to conduet all
such tests for power and consumption at the makers’ testing shop.
Then one or other of the usual brakes can be used or some form of
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dynamometer such as that made by Heenan & Froude of Worcester
(England) (Fig. X1V.—5}.

This apparatus is usually direct coupled to the shaft of the engine
or machine of which the power is to be determmined, but it can also be
operated by belt.

Tt consists of a turbine full of water, turning in a box mounted on
rollers. The water put into motion by the turbine produces s reaction
on the box and tends to make it rotate. The power developed is
measured by the weight applied to equalise the effort of reaction as in

Fii, X1V.—5, Heenan & Froude Dynamometer,

the case of the ordinary brake. A movable balance-weight is provided
with which the equilibrium can first be adjusted.

The turbine vanes and those in the box are combined in such a
manner that when tbe apparatus is in action the water continually
circulates and passes from one vane of the turbine to an opposing
vane of the box and so on. By the effect of centrifugal force the
speed of water circulation is excessively great.

To reduce the power absorbed by the dynamometer, a thin metallic
sheet is interposed between the turbine and the box to annul the
gyratory action. The power can thus be reduced to one-thirtieth of
the total work,

The water should be constantly renewed. It is introduced at about
5 lbs. pressure and the heated water flows from the upper part of the
apparatus together with the steamn formed and any air which may
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have peuetrated into the casing. The maximum power absorbed by
the machine varies proportionally to the cube of the speed.

The difference in temperature between the inlet and outlet of the
water and the quantity used, enables the exact power to be calcu-
lated. Professor Reynolds and Mr. Marley have been able to effect
the verification of Joule's law for the mechanical equivalent of heat,
by the aid of this apparatus.

8. DererMiNaTiON oF INpicaTep Powen.

The indicated m.p. of an engine, single-cylinder, four-cycle, single-
acting, is given by the formula :(—

4L
LILP. = 705550 X N X Pm
in which :—
A = area of the piston expressed in square inches.

1. = stroke of the piston expressed in inches.

N = number of revolutions per winute.

Pm = mean pressure per square inch of piston area during one cycle
expressed in lbs,

To measure the mean, or average, pressure, disgrams must be taken
by an indicator. Indicators which have been strikingly improved
during recent years, are derived from the instrument invented by
Jas. Watt and modified by McNaught. It is impossible to mention in
this book all the different types at present available, but mention must
be made of the indispensable qualilies that an indicator should
possess :—

1. The piston should be absolutely gastight, without, however,
resulting in friction between the piston and the cylinder.

2. The piston, its rod and levers should be of very light weight to
reduce inertia effects to & minimum.

8. The adjustment of all pivots and knuckle-joints should be made
with great care, the least play in the joints falsifying the diagrams
traced by the pencil.

4. For use with producer gas engines, the piston and cylinder
should be of steel, as the ammonia and sulphuretted bydrogen in the
gas attack gun-metal.

The first three points play a very important part in the accuracy of
the diagrams. The results obiained would be absolutely false if the
indicator did not possess these qualities.
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Pitting the Indicator.—The engine should be fitted with a passage
communicating with the combustion chamber for the reception of the
indicator. The orifice is usually closed by a screwed plug, but inhigh
compression engines the plug is provided with a prolongation te
completely fill the aperture up to the internal wall of the chamber so
as to prevent any esrly firing that might be caused by the accumnla-
tion of burning gases in the passage.

Usually the indicator plug is tapped for a §-inch Whitwood thread,
but some makers adopt other sizes and threads. It would be most
convenient if all engine builders and indicator makers would adopt
the same thread, so a8 to obviate the use of special adaptors to suit
each particular case. Many engine makers provide all their engines
with the necessary indicating passage, but this practice has not yet
become general.

It is abeolutely necessary to make use of an indicator not only for
the determination of indicated power, but also for the verification of
the valve setting, especially upon erection. Many contractors under-
take the erection and setting the engine to work without providing
their erectors with indieatling gear, and under such eireumstances it
frequently happens that difficulties in working cannot then be detected
in the absence of indicator diagrams.

Position of the Indicator.—Great variation exists in the position of
the indicator passage. In the former type of town gas engines in
which the valves were arranged under the combustion chamber, or st
the side, the indicator was placed vertically above the breech end. In
later Lypes this place is taken np by the inlet valve and its mechanism.
and the indicator is fixed in a less convenient position, eitlier obliyaely
near the flange of the combustion chamber, horizontally at the side of
the casing, or horizontally at the back.

It is difficult to formulate a general rule for the choice of a position
for the passage. It is a matter already determined by the maker, and
the operator must take the necessary steps to obtain suitable and
proper working conditiona.

Indicating Gear.—JFor single-acting engines, the indicator motion
can be oltained Ly means of one of the following methods:—

(¢} Parallel motion.
(8} Crank pin screwed in the end of the erank shaft.
(c} Mathot's patent claw.
For double-acting engines :—
{¢) Rod fixed to the crosshead.
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() Parallel motion.—This is rarely used because the engine frame

|
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A

Fie. X1V —6. Bathot’s patent ** Claw ' Redueing Gear.
is not fitted with the neceasary arrangements for fixing the different
parts. It is principally used in makers’ workshops.

(1) Crank pin.—For this arrangement, a hole must be drilled and
tapped in the end of the crank shaft to correspond with the crank pin.

Fra. XIV.—7. Mathot's patent. =~ Claw ™ Belueing Gear,

Usually the hole has not been drilled by the makers during construc-
tion, and it is consequently somewhat difficult to make it coineide
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exactly with the main crank centre, with the result that the pin is
more or less out of truth.

(¢} Mathot's patent claw.—This is composed of three branches
at 120°, and each fitted with a steel pointed screw (Figs. XIV.—
6 and 7), to enable the apparatus to be firmly attached to the engine
shaft, The central screw A permits the claw to be accurately
centred on the engine shaft, and fixes the crank B in the proper

F1G. X1V.—8. Indicator Cord Adjuster.

direction and at the desired length. The crank pin is furnished
with & curved rod b, V', V", having s groove at }' to retain the
driving cord. The ring attached to the end of the latter is readily
threaded over the curved rod owing to the fact that the extremity O
forms a prolongation of the axis of the crank shaft, and has no eccen-
tric moverment. The cord ean just. as readily be detached when it is
desired to disengage the indicator.

() Rod fixed to ¢crosshead —This ia fitted in the same manner as
for steamn engines, and the connecting cord is taken from reducing gear.

Indicator Cord.—The indicator cord should be made of plaited hemp,
not twisted, preferably with a core of very fine brass wire. It should
be protected from moisture. When

using the cord upon a crank pin, a

light copper ring should form the

= 7oy \ counection, and it is necessary o give
Lj S this a drop of oil occasionally to avoid

Fre. XIV.—9. Indicator Cord resistance due to friction. The cord

Adjuster. should be as short as possible and free

from Links and knots. The length

can be readily adjusted by means of a plate, as shown in Fig, X1V.—8,

or by means of a clamping hook, which usunally is one of the acces-
sories provided with the instrument (Fig, X1V.—8),

The length of the cord necessarily depends upon the position of the
indicator. Usually the points of attachment upon the indicator drum
and the reciprocating gear are not in the same vertical plane, and it
is therefore necessary to use a small pulley, snitably arranged, to lead
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the cord in the required direction without abnormal resiatance due to
friction. The spindle of the pulley should be carefully oiled.

To adjust the travel of the cord, the engine crank shaft is placed
successively at each dead centre, and the stroke of the indicator drum
should be a little less than the extreme movement possible Care
should be taken to see that the indicator drum does not reach its limit
of stroke in advance of the engine erank, otherwise the diagrams will
be affected as shown in Figs, XIV.—10 and 11, wkich show, respectively,
the drum motion stopped momenterily at the inner and outer dead
centres of the crank.

Manipulation of Indicator.—Before using the instrument it should be
seen that it is securely fixed to the engine. The piston should be
removed and carefully lubricated with cylinder oil. At the outset a

Frg. XIV.—10. Indicator Diagram Fre. XIV.—I11.  lmdieator Diagram
showing faulty Cord Adjustment. showing faulty Cord Adjustment,

strong spring should be used to record the explosions, so as to protect
the levers from damage in the event of a sudden shock, dne to unex-
pectedly high explosion pressures.

The springs and eylinder cover should be very carefully secured, and
be screwed right home. The pencil shouid be adjusted to mark the
paper legibly but very lightly.

Diagrams.—The different kinds of diagrams to be taken are : —

{a) Explosion or combustion.
(b) Compression.
{c) Resistance.

Explosion Disgram.—The explosion diagram takes the form shownin
Fig. XIV.—12, and it is from this that the indicated power i8 measured.
There is a distinction between engines governed by * hit-and-miss "
and those by variable sdmission of mixture. _

If the engine is in good order all the diagrams taken from



432 INTERNAL COMBUSTION ENGINES

“Dit-and-miss ” engines are of similar shape and have practically tbhe
same ares, but it i8 necessary to count the number of *“ misses” when
the engine is not working at its full output. These can be counted by
observing the movements of the gas valve, or by listening to the
noise of the exhaust, which is easily recognised after each explosion,
It is the better plan, however, to record the exact number of cycles

F1s. XIV.—12, Typical Indicator Diagram —Four-cycle Engine.

by means of the author’s explosion recorder (described in Chapter XV.),
which can be adapted to afl ordinary instruments.

In engines governed by variable admission of mixture, the diagrams
are frequently very different from one another, according to the action
of the goveruor, the mixture being varied either in quantity or com-
position and, consequently, the explosive power, and the conditions of
expansion change for ench cycle. It is indispensable, therefore, in

Fra, X1V, -13.  Indicator Diagram taken with uosnitable Spring.

such cases to take a suflicient number of diagrams to obtain o mean
area corresponding exactly to the indicated work of the engine.

The caleulation of the indicated power depends upon the messure-
ment of the mean preseures of the diagrams. It is therefore of the
ntmost importance to adopt certain precautions to aveid all risk of
error.

Springs.—The calibration of the springs used should be carefully
checked before and after the test. As a rough guide it is & good plan
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to use iwo springs of varying strengths, so as to obtain a practical
verification of their accuracy. Springs that are too light should
not be used, as they give rise to inertia ¢ffects similar to those depicted
in Fig, XIV.—18.

Planimeter. — The diagrams should preferably be measured by means
of a polar planimeter, an instrument sufficiently well known to require
no description in these pages. The measurements should be made
with the utmost care. '

Calcnlation of Indicated Power.—The indicated m.p. of a single-
cylinder, four-cycle, single-ascting engine, can be obtained from the
formula already given, but repeated here :—

LA , R
I.h.}l. = 7-920'00' X N X Pm
in which L. = stroke of piston in inches.
A = area of piston in square inches.

N = number of revolutions per minute.
P = mean pressure neasured from average diagram, in lbs.
per square inch.

When the engine is running without load the indicated m.p. then
found, distinguished by the symbol P, will correspond to the work
absorbed by the friction of working parts and will usually give the
equation

Ihp. = Bhp 4+ P,

However, it should be noted that the work developed under * no
load ™ to overcome the mechanical friction is a little more than the
same work when under load, owing to the suction resistatces of the
mixture being greater in the former than in the latter.

The no load resistances should be determined after the working
load has been noted, while the engine is under the same conditions as
regards temperature. The diagrams should not be taken while the
speed of the fly-wheel is accelerating or diminishing, For a given
load the indicated power measured by the indicator is equal to the
sum of the corresponding effective power, and of the indicated no load
power. The verification of this formula at various degrees of load
enables the correctness of the indications to be demonstrated.

The mechanical efficiency of a given load will be -

_Bhp._  Bhp. _ 1
— Lhp. T Bhp. + P, L4+ P,
Loy

It

I.C.E.

L]
by |
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The ahove formula is generally accepted with respect to ordinary
four-cycle engines, but in the case of four-cycle engines with separate
compressing pump, such as the Diesel, for example, or of two-cycle
engines, engineers are not in accord with regard to the manner in
which the mechanical efficiency should be expressed.

Some say that the foltowing formula applies :—

_ Bhop

k= Llp. (gross),

but others consider that

n= B.p.

T Lh.p. (net)

is the correct form—Ik.p. (net) representing the indicated work

Fia, XIV.—14. Indicator Diagram of Compression of Charge (witliont ignition),

measured in the engine cylinder, as aceounted for by the diagrams,
less the indicated work measured in the pumps.

The anthor agrees with the opinion given by Professor Diederichs,
that the first formula gives the nearer approach to truth, except,
perhaps, for the Diesel engine, in which, up to a certain point, the
work done in compression of the separate air charge is recovered in
the engine cylinder.

Compression.—The terminal compression pressure can be measured
from the explosion diagrams, but it is useful to record them separately
to a larger acale by using a lighter spring, but of suflicient resistance
to ensure the full height being traced before the limit of movement of
the spring is ceached.
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When using such a apring care should be taken to prevent the force
of the explosion causing damage to the pencil movement by putting
the ignition gear mowmentarily out of action before opening the indicator

Fic, XI¥.—15. Compression Diagram showing loss san Expansion of Charge.

cock and taking the diagram, Fig. XIV.—14 shows the forin of the
curves then obtained,

The records obtained by closing the gas cock would show a diminu-
tion in the compression pressure when power gas is used, since the
volume of gas is, in such cases, practically equal to the volume of air.

If the cylinder is not gastight the diagram will be of the form

A

x )
A ]
N 1
1

t

1

1

% P
- L]

-4 =
2 b
|

1

I

I

¥

—r Intake ———sr  Suction
Fio, XIV.—1i.  Compression Diagram from Fra. XIV.—17. Compression Diagram [rom
Engine with cold walle, Engine with hot walls,

shown in Fig. XIV.—15. The influence of wall-temperature on the
pressure of gas in the cylinder is shown in Figs. XIV.—16 and 17.
In Fig. XIV.—16 the engine is working * cold "—that is, with a copious
supply of water. The compressed gas gives out heat to the walls and
the expansion curve is in close proximity to the compression curve,
In the case of Fig. XIV.—17 the engine is working with a hot eylinder,
the water leaving the jacket at about 160° F., the walls giving
Fr2
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heat to the compressed gas and the expansion curve rising above
the compression curve,

Resistances.—The measurement of the resistances to suction and
exhaust can only be made with a very light spring, the limit of

LA

Fra, XIV.—18. Resistance Diagram from throttle-governed Engine, light load.

movement being reached before the end of the compression atroke, so
that the explosion will not injure the indicator mechanism.

The amount of suction resistance varies according to whether the
engine i8 fed with town gas or power gas, and, in the latter case, in
accordance with the method of governing and the dagree of the load.
Fig. XIV.--18 is & “ no load " suction diagram and Fig. XIV.—19a

=

Fia. X1V.—I14.  Resistance Dingeam from throttle-governed Engine, working load,

* working load " suction diagram, both taken from an engine served
by o suction gas producer governed by variable admission of the
quantity of gas.

Interpretation of the Indicator Diagram.—At the annual meeting of
the American Society of Mechanical Engiveers, hield in New York in
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December, 1907, Professor Lucke, of Columbia University, presented
8 very interesting report upon the flamme propagation in explosive
mixtures within gas engine eylinders.

He reproduced the results of a series of irinls made specially to
study the explosive waves oceurring during the period of inflammation

—

Frg, XIV. —20,  Indicator Diagram showing Inertin Effect of Endicator Mechanizm.

of the mixture, by means of the indicator, and published a collection of
characteristic dingrams in this connection.

Without wishing to detract from the value of Professor Lucke’s work,
the author discussed several of the deductions that were put forward

Fi:, XIV,—2[.  Indicator Diagram showing Explosion in Indicator Tube.

with regard to the formms of the indicator diagrams contained in the
report, and represented in Figs. XIV.—20 to 24, before the meeting
referred to.

As a general rule, unless a special study i3 made of the diagrams
themselves and of the special conditions under which they are taken,
it is difficult to distinguish between the irregularities in the curves
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arising from certain phenomena within the engine cylinders, from
defects of erection, or of working, or of the indicators themselves.
For example, with regard to Fig. XIV.—20 the author cannot agree

=

Fue X1V, =220 Indieator Diagram sliowing Pencil Vibration.

with Professor Lucke’s conclusions. The undulationsin the upper part
of the expansion curve are not due to waves in the explogive force of
the burning mixture lhut are simply caused by the inertia of the
indicator piston and of the parallel motion. The same form is usually

o b s e R ey, S A

Fre, XIV, =23, Experiment to determine Effect of Inertia of Indicator Mechanism,

observed when too light a spring is employed by reason of the speed
at which the engine runs.

Diagram XIV.—21 seems to indicate a different form of wave whieh
would commmence with the beginning of the expansion curve such as is
generally obtained when there is premature ignition, or when very
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sudden and very violent explosions are produced either in the
engine cylinder or the indicator itself. In the latter case, the
phenomena is explained by the very rapid vibrations of the pencil
movement.

When violent explosions occur, such as those due to the combined
effects of early ignition and of a mixture too rich in hydrogen, for
example, the top of the line representing the initial pressure, instead
of terminating by a rounded angle, is really prolonged in a dotted
line, giving evidence that the pencil was vibrating on the paper,
as is indicated in Fig, XIV.—22 taken by the author uuder these
conditions.

To exactly determine the source of these defects and to eliminate
them, the author in similar circumstances has used a special arrange-
ment, shown diagrammatically in Fig. XIV.—28, consisting of & short
tube, #, placed in the indicator cylinder, immediately below the piston,
so that it partially compressed the indicator spring. In this way
the pencil could only register the higher pressures on the disgram,
as shown in full lines, when the explosion ocecurred. The dotted
portion shows the lower part of the diagram that would have been
traced in the absence of the tube inserted in the cylinder. T'he
only lines recorded, shown in full lines, are the end of the explo-
sion line, the beginning of expansion, and & line—of no account—
parallel to the atmospherie line. The moving parts of the indicator
are therefore shielded from inertia effects by reason of their reduced
strokes. This procedure enables regular lines to be recorded, exempt
from undulations shown in Fig. XIV.—20, 21, and 22, and
evidently proves that the alleged waves are not produced within the
engine cylinder, but are caused by the effecte of inerlia of the
indicator itself.

Figs. XIV.—24, 25, and 26, presented by Professor Lucke, show
the exisbence of 8 to 10 undulations during the expansion stroke—or
during one-half revolution of the engine, which in normal operation
would make, say, 200 revolutions per minute. If these undulations
really represented explosive waves it must be admitted that the
indicator is capable of giving an exact and true record even when fitted
to an engine making 2 X 8 X 200 = 3,200 or 4,000 revolutions per
minute. Specialists in connection with indicator lests know that no
instrument exists, of an ordinary construction, that is capable of
giving exact indications on a gas engine running at a higher speed
than 400 or 500 revolutions per winute, whatever the makers of these
instruments may say.

With regard to other erroneous records which may be given by
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indicators, reference should be made to the apparent scavenging shown
by tire exhaust line falling under the atmospheric line when a very
light spring is used, with a piston stop, to prevent the complete lines

Fia, XIV.—24,

Fia, XIV.-—25,

i

iz

Fra, XIV, 26,
Undulations dae to Spring Vibration,
of explosion and expansion being traced, so that enly the suetion and
exhaust pressures are recorded.

From these diagrams many econstructors have wrongfully deduced
that their engines are scavenged by inertia effects of the gas, whereas
the cards show rather an inertia effect of the moving parte of the
indicator, giving a drop in the exhaust line below that of the atmo-
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sphere (Fig. XIV.—27). As a matter of fact, from the study of diagrama
taken during numerous tests conducted by the author since 1890 on
all kinds of engines, only in 20 or 25 cases does scavenging about the
end of the exhaust really take place. Experience has shown that in
order to obtain reliable resistance diagrams the instrument should be
fitted with extremely light moving parts, while the spring used should

OL _;“—" o

Fia. X1V,- 27, Resistance Diagram showing effect of Xpring Yibration
on Exhaust Curve.

be # or 4% of an inch per 1b. This spring gives a record sufficiently
intelligible to meagure the resistance of exhaust and vacuum of suction
withont being affected by inertia effects of the spring, &e. {see
Fig. XIV.—28).

The author does not deny the existence of explosive waves of the
nature referred to by Professor Lucke and of which the latier has taken
several records during his interesting experiments, but it is necessary

— e

Fra. XIV.- 2R, Resistance Diagram showing Seavenging by Fluid Inertia,

to guard against placing too much faith in the indieator with respect
to some phenomena that they appear to record.

It is evident that some physical conditions, sucl as the lack of
homogeneity in the mixture, might produce wave effects, or, more
exactly, some explosive waves will he produced during the propagation
of flame in the mixture. Other factors, of a mechaniesl origin, can
also originate them, such as the vibration of the combustion ehamber
walls or of the back plate of the piston when the explosions are sudden
and violent.

The presence of waves usually results from the explosion of very
richh mixtures which are predisposed to ignite prematurely, that is



442 INTERNAT, COMBUSTION ENGINES

before the piston has reached the dead centre and at the instant when
it is, therefore, momentarily at rest. If then the vibrations of the
enclosing metal synchronise with those which are propagating in the
fluid, waves may be recorded in the indicator diagram.

In any case it is to be hoped that Professor Lucke will continue his
experiments on larger engines becanse they will certainly serve to
throw a light upon this complex subject.

4, DETERMINATION OF SPEED.

The number of revolutions of the engine shaft per minute enters
into the calculations of effective and indicated power and, therefore,
must be exactly determined; comsequently a chronometer should be
used precisely marking the seconds. It is useful, also, to attach a
revolution counter to note the total number of revolutions and thus
to obtain the average speed during a certain period of which the
chronometer can determine the beginning and the end.

In the absence of a counter, the number of revolutions can be
gimilarly noted by observing the movement of one of the valve levers
or by the noise of exhaust. When this method is adopted it must be
reinembered that from putting the seconds hand of a chronometer in
motion the counting must start from zero and not from one. Many
operators have, in the author’s presence, counted the first movement
as one, and when the counting is from the half-speed shaft this
results in a double exror as regards the speed per minute attributed
to the engine,

Different instruments, such as tachometers and tachographs, may
also be used, but it is unnecessary to enter into the details of their
construction.

Variations of speed ought to be noted for each changein the engine’s
load. In & good engine the variations lie between 2 and 4 per cent.
of the number of revolutions when the load suddeniy falls from full to
quarter and inversely. The relative variations between the working
load and no load presents no interest industriatly.

The ratio resulting from speed variations is expressed as follows :—
N mar. — N min.

Degree of irregularity ind __ * AR
revolutions per winute | ~— ("\: mar. 1" A ””"')

The cyclic variation, that is to say the variation of angular speed
in the same revolution, is expressed in a fraction of the time during
which the revolution is made, This is ealled the coefficient of eyelie
irregularity, and the subject has been dealt with in the chapter relating
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to fly-wheels. The term “ cyclic” has no reference to the * cycle”
of working.

5. DETERMINATION OF TEMPERATURES.

Certain temperatures ought to be taken for the verification of the
fuel consumption of an engine. For town gas, for example, it i
indispensable to reduce the consumption to the standard basis of
comparison (0° C. and 760 mm.) or 32° F. temperature and 299
inches of mercury pressure,

The temperature T is that of the gasin the meter used to register the
consumption. The influence of temperature is relatively important upon
the consumption, corresponding to about 1 per cent. for every 54° F.

The guarantees given for consumption generally specify that the
measurements should be in terms ol the standard basis, and even in
the absence of such stipulation the common custom is to make such
correction for all tests.

Other temperatures are also interesting to have recorded from a
scientific point of view and for taking into account the working of the
complete apparatus, such as:—

For engines: Cooling water at inlet and outlet of all
parts provided with water circulation.

Exhaust gases.

For producers : Gas at outlet of generator.
Gas at inlet and outlet of eerubber.
Water in the vaporiser of the generator.

The formula applied to reduce the volume of gas to 0° C. and
760 mm, pressure is as follows :—

; P 2738
Vo=Video X o738 + ¢
in which :
¥, = volume of gas in terms of 0° C. and 760 mm.
V, = - »s at temperature, ¢, and pressure, p.

# = the atmospheric pressure prevailing at time of test in mm.
of mercury. :
t = the temperature of the gas measured in C.°

The same formula using British standards of measurement is :

P 491-4
Vo=Tinpm > w1t

in which :

p = atmospheric pressure in inches of mercury.
t = temperature of gag in I'.2,

[ R
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The temperature of the circulating water can be readily taken when

the outlet is visible.

For motors of considerable size the different parts,

such as cylinder, breech end, exhaust pips, and also, occasionally,
the cylinder eovers and pistons, ate each provided with separate
circulating arrangements.
ture on each circuit both on inlet and outlet.

It is then necessary to note the tempera-

(YERFFICIERTS FOR REDUCING YOLUME OF GAN TO STANDARD PRESSUBE (760 MM.)
AND TEMPERATURE (IF {1),
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In order to establish a heat balance.sheet the quantity of water
used over & definite period as well as the temperature must be noted.
To do this the water must be measured, either by gange or by weight
according to circumstances, for each circuit.

The temperature of the exhaust gas should be measured in the
immediate neighbourhood of the exhaust valve, outside the cylinder.
As the temperature usually exceeds 650° F. s mercury thermometer
cannot be used. The most practicable method is to make use of a
calorimeter of the Salleron type. The temperature can also be
caleulated by the method indicated by the American Society of
Mechapical Engineers, by making a chemical analysis of the burnt
gas and judging the quantity of air introduced in the explosive
mixtare.

The temperatures at the various portions of the producer are easily
noted by means of thermometers.

6. DETERMINATION oF CONSUMPTION.

The three elements, fuel, 0il, and water, are used to ensure the
proper working of gas power installations, and the amount consumed
of each indicates the relative perfection of the system or apparatus.

Fuel.—The fuel used is either gaseous or liguid. If gaseous, it is
furnished either by an entirely independent source, such as from town
gas mains, blast furnaces, coke ovens, natural gas, &e., or it is produced
by a gas generator coupled to the engine.

In the case of a gas producing plant, either the gas itself or else
the solid fuel burnt in the generator is measured, according to the
arrangement of the apparatus. '

If liquid fuel is used it is contained in a vessel large enough to hold
a sufficient quantity to serve the engine during a definite period.

With regard to liquid fuel it is necessary to measure its density,
temperature, and calorific value, and & cheinical analysis should be
made from a sample taken to fairly represent the nasg as fed to the
engine. The quantity of fuel should be measured, as taken by the
engine during a determined period.

To de this, after noting that no leaks exist, the reservoir is filled up
to a certain level, which is very carefully noted, or legibly marked.
If during the test it becomes necessary to refill the reservoir, the
amount added should be weighed or gauged very exactly and poured
into the reservoir 8o as to avoid splashing or waste. At the end of
the test the reservoir is again filled until the level exactly reaches the
former level, the quantity thus added being similarly weighed or
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gauged. From these observations the quantity consumed during the
trial is determined.

As regards gaseous fuel, whatever the nature of the gas, it is
indispensable to determine its calorific power. This varies slightly,
a8 a rule, during the tests with town gas, blast furnace gas, coke oven
gas, &e. It may vary between certain limits if the gas is made in a
pressure producer to which a gas-holder of some size is connected.
1t may vary very considerably if the gas is obtained from a suetion
gas plant. In such a case it is necessary to make a number of
calorimetric and chemical analyses, because such results constitute a
valuable record of the working of the engine and producer.

Professor Treadwell, of Zurich, several years ago, made some very
complete chemical tests upon an installation of a Winterthur engine
served by a Dowson pressure plant. Samples of gas were taken at
different heights from the bed of fuel within the generator. The
height of the fuel bed reached 17'7 inches at the beginning of the test
and 185 inches at the end. The formation of Dowson gas commenced
after 9'8 inches depth of fuel had been made and afterwards remained
coustant. The ratio of non-saturated hydro-carbons (C,H,,) increased
with the height of the fuel bed, because, in the upper layers dry
distillation of the fresh fuel was produced with formation of lighting
gas.

One important fact is that, above 10 inches of fire, the Dowson gas
remained of a practically constant composition. The resulls of the
volumetric analyses of the unpurified gas were as follows :—

Height sbove Fireboru. Tnches, 1 10 14 18 0
Carbon dioxide . . COy 178 6-86 851 B53 805
Non-saturated hydro “carbons CnHan 015 015 050 048 063
Oxypgen . . 4] 18-49 049 031 028 18
Carhon monoxide . . CO — 26-07 | 2080 1 2059 | 25U
Hydrogen . . . H. 066 | 170 2205 | 1922 | 168
Methane . . . . CH, 005 045 1-20 043 —
Nitrogen . . . . N 79-37 48-98 46°74 5047 51-18
Culorific value (B Th.U. per cubic

foot) . . . c— 140 152 138 139

In the course of a test made in 1906 by Messra. Hubert and Witz at
the Société Cockerill on a 1,400 H.P. engine fed with blast furnace gas
a number of cnlorimetric analyses were made both by means of a bomb
and by a Junkers calorimeter.
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It was observed that the (higher) calorific value measured by the
bomb (about 100 B.Th.U. per cubic foot) was from 10 to 15 per cent.
higher than that determined by the Junkers calorimeter. 'This power
was in close agreement with that obtained from calculations based
upon the gas analysis.

The calorific value of a gas can be deduced from the analysis by the
following formula :—

305 CO + 257 Hy + 85°1 CH, = Calories per cubic metre ;
or 842 CO + 299 H; + 955 CH, = B.Th.U. per cubic foot.

Calorimeter.—The calorimetric analysis can be readily made on site
by means of a Junkers calorimeter, which has been described, and its
method of application explained in many other works.

Caloritie Yaiue.
Locality. Experimenter Date, High. ] Low.
B. 'l'lf!‘ U. per cubie fool.

Antwerp . . Mathot 1902 662 540
Birminghmn . . . Witz April, 1002 606
. S " . 1002 610
' - w 1902 617
. . . . Mathot Sept., 1905 810

Brussels . . . " Mareh, 1902 830 565
" . . . . Jan., 1908 640
o . . . " Aug., 1908 595

" . . . " June, 1904 587 558

" {Cureghem) . " April, 1904 505 538

»w  (Koekelberg) . ' Nov., 1908 564 580
" (Molembeck) . " Jan, 1903 590

. . . . . Nov., 1903 571 525

» (8%, Josse Tennode) ” - 1902 850 550
erlin . . " " 1901 597
Budapest . . . " " 1902 590

Ghent , - . . . " Oct., 1904 560 500

Leeds . . . . Grover 570
Lille . . . . Wit June, 1900 HH2
London. . , . Mathot " 1901 6RO
Manchester . . . . " 1906 646
Manpleim . . . " “ 1006 OHG
Mons . . . . Tricot Deec., 1307 553
Namur . . . . Mathot Oct.,, 1908 843

New York . . . . " 1004 703 {water pas)
Ortend . . . " Sept., 1908 5690
Pittsburg . . . " " 1904 H42 (natural gus)

Roubaix . . . Witz Jan,, 1903 810
e . w1903 650
Solre-le-Chiteaun . . ' April, 1889 671
. . . Feb, 1895 643
" . . " March, 1895 627

Vol-Suint-Laiubert . Mathot June, 18903 527 491
Winterthur . . . " s 1902 o905
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When the engine is supplied with gas under pressure, the calorimeter
can be fed continuously and, after the working conditions have once
been established the movements of the thermometer placed in the
water outlet show at once any variation in the heat value of the gas.

When using town gas it is necessary to thoroughly purge the pipes
of any gas left from previous tests. The composition of gas which has
been kept in the pipes for any length of time becomes modified and
stale and its hent value is appreciably diminished.

The list on p. 447 gives sone calorimetric observation made by the
author or by other experimenters.

When the engine is fed from a suction gas producer, in order to
make a test it i8 necessary to store a certain quantity of gas. For
this purpose a bell is arranged over a tank of water of about 1} or 2
cubic feet capacity, and by connecting this to the gas pipe as near as
possible to the outlet from the scrubber the gas is drawn into the bhell
and afterwards passed, under the pressure due to the weight of the
bell iteelf, into the culorimeter. In practice nbout half a cubic foot of
gas is absorbed in taking note of the lLeat value, onee the working
conditions have been established. The water in the tank should be
Anlted or covered with n fihn of il to diminish its power of diasolution
of the gas. Another method of feeding the calorimeter is by means of
a suction pump in the gas pape.

Quantity of Gas Consumed.—If the gas is under pressure it can be
menasured either by a meter or by noting the position or displacement
of the dome or bell of a gas holder. The precautions mentioned under
the heading of ““ supply " should be observed and records taken of the
tempernture and pressure of the gas.

When the gas is produced by suction, it is difficult to use any method
of mensurement and therefore the calorific value and chemical analysis
only is noted.

Calorific Value.—With respect to town gas and the other gases
contsining a strong proportion of hydrogen or hydro-carbons it is
important to determine which caloritic standard is to be used as a base,
that is whether it should be of the * higher ” or * lower ”* standard.

The lower value is equal to the higher value lesa the latent heat of
vaporisation of the water produced by the combustion of the gas. This
water ecan be recovered and mensured upon leaving the ealorimeter by
the tube arranged for the purpose. Note is taken of the quantity of
gns burnt Lo produce the mnount of water thus recovered.
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For caleulating the quantity of heat in ealories corresponding to the
condensation, Regnault's formula should be used :—

6065 + 0°805 ¢t — t = Cu

in which ¢ = temperature of water at the outlet of calorimeter in
degree C.; Cua. = number of culories for one kilogramme of condensed
water,

As indicated in the preceding table the higher values range between
560 and 600 B.Th.U. per cubic foot, and the lower value between
500 and 550.

The maker who gives & guarantee of consumption for a gas of 560
B.Th.U. heat value without any qualification would have an interest
in stating that he referred to the *lower' value, whereas the
purchaser might hold that he wmeant *ligher” value. If either
“ effective ”” heat value or “ net” value had been used as a qualitication
it would clearly apply to the lower value, but, in the absence of any
definite specification the author is of the opinion that the guaranteed
figure shouid apply to the “ higher ™ value.

Analyses.—If the determination of the nature and richnesa of the
gas has any serious influence on the consequences of the experiment
it ia prudent, for checking purposes, to take some samples in & number
of flasks for laboratory analysis. It is necessary to take the greatest
care to avoid any risk of air entering the vessels, which would entirely
falsify the results.

Analyses of power guses can be made by means of the Orsat type of
apparatus. Although this i somewhat delicate to manipulate and
the absorption of gas Ly the reageuts is somewhat slow and often
incomplete, nevertheless by careful operation the results obtained are
sufficiently exact to nole the working of the gas producer.

Bolid Fuel.—A chemical analysis and determination of calorifie
value of the fuel supplied to a gas producer should be made, whether
ordinary coal, anthracite, coke, lignite, peat, or any other kind of low-
grade fuel. The experiments should be made upon an average sample,
and to secure the latter about 2 or 8 1bs. of coal should be taken
haphazard from each fresh charge, and at the end of the test, the
different samples should be thoroughly well mixed and a selection
made from the whole bulk.

‘T'he important constituents to be determined in percentage of volume
are as follows : Moisture, H;0; Carbon, C: Hydrogen, H; Oxygen, G;
Sulphar, §; Ash, A.

LC.E. G g
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The calorific power can be calculated approximately from the
formula :—

Calories per kilogranimie :

B1C+ 290 (H-(10))+ 2558 — 6 H,O;
or, B.Th.U. per lb.:

146 C + 522 (H — (1 0) ) + 459 8 — 108 H,0.

It is necessary to decide whether the measurement of the fuel con-
sumed should include everything from “cold” or whether from a “flying
atart.”

Measarement from * eold ** or from first starting to work should be
taken with the apparatus abeolutely empty, noting the weight of all
kinds of fuel—coal, weod, &e.---that is successively added. At the end
of the experiment, the apparatus is again completely emptied and the
weight of unconsumed fuel, as well as of cinders or ash, determined,
the difference showing exactly the net consumption.

It is necessary to take notice of the time occupied from lighting
the fire to the production of gas, and to the setting the engine to
work under no load, and also of the successive increases of load until
the normal output is renched.

1f the observations are to be taken fromn a “flying start™ it is
necessary to note the moment when the load upon the engine is
reached and has been carried for some time to obtain uniform
temperature conditions, &ec.; and, after firat carefully poking the fire,
cleaning the grate, and emptying the ashpit, the generator should be
filled to a determined level.

In practice owing to the ususl consiruction of generators it is
impossible to observe the level of the fuel inside the apparatus, and,
therefore, the generator must be fully charged until no more fuel can
be made to pass through the charging valve.

The quantity of fuel added during the test is noted, and, after
stopping the engine, the fire should he poked to provoke the settlement
of fuel, the grate again cleared, and the ashes removed. The generator
should then be charged with a further supply of fuel to reach the same
level as at the start, the weight, of course, being noted.

A fuel consumption test should be continned for at least eight or
ten hours, otherwise the causesof error, due to refilling, swelling of
the fuel within the generator, and the impossibility of obtaining
identical temperature conditions at the beginning and end of the
trinl, &e.. would have a disproportionate influence upon the results.

It frequently happens that during the clearing of the grate (which
should be effected at regular intervals of three to four hours) some
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partially burnt fuel falls from the fire with the clinkers. This should
be sifted and put back into the generator during the period of test, so
that the correctness of the results may be unaffected practically,

The feeding and clearing should be systematically effected at
regular intervals to avoid all cause of disturbances during work.

It the ges producer is of the pressure type, with a separate boiler,
the fuel consumption of this should be measured separately from that
of the generstor.

Lubricating 0il..—The oil consumption is very readily noted by
completely filling all lubricators at the commencement of the run, and

mesasuring the quantity added to mske up the amount used during
the trisl.

Water.—The consumption of water used for cooling the cylinder
and other details of the engine shouid be determined separatsly from
the amount supplied to the generator.

If the cooling of the engine cylinder is effected on the thermo-
syphon principle or cooling towers the amount used is very small,
corresponding merely to the waste due to leakages, evaporation, or
splashing. There is, therefore, no practical interest in noting the
consumption, but it is useful to measure it so as to determine the
amount of heat absorbed by the cooling water.

With cooling by towers and pump, and by running the water to
waate, the outlet in both is usually visible, and the quantity can be
readily measured by permitting the water to flow into 8 receiving
tank for a definite period, and weighing it. A water meter can also
be arranged on the circuiating pipe.

The preeantions necessary for accurately measuring the water
consumption have been fully dealt with in the recommendations made by
the American Society of Engineers with reference to steam engine and
boiler trials, and it is unnecessary to repeat these in the present volume,

With respect to the waler used in connection with the gas producer
plant, separate measurements should be taken for each service, viz.,
to the vaporiser, and acrubber or washing apparatus.

It is necessary 1o notice whether the overflow from the vapoviser is
taken to the ashpit, and from thence to the drain, or 1o the drain
direct. In any case the waste should be arranged so that its volume
can be measured and deducted from the quantity fed to the vaporiser.
Care is necessary to make certain that the same level of water is
obtained, both at the beginning and end of the test, in the ashpit as
well as in the vaporiser.

Ga?2
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7. INSPECTION ANP ANALYSES OF RESIDUES,

The termm ““ residues * includes the ash from the gas generator and
the exhaust gases from the engine.

The ashes should be examined after the test, and withdrawn from
the ashpit, which, at the commencement, was devoid of contents.
The weight should be taken, but it is impossible to base any absolute
conclusion upon the weight merely.

The weight of the pieces of unburnt coal that may be pregent in the
ashes is deducted from the comsumption, bnt this should not include
the dust that may be deposited in the connections. It should be
noted, however, that the loss of coal through the grate and retained
by the ashpit ahows a defect in the construe-
tion of the producer.

The analysis of exhaust gas is desirable
to take into account the working conditions
within the engine cylinder, but the require-
ments for oblaining the necessary samples
entail special preparations that are difficult
to make in connection with industrial in-
stallations,

Imperfect combustion, which causes ex-
cessive gas consumption in spite of appsa-

: rently good valve-setting, is usually due o
F1e, XIV.—29. Experiment  the Jack of homogeneity of the mixture. or

to determine proportion of . . .

¢arbon Monoxidein Exhast 01 insufficient supply of air to ensure perfect

Ginses, combustion. In the first case the fault is

owing to the defective form and arrangewent
of the valves and combusiion chamber and is beyond remedy, being
entirely a matter of construction. However, such defects are, to-das,
happily rare, thanks to the expevience acquired by the largest firns of
engine malkers.

A faulty mixture can be remedied by the proper adjustments if the
exhaust gas analysis reveals the presence of unburnt fuel, such as
earbon monoxide. A proportion of more than 1 per cent. of this gasis
o sufficient proof that the amount of air in the mixture is not eoongh
for the eonversion of the combustible constituents into carbon dioside.

A practical test of the products of combustion can be nmade in s
very simple manner. A 4-oz. glasd bottle (Fig, XIV.—2M is obiainel
into which mercury is poured to a depth of abont 1 inch. A tube T
is passed through the cork inte the mercury, the other extremity heing
in communication with the exhaust pipe. A second tube § counects
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the interior of the bottle with the atmosphere. A small sheet of
blolting paper, previously soaked in a reagent, is suspended inside the
bottle by n piece of wire passed through the covk. The reagent ia
formed by a solution of eqnal parts of double chloride of palladium
and sodium sufficient to obtain a clear brown liquid. The blotting
paper is soaked several times in this solulion and allowed to dry
between each dipping until the white paper turns brown. The size of
the pieces inserted in the bottle should be about § inch square.

When connected to the exhanst pipe, the pressure of the gases will
force a cerlain quantity into the bottle at each explosion, the mercury
acting as a retaining valve. 1If the gases contain more than 1 per
cent. of carbon monoxide the paper will turn from brown to grey. Thia
i3 a sign that the amount of air admitted to the cylinder should be
increased to ensure perfect combustion.

By means of precise analyses taken from a Winterthur engine served
with Dowson gas, Professor Treadwell, of Zurich, obtained the following
results from the exhaust gases ;—

At no load, 1,000 cubic feet of exhaust gas contained 2-65 cubic feet
of earbon monoxide ;

At balf and full loads, the composition of the exhaust gas was aa
follows :—

_ - Half loml. Full load.
PPee ent. Per cont.
Carbon dioxide . . . . CO, o587 10012
Oxygen . . . . . G 877 4
Carbon monoxide . . . O 0-070 003
Methane . . . . . CH, 0006 0005
Hyvdrogen . . . . . H 00143 0005
Nitrogen . . . . . N 81-271 BO-H30

Thus at full and half loads the coinbustion was nearly perfect.

8. Wourkine CoNprTions.

The preceding paragraphs have been concerned with the different
operationa that are included in a rational gas engine test. It now
remains to consider the details as a whole, auid to determine which
ia the most efficient way to examine and eco-ordinate the resulis in
order to correctly appreciate the respective influences of the phenomena
which are simultaneously produced.

The first rule to observe is that a sufficient number of assistants
should be available for each to make the necessary observations without
haste or flurry.
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The different experimenters should Le provided with exact chrono-
meters, which should all be set in agreement at the beginning of the
trials.

Each observation should bear a precise indication of the instant at
which it was made.

The different operations should be repeated, as frequently as possible,
at regular intervals, the length of theee intervals being determined to
suit the circumstances,

Every incident occurring should be timed by all those who observe
their oceurrence. The individual records are most useful when the
results are being interpreted.

Each assistant should carefully supervise the working of a certain
number of details, 8o as to avoid as much as is possible all chance of
an accident which might otherwise bring about a stoppage and thus
prejudice the correctness of the observations made. Accidents of this
nature are frequent, and it is only on rare oceasions that a full load
trial can be carried out for eight or ten hours without being forced to
interrupt the working of the engine more or less for some moments
from one cause or snother, In such cases it is imperative to teke
particular note of the causes of the interruptions and of their duration,
and to note the phenomena which accompany them.

The following is & list of observalions which it is useful to make
during the teats :—

Engine : —Variations of speed ; working of the governor; state of bear-
ings and of other frictional surfaces as regards temperature; irregular
ignition, early, late, or premature firing; modification of control.

Gas :—Vurialions of pressure, of temperature, of richnees, and of
chemiesl eomnposition.

Generator :—Periods of charging ; amount and intervals of the
charges and of clearing ; influence of these operations upon the quality
of the gas and upon the working of the engine.

Site :—Temperature, atmospheric pressure, state of the weather,
cleanliness,

By following the instructions given above, the resulte deduced from
the observations made will be correct with & sufficient approximation to
satisfy those interested cither with regnrd to the verification of contract
specifications or scientific reports, '

Y. IntenrrreTATION OF REsuLts.

Having collected the figures relating to the different observations
made, in chronological order, the priucipal results may be caleulated
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concerning: — Indicated m.p.; Brake R.p.; consumptions; and
efficiencies.

It any load variations oceurred, the average power is determined
and account taken of the duration of the respective periods of worit.

When the trial has been carried -out with all the necessary care, the
calculations made from the collected figures nearly always conduce to
normal resulis. If otherwise, and if the resulis deviate to any great
extent from those usually obtained in connection with similar
installations it is necessary to suppose either an error in the experiment,
or the existence of some peculiar phenomena that have had a marked
effect upon the trial.

In the case where such phenomena are not considered sufficient to
explain the consequences it is wise not to accept the figures as correct
until a new trial has confirmed the firat.

Amongst those circumstances that might appreciably change the
results of a trial, reference may be made to the influence of atmospheric
conditions of temperature and pressure. With town gas engines
especially, a low teraperature and high barometric pressure perceptibly
improves the working and gives a reduced consumption, whilst the
same engine will produce less work with a higher consumption, if the
atmospheric temperature be high and the pressure low. The
differences between the figures taken in the two extreme cases may
reach 10 or 15 per cent.

With respect to altitude it is usually calculated that the power of an
engine diminishes at the rate of about 8 per cent. for every 1,000 feet
elevation above sea level.

When contract specifications are to be verified the experimenter
ghould take note of all the circumstances in such a manner that the
consequences of external influences are not atiributed to the engine
itself.

The figures relating to the brake power and to the fuel con-
sumption constitute the * practical” elements of a test whilst the
major portion of the other figures are of a *scientific” characier.
Amongst the latter are:—Theindicated power; compression pressure ;
initial explosion and mean pressures; the resistances; temperatures
of water and of exhaust gases; and the mechanical and thermal
efficiencies.

Efficiencies.—Ag already mentioned, in the paragraph reloting to
the calculation of the indicated power, the mechanical efliciency of an
engine i3 the ratio between the effective power and the corresponding
indicated power,



4538 INTERNAL COMBUSTION EXNGINES

The mechanieal equivalent of heat is expressed as:—

778 foot lls. of work = 1 B.Th.U.
or 427 kilogrammetres = 1 calorie.

Thus, according to British standards—

83000
778

Having obtained, from the figures noted during tho trial, the
number of B.Th.U. represented by the fuel consumed per effective
(or indicated) m.p. hour, C, the thermal efliciency, is given by the ratio :—

2545
¢
The efficiency of a gas producer is the ralio between the total num-
ber of B.Th.U. contained in the gas which is produced during a certain
timo and that of the combustible consumed during the same time.
In both cases the B.Th.U. should be qualified as being either of
“higher " or *“lower” value.
The efticiency of the producer should be preferably expressed in
terms of the raw fuel and not of the * net” (ashes and moisture
deducted), because the latter does not accord with practical results.

One ILP. = = 4241 B.Th.U. per minute (or 2545 per hour).

The results obtained should be presented in such a way that the
render is able to readily grasp the most important eonclusions. For
this purpose it is suggested that the tigures should be collected and
grouped in the form of a table, the different circumstances of the
operations being referred to in the text of an accompanying detailed
repott.

The Ameriean Sociely of Mechanical Engineers have proposed a form
of table for gas and oil engines tests, which possess the incontestable
merit of being excessively complete. But in the author’s opinion, it
is somewhat diffuse and does not bring out the primary observations,
which, in all cases, are of the greatest interest, while it ineludes some
measurements which cannot be verified without completely dis-
mautling the engine, an operativn which canmot be underiaken
outside a technical college or private experimental shop.

Having been ealled npon to make a very great number of tests,
the suthor has been forced to give this matter very close study, so
as to present the fighres swmmarised in a rational manner. The
style he has adopted and recommends is reproduced in the following
pages as conforming to the desiderata mentioned.

Effective Power.—In connection with gas engines it is customary to
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adopt the effective power, or n.H.P. 83 & base of comparison, whilst
with steam engines the indicated power iz used. There is no doubt
that it is advisable Lo retain the custom and record all caleulations
of efficiency in terms of the effeclive power, at all events, for gas
engines of small and moderate cutputs.

In the case of large gas engines, the indicated power must be taken
into consideration owing to the difficulties involved in measuring the
effeciive work, but it should not be forgotten that the indicated work
is liable to be affected from numerous sources of errora.

Influence of the Compression.—Amongst the detanils of a scieutific
character that the trials should make clear is the amount of com-
pression given to the mixture and its consequences with regard to the
consumption and operation of the engine.

The theory which has been propounded from the tests conducted
by Dugald Clerk, Atkinson, Diesel, Banki, Burstall, Allaire, and other
learned experimentalists, enables the following principle to be accepted
as an axiom : Efficiency increases and consumption decrenses with
the increase of compression pressures.

Practice, however, imposes o limit to the increase of compression
which it is unwise to overstep, aud it is necessary to seek means to
avoid pre-ignitions, which are the direct consequence of high com-
pression, by impoverishing the mixture, Ly lowering the gas tem-
peratures, by water injection, or by energetic cooling of the cylinder
and combustion chamber.

Presanre,
. by, et e ineh,
htg;l?f Type of engine. MH.b, B'Tl'i:yr' }II:L:“""“
Compren- Tnitisl
PITETR JrEssure,
E
4 Cockerill 215 152 287 12,600 Dast furnace gas
28 | Cie. Berlin Aubalt| 645 120 242 | 11,900 producer -
hi ] Soest A48 108 282 10,040 1rowson .
44 Tungye 66-5 Tl 244 10,870 town .
h Lieutz B3 H 138 314 8140 "
5¢ Niel 460 170 — W, "
77 Sehinitz 26N 1663 368 10000, "
124 ("attenn 175 185 —_ #5500 ,, »
15 Winterthur 1044 163 276 12403 anthrucite
31 Henz T3 192 412 13,200 "
41 Deutz 651 170 385 16,800 -
ey Winterthur 31-2 114 370 . H90 -
79 Winterthur 312 152 202 12,500 "
114 Diesel 19-9 — — 10,800 petrolenmn
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According to the arrangements adopted to secure high com-
pression, the results with respect to consumption are more or less
favoursble, and it is impossible to discern the effects of high com-
preasion solely, from the published results of gas engine tests, for this
reason.

From the test results given elsewhere the table on p. 457 has been
compiled showing the relative heat consumption, with particulars of
compresasion and initial explosion pressures.

From the figures it will be seen that no very precise deductions are
possible with regard to the influence of compression pressures, buf as
gna engines are now made it does not seem o be absolutely indis-
pensable to use high compression—that is fo say exceeding 140 to
170 1bs. per square inch—in order fo obtain what must be deemed a
satisfactory consumption. The trials that the author has made
particularly with a view to study the consequences of raising the com-
pression, more or less, has necessarily resulted in great gaps showing
no direct relation. It is therefore useful that experimenters should
_carefully take observalions bearing upon the practical determination
of what the influence of the compression may be.

Suxmany oF Resurts oF o Gas Enemme Trst.

1.—DEscrirTION,

1. Test made by

2, On un engine installed ot
8. Owner's nune

4, To determine

5, Circumstances of the trial
. I'revailing temperature

. Atwospheric pressure

. Dute of test

. Type of engine and serial nummber
10. Method of ignition

11. Class of engine

12. Name of maker

=R -

Il —Dmivcreal Dara.

A—Engine,

13. Dimneter of piston n= inches

14. Stroke " I, = inches

15. Diameter of front piston rod = inches

16. . back " = inches

17. Fifective aren of piston 4 = square inches
18. Number of impulscx per revolution X =

19, . » revolutions per minute N =

20. Norinal p.u. v,

A4
21. Modulus of sbsolube puwer . Q;K:.’;

i
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22, Modulus of speed BN =

B.hp.
B.—Producer.

23. Type
24. Puritiers-and washers

111, —Wogrk.

25. Duration of test . . . . hrs. mins.

26, Effective power in H.P. | . . . B.H.P.
meximui .

27. Revolutions per minute % minimum . .
average .

c.—Diagrams.

28. Average compression . . . Ibs. per kq. in.
29. Average initial explosion pressure . . .
30. " fina) expunsion . .

31. " of mean . .
82. Mean negative presuure dunng guction . .

88. Indicated m.p. . . . . P

1V.—FuEeL.—This section should be in duplicate for
an installation of engine and producer, observa-
tions then being taken of the coal served to the
generator and of the gas supplied to the engine.

Physical and Chemical Properlies.
84. Nature . . . .
85. Source of supply .

88. Dimensiong .

37. Cheinieal compoaltlon .

88. Calorific value, higher or lower reduced to stan-
dard of 82° F. and 29'92 inches Bar .

39, Hourly consumption, gross .

40, net

41. B.Th.U. consumed per hour

v . - . .

. . - . -

V.—WaTer.—This section should be repeated for
each separately water-cooled part.

Engine,

42. Average temperature of cooling water ab inlet
43, " . outlet
44, Quantity of water used per hour . .
45. Number of corresponding B.Th.TC.

Producer,

468. Quantity of water used in vaporiser per hour
47. Average temperature of vaporisation

48. Quantity used for washing gas per hour

48. Average inlct temperature to both apparatus
50. w  outlet " from ., "

No lcad.

Conxtant
lowd,

459

Maximmin
load.
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No Toul, Co]::-lliut !lal\éi.ral‘lm
VI.—Gas. -
51. Temperature at generator outlet .
52. " entry of scrubber .
53. " outlet " . . . .
54. " inlet to engine . . . .
55. Ralio gas to air in mixture per cent.

56. Analysis of exhoust gas . . .
5%. Hourly quontity of exhaust gas .
58, Nutnber of corresponding B.Th.U. .

VII.—ErriciENCIES ARD CONSUMPTION.

. DBrake m.p
50. Batio § Gioated u.r.
60. Fuel consuinption per brake u.p. hour
61, Lubricating otl ., .. .. woon

82, Cooling water ,. .. .. " -
83. Vaporising oo noon
64, Washing wooa o
65. Volume of exhaust gas ., o . .
66, B.Th.U. in ‘s T + . " . *

VIIL—HgAT BaLANCE SHEET.

67. N.Th.U. supplied per brake w.p. hour
68. Percentoge absorbed in useful work .

69, “ v« Iechanicol friction .

70. " lost in cooling water . .

71. “ v exhnust and radiation .

72. “ w  w incomplete combustion . . !

The following are the chief points to be observed in order that the
tests may be readily and impartially conducted :—

1. All tests to verify the clauses of a contract specification shonld
only be made after the interested parties have been invited to assist
in the presence of each other.

2. The experimenter should authorise the ¢constructor to check and,
if necessary, to adjust the installation before proceeding.

3. The experimenter should take into account the intluence of
climatic condiiions npon the resulta.

4. When o guarantee has been given with respect to the con-
sumption of gas of a stipulated calorific value, with no further
qualification, the fizures should be prepared upon the * higher ' heat
value.

5. Unless there is any stipulation to the contrary in writing, the
makers' guarantees should be deemed to be fultilied if the figures do
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not vary more than 5 per cent. from the specified terms or quantities.
This latitude should be considered as an sllowance on account of the
“ coefficient of ability ” on the part of the experimenter.

6. For gas engines of small and moderate powers the figures for
consuption and efficiency should be preferably computed upon the
“ brake u.p.” basis.



CHAPTER XV
INDICATOR DIAGRAMS AND EXPLOSION RECORDS: RESULTS OF TRIALS

TaE ‘‘hit-and-miss ”* system of governing has enabled some very
valuable information to be gained, explanatory of some of the

F1c, XV.—1. Mathot Explosion Recorder.

phenomena counected with the combustion of explosive mixtures in
gas engine cylinders.  Such information is of the greatest service both
to the practical engineer and those engaged in research work, but in
order to properly appreciate the importance of the phenomena, not
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only with regard to the pressure variations witbin the ¢ylinders during
a complete working cycle, but also in a series of consecutive cycles, a
special form of apparatus is advisable and indeed esseniial.

For this purpose the author has designed an “ explosion recorder ™
consisting of a paper drum rotated by clockwork upon a separate
spindle, the whole capable of attachment to any type of pencil indi-
cator, ag illustrated in Fig. XV.—1. Thus superimposed diagrams can
be obtained from the same inatrument in relation to positions of the
engine piston throughout one or more cycles in the ordinary manner,
and also a sequence of cycles can be recorded upon & long strip of
paper, the characteristic features of each being thereby presented in a
form which permits the elucidation of many problems,

The diagrams thus produced represent the succession of explosions
and intermission of cut-out strokes, as well as the proportion of one
to the other according to the action of the governor at varying loads.

425 1bg. 410 tpe? 385ips’ 355109t

Fia. XV.—2, Explosion Becords of Varyiug Loads.

By proper interpretation, the phenomena thus graphically recorded
can be recognised as being the consequence of faulty construetion,
defective governing or unsatisfactory erection.

The record reproduced in Fig. XV.—2 was taken from a modern
80 n.r. Tangye gas engine. The longer lines represent initial explosion
pressures and the shorter eompression pressures of air only during
cut-out cycles. In the section marked e the engine was unloaded and
the extreme sensibility of the governor is proved by the regular occur-
rence of gas admissions and consequent explosions after every four or
five cut-outs. It will be seen that the average initial explosion
pressure in this section e¢ reached about 425 1bs, per square inch, but
fell successively to 410, 885, and 355 1bs. per square inch in the
sections marked b, ¢, and d, which refer respectively to loads of 18, 22,
and 30 H.r.

The gradual diminution of the initial pressures in proportion to the
increase of load appears to have some relstion to the corresponding
increase of cylinder temperature. In fact, the reduction in weight of
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mixture sdmitted is proportionate to the inerease in temperature.
Apart from the necessity of adjusting the water circulation to suit the
lead, it appears advisable, therefore, to protect the inlet valve as much
as possible from excessive heating.

The graphic record reproduced in Fig. XV.—8 supports this conclu-
ston and shows that the compression pressure itself is affected by the
heating of the pure air admitied during cut-out strokes. The record

L s

-3.  Explosion Record, restricted water circulaticn.

was taken from an American gas engine, the inlet valves and cylinder
of which only regained normal temperature by the absorption of the
excess of heat by the air admitted during cut-out strokes. The
accompanying ordinary reciprocating diagram shows that the
extreme variations cccurring correspond to mean pressures of 57 to
85 1bs. per square inch.

The diagram and record in Fig. XV.—4 were taken from an engine

Frry Y

oy

wwﬂubul LUNWJ

1. XY, 4. Explosion Record, wenk mixtore. after cut.out stroke,

in which the gas valve is separated from the mixture valve by a some-
what long passage (Fig. XV.—5). After each cut-out the next admission
of gas and air was impoverished by the quantity of gas corresponding
to the contents of the passage, a8 compared with the proportions taken
in when several admissions of mixture followed each other. The first
explosion after a cut-out is therefore weaker, and the diagram shows
sigus of retarded ignition.

The contrary effect is produced in other engines baving the gas and
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mizture valves sufficiently close to prevent a dead space, but presenting,
on the other hand, a combustion chamber of a shape less favourable
to the proper expulsion of burnt gases, or with an insufficient area of
exbaust port. Ifi such a case, Fig, XV.—6 shows that the firat
explosion which follows a cut-out is stronger than the others, and

330 fba”

284 fbe t

g

Fre, X¥,—5, Improperly desigoed Fi1g. XV.—6. Explosion Record, rich
Gas Passage, mixture, after cut-out stroke.

is even more 80 when two or three consecutive cut-outs oecur, because
the amount of air thus admitted and expelled from the cylinder has
swept out the products of combustion which had before been present
to impoverish the mixture,

The next record (Fig. XV.—7) is somewhat similar to Fig. XV.—8,
but in this case the explosion pressures graduslly decrease during s

370:5..&’— —_—y— -

284 1ba? = 4
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F1a, XV.—7. Explosion Record and Diagrams, effect of long Exhaust Pipe.

geries of power sitrokes. It was taken from an engine fitted with an
extremely long exhaust pipe, while the exhaust valve remained open
during a large portion of the suction stroke. The result was that,
during the first part of the suction of the charge, some of the exhaust
gas was drawn back and the amount thus re-entering the cylinder
wag increased in proportion to the quantity of burnt products in the
exhaust pipe. After a cut-out, the engine drew back the air dischaiged
L.C.E, H H
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during the preceding stroke, and the harmful effect of this on the
mixture was leas than that occasioned by the burn{ gases.

The observation seems to conform to the third of the rules
formulated several years ago by Mr. F. Grover, of Leeds, as follows :—

Exhovst
\ closing
Gas it
e :“.’ » H
A o [ ~
e T
F1a. XvV,—A, Re-aspiration of Burpt Fia. XIV.—9. Diagram of improper
Products during Suetion Stroke. Valve Settings.

1. Higher pressures are attained when gas residuals take the place
of an excess of air.

2. When the volume of the products of combustion do not exceed
58 per cent. of the mizture, it is explosive if the air present be not less
than 5°5 times the volume of town gas.

3. The instant of explosion is greatly retarded when the excess of
air is replaced by products of combustion.

In support of this theory reference may be made to a report made

r———, bt -

fnnrauvst

OPCM,

Exhaust cfo.s:'nj

¥iu. XV.—10, Dingram of Valve Setling to encourage Scavenging by Fluid Inertia.

by the author upon a 20 r.p. Dudbridge gas engine, fed with town gas,
the resistance diagrams (Fig. XV.—8) taken from which plainly con-
firmed the consequences of imperfect valve adjustment. In this
engine, the exhaust valve remained open 65° after the dead centre
at the begiuning of the suction stroke, whilst the inlet valve
opened before the closure of the exhaust (Fig. XV.—9). In this case,
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there was undoubtedly re-mspiration of burnt products through the
exhaust valve. The low consumption noted during the lest can be
explained in two ways. Either it confirms Grover's theory, or, if the
theory of stratification be admitted, it is probable that the burnt gas
remained close to the piston during the suction and compression
strokes, forming a cushion of inert fluid, while the explosive charge
filled the combustion chamber.

The portion a—b of the suction line (Fig. XV.—8), shows a minimum
of depression corresponding to the re-entry of the burnt gases, whilst
the admission line proper comimences only at b and finishes at the end
of the piston stroke at ¢,

Whichever explanation may be chosen to account for the economical
result obtained, it partly confirms the value which the majority of
English makers attach to the system of scavenging, such action being
asutomatically induced by the air and exhaust valves being open ab

N\ \ N\ N

= L A - L.
— o — —
F1G. XV.—11. Resistaoce Diagram show- Fie, XV.-—12. Resistance Diagram show.
ing Scavenging by Fluid [nertia. ing Seavenging by Fluid Inertia.

the same moment at the end of the backward stroke, whereby the
inertia of the burnt gases rushing through the exhaust valve passage
draws in a volume of air through the inlet valve which sweeps out the
remaining burnt gas from the cylinder.

The diagram of the valve settings (Fig. XV.—10), shows this arrange-
ment, and it will be seen that the period during which both the air
and_exhaust valves are open simultaneously is represented by two
angles, each of 20°.

As a matter of fact, however, in nearly 450 tests of all kinds of
engines made by the author in Europe and Ameriea, he has come
across perhaps a score of instances in which such scavenging has really
been accomplislied, as shown in the resistance diagrams (Figs. XV.—
11 and 12).

In Fig. XV.—11 the depression is only to be seen at the end of the
backward siroke of the piston, whilst in Fig. XV.—12 it is to be
observed at an earlier period of the exhaust stroke.

nu3g
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In Fig. XV.—18, the exhaust curve shows variations due to the
undulatory movements of the gas within the exhaust box and connec-
tions, and also the partial vacuum apparent at the end of the stroke
by which scavenging is induced.

Exhaust boxes, which are alwaye fitted to gas engines, impose the

/

— AL.

Fr¢, XV.—13, Resistance Diagram showing undulation of Exhaust Curve due
to connection.

firat obstacle to the inertia of the gas escaping from the cylinder. The
length of the pipe and the bends form the second source of resistance.
Scavenging “ by inertia™ only takes place in the exceptional cases
where the exhaust pipes are short and straight, and devoid of large
boxes or silencers which involve expansion, loss of energy, and there-
fore lose of velocity, of the exhaust gases. .

The existence of * inertia ” scavenging, however, cannot be denied,

ALN B
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¥ia, XV.—14. Resistance Diagram, air charge on (ut-out Cycles.

ag it is attested by the resistance diagrams taken from engines governed
by * hit-and-miss.”

Fig. XV.—14 is a diagram taken during a cut-out stroke taking a
charge of air only, and Fig. XV.—15 is one taken with an explosive
charge. The spring employed is the same in both cases. Towards
the end of the exhaust stroke it will be seen that Fig. XV.—14 shows
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more resistance than Fig, XV.—15. This is due to the fact that with
air only, the escaping fluid has no energy, and is simply pushed out
by the returning piston. In Fig. XV.—15 on the other hand, the
burnt gas escapes at a pressure at release of more than 80 lbs. per

N
Ne

i

R e =
Fig. XV,—15. Resistance Diagram, Power Cycle,

square inch, and reaches the highest speed of evacuation towards the
half-stroke of the piston when the exhaust valve is still wide open.
Towards the end of the stroke the gases escaping in the pipe impart
some of their acquired speed to the residusls within the cylinder, and
even if the partial vacuum desired by the partisans of * inertia”

R e p——i,
) c;:'o,, E}pagu'on

Flg. XV.—16. Diagram of Valve Setting showing “lead” and *lag® of Air Inlet Valve,

scavenging is not produced, the cylinder is, at all events, more com-
pletely emptied of heated products of combustion.

The phenomena connected with fluid inertia may also be observed
during the suction stroke, and advantage is taken of the fact to more
completely fill the cylinder during the period of induction.

Engines working with pressure gas or suction gas require the
gettings of the gas and mixture valves adjusted accordingly. In all
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cases, the speed of the gas eutering the cylinder proceeds from the
linear speed of the piston, and this is at a maximum towards the
middle of the stroke, falling sway to nothing at each end. But it
is necessary to arrange for the valves to open and close smoothly,
gradually, and in such a manner that the area for the passage of the
fluid reaches & minimum at the ends of the stroke. In order that
the cylinder may be completely filled during the suction stroke, there-
fore, it is desirable to close the inlet valve after the outer dead centre,
so that the inertia of the incoming charge continues to fill the cylinder
although the piston has commenced its backward stroke. The diagram
of this valve setting is shown in Fig. XV.—16, and upon the resistance
diagram (Fig. XV.—17) it corresponds to a diminution of the negative
pressure at the right hand end of the suction line and a well marked
variation of the compression curve at its commencement. Fig. XV.—18
gliows the representative compression curve actually obtained from

L4 A Lk
e e — ey 5

Fras, XV.—17, 5. 19
Variations in Suction Curve due to varied selting of Inlel Valve.

cylinders in which the inlet of mixture finishes at the outer dead
centre.

Late closing of the inlet valve does not permit the end in wiew,
however, if the resistance to suction is strong enmongh to counterac
the subtle effect of inertia. The proof of this is to be seen from
Fig. XV.—19, which was taken from the same engine as Fig, XV.—
18, but with delayed closure of the air valve, so that the compression
curve, instead of starting from the beginning of the inward stroke,
is curtailed, owing to the commencement being delayed by the
portion of the stroke from a to b.

The gas valve should be closed before the mixture inlet valve at a
point near the dead centre, so that the gas contained in the space
between the gas valve and the inlet valve may be swept into the
cylinder with greater certainty by the current of air.

The “ hit-and-miss ” system of governing alac allows some thermal
phenomena to be observed and controlled which are not without
interest, as, for instance, the influence of high temperature, in the
cylinder and its ports, upon the efficiency of the engine,
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Some experiments made upon a small English engine by varying
the flow of cooling water have already been aliuded to on p. 179.
During each experiment the author applied a brake and noted the

Compression Dingram under con-
Compression Diagram under con.
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gas consumption, and, at the same time, took a number of indicator
diagrams and explosion records, With a copious supply of water to
give a well-cooled jacket, the power developed was 10'65 w.r., the
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engine under these conditions giving out its maximum power with
no cut-outs (Fig. XV.—20). The gas consumption was 19'8 cubic feet
per H.p. hour (at standard temperature and pressure—32° F. and
29'9 inches of mercury), and the compression pressure shown by the
disgram (Fig. XV.—21) was 895 1bs. per square inch.

With moderate cooling, the water flowing from the outlet of the
jacket at a temperature of about 140° F., the power developed by the
engine was 11-24 w.p., and the explosion record (Fig. XV.—22) showed
a margin of 2 per cent. of explosions in hand. The gas consumption
fell to 18'5 cubic feet per m.r. hour, and the compression pressure
reached 92 lba. per square inch (Fig. XV.—28).

With & comparatively slight variation in the amount of water

P o7 s
Fy

Fre. XV.—24. Explosion Record from emnall Engine drawing gus from main als
serving.a larger Engine,

cirenlated, it will be seen that the ecompression varied 4 per cent.,
and the corresponding power nearly 6 per cent.

Tl gas pressure, and that of the mixture, also has an influence that
should not be overlooked. A regular and continuous supply of gas
should be assured by suitable arrungemenis to avoid the effect of
pressure fluctuations, however slight in themselves. The explosion
record in Fig. XV.—24 points the moral. It was taken, during the
1000 Taris Exhibition, from o Campbell engine erected about 60 or
70 yards away from the large 600 m.p. Cockerill engine, which, by the
force of circumstances, had to be served with town gas from the same
main that supplied all the other engines exhibited in operation. The
record taken under light load eonditions shows well-marked undula-
tions in the initial explosion pressures in synchronism with the
number of charges taken by the Cockerill engine, which, being of such
large dimensions, created a drop in pressure in the service main at
each suction stroke.

From this it will be evident that for engines working with suction
producer gas, for example, a pressure regulator should be fitted along
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the supply connections when several engines are served by the same
generator. An engine fed from its own generator should have a
reservoir or expansion chamber fitted at a suitable position to damp
down pressure variations, whether increases or decresses, and

28HP - T ,)
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Fia. XV.—25. Engines exhausting to s Chamber common to both,

whether connected to a producer plant, blast furnace or any other
form of generator.

Variations of pressure or resistance to the exhaust gasesalso deserve
to be considered in connection with the good working of an engine.
The free escape of the burnt products must be assisted by the arens and

Fi:. XV.--26. Becords and Diagrams showing variations due to combined exbaunst
connections.

contours of the exhaust pipe and not be hindered by combining the
exhausts from several engines in one pipe or in the same vessel.

In this connection reference may be made to two engines, one of 70
and the other of 24 n.r., the exhaust pipes of which were combined from
the first exhaust silencer, as shown in Fig. XV.—25. Inspiteof large
areas and of the general arrangement, which apparently protected the
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engines from any disturbances that might arise from opposing
discharges, the diagrams taken from the 70 m.p. engine and reproduced
in Fig. XV.—26 are instructive. The section marked & correspended
to the same engine at the same load as the section db—between 55
and 60 AH.p. — but in the former (a) the 70 B.r. engine worked by
itpelf, whilst in the latter () the two engines worked together.

In the gas supply pipe which fed the two engines, the pressure
remained constant and the supply was acarcely affected when the two
charges were taken simultaneously. The section a shows great
regularity of initial pressures varying between 400 and 425 lbs. per
square inch, * cut-outs " occurring every 6 to 8 cycles. The section b
shows irregularity of explosions, and the mean height has fallen to
between 370 and 400 lbs, per aquare inch, while “ cut-out ” sérokes
occur ab longer intervals to produce the same output of power. The
explosions have gained in quantity what they lost in power on account
of the exhaust from one oppnsing the exhaust from the other.

Fig. XV.—27 relotes to a test made by the author on a 85 m.p. Banki
engine in 1899, at the works of Ganz & Tursa, at Budapest.

In support of the learned deductions already made by Professor
E. Meyer from his personal experiments, the author believes it to be
interesting to point{ out the regularity obtained by inertia governors
on the “hit-and-miss’’ principle. ‘The Banki engine reforred to
worked with spirit and was governed by the exhaust. The * cut-out™
strokes, therefore, do not appear as a compresegion line in the diagram
(Fig. XV.—27), but by a slight deflection about the atmospheric line
due to the low back pressure.

The number of explosions is practically in proportion to the
indicated n.r. of the engines. The initial pressures are unusually
uniforw, remaining constant between 400 and 425 lbs. per square
inch at all loads. This is in consequence of effective scavenging of the
eylinder and of the uniform temperature maintained in the walls by
the water injection introduced with the benzine.

The leading dimensions of the engine were :—

Diameter of eylinder . . 250 mm. (nearly 10 inches)

Stroke of piston . . . 400 mm., (15°8 inches)
Revolutions per minute . . 214 to 217
Density of benzine at 15°C. . 0700
Consumption at 25°7 B.w.p. . 051 lbs. per B.u.P. hour
198 . 054, "
1398 ,, . . 060, "
672 ,, . 086 .,

light ,, . 8125, per hour,
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From the preceding examples it will be seen that from the tests
made upon “ hit-and-miss” governed engines, an abundance of
useful lessons may be learnt, but which can be deduced with much
more difficulty from engines governed upon up-to-date principles.

The explosion records reproduced in Fig. XV.—28, with their corre-
sponding diagrams, point out the imperfections of governing by a
conical cam. They were laken from a 50 m.p. German engine at 15,

SO - . ), 20
b o T

Fig. XV,— 29, Explosion Record from throttie-governedt Engine,

25, 85, and 50 n.p. respectively. The great irregularity in the initial
explosion pressures, especially in the firat three sections, are partly
caused by the lack of homogeneity in the mizture and also by the
lack of steadiness of the governing device. The conical cam usually
produces harmful reactions on the governing mechanism.

The sensibility of the governing device adopted by the Gasmotoren
Fabrik Deutz, and referred to on p. 220, is clearly shown by the

()
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Fig, XV.—30. * I'ower™ and < Resistance ” Diagrama, full load.

explosion record (Fig. XV.—29) and thediagrams(Fig. XV.—80snd 81)
taken from a “ G 9 engine, from a report on which the following
interesting figures are abstracted.

The explosion record represents a period of 120 seconds and is
composed of five different sections, since the starting up and putting
under load only occupied two minutes :—

The portion from & to ) shows the period of starting up by com-
pressed air, consisting of three admissions reaching about 140 Iba.
per square inch of pressure and sufficing to start the engine and to
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produce the first admissions of explosive charges. The ignition of
these charges create explosion pressures of from 400 to 430 lbs. per
gquare inch.

The engine baving thus exceeded its normal rate of speed, the
governor comes automatically into action and gradually reduces the
admission until—at c—the Jowest point of the vertical lines descends
below the atmospheric line. This demonstrates the degree of vacuum
occasioned by the rarefication of the mixture admitted to the cylinder.
From ¢ tod—approximating toabout 10seconds—the governor oscillates,
and finslly, from d to ¢, takes up a position corresponding to *‘ no
load ¥ with explosions from 115 to 140 lbs. per square inch initial
pressure. This accounts for 80 seconds. From the point e the load
is gradually applied by means of a brake until fully loaded, for which
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Fle. XV. —31. *Power™ and * Resistance ™ Diagrams, light lad.

condition the explosions uniformly reached the initial pressure of
about 400 1bs. per sqoare inch.

The following table gives the details of a test made by the author
at Cologne, March 15th, 1904, upon a 60 u.r. Gasmotoren Fabrik Deutz
gas engine, type “ G 9,” with suction gas:—

Diameter of cylinder . . . 420 mm. (166 inches)
Stroke of piston . . . . 480 mm. (190 inches)
Frll Load.

1. Revolutions per minute . . . . . 18866 mean
2, Brake n.p. . . . . 6511 (metric)
8. Average compreaalon pressme . . . 1711bs. per sq. in.
4. Initial explogion pressure . . . . 886 ,, .
5. Final expansion pressure . . . 242, .
6. Negative pressure (max.) during suctlon stroke +27 ,, »
7. Average of mean pressures . . ) . T84, "
8. Indicated u.p. . . . . . . 77 (metrie)



178 INTERNAL COMBUSTION ENGINES
Fuael.
9. Description, lean coal, 10—20 mm. (4 to 3 inch)
10. Souree of supply—Colliery at Zeche-Morsbach at Aix-la.Chapelle
11. Fuel analysis—
Carben . . . . . . 8322 per cent.
Hydrogen . . . . 881
Nitrogen and Oxygen . . . 801,
Sulphur . . . . R 1 ¥ R
Ash . . . . . . 788
Moisture . .. . . . @69,
12. Calorific value, gross . . . . 13 950 B.Th.U. per b
Gas.
18. Analysis— .
Carbon dioxide . . . . 660 per cont.
Ozygen . . . . . . 08
Hydrogen . . . . . 1890
Methane . . . . . . 0BT,
Carbon monoxide . . . . 2480
Nitrogen . . . . 4983
14, Calorific value of gas at consta.nt wlume, water vapour condensed
to 15° C. and reduced to 0° C. and 760 mm. mercury=140
B.Th.U. per cubiec foot.
Temperatures.
15. Cooling water, entering at 18° C. (56° F.) = 48° C. (109" F.)st
outlet of combustion chamber.
16. Cooling water entering at 13° C. (65° F} = 53° C. (127° F)) af
outlet of cylinder.
17. Water in vaporiser = 84° C. (182'5° F.).
Efficiency.
18. Mechanieal efficiency . . - . B{6 per cent.
19. Consumption of raw coal per par. hour . 079 1bs.
20. Thermal efficiency per B.H.r. on gross coal
supplied to generator . . .. 248 per cent.
Half Load.
1. Revolutions per minute .+ . . 1955 average
2. Corresponding effective load . . . . 89838 p.m.p. metric
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3. Average compression pressure . . . 121-0 1bs. per gq. in.

4. Average initial explosion pressure . . 25000, .

5. Final explosion pressure . . . 200 ”

6. Negative pressure (max.) during suctlon stroke 65 '

7. Average of mean pressures | . . . 445 »

8. Indicated m.P. . . . 450 metrie.

9. Bpeed variation full load to half loa.d . . 85 per cent.
Efficiency.

10. Consumption of raw coal per B.a.P. hour . 115 lbs.

No Load,
1. Revolutions per minute . . . 199:0 average.
2. Average compression pressure . . 92-45 1bs. per square inch.
8. Initial explosion pressure . . . 2188 . »
4. Final expansion pressure . . . 00 ' '
5. Depression during suction stroke . B85 . "
6. Average of mean pressures . . 108 » »
7. Indicated B.P. . . . . 11'0 metrie.
8. Speed, variation, full load to no load. 52 per cent.

It will be noticed that at all loads the diagrams always show the
ignition at the dead centre, that is to say that the best use is made of
the charges at constant ratio without necessitating any variation of
ignition during the tests. The explosion prassure remained practically
in proportion to the compression. Hence the remarkable low con-
sumption at half load.

The diagram Fig. XV.—82 is from a 1,000 n.p. two-cycle Oechel-
hiuser engine fed with blast furnace gas. The mean pressure at
612 u.pr., as shown by the diagram, is 468 1bs. per square inch only.
The initial explosion pressure is 848 lbs. per square inch. It will be
seen that the exhaust, blast of air, and inlet of charge occupies but one-
aighth of the total atroke of the two pistons.

The superimposed diagrame and the tachogram reproduced in
Fig. XV.—838 is from a 200 u.p. Gasmotoren Fabrik Deutz double-
acting, four-cycle engine served by a suction gus producer. The
indicator diagram shows the variations of compression pressures and
corresponding explosion pressures. The tachometer diagram depicts
the sudden changes of load between no load and maximum, cansing
speed variations of plus and minus 8'5 per cent. Fig. XV.—34 is a
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reproduction of an explosion record taken during starting up the same
engine. It shows the different phases of compressed air starting, firat

Avg. Press. 46-8 ibs. per o° h348
122 Revs [fbsa,
load 612 H.P por

Aem, Line

Fig, XV.—i2, Diagram from 1,000 H.P. Oechelbiuser Engine, Blast Furnace Gas,

explosions with full compression, no admissions, period of governor
osciflation, and normal “ no load " after 90 seconds.
From the diagrams Fig. XV.—85 taken from the two ends of one of
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Fra. XV.—33. Ddograms and Tachograph from 200 K.p. double-acting Engine.
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Fia. XV.—34. Explosion Record-starting of 200 H.P. double-acting Engine.

the two cylinders of & Niirnberg 1,000 m.p. engine, it will be seen that
high mean pressures of 865 and 92'5 lbs. per square inch are obtained
even with blast furnace gas of only about 100 E.Th.U. per eubic foot.
Such mean pressures as these, however, are somewhat rarely obtained,
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so that it is customary to calculate the diameter of cylinder and stroke
of piston of these engines upon a mean pressure not exceeding 70 lbs.
per square inch, as has been previously mentioned. :

The diagrams in Fig. XV.—86 were taken from a Crossley tandem
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F16. XV¥,—35. Disgrams from opposite ends of Cylinder of 1,000 n.», Niimberg Engine,

gas ongine governed by the mechanism described in o previous
chapter (p. 254). The tests were superintended by Dr. J. T. Nicholson,
Professor of Mechanical Engineering in the University of Manchester,
and were particularly directed to decide the speed variation between
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Fia, XV.—36. Diagrame from 600 H.P. Crossley Tandem Gas Engine,

full load and no load. These speeds were respectively 119-4 and

121-4 revolutions per minute when the lvad was instantaneously

dropped from 600 to abous 50 m.r. The total speed variation was

therefore 1% per cent. of the mean speed. The full load was then

again suddenly applied and taken off several times in succession.

The speed of the engine never varied more than the above percentage.
1L.C.E. 11
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The system of governing must therefore be considered to be extremely
sensitive. The engine was fed from a Crossley bituminous fuel gas
producer with gas of the following composition :—

Carbon dioxide . . . 11'4 per cent. by volume
Oxygen . . . . . 10 " ’
Carbon monoxide . . . 151 v "
ITydrogen . . . . 24'3 - "
Methane . . . . . 85 " .
Nitrogen (difference) . . 477 ’ .

The calorific value on the lower scale was 156'5 B.Th.U. per cubic
foot at 0° C. (82° F.) and 760 mm. (299 inches) of mercury. The
calorimetric obgervations by means of a Junker's ealorimeter showed
149 B.Th.U. on the lower scale at atbmospheric pressure. The engine
was ruuning on a brake load equivalent to 559 H.r. and the consump-
tion of gas (at 0° C. and 760 mm.) was 51'94 cubic feet per B.u.p.
hour. The heat supplied was, therefore, 8,128 B.Th.U. per m.mP.
hour, and the thermal efficiency on the b.n.p. was consequently about
31 per cent.

The following indicalor cards and explosion records have bLeen
taken by Messrs. Hal Willlams and Bridges, of London, on a 80 B.p.
single-acting suction gas engine, which was constructed in England
from designs made under the supervision of the author according tw
the prineiples he advocates in the present volume.

The variable admission of a constant mixture is obtained under the
control of the governor causing a variable lift of the main inlet valve.

The gas valve is combined with the latter in view of making a self-
contained arrangement and that the combustion chamber may be of
o shape most favourable lo quick propagation of the flame in the
imixture,

Gas and gir inlet valves, as well as the exhaust valve, are operated
by one cowion eam.

The test of a new engine of which the piston had not yet been
ground, gave the following results: —

Diameter of cylinder . . . . 12 inches.
Stroke of piston . . . . . 19 ,,
Revolutions per minute . . . . 2144
Brake m.p. . . . . . . 856
Indicated m.7. . . . . . . 4188

Mechanieal efliciency . . . . 82'25 per ceut
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After working for some time the same engine with an extra heavy
Ay-wheel developed, a8 maximum power, 89 to 40 B.u.P.
In Fig. XV.—87 is shown a series of diagrams taken during the

b3
oo

MEF=T5Ibs.

[y \/
[ —_—— :) _.— ke
Fia. XV.--37. Full-load Disgrams fgom  Fra. XV.—38. Resistance Diagram from

Engine designed by the Aathor. same Engine,

trial. The mean pressure reached 75 lbs, per square inch. 1t will be
noticed that the diagrams, instead of terminating at a point (and
showing a sharp explosion which could increase the mean pressure
only to a very slight extent) have a horizontal line which denotes
combustion at constant pressure for a certain portion of the stroke,
thus producing a marked increase to the area of the diagrams.

Fig. XV.—88, taken with a light spring, shows that the exhaust

425 1bs.

rd

300 -~

§/50 ~

AR |,

Fre, X¥, 3%, Explosion Record from same Eugine.

pressure at the end of the stroke fell below atmospheric pressure.
Scavenging of the burnt products was therefore effected. Fig. XV.—389
shows the extreme regularity of initial explosion pressures. In the
majority of engines such regularity does not exist.

112 ,—



CHAPTER XVI

DIMENSIONS, CLASSIFICATIONS, AND TEBTS OF ENGINES

Tre published figures relating to gas cngine tests bave not
hitherto been grouped or classified with a view to the deduction of
cerfain rules, more or less empirical, concerning the caleulations
connected with gas engine design. Tghe author has selected a8 method
of clasgification which permits a real comparison of similar engines.
The following are the principal headings upon which such classifica-
tion is based.

The Indicated Power of a four-cycle gas engine, giving one impulse
per cycle, is obtained by the formula :—

_ 21 A N
(l) IJI.P. —P“ X E X Bm X I
_ P, XL XAXN .
= 799000 x K
in which Lh.p. = Indicated u.p.
P,, = Mean pressure in lbs, per square inch,
L = Btroke of piston in inches.
A = Area of cylinder (less than areas of piston rod if
existing).
N = Number of revolutions.
K = Number of impulses per cycle.

x K

For a single-cylinder, single-acting, four-cycle engine K = 1.
» » " . s  bwo-cycle , K=2,

The Effective Power, B.h.p., is equal to the indicated power multiplied
by the mechanical efficieney R, or:

Bhp. = Lhp. X B
_ P, XLXAXN
(2) Bl = 799000 x K x R.

Assuming that for a four-cycle single-acting engine K = 1; that
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the number of revolutions per minute N = 1; and that the mean
pressure P, = 1; the formula (2) becomen:

(8) B.h.p. =R=>72

and assuming further, that the efficiency R = 1 we have :

0 _Lx4
(4) M= 292000

This expression may be called the modulus of ABsSoLUTE power of an
engine cylinder and be thus defined :

The modulus of absolute power of an engine cylinder is the power
that would theoretically be developed per working face of piston, the
engine making but one revolution per minute under & mesn pressure
equal to unity and an efficiency also equal to unity.

The modulus of acTuat. power of the same cylinder will be equal
to the modulus of amsoLvIE power multiplied by the mechanical

efficiency, R, of the engine:
{5) m = RA.

It will be seen that .int the expression of modulus «f absoLUTE power
only invariasble quantities and known features of the engine are
concerned. These expressions M and m, therefore, enable precise
comparizons to be made between two engines. The general formula (2)
thus becomes :

(6) Bhp. =KX RX M X N X Pp,

K, the number of impulses per cycle, and M, the modwlus of aBsoLUTE
power are the invariable data ; RN and P, are the variable data.

Theoretically, B.hp. increases in proportion to the number of
revolutions N of the engine. Practically, N cannot exceed a certain
value for a given engine, the limit depending upon the speed of flame
propagation for the mixture used; upon the coustruction of the
engine ; upon the area and lift of valves; upon conditious of govern-
ing, &e. .

The mean pressure, P,, is s function of the calorific value of the
gas used ; upon the terminal compression pressure of the mixture;
and upon the more or less favourable conditions under which comnbus.
tion proceeds.

P,, remains within certain limits which vary according to the type
of engine.
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The formula {6) can be replaced by :

. _ KN
(N . I_F!P)(RXJHXP,,

BK;' can be termed the modulus of speed, n, of
the engine and be deﬁned as follows:

The nwhrh:s of speed of an engine is the number of revolutlons per
minute at which it should run to develop 1 brake mw.r.

The formula (7) would finally be written:

B)l=nxMxRExP,

and the expression

This very simple expression enables a rationsl classificalion of
internal combustion engines to be made, and it can thus be defined :

The product of the four factors-——modnlus of absolute power, modulus
of speed, mechanical efticiency, mean pressnre—is considered as
being equal to unity.

Briefly stated, the moduius of ARSOLUTE power is given by the
formula :

_L x A
M= 292000
The modulus of speed is given by the expression :
_ KN
= B D
The terms :—
K = number of impulses per eyele,
N= s» revolutions per minute, and

B p. = effective u.p.,

are known, either from a brake test or from figures provided by the
malers,

Referring to formuln (8) the value of It (mechanical efficiency) is
usually between 70 and 85 per cent.

Engines whose mechanical efficiency under full load falls below
70 per cent. must be considered poor, while those in which the
efficiency exceeds 85 per cent. are rare,

The mean pressure is frequently more than 60 lbs. per square inch,
but is usually lower than 90 1bs., especially with producer gas.

The product of R and P,, varies between the limits of

070 x 60 = 42'0 and
0'85 X 90 = 765
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The power of every engine corresponding to the usual” working
condition can be expressed by an equation between the limite of

1=42xnx M and, 1=T65xnx M

From the figures obtained in tests made by the author a comparative
table has been prepared by taking as a basis the modulus of power of
the various engines and arranging them in order of decreasing values.
The modulus of speed has been caleulated for each case, these increasing
in proportion to the decrease of modulus of power.

Sometimes the increase is not regular, but this is explained by the
trinls not having been carried outin the same manner. In the majority
of instances the brake i.p. recorded is not the maximum obtainable
from the engine, while some of the tests refer to a remote period and
to out-of-date engines.

The table comprises 138 different tests relating to engines of more
than 8 to 10 n.p. By its aid, comparisons can be made between
engines of practically the same modulus of power, and those in which
the explosive mixture is best utilised can be differentinted. Ior
instance :——

(1.) Nos. 14 to 18. The double-acting Deutz engine, No. 18, takes
firat place with a lower modulus of power than the others. One H.p.
is generated for every 1'85 revolutions per minute, whilst for the
Winterthur engine, No. 16, tested in 1906, 1 u.r. was developed for
avery 1-84 revolutiona,

(2.} Nos. 23 to 31. The Benz engine, No. 81, with a modulus of
power 00608 takes first place, before No. 28 with 0°0783. The Benz
engine gave out 1 m.r. for 2-12 revolutions per minute and the
wean pressure reached 87 lbs, per square inch.

These comparisons, however, must not be considered na being
absolutely reliable because, as has already beenm mentioned, the
majority of the tests are incomplete and they have not been con-
ducted at the maximum output of power. Nevertheloss, different
conclusions can be arrived at from the figures given in the table,
as follows :—

Mean Pressures.—These reach from 85 to 92'5 lbs. per square inch
oven with producer gas. In the Giildner engine, No. 118, tested hy
Schrotter, it exceeds 130 Ibs. per square inch,

Puel.—The fuel consumptions per s.u.r. hour range betwoen the
following limits :—
077 1b. to 1°00 1b. of aNtHRACITE of 18,500 to 14,400 B.Th.U, per 1D,
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14-0 cubie feet to 17'5 eubic feet of Town cas of 560 to 620 B.Th.U.
per cubie foot Chigher value).

700 , 880 ,» PRODUCER Gag of 125 to 145
B.Th.U. per cubie foot
(higher value).

880 » 1050 ,, .» DBLAST PURNACE aas of 100 to
112 B.Th.U. per eubic foot.

055 b, to 11 1b. of reETROLEUMof 18,900 to 19,800
B.Th.U. per b,

In the petroleum explosion engines, the conditions of combustion
are usually very irregular, and this explains the very marked differ-

ences that are noted.
It is useful to tabulate the minimum figures for fuel consnmption

given in the table,' as follows : —

Consamptioo
Now Maker, Type, BH.F, Fuel, I T RH.P
our.
— I
18 Deutz . | double-acting | 200 Anthracite. 0715 b,
: l four-cycle 14,600 B.Th.U. per b.
61  Winterthur ! single-acting | 40 Anthracite. 0694 b
| four.cycle '
124 Catteaun . | " 15 Town Gas. 130¢. ft.
' | 850 B.Th.U. per c. ft.
36  Soust . - | 54 Producer Gas. 860¢. ft.
f 158 B.Th.U. per e. fi.
13 TIdiesel . " 560 Petroleum. 0407 1b.
114 1 Diesel . " 20 Petroleum. 0-545 1o,
19,800 B.Th.U. per c. It.
112 Banki . " 26 Benzine. 051 b,

Lubricating 0il, and Water, Consumption.—Very few tests have Leen
made in this connection. With regard to lubricating oil the 75 n.s.
Delamarre engine, No. 7, consumed -008 lbs. per H.p. hour.  For water,
the 53 n.r. Stockport engine, No. 89, consumed 5'3 gallons at the
outlet temperature of 118° F.

The water leaving the eylinder is usually at a temperature of between
105 and 120° F., except in the Diesel engine, No. 114, from which it was
71° F.

Formerly, for town gas engines with relatively low compression
pressures, the outlet temperature was 140 to 150° I,

! The test made April, 1909, of Tangye T-type engine is not included in the tables (see
p. 49).  The consumption noted was 0665 1bs. of anthracite per B.h.p. hour at 81 B.hp.
outpat.
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Temperatare of Exhaust Gas.—This is between 570 and 930° F., only
falling below 570° F. for engines with long expansion, such as the
Charon or Sargent or the old types of gas engines like the Hugon
engine,

Waste Heat.—This averages from 25 to 80 per cent. with respect to
water cireulation, and from 40 to 50 per cent. for exhaust gases.

Pressures.—~Compression pressures have been carried to 170 lbs. and
even 200 Ibs. per square inch in some recently built engines designed
for producer gas.

Examination of the table shows that the consumption varies
inversely to the compression pressure. This, however, is not without
excepbion.

The initial explosion pressures are between 285 and 480 lbs. per
square inch for either producer gas or town gas.

Thermal Efficiency.—The thermal efficiency per brake m.p. ranges
between 18 and 24 per cent. with regard to antbracite, for the
combination of engine and producer, and between 25 and 92 per cent.
with respect to gas.

From the preceding considerations it will be recognised that, in
power and consumption tests on gas engines, observations should
always be made as to thhe maximum indicated and brake B.p. obtained ;
the compression pressures and the corresponding explosion pressures
at the particular degree of load ; the amount and temperatures of
water in circulation ; and of exhaust gases. A thermal balance-sheet
of the trial can then be drawn out.

It is only from experiments made upon the same basis and upon
the same methods that it will be possible to obtsin comparable results
and thus to determine the laws yet unlinown which apply to the
working of internal combustion engines,

According fo Mr. Dugald Clerk (Report of the Committee of the
Institution of Civil Engineers upon the Limits of Thermal Efficiency in
Internal Combustion Engines, 1907) the officiency obtained per
indicated m.p. with well-designed gas engines of powers varying from
6 to 60 H.p, reached to 50 to 70 per cent. of the ideal theoretical
thermal efficiency.
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Experiments conducted by the Committee gave results summarised
below :

Engints,
Heat dlstributlon, -

6 nr MR  ORR

Exhaust pas . . . 4111 87-1 399
Water circulation mtd ext.erna.l ra.dm.t.lon . . 271 20-6 254
Indicated work . . . . . . .| B8L8 3438 877

: 100 TR [T
Mechanical efficiency . . . . . B4 085 i 088

Mzr. Dugald Clerk had already conducted tests to determine the bheat
distribution, and had obtained the following figures:

Lost, dui’ing explosion and expansion . . . 161
Loat, to exhaust . . . . . . 493
Converted fo indicated wo:k . . . . . 846

100



Notes in connection with the following table.

(8) In cnses where the mechanical efficiency has not been mentioned
by the operator, an assumption of 80 per cent. has been made, and,
according to circumstances, the indieated w.r. or brake m.p. has
been filled in accordingly, as also the corresponding mean pressure.

(b} Abbreriations:
2nd column—D. Diameter of cylinder in inches,
d. " »» Piston rod in inches.
A. Effective area of cylinder in square inches.
L. Stroke of piston in inches.
p- Diameter of pumps.
4th column—-N, Revolutions per minute.
I.hp. Indicated H.P.
B.hp. Effective m.p.
K. Number of impulses per cycle of two
revolutions.
R. Mechanical efficiency. .
9th column—C. Compression pressure in lbs. per square inch,
I. [Initial explosion pressure,, ,, "

Translator’s note.—Throughout the following table conversions from
metric to British standards of measurement have been made
except with regard to Lh.p. and B.h.p., which, being but alightly
disgimilar, have been reproduced as in the original. In some
cases conversion from British to metric standards for use in the
original, and re-conversion froin metric to British in this trans-
lation, may have introduced niinor errors that have remained
undetected during revision.
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Aludulas
Type of Engine ..\huﬂ te )Iogulusol’ Mean Ii‘runu:r
Ko Date of Test, | Dimengionn, Pow:r D?r":'l;‘d peeig\ Pmo= gy
Operator. YR AL B = By b, prr square iwch.
82000
ol 1 2 3 4 & 6
1 | Cockerill (Bimplex),| & 51-18 1431 | ¥ a4-37 164 1 1
21/3{1400. 4 2057 Lhp. 78618 ¢ X FExoTet
Hubert, L 5507 Hhp. 8750 1
X 1-0 = —— = 397
#8'5 per cent, w160
of explosions. | accerding to diagram:-
/4 073 =99
2 Borsiy D 26875 N 1070
{Oechethduser), | A 53466 | #5323 | Lhp, 83990 trom dingrams = 733
10;10f1 914 186 X 10 -
Frem Junge. L I front
373 Lhp.of) gq,
J back pumps |
_— N
48 b2 260
total. .
Priction
of }117'3
engine
¢ Koerting, D o N RBOD 1
1/7/1904. d 81 |04894 | Lhp 8900 0455 0TI X 0455 X 0194
4 4 7032 Bhp. 1088 266
L 5512 X 40 =
R 0791
Far prmp
p 2736
Air pump
p 138
stroke
12'62
1 |Cockerill (Simplex), | D 33465 | 0437 | ¥ 9974 0-464 1 - 54T
1401, A B8RO0 r.)'f.p. 246'8Y BT = 437 x 164 = *
Hubert. L 3937 ‘!‘?_.k.p. 21.]’5‘3] according to diagrams
It 0-87 | ¥9'3 per cent. = 2
of explosions.
5 |Cockerill (Simplex), | P 315 | 0387 | X 14k3 20 038
20!?[1898‘ A TTH) Lhyp, 22645 550
Witz. L 3987 BAp 18114
K 1-0
R 080 893 cent,

explosions,




cub. ft, at 110
B.Th.U. per cub. ft.
= 12,960 B.Th.T.

per HK.P,
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Details.
Co i N
aﬁﬂpﬁmrr Temperatures, szsum, "n:;;r;ml eten "
deg. Fah. squnr'eﬁ:h. ciency.
7 8 9 10 o __n o -
Blast fornace gns, 124 1
cub. ft. at 1095 B, C. 135 0183 —
ThU, per ecub, ft.,| Exhanst 950
bigher valae, Water 91'3
= 13,650 B.Th,U,
Water, 152 gallons, -
2
Coke-oven gas. — — — Air ﬂump
Stroke, 1968 ; Dia. front piston,
3643 ; Dia. back piston, 2736,
flas punp
Stroke, 1968 ; Dia. piston, 23-2.
Anthracite 0-78 1bs. — — — Work absorbed by pumps = 919 3
HP., o = 0-103,
Work absorbed by mechanism
Bioq - MY - 038 = M3 H.P
H!
e 0108,
10 - 0103 - 0-106 = 0-791,
Blast furnace gas, 120-5 | Exhaust gas C, 162 0-200 — 4
cub. ft, at 1043{ 1,100 1. 287
B.Th.UT, per enb. ft.
= 12,600 B,Th.U,
Blast furuace gas, 117 - - 0-193 | Scrubbers absorbing 6'6 gallons | 5




M

Type of Engiue
”Dfl.e of Test, '
Qperator,

_ 1

[ Crossley,
T-8{3/1904.

Mathot (241).

-

T Delamarre,
12{9/1890,
ite,

H Cockerill,
25{3{1901,
Fraocois.

g | Letombe {Triplex).
2811271901,
Wiz,

Bocicte Jdo Mech.
Tod. 4" Anzin,
S-S 10K,

(iaz Jde Rennoes,

1o

Ehrhardt &
Sebmer,
19086,
Sanrbruek,

Nntional Gns
Engine Co.,

12

26/2[1907,
Hal Williams &
Bridges,

INTERNAL COMBUSTION ENGINES

Dimengions,

D 23622
A 4380
L 315

D 23-622
A 43R0
L 313

[
AR -

ety
-
w b

D 2440
a 6ty
A 4330

L 2052

D 225
A 376
L 300

&lodl;lu;

u
Abmedute
l’o?er

R
Y=l
3

0223

190

ri7id

0-1743

(F1n4]

U164

1509

lt;h.l]lu ot Mean l’;r-essurl\s
g TRy Im =g X iy
gy 'R 58 Ihel per square inch,

UV S U SR LI
¥ 1o 080 700
Lhp. 6310
Bhp. 5150
X 10
it 079
¥ 100-8 132 570
Lhp. 1OvY
Bhp. 7586
K 1B
i g8
y 1360 1-46
I p 1070
A -0 85 per ceot.

explosions.
Rl 1560 112 665
Lhp, 1844
Bhp, 1395
& 10
4 w76
¥ 13101 1-33 535
Lh.p. 3681
b p. 29451
r.y 30
I -850
¥ 1650 I'1o 605
Lhp. 37593
h.p. 3055
Y 2l
It s 1]
<y 1500
Lhp, 7230 100 "0
ithp, 6000
X 10
R (-]
¥ 16988 :
Lhp. 2087 092 85 Tba.,
Db p. 1840 aceording todiagram =
X I'v | R1'7 per cent. 8 e,
R Uil | explosions.
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Consunption per
B.H.P. hour

Detailn,

Tempemtures,
deg., Fah

Producer gus, 67 cub.

ft. at 142 B.Th.U,

cub, ft. = 9,500
,Th.U,

Proagtires,
ibe. per
square inch.

?

Thermsl
Bt
cleney,

10

Nolen

11

493

No

0264

Two-cylinder engine, tandem
double-acting,

Coke and coal, 1'345
Tbw.
Producer gas, 96 cub.
fe. at 168 B.Th.U.
r cub. ft. = 16,170
Th.U,
Water, 15:15 gallone,
Oil, (-00845 [ba,

Water, 109
Gas, /20

C. 855

0°1568

Dowson Producer,

Blast furnace gas, 1178
cub, ft. at 110
B.Th.U. per cub, ft,
= 13,360 B.Th.U,

Anthracite, 0-82 lbs.

I'roducer gas, 76 cub,
ft. at 152 B.Th.U,
per cub, ft. (high)
= 11,800 B.Th.T,

Water, 131
to 149
Gas, 660

Mixture of coke sand
anthracite abont
half-and-half. 1-032
Ita, grosa, 079 lba,
cinders, deducted.

Coke oven , 178
cab, It g:: 460
B.Th.U. per cub. it
= 8,100 B.Tb.U.

Coal, 0-91 lbe.
Water, 364 gallons.

. 107
1, 314

01

Pressure at end of expansion,
42°7 1bs. per square inch,

0218

u-3lo

Single-acting, tandem-engine.

Y

10

11

12
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Modulna
Type of Eugine ofl Modulus of Mean Presaure
No. te of Test. Diroepsions. A}a’;?v::‘. D?::::_o‘ Hp«;}y P = T
Operator. ”=:::;~; = RAp. 1bw, per syuare inch,
_ 1 e L] 1 I _ 6 L
13 Diesel, b 220 oML | LY 1528 081 106+5 1ha.,
H2/1903, A 380°] Lhp, 6987 acconling o dingram
Michael Longridge, | L 29452 Bhp. 6625 96 1bs.
X 30
R o5
14 Winlerthur, L 2047 | 1244 | Y 1579 I-41 7005 1be,
Y145, A 3300 Lip. 1393
Mathot. L 2 Bhp 11103
A 10
4 10,10
[5 Winterthur, D 2047 124 | N 16 655
1902, A 3300 Lhp. 1310 1-52 acconling to diagrans
Allaire, L 2992 Bhp 10483 = U lbs,
A 10
n 0-80
Same, N 1G4 163 #50
Lhp. 260
Bhp. 20815
X 20
n 080
16 Winterthur, Sarme, L2444 |V 1357 184 %
9{1/1896, Lhp. 1783
eyer. BAp, vy
X 20
F 3.0}
17 Otto-Deutz, bo21026 | 0-1285 | LY 18000 1-68 68
B 1905, A 3546 Lhp 2147 Diagram-—
Mathot (248), | L 2736 Bhp 2145 right-hand cylinder 7i
K 20 lefe-hand 1 ti
F) ris
Full load.
AY 18000 1-530 65-3
Lhp. 3012
Hiep, 24002
X 20
I .11
18 Otto-Deuts, 21-26 | 01295 | .V 150-2
15/3f1904, A 3545 Lh p, 2785 135 740
Witz aod Mathot | L 2756 Bhp, 22243

X
I

20
LL2-1)
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Antbracite, 0-715 ibs.
at 14,600 B.Th.U. per
Ib. = 10,660 B.Th.U.

Producer gas, 139 B.Th.
U, per cub. It

Water, 775 gallons.
1.C.E.

Dretmils,
Consutuption - T 7 - Notew.
U:H. P.phourPer Temperatnres Presaures, | Thermal Noten
i d”lg b 1w, per EMi.
- y aguare inch. | ¢ieney.
— 7 d LN G S IR, | IR
Petroleum, 0-407 ibe. Water, 71 ., 975 - -
increase, fin pumpj.
1, 53,
Gas, 650
— - — — With suction gas producer,

Anthracite, 0-868 Lba, at - C. 165, 205 | With pressure producer.
14,200 B.Th.U. per lb. L. 276.
= 12,350 B.Th.U.

Anthracite, 377 lbe, at — -— 0206 -

14,200 BFL.U. perlb.
= 12400 BTh. 1,

Poke, 1-63 1bw at 13,300 | Water, 985 — 193 | Heat Jost to water, (259,
B.Th. 1. b, = per s » exhaust, 0544,
21,600 B.Th.U. LA.P.

Gas, 06 cub. ft. at 135 0162
B.Tb.U. per c. ft. = per
13,004 B.Th.U. R.H.P.

Water, 575 gallons.

— — - — | Engine with twin eylinders.
— — 1244 | Double.acting engine with suction

gas producer,
Wauter ¢consamption ineluded gen:
erator nnd engine.

197

Na.

Hr

16

18
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Maodulus
Type of Engine b“r;rl " . Moélnlun of Mean I‘;rmmlv
h %Ji:u of Teal, Dimensions, ap._.&:r lkﬁ:{:_"r wf;"x Pme 4 o« o0
Opwerntor, Y Rl Y 1bw, per syuaps ioel:.
Tr2uiRy
1 2 3 _ 4 5 L]
19 stockport, D 2000 orl071 | Y 1620 15 o
2E[2 1904, A 31416 | . Lhp 1410
Musker, L 270 Rip. 1210
X 10 91 per cent.
R 086 | explosions.
20 Simplex, 1889 | 00975 |V 1386 n 570
71311904, A 2800 Fhp 782
Bourdon. L 2756 Bhp. 6255
K 10
R 080
21 mtc-DNeatz, Do 1968 [00waTe v 1860
Gf7 11907, A ot Lip. 13498 1-7u o
Mathot (261). L 244 Rhp. 10608
. IAH
R 78 | Average load,
Y 180-1} 155 £3°0
Lhp. 1443
Bhp 11543
K 10
R 080
22 Stockport, o180 N 180-0
2af2f 1404, A 2545 0UBei8 | Li.p, 1130 1-87 i )
usker, L 270 Bhp. 10
X 10 45 per cent.
it 85 | explosions.
Y 160r6
23 | Cie. Berlin Anbalt, | D 1692 [0-0783 | Lhp bO5 2449 635
Gl 10f1RO8, A 220 ok S 45
Wilz. L2756 A 140 91 per cent.
It 80 | explosions.
Y 1260
24 Benier, 1Tz Jwovse  Lbhop. G2 60 270
IR FARETII LA 2307 Bhp 1224
Witz, L 236 K &)
¥ 030
A 1538
25 Charon, Pt (0Tl | LAp RS 413 124
4R, A 2250 Mk p 30719
Fischener. L2 A It
b U3
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Drails.
Co ti . .
“;‘::!'"I" ":::“!‘" Temperatures %ﬁa"m" nlﬁrg‘.l Noten e
(leg. Fab, al]unr@mh. e]onc:\'.
7 3 ) _ 1 _
Caal, 14 1bs. - —_— — Wilson producer. 19
Coal, 1'325 = 13,000 - — - —_ 20
Th.U.
i ——— s ————— J—
21
(Anthracite, 0°735 1bs. —_ — -
il = 00396,
[ . 1665
| L 4420
|
22
Coal, 1-4 lba. _ — — Wilson producer,
Producer gas, 110 cub, — ¢, 120 426 23
ft. at 1177 B.Th.U. 1. 242
pcub, ft. = 11,700
Th.U.
Coal, 1°52 1be. —_ -— — - a4
Anthracite, (-862 1ba - - 0176 Tuylor producer. 25
at 14,900 B.Th.U. per
Ib. = 14,400 B.Th.l:]‘




N} INTERNAL COMBUSTION ENGINES
Modnloy
Type of Engine. b:::rl ) !o-dutu;; of Mean Preasure
N I}:u.- of Teat, Limenkivis, "po“.‘;t'l D}L:;::.of Sp«:’ N P = —:-‘ = 3: a
Uperator. M- :::l:l Y= fiAp b, prer mgnare ineh.
i 1 ¢ 3 4 5 5
26 Crossley, . D 1693 X 16436
2261804, 12250 0678 | Lhp TG 274 680
Wiz, L 23wy Bhp. 6orls
X 1-0 90 per cent.
R 078 | explosions.
Y 164-36
27 same, Do 1697 |006Fs | Lhp. 6877
A 20 Bhp 5675 2:87 62-0
L 23-82 K 10
R K3
28 Crossley, b o169 RY 1654
Rl A 240 006 | Lhpo 637 287 -5
Meyer. Lo 230 Mhp 5376 sccording to) 395
K 0 |935 Ter cent. dingrame | ¢
n 40 explosions,
29 sehmitz, 16014 Y 190r4)
204 fI B0 A 2042 WOy ¢ Lk, w23 257 1’5
Mathot (133). L 2hux Mhp a9 according to 254
X 1-¢ disgrams § ¢
R [\ .11
Y 1420
3 Schmitz, same. V0670 | Lhp 930 65 V16
25/ 2{1%MM. fhp 7223
Mathol (181). A 10
It 78
3 Benz, 1673 ¥ 182:0
10201905, 4 2200 00608 | Lhp 9T 212 870
Mathot (2113, | L 220 Hhp. 8535
A 10
R - T
R 1832
Lhp, 948 2:37 745
hp 73
A 10
n 0§18
$2a Schmitz, PN LR ) Hi4)
HT{L906, A 2045 [ 006uR | Lk p 704 29 710
Mathot (240). L 2362 Bhp. 625
A 1o
¥4 7T



DIMENSIONS, CALCULATIONS, AND TESTS OF ENGINES 301
Detnits.
L& Li : .
m::.n;.p hgui'r}” ' Tetnperatures, Iirf):numn;s. 'l'hl;;;?al Wotes. Ko,
ey Fahr. sqnure inch. [ clency,
| 7 N $ e LI 1l .
26
— - - - Dowsen producer.
27
i — — — - _
1
]
"al, 1-36 lbs. — — _ —_ 28
Producer gas, 80 cub. ft.
C. 188 29
Anthracite, 1-095 Jbe, - 1. 285 —
Anthracite, 1'02 Iba, — C. 160 - — 30
Producer gns, 157 1. 228
B.Th.U. per cub. ft.
{high).
O, 208 n
—_ — I. 490 — —
inthracite, 0% lb, at . 192
14,6400 B.Th.U.EerIb. _ 1 412 014} -
= 13,200 B.Th.l.
3n
inthracite, 0744 - . 176 -
I. 373




INTERNAL COMBUSTION ENGINES

Modulus
Type of Engine Abnolf te . llognlu-; of Mmoo Presamre
Ko Dlg.e of &uk ) Dimenniops. Poowl:r D?rt::{: of p“-;'.\‘ P o= -;—{ x il .
permtor. L= A * = "
ur_‘w‘m g, 1. per ssquars ioct
___ 1 e s 4 [ @
32b Behmits Ssme. OB08 |LY 180:0
10f2f1908, Lhp 848 2:66 760
Mathot {(211). Bhp, 677 Max. load.
X 10
R (80
3 Schmitz, D 1614 | 00668 |V 1800
28/5/1906, A 2044 Lhp 726 304 645
Mathot (244). L 2302 Rhp 592
X 10
¥4 080
Y 170-0
3 Tangye, D 160 0585 | Lhp 640 340 635
14/9{1903, A 20140 Bhp. str0 according tos ’ i
Mathot (1566). L 230 N 10 disgrams
¥ie o7
N 1740
35 Baechtold, D 1675 | 00538 | Lhp 659 330 vy
2046/1908, A 1948 . It p 52-72
Mathot (240). L 2362 A 10
R o8y
N IKL'8
6 Soest, D 1875 | 0056 | Lhp. T22 333 o
11/2/1904. A 1948 Al 845 :
Mathot (177). I 2243 K 10
i 0755
hY 14070
a Charon, b 140 00527 | Lhp. 2065 7-33 556
5311001, A 1767 Bhp. 191
Mathot (50D, L 238 K 10
¥ u72
Y 1600
38 Sebleicher, D145 Lhp 1279
1892, A 1651 o0k | BAp. 925 343 50
Spangler, L 250 ¥4 20
R 0724
Ry 2120
3y Ktockport, D 155 0024 | LAy 630 0 555
1461901, A 1887 Bhp. 550 acoording Wiy
Mathot (51). Lo 220 LY 1v A% per cent, dingrams
explosions.

H3 (1321



3

DIMENSIONS, CALCULATIONS, AND
Detnila,
Connumpl;::n per P"s_ ™ )
B H.F, howy. Tomperatures TedNIIeN, eTIe,
© | hs, Effi-
tleg. Fab. sqlllr!‘iiﬁ:'h. cieney.
: " S N
Aothrocite, 09610,
Anthracite, 118 1ba, -_— Q. 1k —
[. 2
Anthracite, (-765 1b, . 166
- 1. 243 _
Gas, 145 B.Th.l". per
cub. ft,
" Dowson Gas, 66 cub, ft. — C.108 | 0250
at 153 B.Tb.U. per 1. 282
cub, ft. (high) =
19,080 B.Th.U.
. %h
-_— —_ I. 114 -
Anthracite, 1-32 Tha, —_ .78 —
Anthracite, 1-02 1be., at | Water, 113, I. 314 185
13,006 B.Th.U.perlb. | &3 gallona,
= 13,200 B.Th.U.
|

TESTS OF ENGINES 504
Notexs, Noo
11 ~

2h

43

— h1]

—_ 45

_— Ji
Taylor Producer, En
B a8

- 34




o INTERNAL COMBUSRTION ENGINES
Modlnlus
T of Engine " ofl Ho;lulu;l of Mean Pressure
No, Yo of Test, Dimensions, | p'r":,-.‘,l:e Detaile of B Pw= o x N
prerator. e Fd Tesla, "= Eap. Iba. per sgquare inch.
RV LT
—_ 1 S R I N P i 4
) Charon, 0o Y 152-23
b/3/18Y5. A 1760 [ows23 | Lhp. TT36 192 480
Witz, L 362 Bhp. 6189
X 0
4 080
i1 Deotz, D 1653 N 1887
L5/3{1904. A 243 |wv0sLl | Lhp, 770 29 T80
Mathut (187), FARN -2 Bhp 661
X 10
i (réid
12 Winterthur, B 14567 Ay 1900
LH 11907, A 1668 |06 | Lhp 605 392 635
Mathot (262). L 23n2 Bk.p. 484
X 10
n 080
i3 Charon, DT Y 154+
Haj1497, A 180 jieod7 | Lhp. TT08
Rancial, Lo 2a62 Dh.p, 6163 408 526
F 2:1h
1 (R0
1 Tangye, b3 X 1949
16 E 03, 4 18l joodss | LA, 831
Mathot {125). Lo22v Bhp. G665 293 Yi-0
A 10
i 1]
4 Dents, 14173 Y 1o
TR RLLR A 1580 Joepd5s | Bl 41t M Bh
Mathot (150). Lo 2267 Ithop, a3
X 140
it (rE2
AY 192-0
Lhop. 4905 +76 —
hp 40027
A 1
R rH2
| ,
i Tangye, b1 A L7ues
242 1nd, A i g8 JJ!.‘Jh 186
Marhot (150), Lo 220 Bhrp. 389 439 T8%
K 1-0 K3 per cent
R (GBI explosions



DIMEXNSIONS, CALCULATIONS, AND TESTS OF ENGINES S
Lhetaila,
Consumpkion per Notenw. 1
B H.¢ hour. Temperatures, P;I]‘JP:&;N;& Tl F:Hf:ul oten No.
deg. Fah, nqnare inch. | ciency.
7 § -9 R - |
Town gas, 14-6 culb. ft., | Water, 192 —_ 026 40
at 630 B.Th.U. per|Gas, 427 -
enb. ft. (high) = 9,300
B.Th.U.
Anthracite, (-825 lb., ) Water, G170 Final expansion pressure, 24 lbs. | 41
at 13,600 B.TI.U, per | Breechend, 104| 1. 385 0243 pet square inch
. = 10,800 B.Th. U, | Cylinder, 127
Anthracite, 0-805 b, — — — — 12
Town gas, 1655 cub. ft. — —_ — —_ 43
Water, i35 gallons,
Town gas, 16:2 cub. ft., —_— LTl — 44
at 640 B.Th.U. per I 284 05
cub. ft. (high) =
10,370 B.Th.G.
Anthracite, 1075 1tm, — —_ - 45
Ironlucer gns, at 173 | — C. 144 — —
B.Th.U. per cab. ft, 1. 270
{high).
_ 16
Authracite, 140 1b, - CoT4
| — -
‘Prewlucer gas, at 1295 I. 214

B.Th.U, per cob, ft.

\




06 INTERNAL COMBUSTION ENGINES
Moduen
Type of Engine \ o Nodulu.sl of Meah l?ﬂ-mrr
Nn, D:)t»e "fg:“' Dimengicn. Ap:;}::e D‘.’l-t:;::_d 5:)&';' N o= X% 3]—_
perntor, Lmd ® = A L. v inrh
M= 2000 ¥ per v
_ 1 o __? _ 3 _ 4 13 i
7 Charon, 1878 N 1510
19/4/18:4, A 1490 0444 | LA p. b83
Allaire, L 2362 HBhp, 6¥1b 568 128
X 240
R 09
48 Fetu, b 1378 N 2000
10/9{1903, A %0 w14 | LAp, 460 570 [54¢0
Mathot (158). L 229 hp,. 3507
X 10 95 per cent.
R (80 explosions.
19 Otto-Deutz, D 1575 N 1877
22{5{110)5. A 1048 00406 | fhp 623 376 R1-)
Mathot (223). L 166 Rhp 1985
X 10
R 030
I3 190-0
Lhp, 4073 671 517
Hhp, 2828
X 10 Half load.
R 070
50 Crossley, D o1397 Ry 1660
2511111 9(}{ A 1530 00406 | LAp, 605 B85
Burstall. L 21v BAp. 497 354 accortding to} 4,.,
LY 10 di }
R 082 | 81 per cent,
explosions.
5t Schmitz, I 1578 ¥ 20040
18/4{1904. A 1490 0040 | Bhp 445 45 6825
Mathot (104), L 2126 LY 1
R (80
Y 19240
52 Schmitz, D 1338 Fhp OR2
29/10ft903, A 190 0040 | Rhp 166 412 e
Mathot (161). L o212 N 1-0
R 080
Y 11H3:0
53 Srockport, Do | owes | Lhp, 638 339 824
3003102, A 15440 B hop. H80
Mathot, L2022y 1-
R 085




DIMENSIONS, CALCULATIONS, AND TESTS OF ENGINES

L
|=4
s |

Consunmplicn per
ek hour,

Town ges, 16953 cub.
ft. at G6° F,

Details.

Temperntures,
eg. Fah.

#

Preasiires,
1be. per
squnare inch.

B

Anthrecite, 1107 1bs,
at 14400 B.Th.U.
per b, = 17600 B.
Tb.T.

Apthracite, 0716 1b.

Producer gas, 118 B.Th,
U. per cab, ft.
0il, 040057 1b.

Anthraeite, 1:0 1b.

Producer gas, 120 B.Th,
U. per cub. ft.

Town gus, 1443 cuh,
fr, at 578 B.Th.U,
per cab, ft. = 8,350
B.Th.O.

Waler injected in
cylinder, 0-131 1b.
Cooking water, 236

gallons,

C. 143
I. 344

154

14

149

Water, 7752,
increase,
Gaa, 714,

0308

Waler injection.
Hent 06t to water,

' ,+  exhanst, 0-336,

029,

Anthrcite, 0-89 Ib,
Producer grs at 139
B.Th.U. per cub. ft.

Anthracite, 0489 b,
at 14,600 B.Th.U.
r lb. = 13,000 B.
h.U.

C. 134
I 342

o193

Vaporiser, 0-04 gallons per 1b, of | 62

conl,




a8

Ad

1.

il

[

Type of Engine,
Lhate of Test.
Uperatnr,

Stockport,
12/12{ 1901,
Mathot.

INTERN AT COMBUSTION ENGINES

Otto-Denty,
1X{D{1903.
Mathot {157).

O4to-Deuotz,
147194,
Mathot (182).

Crossley,
2711441903,
Witz,

Schmitz,
26871902,
Mathot (#2)

Niet,
L1800,
Wite.

Stock)ort,
31fL0jE02,
Mathot (935).

e

Vietalls of
Testa.

4

ki 1900
Lhp. 847
Bap, 550
ry 1+
R r@5

¥ 1960
Lip. 543
Ihp. Adb

A 10
R 080}
A3 1866
Bh.p, 355
X Tt
R [13]]
Xy FHAD
Hhp 434
K 10
R (RO

Y 16336

Lhp 430
Bh.p. 3805
X 10
I 8R4
AY 195:0
Lhp 604
BH.p. 183
N 10
" (14
Y 2134

Lip 5
oA p 4602
N 10

R 046

A} 2100
Lhp. 650
Bip Hlw
K 1v
Hi (17 ]

dulus Mean Presaner
1 1
"Ry P = 7 % i
Ll ¥ W 1w, per square inch.
n L
343 853
N per cent.
explosions.
+i 240
i 613
433 ]
29 25
490 per cent. | according to 1 FreY
explosions, | diagrams | ''°
104 86+0
M per cent,
explosions,
163 Tird
+12
Hii

93 per cent.
explisions,




Consunption per
& H.P. hour,

-Town pas nt 32° F.
158 cub. ft.

1
i Town gas, 16-6 cub, ft.

| Anthracite, 111 Ibs.
iPreducer gas, 126>
B, Th.U. per cab. ft,

! Town gas, 151 cab. £t
at 540 B.Th.U, per
cub, £t (low) = 8,149
B.Th.U.

| Town gas at 320§

21-45 cub. ft. at 565
1 B.Th.U. per cub. f1.
|o= 12,100 B.Th.U.

|

| Town gas, 180 cub. ft,

''Town gas, 155 cub, ft,,
at 3.5 B.Th. U, percub,
ft. = 4,900 B.Th.U,

-Town gas at 32° F,

DIMENSIONS, CALCULATIONS, AND TESTS OF ENGINES 308
Dietailx.
Notes, Kn,
Temporatuses, Plr;ssum, Thé‘fra‘:'“l
dex. Fab. uqnssr‘elﬂi!ﬁl;h‘ cienrey,
8 o 10 1 e
- . BGT5 - —
1. 295 o4
55
- C, 136 06 —_ —
1. 284
— C. 138 0310 —_ b6
L 314
- — 0-3uR —_
b7
_ - 0207 —_
U121 8
— I. 284 —_ —
Water, 159 [ i ] 0255 | Heat lost to water (+216 59
1" » Iriction 1141
— Lo - - 0
I. v

180 cub, L,




a10 INTERNAL COMBUSTION ENGINES
Modulos
Type of Rngine Abooo{ " Modulns of Mean Presvure
No|  “DateofTest. | Dimensions. Power |  Dgialls of e Pmo= g ox g
Perator. Lud " =i .
M‘?\lm B.hp lbe, per squar inch.
1 2 8 4 B 5 8
61 Winterthur, D 378 Y 1920
22{3{1905. A 1490 00362 | LAh.p. 5545 +4 81+
Mathot (215). |L 2075 fhp 4353
X 1-0
B 078
N 192-0
Lhyp 698 401 BI7
BAp. 4788
K 10
R 0-80
62 Teating-shop, D 128 X 199-0
Onghena Works, | A4 1246 00328 | LAhp. 5812 20 885
GRS L 2086 Bhp, 473
Fornier. Ly 10
n o081
Y 200:3
Couckelacre Lhp b554h 48 &4'5
Electricity Works Bhp 4463
(figures given by A b0 | Max, load =
makera). ¥ 14 080 | Bhp 493
63 Tangye, P 125 ¥ 1800
12{711906, 4 127 00326 | Lh.p 3495
Mathot (246), L 210 MAp. 2796 5147 5825
K 10
R 080
L ] Winterthur D 128 AY 1940
{Soc. d’Anzin), | A4 125 00318 | fhp. BT6
22/10{1908, L 1948 B.h.p. 3005 645 609
Mathot (252). K 10
R 80
4] Btockport, D 130 Y 220:0
{41900, A 1327 00318 | Lhp. 637 438 910
Mathat (33). | L 190 Blp. 502
Iy 10 94 per cenl,
F{4 U718 explosions.
a6 Otto-Deutz, AR X 2020
LE/6/1904. 4 1490 | 00311 | Thp, 382 f1v
Mathot (200), |1 168 Hhp 31 §41
A 1-0
R 0-82




IMMENSIONS, CALCULATIONS, AND TESTS 0) ENGINES sl
belails,
[ £ -
[ S, bt | Temperatures, | Petonurea, | Thermal Notes. o
) ' 3, per -
| tleg. Fah. spuars ineh. | cleney,
] 7 8 U LU R LU 14 _
| Anthracite, 0-694 lba. —- - — 61
| C. 142
Producer gas, at 144 1. 356
B.Th. U, per cub, ft.
,I Analysis:—
COo; T4
LU
€0 240
H 1&7
N 524
Town gas at 32° F., - —_— — — 62
299 inches mercury.
20 cub. ft. at 355
B.TL.U, per cub. ft,
= 11,130 B.Th.U.
Anthracite, 0'81 b,
G3
Antbracite, 1-11 1bs, — —_ —_ _
l
P
I — — .
Anthracite, 098 1b, — - _ — 64
Producer gas at 1345
«  B.Tb.U. per cub. ft,
I
- —— —_——- —_
Town gas. 156 cub. ft. — .7 -— — 65
l 1. 400
!
I
Anthracite, 0-833 1b. - ¢ 148 — - a6
! Producer gas at 15 I. 384
I B.Th.U. per cub. ft,
l ¢high).




al2

No.

67

63

69

INTERNAL COMBUSTION ENGINES

Modulus
Type of Engine ! Al)aﬁute Hoﬁd;.::; of Hean Pnuul“w
JIr'}at«a of Test. ' Dimensivns. |~ power D%t::::o( Ky e I Tre
Operator. Lor A =B 1bs. pr square inch.
Mo s
| ALY
1 _ 2 _ & 4 _ 5 o
Tangye, D o125 | X 2100
1B/3{1902, A 1227 00306 | Fhp. A8 461 810
Mathot (76). L 1984 Bhp 455 Poaccording toy .,
Fy 140 95 per cent. diagram=  ; ~
ft 43 explosions,
SBoest, D 1225 ¥ 1800
30/3/1105, A 11786 | 00305 | Lhp, 4796 495 £20
Mathot (216). | L 20 B.p, 3337
X 10
R 080
Bollinckzx, D 118 Ay 1960
6411907, A 1095 00286 | Lhop, 3779 G621 A6
Mathot (258). L 2067 Bhp 3104 according to ) .
A 10 dingram f
it 0K
hY 1842
Lhp. 4168 520 85
Nap. 318 Max. iond.
A 10
R 083
n o118l Ay 1774
Diesel. A s 0028 | Jh.p 492
{1900, L 118 Bhp. 8945 +5 955
Meyer. pL89) & g- X 10 according 101 .,
1307]® E] R 031 diagrams ;
By 18141
Fhp 3052 60 73
Rhp 3017 acconding to} ...,
ry 10 diagrams § ~
n 763
Ay 1833
Lhp. 2502 452
Hhp 1526 12:0 acconding tot .. .
K 10 diagrams |
i 1061
Robey, hH 1232 | AY 1770
14/1/102, A 1190 ' 00272 Fhop 417
Matbot (73), 1L 1811 Bhp, 355 50 550
LY 10, 96 per cent,
i C R ¢85 ! explogions,



|

|

DIMENSIONS, CALCULATIONS, AND TESTS OF ENGINES 313
Detniln.
] C(.mmlmpltion per | b Pr Th | Wotei No.
R’ELF. hour. | Temperatares, . FTVAUres, ermal -
* b Eth-
deg, Fah. Isqnaro;i:tr‘h. cleney,
T 4 | Ll n 11 —
: Town gas, 166 cub, ft. — .7l — — 67
: roLL 299
i
Aunthracite, 0845 b - —_ — — o8
Anthracite, 092 1b. - — Water evaporated per Ib, of fuel, | 69
t Producer gas at 126:5]  Water, 152 . 142 0071 gallon (*7 1bs.).
B.Th.U. per cub, ft, L 290
(il 0009 b,
|
| C. 142
| Anthracite, 0834 b, 1. 358
|
 American  petroleum, — — — — 0
0796  deneity, at
835° F. 0478 1b.
0 446 1b,
:
0567 1, |
| J—
C.5wT - Lil

Town gas, 23 cub. ft.

I.C.E.



INTERNAL COMBUSTION ENGINES

Modulua
Tepe of Engine Ab?: e llodulunl of Mean l:reasuh;.
No.y  Date of Test. Dimensions, | Poser D"T":::;_"' d;»;‘\_ Mnos g x e
Operutor. o IR ®= p Lba, per scjuare inch
T S
1 2 il 4 5 0
72 | Klectric Conatruc- | D 120 hi 2144
tion Co., A 1131 00271 | Lhap. 134
RI5{1905., L 190 Hhp 3586 602 736
Hal Willinms & N 10
Bridges. J 14 0-82
i3 Niel, D o1-st N 17580
] 22/1/1896, A 1005 | 00261 | Lhp, 275
Stapfer. L 189 Rhp 220 809 HES
X 10 43 per cent.
R >80 explosions,
i Winterthur, D 122 N 2140
31171902, A 1168 00261 | Lh.p. 390 708 667
Mathot (96). L 1r Dhp 312 according to1 g,.-
X 1-0 82 per cent. disgrmms |
R 0-80 explosions,
™ Deutz, P 126 X 1963
22{2{1904, A 1245 0260 (| Lip, 329 746 635
Mathot {179). L 1es3 BAp 263
¥4 (MU
¥ RO
76 Blockport, D 120 o 196:0
13/12/1902. A 11¥1 00257 | Lhp 423 564 B2 3
Mathot (100). L 180 Bhp 7
ry 10
i (F-5
77 sSchmils, D 1185 LY 200+0
71111903, A 11070 0025 | Lhp 344
Mathot (162). | L 180 Bhp. 2025 95 H B
A tu
n w7y
N 200-)
Bhp, 2876
78 Fetu, b 1o Ry 200-0
TE10:180]. A B QU047 | LRy 312 s B3
Mathot (61D L 26 b p. 250
A 10
it [t




E
|

|
]
|

|

|

i
|
l
|
|

DIMENSIONS, CALCULATIONS, AND TESTS OF ENGINES 315
Detaitn.
| . —_— - — R
H Consnr ption per Notes, No.
) B9, hour. Temperntires, Pﬁ::ug:, Thém?n] Oles, Ne.
deg. Fah, squaze inch. | cleney.
T 8 8 10 o _
72
| Anthracite, 0-803 1b. — — - - -
73
Coal, 1705 lba, - — —_ —
| anthracite. 07 b, at - C. 114 - it
- 14,000 BThU. per I. 370 0-253
1b. = 9,570 B.Th.U.
) Procducer gne at 187
1 B.Th.U. per cub, ft.
i' Prodaocer gas, at 1365 - . 132 — —_ 15
B.Th.U. per cub, fi, L. 210
Town gas, 18 cub. {t. — C. 995 — — 76
I. 887
17
- Anthracite, 1053 1bs. - C. 159 - -
' 1. 308
Town gas, 177 eub. ft. C, 1665 0250
at 563 B.Th.U, per I. 363
cab, ft. = 10,000
B.Th.U.
‘Town gas. 23°15 cub, ft. — C. 1 - 78
1, 220




516 INTERN AL COMBUSTION ENGINES
Modnius
Tepsof Engine A lm?){ e . llogulus of Mean lenn-
No. ‘Date of Test. Dimensions. | “Power D%‘;'tl:_“ ‘*‘11'\. Pr= g x T}T
Operator. w=Lr4] "= Ehp. 1bs, pet syuare ineh,
a0
_ 1 2 k] _ 1 5 i
79 Winterthur, D 118 y 20000
H10: 1903, A 1ved 00245 [ Lhp. 388 641 i
Mathot {160), L 117 Bhp, 312 according to ) .. -
X 10 disgram ‘77
R 081
80 Benier, D 118 RY 14718
121804, A4 1093 00239 | Bhp, 1479 20702
Wiiz, L ars X 20
X 150-79
Lhp, 206 3T
Bhp. 1459 20066
X 20
R 053
8l Koerting, D 182 N 1900
1T 1903, A 920 00237 | Lhp. 200 879 590
Mathot {164). L 203 B.h.p 216
K 10
I 080
a2 Tangye, D 110 N 186:05
20/9:1905, 4 950 o024 | Lhp 368 622 B3
Mathot (234). L 200 Lhp. 2087
X 10
n 81
83 Charon, D 1141 y 1645
15201848, A 1029 0023¢ | Thp. 174 11+79 LT
Lemerle, 18t Dhp. 1395
Ly 10
R 8o
N 1790
w4 Charen, n 1140 Lhp 167
1713112, A ¥ 00228 | Bhp, 130 13-77 358
i Mathot (73). L 190 1y 10
' Pl g3

L




DIMENSIONS, CALCULATIONS, AND TESTS OF ENGINES 517
Details.
c ti 3 .
Coir houry Teinperatures, P]Nutlul‘el, Th;mrmal Noter. o
deg. Fah. uquure};::h. clc:nc.y‘
7 8 9 10 11
Anthracite, 092 tb., at —_ . 152 0201 — 79
13,700 B.Th.U'. per I, 292
lb. = 12,700 B.Th.U,
Coke. 1,655 lbs,, at —_ —_ 128 — 80
12,250 B.TILU. per
1L, = 20,030 B.Th. .
FProducer gas at [46°7
B.Th.UJ, per cub. ft.
Chigh).
0Qil, 0-0286 Ib,
Anthracite. 157 ibs., at 0110
14,400 B.Th.U. perlb. Water, 140 C. 645 Heat loat to water, (*263
= 22,650 B.Th.U. Gas, 570 I. 103-3
Producer gas at 12490
B.Th.U. per cab. ft.
(high).
Water. 12-3 gallons.
Anthracite, (805 1b, — C. 57 0-230 —_ 81
at113,4530 B.Th.U. per 1. 356
1b. = 10,850 B.Th,U.
0Oil., (0064 ib.
Water, 10-2 gallons,
Anthracite, 07 1b. = | Water. 122 C. 1565 0-238 | Water cousumption, per ib. of coal,; 82
10,500 B.Th.U. Gas, ¥60 1. 340 009 gallon (U4 1bs.).
Producer gas at 146 Heat lost to water, 0-338
B.Th.LU. per cub. ft. » w ezhauat ]
radiation and > (r420
generator i
| Riché gus, 28:3 cub. ft, — —_ — — 83
1
!
| S
Anthracite, 095 [b, — C. 105 —_ — R4
, Producer gas at 136 i. 310
B.Th.U. per cub, ft.




518 INTERNAL COMBUSTION ENGINES
Modalua
Type of Engine. Ah:lr e !!ogulun of Mean P;rulml'e
ki te of Tent, DHmensions. po..:, D%::{:_of pﬁ o= g oxgn
Uperator. u‘ﬂ.“ "= ERp Tha, per mynare ich
M ER00
1 2 I T U 5 @
f5 Winterthur, b o114l AU | -1
111901, A 1020 00223 | Lhp, 203
7 L 17 Bhy 238 83 £60
Ly 10
R 80
86 Forward, D 107 X 180
10{1/1901, A 800 00228 | Lhyp. 456
Mathot (77). L2011 f.k.p. 387 500 93
. 1'v
n 085
u7 Forward, D 1 R 1900
1/8/1900. A lSame. | 0208 | Lhp 371 £9-0
Mathot (37). | L} by, 298 637
K 10
R 080
88 Mennig, D il N 180
H1111907, A 950 00228 | Lh.p. 851
Mathot, L 190 Rh.p. 281 662 LI R
A 1-0 85 per cent.
R 80 exploaions.
R) 1950
Lhyp, 366
B p w0l 65 {10
K 10 90 per cenl,
¥4 rE2 explosions,
89 Schmitz, D 1 Y 201-7
15/4f1904, A 950 00228 | Lhp. 294
Mathot (184). | L 190 if.}:.p. 244 826 623
Y 10
R 83
90 Charon, D 110 RY 184-0
3711902, A 950 00228 | Lip. 197 1165 463
Mathot, L 190 Bhp 168
Iy (K]
R 80
n Dudbridge, o Ay 181-0
25151903, A 950 00225 | Lhp. 402 529 470
Mathot (139), L 186 Rip. 342
A 1-0 94 per cent,
R 85 explosions.




DIMENSIONS, CALCULATIONS, AND TESTS OF ENGINES 519
Detaits,
l;u;?;i:;lr?ur Pressures, | Thermal Rotes, No,
Temperatures, the, per Ef. .
deg. Fah. square inch. | ciency.
v 8 9 10 11
ileobol + 50 per cent. — —_ Maguneto ignition. 5
Benzine ; 0°78 1b. Watcer, 162 & 8
Town gas, 175 cub. 1. — -_ 0-227 - 86
at 630 (high), 595
flow), B.Th.U. per
cub. ft, = 11,050
B.Th.U.
Town gas, 18°23 cab. fr. —_ .71 — _
& 1. 358 -87
Town gas, 155 cub. ft. - C. 926 | 00295 -_— 88
at 32° F.; at 3556
B.Tb.U. per cub. ft.
= 8,670 B.Tb.U.
Benzol, 0515, at 17,930 0280
B.Th.U. per lb. =
9,000 B.Th.U.
Anthracite, 0°99 1b, — C, 138 —_ —_ 89
Iroducer gas at 154 I. 230
B.Th.U. per cub. ft.
{bigh).
- - — — — %0
Town gns, 1825 cub. - C. 71 0233 - o1
ft. st %0 (high) [. 300
B.Th.U. per cub. .
= 10,750 B.Th,U.




INTERNAL COMBUSTION ENGINES

520
| Modnloa !
Type of Engine. IAI o{ o . Mo:;ulm of Mean Pi‘reml:rr
¥o Date of Test. Dimensionn. *prer D".IE:I:}‘_‘;_"T e M= g xR
Operator. Mol xA M= BRp. 1be, [ee1 sqmare inch
FY2000)
o i 2 3 4 5 &
32 Dudbridge. D 110 AY 1960
25/1/1903. A 950 o 00225 | Lh.p. 40 i
Mathot. I 186 Rhop 347 563 900
ry 10
¥4 085
93 Rober, D o R L
S5l411900, A 630 021G | Lhp, 2000
Mathot (32). L 180 Bivp. 160 1134 2
X 10
R O-8C
G4 Charon, D 1no N 1425
9/6/1892, A 90 002125 La.p. 3033
Modelski. L 177 T | BAp 2783 1024 EERL
K 20
R 2
9% Hugon. D 180 X 530
T{2/15866. A 1327 0211 | Lhpo 25T 2608 22-8
Tresca. L 126 Bhp, 207 according to) ‘,3 1
K 10 disgram
R 80
96 Crossley, D 15 X 1640
3121893, A 10387 | 0021 | Lhp. 20016 10077 580
L 180 Bhp 1522 according to) .y,
Yy 10 78 per cenl. disgram
R 0753 | explosions,
97 Winterthur, D 1o AY 2040
30/10{1903. A w0 | 00204 | Lhp. 281 906 66-%
Mathot (134), L 1693 Rhp. 2F5
X 10
R 0-80
g8 Globe, D 100 AY 1800
2321201 A TE54 | 00198 | Lhp. 208 10-84 8745
Mathot (48). L 2un B .lr o 166
Iy 10
R 50
90 Altmann, 211 A 2004
1894, PA s 00189 T Lhp 11 14-32 ass
Schiteler. L 1575 By 121
A 140
I 050 |




DIMENSIONS, CALCULATIONS, AND TEST3 OF ENGINES 521
. Details, |
. Con i . b
! onn.“:llr.':sll:oozlr.‘“ Tem Pressures, | Thermel ! Notee. No.
perntures, 1bs, per Em. !
i deog. Fah., square inch. | ciency,
| ki 8 ] 10 [ 11 _
92
Town gas, 154 cuh, ft. — — _— --
Town gae, 22*5 cub, ft. — C 37 — - 73
1142
Anthracite, 132 Iba, — - — - a4
Town gas, 162 cub, ft,
Town gas, 92 cub. ft, Water, 1075 -_ —_ - 95
Gaa, 3670 L 427
(.‘Oﬂl, 1'R65 lbe. —_— — j— - oG
Mixed gas, 74 cub.ft. at —_ — 202 — ay
1659 B, Th.U. per cub,
ft. = 12,400 B,Th.U.
Petrolewmat 810density — C. 285 — — o8
= 075 1lb. I.2280
_
Petroleum, 0-95 1b. — — — - 99




522 INTERNAL COMDBUSTION ENGINES
Modulus
Type of Engine Ah::{ e . Mosrlnlu: of Mean Fressure
No. (};e of t‘l‘;eat. Diiwe paions. pow:.- D?l%::ff pei"N =75 xy,
TRLOC. Lx A "= .ﬁ.h._. .
M'?‘J’MJ P 1be. peer square inch
- 1 2 3 4 5 4
100 Winterthur, b 106 AY 200:0
416{1402, A 887 | 00189 | Lhp 274 873 i
Mathot (85). L 16 Nhp, 229 accerding to} ..
X 1-0 96 per cent. disgrams |
n 082 explosions.
101 Tangye, D 1o N 190-6
16{1/1903. A T84 (001885 | Lhp, 314 680 Ll
Mathot (124}, L 1o Bhp, 211
LY 10
R [Ig:t:
102 Tangye, D 100 N 2180 !
23{2{1902, A T854 (001886 | LA.p AET |
Mathot (74). L 190 Bhp. 295 739 | a0
X 10 94 per cent. |
R 085 explosions.
103 Tangye, D 100 N 2013
/1902, A 7884 |001885 | Lhp 367
Witz, L 1yo Bhp, 8206 626 967
X 10 92 per cent.
R O87 cxplosions.
14 Tangye, D 1o Y [RUA
26{9/1905, A 1854 001885 | Lhp, 238 985 636
Mathot (232). L 140 Dy 2] aceording te | 5
K 10 | 849 per cent. diagrams 1’
R 0888 |  explosione.
N 1976 18-1
Lhp. 149 404
Ihp 109 Half load. ncconling to I| 5
A 10 | 54:5 per cent, dingrams
n 0-7271 explosions.
105 Tangye, D 1082 Ry 190:0
$1/1/1905. A 920 |00238 | Lhp 270 874 760
Mathot. L 203 Rhp 218
1Y 1-0
fid 080
HIL Tangye, D 100 ¥ 18(ry
5/10/1901, A 7851 |00178R| Lhp 2005
Mathot, L 181 Bhp 184 1097 520
A 10

It

o8
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DIMENSIONS, CALCULATIONS, AND TESTS OF ENGINES
Details,
SRR | reppurm, | e | T Nt
deg. Fab. aquar.er;;cll. ciency.
T R 2 10 . n o
Town gas, 13'6 cub. ft. at — -
595 B.Th.U. per cub. 0309 | No load consumption, 925 cub. ft.
ft. = 8,100 B.Th.U, »  explosions, 22 per cent.
Town gre, 178 cub. ft. bl -—
at 40 (high) B.Th.U. ¢, 8535 | 0219
per cub. ft. = 11,450 I. 3130
B.Th.U,
Town gas, 154 cub, {t. C. 80
L. 3080
Town gas, 17-2 cub. ft., | Water, 149 C.100-0 | 0241 | Heat lost to water, 0353
63 B.Th. T, per cub, Gas, 470 1. 8740 w » exhanst, 0230
ft. (high) = 10400 . . friction, 0136
B.Th.U. . »  radintion, 0-042
Anthracite, 3 lb, = | Water, 115 —_ 0231 Waotereva-
11,000 B.Th,U. 0-138 gallons, full Jond }  porated
0152 ,, halfload’ per 1b,
l of fuel.

Anthracite, 0°921b, =
13,650 B.Th.U.

Water, 45

Town gas, 21°5 cub. ft,

0192

Henat lost to water, 0304, full;
0217, half.
Heat lust to exhanat } 0467, tull,

radiation . _
generator | (1590, hail.

T "

" "

No,

100

101

102

103

104

105

106




324 INTERNAL COMBUSTION ENGINES
Modulun
Type of Rngine of . Modulus of Menn Prewaure
No. Date of Test. PDimensions. A]E:?,lé.l: ® D!fl‘l:;l; of :’Pef;} v Pas< 5T
Operutar. yra kA ’ R = Hhp Iba, prer syuar i
TEIO0) :
o 1 4 3 + 5 "
107 Stockport, D 10 Ry 220-¢
80{7{1906, A 7854 | 001783 Lhp, 294
Mathot. L 180 Bhp, 2332 943 30
K 10 87 per cent.
R 080 explosions.
X 22000
Lhp 838
Bhp, 2172 793 &9
X 10
R 082
108 National, D 100 N 1800
7/81908, 4 7864 | 001785 Lh.p. 240
Mathot (152). L 180 Bhp 1836 o8 &1
X 10 9% per cent.
R o3 explosions,
»
109 Schmitz, D 1028 N 2060
28/6/1907. A 825 | O0MT1 { Lhp 2225 119 62
Mathot (259). L 166 Blp 1738
X 10
¥ 78
X 2050
Thp 2475 10135 [
Bhp. 198
K 10
R 080 Max, load.
110 Btockport, D el X 208-¢
1131904, A T¢66 | 00169 | Lhp. 91°2 03
Mathot. L 11 Bap, 250 832
K 10
R 080
1m Dudbridge, D 975 X 180-0
13{1{1903. A T68 | 00166 | Lhp. 268 803 1Sl
Mathot (127), (L 173 RBhp, 224
K 10
R 083
112 Banki, D 88t | 0VI5] | Y 21440
1849, 1 760 Lhp 8212 836 e gn
Mathot. L 137 B.hp 237 according to] 2
X 1-0 82 per cent. diagrams |~
R (80 explosions.
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Detalls.
Ci ti : .
OT:;I:‘;»?!:?(]::I.”T Temperatures, Pmsum*, n‘é}:ﬁnal Notes. So
deg. Fah. S(|I.'Ial:eri::'!l. ciuuc-y.
P [ 0 10 11 _
— — — —_ 107
Anthracite, 0°82 lb.
Proclucer gas at 1335
B.Th.U. per cub, It
Town gas, 177 cub. ft.
Anthracite, 108 lbs, at — o7 — 108
13,900 B.Th.U. per . 865
b, = 14,730 B.Th.U. I. 2920
Producer gas at 120
B.Th.U. per cub. ft.
— -_— - —_ 109
Anthracite, 106 lbs.
Town gas, 184 cub. ft. —_ — —_— - 110
Town gas, 160 cub, ft. — C. 810 — - it
I. 3640
Benzine, O 70 density, - 2840 198 pH.P. =537 b [ 112
v 508 (b, 1. 3iv0 Benzine [13:93 ,, =040
consumption’} 672 ,, =usf
o loak =3125,,




526 INTERNAL COMBUSTION ENGINES

Modulus T
3 of Moduluy Mean Presaire
Type of Engine, ;
Xo. pt:"o"f_;_lf;{:e Dimengions, Am:}.? Do#ﬂ:.or SW’:}N Pm o= 1 x_;._
Operntor, LxA n= BAT Ibe & ek
M= AT . per siuare ipch.
TV
1 D B B B r. _ @
113 Giildner, D ey AY 20T
! A 760 00151 | Lhp. 39 1100
schritter. L 1573 X 10
Ry 2145 Mazx. load. 1145 ;
Lip. 3V7 !
AY 2199 Half Ioad. 64-0
Lhyp 210
LY 2204
Lhp. 448 132(2)
Blp. 336 62 dednced from figures
A 1-0 given by Sehriteer, but
R 0HD extremely high,
114 Diesel, D 984 001505}V 1718
17‘;2{1897. A 760 Lhp 2785 864 1030
Schritter, L 1567 BA.p. 1987
ry 10
Fi4 72
116 Horosby, D 100 N 2300
21{6/1894, A st 0049 | Lhp, 102 2715 295
Capper. L 150 Bhp. &84T
ry 10
i (. %}
116 Otto-Deutz, D 1063 A 1770
1895, A BB5 [00162 | Lhp, 1721 12-15 850
Meyer, L 143 Bhp 1456 according to} o0
X 1-0 dingrams
R -85 | 99 per ceut.
explosivns.
117 Brouhot & Co., D uis RY 20830
1902, A 70 00130 | Lip 204 BR-1}
L 17 Mbp 16 12-32
X 14
P 80
ils Avme, F I U RY 2040
1904, A Fess (00144 | Lhp 103 350
Mathot, L 160 Ihp. w3 24°37
A 10
R 1-4e)




DIMENSIONS, CALCULATIONS, AND TESTS OF ENGINES

Y.

Conanmplion per
B.B.P. hour.

7

Town gas 10°5 cub. ft.
at 560 BTh U. per
5,420

cub. ft.
B.Th.U. per
11-5 cub, ft,

B.Th.U.

I.H,P.,
= 6,470

B.Th.U. per L.H.P.

Anthracite 0735 lbs.

(half load) 1'11 1ba.

per LH.P.,
13°23 cub, ft, = 7,500

Detalla.

Temperatures,
deg. Fah.

Prensires,
1bs. per
square inch.

&

Thermal
Erhi-
cieney,

10

Notes,

11

C. 114

Petroleam 0-789 density
U-545 1b. at 19,800
lb,,

D.Th.U. per
10,800 B,Th.U.
Water, 14-25 galions.

Water, 72
Gas, 760

0127

0390
0-339

0242

Cualculalions made on 1.H.P. :
Heat lost to cosling water = 0-332
" . exhauet = 0241

Heat loat to water = 0-3%0).
exhaust = 0-273,

1] "

Petroleum, 0:824 den-
per
18.550
B.Th.U. perlb., 4,970

537 1b,
at

sity,
I.H.P.,

B.Tb.U. per L.U.P.

Petroleum, 0082 1b,

Aleohol + 50 per cent.
benzine = 0-3121b.

0251

Per LH.P.

Gas, 1,300

0196

Heat loat to water, 033

" » exhaust, -450

No loal consumption, 5+7 Ibs,

Ko.

113

114

116

116

nq

118
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INTERNAL COMBUSTION ENGINES

| .
i Modnlus
of

I| Tepe of Engite. S )Iodulm; of Mean Pressure
No, “Date of Teat. DHrnensions, Po:: ll:\'; : lk?ilit‘of 1 5]‘:“_\' P m 3o -ﬁ'ﬁ'
[ Lperator. ke I =B Ibs. per syuare inch,
BT TH ]
1 2 H k] | ] ' 5 [
T
II‘! Socié1d de Vierzon, | 2 985 ¥ 2190
! 15497, 4 T¢0 ouldd P LAp. 112 3525
L 1530 | Bbp 90 2433
& 10
. i 080
120/ Westinghouse, |D 110 ! | ¥ e
15/ 11, A 950 44 | RiTS 128 871}
l Mathot ¢235). L 120 I B ?: p w2
30
[ ’ R [ 2.]1]
_l - |
21 Brouhot, 5 Y 1807
1901, A T0RS | 0ldl | LAp 2001 11-21 T
L 1575 P Haep, 1611
- K 10
/1 rso
. |
122 haren, 9o Ay 160-0
THI19, A 636 U01325 ¢ Lhp. 25 - 1145
Coste, L 163 Hhp. 2000
X 1
| /g 1. (]
123 Bollincks, I %0 AY 2160
12{2f1005, A 636 U025 | Lhp 1987 143 H
Mathot (228). |L 168 Hhp. 131
A 10
I n 080
S JSUUN— — E :
124 Catteau, D 50 v 27
1903, A €34 V01445 T h po 210
Witz. L 1580 Bhep 1T48 11-82 57
A 10
I (-]
) I
125 Crosley, | D 83 "y e
| 1592, LA 56:7450 00128 Lhop. 1332 14:34 675
l Capper. L 180 VRAp 11483 according to ¢ 19-3
! & 1v diagrama
. 1 [UR U
: ! | |
i | .
- — 1 —— ' _
126 | Crossley, (D8 lx 121
1 TN, A BB T 2y fhop 1297 65-0
Capper. Lo1so ' n Ap ez 1 1441
! . 1
I R 0xo




1

|
i|

|

DIMENSIONS, CALCULATIONS, AND TESTS OF ENGINZS 529
Detalte, i
Con tion : :
;'l:‘n:’pho“r-per Temperatures, Plr'::aum, ‘l’hneanal | Hotes. Ho.
deg. Fab. sqnm'tpﬁ:‘ch‘ clency. 1
T 8 9 w1 1 _
Petrolenm, 0885 loe. —_ - — I — 119
';
— — — — Three-cylinder vertical engine. 120
Alcohol 4 30 per cent, - -- — | Tube ignijtion, 121
benzine = 084 b,
— ——— ; _—
Town gns, li4 cub. -_ - - — 122
fe. :
i
1
i
!
— - ¢4 - - 123
1. 370
Town gas, 13 cub, ft.at — C. 183 237 | Electric ignition. 124
650 B.Th.U, per cub.
ft. = 8,600 B.Th.U.
f
Town gas, 24 cub, ft, 125
Water, 140 l. 226 (0228 | Hent lost to water, 0389
w w» exhaust, 0-405
Town gas, 25'8 cub. ft, - — Heat lost to water, 0-443 (including | 126
at 600 B.Th.U. per 0161 friction),
cub.flélow), = 16,600 Heat lost to exhaust, 0-347
B.Th.U.

L.C.E.

MM




530 INTERNAL COMBUSTION ENGINES
Modulns
Tepe of Eng‘ine h:of ) Modulus of Mean Pressure
No. Dhte of Tes Ditnen~jons. Apo,:::e D‘:r‘:;ad Bpﬁ:{ =% X3
Operawr \- Lxd "= A 1bs, per square inch.
AT
1 2 3 4 5 4
127 Lenoir, D 90 Y 1600
24,5/ 1880, A 636 (001265 Lap. 188
Hirsch, L 1595 hp 16-13 19-83 487
A 20
¥4 040
128 A 1#9:0
Altmann, D 90 Lhp 12
1894, A 838 (001265 B p. 816 22-18 33
Behottler. L 1575 K 10
&It 0-80
129 Midland, VI )] Y 2200
101111901, A 636 001285 LA p. 163 B h
Mathot, L 1440 Bhp 130 16-92
.y 10
R 050
130 Htockport, D % N 202-0
TOR1902, A 63 00120 | Thp. 233 10-86 930
Mathot (32). L 140 Hhep, 184
ry U | RE per cent.
n ¢80 explosinns.
131 Hille, Db 566 X 2o
131997, A B0 CoNT [ Lhp 114
? L 1575 fHhp 9l 2637 400
A 10
Fis (OS]
132 Gorton, n 95 ¥ oy
24311901, A T083 | 00116 | LA 228 ! G50
Mathot (47). | L 130 Bip. 183 16-39
A 10
¥ 050
;33|  DPollinckz, |D &2 voooeo | —
2006; 19, A 3345 GOLLY | Bhop 1|r06 | 13-44
Mathot {202}, L 165 K 1
AY 2180
17i12,1903, Lhop 1007 875
Mathot (175} Name. Bhp. 122 1787 according to } -,
K 10 807 per ¢ent. dingrams | °
i 073 ' explosions.
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Detulla.
Consumption per Noten. b
B8 F. hour, Temperatures, P]rg:tn;::n, 'l‘hégoml No.
| deg. Fah, aquare inch. | ciency.
7 E 9 o 11 -
Town gas, 21 2cub. ft.at — . 856 0198 — 127
£96 B.Th.U. per cub. | 390 By
fe., 12,620 B.Th.U.
¢ t__
Petroleum, (797 den. - - TR ) — itk
sit¥.0'83 [, at 19,35¢
HThU. per 1b. =
16,150 B, Th.U!,
i —
Town gas, 22*4 cub. ft. _ — — — 129
I
!
— —
Town gns at 32° F, —_ C. 121 —_ — 130
' 20 235 cub. ft. 1. 435 [
(
|
Petroleum, 1-25 Ibs. — - - - f 181
—
— - c. 5 - - 132
1, 200
i —
Town gas, 187 cub. ft, — — v2dn | -- 133
at 5%7 (high), &3x .
(low), B.Th.U., per 1 f
cub, ft, = 11,000 g
B.Th.U, | |
Anthmeite, 0-99 1b. ¢, 150 ,' |
Producer gas, 127 I. 343 i
(high) B.Th.U. per ! .
cub, ft, { i




532 INTERNAL COMBUSTION ENGINES
: lluli?lus Modulus of " Preas
of Engios. 1 o ulus of ean ure
Yo.| ieof Tat Dimennions, | *peorute Detalte of . Pr= g x T
Operator, .‘ yatxA il % 7 1ba. per square inch.
k. LLL
_ 1 | 2 3 4 5 6
134 Tangye, D 0 R 2000
171{iv02, A H026[ 00108 | Lhp, 178 1324 810
Mathot (71). L 170 Bhp 154
X 14} 95 per cent.
R 083 explosione,
135 Tangye, D 80 Ry 20000
28{7{1903. A 502600108 | TAp. 178 813
Mathot (131). L 170 Hhp 143 1393
A 10
R 080
136 Tapgye, n 80 Y 2160
15/4/1403, A4 5026 00108 [ LA.p. 154 710
Mathot (132). £ 170 Bhp. 140 15-48 according tol 767
F.\ v diagrams ) '° '
R 085 | 892 per cent.
B explosinna,
137 Tangre, D 80 N 2120
6{3/1907. A 8026 000108 | Lhop. 2012 1318 R50
Mathot (257). L 170 R.hop, 1810
LY 1) 89 per cent.
R 082 explosiont.
138 Tangye, D FigH X 2251
26,9190, A 8848 | 00777 | Lhp 1125 249 710
Mathot {230), L 18v ip. 02 according to ¢t 4, .
A 140 958 per cent. dingrams  §
¥ 0801 | explosiuns,
AY 2266 4532 25
Lip. 76 according to } 1725
Bhp. »0 half load diagrams i
Y 1'0 | 656 per cent,
B 0658 | explosions.




DIMENSIONS, CALCULATIONS, AND TESTS OF ENGINES 833

Details,
Consomption per Notes. y
s.n‘r.p hcmr.pe Temperaturen P!r;:suren, 'l'h;;ima] o Ko.
" . per -
deg. Fob, nql.mrslmch. cletey,
_ 0 4 " 10 I | N
Town gas, 133 cub. ft. - C. M — _— 134
1. 284
Town gas, [73 cub. ft. - C. 87 - 1356
i 3mn
Town gas, 20023 cub. ft. — LI —_ — 136
L. 334
Town gns, 143 cub. ft. - C, 122 — — 137
at 82 Bhp = 230 L. 450
cub, ft,
Anthracite, 1835 1b, Water, 115 C. 150 0206 | (+169 pallons of water evapoiated | 13%
= 12,200 B.Th.U. 1. 350 per 1b. of coal at full load.
160 gallons of water evaporated
per 1b. of coal nt half load.
Full Half
; Heatlost.  joad.  lond.
Anthracite, 0945 b Water, 94 | 0187 | To water . . 277 037a
= 13,450 B.Th. U w exhaust ‘] )
« Tadiation FURIG 044 |

. generator L
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APPENDIX 1

BIBLIOGRAPHY

.

The following is a list of the more important books published in different
countries desling with Internal Combustion Engines:—

Author.

Title.

Dnte of
Publication,

| Publighed by

Allen, Horace

(23 L

Donkin, Bryan
Carpenter and
Diederichs
Clerk, Dugald .
Goldingham
Grover .
Guldner
Haeder, Hermann
Hiscox
Huttou, F. R.
Junes, F. R.
Lucke, C. L.
Mnrchis, M. L.

Mathot, R. E.

Moreau, G. . .
Parsell & Weed .

|

Gus and 0il Engines .

Modern Tower Gas Pro-
ducer Practice

Gras, 0il and Air Engines.

Internal Combustion
Engines

Gas, Uil and Petrol Engines,
Vol, 1.

Design and Construction
of (il Enginen

Modern Gas and 0l
Ingines
(Calenl et Constrnction des

Moteurs a Combustion
Die Gasmotoren

Gee, Gusoline and 0}l
Engmes
The Gus Engine

. | The Gax Engine

Gus Engine Design .

Lecons sur la production | 1H5—06
1

et utibisation des
pauvres
Munuel  pratique  des
Moteurs-a-guz et Gazo-
genes
Motenrs

gaz

a Combustion

Interne et Machines a |

Vnpeur

Théorie des Moteurs & gaz -
Gas Engine Construction |

1907

1908
1896
1908
1909
1900
1902
1903
1942
1901
1
190w

19035

194

1907

1902
1960)

Scientific Publishing
Co., Ltd., Manches.
ter.

Technical Publishing

Co., Ltd., London,

C. Griffin & Co., Lid.,
London.

1. Van Nostrand Co.,
New York.

Longmans, Green &
Co., London.

E. & H. Spon, Lid.,
London.

Technical Publishing
Co., Ltd.. Loudon.

Rerangor, Daris.

Schwann, Duisburg &
Rhein.
Nerman  Henley &
Co., Now York.
Wiley & Sons, New
York.

Wiley & Sons, New
York.

Voan  Nostrand Co.,
New York.

Fruned], Paris.

Berangev, Paris.

! Beranger, Pans,
i Norman Henley & Co.,
Now York,

Beranger, Paris
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Author. Title. Cpypnbeof Published by
FPoole, C. T, - | The Gas Eagine . . 1909 ITiN Publishing Co.,
New York.
Richard, G. . Moteurs i gnz et 4 petrole | 1892—0% | Duned, Puris.
Steen . . . | Gasg, Petroloum, en Benzine 1598 Sijlhoff, Leiden.
Motoren
Tookey, W. A. Gne Engines 1903
(il Engines . . 1HH
Gans Producers for Power | 1905—08 | Percival Marshsll &
Purposes Co , London,
Gus Engine Manual , 1608
Yermand .| Len moteurs 4 gaz et a 184 Ganthier-Villars,
pétrole Paris. .
Vigreux, Ch. Moteurs & guz Théorie et E. Bernard, Paris.
et Milandre Pratique
Wimperis, II. E.. | The Internal Combustion 1909 A. Constable & Co.,
Engine Loaulon, .
Witz, E. . Traité théorique ot 1904 Bornard et ('ie.,
ratique dex Moteurs i Puariz.
az et a 1étrole .
Wryer, 8. 8, I'roducer Gas and  Gas 1907 Hill Publishing Ce..
Yroducers New York.

For reveral years past few works have appeured relating to large gas engines.

in France particularly.

The question of the utilisation of these large engines ha=

scarcely been touched upon except in the forin of magzazine articles.
The treatices upon lurge gns engincs by the better known authors are given

alphabetically as follows :—

BoxTE, A.—Vorirug iiber der Fortschitten von heutigen grose gasmachinen.

BursTALL, F. W.—The recent designs of large English Gus Engines. March to
April, 1906, Ihands Zeitschriften,

BursratL. F. W.—Third report te the (as KEngine Research Cowmmittee.
LProceedings, 1LM.E. (London), 1908,

CrLARKE, IL ADE.—The Diesel Engine. LM.E. (London), July, 1903,

CLERK, DUoALDp.—Limita of Thennul Eficiency in Internal Combustion Motors,

On the specific Heat of, Hent I'low from, and other phenomena of, the
working Fluid ia the eylinder of ihe Internal Combustion Engine.  Froveedings
of the foyul Society (London), 18906,
Recent Progress in Large Gas Engines.

Trades Reriew {Lowlon),

DEscHamps, T.—Lex grundes moteurs o gax (Herne de Meenniyue).

InepeRICNS, . —8Some noteson Gas Engines.  finw and 0il Power (London).

Ferxaty, R, II.—Report on trials of Gas Engmes and Producere, 1902.
ficologival Swreey.  (New York))

GREINER, LEoN.—Production economique de la force matrico dans les Usines,
Metatlurgionres (Le Souvier.  Daris), 1907,

HorxwxsoN, B.—The effect of mixture =trengths and ecavenging upon Thermal
Eficiency of Internal Combustion Engines. Proceefings, I M.E. {London).
1908,

Yelwuary, 1903.  Jron vnd Cunl

1907,
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Hurkrxsox, B.—The effect of size and speed upon the performance of an Internal
Comburtion Engine. [retitution of Automobile Fagineers (London), 1909,
Hupert, II.—The construction of Blavt Furnace Gas Engines in Belgium. fron
and Steel Institute (London), July, 1906,

Huwpnrey, I A, —Power Gas and Large Gas Engines for (entral Stations.
Institute of Mechanical Engineers, 1904. London,

JungE, F. E.—Evolution of (as Power. New York. Janunary, 1907, lower.

LEToMDE, L. — Comparison entre les machines a4 vapeur et les moteurs & gaz de
grande puissance. September, 1906,  Electro.

MEeYER, F..—-Uber grosa pasmaschinen. February, 1903,  Stahl wal Fisen.

RennarpT, K. —The Application of Large Gas Engines in the German Iron and
Steel Induxtries. fron and Steel [nstitute {Londan), 1908,

RIEDLLER, A.—Gross gasmaschinen, May, 1903,

Rieny, Traodas,.—Power Gas Plunt= and soine of their uses. Manchester Asaocin-
tion of Knyineers (Manchester), June, 1803,

WEsteArTH, ToM.—Notes on Large Gas Engines built in Great Britain, and njum
gag-cleaning.  frow and Stee! Institute (London}, 1906,

Wirz, A —Les Moteurs a gaz i double effet. L FEeluiraye Electrique,  11th annee,
t. xli.

Periodicals specinlly dealing with the subjects of (Gas Power are as follows : —

Ix FraLanp,

flas and (4l Power, 3, Oxford Court, (Cunnon Street, London.
fias and (4l Engine Record, recently incorporated with the FKrgineer-tn-Charge,
26 to 29, Poppin's Court, Fleet Street, London.

IN GERMANY,

A similar journal is published under the title Die (fasniotorentechnik’ { Fasanen-
strasae 29}, Berlin, W,
Iy AMERICA.

(fua Power (St. Joseph, Michigan, U.8.A.), and The fius Engine (Cincinoati,
Ohio, U.B.A.).

The author has been rivileged to discuss various topies in conuection with the
Internal Combustien Eugine before a number of scientific or techaical Institutions,
amongst which may e mentioned the following :—

To the Asporiation of FEngineera in connection with the University of Liége, he
prosented a paper in Mnarch, 1904, oa the subject of ** Modern Gas Eogines and
their Method of Fuel supply.”

To the (British) fnetitution of Mechanival Kugineers at o meeting held at Liége in
Junie, 1903, a paper wux read by the anthor, and aiterwanls fully discussed, upon
* The Growth of Large Gas Engines on the Uentinent.”

At the spme period, also at Licge, during one of the Sussions of the Fnternational
Congress of Mines, Metalluryy, Mackhivery aml tivatoyy, another treatise was presented
by the author dealing with the  Methwl of Megulation, Cycles and Construction of
Tnternal Combustion Engines.”
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GAS ENGINE AND GAS PRODUCER MAKERS

AMERICA.

Advence Manufacturing Co. (The)
Alamo Maoufacturing Co. (The)
Allis Chalmers Co. (The)
American Motor Co. .

Backus Water Motor Co. .
Bates & Edmonds Motor Co. ..
Baner Machine Works

Beilfuss Motor Co. {The)
Blaisdell Machinery Co.

Brown Cochrane C'o. (The)
Callahan & Co .. .
Canada Foundry Co. .

Capitol Gas Engine Co.

Clay, E. 1L & Co. .

Clitton Motor Works (The)
Colombus Machine Co.

‘Defiance Ironworks (The)

De La Vergne Rcfngemtmg \II‘nchme Co. .

e Mooy Bros.

Dretroit Engine W, orks | ..
Diseinger, (. 1L A. & Brm.

Du Buis Iron Works

Eugle Manufacturing Co. .
Elyrin Gas Ingine Uo. (The) ..
Fairbanks Co. ..
Fairbunks Co. {( anmlum)

Fairbank= Morse Co.

Fall: Machine Ca,

Fons (ias Engine

Fort Wayne Foundry and .\hchme { u.
Ganlner Gas Engine Co, . .
Geiser Manufacturing Co. {The)
Gibhs Gag Engine Co. (The) ..
Gib=on Manufocturing Cv.

Globw Tron Works .

Goldie Machine Ci, {The)

Goolil shaplev and Muir Co.

Hamilton {Ohio).
Hillsdale (Mich.).
Milwaukee {Wisc.),
Brockton {Mass.).
Newark (N. J.).
Lansing (Mich.).
Kansas City (Mo.).
Lansing {Mich.).
Bradford (Pa.).
Lorain (Ohio).
Duyton (Ohio).
Toronto (Ont.).
Indianapolis (Ind.).
Cleveland (Ohio).
Cincinnati (Ohio).
Colombus (Ohio).
Chatham (Ont.}.
New York (N. Y.).
Cleveland (Ohio).
Detroit (Mich.).
Wrightsville (Pa.}).
Dubois (Pa.).
Appleton (Wise.).
Elyria (Ohio).

New Youk City.
Montreal (Que.).
Chiengo (T1L).
Sheboygan Falls {Wisc.).
Epringfield (Ohio).
Fort Wayne (Ind.},
Washington (Pn.}
Warnesboro {Pa.).
Atlanta {Gao.).

I'ort Washington (Wiee.).
Minneapolis {Min.).
Galt (Ont.).
Brantfort {Ont.).
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Gy Motor Co. (The) ..

Hall Rittenhouse Co. (The) ..
Hamilton Motor Worke, Ltd. ..
Hartig Standard Gas Engine Co.
Havana Manufacturing Co.

Holliday Engineering Co.

Idenl Manufacturing Co.
International Harvester Co.
International Oil Engine Co. .
Jacobson Machine Manufactunng Co
Kenton Gas Engine Co. .
Lambert Gas and Gasoline Engme Co
Lommert and Mann ..

Laueon C. P. and J. Co. ..

Lowe Bros. Machine Worke ..
Mesta Machine Co.

Middletown Machine Co. .
Miller Improved Gas Engine Co. (The)
Minneapolie Steel and Machinery Co.
Model Gos Engine Worke .
National Meter Co.

New-Way Motor Co. ..

North Chicago Machine Co. (The
Ohio Motor Co. (The) .

Olds Gas Power Co. ..

Ontario Wind Engine and Pump (o
Palmer Bros. .. . .
Peerless Motor Co. .

T'ohl Geo., Manufacturing Co
Riverside Engine Co.

Roberts Motor Co. .

Rumely Gas Engine (o. -

St. Mary’s Machine Co. (The) .
Shelbyville Foundry and Machine Works ..
Smart Turner Machine Co. .
Smith Gas Power (',

Springfield Gas Engine (o,

Standard Motor Construction Co.
Stickney Co. ..

Strang Engine Co, (The)

Stratford Mill Building Co.

struthers Wells Co.

The Rathbun Jones Co,

Waterloo Gns Engine Co. . .
Weler Gas anil (Gasoline Engine Cu
Wellimann-Seaver<Morgan Lo, .
Western Gas Uonstruction Co., ('l'ho)
Western Gas Engine (o,

Western Malleable and Grey Iren Mumlfﬂctunug Co.
Westinghouse Machine Cuo. {The)}
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Detroit (Mich.).
Bucyrue (Ohio).
Hamlton (Ont.).
Newark (N. J.).
Havana {Ill.}
Chicago (II.).
Portsmouth (Ohio).
Chicago (T11.).
Danilson (Conn.).
Atlanta (Ga.).
Kenton {Ohio).
Anderson (Ind.).
Chicago (I11.).
Milwankee {Wisc.).
Colombus (Ohio),
Pittsburg (T"a.).
Middletown (Ohio).
Springfield (Ohio).
Minneapolis {Minn.)
New York (N. Y.).
New York (N. Y.).
Laneing (Mich.).
North Chicago (I11.)
Sandusky (Ohio).
Lansing (Mich.).
Toronto (Ont.).
Cos-Cob (Conn.).
Lansing (Mich.).
Vernon (N. Y.).
Ol City (Tal).
Sandurky (Ohio).
La Porte (Ind.).
&t. Mary’s (Ohio).
Shelbyville (Ind.).
Iamilton (Ont.).
Lexington (Ohio).
Springhicll (Ohio}.
Jersey Uity (N. J.).
&t. Paul (Minm,).
Chieago ¢1110).
stratfonl (l')nt.]‘
Warren (Pa.).
Toledo {Dhio).
West Waterloo (Towa).
Kuusas City (Mo,).
Clevelund (Ohio).
Fort Wayne {Ind.}.
Los Augelos (Cal.).
Milwnukee (Wise.},
East Dittsburg (Pa.).



340 INTERNAL COMBUSTION ENGINES

William Kovanaugh Co. (The)
Williamsport Gas Engine Co. ..

Witte Ironworks Co.
Wood. B. . & Co.

Wooley Foundry and Mnchme Works

Anthon et Sohne
Ganz et Co.

Erste Brinner Lfaqchmenfabnk

Skodawerke A. G.

Carels fréres

Forges et fonderien {'500 A’M) de

Lawnbutte ..
Mennig (Jules) ..

Onghena (IL.) (Soc. Am* des n'télim)'

Soctété John Cockerill .

,» des ateliers du Tlnnnu .
.,  des établissetnents Fétu- Deﬁze
o des Moteurs & Gaz Bollinekx
. Wentinghouse, 51, rue Royale
v des Ateliers de Boussa

Yau Fecke, Gheysens et o, ..

Allen, W, H. & (.
Auderston Foundry Co.
Ashworth, Elijuh

Baker, J. & Son

Batez, W, J. & Co.
Beardmore, Wm. & (0., I.td
Lennett & Tapley
Blackstone & Co., Ltd.
Boby, R., Ltd.

Britannia Lo,

British Westinghouse Iulectnc and Manufactunng

Co, Ltd. .
Drown und May, Ltd. ..

tampbell Gas Engine Co., Ltd

Unpel & 'y, Ltd.
{"roesloy Bros,, Ltd.

Cundall Gas Engino (c; ‘ Lt(l

Davey, Paxman & Co., Ltd
Diesel Bugine Co., Ltd.

AvsTRia-HUNGARY.

Norwalk (Ohio).
Williamaport (Pa.).
Kansaa City (Mo,
Philadelphin (Ia.).
Anderson (Ind.).

Flensburg.
Buadupest.
Bea-Briinner.
Dilsei.

Gand,
Haine-Maint-Pierre.
Marchienune.
Mons,

Gand.

Heraing.

La Uroydre
Liége.
Huyssinghem.
Bruxelles.
Boussu.
Courtrai.

Bedford.

Fasgow,

Collexhurst, Manchester.
Willesden.

Denton, Manchester.
Dalmuir, Glasgow.
Boeuthampton.

Stamford,

Bury St. Edmunds,
Colchester.

Traffurd T’ark, Manchester.
Devizes,

HNwifax, England.

Dulston, London.
Openshaw, Manchester.
Keighley, Yorks,
Colchester.

Londoa.
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Dowson Economic Gas and I"ower Co.
Dudbridge Ironworks, Ltd.
Duff Bros. & Co. ..
Dunstan Engine Works Co.
Eleetric Construction Co., l.td.
Fairbanks. Brierley & Co.
Fielding & Platt, Ltd.

Fraser and Chalmers, Ltd.
Galloways, Ltid. .
Gardner, L. & Sons, Ltd
Grices’ Gas Engine Co., T.td.
Griffin Engineering (0., Ltd.
Hardy and Badmore, Ltd.

Haslam Foundry Engmeenng to., Ltd.

Hindley & Sons .. .
Hopkinson Gas Plant Co.
Hormsby, R. & Sons, Litd.
Horsehay Co., Ltd. ..
Howard, J. & F,

Kynoch, Ttd. ..

Lilleshall Forge Co., Ltd
Marshall Sons & Co., Lid.
Mason's Gas Power Co.

Mather & Platt, Ltd.

McLaren Broa. ..

Mirrlevs. Bickerton & Day. Ltd.
Moses Mellor & Co., Litd. .
Munro, Allan & Co. ..
National Gas Engine Co., TAd.
Newton Droa. .. .
Petter, J. B. & Sone, Ltd

Iitt Engineering Co. ..

Power Gas Corporation, Ld.
Premier Gas Engine Co. .
Railway and General bngmeennv Co
Reavell & Co. .. . .
Richardsons, Westgarth & Lo
Robey & Co. . .
Robson, J.

Rodger & Co. .. ..
Rowland, B. R. £ Co. ..
Ruston, Iroctor & Co., Ltd.
Salmon, Whitfield & Co.
Schufield and Mitchell ..
ShefBeld Engincers, Ltd. .
Simpson, Strickland & Co., Ltd.
Smart and Brown .
Stewart & Co.

Tangyes Lid.

Teardale Bros.

B4l

39, Victoria Street, W.
Stroud, Glos.

Liverpool.
Dunstan-on-Tyne.
Wolverhampton,

Shipley, Yoriks.
Gloncester.

Erith, London.
Manchester,

Patricroft, Manchester.
Carnoustie and Virmingham.
Bath,

Worcester.

Derby.

Bourton, Dorset.
Huddersfield.

Grantham.

Horsehay, R.3.0.,8bropshire.
Bedford.

Binninghawn.

Lilleshall.

Gainsborough.
Leveushulme, Manchester,
Saliord, Manchester.
Dumbarton, N.B.

Hazel Grove, Stockport.
Nottingham.

(laegow.
Ashton-under.Lyne,
Derby.

Yeovil.

London.
Stockton-on-Tees.
Sandiacre.

Nottingham.

Ipawich.

Middlesboro’.

Lincoln.

Shipley, Yorks,

Glasgow.

Beddish, near Manchester.
Lineoln,

Kettering.

Keighley, Yorke.
Wellington Street, Sheflield.
Dartmouth, Eogland.
Erith, Kent.

Scotstoun, Glasgow.
Birningham.

Darlingten,
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Thomyeroft, J. J. & Co.
Willans & Robinson, Lid.
Willock, Reed & Co., Litd.

FRANCE.

Boutillier et Cie

Broubot et Cie ..

(‘aloin et Mare ..

Compagnia des motenrs Ta)lura ga.z pau\ re, 16 rue

Gmnge-Batelidre ..

Compagnie Duplex

Delion et Lepen

Fichet et Ileurtey

Garnier, E., et Faure Beauheu

Kent, “1lh.am .. . ..

Labbé, 208, rue Naint- Maur

Lefﬂal\ eet Cle .. .

Lerouge, Fornan et Cie 110 rue de anéa

Ludt, 78, Rue de Crimée

Mora, 27, Rue des Récollets

Tiat A. et Cie

Pierson et (‘e

Riché H, Gaz . .. .. .

Roux, D'aul et Cie, #, Boulevard du Temple

Sautter larle et Cie

Schneider ot Cie

Société des breveta et moteurs Letombe -

de Constructions mécaniques et de Moteurs
A Gnz .

. de \lecumque Induatnelle .

.. deachantiers ot ateliers A. Hormand

dex Motenrs Sabathé .. .

» Frangaise de Constructions Me{ amques

(anmens établissementr Cail) ..

»  ¥rangaise des Moteurs Diesel .

. Frangaise des Moteurs Otto, rue Croix. Niv ert

o Génémle des Industries Economiques, 40,

(13

rue Laflitte .. - - .
Westinghouse .. .. ..
The\enm fréres, L. Seguin et Cie
GERMANY.
Aunsbacher Mutorenfabrik Karl Bachmann .
Ascherlebener Maschinenbau Akt:engeﬂellschaft
{Moteur Oechelhanuser) . . .
Benz & Co

Braunschw ewmcho \Iaﬂchmenbnu A ustalt

Crimmitse lmuer Maschinenfabrik .

Deutsch-Luxemburgische Bergwerks und II utten
Ak, G,

INTERN AL COMBUSTION ENGINES

Chiawick, London. .
Rugby.
Hope Street, Glasgow.

Orleans.
Vierzon {Cher.).
Lille (Nonl.

Pans.
Ferriére-la-Granude.
Paris,

Paris,

Paris,

Nantes.

Pavia.

Saint Etienne.
P'aris.

Tara.

Paris.

Daris.

Taris.

T'aris

P'arta.

1'aria,

Le {'reusot.
P’nris.

Yalenciennex.
Anzin.

Paris.

“aint. Etienne.

Denain.
TLongeville.
Paria.

Paris.
Le Ilavre.
Paris,

Ansbach.
Ascherleben.
Mannheim.
Bramnschweig.

Crimmitschau.

Mulleim-a-Rahr,
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Dinglersche Maschinenfabrik A. G, .

Dresdner Gasmotorenfabrik A. G. vorm. \Iontz Hllle

Duisburger Maschinenbau A. G. Vormals Bechem
ot Keetman

Fhrhardt & Sehmer ..

Elsassische Maschinenbau Gesellschaft

Englehardt & Co. .

Gasmotoren Fabrik .\ktlen Gesellschaft

Gaswotoren Fabrik Deutz

Goebels (Th.) & Co.

Gorlitzer Maschmeubau Akt Geaell

Gildner Motoren Gesellschaft .

Gitehoffnungshutte Aktienverein fir Berﬂbau und
Huttenbetriel .,

Tlallesche Maschinenfabrik und Llsengwsserel

Ilaniel & Lueg . ..

Gebriider hurtmg Aktlengesallﬁch.nft

Kook (Ernest} . . .

Krupp (Friedrich}

TLeutert, E. .

Luther G. Akt.xengesellschaft .

Markische Maschinenbau .\n:ltnlt {(Moteur ('uckonll}

Maschinenhou Act. Ges. (Moteur Union)

Maschineubau A. (+. Vorm. Ph. Swiderski ..

Muschinenbau A, G. Yorm. gebriider Klein

Maschinenfabrik Kappel A. (7. .

Motorfabrik Hastatt -

Pokorny & Wittekind .

Scharrer & Groes

Scheben & Krodewig

Schichtermann & Kremer .

Siegener Maschinenfabrik A. G.

Theisen (Edourd) .

Thyssen ot Cie .. .

Yereinigte Mm-chmenfabnk Augaburg und Mnsch1—
nenbau Gessllschaft Nirnberg A. (5. .

Wiedenfeld et Cie - . ..

- HorrLaxn.
Apeldoornsche Maschinenfabrik en Metaalgletem
Appingedamer Bronsmotoren fabrik .
Klep Frans
Thomasszn & Co,

SWITZERLAND.

Bachtold & Co. ..

Gilleron & Amreim

Socisté duisse pour la L'umt'm tion (le ]l)CtJllluh‘O‘!
et de macbines

Zweibrucken.
Dreaden.

Duisburg.
Schleifmiihle.
Mulhausen.
Farth,
Colu-Ebrenfeld.
Ciln-Deutz.
Céln.Ehrenfeld.
Garlitz,
Miinchen-Giesing.

Oberhausen.
Halle afis.
Diisseldord.
Hanover,
Coln-Ehrenfeld.
Esmen a. Ruhr.
Halle a/s.
Brunswick.
Wetter a/Ruhr.
Essen-sur-Ruhr.
Leipzig.
Pahlbruch {Westph)
Chemitz.
Raatatt,
Frankfurt a/M.
Nurnberg.
Heneff o.d. Mieg.
Dortmund.
Siegen.

Munich,
Mitlheim a/Ruhr.

Nuremberg.
Duisburg.

Apeldooru.
Appingedam.
Breda
Arnhem.

Steckborn.
Vevey,

Winterthur.
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ReavLTING from his wide experionce with numercns engines of varying types, in
practical service, as well as under test conditions, the Author hne been privileged
to assist many gas engine manufacturers, both European and American, by
superintending the work of their technical staff when preparing new designs, and
by making suggeelions for improvements on general linee and also upon points of
detail embodying the latest improved principles. In deference to the expressed

wishes of his clients, however, references to such ussistance professionally
rendered occur only in one or two places in this present volume,

The diagrams here reproduced illustrate a device, putented by the Author in the
principal countries, for controlling the speed of internal cornbustion engines by more
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or less limiting the degree of opening of the inlet valve under the influence of the
governor, The movement of the latter varies the position of a link placed between
the operating lever, having a constant stroke, and the valve stem, resulting in the
admission of a variable quantity of mixture, the constituents of whichare in conatant
volumetric ratio.

One of the methods in which the invention can be applied is illustrated in the
photo reproduction, which represents the Author’s patented device as adopted by
several well-known British firms.

L.C.E. : N N






INDEX

A
A,
chainber, 281, 282
coupressed; starters, 191
Alberger, A, IL, & Co.,
rovernor, 213, 217
Aleohol,
compression pressave, for, 166
Allis, Chalmers & Co., 18, 31, 70
cylinder, 316
Altitude,
influence of, 453
Amerten, U5, of,
large gus engines in, 10
vertical engines in, 80
Americau,
engine, characteristic, 69
submarine engines, 110
Analysia,
exhaust gas, 432
Orsat apparatus, 449
residues, 452
solid fuel, 449
Anderston Foundry Co., Ltd., 38
Anzin, Soc.de Mecanique Industrielle 4',
governor, 224
Ashworth, Elijoh, 38
Austro-Hungary,
Iarge engines in(table), 10
Atmosphere,
influence of changes in, 153
Authorities,
Alexander, 142
Allen, Horace, 79, 140
Atkinson, J., 234
Bach, 363
Bairstow, 142
Barthe,
Boudounrd, 146
Le Chatelier, 146
Clerk, Dugald, 111, 133, 489
Uoster, A. Venuell, 101, 303
IHedericha, 113, 434
Dirawe, 261
LEitner, 145
Fernald, 243
Grover, 467
Giildner, 112, 338
Haeder, 276

e

Authorities—continned.

Hopkinson, 143
Humphrey, 354
Junge, 112, 143, 233
Lenoir, 147

Lucke, 233, 270, 437
Marley, 427

Meyer, 112

Moore, 348
Nicholsen, 481

(tto, 23

Perry, 142

Yetavel, 133

Ravel, 111
Regnault, 449
Reicheubach, 112, 283, 308, 313, 386
Reinhardt, 114, 264
Revynolds, 427
Ri-hter, 263
Robson, 124
Treadwell, 4146, 153
Williams (Hal) & Bridges, 21, 482
Wittig, 111

Witz, 112

B.
BacK-FIRING, 208, 208, 210
Back-pressure.  See INDICATOR.
Beaunki,

benzine engine, 168, 475
Bates, W. J., & Co., Ltd,, 38
Besrdmore, Win., & Co., Itd., 38
Bearings,

arens, 208

cnm-shaft, 297

caps, 93
cup bolte, 205
lutl'imtirm. 2

nain, 290, 359

material for, 201

il catchers, 203

outer, 296
Belginm,

engines in (table, 10
Delts, 3435
Bending moment,

crank =haft, 360, 361, 363 °

frames, 280, 241
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Benz & Co., 49
connecting rod, 374
governor, 49, 213
piston, 339
Benzol,
characteristics, 3, 4
Beszeer Gas Engine t'o., 50
Blackstone & Co., Ltd,, 3%
Blaisdell Machinery Lo, 32
valve chumber, 324
Blast furnace gas, 3, 6, 7, 10
available for power, 7, 8
calorific value, 6, 16
composition, 146
compression of, 278
cost of, 13
inean pressure, 278
output per ton, &
purification of, 7
Bollinckx,
governor, 223, 224
valve chonber, 3
Borsig & Co.,
Oechelhauser engine, 123
valves for gus pumps, 127
Brakes,
Heenan & Froude, 420
Prony, 423
rope, 122
Breech enls.  Se¢ VALVE UIIAMDERS,
Britannia Eugincering Co., 34
oil engine, 171
British  Westinghouse  Electiic  and
Manufacturing Co., Ltd., 39, 80
vertical engines, 92, 93
Brown & May,itd., 39
Buckeye Cu., 32
engine, 129
governor, 132

.

CaLoribic value,
gas from anthracite, 416
blast furnace, 6, 16,157,448 !
ligniite, 3 .
natural, 20
il 19 I
town, 447
liquid fuel, benaol, 4 |
petrolenn, crude, 19, M}
refined, 140
=olid fiel, ealenlation, 150
eoals, lean, 13
lignite, 2, 3
peat, 2
standards of, 48

INDEX

Calorimeter, Junkers, 3475
Campbell Gas Engine Co., Ltd., 39, 70,
50, 94
Cams, 400, 102
rollers, 401, 402
(Cam-shaflts, 395, 399, 102
Capei & Co., Lt:l., 39
Carbon monoxide, 146
{"arclz Fréres, 37, K3
Charen cylinder, 34
evlinder cover, 319
Cockerill, Société, John, 5, 6, 7, 15, 37
cotnecting rod, 374
crank shaft, 365, 367
cyliuder, 314, 326
eceentrics, 407
fiywheels, 353
frame, 256
govornor. H1, 236
piston, 383, 487
stuffing-box, 324
turbine, stean, 13
valve chamber, 333, 397
Cueffictent, speed irregularity, 343
ywheels, 544
Coke, oven gas, 2,7, 196
Collieries, 6, 10
Combustion, phenomena, 143
Compuosition, anthracite, 196
gas, blast furnace, 196, 447
conl, 143
coke oven, 196
Crossley (bituminous), 482
Dowson (anthracite!, 446
exhaust, 153
Mond, 196
Coercﬁsion pressures, 165
ingrams of, 434
effictency, effect upon, 457
formule for, 347
governing, cffect upon, 213
temperature, effect upon, 464
Compre=sur, Heavell, 84
Connecting rods, bolts, 573
dimensions, 368, 372
exnmples, 374
foot, 371
hoad, 369
Construction details, 254
Lalace-weights, 367
beavings, e -ahaft, 207
main, 290
outer, 296
Dbolts, vonnecting rad, 373
eylinder, 300
foundation, 259
breveh cls, 327
catns, HWO
cam-shaftz, 3%



INDEX

Conpstruction detaila—continued,
cowmpression chambers, 437
connecting rods, 368
crank shafts, 355
cranks, side, 366
cylinder, 298, 326
eylinder covers, 319
eceentrics, 406
fiywheels, 342
frames, 279
gear-wheels. 399
governors, 407

evers, 100

ping, 102

pistons, 276, 370

piston rings, 379

rollers, 41

spindles, 402

springs, 409

stufing-boxes, 323

valves, 50

valve chambers, 327, 340
gear, 404

Consumption, determination of, 445

gay, coke oven, 197
natural. 20
power, 195
power plants, 12, 14, 19
town, 197, 458
linuid fuel, 15, 90, 110, 140, 458
oil, lubricating, 189, 451, 4
solid fuel, anthracite, 22, 197, 488
coke, 197
lignite, 3
naphthaline, 3
peat, 2
steam, 12, 13, 4
water, 131, 158
Cooling, water, 82, 172
Crank shafts, bulance-weights, 367
bearinga, 359
erank-pin, 360
dimensions, 357
examples, 365
fly wheel-soat, 363
journala, 360
ays, J68
material, 859
webs, B39

Croasloy Dros., Ltd., 39, 80, 481
exhaust valves, 303, 305
flywheel rim coupling, 351
governora, 98, 254
vil engine, 159
valve chambers, 3530
vertical engine, 46
waler injectinn. 1G4, 170

Uyelie irregularity, 24
Hiegenet cugines, 16

44

Cyelic irregularity—confinned,
Mather & Platt, 16
coefficients, 33

Cylinder, 248
bolts, J00
casing, 00
chawfers, 302
covers, 83, 318, 319
examyles, 304
flanges, 301
fractures, 318
joints, 302
liner, 24, 319
wear of, 313

1

Davey, Paxmax & Co., LTD., 40
Dead space, 210, 214
De La Vergne Machine Co., 33

Ioerting eugine, 61, 62
Delamurre-Debouteville engine, 3
Tlenain, Soc, Fr. de Cons. Mec., 219
Deutsche Kraltgas Gescllschaft, 129
Disgrams. See INDICATOR.
Diescl engines, 3, 15, 40, 83

Carels 1réres, 83

Tiiesel Engine Co,, 40

Mirrlees, 40

Niiruberg, 8o

Otto-Deutz, H0
Dimensions,  See CoNSTRUCTION,
Dinglersche Maschinenfabrik, A. G., 50

bearings, 209

eylinder, 308, 315

covers, 319

fly wheels, 355

governor, 247

valve gear, 406
Vionuersmarckhitto  Oberschlesizche,

LEisein und Kohlenwerke, A, G., 62
Trows=on Economic Gas anil J'ower Lo,

Tad, I, 21 -
Dulbridge, Ironworks, Ltd., 4F

cat-=hatts, 395 .

frame, 255

jgnition gear, 152

twin engine, 6

valve chamber, 335
Duisburzer Maschinentabrik, 269

cylinder, 316

piston, 354

k.
YioceNTrica 400

Ltficieney, mechanienl, 83, 111, 23%, 2%,
43835, 4kt
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Efficiency—confinued.
overall, 11
producer, 456
thermal, 44, 195, 4536, 159
Ehrbawdt & =ehmer, 31, 347
eylinder, 310
cover, 422
enyine, GO0 1.1, 196
frame, 286
governor, 260
iston, 353
Electric generation,
power and lighting, 21
traction, 2
transmission, 17
Elsassische Maschinenbau,
connecting rod, 374
cvlinder, 313
frame, 288
governer, 243
Piston, 387
etuffing-box, 324
valve gear, 407
Engines over 1,000 11.P. {table), 10
See ilan (348, RTEAM, ETC.
Fnglish, characteristic of de=ign, 67
Erste Brinner Maschinenfabrik, 62
Exbaust, gas analysis, 4532, 453
gases buming during, 209
heat, utilisation of, 195, 200
pipes, effect of long, 465
ve~triction to, effect of, 473
silencers, 200
vidve setting, defective, 466
Explosion records, 462

F.

FARLEXCAMP governor, 230
Fielding & Platt, T.td., 41, 8¢
Flywheels,

arng, J48

boss, 342, 330

in halves, 330

ke‘}‘e&, b &3

rim couplings, 351

rim ecction, 343

apeed, peripheral, 342

weight, 344
Foos Gae Engine Uo., 82, 33

can-shaft, 308

connecting rod. 374

evlinder cover, 314

fhrwheels, 354

frane, 283

valve chimnbers, 335
Foundntion holts, 2x9, 290
Framex, bending moment, 250

INDEX

Frames, examples, 261
tensile strees, 280

France, engines in (table}, 10

Fraser & Chalmers, Ltd,, 62

" Fuels, anthracite, 22

coal, lean, 13
cnmpuriwn of. 278
liquid, 3, 13

G.

Gaxz & Tarza, 62, 168, 475
Gardner, L., & Sone, Ltd., 41
valve gear, 3908, 104

vertical engines, 80, 90

Gas engines, cylinder combinations, 71

four-cyele, 6, 114
horizontal, 66

improvements, future, 26

two-cycle, 6, 114
types, 31
vertical, 80
», ateam engines, 11
Guemotoren Fubrik Dentz, 33
blast furnace gas engines, 6
cvlinders, 311, 326
eylinder covers, 319
1iesel engines, 90
exhaust valve, 393
governor, 220, 230, 235, 176
ignition gear, 154, 133
nuphthabne engine, &
oil engines, 105
piston, 386
producers, gas, 2, 3
starting apparatus, 193
stufling-box, 323
valve chamber, 332, 397
genr, 107
Gasmotoren Fabrik Ehrenfeld,
enpines, 32
producers, 3

~ Gas, natural, 20, 278

oil, 14, 20
power, future of, 23
marine service, for, 101

submarine vesaels, for, 108

" (Gas power installations,

Berlin waterworke, GO
Burbucher Iiitte, 363

Californin GGas and Eleetric Co., 18

Greirswald Electrie Station, 197
Gutehoffuuogshiitte, 60
Hanburg post oftice, 197
Heinitz Saarbruck, 196
Ilickman, 8ir A, Ltd., 48
Heoweatead Works, US.A., 31
Ilinois Steel Co., 32, 271
Indiana Steel Co., 42
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s power installations—continred.
Julienhiitte Electric Station, 62
Kurtz & Zanders, 197
Lakawane Iron & Steel Co., 61
Micheville Steel Works, 63
Tittsburg Plate (ilass Co., 18
Rombach Steel Works, 63, 310
Rowan & Co., 21
Schalker-Griber & ITuttenverein, 66
Societad de Gasifieation, Madrid, 66
Snow Steam Pump Works, 18
Western N. Y. & Dennsylvanice

Traction Co,, 20, 250
Wurteinberg, Royal Foundry, 197
Gns producers, |
bituminoue fuel, 26
lignite, 2
TLowe oil-gas, 19
Niiruberg, 10
at, 2
Yintrch, 33
pressure, 1, 12; 14, 18
suction, 2, 12, 15, 26
urification, 1, 7, 25
(iear wheels, 399
trerman engines, chavacteristics, 67
(iermany, engines in (table}, 10
Gilissen goveynor, 223
Girtitzer Maschinenbau, A. G., 57
frome, 283
Grouillou ignition plug, 152
Governing,
hit-nnd-iniss, 66, 204
irregularities, 210, 211, 212
throttle, 206, 213
CGoverning mechanismi,
cotistant ratio—variable volume,
213, 235

constant ratio-—coustant volume,
66, 24, 263, 2065

variable ratio— constant volume,
2065, 230, 253

variable rativ—variable volume, 2331

CGovernory, Ilartung, 409, 410
inertia, 407
Stumpi, 408, 412
Temple, 404, 411
Wiede, 400
Zabel, 409

Griffin Engineering Co., Ltd., 41
il engine, 104
water injection, 170

Gitkdner Motoren Gesellschaft, 57
governar, 223
vertical engine, 53

Gutehoffnung=hitte Aktien-Verein, 62,

121
eylinder, 308
governor, 244

H.

HarLescHE Mnschinenfabrik,
governor, 231, 408
Hanuel & Lueg, 57
frame, 287
piston, 385
stuffing-hox, 326
Hartung governors, 4109
Heat balance sheet, 490
exhaust gas, in, 198. 200, 489
Hindley & Sons, Ltd,, 8¢
Homsby, R., & Sons, Ltd.
bearings, 297
cylinder, 306
governor, 42, 213
valve chamber, 336
gear, 403
ris-d-ris engine, 16
Home-power, u..r., determination of,
421, 437, 464
1.K.}., determination of, 427, 433,
457, 484
modualus, 483
Hydrogen, 146, 165

IaxITION devices,
elcctrie high-tension, 147, 163
magneto, 151
heated tube, 148
pDSiliun of, 146
wlide, 148
Ignition irregular, 209
phenomena, 142, 146, 437
timing, 330
Indicator, 427
aperture for, 306
conl, 430
titting-up, 428
gear, 128
manipulation of, 431
eprings, 432
Indicator diagraws,
compression and expansion, 209.
434
explosion, 212, 431
explosion records, 462, 463
interpretation of, 436
measurcment of, 433
resistance, 209, 436G, 467
Inertia, fluid, 205, 468
oavernors, 407
Inflammubility of mixtares, 146, 437
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J.

JoinTs, evlinder and frame, 302
liner, 302, 338, 349

metal-to-1netal, taces of, 339

Jones, 8. M., Co., 33
ltathbun engine, 90

K

Kir1x Brothers, 62
HKoenig, governor, 223
Koerting Brothers, ax
eylinder, 308, 317
engine four-cycle, 6, 38, 60
subinarine, 108
'rinkler, 3, 139
two-cyele, 6, 50, 114
exhaust valve, 393
governor, 118, 213, 215, 248
ignition gear, 139, 160
piston, 383, 385
stroke { diam, ratio, 276
«tuffing-box, 323
valve chamber, 427, 429
Krupp,
cylinder, 326
exhaust valve, 396
valve gear, 407
Eynoch, Ltd., 70
bearings, 293
ignition gear, 134
piston, 374
tandetn engine, 37

L.

LAXDAAL ignition gear, 157
Leflaive & (o, 62
Levers, valve, 400
Lignite briquettes, 3
calorific value, 3
eamnposition,
coustuLtption of, 3
gas from, 2
Liquid fuel engines,
Blackstone, I8
Britannia, 39
Diesel, 13, 40, 83, 80
Gardner, 41
Giasmotoren Fab, Deutz, 103
Giritling, 41
Koerting, 108
Thorveroft, 109
Trinkler, 3. 139
Lodge jgnitor, 163
Lubricating vil, 184, 150, 431, 488
Lubrication, 81, &5, 43, 43

INDEX

o,

Lubricators, bearings, 189
crankpin, 186, 357
Paxman, 183
piston, 187, 376
pin, 187, 377

M,

MAINTEXANCE, verticn] engines, 81
Marine gas engines, 101
Markische Maschinenliaa,

eylinder, 313, 326
Maschinenfabrik Augsburg Niirnberg,

G2
blast furnace engines, 8, 8, 63, 195,
480

cuka oven gas engines, 8

crank shafe, 365

erlinders, 183, 310, 421, 326

exhaust valves, 395

frame, 2852, 285

fovernor, 226, 224, 253

Piston, 183, 379, 356

primlucer, gas, 10

stufting-box, 325

test results, 1957

valve chamber, 331, 397

zear, 407

water cooling, 183
Mather & Platt. Ltd., 16, 62, 121
Meitz governor, 271
Metalburgical work, engines for, 3, 6
Mirrlees, Bickerton & Day, 40
Mond gas, 196
Mora povernor, 220
Muenzel Co., 70

N.

NAPITHALINE engine, 4, 5
Nativna! {iss Engine Co,, Ltd., 21, 43,
132
governor, 230
ignition gear, 141

0.

OECHELHAUSER cylinder, 30%
engines, 10, 114, 124, 479
governor, 126
wee alio LUUNRICATING.
excess of, in cylinders, 328
trigrh, 281

1 ds ting Power Co,, 33, 70

ignition gear, 157
valve gear, 404



INDEX

Otto Gas Engine Co. (American), 36
{French), 225

P,

PaxMaN’s lubricator, 185
Peat, 2
DPiston, avea of, 277
bosses, 378
crosshead, 483
design, 374, 382
dimensions, 377
examples, 379, 384
lubrication, 376
pin, 376, 378
ratio, 276
rings, 339
rod, 383
water cooling, 383
Premier Qns Lngine Co., Lid., 43,
47

governor, 103
valve gear. 4(4
Pressures, bearing, 294
comf)ression. 163, 278, 489
explosion, 163, 189
mean, 193, 278, 483, 487
supply, 472

R.

Ratunvx engine, %0

Recke governor, 230
Reichenbach. See AUTHORITIES,
Reinbardt guvernor, 208
Reversing mechanism, 17, 105
Riverside Engine Co,, 34, 35
Rolling-mitl engines, 16

8.

BARGENT engine, 79, 133
valves, 397

Scavengiag by inertia, 440, 467
by pump. 43
Scheben and Krudewig, 205
Schmitz governor, 213, 214
valve chamber, 331
Schuchtermann & Kremer,
governor, 205
piston, 387
purge valve, 189 i
valve chamber, 329
Hchwabe stulfing-box, 325
Sehweizerische Locomotiv. und  Nas-
chinenfabrik., &ee WINTERTUUR. |

L.C.E.

353

Siegener Maechinenbau, A. G.,
connecting rod, 373
eylinder, 308
cover, 323
engine, 16, 62, 66, 121
piston, 383
valve goar, 407
Snow Steam Pump Works, 18, 38,
70

bearings, 295
crauk, 367
erank shaft, 366
cylinder, 315
frame, 286
governor, 250
piston, 359
valve chambers, 328, 320
Soest, governor, 213
valve chamber, 332
gear, 407
Specific heat, 337
Speed, coeficient of irregularity, 314
determiination of, 442
flywheel, 342
meodulus ef, 486
piston, 276
regulation, 116
revolutions per minute, 276
Springs, 409, 414
Standard Motor Co., 37, 105
Starters, compressed air,191
explosion, 1N}
hand, 190
pumps, 190
Steam engines, 11, 23, 101
Stewart, 1), & Co., 70, 156
stockport,  See Horxspy,
Stratifieation, 207
Stroke ratio, 276
Struthers Wells ("o., 37, 70
Stuthug-boxes, 323
Submarine engines, 103, 108
Synchronisation, gas and air, 207

T.

Taveves Ltd., 45, 70, 50

compressed ate valve, 191, 192
evlinder, 302, 305
decdoriser, 173
governor, 213, 227
1guition gear, 133, 137, 162
piston rings, 379
ratio, stroke [ diam., 277
valve chawmber, 327
vertical engine, 99
water injection, 171

00
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Tar, composition of, 3
effect of, 23
reduction of, 24
Temperature, determination of, 443
influence of, 464, 470
of exhaust, 445, 489
of gas, 143
of water, 444
Temple zovernor, 404, 411
Tensile stress, 250, 281
Tests, 116
coeffictent, personal, 153
object of, 416
observations during, 454
on Banki engine, 475
Crossley engine, 451
Dudbridge engine, 466
E. 1.0 engine, 482
Ehrhardt and Sehmer, 196
(Giasmotoren ¥. Deuts, 477
Nuarnberg, 197
Tung_) e, 49, 463
results, interpretation of, 451
sntmmary of, 13%
rules for, 460
sheets, 416
table of, 135, 492
Thernyeroft engine, 109
Thyssen governor, 263
Torsional stress, 60, 363
Trinkler engmo. 3, 19
Turbines. pas, 2
steain, 12, lnl
Two-cyele engines, 111

.

U x1ox Soclety, exhaust valve, 393
frame, 243

BHALLEHY . As.SEW, & 400 LI,

INDEX

Y.

VALVER, 354
Vulve chambers, 210, 327
gear, 10U
settinge, 06
Veloeity, flewhecl rim, 343
™ iston. 277 .
Vertteal engitres, 50
Vogt engiues, 140

TOWL
WATER, consumption, 178, 451, 483
cooling, %3, 172, 182, Y34, 43,
488
injection, 146
jackets, 254, 285, 303
Wellmann-Seaver-Morgan o, 74
Westinghouse Machine Co., 0. JT, 0,
80
govertor, 213, 271
valve chamber, 324
White ignition devicea, 152
Wiede, ,r.-.m ernor, 409
Winterthur Co., 77
crank shaft, 425
eylinder, 302, 313
cover, 32, 323
frame, 283
governor, 225
iggnition gear, 151, 152
Mston, 379
valves, JO8

Wisconsin Engine Co.  See SARGENT.

A

ZAVEL, governor, 409
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