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‘.~-.~.\\_TﬂChl‘lD]OU]Ld] an.m'lf]es are nOw frrn]y estabhshcd ih many schools. They have been introduced - : i

" by diverse methods, but they are here to stay — and to develoyrfurther, given the help of
. pubhcahons such as this. .

“‘-others are conc-.med to deve]op in thclrstudents anattitude of mind and technological - . //—‘
- know-how invaluable in problem solving. Sometimes technological activities have originated

" in seiende dm.parlmems someiimes in school workshops, but usually they have deve]oped -

-, to embrace or touch upon every department of the school. The whole range of teaching

mdtcna] produced by Pro;ec_:t Technologwtended to help teachers achieve the balance . !
n’:It'nr‘a_] firtheir M.'hools R e . .

_ These pubhc.a{lons play a vital role in realizing the central aims of Pro_leut Teéiihbldgy to sée' .
_ that all ‘studeats become aware of tie tecimalog:cal forces of significance for saciety, to gjve_
. as many students as possible opportunity to become involved in the technologicat desigp -

‘process, and to help them push forward the frontiers of théir own technological resources in
. terms of both theoretical knowledﬂe and practical skills.

Many penple partlcu]ar]y those responsible for the dlversrty of activities in the regional
groups of Project Technology, have plaved impbrtant parts in developing and writing teachmg - g
material. In tha case of Indusirial Archaeology of Watermills and Weterpower (and its :
compgpion vélume, Industrigl Archaeclogy for. Schools) we are indebted to Mr Geoffrey Starmier, - o
~head of the Education Unit at Lanchester. Polytechnic (Rughy), and now a Senior o : g
ith Nnrtharnptons]ure Education Department, for developing and ,wrltmg up this material.

Schools Comicit Project Tec?mology
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)'rfdusmal Arckaeo(og} far Schools showed how a geneml ﬂpproach to industrial archaeology can )

" _link science, fechnical; and arts subjects within' the'schicol in a way that helps-to bring these ™
subjects alive in the context of the commumty past and present, around the school. A wide )
B 'spectrum of past industriat act1v1ty was deliberately covered by this handbook j in order to show -
_teachers | how they m.lght rnake mdustna] archaeology a vital and meaningful study for their
students: - - | J ¢ . ' : i 1 '
IH‘.( further handbook Indusmal Archaeqlogy of Watermills mrd Waterpower, Ishows how .
Darncu]ar topic can be developed in de Dth\AlthouEh waterpower has been usef for many
mdustnal purposes, the most common evidence of waterpower applli:atlon tllr{:uughout the
country is in connectlon with com grmclmg Therefore for many schools, the waterpowercd

corn-grinding millis one of the most Prumlsmg startmg points for work in mdustna.l archaeology

i [t ‘was stressed m }’nd’usmaf Archaeology for Sc}rools that most subjects in thel school cumculum _
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1 Industrual archaeology
-0 f watermllls

1.1 HISTORY OF WATERPOWER . ' T -
One of the earliest known machines for utilizing water- S
power is the noria or ‘Persian wheel’ shown in fig 1.1 used - : ;
for irrigation purposes In the great river valleys of the .
Near Fast. There is evidence that these wheels were alreddy
known by the second' oentury BCAnd examples.can ST.]]]
be found'in Syna some as large as "l m dlametel

Various versions of the noria whee! existed, of wlncl}_on__é

. form was a light wheel rotating on a horiZontai axle and
fitted with'paddles which dipped into the stream where
the current was relatively swift, so causing it to revolve.”
Small *buckets’ or pots attached te the rim were dilled

with water as the paddles dipped into the stream, and
empned near the top of the rotatlon of the wheel, as -
shown m fig 1.2

The naria wheel was a self-contained device, not used to
drive any other machine, but it' may Yave influenced the - -

gement o the horizontal-shaft Roman mill first L

described by Vitruvius (see Section 1.2, page 10), How- o

) ! Fig 1.1 A current wheel at Hama, Syria, lifting wal e ..,
ever, before this was introduced waterpower had been River Orontes by means of pots fixed around,ifs%ircuinference and

v applied to com grinding in the form of what was later- . " discharging into the aqueduct just below the | .'op of the whcc.’
known as the Greek mill (fig 1.17, page 10} or Norsé Mill Photo: Science Muscum, London S
{in Northern*Eurcpe). Despite their inefl"cjencif; these s i : ’ e
primitive horizontal waterwheels werypplled for other " i

© purposes than milling; it is recorded that one was used to ¥
operate bellows in China in 31-AD. The harizontal wheel
- (known.as the ‘tirl’ in nogthern areas) originally used flat
wooden blades, the number varying between four and )
~twelve. Paddles, cufved in plan and carved from solid wood,
- were introduced later although ﬂzi'tBades continued in uSc

However, until the fifteenth century the main developments _
in waterpower con cerned the Vitruvian-type mill which - R
by the fqurt]i century was being used in increasing numbers.

The carliest vertical waterwheels were of the undershot

type, but soon after their introduction the Romans”

realized the advantages of utilizing the weight of falling
- water as well as the velocity of a flowing stream for

Fig 1.2 Principle of wheel of pols

] T
providing power. Where the levels of the ground were - *&“3@ :

suitable water was gartied over the top of the wheel, =
whose padd]es were arranged to hold the fﬂ]lmg water =! 2
~and so make use of jts weight to drive the miil. Such
dvershot waterwheels were used in a remarkable instal-
- lation (illustrated jn fig 1.3) at Barbegal, 9.5 km :
“from Arles, near the mouth of the Rhone in Southern /
France: Built in the early part of the fourth century in the
time of Constantine, the power was obtained from eight
pairs of overshot waterwheels (each 2.2 m diameter and
0.7 m wide), each driven by the tail-waterfrom the wheel
above and driving » pair of mili-stones of about 0.9 m - |
diameter. Withea total fall of 2 mrit has been estimated
that 28 tonnes of ¢orn could be ground in a ten-hour _ . '
- ‘Wl:lrking day — sufficient to feed a population of 80.000.. - Fig 1.3 Diagram bearblega.f warermitls
. '; _ . : N

2.




Tlﬁs was']':i.fébdbl'y't'hé larges't' waterpo(ver installation. in
the wholc wor'ld for fourteen to fifteen centuries.

In 536 AD, Vltlges K_mg of the Gmhs besieged Rome and
cut off the aquaducts which supplied the mills: This

. -vidaused so much distress in the city that the Byzantine

= general Belisarius built floating mills which were moored

in the Tiber, the wheels being driven round by the =~ ~

 velocity of the current. Such floating mills were used on

" the River, Tigris-in'the tenth century, on the River Seine
_in Paris in the twelfth, and on the River Thames in the-
sixteentlrand seventeenth centuries. They were commosn
on the Tiber and Danube in the nineteenth: century, and

" some survive tiiere today. Unlike most other waterwheels,
the foating mills have the adva.ntage of constant water

. . level in relation to the wheel.

.

‘Afterthe fall of Rome, the ﬁrst developmments in utilizing
_waterpower seem to have been the introduction of tide
_ mills, from the eleventh century onwards, in this country.
- With these niills. a causeway was erected to retain water

at high tide. The flood tide entered the enclosure through
sluice gates which clesed as the tide ebbed. As soon as
_the water level below the-mill had dropped to the lavet .
* of the tail-race, sluices were opened to allow the retained
water to run away through the mill-race and so turn the -
waterwheel. '

Soon afterwards, we find references to the use of water-,
power ather than for mlllmg In England, in asurvey of
the Templar's lands in 1183, there'is mention ofac -

" *molendium fulerez” oz fulling mill at Newsham in

“Yorkshire, and another at Barton in the Cotswolds,

" Fulling is a process in the wodllen trade. After weaving,
the cloth is pounded in water to shrink it and to increase
the dens':ity of the material by causing the fibres to bind
together: During this process the cloth is cleaned by,

" adding fuller's earth 16 remove the oil with which the

wool was impregnated for spinning. Originally, fulling was

dene by hand with clubs oj-by trampling the cioths
underfoot. This method was replaced by the witerwheel-
driven [ulling mill, fig 1.4, consisting of ong or more
haj'nmers, actuated by trips operated by the waterwheel,
_which automatically beat the cloth in wodden troughs.

. This-operatiop deménded_ a minimum amount of super-
vision and ysical effort from the workmen. The other
processes invelved in the production of woollen cloths

(cardmg spinning, and weavmg) were carried .on as cottage )

industries until the eighteenth century, but the advantapes
of the water;powered fulling mill were sufficient to carry
the wodllen fiade to those parts of the country where
waterpower was available. This did-not happen quickly,

~but whereas in the twelfth and thirteenth centuries the
cloths being-exporied were ‘of Stamford’, ‘of Linceln’,
‘of Louth’, ‘of Beverley’, and ‘of York’, by the fourteenth
“and fifteenth centuries the demand was for ‘Kendals’,

' ‘Lud]ows , ‘Cotswolds’, Stmuduates or ‘Westems'.

- Thus it seems that the advent of the water-driven fulling
mill was one of the-major factors influencing the move-

_ ment of the woollen industry from urban to rural sites

and from thessoulh and east of England to, lhe nerth and
west.

Another industry which bezan to use waterpower was
_ the iron industry. In the early iron smelting processes,
. the'iron did not run out in the molten state for casting

o

but Wa§ removed a$ a p‘zléty.‘lﬁmp {*bloom’) of crude iron

. wlﬂch" was hammered to expel most of the slag. At first
* the hammering was by hand, but as the blooms became

larger more powerful methods were required. Thereisa ..
French record of a moulin de fer as early as 1249, and
¢harters of 1311 refer to molendina ferrea. These could
refer to water-driven tilt hammers which were probably
adapted from the fulling mill. Fig 1.5 shows 4he operation
of the tilt hammers. - ’

In this country the early centre of the iron industry-was in
the"Weald and the ironmasters in Kent, Sussex, and Surrey
were eventually in difficulties due to the lack of suitable
waterpower potentlal

‘Considerabie expense was involved in buwilding and main-
taining *hammerponds’ in grder to conserve water. Even

shanks of stoc ks\

. |stock back

foot of stock

hammer head

——

givol
e

TTTITTT T =
! |
r-——1

n

to wyercon *
blast furnance

[ weight 1o
open bellows

‘Fig Lo Water-driven bellows used in blast furnaces
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Fig1.h A.aevemb!e w\aremrhed as used in the dmerican ga!d
mining aré@s; The direction was changed by rumfﬂg the
rotary valve on the inler 120° -t

From O thé power of water fo Ium rm!'ls by I Glynn, 1853

: wheet‘ The overshor wheel has two rows of buckets ser .

Jfacing apposite directions, The man at O, by reans of rods”

and levers, is able to direct the water into either row of e
. buckets, When he directs it through trough Eon to the
nearesi row of buckets, the wheel will rotate anti-clockwise: - -
if directed through F onto the furthest set of buckets, the -
wheel will rurn clockwise. This was used to fiff buckets of
watergnd J'ower them again o the bottom of a mme
From De Re Meramm by Georgivs a\grloola 1556 ’

. By mu:fuy.afSct_’mceMmeu{u. London o

L
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 so, the smal! streams feeding them sometimes-failed
) comp]ctl:ly in summer and it has been suggested that the
- -yery dry years of 1737 to 1750 contributed, along with
" the depletion of the natural forests, to the eventual

demise of the Wealden iron industry. With the introduction

. of the blast furnace (an early reference to a biast furnace

. in England records one at Newbridge, Sussex, in 1496),

" Waterwheels were used to suppty the necessary blast and
.- there was an increase in the demand for power because ~
. of the extra processes irnvolved. See ﬁg 1.6 on page 3.

The h]ast fumace produced “molten i iron which was cast
' mto,psgs At that time the-demand ‘was stiil for wrought -
“iron, so that the r:ast-lrcmr pigs were taken to a forge where
" they were Teheated ina. i:ha:coa] -fired: hearth or finery and
stirred about whilst air was blown on it. The oxygen in
*the air combired with the carbon in the iron, thus graduvally
“converting the cast iron to wroughlt, iron. Gn removal
.- ‘from the finery, the iron was hammered intd a roughly
“rectangular block, usvally by means of a water-driven
tilt hammer. To"work the iron into its I'nal'shape it was
__teheated once again in the chafery and hammered to the
required form, also by titt hammers. In many places the "
water supply was unable to provide the power rejuired .,
for the blast fumace, forge, and chafery when situatéd close
together. Ta obtain the nleceséary power, the tlires activities
. were carried out some distarice ap'a°rt so that a suitably large
pond could be avallable to serve a wa'terwhee] for each
operatlon See fig 1. 7

By 1550, when Georglous Agncola completed his famous
bgok on mining, De Re Metallica (first published in 1556,
after his death), waterwheels were bging used in central
“Europe for crushing ore, pumping, ventilating, and winding,
"'in addition to blowing. Nearly all of the lllustrations in
. Agricola’s book show overshot waterwheels, and one, .
© . of rotation. A later reversfb]e watcrwhee] is shown in
. figlo.

By the sixteenth century, the breastshot wheel had beem

introduced, and gave some.of the advantages of the overshot

wheel without the nécessity to build elaborate carthworks

and launders. The breastshot wheel required 2 definite head
_ " of water so that the nuiber of waterpower sites which

:'--].1rmted This gave rise to:disputes between adjacent mill
Owners, and the number of law sults at this I]me mcreased
- _'enormuusly . P
Up to this time the waterwheels were wrtua]]y all of wood
- but. dunng the sixteenth and seventeenth centuries wrought _
iron was introduced for parts subjected to heavy wear ‘or
loading, such as thie gudgeons, inserted info the timber
shafts, whu:h rotated m the wheelshaft bezmngs

1 Ass the demand for power :ncreased it could not be sansf'cd
“by the seam engine, which was still in its infancy. (The”
first economic steam pumping enging was invented by

" "Thomas Newcomen in 1712 for.dewatering mines but was
Iater_adopted for other purposes.) The first textile miil /

.- was Thomas Lombe’s silk throwing factory at Derby,

- which opened about 1721 :150m long and six storeys

_high, the considerable amount -of machinery was driven

by waterpower. Twenty, years Tater, Lewis Paul and

John Wyait’s roller method for the mechanical spmmn},

" off cotton was used in the Northampton Cotton Mill, whlch_

R

fig 1.8, depicts a waterwheel ca“a\ﬁie of reversing its direction -

could work on a partncu]a: stretch of river bécame more . . . ..

. was dnven by a water\vheel JAIthough ﬂns may havc been
* the world’s first powcr-dnv?n cotton mill it-was not-success--
- ful, and it was‘Arkwright's mill at Ceomford, completed i in

1772, wlnch laid the fmmdatlon for mechanizing the
‘cotton industry. The _nweﬁtlon in 1785, of Cartwright’s
power loom increased production in the industry, which®
became even more depe/ndent upon a reliable ferm of
power. -

1t was at the start of this period of enormous increase in
dernand for’ power that.John Smeaton made the first
scientific study of waterwheels in 1752-3. He constructed
a mode] which would run either as an unde_rshot or over-
shot wheel, and measured the power output by the time
necessary. to raise a weight through a given' helght The
input, or rate of flow of water onto the wheel, was
measured by the number of strokes of a pump of known
dimensions to maintain a given head of water in the tank
supplying water to the wheel. See fig 1.10.

Smeaton realized that a considerable émount of energy was
lost when a jet of water struck the flat paddle of an under-
shaot wheel, and that it was better to develop power by

.

- . float
.4 :

" rod for "
adjusting [} |
slutce

T

< :
r l\h —--‘_'l"

{a)

{b}

i
th 1.10 .S‘méaron s apparatus for fa) expenmenrs with warerwheels
{b) means of altering position of wheel relative to sluice -




'fi]]ing the buckets of an overshot wheel. Assuming his

relevant measurements were correct, heobtained 22 per

| BT E{IEendy With an undershot whéel and 63 per rcent
with an overshot wheel. o .

" About this time, the effiziency of the breastshot wheel was
considerably ¢nhanced by‘in}mducing a close-fitting curved -
- facing to the weir at the wheel. Waterwheels were built

with larger diameters and widths than previously but were

_often not strong enqugh to produce the power expected.

—The weakest componeit y

_firm of Batermar and Sherra

7S flie shaft, and in 1769..
Johsi Smieaton fitted what is thought to be the first cast-

. iron shaft 10 a waterwheel driving a blowing engine at
_ Carron Ironworks. There were difficulties in producing,

ldrge castings so that many composité wheels were made
using wood and iron, but by the turn of the century water-

_ wheéls were being produced with complete frames oflron

w1th wood used on]y for the paddles

Already some industrial concerns were womed about the
lack or uncertainty of waterpower at the sites on which

“they had been established. In 1777 James Watt erected

one of his beam pumping engines at Soho to return tail-

Twater to the waterwheel in times-ef-drought. A. rnodel of..

the pumpmo engme is shown in fig .11,

..Joshue Rigley’s rotary steam enyne, fig 1.12, was also used
" to provide a head of water for an overshot wheel. With

the charh.ber A almost filled with water. as shown in
avalve at D was opened to allow steam from the oiler B
to enter the chamber A. The pressure inside A was then
sufficient to open the ‘clack’, or self-operating valve, at F

- against atmospheric pressure, so discharging the water into

the pentrough R: feedlng onto an avershot waterwheel W.

When chamber A was almost full of steam Ihe slearn valve
was closed and another valve at D opened ito inject cold )
water into A. The steam condensed ahd the atmospheric
pressure on the water in the tail-race, H, caused the clack’
at G to open ahd allow water td rise up the verlical pipe
and enter chamber A. When this was nearly full, the cycle
of operatlons was repeated .

The steam inlet and mjecnon water valves at,D were
worked alternately by two push rods (although only one

-is apparent in thé diagfam) operated by a cam p]ate T
. fxed io the waterwhee]

. J ,
It was not until 1?83 that Watt produced the first rotative:

~ engine, but over 3 300 of these were supplied by Boultonand_____ _ | . _ 7
*-Watt before the patent for the separate condenser (which s

gave their engines superior efficiéncies compared with
others) expired in 1800, It has been estimated that on *
average these engines gave-about 11 kW. Despite-their ---

«condenser patent, Boulton and Watt did not have a’

monopoly on the construction of rotative steam engines.
Besides builders who,'pirated’ the idea of the separate
condenser, there were many engines built without it,
ranging from rotary power adaptions of the inefficient
Newcomenytype engine, ta those built by the Manchester
ich were identical to
pt for the.separate conden- .

those of Boulton and Watt. £x

. sef which was to be added as\soon as the patent expired.

During this time it seems that waterwheels were slill pro-

wdlng a large proportion of the country's power requlire-
ments and improvements were still being made in their

“design. A difficulty encounteged with the overshot wiree] " -

12,

Fig 1.11 Model of *Old Bess’, erected at Matihew Boulron's manu-
factorv at Soho, Birmingham, in 1777, Its ditty 'was {0 pump water
from the tail-race back into the head-race serving ¢ waterwheel of

© 7w digmeter and 2 m wide, at times when the natural flow of the
streawn was Inadequate. It has been estimated thar the combined
efficiency of the engine and waterwiee! was about one-haif of the.
mechiariical efficiency of a rotative engine directly coupled to the
shafting driving the machinéry in the mmmfacrmy
Crown copyright. Seierice Museum, London
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* was that its lowest buckets moved in the opposite
" direction to, th:rt of the flow of the tail-water. [ the level

were submerged, the conditioh was described as H5ack-

- watering’ and the power output of the waterwheel wis

=, reduced. This was overcome by the'introduction df the
K ‘pitch-back’ type, which was particularly useful when the

water ]evels in the tail-rack were hable lo marked

.the largest available head needs to be-used and to allow for
" this, John Rennie, in about 1783, invented gsliding hatch
* mechanism. This consisted 6fa fixed set of inclined slats
":.m a curved plate following the shape of the outside of

. _the wheel. The lowest slot was just below the waler.level
" at minimum head, and the top Slot was just below the
water level at maximnm head. The sliding hatch was a -
curved iron pate, operated by rack and pinion, to cover
any of the slots. The niaximium available head was utilized
“by lowering the hatch as the water level fell. This is shown
in fig 1.13. co : : A

[ the tail- face rose so that the lower ‘buckels of thc ‘wheel

A.nother troublé was enc-du_litered with _tl_le'ira.ryi.n g head of -
the water coming onto the wheel. For maximum efficiency,

-

Iy’ 18'?4 the French engineer IV Poncelet greatly impro'ved
lmb thu water below an mclmed slu:ce and usmg shecl
iron, was able to give the paddles a carefl ully calculated
curve.so that the water entered and left the wheel with
very little shock. Large nunibers of Poncelet wheels were
instailed during the nineteenth century. The principle of
0perat10n is sho n m ﬁg l 14 b\yage 8.

The power From the waterwheel was normally transmitied
through its shaft. However, since the wheels rotated .
comparatively slowly, the torque on the wheelshaft was
high-compared with the power transmitted. Even with an
iron shaft, there was a limit to the power which couid be
developed'if the shaft diameter was not to be uneconomi-

- cally large, to prévent it failing under-the shearing action

of the high torques. Easly in-the nineteenth century, ‘tlis .
difficulty was overcome by (fie mtroduu.ticm of rim drives
in which a gear wheel was built up inside the rim of the

: waterwhee] and lransmllte(l power to a small-pinion. This’
-would run at very high speeds so that there was only a

~ small torque on its shaft and the main shaft only had ts be.

strong enough to support the weight of the waterwheel,"___

,y




-« Fig 1.4 The Poncelet whedl — a great jmprovemen
From On m_e_ power of wa’e_r to.turn mifls, 1 Glyp, 1853 -

" which itself could now be of lighter desigh with spokes
and bracing of wrouglit-iron rods in tension. (There ‘was
reputed to hdve been a waterwheél in Ireland with chaing
‘holding the rim and buckets to the shaft!} This opened

*,the way té designers of even larger and more powerful

a .

waterwlieels.
.. With the very large waterwheels, there were troubles due
 *"{o air being trapped in the buckets as the water entered, i
" so that the buckets did not get the required quantity, and .
also due to diffjculties in emptying the buckets when the
‘bottom of the wheel was running submerged. William ¢
" Fairbairn introduced ventifated buckets, fig |.13, which
* enabled the air to escape so that the water could enter
. more quickly and, at the bottom, for the air to re-enter, -
. thus helping the water'to discharge faster. He estimated

_ that this modification gave a 23 per cent increase in .
o power. . - - ' :

-

A " With these various improvements, some very powerful
-waterwheels were built diifiiig the first half of the nifd*
- . teenth.century,, They needed good supplies of water, and -
the mill owners|sought this either - o
1 by building their mills high up the valleys where the
_streams flowed swiftly and thiere was high rainfall, or

2 by constriicting dams and mill-ponds to conserve the
-water from a're_l_ativel_y _srna!! flow 50 as to provide .
several hours of adequate supply, or- R

~ +3 By participating in water supply: schemes. .
“~The earliest of
Shaw’s Waterwprks for the supply of power and doméstic

- water to Greenack which was completed in 1827. There
“were three reservoirs having areas of 150, 15, and Sha_ .
respectively, and a watercourse 9.7 km long bringing t*w_ >

.J'..' .

t on the primitive undershot wheel

- water to the town (instead of the mills having to be built”
_ in remote places where water power wis-available), Several

Ppowerof watérwheels-at this time:

these large-seidle schemes in this country was

. arched.stone causeway to the top of the pump shaft

. X + .
- . . ~

o

similar schemes were prothptad if this country andalso in

America. - T

The following-examples .give an indicatiod of the- size and _

1 In 1827 a waterwheel 7 m diameter X 5m wide gave
66 kW at Arkwright Mill at Bakewell. This was used by
the DP Battery Company uniil 1955.

About 1830, a 21 m diameter wheel, 4 m. wtle, provided
142 kW at Shaw’s Cotton Spirtning Co, Greenock. This

" was one of the waterwheels supplied by*Shaw’s Water-
works, mentioned abové: .., ' o

[ o]

About 1840, a 15 m didmeter wlieel, 3 m wide, gave
65 kW when pumping W-I1eql_ErféndShip Mine near
Tavistock, Devon. - - RN .
_1n. 1843, the British firm of Bryan Donkin built a’ _
wheel 23 m diameter and 9.6 m wide which was exported
. to-1taly to drive a-felied cloth milt. - '

. : .‘;'f . .
Iri 1854 the Great Laxey Mining.Co, on the lsle of Man,
" erected 2 21 m diameter, 2:m wide pitch-back waterwheel *
" weighinig 100 tonnes giving 17.2 kW at 24 rev/min and ~
known as The Lady Isabelia Wheel: This was used to purip
water ffom a lead mine. The wheel was.used until 1929,
. when the mines were abangdoned, but is still standing as
a tourist atiraction (fig 1.15). The wieel axle is S m fong . .
-_and 0.5 m diameter, and has a crank of 3 m throw by ..
" which the power was transmitted to a series of horizontal .
- oak connecting rods, carried.oh wheels running:on an '

... 180m away up.the vdllg'y. See fig 1.16. The p_um_'b_'_l_‘agd was
450'm tong and lifted more than 1 m per minute. ..




ieel at Laxey, fsle of Man. The water was
. _supplied from a reservair higher up thervalley, the. fread of which is ..

. sufficient to raise the water up\io-the fop of the circular rower and
on to the launder serving the w teei Note the sranondry curved cover
. over the wheel near the tower, to'grevent waier being blown out of

“Fig 115 Pitch-back wate

" the buckers on the wheel. The crank, on the wheelshaft, is partly

hidden by the tree in the foregroun ,'but the connecting rod to the
bell-crank lever and counterbalance weight is visible on the right of .
" the masonry supporiing the ileelshaft K :

Fig 1.16 Some of the ston hes w;'uch used. to support, the series
of t‘ormecmtg roils, the ends of eacf: carried on wheels, which trans-
* mitted power to o bell erank lever above ﬂre pt{mp-shaft‘a quarrer of
a nite up the var:':‘ey R

70 tonnes and is repufed to have been made pof
19 300 separate pieces: It was d]smantled inl 949 and
rep]aced by a turbine.

. ‘However by 1840 the steam engme had hecome the
. generally accepted prime mover and was. aple to supply

~/ -the enormous increase in demand for. pawer. No longer
<. was the availability of waterpower an influence upon

‘ the development or lacation of industrial &ctivities, and
soon stearn engines were being built, e,éch capable of

with waterwheels in Britain, althou
1822, on the Merrimack River neay'Lowell, high
efflmency waterwheeis develgped /a total of 7 5 mW

' In this tountry, the use of existin waterwheel mstaliat.lons

declined tltroug,hout the nineteenth century, mam]y for
two reasons.

\ From the begmnmg of th century, the dr:unage of Tand
was constdera'bLy imp: ed. Although benefitting the
land, this had an™® on the character.of the rivers

" in that at, times following rainfall there was flooding

_with rivers running very fast, and at other times their
flow was as much reduced. This great variation!made it

- impossible to work wheels economically at some sites.

2 There was an increasing diversion of wateg from higher
districts to supply the-domestic needs of the expanding
towns and cities. Although mill owners stoutly defended.
their compensation-water rights, they were usu; ally
persuaded to give way due to the availability of
alternative sources of power. '

On the continent the situation was different, particularly
in France where early in the nineteenth century successful

K attempts weré made td"use an improved device, ttlé water
turbine; ta harness the watér. power resources there. The

development of the turbine is deait with later in Sectidn 3.

' T
i
I
i

j.

h

- -providing thousands of kilowatts — an amount impossible”
inthe USA,in '

.-
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STORY OF CORN MILLING

: Modern wheats are clerwecl from’ wild grasses wln ch seem to

have been first cultlvated in tie’ Mldd]e East, at least-5000

“years before “the birth of Christ. Subsequent tmprovement

of the strains by selection and expenment enabled wheat -

“to'bécome the main food crop in many countnes through-

o As soon'as early man began to eat the grain or berry of
. the wild grasses, he must have realized the 1feed for some\

out the wor]cl

" préliminary crushing process. Thie first crush_m_g would

: probahly have been by pounding the grain between stones,

_ and this operation deve]oyed to the use of pestles in stone
o mortars “This method was definitely Dised by the Egygt-lans
- and on-the. ev1dence of one of the p:ctures that decorated

: :.-—-was emptied- rrmrrﬁtemmrllﬂmlevefoﬂrfﬁ'r@rhe _.

'], .
'l

.t

the house walls in the town of Thebes, the crushed grain

The earllest known reference to the use of a wa!erwheel for.

driving mill-stones is in the writings of-Antipater of
Thessalomca about 85 BC, whlch transiated reads:

Cease youwr work, ye matds, ye who laboured at the mlﬂ' )
_ Sleep now, arid let the b:‘rélk‘_sr‘ng'rq _r!'re riddy morning

For Ceres .*‘_ms'epmménded the water nyy
" These, obedient fo her call, thrgw themse

his 10 perform your task
on rhe wheel

- T]us mﬂl appears to be of the ty pe where the upper stone.
“was driven from below by a vertical spindle carrying at itg

iower end a wooden rotor of impeller, as shown in fig 1.17.
This primitive. ammgement which had no geann g, was
known later as the Grcek mdl .

bran from the flour. o c !._

Mills of the pest]e and mortar type are based on the 1mpact
prmclple but this was inefficient in its use of man’s
- muscle powér. By 4000 BC a true grinding action was

k" produced by working 4 rubbing stone*back wards and
PR ‘forwards across a base stone which eventually was given a
.} saddle shiape and resulted in the so-called saddle quern. -

_"By the time of classical Gree&:e,' the plés!u’ng_ mill hat_:l' been-

developed., In this, both-stones were flat and prooved, with

* the grain being fed from & hollow in the upper surface of _
* the top stonk through a slot onlo the grinding surfaces at- . ..

the interfage of the.twb stones. In some cases the top stone’
was fitted with a stick running acrdss it as a handle by *

- which to-and-fro circular iotion '\\I._'as given to the top stone. :1

Lo

2

+

Another line‘of development seems to have started wiili
grain rubbers in the form of a concave dish similar to a
very shallow mortar, with a squat. Spherlcal rubblngstone
like a bun-shaped -pestle. With the addition of a handle
eccentric to the axis of rotatjon in the top stone, this
became the rotary quern, These were small, about

30 45 em diameter at the most, and this type of mill

" seoms to have reached southem Englana uunng the first
century BC, .

n the early eombmatmns of mlll-stones they lended to
tollch each other and contribute stone gril to the meal.
The grit contained in the bread from such-[lour is reputed
to ha\re contmued ’B‘gm;.gmg action on the teeth of those
_ eating if, hence the pointed teeth found in the skeletons
of early man. “The arrangement of the.stones gradually
“evolved so that a'stage was reached in wluch the tpper
stone was carried ona. protrus:on or Sp:ndle from the
centre of the lowerstone so that the stones touched only-

* lightly 1f at all. Stnne—dust contammatlon was Ihus avoided.

Desplte the small output of this type of mill, it was useful
-in a culture based mainly on domestlc units. During the
-Roman period comnmercial milling establishments began

‘to appear, using larger and more soph;strcated versions of
the rotary quemn. There is evidence of donkey mills for
-cereals in’ Greece by 300 BC, and donkeys were used on

the Roman mills. Those found among the ruins at Pompen
(datmg fram ¢ 79 AD) are of a peculiar form of construction
" with lhe revo]vmg stone shaped like a hollow hour—glass
.and rotatmg on a £onical stone base. In general, the mill-

Fig 1.17 Primitive Greek mitl-

With the runner stone revolving at the same speed as the |
water-driven rotor, sufficient speed for Erinding could

- only be obtained in small, fast-flowing streams. There-

fore these mills were restricted to hilly regions where
small quantities of fast-flowing water were found. They
were inefficient and. incapable of gnndmg much'more:
than the needs of a single family. However, these ™ e
pnmltlve mills were soofi wrdely adopted: the type has -
survived untl] the present day in Portugal and an
examp]e is preserved at Dounby in Orkney. Sec flg 1.18,

- About 1_5 BC, Vitruvius wrote De Arcks-recmm in which '
he referred to engines for raising water which included
the noria whee! (see page 2) and to'the ‘tympanum’ and
went on to describe a vertieal waterwheel, fe rotating on
a horizonta! shaft, to which was fitted a toothed gear
meshing with a larger toothed pear wheel mounted on

N the*’ver}ieal spindle carrying the uppér mill-stone. Romc

did not make immediate use of this more efficient water-
‘mill and several reasons have been given for this:

1 Large nurnbers of slaves were employed in the city’s
mills. If these were made redundant by the new water- -
mill; there weuld be the possibility of riets and other
disorders. :

2 The classical attitude of the tirne towards maehinery was
. one of disinterest in practical dpphcatlons In conjunction .
with reason 1, there was no financial interest to

~stones were flat and‘contmue‘d‘so—umll tieatdvent of rouer
gnndmg in the mnetcenth century :

‘o

= encourage efforts 10 ovércome the practical dlfi"cﬁffles o

"+ in applying gearing to such mills.

T
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Environnient. Although it represenis the general arramgenient 'of

; r_:',‘il_e;'i'jr'zo_ﬂmfl' waterwheel mifls, this example is-unusual in that its ranner has tiie blades arranged in two rows
i | Drawing from official guide published by HMSO - PR o : o

18 in the distance, Chesters Fort on Hudrians Wall, and in the Joreground, the remains of the reptited Roman watermit |

] N .. . . .




A
. 3 There. could have been a fear, based on rcllglous grounds,
- of hamessing any of the forces of nature, However, this
last reason did not seem to deter the settmg up of
- horizontal waterwheels

_tllese reasons did not apply: there woyld Wave been some
" difficulty in supporting the large garrison on Hadsian’s
. Wall with a relatively small loc;al population to provide
~slave labour’. Thus there was an incentive to‘develop the
" latest ]abour-savmg machinery before it was used in Rome
", _ ;. itsélf, and the sites of two mills have heen teniatively
. 1dent1fled fear Hadnan s Wall. See fig l 19 on page L1

Wlth lhe adoption: of Chnstlamty by Emperor Corlstantme
‘as the official religion of Rome, slavery was abolished, thus
- causing something of a Jabour shortage for the menial-
) - task of comn grinding. At the same time, the pagan wor-
% - ship of water, spirits ceased and the power potential of
' the water supplies could be harnessed. By the end of the -
"3 fourth century, an mcreasmg number of reférences
indicate the nsmg importance of the watermill, 1n Rome
1tse]f and elsewhere.’

Wlth improvements ]eading to overshot waterwheels it
. was possible to grind on a larger scale, and the outstanding
&ample was the mill complex at Barbegal in Southern
FrJrlce where sixteeri overshot waterwheels eground .
twen(y-elght tonnes of corn every twenty-four hours (see
‘page ”\1 By the sixth century, so imiportant was water-
. power to milling that when the Goths besieged Rome and
" cut the water supplies to the mills recourse was made to
- floating m}I]s (see background of' fig 1 21)

" After the fall fRorne little.is known relatmg to. com-

milling, but re erences-to watermills in Britain begin to

- -appear in Saxon \c\har-ters during the eighth century. In

. 1086, the Domesday Survey aécounted for 5624 mills

_ south of the River 'l'\r\ent Some of these were probably
- worked by oxenf but most were watermills. From the

.

" (see page 43} it willbe sécn that somé of the dues included”

.. men and primitive ecl trans are shown in medleval prints.
- Bel traps are shown in the ﬂlustratmn of wafﬁrrrull in the
) _Luttrel Ps1ller fig 1.20. " :

Tie Domcsday Survey mc]uded the ]Tllll
+ held by the different nobles from the
Ages the lord of the manor owned the
. angient custom of ‘sole rights’ al{ the cot
~ “manor had to be ground at the lord’s mill
- deducted a proportlon ‘of the flour or mea
- payment fi hls work. Until 'the reign_of
© the niiller’ | BIA
although he was allowed to sell the corn take
-.Payment of money- mstead of toll started ]

elghteenth century

i The medieval custom of grmdmg 961'1'1 on
_mill was unpopular with the peasants wh '.
possﬂ:]e resorted to usmg hand ml]]s in

In the distant provmces Of the Rornan Em p:re, the first of

" and when a mill had more than one pair i

summary of the ome\§day survey of mills i Ln Warwickshire |

¢ BAVITERTS of gels. Many of\the millérs were also eel fisher-

- gearing, Note the fi

»

. twelfth century, the’ mndrmll was Lntroduced in manors

having no.suitable water supp]y for a watermill. Later -
~mills did not have the privilege pf .claiming sole rights
‘or freedom from tithes. In addition, the rivers were used

] fa_r inland for transport and came 1.11'1_(1(;{a the jurisd iction
- of the Lord High Admiral who was empowered to order

the destruction of mills and weirs when they impeded .
established trade routes on the river. From the eleventh

. century cnwards, tide thills were erected at suitable sites

offering shelter from the chrect onslaught of stormy seas
and gales {see page 3)- - ) .

Each waterwheel usualIy drove only éne ?air of stones,
would havg a

separate waterwheel for each, although all would probably

be under the one-roof, as in fig 1.21. This often leads to

-, confusion when examining old documents whlch rekr e

toa -.ertaln village as havmg two, or three; mllls

-A new layout, widely adopted duying the s,_e_cond half of .
“the sixteenth century, had a main vertical §haft carrying

a geeatl spur wheel from which two or more pairs of stones
LOU]C] he driven {see page 24). This improved arrangement
may\have originated in windmill deve]opments where a
_fresh set of sails could not be installed for every ‘extra .

pair of stones in the: m]ll

-_T]le new layout of the null made it egsier to apply power
to ancillary operations. [n medieval times the sifting of .
flour from the bran was done by shaking in 1 hand sieve,

" and was regarded as part ol the work of the baker rather

. Fig J 20 Parr of rhe enrly fourreenm cenmry Ltmre.’! .ﬁa!rer showmg
a medwva.' warerm:.‘!‘mrh overs.‘ror wheel and eei traps.

Fig 1.2 A sixteenth century waterniill showing two pairs of mill-

ng watermills at top right .
Allerhrand Wasser- Wmd Ross and Handr Muhfen by

", stones each powered br a separate waterwheel through peg ana‘lanrem

From Kiinstliche Abri
Jan de Strada, 1617

r




* than | thc miller, A mechaluca] sieve WdS mvented in 1502
‘by an Austrian, ‘Nicholas Boller and the, process of
‘bolting’ gradually spread to all parts of Eyrope. At first,
‘the freshly ground me; 3 the stonesEfSX into a long,
inciived bolting bag of cl wlhich was shaken by a rod -
.connected to the drive from the waterwheel \"fhe finer.
particles_were shaken tHrough the cloth and fall onto the -
. floer, or into a hopper,-below which the bran & ade its
way to the far end of the bag whcre it fell into } L separate
]1eap .- i :

:

In ‘this country; the bc{]ter was dave]dped to'a-f'ox consis- |

__'_tmg of an in¢lined cy]mdncal frame rotating in a rlosed .
waodén casing. A tubular ‘boltmg cloth” was fitted over

"t the frame. The méal \fvas put i’ at the upper end of the

'revolwng cylinder and weighed down the cloth so that it
- brushed against a'n ber of wooden bars which shook
. theflour through the woven fabric. At first this was

".._..wocllen cloth Lat, fo Eive. finer flour, wool was superscded_ o

"ﬁrst by calico and }ater by 51lk

ing power to other
< hoists came into use

_this period prTJg €55 was ma
operations in the mill. Powered sit

S B PMate VII.

in watermllls with the adoptlon of the vertjca] shaf t
arrangement of transmlssmn Although a hoist relieved
the miller of the wqu of carrying the sacKs to the top

of the mill, he or his assisiant still hid to climb up to

the gamer floor to take the sack from the hoistand to
manhandle the sack to the desired storage bin. During
the later half of the eighteenth century, Oliver Evans
equipped a mill with elevators (to lift the grain vertically)
‘and augers rotating in wooden troughs (1o move the grain

horiZopta!]y)._T]ﬁs machinery is illustrated in fig 1.22.

Evans' ideas found ready acceptance with the American
millers, whose production was large-scale and labour

comparatively scarce. In Europe his ideas were adopted
more slowly.

Whilst m;]]s-_m this country were grinding good locally-
grown wheat, il was possible to grind in one pass through
the mill-stones if they were set close tqgéther. This style
~ of milling was termed “ToW niilling” and gave a'fi r'l'e_,"-fﬁiﬂff LT

whité flaur from goad English wheais (which have a soft
endosperm and tough bran coats). Using inferior wheats
or setting the stones too close could result in the inclusion
of bran and breaking up of the starch grains. Such flour
-made a dark loaf (due to the bran particles) which was

heavy and sticky due‘to the action on the.starch of enzymes .
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+ Fig 1.22 Late éighteenth cenrury Amencan mf!f s!fowmg efemwrs Jor mc.-vmg stock ,’gmm} vemm!ly and screw conveyors (or augers) for

“moving grain horizontally -

Frorrl The }’oung Mrh'wr-‘g,}rr s Gum'e by | Olivﬂ E,Vans, ¢ 1750, By cuurtesy of Sc‘lence Museum, London -
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_ Tuwa.rds the end of {he elghteanth century, we find me _ . excéssive » power and’ n;u H labour: the Ludwxs mill in Lo
.first exarmples of andthier rival to the waterwheel in power:. - - "Munich; when. t’—fill-lili"{le with 36 roiler mills employed -
ng corn, mills. At Deptford in 1781, “The Steam Mill’ was - 28 mento produoe_ f flour per year, whersas . . .,
' built to.provide for the, nesds of the Flest. However, the '~ “Iater, wheni,} 3 pairs of es_a:em_subsmuted forthe = >,
“steam was uSed ih a- Newcamen type steam pump ta lift rqlle; mill, aslf_ew as nine 'rncn wm able ‘0 praduce 540 ma
water from ‘the’ tail-rice ¢ into. tanks: from which it ﬂowed‘ °f ﬂbur’ T B -
to'waterwheels work‘ 'll_'. In 1785 John Rennie ) : m).l

1 *

‘e

Durmg the 1‘8403. large Is were et up in Aueria su].l
uttllzmg !mll-stones at Fulma elgh (pen s,ets pf: French

_ T Watenvhee_i 'Wlth 3'total capaclty of 70K Another mill -
s -'._ e m V;cnna had twenty two sefs nf stones. drﬁt n.b'y threc :

sadﬁn 'ges ofgnndmg w1th i 1mports of flour Tose. rap1dly {f 'm‘?')' 634 tonnesm

1840 to 192752 tonnes i in 1850, afi ‘256 962 torinesin’
_1B40}. Not onl'w:hd the quantlty increase but the qua].lty ]
of Lhe flour a.lso lmptoved Th.e : nfor the latter has o

| a leading posumn
i ;urpl_us flour to-

anclﬂsulted in. me mdual reduqn pmuss of mlllmé ;
This c_om;detely ehrnmated the wheat germ anﬂ bran* and -

deﬁcm i;u:s were tecogmzed and. yano’us \ntam sm}d
i erals we.r ndded o, tha _ﬁna] produ_ -m an nttempt to




“the cler‘na'pd'.:

' -;'-;of Bntis_ ,gnillers

In 1877' party of Bntlsh rmllersmmted the Contment
" io'insp ¢t Several mills in 'Vienna and Budapest. Although
-, on their retum the pf®ailing idea was that the systems
x -sebn were tgo-compley for the home mills,in 1878 the
irst” cornple:e roller system was installed in Ba.tlow 5
'Mill 4t Bilston, Previos to this there had been: roller
- - mills mstﬁ/lled in 1872 4t Muiir’s mill at, Glasgow and at
. several other mﬂls butTthese Were' not complete roller
-'systems - :

e t ma11y~m1]lers remamed unconvmced of the ut1hty
of rul]er milling, but by the 18908 most of the medium. -
) _and all of thelarger mills had been converted to the new

i pro ide sufficient power, although in some cases they

l'- Were replaced by water turbines, In general, the power was’

- supphed by steam engines and the mills tended to" move to.

.." sites where comimunications were good for the delivery of

.~ grain and the dlstnbutlon of flour. When I B Whitwaorth

. +.decided to, erect his Victoria Mills at Wellmgbomugh af the

~.énd of the hineteenth cen turﬁ he chose 4 site bounded by

© the railway, by the présent A45 road, and by the River Nene.

: The latter facilitated The transport ¢ élf grain hy candl boat,

- 'since the river connects with an arm “of the Gmnd Union -
‘Canal 4t Northampton Power for the mill wis suppheg by

‘a large steam engLne. A general view is shown in flg | 24

-+ Fig 1.24  Aerial photbgraph o}{yﬁr‘-mrghi's Victoria Mitls, Little’
- . Irchester, near Wellingboroughyshowing their locdtion between three
forips.af transport: the River Nene (behmd the mills), the A45 road

. onthe lefiuhd foregrouﬂd and the' m:.’wy between Norrhampron
- an Pererbomugh R A

Thé striall couﬁt mills, nbt equipped to meet the public

- demand for white flour and with'their owners unable to -

' _afford the expensivé new equipment, either closed or

_wernt over to gnstlng (grinding feed for animals). Since
" . the Second Wor]d War, economies of ]arge-seale productior
“hayer resulted in closure of many of the medium-sized -+ ~
. mills; The sequenc of operat:ons ina rnodern mill is
shown In flg 1 25 -

} .

I system. Thé wa terwheel was often no longerable to = = . o
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Fig 1.26 Various wiys of briiging watér to the mill -

l 3 CORN MILL WATE‘RCOURSES :

The way in which' water is brought to the waterwheel Wl,ll
depend on the mill's locatlon and the local gcography

Sometlmes the mil wﬂl be on the stream :tself with an

- arrangement to by _ass the water when 1t 1s net required -
as in fig 1.26a

In-other cases, & g;nre the necessary head to clnve the -
mill, an artlﬁmal cllannel {often called a ‘leat’) was made

~ from the stream to feed ‘the mil, as in fig 1.26b.'In some -
_arveas, the leats are of considerable length and may~lead .
onto wooden troug_hs (sometimes referred to as ‘IJunders }
or cast-iron penstocks delivering the water onto the .
wheels. On rivers used for navigation, it was alsq necessary
to have thé mill supplled by a‘separate watercoarse

In all cases provision was madc for the escape of. water e

not required to drive the waterwheel. This was necessary’
‘when, after prolonged rainfall, the water supply: was-in
excess of that needed to drive the wheel at the desu'ed
speed, and also under narmal gonditions when the water-
wheel ‘was stopped by lowering the slu1<:e 16 stop the -

* water ﬂowmg emo it. See fig bZ? // -

Sometimes the py-pass 3_rrangement was a channel paralle]
to tiie wieel, 3sin fig 1.26¢c. - T

Bl was m:x(‘lle by
Phs in fig ],26:1

“nsome I_mulls, tl\c:\py-pass/ afrang
-another channel Un'(k::r itic mi]] T

"Often’ e by-pass L,h-ume.lﬁwas dwerled well awqy from.
..the mill'itself btlt always.there. had to be access to the
- sluice for the. by pass and this notmally rcqulrcd provmon

of an extra brltlge See fig 1.26e. .- e

Some m[I]s have by-pass sluices from whlch ‘the water .
dlsappem into the ground and emerges some way distant i
.~ along the tail-race or the ngtural COurse of the stream. .

See fig 1.26f. . . e

Instead of having a sluice which had to b& raised whenevei”
excess water had to be diverted, some mill leats were

HIR

.

pl’O\'ldBd with a fixed weir over which the water flowed
when The level rose above norma[ at the mill. Such fixed
weirs (referred to as ‘low-shottes’ in sixteenth century
documents) were also provided when'a number of mills.
were at work along a rwer and it ﬂ.vas essentm] that the .

Fig 1.27 Waderhoe Mill, nedr Qundle, Northamptonshire. The mill is

s:mafed on an artificiol cut or leat and the main siream of the River

" Nene is navigable at-this point. fithe right foregrow:d is the sfu.!‘ce .

- for dtverfmg water into rhe by-pass chamre! .
. ((/ - - .

By e




- water held back at one mill d1d not mterfere with the ru:L
. of water away fronr the tall of the next waterwhee[

upstrearn S

. "It was ntentioned earlier, on page 12, that millers paid some
. of their dues in the form of a quantity of eels. Millers-have - .

-often augmented thelr income by ﬁshmg for eels'in the fast-

* flowing waters at 111611‘ mills, In earlier times their eel “traps -

" were very primitive, as shown by rned;e‘va] prmts such as
" that in fig 1. 20 page. 12 .

’Taf:er l'I'll]]S often trapped ee]s in the-by -pass channel by. -
~immersing a° cage of i lron bars open-at the up—stream end
50 that the eels were carried into it {fig 1.28). Since the .
cage was closed at thie downstream end, the ee]s could not
-escape against the fast flow of watef and they were held
until the cage was lifted Sut of the water-for remova! of

~ the eels, \ : ' .

Where the flow of water was not sufficient to d_ri\'_e"a will,
it could be used to fill a mill-pond, and only when this was
full would thie water'be let out onto the waterwheel to
work the mill. When the water in.the pond fall below a
certain level, the mill would have to stop work until the

- pond-was replenished, as in fig 1.29a. -

. A variation on the*use of mill-ponds is found in 2 special
type of walermill known.as a tidemill. Dams were etected
across-tidal creeks, the shalloxver portions of tidal
estuaries or were made to enclose part of an estuity,
leavmg a channel for shlppmg See ﬁg l 29b

Wlth the tidemill arrangement the ml]l was part of the
~dam which had one or more iniets so that when the tide.
‘came in the water flowed into the pond, but when the

- tide tumed the'téndency of the water (o flow out caused

* - flap doors across the i?lct to shut against the water; which

was therefore held belfind the dam. When the level of

" water downstream had* dropped sufficiently, a sluice

would be opened at the mill to allow the impounded

waler to ﬂow out onto ‘the waterwheel. Ty

T

“and sqmetl_me,s deep, pool, and this feature is helpful -

in determining the location and in sorting out the water-
courses for milis which have been demolished. When ©
.the mill is stil standing, many of the features alr.eady
“described in connection with the water supply will .
usually be out of mght of the m1ll 1tself

!

Z " . -
Fig 1.28 Ponceler-tppe undershor waterwheel, and eel trap in by-pass
channel, at Billing M(I_." on the River Nene near Northampion. Note,
the shape of the floats.or paddles and the three sets of iron anns '

eacli supporting a rint with ‘staris’ for suppormxg the floats ~ .
Photo courtesy of Bll]mg Aqundmme . ot
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1.4 TYPES OF WATERWHEEL . :
- The power was. obtdined from the wa&lsupply elther by

{these are consrdered m Section 3}.

- 4 Pitch- back

__..._....tlus type of wheel Seg ﬁgs T.30eand 1.3

The main components of a waterwhee! are;

-' 18'

waterwheels or later, 1n some mills; by water turbmes

i

- The water\vhee]s found in this country are usually of the
. vertical type, Tunning on a horizental shaft. There are a
few mills in the north of Scotland which have horlzomal

waterwheels, and reference is made to tHis type in
Section 1 2, page )" o

e T 4 r

_The vertical waterwheel has been. used in the fo[]owmg
- 'fqrms - _ _ f

-

. BE ‘Undershot ' S E L
- The ‘kinetic energy of the water flowing onto the brafies

is utilized to furn the wheel and give power, as in fi ig, 11.30a.
Theso wheols lldVC rcIatlvc]y low efﬂcrency '

_ 2 Pom‘:ele:

This was.an 1rnprovod version of the pnmltwe unuersllot
wheel fntroduced early in the nineteenth-ceritury by :

the French engmeer 1 V. Poncelet.. -By channelling tho water -
“below:an lnchned sluice onto carefully calculated curved .
" paddles so that the water énter

little shock, @ great improve ont in eff‘mency was . i
- obtained (fig 1 3Db)

d left the wheel w1th

L . . . :
3 Breasrsf:or .o D : L™

- The water falls’ ontq the b]ades or buckets so that the werbht
“{or the potential energy) of the water does work in teming

the wheel, instead of just the vEloc1ty or kinetic energy)
of the watér'as in tlle. two p[ewous cases. See figs 1. 3Pc and
‘\.

131 - "

E Often the term ‘breastshot wheel’ is regtricted ta whe,els

where thewwater comes onto the wheel at about the level of
the axle, and the terms low:breast or high-breast wheel are
used when the water comés respectwe]y below or abqve the
level of the axlo Eff1c1enores ranged from 50-60 per Lent

n

This is an extreme example of the ligh-breast wheel wrth

thf.“wdtﬁl‘ soming on toit-almost at the. top of the. wheel.
- lt-was'introduced to avoid the difficultie encountered,

With the lail-water-on-overshot wheels. The name of tlus

.~ fourth typt, derives fram the motion of'the wheel pitching
o {hack against the direction of the flow of water oommb on to
_it. See hgs 1+30d and 1. 32

5 Olfershor o - s
" The water comes on just. past the top of. the whee] the

periphery of which moves In the same dlrectlon as the

. water coming on to it. This smooth flow of the waterjis
', not obtained at the bottom where the tail water does not
: flow freely from the wheel pit but gives a certain amount
‘of backwash i in the opposite direction to the flow of the

ta11~race This causes some loss offower but effrcrénmes '
of between 60 and 73 per cent have been q ed for

ha

the wheelshaf t or ax]e (sometimes termed axle tree),
the spokes or arms {connecting the rim to. the shaft},
tlie rim (which carries the ﬂoats or buckets), oo

tho floats or buckots o

-+

§ 'There are numerous ways in w}uch these com ponen ts were
shaped and connected to each-other.

3 L.

Cid) Pitch-back

{e.] Overshot
Fig 1.30 J'japes of waterwheel
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- oFlig 132" Pifeli-bdck warerwheel at Mitlside, Il”f'fher_sh:lrc'k, Wesenoriand.
T e e " Note the cast-iron penstock for delivering waigr onte, the whed, the
.. Figl 2L The breastshor wheelwhich-used to drive the cornmiff at the Wiy the wooden boards forming the buckels are positioned and-

" end of Arkell’s Dénnington Brewery, near Stow-on-the-Wold,. ¢ 7 “seéiréd to the inside of the rims, und the boards Sordhing the sole
Glouvestershire T S geross the inside edges of te rims .

‘

Fig 1.33 Overshor _
_neterwheel inthe.
- ritined il close

fo Chutchover, -

..... - riear Rt?gby." R N S
E | WarRvickshire,”

Note ihe remains

of the wooden

{aunder and *shur’

for bringing water

onrto tie top of
L thie wheef




L. different materials were used the term lells us little about

© . The'earliest wheels had the spokes passing through lioles in
the wooden axle trees; as in fig 1.34a. This form of &
construction is known as ‘compass arm* but the holes

";—'—cunsiderabfy—w"ea;ken the shaft.

~ Later _(vooden waterwheels were of clasp-arm constryction,
" that is, on each side of the wheel pairs of paraliel spokes ~
‘were set at right angles to each other, with the axle passing§
through the space formed by their intersection. The spokes
themselves did not touch the shaft but weére located on thé
shaft by large wedges driven in along thé shafi from each
.| side of the wheel. This arrangement is shown in fig 1.34b.

To the ends of the spokes were fixed the felloes, the tegm
i "for segments of the wooden rim. The joints between the
- ends of mating scgments were strengthened by an irpn

strip bolted to the two felloes. )

The wheeishafts were also of wood, and mounted in each
end was a ‘gudgeon’ which rested in the bearings located
eitherside of the wheel pit. Sometimes crosshead gudgeons
. were vsed with iron hoops on the outside of the ends of
" the axle.” : :

When cast iron became dvailable for use in machinery if -
. was'used for some parts of waterwheels, the rest still being
4 " made of wood. Nowadays such wheels are sometimes
-termed-hybrid wheels, but apart from indicating that two

the type of wheel or the way in which it was _colistructed.
Foster Beck mill, shown in figs 1.35 and 1.36, is an example.

' _.Tlie use of iron made possible better fixing of the spokes
+ .o arms to the shaft, and more spokes could be ysed. Two : .
types of cast-iron wheels are shown in fig 1.38c and d. Fig 1.34 Verious types of waterwheel construction

Fig 1.35 Foster Beck Milt; near Pately Bridge, north-west of Hartogate. This is.a high breastshot wheel of 11 m diameter and' 1.8'm width, for-
... -merlV used ta power a flax mill. The buflding is now g restauraint. The mill-pond is behind the bank, or dam, on the left of the picture, and the
water was delivered through a large iron pipe into a ‘Starting box’ at the wheel frseiﬂ’!he purpose of this box was 1o allow a sufficient quantity of
"fwt_e*r to build up fo 'EE_I}E_CH'EJ".’E@e wiheel :‘n_morfon, bur once it was turning a relativefy sinali fpw of water could kecp the wheel operating
1 . ¢
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Fig 1.36 . Detail aof the constriction 0_.’ the \\Jm'e! af Foster Beck Mill,

The vin, wheelshaft, and flauieh {for seeiring the arms or spokes to

the wheclshafi | ave af iron, bt the spakes and soleboards are of

wood, Nove the rim gearing ot the fuside of the wheel vivg and the
st pivdon meshing wirtlt this”

- A

With mainly metal construction, the iron whe_cl'sh‘:ffts _
were often made circular with a straight-sided section at

“the position ol the boss 1o wiich the spokes were secured.

~The spokes could have different cross sections — for example,

flat rectangutar, round, F-section, l-section.” Fhere were a -

. number of ways in which the spokes could be fitted to the

" hub or the boss of (e wll:,ol. which was 'iOI'IlL‘llII]LH callel

- a Maunch.

Some whccls were made by bolting together caslings edth of
witich consisied of a sectian of'tiie rim cast inteeral with
_some spokes.and a portion of thi boss, An example DI this «
kind of whu:l is shown in fig | {34-.

In the case ol wide wheels, tl!m:l= may be three scts of
spokes: two at the outsides andTone inythe centre, as shown
in fig 1.37. This xrrempement culln be tound in both wooden
and iron wheels. With large diameter wheels, cross bracing
was olten used betwéen tile twp sets of spokes.

~ There were }wo main fornis ol'lalm'nae-ment at the riniof
- the waterwiecl d\,pentllng on \Yhet ler the wheel carried
floa Is or buckets L

I
1 Wheeis nufh ﬂoars
In the case of ﬂ()dlb these were carried on shorl wooden
‘or metal pasts (Ld”t‘d sturls’) let into the rim of the
whccl On some wlieels, the tips of the starts on each side
of the wheel were conneu.ted by bracing rods as in
f5138a i ﬁl . !

clasp-arnt construction with three sets of arms {spokes), the artach-
ment of ithe arms 1o the felloes forming the vim, and the stares

- supporting the ﬂuars } mowtised right through the ﬁ*.*!uc’s

Phato: Oliver R.unson

ooy <<
.

, ‘. : " Mot nr

/ i't'lh:u:/ paddle

)

S TGEL or
paddiv

Fig 138 Detail of vwheels with ﬂr.m.rs

{c)

The sturt, if straight, could be set either radially (as in
tig 1.382) or inclined slightly to the radius of the ‘wheel
fig 1.38b. Indeach case, the wooden [loats (sometimes
called “paddles’) were attached across them,

When curved Mopts were used, the starts might also be
slightly curved. Metal faats with prcmoum;'e_d curvature
would be uttachgd to the starts and at their inner ends to
thw el itsell. L-shafped Noats were also used in same

] in g 1.38c.

2 Wheels wirh byickets
Wheels with buckets have them mounted between deep

flat rims (sometimes referred to as ‘shrouds’), Whenmade
of woad, the buckets will usnally be a distorted Lishape o

and held in positidy by srooves, ~either cut into- wooden
rims, or formed by pairs of raised strips cast or bolted
onto iron rims. Ever il all of the timber hys rotted-away,

Fig .37 Old wouoden wheel, at the now demolished Bosenfiam A-ft'}.*,
close to the Northemptonstiire — Buckinghamshire border, Note the




sole plates-

.wooden planks
forming buckets

Fig 1,39 Detaif of wheel with huckets

the grooves in-an iron wheei may indicate the sha pe of
bucket used. The other side 1o the bucket is formed by
planks of wood fixed across the inside edges of th,c rims.
This iftner covenng of the. wheel is known as the ‘sole’.
See fig 1.39.

© of U- or J-shape. If there is no gap between the buckets
at their inside edpe they are described as*closed’.

Often a gap waé lelt between the tob oﬂthe inside of one
‘bucket and the back of the following bun[ka.l s0-as to
. enable air to escape and thws allow the water to enter

more quickly: These were known as ‘veatilated buckets’.
(See fig 1.13, puge 7.

On some wuterwheels, gearing was (ixed to the periphery
of the wheel (see fig 1.36). This is part of the transnmission
arrangement and was discussed on page 7.

sometimes on one of the spakes and cu:casmnally on the

r1m " ’ - ’ ]

- Water rurfmres

", - As water turbines becamc commerc:ally avallab{e durmg
“the nineteenth century, they were installed in some mills
ta replace the existing watefwheels. This involved con-

- siderable alteration to the mill-race and to tl'le means of

s tranémitting power to the rndchmcry, since these turbmes

~were installed below the water level and rotated about a

: rverllcal axis. Sec flg 1.40.

. | Because they are 51tuated under water it is usuvally very

- difficult to see much of the turbines, although the presence

. of one is indicated by the grating across the race to prevent
wecds and. r}.lbblsh choking the turliine, and by the
machmery in the mill being driven from a vertical shaft -

_msing from the water. Later turbines also have haridwheels
and indicators to show whether the hatch (letting water
“onto the turbine’s rotor) is open or closed, and alse the

! position of the glllde vanes. Handwheels and indicators

" are mournted ona cast-iron pillar in the centre of the
floor above the turbine pll g 1 41) ok

The main ty pes of turbmes are descnbed in Sectlou 3 but"
a;,cominon type for En; glish mills was the mixed-flow

" “redction type, similar to the Francis turbme usmg adjust-
. ab]e gmde blades

' 22_ :

‘Metal buckets can have 2 va'ricty of shap_cs.lwﬁre mainly |

" Tron wheels often.have the name of the maker cast on them,

Fig 1.40 A furbine installation showing how most of the working
purts of the turbine are below the surface of the water. This drawmg
shows g Thompson double vortex nrbing 1 -

From P I Davies, Practice! Plumbing, Vol 2, 18%6 T

-

F}g 141 Controls for the water .rurbme at Towcesrer MrH yOhie hand-
wheel contrais the flow of warer onto the rurbine, the orher adjuses
the position of the guide vanes. Above the handwheels are the dials
indicating the scitings of the turbine. The vertical drive shaft from the _
turbine {5 seen emerging from the hole in the floor and passing be-"
Hind the right-hand control whpel

i Y o . ‘ ’
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1.5.THE 'A'RR.ANGEMENT AND EQUIPMENT OF
WATERMILLS FOR CORN M]LL]NG

Y
o

The whear gram
ln order to, apprecme the wnrkuw of tiie various prain
pmpardtmn, grinding, and dressm,g machines it is necessary
“lo consider the structure and l.OnlpOS]TlO!] of gram ’

(Fg14;) C e e e

germ
"t radicle

. scutellum

plumule
oy

Frg 142 Srm(;mre of whea.' gram T

P 1
+ . -

.
" The functlons of the gmm are those of rcproductlon and )
lhc grain consists of three dlslmFt parts:

1 The germ — the seed which develops- ultimately into the
plant... .. "

The endosperm —a starchy substdnce constltutmg th
- muain body of the grain and supplying food to the

. germ in the early period of its growth. 1t is this which =

yields flour when broken.

‘3 The bran — this cansi_sfs of several separate coverings to
enclose and pFotect both the germ and the endosperm.’
These caverings are composed of cellulose or woody

-+ fibre and of soluble albuminous matter.

N

The outer Iayer of wheat bran is nearly all cellulose and

“therefore mdlgestlﬁle The middle Iayer containg less

tellulose but a significant amount of colouring matter.

‘The inner layer conl‘uil_'l's'ﬁnly_ a small amount of
_.gellulose bLit'Iurge qu’eﬁ]tilics of protein. .

In (.ormmllnu_.., Tor the purpose ol making the th.lt

. palatuble: for human: consumption the aini is to crush
the keenel (tﬁhc part containing the berm and cndosllcrm)
.50 giving, ﬂu[lr Various operations’are necessary if this
is.to be achleved When horizontal mill-stones were used,
~ the Sl’lj_.,{!b WL]‘L as follows

1 Prepmar;on
. The grain amvmg at the mill may contain various impuri-
ties which may be classified in three groups:

(a} _adiixtures w]uch may poison or bring about a
.. deteriaratioh of the quality {calour or baking
- characteristics} of the flour, eg kernels of corn ]nvmg
'some disease such as smut; ¥

lmpurltlulellc_gtlalltE/ of | the flour suchias_

(b}
" seeds of non-poisonous planlil(et., rye, bdrley, Odls],

© dust and <irt;

: (;)' ‘impurities that may damage tl‘gg mill machmery, eg
© stones and pieces Of metal. 5 ‘ _
Th ﬁ in, must be freed of |II of lhe dbovc categones of
: forel matter lf'a goocl qua]]ty ﬂour is tD IJL. abldmcd
A }

« less important but at the same time, since it was realized

!
o

k

After the removal of the foreign matter. from amongst
the grain there may still be dirt-adhering to the individual
berrieS' this has to be removed, usually by a scouring procgss.

2 Tempem:g or conditioning :

- If the gram is very dry, the dried bran coat is very eas:ly
ground to dust during its passage through the stones and.
- mixes with the flaur. 1t is impossible to extract this dust :
Traim the flour, wllerca:-. if the bran coat is broken into i
‘particles larger- than ithe flour they may subsequently be '
removed. Hence the need for tempering or conditioning.

By damping the grain, the bran coat becomes more elastic

and offers reater resistance to pulvenzatlon than ihe™ j
starchy mass of the kernel. The force reqmred to break’
the kernel will then'leave the bran coat in {lakes rather
than as dust.

N

.3 Grinding

This is the stage at which the ]\me] (the endosperm and
embryo) is reduced to flour, but-at the same timme the husk ™
will be broken up. At the end oI this stage the flour and .o
b_'_ken husk are mixed together inaform known as meal.

4 Separating :
If a white flovur is requ.lred this has to be separated or
‘dressed’ out of the mecal, and may also be graded.

Alter waderimills were no longer used for our milling,
many continued Lo be used [or producing animal foods,
in cther words for prevender milling, The secondund
fourth of Lhe ahove stages were then often. regarded as

_ that no one cereal can |)|ov1dc d satisfactory diet Iar
livestock, allempts were made to provide balnced
rations by thorgughly mixing a numbdér of pround méals,
leguiminous seeds, oil"ii'ake, and sometimes minerals,
molasses or cod liver oil.

Some of the ingredients of balanced I'dtl.oi;l::"WE‘ﬂ‘:—pLI&_\ :
chased from outside sources, but the mixing and grinding _—
of the seeds, cereals, and oil cake were usnally done in the
provender mill itself and by machines different from those

used for the production of flour. Cereals such as maize,
barley, wheat, and rye were sometimes ground in a similar

* fashion to that used in Nour milling but were also ground |

using metal disc and percussion grinders. Oats were crushed -
betweén rollers. Qil cake arrived in the fonm of slabs about

~75em X 30 em, and these were broken down into pieces
.of suitable size for the brmdmg plant by machines-called
cake brchcrs Maize was clamped cooked; and flattencd

into ﬂal\cs by rolls.

Arrar:_ggnem af machir}g; inside warermitls

Details of the arrangement of machinery will vary from
one mill to another, but in general the Jayout will be one
or other of the two forms shown in fig 1.43. The main
difference between the two arrangements shown is in the’

way the power of the waterwheel is transmlttcd to drive .
“the un]]—stones ) B -
Traﬂsrru.ss:ons

" TTheré were basically thi three ways Qf transmlttmg t]le power
obtained at the waterwheel shaft to the mill- qlones and
. other machmery :

1 by gears arrangec] around a great spur wheel
2 Dby bevel gears from a Jayshaft
3 by belts, -




: _:(b) Bevel gears. from a layshift _
. Figl 43 Two r_min fo:jms of machinqry arrangement

“spindle for’ the mill¥stone. (See ﬁg 1.44.y : .
‘——IHFMIEFW 2 way to cogs. let into wooden . .'

* wheels; and thus it was possible
. stones using a vertical or upfight-shaft as T

T \ ‘-"'-'-.; - _.
e dressing | ‘g’U :%

whecls required. onPy a com paratlve]y small increase in- : . b
speed from waterwheet to stones in addition to a change of N ST . T B
“motion from about the horizontal shaft at the wheelto .~ o .
‘about the vertical axis of the spindle driving the stone.. ook rras.

_Consequently it was possible to achieve this with only one DR —
pair of wheels, namely the face-wieei or pit- wheel onthe oo A -
_ waterwheel axis, and the lantem-wheel or trundle on the! '

: o
or brick lined, some had narrow cast—m:m boxes in whlch m g

!

crown wheei

: /maln upright shaft

/smne cashnng
5 /_runner stone.

- /Md stone e
| Ereat spur wheel et E T

S SN . C7 1
= 1- heef - i
- | ] — /pl ¥

— waterwheel

Fig 144 .La?uem»wheef or trundle on mill-stone spindle ’
Atane nuf . RN .
) 'I . wallower C o : - :
fa) Geqrs arranged arour[d a great spur. wheel ] S o : ; .
- n . . .o# :

Ll . i

1ibettdriveto .
1 15ack hoist S
H . garner floor

- machine
y P . tpeal spout /-

© layshaft

DII wheel

The earlier mills; driven by rapidly revolving undershot water-

¢ several pairs of

transmission system. This arrangement is shown in- fig

On the end of the waterwheel shaft is the pit-wheel, so-  *7 i
_called because of the hole let into the floor of the mill to
accommaodate it, Although in most mills this pit was stonp

=

" the [Jlt-W]‘lEBl rotated T e e O i .
._'TA few wooden plt-wheels are stlll to he seen but ganeral]'y . _' -t R ‘
the wheels are made entlrely of i u'on although sometimes Flg 145 4 ;mgemgm of geanng when usmg a verrical maist shafr

they have woodén teeth. When made of iro the\wheels From ) Gly?n On the power of watér o tirn mifts, 1853 . ; S
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*are normally in halves wluch are bolted together. when in
posmoh on the whee]shaf t, If this is of wood, then the ~
centre of the plt wheel w11] be in the-form of a square box

srifor ‘wedging into posmon on the sha ft as in the waterwheel

e shown in ﬁg 1.34¢, pﬂge '70 :

The plt-whee} engages with a beve]]ed pmlon flxed on the
_upnght shaft. This pipion, called the _\_Nallower isgsually
~of iron and has far Tever teeth than the pit-wheel so that

A the upnght shaft rotates faster fhan the waterwhee]
S

Older upnght shafts are of \¢‘ood but iron was later intro-
duced for these, and octagonal, hexagonal; and round
3 - sections were used The upright shaft is  supported at the
' ‘: . top by ajoumal bearing on the side SFa beam. At the
J

i

! bottom, the whole weight of the shaf¥ and the gear wheels .

on itis taken bs\y a ﬂlrust bearing. This is usua]ly required

" to be almost clﬂ'ectly abave the mklde bearmg for the water-
" wlhieel ‘shaft. Traditionally, the tllu'u'_st beating was supported’

\Fig 1.46 The foor of the upright shaft in Btb'mg Mill. On the right is-
" the horizontal shaft of the ware}'wheel situted on the other side'of
- the wall, On the wheelshaft is the iron pit-wheel, rotating in a well or
pitin rhe floor. The pir-wheef mieshes with an iron wallower near the -
bottom of the wooden upright shaft. Just below the wallower s an. |
- .iron band around the upright shaft from which protrudes the gudgeon,
" running i agpe-brass contained in a bridging box: the squara lieads of
“two of the four adjusting serews can be seen, This bearing for the ip-
right shaft is carried on g three-arm arch over the msade beanngfor :
the watérwheel shaf:

- Fig } 47. Top parr of p:r—whee! {on the left) meshmg With the K
-wallower at Dodford Mill .near DavenTry, Northamptonshire. Abaye’
) rhe waifower, and also on the upright shaft, is the wooderr-great sphr
wheel of c?asp -arin construction.” The inner portions of the, ‘wooden

.. cogsare. secn at fhe Inside edge of thé rim of the's Brear spur ‘w.*rce.’

" The stone nut- qs -heid.out of mesh by the jack ring supported by the .

" below the brid

ona wooden beam (somet:mes ca]led a sprattle aftheugh

" this was the name commonly given to the bedm supporting -

the beanng akthe tdphef the shaft in a windmill). This

caused difficulty in gaining access to.the wheelshaft bearing, -
and a more convenient arrangement was to foot 'tfe" vertloal -

" shdft on an arch, sometimes of brick or stone but fore

often of cast iron. The gudgeon at the foot of the upright

shaft runsg‘n :a toe-brass contained in a bridging box with

four screws for lateral adjustment See-fig 1. 46

Attached to the upright shaft is a spur wheel of large _
diameter, sometimes as great as 3 m. Some wooden Spur -
wheels have their spokes passing through slots in the wooden

- upright shaft (compass arm construction) whilst others uge

‘the clasp arm method (fig {.47). Whereas oak was often -
used for the arms and felloes of tie wooden gear wheels, -
sotietimes laminated with the grain crossing at right-angles,
,the wooden cogs were of apple liom beam cherry wooc] or

- sometimes beech.

Set around the great spur wheel are pinions known as

‘stone nuts’, one for each pair of mill-stones (fig 1.48). Sqm

. stone nuts are of wood but many are of i iron, even wheno\
.most of the other gearing is of woed. Iron teeth mes]ung ;
w1th wooden COgs were' considered to give smoother and -
quieter running. The stone nuts could be moved up or |

£
o

Fig 1. 48 Iron stone ni and wooden grear spur wheel at Billing Mill.-

twe spindles passing through the wooden beam {or bndge tree) on
either side of the bridging box carriring the footstep & oearmg Jor the
stone spindle. When.{he fack ring is lowered by rotating the handle
tree, the sione nut descends to mate with the conical
he sione .ipmd’fe and af the same Yine meshes with
él'rear spur whee.' " L -

i

drive collar on
the cogs of the
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- down their shafls, fermed- *stone spindles’ s'o that any of ~ With Jﬁqre slowly rotating breastshot and: 6_\5t_3réhot wheels, - / ’

. the stone nufs could be disengaged and kept still whilst the it was possible to obtain the necessary increasé in speed at~’ o
_?tllers were at work. .- 5 - _ the slones by mtroducmg a further sét of pears betweeg oL

- ' i the wheelshaft and tl f o g
The number of palr&of stones dnven from a smgle great na the ]ays aft, as in fig 1. 50 -/’f

_ spur. wheel seldom exceeded six, and many small miils * Asother method of obtmmng the requn‘ed speed‘increasé - _
would havé only two pairs and some only one pair. It . " was by the use of rlm gearmg on the waterwheel (Sec hd

ghould be noted that when a large nurnl._u_er of pairs of stones fig 1.36, page 21)
* was arranged around the great spur wheel it was most

_unlikely that they would all be driven at the same time. " Although transmission by great spur wheel and by layshafts
ST I o © . have been described separately, there are several instances
. For space considerations, two waterwheels might be used; | of mills where the two arrangements were used in combin-
. sometimes agranged one behind the other each with its -ation. An example is shown in fig 1.51.
- own pit-wheel, wallower, and great spur wheel dnvmg ' . o N '
perhaps two paifs of stones. Only one waterwhccl could With transmissions using gearing, various arrangements
work at a time, and when it was fequired to drive either were employed fo take the stone nuts out of mesh as .
._.oT both of the other pairs of stoties the atlier waterwheel : rec'luired'. Whntever'.t]_le method, it was always used when
" would be brought into use. Altetnatively, the wheels could - th€ 8earing was stationary, that is, the waterwheel was
be’ parallel, either side-by-side at the centre. of the building ~ StOPPed before engaging or disengaging the stone nuts.

“or at opposite ends.

With the tayshaft arrangement any number af pairs of

»

- .mill-stones could’be placed in a strmght line, ar in two lines .
~parallel to each olher, each pair of stonés req umng a set of . / '
. bevelled whecls as. shown in ﬁg 149, =7 4 _ ‘s . .
L "' shaft to machinery. waterwheel -
° . - ]
Jas
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Fig 1,50 Additional g_eai's increase speed .

Fig 1.51 Tirchmarsh Mill, on the Rivey Newe near Thrapston, witha
conbination of upright main shaft gng layshaft arrangemeqys. In the
foreground is a set of bevel gears to drjve a pair of stones ilimediately |
above, whilst iri the background is ong of three stone nuts +rrgnged

. around.a great spur wheel Out of sight belind thiis are a furtfier two

’ sels of bevel gears on a {ayshaft 50 that the mill has a rotal of six o

L , piits of stones ) . ]

[l

" Fig . 49 Arraugemem of gearing when nsmga .’ayshafr
From 1 Glyan, On me power of water fo turn ml.h's 1353
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< stone
spindle

toe bearing .

-bridge tree

stone spindle -
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- s[one nut .

—- great spur wheet

- jack ring
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E Fig i 52 chngagmgfhe*srone rm.' from .rhe grear spir wheel
__-__.-_'_(a} che? dand fork" {b} Yoke rmd chm.-: {c) J’rrck rmg‘and screw

. "From I Glynn, On the power of water fo turn milfs, 1853

i
|
i
|
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* Methods for d1sengagmg the stone nut can be grouped inte
two categories: those.where the stone nut is fixed on its:

|"-+shaft-and those-where it slides-along thi¢ stofie spindle; The

use of slip cogs.is an-example of the first category. The

stone nut is prowded wuh a group of three or four. Sllp cog's
wu.u,u are lcluuvuu U}' bdl\.lllg Uul. lCl.cll.lllllEI P'ng ar L—U.Ilb J.lll.-lb
-with the nutin a certain position there are no-cogs to -

engage w1th the spur whee] '

.

In the second category, a slot or keyway in the eye of the .
stono nut is able to engage with a long ‘reed’ or key held
in a keyway in a tapered collar on the stone spindle.
One primitive method of disengaging the stone nut usés a
lever on one end of which is a fork or yoke. This i is placed
under the stone |lu|. and when the other and of the u.vu -
is depressed, the stone nut is lifted clear of the great spur
whieel, and a peg in a convenient post of the hursting wil
hold down’the lower end of the lever until it is de'cided i

to drop the stone nut back into engagement. This is’. \

shown in fig- L. 52a.

A somewhat similar method used a yoked lever su pnortes :
near the yoke by a chain attached to a beam above. The 1l
‘yoke extended over the stone nut and had two chains and\
hooks which could be placed wnder the arms of the nut. |, °
Puiling down on the other end of the lever would lift -
the nut outiof engagement, as in fig 1.52b. \

The most widely used arrangement employed a jack ring 'l
which could be raised by fetating a screwed rod located l )
-under the bridge tree sufpérting the foot bearing for the  §
-stone spindle. As the ringwas:raised it lifted the stone nut |I
clear of the cogs on the great spur wheel {or the teeth of ‘l
fhe bevel gear on the layshaft when that type of trans- o
. russion was used), When the ring was lowered, the stone nut
slipped down the tapered collar until its keyway engagéd
with the projecting key on the collar. See fig j.52¢.

Transmission of power fram waterwheel to mill stones by
belts, as in fig 1.53, was never popular despite the apparent
advantage of a saving in the number of expensive gear
wheels reqmréd

- -

The d]sadvantages ]‘ly in the troubles encountered n
reversecl* f_)ends in the belts, in disengaging individual stone
spmdleS\m mamlammb the correct tension in the belt

Fig 1.53 Arangement of transmission 1o ill-stones using belts
. ’

Y A A -
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. and’ dlfﬁcultles in preventing the stone spmdle from being
drawn to one 51de by the pull of the beit. However, belt
drives were used in some water turhlne mstalfahgm—as in

ﬁg 1.54a."

When roller rm]l.mg replaced honzonta] stones belt drives
~.were the normal form of transmission but here the drive
was between ]1onzontal shafts. The bearings on thg roller
machines could be artanged to withstand the belt tension,
and gravitational forces did not-alter the position of the
" belt when on the fast or loose pulleys. -

© All the pre\nously described transmissions drove thL mJ]l-
.stones from he]ow (underdrift) and this was the customary

in which the stones were driven from above. (See figs 1.54b
- and 1.55.) They are then’ descnbed as overdr:ft or gnpe

arrangement in a: waterm:ll However, there-were some rmHs”—

UI l.\"l:l]

i

by long shafts ternigd “quants’ or ‘quills’ which are held at

" their upper ends in:‘glut boxes’, that is bearings which could
be opetied. When .alstone nut had to be disengaged, the
outer séction of the bearing was removed so that the quant
could be titted away to-leave the stone nut clear of the «

-~ cogs on-the g;reat spur wheel.

S 'l' ’ :
- =
f| " ,

b3|\i S starilcs
R

e Fpls4 Thanxmlsﬂon methods: {a) befr drive in, rurbme msralfatfon
- '.'{underdnfr,) {b) overdrift or gnpe dnven .

.'(.‘ '

In the overdrift ari;an gernefit the stone nuts drive the stones
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Fig 1:55 Overdrifs siones at Olferton Mill, north of Nettingham. The

grea: spur wheel is in theupper half of the picture and the siong mut

meshmg with this is oia quant {sometimes called.a qn.’.’l or crutel
pole} supported at its upper end in a begring known as @ ghut box

“mounted on 2 wooden beam. The lower end of the quant passes,

through the horse {the wooden four- !egged Sframe supporting the

happer), the end of the skoe {carrying grain from the bortom of the *
hopper}, and into the eye of the mmr stohe fo connect with the
drive arrangements. . -

The gearin [ bct‘wcén the waterwhecl shaft and the stone

spindles has three functlcns

motlon about a horizontal axls
to motion about a vertical axis.

2 To provide for one or several pairs of stones to be driven
from a single waterwheel.

3 To provide an increase in speed from !hnt of the water—

wheel to that requ:red at the mlll stones L

Th.ls increase-in speed was achjev.ed by havmg different
“numbers of cogs or teeth on the varicus gear wheels. By

counting the teeth on the different wheels it is possible to *

"calculate the overzll gear ratio and Wence thegpeed increase.
,‘Before giving examples of these calculations there are

several points to be considered when countmg the teeth ¢

on a gear wheel in a‘mlll : - L

1 With a large nuin‘ber of teeth on a wheel, it is easy to lose
count 1.t' one has ’to change position to count round the

> other mde ‘of an obstacle such as a shaft, and a]so to
forget from where-cne started countmg

A chalk mark ca# be made at the point where counting
. begins, and if a smallér mark is made on every tenth cog -
. o tooth it is éasier to keep a check on the number
drspite distractions. . .-




2 Sometlmes 1t will not be’ possible to count the whole
way round a wheel because of its inaceessibility.. In such

- v cases the teeth'in a definite sectwn (a half or a quarter}

- 6f the wheel can be counted and then multiplied
accordingly to estimate the teeth in the whole. With' . -
*wheels cast in sections, the sections themselves provide
a convenient proportion of the wheel for counting.
This procedgre should only be resorted to if it is impos-
1ble to count the whole way. -round since there can be
ubles rega:dmg the next pomt. ' :

3 e m:.l!wnght often avmded su‘npie gear rahos by
inserting an extra, or ‘hunting cog’, in'one of the meshing
wheels. This ensured that the same teeth did not mesh
together every revolution and avoided uneven wear if
one tepth had some irregularity. Consequently when .
counting teeth, do not be surprised if, despite several
recounts, an awkward number such as 37 or 49 results.

- Consider a cortain mill with the spur wheel arrangement
. shown in fig 1.43a on page.24. After countmg“teeth at the
- mill we find that: k e

5 — L

-

the pit-wheel has 168 teeth b 1:1;:‘_._‘
the, wallower has 48 teeth

the great Spur wheel has 120 teeth . _ o
© the stone nuts each ]1ave 20 feeth. -+ - SIS

1

If thé waterwhcel rotates once, the plt whcc] w1ll rotate
- once. The pit-wheel meshes with the: wallower, which has

) | L. o T
-Fig 1.56 Crown sheel anll auxiliory shaft ar Biiling Mili befpre
.restoration. The crown wheel is of elasp arm construction’

" fewer iceth, 50 that when the pit-wheel ratates once, the.. .

" rotatés 3.5 times, and as'the stone nut rotates 6 timesias
fast as the wallower it W1ll Totaig s X 35=2 2 l—tlmes as, T

wallower rotates 168/48 = 3.5 times. /.

The wallower is on the same shaft as the great spur wheel
and will mtate with it. Theé spur wheel meshes ‘with the
stone nut which has fewer teeth, so that when the wallower
Totates once, the stone nut rotales i’JU;"Jﬁ 6 tirnes. '

However, when the waterwheel rotates once the wallower . 1

fastasthewaterwheel e ;

. We will conslder the spepds of rrull-stones on page 35‘ but
if, in.the mill congidéred. far this ca]culatlon, the stones
_worked-at 210 re?'olutwns per minite, the waterwheel
would be- rotatmg at IP revolutions? lpe.r minute:.

Slml]ar L.alculatlons can bc.made for\mllls w1th the ]ayshalt
drrangements showrr-m Tigs 1.43b and 1.49. N
Bemdes driving the mJl] stones, ‘the waterwhee] also powered
aux_lllary eqmpment such a8 cleaning machines (see page 35),
- dressing machines (sze pagfe/i@] 2nd for transporting stock -
{(see page 38). For ‘mills-&ith the stones driven from a great

. .spur | wheel 61 a vertical shaft, it was usual to have this ..
shaft extending to the-top floor of the mill. where it

. carried a large honzontal face gear termed the ‘crown
wheel’, as shown in fig 1. 5% Engagmg Wwith this was a pinion
{or in some-cases, several pinions). on a shaft from which
belt dnves were taken to the au:uhary machmery, as B
shown in fig. L. 43a, page 24,

Often the auxnlmry shaft was supported at its end near
. the crown wheel in a bearmg .mounted.on avlever,’as
showln in fig 1.57./By puiling dowrr onthe:other end of
“the 13\'61'. the bearlng and shaft were raised so that the.

: pmmn was hfted oug of mesh wlth the crown wheel In

- -Fig 1.57. C?m'isn wheel and pinion at hia'fing Milt after re§oration, )
—profile of-its teeth and that of the wooden cogs in the crown wheel.

L bearing supported at one end of a lever. When the right-hand end of

- -general, the construction and materials used for the crown =~
: _whee] followed the pattémns described prevlously for other

_to have a pulley on the layshaft driving a belt to transmit = .
- power to a shaft on the floor above, from which the drives

- page 24.

- The main function of the water—dnven cormn
‘at the mill-stones. To do their work, the storles must be of

- to deal with the type of grain being ground. The stone,
- pimdle-for quant in ml?verdnft -mill) had to be connetted

; Mlllﬁstones have been made ofa van&ty of substan ces, ' t

Notg the distance between the teeth on the iron pinion, dnd also the
The end of the duxiligry shaft beyond the pinion is carried in g

this lever is depressed, !he pmmn is taken out o_f mesh. wuh rhe '
Erowh whee! . L .

gear wheels in the mill.

In-mills w1th the layshaf t transmission, lt was customary

v

were taken to the other machines, as shown in fig 1.43b,— "

Gnndmg machmery i ' a
ill is performed

a Shitable material and have their working surfaces prepared

to drive the upper or ‘runner”stone, ‘and it was necessary to
maintain the correct gap between the: working surfaces of the
twd stones. In addition, provision had tc be made to feed
the gram to the stones and take awa)H the meal produced

and in earlier times from local stone_;lf any was available.
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Later more sul’[able stor%eS’ were adopted 1n areas remote
from lhe qua.mes These mc]uded :

1. Quarrz stones, The' best of these ha\ung a roseate. hue,

" are the French stones found in the vicipity of La-Ferte-
. sous-Touare and Epernon:Because-of the peculiar:
formatron of French Burr it was difficult to get-a whole

. stone of uniform quahty'thmughout and it was usual
't Build the mifl-stone of selected” “pieces cemented:
- “together with plaster of Paris and bound around the
- circumference with iron hoops. ITh_e stone was then .
smoothed off with ¢ement on the back and the working
~ face was dressed. T]lese stones were particulariy suit-
 able for finer grindinig, and in the later days of

cr

,

Thorizontal stone grmdmg near]y all flour was produced cm )

+“such stones.’

o ?‘&mdsmnes Derbyshite Peak Stone ]S ene example of
. sandstone. The stone was hewn in one piecg out of a /
solid block. These sandstones were much softer and less
durable than mili-stones of French Burr but produ cel:l
-a meal of particularly soft and pleasant texture and ; ,w.ere
. “’used mamly for gnndmg barley and oats

|’

3 “Stones of volcanic ¢ or:gm The best known of these were
—qua:rtednn the-Andernach-ard- Koblenra:eas of Germany
‘and brought down the Rhine for slupment to this
‘country, where they were known as ‘Dutch bluef§tones’.-
These were preferable to the Peak stonés but were them-
selves displaced by the French Burr stones dunpg the -
_nineteenth century, - -

.-—_-—4—An‘eﬁﬁal or—eomposrrnrones—Tlrese‘WeTE 1
S - reduéing French Burr or emery to partrc}les om or
less in diameter and embedding them in h strpnn cement.
Mixtures of other particles have been usqd to give a’
finished stone of a partmu]ar hardness to) suiit the purpose
for whiich it was intended. Besides this cgnfrol of
’ propertres composite stones had the advhiitages of
being free from the soft spots’ ‘that sometjmes occur in
natural stones, and of being se]f-sharpenmg owing to
the multitude of cutting edges presented by the
embedded partlcles _ o .
These art]f' cial stones were usual]y made by pouring
the liquid composition onte a cast -iron bycking plate;
provr(led with undercut grooves ‘to hold the solidified
. composition sccurely in place. This bac]-drng plate
“.7 simplified the mounting of the stone on the difving
spindle, and enabled it'to be remcwed and rep]aced more
. eagily.than mth natural.}fenes. ] iffened the stene
~ so that.it could be used uf Tl the composrtron ‘was 'llmost
entirely worn away. -

Two stones are’ arranged a5 in-figl” 58 for tiorizoital
grmdmg a sta-trunary-stune—beddedmm‘rlte oot (and

- o
. runner stone |
. )

~ " bed stone=""|

swallow

—requcing zone
.-

F 4 I 58 Horizorital gnnding wuh Iower ,’nerher} stoncand upper
(mrmer} stone- / o

-o--l‘—l‘g'rinding zone - -

_ known variously as arbed stone, nether stone, of sometimes -
. asa ‘hgger ), and an upper revolvmg ston@ genera]ly kn own,
o as a runner stone LT

.JI

£0 S workmg surface of the runner stone i5 reoessed at _
. the centre{or * eye *) into a conical dépres: ion, or ‘swallow’, -
. $0 that the gzdin which is introduced at the centre can
© enter without difficulty and distribute itself evenly.

. At the end of this portion is the reducing zone where'the
“grain is crushed and pushed to the actual grinding zone
before emerging as meal at the skirt of the stone. o
L]
‘The ‘dressing’ uf the stone iz thc operation of cutting on
the grinding face a series of furrows, each about 1-2 cm
deep. The purpose of the furrows is mainly:

-1 -to ast as a distrbuter to prope! the gnst--to its-exit,
2 to ventilate the working space.

There are furrows on the'upper and lower stone so that
when orie is laid upon the other the furrows Cross each
other at an angle.-

s

1

The actual grinding of the grain is done by the flat surface )
- between the furrows known as the ‘land’, and thisis
generally picked or ‘cracked’ to give fine ‘fe:_i_therihgs‘ or
‘stitching’ to produce a better grinding effect. Too much
‘land" causes overheating and, as a general rule, thé more
‘numerous the furrows, the cooler the grinding and the
....greater the capacity of the stones. Naturally, large stock
caught between the edges of the furrows would be crushed.
Fhe furrows-were-usualty-cut-with: anear vertical back "

edge and a slopmb bottom. .

-

The pattern of the dressing was uswally in the form shown
in ﬁg 1 59 and consisted of a number of master furrows
furrows placed at an engle each master furrow with its *
tributaries comprising a ‘harp’. The furrows do not run

- radially from the centre to the circumference, but start .-

3

- . 6
Fig 1.59 Pattern of dressing o.!r a mill-stone suitable for ordinary low
grinding, divided into niné quarters or farps with fow‘ firows to each
: quarter. Fora stone of 1.2m dumerer rhe furravs weuld be '
" 35 mum X 8 mm cross section :
. Dwg'mrn from catalogue ¢ 1890, of W Gardner Glougester

i
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" an gentlaliy from a mrcle ra ther smaller than the gye of
the stone. The radlus of this crrcle is the lead or ‘draft’ of
the furrows and has an important influence on the distri-

”butmn grmdmg, and dlscha:ge of the stock.

1

...Some]stones have elrcu!ar furrows somet[mes referred to -
-as-‘sickle” dressing, ancl -again: the.start of the. rnaster .
' fll;rows is tangennal to a “draft’ circle.

. Penodlcally, sometlmes after only a week if the rm]] was
. workmg hard, the furrows were redressed either by the
. :miller or. by a specrahst stone dresser. When this was
: necessary, the runner stone had to be lifted off the bed = -
o stone swung away, and tumned over sc that the grinding
| fnces of both stones were exposed. Since stones could weigh
" over one ton.when new, there was a need for lifting tackle
such as hoists, stone cranes, or callipers to remove and
turn over the runner stone once it had been raised by
" driving large wooden wedges between the wnrkmg surfaces
. of the stones.

) The tools_used for dressing the stenes were the ‘bill’, a
tempered steel. cutting tonl shaped like a double-ended
wedge, and the ‘pick’, a pointed cuttmg teol.

_ These weére mounted in wooden. handles, called “thrifts”.

- {See fig 1.60}. A bill would need Tesharpening after about
fifteen to twenty minutes work on the stones, sa that

" often there was a circular grindstone arranged vertically
..and driven by.a.belt. frorn -one of the rotatmg shdfts in the - '
null Co S _ .

Rg i.60 Eqmpmenr for a’ressmg miithstones. At the vear Is the pro-
&ng staff for checking the flatness of the stones, in front are the
woaden handles,{* r.‘mfrs ’) for the mill bills and picks. On the right,
. near the proving staff, are templates for dressing stowes, including
... ..one for.the wrv%dfumws in gickie dressing. The two pteces ‘of stone
‘ on the Iefr are pari ¢ ofa .F?encﬁ‘ Burr mill-stone .

d i .

In use, the twes stones did not come into actual contact
*.although the space between them was very small (about

trollcd _to produce the best results. The progess. of—adjustmg
‘the gap is called tentermg and The rnechan}sm to do tlns
isitermed ‘ten@nng gear I o0

Y

"ho.fh underdnft and overdnf t stones—t

“0.03 cm according to one stone dresser) and. cérefully con- |1V

chffer in the way the bndgmg box is supported They are

" as follows:’

.1 The bridging box may be secured to a stout timher..
- beam (the bridge tree) which is pivoted at one end, and

In many instances, the position of tle- movable-end of -
the bridge tree was supparted in a stirrup from which-a’

screwed rod passed upwards through an eye or bracket .

fixed to an upright of the hursting: The stirrup was held
by a nut on the screwed rod above the eve, and by
turning this nut with a spanner a fine adjustment could
be made:to the vertma] position of the stirrup, as in
figd.51a.

2 In another method of tentering, the bridging box was
mounted in a vertical slide in the bridge tree which
remained stationary. -

- . b
-

" stone spindle

bridging box|!

hursling

T
'/bridge tree

[~ stirrup

; . Wustmg the vertical position-of the®
~ otherend gement is shown in fig 1.61a.

_thﬂ‘u_nﬂﬁtille_liﬂlppoﬂed_fmm-be]p y-the-stone

j spmdle which is supported by a ‘tae” er thrust bearing in

_a.mmn_bndgmg box’. The latter has fpurg;ack]eﬂcrews
~which can be'adjusted from cutside to po ition the toe

- . bearing acc!;lrately. The two main metl:lod?'i of tentering’ -

Flg 1.01 Methods of ‘tentering’ ar ad;trmng rhe £ap berween rhe

o Hones. (a} Bridging box sceured to bridge tree, Below is shown

detail of stirup held by adfustable nut. {5) Peg mounted centraily,

on Iever below bridge tree




The adjustment was obtained from a peg mounted centrally
in alever below the bridge tree, as shown in figs 1.61band
~ 1.62. This supported one end of the'lever but the other
-~end was carried by-a screwéd rod passing through a nut
integral with a bevel gear which was rotated through a
. matihg gear by turning a, handwheel outside the hursting.

- g 1.62 Tengring gear formerly at West Famdon Mill, northeeast
of Bardury. The iron bridge tree carried the Jack ring gear with thd
- "operating handwheel below. The gap between' the stones was ad- . : o = st

- justed by apiMyertical movement of the foofstep bearing carried | LA .
LR r}:rbridg@h’Lre_e, by turning the handwheel on the vertical post at ¥ \, . i \

the n‘g)‘_xr of & m'c.gxre . . _ \%
In many mil]s‘, the supply. of water to the wheel is more or . F ’
less constant so that the mill-stones rotate at the same }__ : - .
speed. Once the stones'have been.runing for about half an S . v 15 }
hour, so that the gap between the stones can be set at- :

. the normal running temperature, no further tentering is R Lo n ST L e

" B \\Kﬂ&wﬂnn AT WALTODAM ARDEY.

required. However for same mills, such as those supplied _ . :
from a pond, the ivater'lev.el will drop, and if no alteration - . Fig 1.63 Waterwjteel driving governor which controls setting of ) o
is made to the setting of the sluice the speed of the water- stuice admitting/water onto the wheel ' ‘-\
- -wheel will decrease and consequently fhe driven mill- .
-stones will run more slowly. The gap between the stones °
_ must then be adjusted if grinding is to be consistent. .

In some 'éasm;s where the heé;d of water rmght atter, auto-
- matic devices were installed and-these worked by either

"1 altering-the flow of .watcr;'o“nto the wheel so that its_..
e gpeed and that o"f f_hi_a rill-stone remained fpdre.or less
constant, or . T . R
" 2 altering the gap between the stones‘fto compeﬁsatg for . R
the change in speed. , - ) _ - Y underside of
In both-cases the devices generally utilized a centrifuizal
ball governor first applied ta clocks in the séventeenth
- ' °; century, and patented for use in windmills in 1787, and
;[ 'then in some watermills. Two balls were suspended ffom
. rods-attached to a collar fixed to a fotating vertical ,éhaf t .
driven from whatever was subjected(to a change in/speed. i
. See fig 1.63. As the shaft rotated faster the balls yould * « |

~fly out.As they did so, links connecting them to' a sliding - |

slide Fgwards. ‘This movement was:ifuti_lized,-na’{rmal!? bya o - o CRLA A , tentering
_ systeri}-of levers, to chmpensate for incréa_sc—i-ﬁ speed. ' o
.. Goverfiors for automatic tentering a_r'g shown in figs 1.64 .

. brayer.

. ' . . bridgﬁ tree :
iy . . Lo . L

- Near its upper end the stone spindi¢ passed throu gh the -
* centre of the bed (je the stationary) stone, where it was

. Fig 1.64 Typical arrangement of levérs and governor for automatic

tentering .

LA : . .\ ¢ -

)
{




laterally located by a bearing consisting of brass bearing

o pads held tight ag,.unst the journal ol-the stone spindle by
wedpe picces in recesses formed in the square bearing block
or ‘neck box’. This was fixed into the. centre of the bed
stone. A cover plate was fastened across the top of the neck
box to prevent the gram and dust getting info the bearing
‘and instead direct it into the *swallow’ of the stone_s

the Stone spindle was shaped to square section usually -

From just above where it emergiid through the corer pldte,
tapefing towards the end. On lh} upper portion of this ..

drivifig the runner stone. The mast common. methods used
_ were : . : T . -

1a rynd or 1rcm cross
2 ?ll mace and bar (or rynd}
'3 ’a mace. nnd gimbals

'The rynd or 1ron Cross was thc e her melhocl in which the
rynd was set direclly ontg the ta ercd part of the stone
1p1ndle and the extremities of its rms let into recesscs in
/t{c undermde {ie the working face) of the runner stone. This

§ virtually a ngld mountlng and gave dlfflCLl]t]BS in
.Ualancmg . .‘;-’

- The other two meti’nods both used a mace head which was

. of cast.iron and setlonto the tapered portlon of lhe stone
splndle l

In method 2,abovellllustrated in fig 1.66a, the ba; (sornc-
- times called A ‘bridge rynd” or ‘gimbal bar’} again had its
. _ends locateq.i in cavities, diametrically opposite across the

" .myeof the stoné. However, the bar was shaped.so. that its
recessed centre could resi on tep of the stone spindle which
was given a sphérical apex. The bar was embraced anll
* drivén by the protruding lugs of the'mace head (or ‘driver’). _
This was usually provided with recesses to drive.the damsel, f
which was fitted in from aboye the stones (see page 34).

ln the true gimbals method shown in Fg 1.66b, the mace |
head was provided with' trwitnions (instead of a slot or

square section was positioned thk means of supporting apd

- : g s .
b o, l / . stone spindle
i . : neck box

Fig 1.65 Governor for auto- ' -
matically tentering one of the
pairs of stenes ar Dodford Mill,
riear Daveniry. The governor is
Dbelt-drivei from a pulley on tie
_ Stone spindle. Movement of the
coflar, near the botrom of the -
governior's vertical spindle, is
transmitted by the swan-neck.”
-lever ta the free and of the bridge
tree inside the hursting

LY

. v
”U damsel ' -
mace /bar

ff - ruaner
4] stane

bed
stone

| S Al . .

mace with trunnjons

e

Fig 1.66 Methods of driving runner stone {a} Mace and bar {b) Mace -
with trunnions and gimnbal ring
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_ forked ends) and these were located in two recesses in the
underside of the gimbal ring (sometimes this was of ellip-
~ tical shape). At in% angles to these.recesses were -
" trunnions which registered with the cavities either side of
*the eye of the sfon o Ca '
.When the runnlr stpne was in,motion it was essential that .
the stones never ac ually touched, since this would produce
: - ‘Very rapid wear of the stones and also sparks which might
i set the mill on fire. Because of the way the tihner stone
i ‘was supported and -driven, it was necessary td Bilance it
-exactly. This was sometimes done by cu tting: cavities in
the back (or upper surface) of the stone and running in
lead. Later, adiustable balance weights, patented by o
Henry Clarke in 1859 *were used. ; )

————
"

- i

in_use," the stones were enclosed in a Wg?&_j}e_n _cover_'(‘tun' :
“orvat’), usually round but sometimeg:fefagonal, on, which
stood a framework (known as the I “sipporting a -
‘wooden hopper. From the horse was pivoted a wooden
spout (called the *shoe’) which fed the grain into.the eye
of the runner stone. The usual arrangement is shown in

" figs 1.67 and 1.68. :

- Grain was delivered into the hopper through spouts from
*" the bins on the garner floor above. It was essential to keep
~ :grain between the stones when they wege rotating, other-
““wise there was the chance of damage (o the stones or even
.ol sparks to s&t off a ﬁ:e.\»To warn the millegfthat the
hepper was running empty, a leather strap was ofteh
placed across it with ohe end fastened to th&wfar side of -
‘the hopper and the other entl hanging over the lip of the

,  toit.When there, was a reasonable amount of grain it the’
*-+ hopper, its weight was sufficient to hold down the strap
. s0 that the bell was held up. As the quantity of grain fell”

. its weight was eventually unable to réstrain the strap,
* ‘which rose so that its free end slid down over the edge of
the hopper. This allowed, the beil to ¢ome into congact
‘with an irregularly-shapeéd piece of iron (called a ‘damsel’)
Fotating with the runner stone. Thus the bell rang a warning
« . tothe miller that the stones would soon be running ‘dry’.

“

Erom the hopper, the grain ran into the shoe. Plvoted at
- its rearend (o the hprse, the front of the slfoe was pulled
to one side by a"cord attached to a springy piece of wood
.~ {or, in Jatér years, of metal). This caused  ttard block of
wood (tlte ‘rap’) on the inside of the shoe to catch on the
" ‘rotating damsel so that the stide vibrated and hélped the -
grain travel down into the eye of the stone. -

LY

*The:front of the shoe was held vertically by another cord
fastened to it and running over part of the horse afid/or
" abobbin so as to clear the edge of the stone coverjin
‘passing through a hole in the floor. From below, tte miller
amount of grain passing to the stones, by adjusting the
cord on a twist peg located near the meal spout. In some
" cases there was an additional control of the flow of giain -
. by means of a sliding door or hatch in the front of the .
* hopper. .

- . From the shoe, the grain fell into the eye of the runper-, - -
- stone (which was sometimes lined with thin metal sheet) _
and passéd into the swallow, and then ground on its -
passage through the stones. It emerged at their circum-
ference as meal, and was trapped by the stone cover. A
. metal ‘fag’ or “paddle’ was sometimes attached to the

A

hopper above the eye of the stones with a small bell attached:

scould alter the inclination of the shoe, and thus regulate the .

spring or .
"/ mlller's willow
T

. 1
meal hole ”

Fig 1.67 Feedi:;g.grm‘n into. the eye of the mrme{sféne

"Fig 1.68 The ‘stone furnitifre’ on o pair of stones ar work at }'
Buckianid Brewer, south of Bideford, Devan, Grain froi the Storage
bins ot the floor qbove descends through the wooden spouts into .
the hopper, carried on the wooden frame calied @ *horse!. Beneath *
the hopper is the shoe, pivoted to the rear of the horse ahd sis-

- pended at the front by the crook string passing over parts of the
torse, This stands on the wooden stone case, which camplerely | -
. enclases the mill-stones except for where the shoe delivers grain into
.. the eye of the nunner stone . ] _ © i




runner stone. 'I'Ius he]ped to §wee he rneal round the

'. annular space between the edge of the stonqs and the msrde

-of the stone cover to a hole in the floor, through

- l.: thos_e wl_th_vrpratery.mqllon. -

i .
I

‘which it fell via the meal spout into 4 bin or: sack below. '

The ouiput of the stones depended upon therr size and
since the relative linear velocity between ruqner and bed

. stone ‘coyld not be too great, the larger diameter stones

were Tur more slow]y The relationship Detween size,

RRE capacity, and speecl of rotatlen 1s shown in tﬂre folluwmg

'), tﬂblﬂ . '._ - !
. N .
] L e Dia:iié{ier-ofsroﬁei {em}
40 - . 775 %00 105 120
'Speed of rolation of runner smnes’_. 250" ;200 180 150
(revoluuons per minute) ) . -
K Quanmy 0feern ground into meal con- 24 3% 5
taining fine flour (bushels/hour) . .
| Quantity of.comn ground into éurse meal 'S5 ; 6% 8 10
*|. .for ariimal food (bushels/hour}) . C e
R ) L D . o

—r
L

 Graiw’ c!earuug machinery .

In addmon to gnndmg, ‘there might be ancﬂlary processes

. which reqmred machines for which the drive was taken

" from Iays.lhafts (see page 29). Grain cleamng Was 4 pre-
hmmary Il.o the grinding process descrlde in the lust set.tlon

When clehlfered to the mill, the grain wight contain various
1mpuntles, as describdtl on page. ’?‘3;), and nught also. have
undesrrabje matter adhering to the individial grains. The -
former were removed by vanoys types of separatmg
" ‘machine,fand the adhermg dirt, together with the husk

beard a cl any smut; was removed by scourmg

The im untles generally d1 ffered. frorn the sound grain

- by onefor-mare of the following characteristics:

D;I‘fe' nt. types of‘sepnralmg maclmu,ry were desrgni.d to

* utilizeleach 6F these differences, but often the separation

“of the Erain from 1mpur1t1es chffenng; from it in size and
Sper:lf A\'welght was carned out m a smg]e machme

Separatl ng by size was a srftmg process The sieves were

. either ofi wovei’ iron, steel, capper, or bronze wire, or of
perforal d sheets of meta] As'the grain passed over the
 sieve, th' separate grains fell through when the meshes "

' ightly larger than the grains, and the larger im purities
fell off-the end of the sieve. In other words; the *throu ghs’

- supplied fthe gram and the ‘overtails’ consisted of the larﬂer
- impuritigs. To remave the smaller 1n1puntles the grain

passed yer a swve with meshes smallerithan the smallest
grains, luch all|went to the ‘overtails’ whrlst the small
rmpuntles formed t]1e ‘fhroughs

In order to make the product trave!l over the sieves, there :
were in genera] fwo forms of sifting machines:

2 thc:us.e:\.'mfitl_rr.oltar)}r motion.

a

In tl1c~ﬁrst type the sieves.are set gt a Sllg]lt ang]e to t} &
" horizontai plane and gwen recrprocatmg motion by me ng
of a crank. In the second type, offén termed ‘reel -
separators’, the working surfaces revolved. The. reels cohid
be round or, for cheapness and case ‘of construction,
hexagonal in shape.

amt

- Fi ig 1.69 shows a simple reel separator. The reei is in'cﬁned
-and the grain flows in to thé upper end through aspout. .
As the reel rotates the grain tends to lift up the sides-

- and then falls back to the bottom.and slowly travels
- towards the lower end of the r,eel The first, or upper, part

4

of the reel is' cased with sicves of finer mesh than the griin

_ 50 that the small impurities pass through to a collecting .

' chamber below. The last part of the reel is cased with -
sieves with aanesh slightly larger than the grain which
passes through to the hopper belgWw whilst the larger

yd ‘impurities overtail through the/open end of the cylinder.

-

Separatlon by specific welgllt was performed in machines
providing an air draught.The simplest form, often called. -

an aspirator, is shownfﬂr fig 1.70, and consisted ofa ]
chamber and a f:ur__.- T o - i
h feed

.

p
_rolating red|

large impurities small 1mpur1ties : s e

grain

" Fig 1.69 A simple reel separator

feed

e ligh impuri tics

Fig 1, 70 Asp:’ra:or:for separation of grains by specific weight

The prain enters by an‘inclined spout and eficounters a
current of air aspjrated by a fan which draws up those,
Jmpunlles lighter'than the wheat, These are carried on to

. the chamber, where the lightest aré ejected by the fan

and the not-so-light fall into the hopper, from where they
are eventually discharged. With only siugle aspiration the
cleaning was only partigly effective, so machmes were made
thh multiple stages of aspiration. -

a5
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- Often oscillating sieves and an air draught were combined end; The fomgn matter was propelled along the conveyor

. & " in'cleaning machires, as shown in fig 1-71. The i mcommg : box bya rotatmg SCTéW Or worm toa separate discharge
*. . ETain; encountered a draught of air w]‘uch rernoved the . spout _ - L _ _
dust and a good dea) of the chaff, The’ top sieve had holes ) o C A o .
" slightly larger than. the wheat, which'fell through, whilst Tneurs became less comimon after the mtroduchon, during

- the larger impurities continued down as ‘overtails’ intoa .. the 1920s, of the disc separaror wluch ‘had rotating vertlca]
' dls@arge chitte. The lower sieve iiad hotes smaller than - . discs w1t"h»recesses to trap the unwanted cereals.
‘the grmn so that the small impurities constituted the -
th.l'Ollﬂ”lS and the grain overtailed;to discharge. Here it met S

a dravght of air which removed the rema'.mngc aff and

_ century this was done mainly if machines called ‘smutters”
. any other light impurities which had been shaken loose a name they were given because they were first developed -
L - as the stock passed down the sieves.

- o _ © to deal with grdin suffering from a disease, which produced
s .- : ’ black *smut’ balls. Smuttcrs consisted 'of a series of i iron
T‘i' outlet . : . or stéel beaters rotatlng at about 450 rev/min.inside a ~
cyhnder of w1re~mesh or perforated sheet irori. The aim
was to Keep the grain rubbing on the cylinder and so
burst the smut balls and rub dirt from the grain. The
“resulting dust was extracted by an aspirator, Smutters
were made with the cylinders either vertical (in which case
intermediate trays ortables were fitted) or horizontal.
L w : 7’# . Flour dressing and grading machines
' e After passing through'the mill-stones, the grain was
converted to meal = a mixture of flour with pieces of the

Matter adhenng to the mdmdua[ wheat grains was removed
by scouring. Dunng the latter part of the nmeteenlh

+

. N i B qoe —- broken bran-coat. To obtain flour, it was necessary to
;‘reciprocating . ; ) N impurities

Closteves | s ities smaller larger than separate the'branny particlessfrom it by sifting. Some of
' . than wheat . wheat - the methods used were similar to those already described

<"~ 'in the previous section for preparing grain. However, |
whereas the warkirfg surfaces in the grain preparation
machines censisted oF sieves of perforated metal plate -
. or wire mesh, those for grading ['Iour utilized cloth and,
more usually, ~.1II\ :

N Fig 1.71 '.C‘ombfned éiean'ing machine L ‘ Bolters' . . N

" The eurliest bolters were simply a long cylindrical cloth
sleeve held in an inclined position with its upper end -
arranged just bclow the mill-stones to receive the fresh]y
ground meal. The sleeve was agitated by a wooden rod
worked by the drive to the stones. The flour was shaken-

To nd thc_gfam of “foreign’ matter such as TYE,. b:u'ley,
oats, and cockle, machmf 5 were used wh'.qh separated by
.shape. Ong.of the “earliest of these was thei‘trieur’ , witich .
, _was-vented by the Frenchmen Vachon {father and son)
" in'}845-and was used well into the twentieth century. -

. . ‘through the sieeve and collected, whilst the bran particles - ®
The trieur consisted of aninclined cylinder of shieet iron, came out at the lower end of the s]eeve .
~ fig 1.72, with small cylindrical recesses on the inside . . e
surface. The cylinder was rotated but inside was positioned By the nineteenth century, the bolter tn most Common .
a-siationary conveyor box. Grain entered the raised end usc in Engl:.lnd‘uonmstcd ofa “*°‘°de’_‘ casing in which ,
© "ol the eylinder and the round prains of the "fo'reign' ro_tatec_l‘an in¢lined, wooden, cylm.(lncal [rame or ‘reel’.
_Y cereals fell into the recesses, in which they were carried up Over this was fitted a tubular bolting cloth. The meal -
: as the cylinder rotated until at a certain height they dropped ~ Was fed into the upper end of the cloth and as the reel
_o'ut and into the conveyor boxs The wheat grain trayelled - - retated (at about fifty revolutions per minute} the meal

ifisige was turned over and over $o that the flour passed

luougly'fhe fine mesh of the sleeve. Under the welght of

Piifeal iriside, the sleeve sagged to rub onto several longj-

bars fixed about [ cm away frem the bottom of -

§, and this helped the flour to pass through. At fll'St

leeves were made from woal, then from calico, and =

v from silk. However, by the time silk was introduced
e liad been developments in the rest of the machine,

‘k h was. then usually terrned areel separator —see

e 37, :

down the cylinder by gravity, helped by the rotation of the,
cyl.i.ﬁdel:, and was dischargedthrough'a spout at the lower

madm:es : :
¥in alternative to'the bo]ter was the wire machine (oftena_.
areferred to smlply as a ‘dresser’ ) in which the sifting
. o et - “surface was Kl statlcmzu')g cylmd ical (rame, about 2 m long

Fig 1.72 Trieur for sepémrfng u;hear'grm‘ 7 oy T and 40 em in diameter. It was lined with wire cloth and
the foreign' cereals ' ’ placed in'an inclined position (between 20° and.45%) over

.




» fixed'framing

a : A - i

) .'.a senes of hoppers, the who]e bemg enc]oseé ina wooden

" box-like gtructure, as shown in fig 1.73. The finest wire -
-was at the uppet end, the size of wire and méshes increasing Lt
towards the lower end where the bran was discharged: S

P
Ting-wire

‘galze

| revolying
" brushes. |4

e 1 ‘

R st pollard

123 grades
- flour

—

- middlings R

Fg 173 Wire md;ir_le_ '

-

of the machine has been removed so that the fixed Woden reel, for -
mpporrmg the wire mesh, am be seens T v

Hg 1.75 The wire machine at Sarehole Mill, Birmingham. The
- -wooden reel gnd wire mesh has been partly. removed to show the
bmshes which usm‘ e rotare when the nachine was in use -

. . . - \

T . . o P I . | . . :'\
Fig 1.74 Dilapidited wire machine at Dodford Mill. The front cover .

,

- examples of wire machines are shown in figs-4-747and 1. 75

TInside this cylinder was a reel fitted with brushes and ‘. .
\evolvmg at high speed (320 to 450 rev/min were normal
ut some ran in excess of 500 rev,-’rnm) S _ L||

The meal was delivered into the top of the cy]mder by a [
wooden spout and was driven through the appropnatelm SR
sized mesh by the rapidly revodving brushes. Surviving :

Reef sepamrors
By the 1880s the old-slyle bolter and tne wire dresser nad
‘been replaced in most of the larger and mediuni-sized
mills by the silk reel or reel separator. The longitudinal”
bars of the rotating reel were shaped lo proge] the stock
along the cylinder. See fig 1.76.
)

Centrifugals . - :
" Because, in the ordinary reel separators at any instant only
a third of the available sifting area was being used, they
had to be.made very large to deal with the outputs required.
Centrifugal reel separators, fig 1,77, were evolved i in-an
attempt te produce a more compact machine by moving

" the meal at a wide angle £5-the holting surface and so to
utilize most of the area of the sieve. Centrifugal flour - '
dressers had the reel and silk rotatmg at between twenty *
and-thirty rev/min, and inside this, rotating i the same
direction but at about eight times t!’\e speed, were beafers.

Flg Tre ﬂou»dressmg reel, Thie stock was propetied a!ong by rhe
fong'{ fucing? bars ‘._
l'rorn\faialolgue, c 1890, of W Gmlner. Glouocster ) c %

W1 srotating
brush \

| Teel

bearers

e

| WORM
+ conveyer

i .
1o

th 1.77 Cen rrfﬁ:gaf reel separator

e
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_ The fnea’ll was lifted by the rbt'atih'g reel; B\;f-;_ﬁfually 'to L
- | . . drop back onto the beaters which threw it onto the bolting -
" surfacé and so 1n¢reased the throughput S

- In some’ cases, tlle sacks of gram were man-handlec[ mto '.
- the bottom of the buﬂdmg to a position underneath the -
hinged trap doors which are a feature of mgst mills. :

| . Plansifters . :
©. 1 < Because of the powersconsumed by reels and Oe“t“f“gals

were developed using flat sieves. There WETE two-bamc :
typas )

sieves S .
i 2 machines with gyrating progressive mption of the sie\?_es.

The forme:were a useful altemative to the recl in small
mills where space was a major concern. Thésecond 1ype
provided great capacities to suit the needs of latge mills .

working on the gradual reductlon process, a:}d are, An use
‘today in flour nulls '

.

: Trar:sporfanon of stock”
The incoming grain.was usually stored in wooden bms at -
. . the top of the mill so that it could be fed by gravity o |
1 the hoppers and thence fo the stones. Thus there was a- |
! need to lift the newly-delivered grain from the ground
| floorof the mill.. A gamer floor is shown in ﬁg ] 78, |
! .

! F g 1.78 The garner ﬂoor at Long Buckby Bottom Mu‘l near Rugby .
! showing the srorage bing on cach side of rhebm.'sed wooden walk- way :

. | .heﬁring on
© fixed beam

hoist repe
or chain

belt d'l_'i.\re from machine shaft . ) o ) ;

i Figl 79 Sack hoist using the slac};é:}d-;igkr belt principle

and inequality of work on the bolting surfaces, rnac]u.nes L

1 machines with rec‘:tllmear reclprocatmg motigh of‘ the -

to the bortom flaor of the mill} and the puliey- for wking the drive
Cby-abelt fr%m the floor below. The beatn carrying the bearing for the
. hoist burrel and pulley is pivoted fo the vertical post at its left-hand
‘end. At its other end, on-the extreme right of the picture, is the chain

. tighten the belt and thus transmit power fo the hoist barrel

~ There, achain’ was looped arguudjhe neck of the sack

“"and a hoist was used to wind up the’ t:ham untit the sack

- reached the requ;red floor. . _ ;
There were several possible arrangements of sack haist,
the most usual being one where the chain was wound ona -
horizontal winding drum or, barrel, Various ways 01‘
driving the drum can be found but a common method used
the slack-and-tight belt principle illustrated in fig 1.79,
Parts of a-sack hoist are shown jn fig 1.80.

In this the winding drum was'supported by a fixed bearing
at one end, but at the other, carrymg the flanged wheel for
tlie belt drives, the bearing could be moved vertically.
When the hoist was not in use, the winding drom was . ¢
inclined down towards this end and the belt from the lay-
shaft below would be slack. By a system of levers, a steady
pull.on the control Tope extending to the bottom of the
mitl could liff the movable bearing, so tightening the
belt and setting the hoist in motion. When the control

., rope was released, this bearing dropped and the hoist
quickly came to rest. If the control rope was not released
in time, the sack might go all the way up to the hoist

Fig 1.80 Part of the sack hoist at Dodford Mill,.near Daveniy. This
shows the hoist barrel with i1s chain af the fullest éxtent (ie reaching

connection ta the long lever by which the pulley is lifted so'as to




:_ ) ba.rrel ltself Sl.nce th_lS wis often mounted h;gh under the
" roof, the sack could cause serious damage to-the roofas
" well as the hoist. Inafew mﬁls safety devices were
prowded to ,grevent the sacks trave]lmg too fa:

________ . _.J.I.

z-ul.c.r uppl.ug the g,la.'m uum i

to the hoppers feeding. the stones. The control of the flow
.- -was achieved by wooden shutters, slidin or out as needed,
- and held by string when in the *out’ position-—#After-grind- -
~"ing, the meal from the stories was collected below them @
" in sacks ‘which were hfted wl.th the hcust to feed mto llte

. Lll't:hh].i’lglll&ul.uwb R

. Te avmd the need to manhandle the i 1nc0mmg sacks off
.~ "the wagon or cart and under ‘the hoist inside the mil,
some rills used an. extelral hoist frorn a lucam,] o1 smali

- govered pr0jecnon ‘from the s:de or Toofof the mill. See

" ‘fig 1.81. To assis} in the dispatch of sacks of dressed flour,
.. wooden slides were sometimes hinged to the sill of the

" door, often on the first floor, through which the sacks

“could be slid down onto'the waiting vehicle. The moveinent

- of stock. across the ﬂoors of tha null was usually? by sack
barrows. "

. As rm]f's became blgger and there was 4 desire to make them
" more. automatic, the ]1andlmg of stock was conmderably
improved. In consndenng these developments the trans-
" portalion: requu‘cd within a rmll can be consmlered under
" two categories: :

¥+ from floor to ﬂoor, upwards or downwards
-_2 along one honzontal plaﬁe , '

s Flgl 81 The wh:re wearher-boarded lucam covenng the exrema!
i:am prormdmg from the roof ar Sarehole Mill, B:rmmgham i

‘garneér floor, the grain was, fed, when rcqun‘ed down spouts-l:'
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_ causing friction which consumes extra power. The cups,

|
'1

stock out

by —

-

Fig 1.82 Verfical elevator for raising stock - i e K €

" Transmission downwards continted to be by spouts but

transmission upwards was by elevators. Thése consisted

of an endless belt with containers (boxes, cups, or buckets)
attached to it and running over pulieys, one at the head
and one at the foot {or boot)-of the elevator. The belt was
enclosed in a timber case to avoid scattering the stock

" being lifted. The arrangement is shown in fig 1.82.

Such elevators are nearly always vertical and only-very

_rarely mclmed never more than 10° from the vertical,
- otherwise the sag of the belt on the upper side causes it to

slide over'the wood casing, so damaging the beltand +
usually made of ga]vamzed sheet s‘teel were made in a
variety of sizes and shapes with the mtentlon of giving the
most efficient transfer of stock. Somg elevators had brushes
fixed to the belt and these swep’rthe \dust from the walls

of the' casmg i

" For horizonta) tra.nsport t'he Aﬂ:,lumedean SCIEW, WOr,

or conveyor (sometimes called an ‘augér’) was used. It
was usually. contained eithier in a wooden box on the
bottom of which was fa;tened a éiirved metal sheet, orin

a cast-lron trougl w1th a $Bm1 -circular bottorﬁ ‘In addition” "~ .




" Maehines for animal foods S e T Anxdmry power’ ' o :

-As mentioned on page 23, many mills ended then* days ¢ . Towards the end;of their workmg clays, many . mills had
“‘gristing’ or makmg animal foods. Because some of the ~ the power from. fheu' waterwheels or turbihies supplemented
. flour-milling equipment (such as the dressing machines) - - or supplanted by other.forms of power — Steam engines,

" were no jonger required, other machines had to be installed otl engines, gas engines, and perhaps eventually electric
. to.mest the demand, fo: balanced ratlons These mcluded‘ """"“"mt;tors There weére many ways in which the power was

'l oat crushing rolls - : - ~ transmitted-from the new source to the emstlng mlll ’
' ' machinery.

% ‘chaff cutters

3 bean kibblers In some, the drive from the new engme oF motor was by,

4. Cake breakers . - . -0 .. . belt to one of the horizontal'sthfts in the mill and, if

5 mmze flaking rolls * co ' .: " this was only a supplementary to the watérwheel, the

. 6 decorticators (for rernovmg From certain seeds the husks transmission would be by an arrangement of fast-and-loose

 which have no food value). o pulleys. In cases where the aumhary power was supphed_

: _ : : by a portable source, a belt was taken up tc a pulley on
“For grinding, the old horizontal mill-stones were later _the outside of the mill, fig 1.84. This was- qsually cna .
*'replaced by machines such as vertical stone grinders, disc i shaft extending into the mill and ¢arrying'a pinion meshing

. grinders, and hammer or percussion. mills: A sectmna[ view - ~with the crown-wheel so that, through this and the vertical
“ofa vdrtlcal';tone mil] is shown in fig 1. 83 i , shaft, power could be transmitted to the stones.
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Fig 1.83 Ve_rrfcal,."s_ron_e milt — the ‘Selecta’ - built by Seck Bros of Dresden, ¢ 1917 ‘i : :

|

Fig 1.84 Titchmarsh Mill, on the River Nene;
about 1914, erh the river running in flood,
the level of water in the tail-race prevented
the waterwheel from working and a portable
.steam engine hygs been brought up to drive,
by belt, the puHey pro:mdmg Jrom the
second storey :
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1.6 INDF.X TO MILLING AN D WATERPOWER TER.MS i French stones, type of mill-stone o : 30

. . Lo pag?il Fromont’ ‘turbm € — "~ 88
A]arm e, indicatin lack of gram in hopper . ...-34""Fulling mill, fof processing woolien ctoth after - .

- ~American tagbiri™ [T T 907 weaving : ' .3

- Aspirator, used in cleaning gram ' : 351 Furrows, grooves cut in rmll-stones oo 30
Auger, for conveying toek honzontal]y 39 Gafgief ﬂ o or,.t;rj: m wmch mconung gl_am is tIPPe d R
g Ba.iance weights, in lstones 34 . into the storage bins - . 38
"Bariki turbine m‘{ : 93 Gear ratios . . . . 29
- Barker's Mill, ani early reaction waterpower devwe . 85 Gimbal;bar, part of drive to and support of the
. Bed stone, underneathlor statlonary stone .. © 30 runner stone | . : 33
~ Belt drive to stoites & e : 28 Girard turbine . 90
Bill, cuttingfool to dress m111~st0nes o 3j Glut box,the tqp bearing for quam for overdrift
.. Bin, holding grain'on ga'men flaor .~ . - . - 38 stones . : 28
" Blue stones, a type of mﬂl-stonc - i - 30 Goit, a term used in some parts of the country
Bo]ter, for dressing ﬂou out of meal : .36 mstead of ¢ race For example, *head-goit’ and
“Boyden turbine, the Americanversion ofa . “tail-goit’; Seel head-race and tail-race
Fouriieyron turbine "1 ) . . 87 Governor, to regulate water flow or gap between L
Br'a.n . ! : . 23 mill-stones - 32

-~ Bray ' S . L - Gradval reductipn process‘of milling _ 14
. Brayer } a beam forrmn% part of the tentenng gear .32 Griin.cleaning : 35 .
Breastshot waterwheel 'II - 18 Great spur wheg} - S 25, HET
‘Bridgé trée, supporting the bearing at the foot of - Greek mill, a form of horizontal waterwiieel 10
_the stone spindie : '| ' 31 Gripe driven, ariother term for overdrift 28
- Bridging box, the muuntm5 fur a thrust bearing for '-Gudgeon part of bearing - ' 20025 -
either the stone spindle or upright main shaft - 25 Hack]e plate, g ¢over plate over the bearingina- : y r-o
. Bucket, of walerwheel \ . 2] bed stone . . 33

<Bulb turbine T 95 Hamymer pondls,in connection with T fron industry 3 .

Burr stone, type of m'll Stone o - . 30. . Harp, part of'the pattern of dressing ofa mill-stone- 30 :

By-pass channel : '1 o 16 - Head-race, another term for leat : . 16

Centrifugals, for dressing flour E 37. High milling, by|several passes through the mill-stones - 14
- Clasp-arm COI‘IStl’UGtIOn a mséans of attaching .Hopper, delivering grain into shoe feeding mill-stones 34,

, - waterwheel or gear whé‘a]io its shaft W Horizontal waterwheel | 10

\Cloughs (pronounced clews), a term used in some T Horse, the wooden l'r.lmework supportmg hopper 34
‘ parts of the country to dascnbe by-pass - -.,M\Iilun ting cog, in(a gear wheel .29

\ channels '| Hi]rsting, the wooden framework supporting mill-

_Compass arm construction, m'ﬁwooden wheels with stones and enclosing the main gearing Y 31
_spokes mortised into shaft | . 20 Hybrid waterwhee[s 20
'Compcnslte stone, type of rm]l-stone : * 30 Hydraulic ram, 4 mea lifting water . 71

COHEEIUODLDB, of grain f - Impulse turbine ’ 85,90
- ‘Conveyor, for transporting stock L : 39

Crooki string, controls angle of shoe feedmg grain to Jack ring, 2 method of dlsengag;mg stone nut .27
Irull‘stones R . T, 34  Jonval turbine - o 88
"Cruwn \‘vheel a gear wheel mmfF ted near top of v Kaplan turbine . . - o3
e upng]lt main shaft - ' s s ~ Land, a term in mill-stone dressing ' . 30

Darmsel, \ivluch agitates. the shoe feedmg gram to ) . Lantern wheel, in carly type of gearing 24

mﬂf'stﬂl}es R - \ oo - Launder, a (rouLh caftying water to wheel - 16
. Deriaz turbine ' ' IO 95 Layshaft transmission arrangement 24
, Dresser, for\separatmg grades of ﬂour from bran etc 36 ° Leat,or mill stream ) 16

-DIBSSII'lg, ofa mill-stone ~ « ) .. 30 Ligger, se¢ bed Jtone ; : . 13

‘Eel tra p '\,‘ o e . . 16 Low milling, by|a single pass through the stones
- ‘Elévator>for lifting stodk \fertlcally S 39 Low-shots, or weirs to ensure water level does not

: -Endosperm Y 23 . ¢Xxceed a speCLﬁed hc_lg,ht ‘ 16

_'_. Eye,.the. central\hole through a runner stone - 30' _ Lucam, ,a dormeyr enclosing an external hoist : 39

‘Feathering; a.term used in mlll~stone dressing - .30  Macehead, used in one method of driving and .~ - o 77
:Felloe, a section of the rimof a wobden wheel ~ ag ' supporting the runner stone ' 33
._'Flaun ch, the central iron hub to which are attached * - 'Meal spouts, thrpugh which the meal descends fm"[ )

. the inper ends of the arms or spokes of a water- - edge of stones ) : o3

.. wheel . - v \ ) 9] M{ll-pond . o 17
““Float, on & ivaterwheel o . i 2 Mlxe_d-ﬂow-terbine. o . ) 90
. Floating mill L 1 . - 12 Neck box, for bearing in the centre of the bed-stone , 33

. Flop jack,a water—hftmg de\noe ) . ©¥T . Nether stone, seg bed stone

“Fourneyron turbine » "% _ \ o 86~ 'Noria wheel, used for frrigation 2
“Frndgturbine %L 88 . Norse mill, a hosizontal watermill 2
B ' '\\\‘ ] r . - R . . : H
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R Overdnft rnethod of drving rmll-stones from above 28 Starter box, for helpmg to setin mot.lon Very ]arg(’:\-‘_\
_ Qvershot watérwheel o ) I8 . waterwheels ) o U\
__Paddle, see float on Waterwheel - ) :trtch.mg, n m.l].l-stgne dressing ) - ' e 32
Peak stones, type of mrl]-stone o L. 30 tone Gover, a wooden casing enclosing the rmll-stones 3 _
_ o 1 Stone nut, the prruon transmitting the dnve to the stone
. Pelton wheel : 21 dle . - . i Ca5
o Penstock a trough carrymg water onto a waterwheel 1_'6 spindle - ' :

- Stone spindle, supportmg and driving thé runner stone _25_

ehstock, the pipe or plpes de}wemg water to lafge Swallow, the enlarged gap between the mill-stones

“turbine installations : . h
s "Pen trough; ca'n-ymgwater—ontrra waterwheel* e T T near the eve... ;:—““' T -----—.—'=: L
' ) Penstock . .16 . Tail-race . I o - 16
. Pick, used to dress rmilustones . . 31 Tempering grain =~ 23
_ Piniom, smaller gear of a‘pair . 29 Tentermg gear, for rnakmg fine adjustments to the gap .
.. Bit-wheel, the gear wheel mounted on waterwheel shaft 25 hetween the mill-stones : 31
+ Pitch- -back waterwheel - 18 Thormson turbine, sée vortex turbine ' 38
" Plansiftet, for seiving ﬂour R . 38 Thrift, a handle for mill bllls and picks . 31,
_ ‘Poncelet wheel, an.improved type of undershot water- Tide mjll : : S
wheel ;. . . ‘18 Titt hammers, for worl-ung iron . ' 3
Power from waterwheels et 56 - Toe bearing; for stone spmd_le 26
- Purifier, for separatmg middlings from fiour - 14 Trieur, for’cleaning grain 36
Quant, the driving spindle for the stones in the over- '?'und]e wheel, an early type of gear wheeI : 24
drift method " - L 'pg  Lubularturbine . . . 3
Quem [ : o . 10 Tub-wheel, an imprevement on the I*éorse wheel 88
. Qu111 another term for quant - 28 Tun, see stone cover " . 34
- - Turbines - o : 85
. : Rap, a hard wooden insert mto shoe where it is Turgo wheel, a turbiﬁe 96
..; . Re?:ﬁgﬁ lt)‘irg:sedams_e] 5 e T . g? Underdrift method of driving mill-stones frurn below _28
: Reel, the wooden framework in bolters ) 36 Undershot waterwheel - 18
S Reel separator, for cleaning'incoming gram and also for . Upright shalt, thfz main vertu:al shafl in ane type of
S tlressm;_, flour [rom meal . - 35 transmission : 24
Rennie’s sliging hatch, for regulating flow ofwater Vat, see stone cover 34 .|
- onto whéel T . 7 Yentilating buckcts on a waterwheel 3 8
Re_yemlble-“gaterwheel Wl 4 Vitruvian mill - 10
! Rim, of waterwheel : . 18 Volute, see scroll . N 93
Rim gearing _ 7 Vortex turbing. % 88
. Ro_ller\mr[] - o 14 Wallower, the.gear wheel on upright main shaft o o
- Roue & curves } 1rnp.r0ved versions of -~ 86 taking drive.from pit-wheel : T
Rbue volant “horizontal waterwheels . Warbl thet name for al bell - . %34
Runner, the rotating part of a water turbine 85 arbler, another name for alarm be -
' g part o - Watercourse . .
_ Runner stone, the upper revolving mill-stone _ 30 Water ift - . _ . 78
.o Rynd, part used in one melhod of supportmg and . . Water pressure engine i . _*‘*I . 78
i dnvmg runner stone IR _ o 33 Wihitelaw’s turbine R 87
J ‘Sack hcust S © 38 ° Wicket pate, an arrangement of pl\@ guide blades in
i Saddle quem an early hand mlli usmg remprocahng - a water turbine 88 .
’ i" ' dtthl‘l o o o o ég " Wire rmchjne fur clressmg flour from bran etc - 36
| ‘Scotch™turbing’ R E :
;' Seroll, through which wate}' comes onto the guide. - . Yoke, usod in one method f?r dl§e|1gaglng St?fne nut 27
! vanes in large lurbmes 93 . Lo e e .
Segner wheel, an early reaction turl:une 85 - . : .
o Shoe, a wooden trough dﬂschargm g grain from the ) . . '
j hopper into the eye of the stone = 34 & : ' ' .
| " Shroud, the rim enclosing buckets in an overshot . :
i ‘waterwheel or breastshot wheel . - - 21 i
! Shut, the sluice gate controlling water coming onto ' . oo L
the wheel - : . ) ) 18 o P -
_ Sickle dressing, of mlll-stones L N1V R o
Sklrt of a'mill-stone a0 30 - ) : “
Shp cogs, a method of taking gears out of mesh 27 o e ' I
“Smutter, a machine for removing smut from wheat . 36 = o S v S
Sole, the lining or covering across the inner edges . S 5 5
. of the rim on some breastshot and overshot L oo ; L . I[__/-*-""'
- waterwheels ; 22 , : P
~ Starts, the prolectrons from the rimofa waterwhee]_' L o
to support, the floats T o T -
X . _ i , .
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LOCATION OF MILL SITES _

3 Alth ugh some schools will be close to a well-known mill,

in mdst cases it will be necessary for the teacher to seek
out thie nedrest available watermill. For many parts of
the cquntry, publications listing watermills are now
aval_la Je as noted on page 95. For the areas covered by

- thé fnfustrial Archaeology.of the British lsles series,

published by David and Charles, watermills are included -
in the gazetteer at the rear of each velume, However,

. being general pazetteers these include only some of ll1e

i miils i

5624

the area con51derecl

The D mesday Survey. of 1086 is supposed to have hsted
nills in the country south of the River Trent. For
the coutiesifor which they have been published, the
appropliate volumes of the Victoria County History give
informaltion from the Domesday Survey and include

_maps are usual]y available for consull;

A School ap roach to watermllls

" Lists of local mills may also exist in manuscript form in

local libraries and record offices. These institutions may
be able to adyise whether there is anyone who has been *
making 2 stuw mills in the locality. Some collegks
of education Yia¥e students working on environmental
studies who have opted to look at the walermills in a
given district, and their reports should be helpful to '

those wishing to ldentlfy thc lTl.lllS of interest in their
locality.

If no lists 0;{ any sort are avallab}e then the best starlmg

~"point as farﬂany likely physical remains are concerned are -

the Ordnan]#e Survey maps. The latest editions, although -
showing buildings which were mills, oftan do not mark

them as such because the buildings are®no longer in use.as -
. amill or arel ruinous or abandoned. Nevertheless, such
" sites often contain items of equipment, perhaps even the

derelict waterwheel, and so are still useful as a starting.
point for schoal activities. Since these mills were Pr b‘lbly
working at the time, the earlier editions of the nange
Survey maps will mark them as ‘Mills” and th€se older
).li'étm “the local

rooms of public libraries or the ]ocal records afflu, {see
fig 2 1). -

At tlus stage we-are concempd with the teacher locating

a suitable mill to see if he or she can use it to achieve the
particu]ar educational objectwes in mind. However, some
of these objectives may be concerned with the use of

__Ina ps and when tlle students afesMtroduced to the topic

- .the same rof See f“g 1. 21 on page 12 _____________
" . Domesddy name " Present nume 'd
. Brailes .| . Brajles-,
- Bedefor " Bidlord
Stanlej Sioneleigh -
Coleshell Coleshill L
Cotes . Coton {End) Suburb of War\mck
Caldecot Catdecote Juxta Weddingion '
- Taschebrde .. Bishop's Tachbrook
<} .. Hantone | + Hampton Lucy - o
- Stradford ' Stratford on Avon
Alvestone " Alvestone. /. :
. Spelesberi Spilsbury
- Arue Arrew .
. Edricestonf " Atherstone upon Stour
‘I {G) Raneberge _ Grandborough
Sucham " Southam . )
Sowa . Sowe . !
“Hunitone: - Honington
Wasmerton, *Waspertof.
Niwebold Newbold {Comyn)
© Alne "Greal Alne
- Whitelavesford Wixford
-~ Salford Abbot's Salford

“Table 1

. L
No af mills Dhies
O " i10s _
4 43s 4d .
2 - 355 4d
1 40d b & SR
2 100s , - ; .
1 s _ ’ ) ‘
2 125 84 - y
1 65 8d :
1 : 105 +1000 eels ——
3 40s + 12 sticks {Stich of eels) 3 1000 (eels)
1 ' 50d
1- 6 8d
1 -, lOs+ 10 sticks of eels
‘1 T 1ad
2 L 4s
1 s '
4 $45 4d
1 205 + 4 |oads of sait and 1000 eels
fa 8s :
I 55~ !
] 105 + 20 sticks of eels
1 - U h 20sticks of eels

-

P .-.--




Fig 2.1 Part of the First Edition
of the one-inch Ordnance Survey
miap of Warwickshire showing five
watermills, including one silk

mill, along this eight-mite {13 km}
stretelr. of rhe River Avon

Fig 2.2 Girls from Quinton House
School, Upton, near Northampton,
observing g reminder of the time
when this Tane led to one of the

[ ;
; ngsrﬁorpe corn-mills. Althoughf
« this was demolished over fifty
years ago the waiercourses remain,}
l but the former tracks to the mill |
now constitute a through route ~ !
linking newer parts of the town |
i

e .
tth might be encouraged to pt.ruse the maps to locate * The first three of these topics have been covered in the

po[;mble m1lls or mill sites to yisit. © {__/J : previous sections 1.5, 132, and 1.1 respegtively, and we '
' must now sansider obtamm information for the fourth
A]lother indication of a pOSSlb]e mill site is the presence item. £ i

ofa Mill Street, Mill Road, or.Mill Lane. Any of these .
fuld lead, to a windmill site, or to a mill not concerned’ . ' L _
Ath corn grmdmg, but if the street leads towards a stream - : : :
of river then there is more likelihood that it led to 2 ) '
ermill (fig 2.2). o _ L ' o =

' _Hjavin' located a mill suitable for school indﬁétﬁ?\{'

!
JB- the history of i 0 waterpower
c

the history of the particuiar mili and its mgmﬁcance in
the ]ocahty E o -




effeetwe use of tius evtdenee LIJS necessary to complement '

‘it with information from other sottces, partlcularly with
regard to its ]ustory The physical ev1dence will often
.contribute to this: datestones on the outside of the™
{'a buildin g, dates on heams and internal. walls, cl:fferent
#- styles of parts of the bu1]d1ngs, the use of dlfferen,t
% : materials and forms of oonstructlon for. the machinery,
. and the [emaifis of former watercourses In searching for
: 'addltlonal 1nformat1on the fol]owmg notes may be he]pful

"In the ﬁrst.mstance enquiry should he made at the local
' room of the public hbrary in the district, or at the county
i -tecord office, to see 1£ a detailed lustory has already been”.

GoRTL

If there is no deta.lled mformatlon for the. rmll (hen a bnef
- summary of its hlstory may dppear in the lists ofvwater-
- mill§ ITIGIltlQTIed ‘oii page 98. However brief the histerical.
_HH informationin these lists, &ne should get some pertinent
'_'--“Hii'tes-as_,g._ start in using other sources of inforination such, -
a5 Jocal newspapers. (See fig 2.3). The dates of changes of
- .ownership ¢an indicate which issues of the newspaper to
inspect for a vertisemenys regarcllng the sale of the mill.
‘These sometirfies contain a surprising amount of detail of
‘the machinery, and-from this the method of working-and
_the extent ofapplloatlon of the tec'lmolog;tcal developments
“of that time. ! :

- Advertlsements from the nulls for-their various products

%" are also instructive in showmg how they were working.

': leputes were often reported in the locgl press, and from
theee one pets an idea of”’ the sociat effects of the mill -

o1, the community and sometimes of the working hours,
COI‘ldlthIlS and qg.ltput at the“mill mvol\red

“ina publtshed survey or list, thel usual starting point is to
N :see whether the parish had a mill at the time of the. - -
. Domesday: Survey in 1086 — see page 43. After this, one

" can start to compile a chrénological list-of the later
. millers by reference to local directories. It should be noted
"that the miller was often a farmer as well, and was some-
. times to be fﬂ'{F}Q.E.I.‘.E‘?{.E!}F. trade classification Of farmer

r . . .
LG UL Ay a ArLe & agaug, By AEALL bl LI T l“"'l w

-.-_and at. the Auﬂtoneer S, in O\rford.

b@SOLotw AU

‘_'I‘ION #

-and.Bm r'in the Part{h of B,

L- i k
Gu rs, e the Te\\tn ot'.
ORTHAMPTON, called by v e-Na f: '
- I and ‘now’ carrying, Four Pair of Sto ‘toEether
_T’ENEMI‘ZNT.‘: & Twa CLOSES'of rich A
RO UND theéréto ad}oiningy - rmta:mng 3y Eﬂ]mat\on

Acres, or thergabouts, ;.

Frg 2 3 An adverrfsemem far the safZJf g corn mrf! a':sri‘ng fhe
- nuember. of pairs of mill-stohes
F:o_m Notihampton Mercuary, 12 a;\pnl _1},!73;_3

[ compiléd and/or published for the mill under consideration. .

Faulmg evena bnef desenptlon of the miil and its accupants.

%*‘f | |
‘in.the directory. Later directories glve a elassuf‘ ed list of o
milers for a-whole county and- indicate whether the mills Y
were powered by wind, water, or steam. Thisisa help in '
gmng an idea of when transition from one type of prime
- mover to another occurred. Unfortunately? directories
werd sometimes not up-to-date in their entries so the. fact )
that a particular miller was given for a certain mill is not

- absolute evidence that he was there at the date of publi-
catton, of rhe chreetory

L)
More rehable is the mformatlon given in rhanuscn pt
‘material: - .

I’ Parish registes of baptlsms marnages anﬂ burlals
sometirges indicate the trades of those involved or o —

avithesses, but the registers are tedious to examine T
d are not always readily accessible for ingpection.

2 The Popu]atlon Census Returns for the years 1841,
~ 1851, and ]86]\g1ve the occupations of those 1nvolved
“and ¢an be of great assistance when investigating who
was at the mill (or rhkls} ina spec1f c parish. The Census
Retumns are held at the.Public Record Office, London,
but microfilm copies are‘often, available for exammatlon
at County Record OFﬂces ..

3 Even earlier' than the Census Returns are the Militia

i‘iL .drawn up in 1798 which, besldes recording the
“hathes.and oecupations of all ab]e\bodzed men between
the ages of fifteen and sixty years, also give the number

- of corn mills'at work and their potential.output.
Unfortunately, this most useful doeument\ls not
available for all parishies sincc many Militia Llsts Were -
lost or destroyed before the true value of these ‘records
was appre(:]ated '

4 lnsumnce proposa]s. kept in ]edgers by the local agent,

"jmve been deposited in some record offices and will

- contain-proposals for watermills and/or their contents,
together with inforhation as to the owner nd oceupier,
‘The I’ed ers also record endorsements to cover additions
14 the. maelunery in the mill ana also for the installation

1 of steam engines. Since the examination of these ledgers
is very time consuming and may not reveal ahy informa-
tion for a particular mill, it is advisable to ask the record
office if anyone has a]ready been through the ledgers
to complle an 1ndex 3 .

© 5 Millwrights' records are only occamonally found ip record

offices arld again, nced time to research- through to
ﬁnd references to a particular mill (often by reference
fo the miller and not'the mill so it is useful first'to havg
drawn up'a list of millers for the mill being investigated).

- On the othershand the references will provide the best

. source of information on installation of new types. of
machinery and the extent fo which the mtlt was using o
the latest. techmques of the time. }

Most library local ~rooms and.record of] fices keep a card
index catalggue, arra.nged in alphabeticai order of villages
- and towns, of the individual documents relating to those
places. By looking through the cards for the place’ ‘where
- the mill is sitvated, you may. come across mformatlon
relatmg loitin the form of. .. -

l Legal documents — mdentures agreements and deeds
Wth]LWll[ give details of change of ownership of the -
. mill, its occupier (ie the rruller), and sometlmes he
: rnach.mery and arrangement of the wateroours&s




~ments, under the catalogue for estates or family

Y
mchcatmn of the effect cn the locahty of the way the
- mill was worked : -

-2 Sales notices and catalogues. Fcar rmlls, these w1]]

usually prohde detailed mforma‘glon on the equipment
“installed ‘and an idea {usually on the optimistic side!)

of the output of the mill and its &ading business. '

3 Account and/or day books of the mlll These are

_comparatively rare and only in a few cases depaosited in

record offices, Tor-a particular mill, it is. worthwhile

. enquiring of the people living close by as to where

th_csc books and other papers relatmg to the everyday

~ running of the-mill might be, is these documents rca]]y

~ do bring to life the story of the mill w,hcn at _work

Besides inspécting the record office’s caté‘Logug under place
names, it is essential to Jook for examples 'pf ‘these decu-

collections
cLons

if the mill is knGwn Lo have beén part of suclsg_am kL.

remember the ]oca] mill when it waset’work Sometlmes
the miller himself survives, but his sisters or brothers, sons
or daughters can often fill in gaps in the later history of the
mill or explain apparent contradictions arising from a study

of the documentary evidence.

The devclnpment of theLwatercourses and of Alterations to
the arrangement of buildings on the sitc may be traced if
sufficient old maps can be foungd. Aparl from the obvious

" use of the earlier (and later) editions of the Ordnance Survey

maps of ¥arious scales, réfcrcnccnt:o'?i-l]w maps a i
enclosure maps (if they exist) car5e worthwhile, whilst
for earlier periods estate’ maps, such as the example
shown in fig 2.4, are the most likély source for sllowmg

: watermllis

Lastly, to provide vi"s_ua] impaet for the-history of the

mill, illystrations are required. Watermills have been
fortunate in the amount of attentign paid them by artists. ..
Pictures in oils and water colour and pencil sketches were
made in abundance during the eaylier years of this .

“century, and a surprising number survive, although they

are widely dispcrsecl.'-Dgspit,p the inaccuracies introduced
by the artist’s impression of the-scemes-(and also the

“difficulties caused by artists often attributing the wrong

locatiofi to their pictures by caption or inscription on the '
back} it is worthwhile seaIc]ung for these pictures. For

“many mills, pictures will be in the possession of the. villagers,

who may aiso be able to give verbal information. See fig 2.5. |

- Although watermills were not usually the major subject of
engravings, they often appear in landscape scenes and, .

Fig 2.4 Part of 2 map of the
Finch-Hatton estares in 1584
showing three watermilis alovig a
stretch, less than a mile fong,

of the Spration Brook, a'tribu-
", tary af the River Nene, Nor.r.‘r
Water

Courtcsy of Northamptonshire
Record Office

Fig 2.5 Reproduction of a
painting of Bosenham Mill,
near the Buckinghamshire-
Northemptonshire border. This
" was one af a series of views
ground Grafton Regis made in
the 18705 and now deposited in
the Northampronshire Record
Office. The mill was demolished
in the 18605 '
Reproduced ﬁy permission of
Norihamptonshire Record Office




WATER ANB STBADI FLUUB. ANB MTMEAL MII.IS y . S :
- - 2.3 PLANNING WORK TO ACHIEVE OBJECTIVES . - - AN

'Ha\?ﬁ'lg located a suitable watermill site, we have to '

. consider how its educational potentlal can best be

- POITERSPURY, .

NEAR 'STONY STRATFORD. )

prrpnml ta supply

- PURE OATMEAL

Jin Large or ezsil qmtttilies, Pat
flnely o toarsely, nv it may e
e ptiivel, for PDRR!’DGE,'UMCBQ
HUHTER3, SPORTING DO&3,
&e., &n.

- r———

? oo~
i r5 pddraesad TAHDLEY
. ﬁn’:ou ear STONY STRAT-

" FomD, the MILLS, will bd

: pmmpﬂy exgculed.

.th 26 An advemsemenr in Keﬂy T Direcron’ fqr Norrbampmush ire,

" 1864, with an engraving of Porrerspury Miit when m:;,fced by water
ana’ wirid power - l

whilst a]lovnng for migrepresentation by the engraver,
“may show whether the mill has been rebuilt smce the time
of the engraving.

I_ater engravings were sed in the advertisements for
products of the mills, and such advertisements can.some-
times be found in country directories, almanacs, or year

. books (see fig 2.6). Most record offices and libraries are
building up their collections of old photographs and it is
still possible to find photographs of watermills in the hands
of privaté individuals; particularly re]'tlwes of those who
“warked at the mil}, The same can be said of picture post-
cards, although many are to be foynd for sale in anthue
-"and second- hdnd book’shops. - .

W. W. SANDERS -

Bﬂ:s o mfn!m Iht Kobilivy, Gentry, . -
il Tkl goneinily, that hc B nuw

Lthe | L il it . )
g the lowert peetle i, cier ] Awareﬂeﬁ of the many facror&( eg social, econom:c

explmtcd in relation to our planned objectives. xar'nples'
of.these were given in Handbook 10 Industria Arcl;aeofog}

" for Schools (page 24} and the followmg are suggestions as

to how they may be acinevecl L

. : ;

as well as scientific) involved in tedmo!ogy

{a) by mvestlgatmg the §1tmg of the mil! with respecl

" to otherlocglfgatures.
(b), by consid ring arrangements for obtaining a -

‘water supply anll the way ih ‘which this was used to
give the most power.

(c) By discussing feasons for rebm[dlng the mill uging —/\
- thedatest technological developments of the period.

{d} By mvestlga‘tmg__the materials used in the construc- xS
tion of the mill and whether or not these materiais -
came from the locality (see fig 2.7). .

(e} By comparing the style of building of the mllI with
other buildings in the area to see if this style evolved
by lacal tradition or was adopted by its owner.

Fig 2.7 Holdenby, on a iriburary of the North Wafer of the River R

Nene, and adjoining mill house, This is one of iroustone whemrs most
of the mills on the Nene WWest H’a.'er were of brick

.
T

Apprecmnuu of the social implications of rec.-‘mologrmi
developments

(a) By investigating any modiﬁcations or e}steri'sI01ls,
particularly with regard to the mill house, to'see
if this related to the mlproved status of the nll|ler
In the community. '

(b) By considering the change from ﬂour—mlllmg to
gristing as flour praduction became concentrated
in fewer but larger mills, and the p0331b1e decl.me
in status of the’miller.

4

(c) By discussing improvements in the ef ficiency of the
use of available waterpower with the result that
more milling could be done in the district,

{d} By recuguzmg the effect of the application of .
other sources of power to mlllmg and of impiove-
; ments in.transport which could result in the
community being better served by flour rruHs
Sltlldted further away. .

.

W e ey



' e (d) By usirig the physwal signs of the watercourses to

[e) By relating tho increase in fhie number. of mills in .
the district, or the rebuilding of one mill to. give

. | i greater output to populatlon changos in the arga.

. i 3 Recogmnon of the number of non-technical factors

. likely 1o be involved in a pardiculor apphcanon of -

- _'i sclence.

(a) By o0n31der1ng the effects on the surroundmgs of
attempts to obtain the maximum power from the

available water supply, eg'the effect of new
watercourses; the possibility of ﬂoodmg, and-

{b) By d.lscussmg_ why and when aum].lary sources.of
power were installed, eg impfovements in transport
which onablod coal to be delivered cheaply to the
" mill to Taise steam for driving a steam engine.

P (c) By identlfymg the pericd-when flour dressing, -

. machines were installed and relating this to a ge neral
change in attitude of the * consumers towards white.;

flour

identify changes in the flow of water, and by

considering possible reasons such as the increased
demand for domestlc purposes

© 4 Awareness of the methods or fechmques used in
" subjects other than the pupils’ owi speciglizations

For non-smenco pupils:

(a} By making m;:asurements bf various physical-
" quantities, eg wuter flows,

{b) By 'srirnple calculations for cfﬁcioncy and considering

-ways of making the most effecuve use of the avail-
ablo CNErgy.

() By simple surveying of site and mea:,urmg bu1ld1ngs
(d} By referring to the basic science in using photo-
. graphy, espemally of interiors and machinery.

(e) By-helping to restore parts of the rmll or 1ts
maolunery -

F’or sc:enccltéchnology pUplis ‘

(a) By making a do(.umentary searoh for hlstoru.al
information.

(b) By using maps and studymg topography reg‘lrdmg
sltlng of-the mill.

.o By analysing weather records to deduco l:kely water

supphes available to a mill.

(d) By interviewing people associated with the mill,

-5 Commumcat&m of specrulisr information in e way that

can be m:dersrood by non-speczahsts

(a] By presentmg Teports on the mformanoh recorded
. on mte R :
{b} By arranging dlsplay;, mcium.ng workmg models.

(¢} By presenting shows {e.p. colour slides, cine~fllm or .

tape-slide presentatlons) of the waten*mll its work
and history.

6 W:ngne.ss to look beyond one’s ,qarncufar Specaak-
“zation before decrdmg on ' course of action”

‘(a), By contrasting the types of ptants and living creatures
by the head-race, tail-race, a_nd natural watercourses.

the effect-on other rrulls upstream and downstrearn

'| .

l\ |

|

|
L.
t!
|
|

Fig 2.8 Pupils from Trinity Grammar School, Northamptan, inter-
viewrng Mrs W Mahon who organized the Museum of Milling, in
Billing Mill, near Northamipton, In the left foreground, the circulay

" stone cover on which stands the fourlegged horse supporting the
hopper and the back of the shoe, The frqnt of the shoe Is
supported by the crook string passing over part of the horse, and a
bobbin on the side of the cover through a hole in the floor below.
Just 1o the left of the bobbin is a springy piece of metal to which is
artached another cord 5o that it tends to pull the shoe over to the

] righyt against the acrion of the damse!l — the black irregiidarty-shaped

\ p:e?r:e coming up from the eye of the runner stone and-rotating with it~

|

|

|
a
i

I

. .9 The artificial leat, made to serve Maidford Mill on a.tri-

butdry of the R_r'ver Tove in Northamptonshire, The pentfrough onto

" Yhe overshot waterwheel is off the left of the picture, The narural
wrse of the Maidford Brook is shown by the line of low hedges just
ﬁ'om‘ of the field with sheep in the left backgrouna‘



A

. {b) Br consrdenng what elseas affected when water is.
used-to provide power.. - .

(e} By dlscussmg the. requrrements for power in mrllmg,
eg was it essential that waterpower was used or

Sﬁ:ﬁ By consrdermg other ways I in wtuch waterpower can
be used. |

7 S;:;!%?nr ofa cntfcaf awareness of the rechno!ogrcal
. contributioir (both past and presen t) to rhe pupils*

. surrozmdmgs c .

-+ (a) By considering the effeet of the watermtl] ancl 1ts
watercourses on the environment.

-' {b) By dlseussmg the effeb‘l of the mill site on subsequent
) eommumcatlons in the district, -

(] By censidering the possrble focal sources of power 1f
it was not possrble to provide this from a central )
" source (eg electne;ty generatmg statron} ‘and the
ef fect these local power sources, would have on the
enwronment . :

——8 Relaa n.s‘hlp—of the hrsrorrc -gengraphic; social; and -
tec]mofogrcaf aspecrs of past mdustrral adtivities

- {a) By considering the effect’ of owrrershlp of surround:-
ing land, geo]ogy, ‘rairtfall and water run-off on the
siting of the mill. ~ '

(b} By obser\'lng the ‘labour—savmg davites in the mill
{eg sack hoists 1automat1c[tentermg gear), and .
by balancing the possible cost of these against
‘financial savings in other dlrectlohs

9 Awareness of the possfbi%? changes in the environment
due to rechnoa‘og!caf developmenis

~ (a) By con51dermg the effect of watercourses on the
‘environment and of thelr later effects when the
~mill was no ionger used

(b) By 1dent1fymg "changes in the watercourses or the
addition of auxiliary power sources due to infer-
“ference with the water supply caused by new
technological activities (eg building an embankment
* fora railway acrass the sité.of the mill-pond; River -
Authgrities’ desire to remove obstructions caused
~ by waterwheels in.order to exécute flood relief
or drainage schemes). - : _
(c) Bygelating the decline in activity of some watermills
-to the decrease in the normal water supply due to

alteratlons in the water run-off of land eausecl by
- changes in its. agncu]tural use. :

'_ . Sorne of these suggeshons involve:
- l work on site . _
2 work in'school subsequent to a site visit. - -

_1f the required objectives (or some of them) are to bé

" achieved: through work in school, then the planning’ must
‘provide for a progresston to this from the visit to the site.
.. The next three sections (2.4 to 2.6} are cencerned with
‘the work.on site and Sections Z.7 to 2.10 relate to

g the-subsequent work-in school..

IX3

: ‘could. wind power affectively have met the dernand'r' N

- - Another method of recording the site is by aerial pho:to-

- into th'ree main catiegorics,' AL PP

. How far one goes with each of thesd activities will depén'_d e

Recordmg observarrons . e

- Other ways of getting the camera high above the site

« simple trigenometry must be used to ensure that the

2.4 INSTRUCTIONS FOR USE ON SITE .
"The previous section shows that work on site will fall . |

» . . L
1 Iecordmg observatlons . . T e
2 investigations, eh flow of water power outpul;
|_3 constructional actnflt.les

on the age and abjlity ranges of the puprls involved. -

These factors wtlf also-affect the amount of detall g:wen

in the mstructlons for the work on site.
“ &

.
.. |

Recordmg can convemently be d1v1ded into th.ree parts®

1 the overall 51te and envuonment {including watercourses)
2 the buﬂdmgs _. b
3 the mach.mery S o
/r: . - . : . 7 .
1 Recordmg rhe sth ) .
Since it ig-unlikely-that schools wr-ll andertake detailed ... -
surveys of a srte from sera‘tch it is useful to start with an
enlarged portron of a large-scale Ordnance Survey map._
EIementary surveymg techruques can then be used:
to confirm the location and present situation or state
\ of the site;
2 to record features not marked On Maps, eg underground
watercourses, their eAtrances, and exits (see fig 1.26f,
page 16). , r

PR -

graphy and there are a number of ways in which the camera
may be taken to a suitable height. Although photographs
taken from vertically above the site will provide easy .
comparison witi maps and an aid to drawing site.plans,
obligue photographs often help with the interpretation of -
. features. Thus it may be possible to take a photograph
from a trek, or permission might be obtained to take a
photog:raph from the-tower of a nearby church

involve the use of balloons, kites, and small vertical take-
off aircraft. These all involye hardware to be made or —
assembled, and the design and manufacture of this ray
enable some of the previously stated objectjves to be
achieved. Additionally, mathemagics in the form of

camera is above the, ‘target’ by the time it has reached the _

desired ‘height, taking intd account the effect of the wind _ - 7~

on the ascent of the device used to take the camera up.
[ .

"The instructions as to what is be done on site should
include: Y : ) _ !

l an 1dea of the area or bounds of the site to be covered

2 spec1al features to be consu:lered eE underground :

water courses, disused traekways gateways,

;the hrmts beyond which pupils are not (o go, eg onto .
land for whrch permission for access has not been -
obtamed

climb, electric overhead &4bles when ‘fli,uhg a
cagwra above the srte .

warnings of passible hazards.such as trees unsafe to-




-2 Recordmg miﬂ bwldmgs N -
In general, the procedures outlined on page 14 ol'
Industrial Archaeology for Schoois are applica b]l., but
the following pomts are; wurthy of note:-

<1 It is useful to disti ngu sh belwucn the mill house and
the mill proper, and tcf record communicalin g doors
and/or passages between the two. The dlstmctlon is
. clear in fig 2.10.5 ! oo

"2 Although sack hoists may be recorded dlonb wrlh the
other machinery of the mill, external hoists were:
usUale accomodated in a Iticam, which is an-extension

" to the mill structure (see page 39). ’

Many mills carry an initialled datestone. Apart from
the usefulness of the date, the initials normally refer
to the miller or owner at the time. Inside the mill;
initials and dates on beams are often those af 4 IT]]]]-
“wright father than thé miller:

Often when fills were rebuilt, parts of the old mill
“Were er_pbddied in the new so attention should be _
paid to cases where different building materials are

. used, eg stone near ground level and brick above. :
Structural timbers were also re-used on occasions as .
evidenced by empty mortises. However. such a beam
might have come from any building and not
necessarjly from the previous mill on the site, so

-care must be exercrsed in mterpretmg any dates or
inscriptions on such timbers.

The basic information about the miil building is listed
- on the Survey Questionnaire (pages 82-4) and couid

form the basis of mstrucho s to the pupils for record'

ing the buildings. § |

. | _

3 Recording the machineryl i
The SBurvey Questionnaire provides a cheek-list of
_possible items to record, and all of these features*ﬁave
“been described in Sections 1..3-1.5: To hElp locate these
‘descnptlons,.an index to milling and waterpower ierms ¢
is glverl on pages 41-2, i

50

. tub chalk {of the blackboard variety) over the raiséd

Fig 2.10 Upton Mill, on the River
Nene west of Northampion, with
the mill and mitthouse under a
cotitintious slate roof. The Jay-
out of windows and doors *
distinguishes the working part -
on the left from the domestic
accemmmodation on the right

T

To complement the information,on the questionnaire, a -
diagram of the layout of the machinery is useful. This
may be of the form used in fips 1.43a and | 43b, page 24,
or mstnlctions can be given to measure the posmon of
the quipment inside the mill and so prepare measured

. drawings alter the visit.

The maker(s) of the machinery may be shown by inscrip-
tibns sormetimes on cast plates fixed Lo the outside of
machines such as elevators, or the millwright’s name may
be cast on one of the spakes of the waterwheel. 1f

these inscriptions are to be photographed it is useful to

&
portions so that they stand out from the background.
Some elaborate inscriptions in cast metal lenq themselves
to reproduction on paper by techniques smu]ar to those
for church brass-rubbings. Thin a]gmuuum fO]Ierl'l also
be used to obtain an embossed reproducuon of an
'111scrlptlon by rubbing (fig 2.11}.

Fig 2.11 AR example of a cast-iron plate in @ mill which provides in-
- formation on who repdired and rerewed the equipment in the wmill: In

* this case the flovr dust was wiped off the raised pdvtions so as {o

make them stand out _ﬁ'om the rest of the plate 3




50 as to be the samé as when the wheelis or was

i - 4p across the stream, possibly backed up by targer

Invesngan ons-

Wthst reeordrng will mvulve measurements of lengtlts, :

“‘the’ mvesttganons Wll] remu:e meast&}ements of otlter
phys‘lcal quantitiessuch as: = - . 1. b .

1. rate of ﬂow of water supply

3 torque at whee]sha,ft
4 forces, mcludmg we1ghts.

1: Flow measuremehts

) Generally, these measurements are made in a}\atteniﬁt to

" estimate the likely power to be obtained from'the .-

. waterwheel. Therefore conditions should be arl%l;ged
t .

work. For example by—pass slulces should be m“é:he

- correct position. If the mill has been out of use for '
“gome time, it is likely that the watercourses will have - k

been altered so that the flow in the mill-leat is unrepresenta-
‘tive of the ﬂow when the mlll ‘was at work Note that' the

In a pa.rtrcu]ar situation the sultab1]1ty of. the possible
methods for measuring flow depends.upon the size of
the flow and whether of “not it is possible to interfere -
tempomnly with 1t _ S e fo

- {g) To measure the ﬂow of @ small stream, it may be
‘dammed with a little eldy or pleees of turf piled

stories,.as shown in fig 2.12. Into this dam:is inserted ~
“‘a short pigte-of pipe so as to deliver the whole ﬂow
mto a convenlent corttzuner such as a buckgt

Fag 2 J’ 2 Measurmgﬂow by damm;ng and m.wmnga pipe
" oné keepiig a record of the timé and the other
" holding the container tg- elatch the water. Ata s:gnal
from the tlme-keeper, thEiseeond pupil positions the
_ container under the delivery pipe for an exact -

L Lnterval of time (say 10, IS or 30 seconds) and
mstantly takes it away atla signal from the time-
Keeper. The quanttty of wate;?oght in the container

*

‘is then cleterrmned usingany ghitable measunnq\'essel

. Forgreater ﬂows two o : mokg pipes may be inserted
"in the dam, and when all|are rgm.mng steadﬂy {but _
nbt necessarily dehvenng the same flow as each‘ ether), N
rd
the ftow from each is méasured sepatately aIld the -
sum of these. should gnre‘l the total flow. .

- -Th.ls metﬁ'bd can be used for flows of 0.6-1. D m3 per

il

(b} 'Larger flows may ‘be rneasured using a ‘notch- board’

-

Fig 2.13 {a) Meamrmg ﬂow usmgarecmugu!ar uorc‘h {b} measuring -
Jlow using a V- narc?r

E _h,ed of thle stream, about three feet upstream of the
i gauge~bgard ind with its top exaetly level with the
"lfpttom Tte“neteh {This can be tésted by observation

waler, as shown in fig 2.13.
The flow,can then be determined by reference to table 2. '
C . . .

.+ resistance from 'the sides causes
- down towards the siges of the c]tan nel and arf

~ The bed of the stream is built up a few inches, dit~.

“ onto this|is bedded a boaid into which is cut a noteh . w

The notch is chamfered off'to a sharp.(in - . - oot
practice, a very thm] edge, or formed of thin. -sheet

_.metal su;Lported by the edges. of 4 stightly larger .

opening in the board itseM. A peg.is driven into the

ust as thd water rises to the bottem of the noreh .
:lfter the tream has been damnmied.) -

cl!llcan be rectangular in shape (see fig 2.13a)in
rase its width should be about two-thirds.that

- of the stréam, or it can be in the form of a right-argled

V as shown in fig 2.13b. When the water is flowing
steadily through the notch, the depth of water
flowing over il is defermined by measuring from the
top of the peg, set 1 m back, to the surface of tlre

S RTINS pup],]é are- I'qulll‘ed r? make Hie measurements SO SH —

to da

-(e) For ];;pr 'streams and situatior’s where it is not p0551b]e

the stream, even tempordiily, it is more

‘difficult to'determine the rate of fl\ow It must be N

apprecrated that the veloc1ty of flow varies- at’d;fferent

water 10 low

resﬁtance Il:e.uses a shght reduction of velocity at the
free surfacle even for a rectangular channel

|
L S
T N s



1 Tapge2 . Dlschnrge of water over notches
o Dg{;.t_‘h_ fimm Recmugu!ar norch . Right-angled .o
« | above . approxnmre fow  Veetch:approx flow | - 7,
. botiom  {litres{minutie) {litresfminure) :
[ ofnotch) -, foredeh 300mm " : ' R
- of w:d!h of natelh :
12 - .
20 -
25 - \
R 7 -
St 3B - .
45 - N -
© 50 . o 48
57 .65 L
! 63 . g5 * i
70 /107 : _I _
7 134, N :
83 Fig2.14 Fa'on’r?tarecﬂngffar chamnel; (6] flow machamref of
; 50 198 . _ wegula cross-#tion - - o]
i 95 235 S - e
P10 , TON2TE L :
! 115 o mo lengths of rod will usually ‘be reqlured 1o cater for the i
ST ' 482 . different depths of water across the section of channel. -
140 T 609 . Unfortunately, weeds on the bed of the river or stream
152 T759 , will intérfere with the use of float reds. - ¢ _
165 017 _ -1
T 17& _ 1118 . When using dewces which measuire the velocily at a point,
17 80 - 327 o thé mean velocily can be assumed 1o occur at 0. I6 of the
: 204 . ~ 1559 depth. The mean velocily may be determined more ) .
a i 216 . — - I818 A accusately by measuring the velocily at several de;:lhs _ T
R ) S - CE 2095 e and calculating the mean frem these nwasuremcnts .
R 7 2395 ..o}, Suitable dcvues for this ure: R _
254 - 2731
" eomp o - o 3463 {a) pitor tube. Tlus consists of two VL]‘IIL.II tubcs Ldl.ll
. o : |ld\'l|15 the lower end bent al right dllbh.,b but f.lLIIlj,

in opposile directions (fig 2.15). These ends arc

L tdpered to a finc nozzle.
l-Jng 14 shows the variation of veloc:ty over the cross- -

'sect]on of a rectangular channel. The curves are lines-of
. ._equal veloeity, They have the greatest vilue at the centre,
-just below the watér surface, and the values decrease towards
the sides and bottom of the channel. The mean velocity
_ “oh any vertical section, cCcurs at’ approximately 0.6 of the
" depth, although this varies with the type of channel and
“the nature of the sides. The flow across the whole channel =~ "C|°°'t3’ of ﬂo“’
njay be-obtained by considering the section to be divided = conslant x/(difTerence i in level of watef in lubcs)
- . .into vertical rectang]cs and finding the mean velocity for : : '

1 cach of these. The flow through each rectangle will be |
itg area multlplled by the mean velocny The sum of the .
'fIDWS throubh each rectang,lc will be the tQtaI flow across.
the (.111 nnel:

In use, the nozzies are positioned-at the pomt at ]u
which the vélocity is to be measured, with cne of the
horizontal tubes f‘acmg upstrzam and the other ' ) ] '
downstream. There will be a difference in the level
of water in the two tubes and the velocity of flow

can be calculated vsing the cquauon

4

. . dilferen : 4
.. .—-\.‘_.. N . ) in hcad A e J
The ﬂow through channels of 1rreguI.1r €Toss- sccnon : i . i
{fig 2. 13b)'may be determined by a s:mlldr method, On a. ; ’ 1}

stra:ght uniform pornon of the stream or river; the cross-

‘sélction is considered as divided into vertical strips and the o o
- ‘mean velocity of each strip is measured. The flow across . ¢ v
) edch strip can thus be determined and the sum of these i
- ﬂ?ws will give the total flow in tlle channel.

The mean flow ¢an be measured usmg rod floats. These
-& --cansist of woeden rods, weighted at the botiom so that
they float in a vertical position. The rod will travel with
. aYelocity gqual te the mean velocity of the section ...
_ trhvcrsed by the 1mmersed Iength of the rod,

Thc rod should be a]most as long as the depth of the water =~ . - =
-ati the Sll‘lp bemg nwestlgated 50 that.several d|f ferent ) Fig 2.13 Simple pit;:r rufe for measuring mean velocity

| - L




_ The constant will vary -fsjr__dji‘feieht-' tubes and can be
_ascertained fin the.laboratory using a known rate of
. floiv, before the mstrurnent is taken out on sitg.

(b} propeller-type merer The rate, of revolution otl‘ a
- propeller immersed in a stream is related to the
‘velocity of flow at the point and several methods
%, «have been dgvised to transmit the information.from
i below the syrface of the water to where it can be
" observed cofveniently. In one method, fig 2.18, the
* v propeller is connected to the shaft of a small electric ,
- generator (Most of the miniature ele:?-lc motors sold
~ for model-making will work in reversé as generators.)
“The whole unit is made. Watérprosf and the output
from the geriérator is. taken by wires along a tube
. to a voltmeter on the bank. The reading of this will
. depend on the'speed. of rotation of the propelier,
which in-turp is dependent on the velocity of flow
at the point. ' UL e

to voltmeter
on bank

'Hg 2 84 6 Propelfe.t type ﬂow meter

2 Speea’ measu{ement

The speeds to l}e measured will be those of the machmery,
usuaﬂy of rotating parts .

'.'-Where the spedds are low, su eh as that of the waterwheel
1tself ‘the mmplest method is to choose, or make, a
...d.lstmgulshmg Fna.rk on the wheel itself, and count the
i ‘Aumber of times it passes a f“ xed reference point ina
/ given time. iI .

/ Where the spe%ds make it deﬁcult to account for each

revolution byieye, a mechanical revolutlon counter (of
the bicycle mileage counter type) can be.used. It is best

" 'mounted on a long rigid support which can be held against
an adjacent Jpart of the mill structure whilst it is being,”.

- used. Som® kind of “trip’ will have to be fixed to the .

- rotating part so as to ©operate the revolutign counter. F‘or

“. the speedls likely to be’encountered in waterrhills, the
trip can be made by q?ampmg an angle(piece to'the * |

. Totating*shaft with a Jubilee clip (whilsf it is at rést!)
3 Determination of torgue’ ' o
Direct measurement of the torque at the shat‘t ofan -

" actual waterwheel is very dif} ﬁcult ‘and it is usually
easier to estimate the torque {or tuming effect of the

.

' _.._'wheel} from consideration of: . -

(b) the unpulse of the water on the paddles or buckets

(b) the speed of rotation of the waterwheel . oA

stunes"

- For most purposes, the large, circular, dial-typé spring

‘Some of the suggested investigations will-entail” construc-

"hoped to achieve and then after discussion with the pupils, '
draw up'a’list of what has to be done. With other groups, |

.. P

(a] the water. camed in the buckets (in the case of h.lgh
breaslshot wheels and overshot wheels), and/or

The calculauons for. determining torque ‘and hence power,
are given under Section 2. 7, butit is necessary to give. -
instructions for the Iollowmg information o be o,btmned
duripg the visit to the mill: .7

(2) the number ofbuckets or paddles, S '_& . ) :eir

(€) the area of the orifice’through w]uch the water comes . T
_ onto the wheel;:

(d) the velocity of the water approzrchmg the wheel from :
e orifice;

) ‘the size and shape of the interior of each bucket,
including its breadth, ie pardllel to the axis of the
wheel;:

(f) the angle at which the bucket is posmoned relatwe to
the radius of the wneel

(g) the size and proﬁle of the paddles or vanes;

(h) the position of the proﬁle relative to the racluis%f the » -
wheel; -

(D) the angle at which the wa{er stnkes the bucket, paddle
QT vane;

Note that some of the abt)ve Ltems apply only to certain
kinds of walerwhee]

i o
4 Fore€ measurements |, ' f Sor
The forces worth measunng are those concerneh in o
operating the mill. Far example, howW much far‘ce did the Co
miller have to exert to engage thie sack hoist or to raise and ¢ .
lower the sluice? What forces are mvolvecl in te tenng the

balances are comnvenient, and their range can be exténded
by utilizing simple lever systems. o -

Consrrueuo nal activities

tional activities on the §ite, for example, in gauging water |
flow by the use of ngtches. On the other hand, the group
may be helping to restore parts of the milt machinery or
be mvolved in érecting a new device to use the water ot

Wlth some groups, the teacher can ma.ke*c]ea.r what itis - ¢ ¥

the teacher will have to contribute much more as to how
the work is to be done and will need to allocate tasks to
individuat members of the group, . o

i
"

1
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. 2. 5 ]NTRODUCTORY lNFORMATJON o - -~ waterwheels and geaning. Spmu., of the items made bya °
| The aim of the mtroductory miorm.mon is to make clear . previous group of pupils (for example, thage given on
o the studeits: ! _ . " page 68) may also be used 1o advantage in motivating

and instructing a subseguent group.
1 what they hope to do dusing the v1sn 1o the m1|l

B

* Anecdotes of happenings at the mill, provided they are.

not too outrageous, are useful in gaining the interest of
HoWever when 1ntrocluc1n5 studcnls to the work there some youngsters. Tape—recordingitales (rom older -

are two other aspects to be wnmdered : ~  people who kne_\y_ihe milk.might be used — this gives P
g o ———trefeacher the opportunity to edit what has |JELI'I

wa//'H said 50-as not to confuse the class with toco much
edge or skills to t

irrelevant detail: However, if the teacher is lucky, heor 1}
. do the work prectcd , she may find+ ‘lacal character whose appearance and

We must ask OLW' “What are lhe availible levelsof ~ gestures will give iife 1o the story.
: knowleds& and’Skills relative to the wark to' be undertaken?’

2 how they are going to do it.

R

-1 - motivating or lllterestm}, the pupII

1 énsuring that they have sufficient k;

. With regard to skills, the most impertant in the initial

- We must ensure they have a mental rramewc:rk in wlluch 10 Stapes are thse ofaccurate obsérvation and recording, '
_put the lllfOFI‘I]JllOI il gxpurleuw g‘||ne.d_"c.ur"m“_ { le_wsu but the d(,:rcc of skill required will depcnd onthe -
- For example; o - ' - enon ..Objectives tobe achieved. The-use-of a questionnaire is-
— the-purpose- of mlllmg (W]wt doesa 5ra1n of wheat helpful'in nuulm)l, pupils’ ‘pbservations during the visit,
consist of ?) * but they will need some explanation of the terms used
: o . in . ar Sy - SEy P P a
~ the'separate stages of the milling process in the example ol such a ql.lt_fbthl'll'ldll'L given on page 8_.
the visual appearance and purpose of the main items Other skills required are the ability to use maps, to measure
they are likely to see in the mill, eg o ' buillings, and to record observations, 1f the visit to the mill
) t s type of a 3 K t
waterwheel and water supply is the first time thi ype of activity is undertaken,'then i _15

worthwhile covering the basic prcn.edures tor measuring

gearing transmitting power from waterwhu.el to Suildings and the layout of machinery by means of a

m|||||11, machinery

. practice.susvey of one of tlu. rooms in the school, The
brmdlm_., stones " pupils may also need to gain experience of olher measurng
'gr‘liﬁ ﬁic‘ulinu achines techniques, for example, of water Mow, und perhaps

* practice these at school or at. the local*technical LO"LL.,L,

ﬂcim; dressing. machines before making the actual visit. In some cases, measuring

devices to move- StOL]\ (g,mm ]'I]t.‘ll or l'lour) WIlhm ’ cquipment devised at school will need 1o be calibrated
o the mnl] . IR _ " pefore it is used on sile. . LY
" The way in Whlt‘l this information is pre'iu.nteul will (JL['lt,l‘ld Bearing in mind'some of the anticipated activities arising -
on the resources available. Since we are concerned with from. fhe visil, 16 15 worlh mdicating what else the pupils
physical objedts then some visual material is desirable, for - might do in addition to the visit. Do their relatives or-
-~ example: large dlaﬂramsfwall charts, colour slides of friends have old pictures, postcards, or memories of the
‘mills and their mter]or;s_: cine-filtis, film loops, and . models. mill? Do they kivow of any people who were associated ‘

", with'the mill ~ not only the miller, but his wifé or sisters
or sons and+duuzhters? Do they know who dressed the
mill-stones? Do-they know the millwright?

It is worth eontacting the local muiseum’s schools service
‘e.f_:'_ if they are able to help in providing this type of
Jamaterial, particularly withi regard to loaning medels of |

- Fig 247 My P A Stevens, of Leicester Museums Schools Service, - o/
'_demonsrmnng a Pelton wheel driving o model well prunp, sohich is . . E -/ !
_ 'augdable for loarta schools iit the ciry and cournity of Leicester B T




The preu.edmg sections lmve a ready 111d1<.ated the actw:tlcs

- likely to.be undcrtaken on the visit to ‘the mill, but 1o be

: " able to engage'in These a certaln amount of eqmp ment i§
"requ1rcd namely: :

3% Sl.utab]e c]otlung and Tootwear- Some parts of the
o mll_l will be dirty and dusty, and some places, inside
" and ouvtside, will be véry wet, particularly under foot.

’ Tbtche_s ‘and hand-lamps. Many parts of the mill wil}
"be dask,.especially around the gearing where it may
be necessary to count ‘the teeih or cogs on the various
_wheels in arder’to calculate speeds.of the mill-stones.

-Pape'r and del’db When recording measurements, the
- sketches need fo'be.a. Ieasonable size so that the
mform'mon written on tiiem: 1s‘le‘glbie

-4 Pencls. Thesé are better than ball- pomt pens-when
'the pape.r Bcls damp

i Measuring t_apes._The 2 m long siee! flexible tapes are

o are.needecl if medsuring the building is not to become
. too tedious..

 Measuring sticks Usaful in inabceqqihle Places where
*.the far end of a me'lEunng tape cannot be held in

, _omlxon Simple measuring sticks can bL magle from
b oiwh.mfjles - ,;

7 L{r gnd. |)I1|mb hoh Useful for mwaurm;, elevations
U ag YR as checking on verliculs,

:iryé pfotrJi:tor For use in conjunction with ¥ne angl
umb-bob to check-angles of walt,nvhct,l vanes.and
a -uckct profiles. -

-pway dirt elein order to examine dnd!m photogl.lph
-fsome parts - C

Plece of chalk. For Iughlu,htm;, cast msmptlons for -

Tph mphy orin ordel to decipher them,

: Camera o
____-P]loto],rdplm l'l.lsh cqulpme_nl anc

" exposures, inside lhe null

) n '1dc||l|0n to the .lbo\-' e\(tm Itt.mb may - be quum.d to
*mc*lsurc water ﬂowq (ser.\pabeﬁ 5]- 3], ar lo obl.un .n,rlul’
phologr.lphs

On amval at thc sme a-[pm.f tour of tllL whole dl‘l.-l anl
bl.llldll‘lj, shoulcl bc rnade sé‘\that

.,.evcryone has’an c:Ner.lll idea of wh.lt 1 mvolvcd

: 8;10]1 pl.lpl] knows where he or b|‘ILIWl” l)L gpmg for
_ t]u, mam part of ihe work ) .
3 v any possubl.e ll.mlrds m;w be indic leclu— "

.q-

The above assuines Lhat the pdrty will dwul:: m(o smallér..
. groups I’Dssrblc d]\'lSIDll of the work re: ;. !

e

e aud trackv.‘ays {Note tliat the results of this gratip's
\york wlilprowdc a framcwork into-which other, -

;' b]'hty inmind.) -
V2 measurmg strcam flows.
. '_3' rE‘LO]‘dm}, watelcourses .md ovefﬂow oF _by-pass shnces

A4 mcasurlng ;lnd rccordmg the extenor of mi

= a .useful for measuring machinery but 20'm or longer tapes

and brush with stiff bristles and tIOWtJ For LlC ll'III1L, -,

1 obta.mmg overa]l arrangement of site; bmj(lmgs bndbcs,

”ml]]housc RS . T

5 measuring and recordmo mtenor of mill. Thls can bc

" further sub- divided into (2) ground floor »Ab) first -
] floor, () second floor, etc. 1t is. tlien necessary 1o -

i . ensure that.each stairway is the responsibility of one

+ " group,-and to point out that the stairs will link the
recordings of the different groups. :

measuring and recording interior of milllouse.

R - WL

Sbtaining averall arrangement of waterwheel and-
- ‘machinery, including drives from any auxiliary

engines. (The saime remarks apply liere -as. were made .

i foritem 1.)
recording watefnvhuél and sluice {or shut).
9. -recording transmission, eg counting teeth or L?L,s

recording stones :md stone fusniture” apd tenlering .
_arrang,cmcnts :

11 rel.ordmg items used Tor trunsportmg stock; eg'sack
hoists, elevators. :

recorch*{pg other achines, eg grain cleaners, flour |

:r. dreSSers

Rarcly Will it be p#

- |11L‘;|~.urunu1ts it is convenient o 11.1 e three pupils in a
group, one at el el of the measdring tape and ond

*recording the measurements callesd Ul
p ch

Whatever sqb-dwmons of the work are adopled, there
must be kome measurements and regordings shich will
link the work of the individual groups. For example, -
Athose_meusuring Lhe interior of the inill should record

_ the location offthemill-stones o3 Ll first floor, and
this will Jink with the information rm.ordud By lhcm.

. measuring thel mill-stones dnd <:t0nc.l"1.|r|11lure il

- At the-end of the visii seme teachgfs may conslder it
advisable to collegy all the separate; ecords made by the
pupils so that all of these are at hapdl when the follow -0
“work is undertaken in school '

sible for a schoo! to break down the”
- iwork into all the divisions given .|L10’vt, For making

P

e I

S
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2.7 ‘CLASSIFYING AND ORDERING INF ORMATION
“As a result of the work. on site, it is lloped that.the class.
will have numercus notes and information. Before the
class can discuss it, the information must-be classified

" ‘and.put in order. In the case of investigations, some -

. i
n Preseurmg recordmgs and measuremenis .
* If the résults of the ordenng are to be the basis lor later
'-dlscussmn by the: class then alt must be able to see this-
. mformatlon Some schools are’in the fortunate position

“toof bemg able to arrange for each member of the class

-.to'have his or her own copy. More often one copy will’
“have to suffice for the whole class, and thus it is necessary
-for each group to prbsent the results ol its work 111 the
form of large draw,lngs or. diagrims.

" The groups concerned with recording the building and .

interior should make their elevation.drawings to a common

Sca]e so that they can be combined on one pariel to give.
_a complete picture of the mill. An overlay of the whole

exterior elevation can be hmged from one side so that

it cah be folded back to reveal the interior arrangement

of the mill. Additional overlays, in different calours on

transparent paper, can be uscd to show separately:

1 tgansmissicn and geaning -

2 flow ol materials (ic g;:lin, meiil, Mour, ancl l;mn)
“through the milt

- caléulations wil be necessary to obtain mformauon A
which can be dlscussed : T

3 supposed posmon of nmclnnery |f the mill was -

incomplete. .

. .
Cafcu!anm:vn —_ : .
_ Some of the other infoifation. ra.,u..n:urdu..d will involve .

" caleulations before use ful discussions €ijbe- held, Some

~, ‘of the. procedures for calculutions have already been

given: For speeds of mill-stones and machmery from
ountmg the teeth on gear wheels, see page 29: lor deter”
1.£¢ pag

‘r?i"lr}ng water flows see pages 51-3.F

'1 ln, cdlcui.lllon of the power of a v-’alerwhcel is more
difficult, involvihg both torque (or turnmg moment)
and} qpa..uJ of rolation. The calculation:is further compli- .
- cat rd singe nuny Lypes ol‘ walerwheels derive their
Lorgue from both the WL]LJII of the water-in their,
hlchvh and the I|11|‘\I|]5@..@.F-“—W§'{"‘KW‘}]L

buckets paddles or vanes. The [ollowing are Sll],bLSthl]S

fors vcry approximate .Jppro.u.hcs to estimating the powcer
from watcnwhee]s Q

For um."e‘f.s“.-'gl am! lo w—brea.';u]gheels with flat paddies
Refe;rmu to’ f"g 18

L

]ct N = speecl of - rotation of the waterwheel in revolutions
: . per second :
a = Lross*sectmnal area of the stream of water strik-
ing the’ paddle

1§quuare, metres;.

¥V = velocity of streafn of the water strlkmg the
]mddle, in metrcs per seccncl R o

8= denmty of. w.lter m kllobrammes?wblc metré

Troo= I’mear velocity, msmetres,r’sewnd af the pndclle
“at peint X where the L,entre of the slrea-m of
owater strikes- 1t ' e ]

I

YFig 218

¥ can be calculaled from thc speed"of ratation of thc wheel

sin CC

v = circumference of circle at point X
X speed of rotation of wheel
=2 (radius to point X in metres X N)
If the waterwlicel is not in workable condition, it is impos-
sible to observe a value [or the speed of rotation &, bue
an estimate of the probable wheel speed can be obtained/ -
from an old millwright’s rule that fora low brwsl wheel

the linear Ve]ucny of the paddle should be one-third to
one- half tlfat of the water,

rate of change in momentudi 'of water / .
rate of change (mass X thoc{‘ty]—-— i : :

force on ane paddle

1l

I

mass of water striking padd]cz’sccond
X change in its veloeity = 7

=pal (I~ ¥) ncwtons

work done on paddle per f.cwml )
=pa (V= r) X newton metresfsccond {or w.ltts)

A,gmlmlnglhut‘

“ 1 the water normally slnkus onto only anc paddie ata”

tum, ol |

.2 there gre sufficient mdd}es 10 ensure that there is *

falways'a paddle positioned so as to be affe::ted by the
“full |mpulswc force qfthe water,
then the work done per ‘second- o one: -paddle wxll be the R
work done per sccond _or power, of the wwterwheel
itself. . : !

Slucc one horqe ppwcr is qu.llVd|L,l‘lt to 745.7 watts,

.l__ e I

45.7 -

M '_hnrs_c pow_cr of wh_gel pu V{ Ve vyy X

B P . ’
- For undershor and low-breast \ofieels with-curved vanes ¥
- When curved vanes.were used, the intention was to enablé -
- the water to flow onto and off,the vane assmoothly as 2.

-y

possible to d\'Old loss of energ)grdue 10 shock.

velocity of the str(eam of water' strlkmg the

Let V o=

o " paddle {in metrez}’second) ! _
» = linear velocity (i metres{second) of the vane,‘

F 'Vw = componcnt &f velocity | in the ch?ectmn nf _

Y motion of the vane of the watBr cpming anto it
Vwy =. component of'velocny,m tha;_dquctmn-df
E = motion a[':hc/v*mc of the wé;ter Ieaving it,”
Ve = resultant velquty of the water on the vane,

¥ = absolute velqczty of th-. waf:,r eavmg the vane.

_ Consider the warer comx

1g onto the vane (] )SllIOﬂ ] in
ﬁg’? 1»9) K :




Fg29

Component of \re]oc1ty of water in dlrectlon of motlon of
yane,

Vw =V cosa

: where o is the g,n.,le hetween the direction of the water -
. stream and the directign of the lmear velomty of the

) vane as the water strikes 1t
[l

: Smce the vane is movmg away from the water, the
" - resultant velocity of the water om the'Vane,
- from the triangle of velocities: --—

- After running'up.thLQvane to point O, the water relurns
- and, assuming no friction losses, runs off the edge of the
T ovang wilh the sume. magnitude of velouty. ;. bul in the
'.—oppesm “direction,

. Censtder water comlng aff the vane (position 2 in fu_., 2.19.

The re_sulta_nt veloc1ty of the water has the same _d1rect|on
" as the extreme cd},.c of the vane, ie ungleg in g 2.19.-This
© resultant velocity i i§ due to the abselute velocity of the
water leaving the vane, ¥, and the velocity of the vane, ».
" ‘From the triangle of velocities drawn by ﬁosnmn 2,it 1s
" possible to-determine the va]ue &f ¥ and t,he ﬁxgle B. "

. Component of veIouty in dll’CCllOl] of motlon of the vane .
of water leaving it, .

, . o

Fy = Vcosﬁ

-.in the opposuc d1rcct10n to Vw

- Force -causing rotution of wheel -
*'= change in momentum of water 7 -
in direction of motion, of-\a.r'lreel' :

= nass of water flowing onto vane

. X changg in velocity of water in _
dlrec’ut;tl of motion of whee] Y

.”_'PGV(VW V)

" Note that the chdnge in velecmes is the dddltion of thelri
. separate quantities since they are in opposite directions, 5
. L

. _Work donc per second on vane

. -Pqu{V\v*V\v}" Lo

"
K <ing the same asstlmpt]ons as for flat paddles (see )
 page 56) this will be the power of, the waterwheel. e
“However, the true power would be somgwhat less
“than this due to Josses from frictibn tmd spldshmg‘ "
" ‘whichcould-account for 30 per‘peﬁ't‘of the power of

_these types of wheels '

ener .
: '_,,»d_tfa“tagthe weight of

Ve is obtained -

¢

" For breast wkeel& and oversho; wheet‘s o
. These have been-described as We1=ht and 1mpu[se whee]s
" implying that they derive theu‘ power from both thes - Le
-velocity arid the weight of the water entenng their
'_buckets The significance of the ‘impulse’ contribution
_ will vary for-different. types of wheels. For example

any kmctlc energy. (ic energy due to its. velocity) m tlie

water comingon toa pltch-back waterwheel terids to

tause the wheel to rotate in the opposite cllrectlon to

* that caused by the g:rawtatlonal pull on the mass of water '

in the buckets On the other hand, kinetic energy in the
water supply onto an overshot wheel would help the

rotatlon produced by the welght of the water in the .
buckets.

1€ it is decided that tim energy due E l]‘re velot:xty of the
water affects the power deve the waterwheel,
‘calculations.for'its coniributigusfcan b sed on those

g;wen fof undershot wheels witl{ flat pad B‘i

'Under ideal- condmons ofno fnctlon, ne leakage ‘and no
S'plaslung or. spilling, - )

= gravitational pull on mass of
-watet, ie weight of.water
water - | X height.descended by water.
. o . betweer’ entenng and Ieavmg
- T el :

.

y given to the wheel

Work dont per minute - = wughl of w.lter ﬂowlug onto
wheel per minute v :
X h(‘,l],h‘l ‘descended by water
between enterlug and Icawm,
whecl ' .

) Measun.ments m.l(le on‘w.tterwhcels in the nud nlllctecntll
cenfury shom.c] th.lt the friction, leakage, and splashing
caused losses of between 18 per cent ang-2& per cent of
the power. ? \ . i ;=

From 1n‘spect10n of the shape of thé buckets of overshot o

whee]s (see page 22) it is Spparent that the buckets

~ cannot be full’af water at the very top of the wheel, and
-for overshot, breast, and pitch-back: wheels most of the
water will run out of the buckets before they reach the .- 4
lowest part-of the wheel Therefore the expression given
above cannot be used {Im.-.tly The ways inpwhich this

e ‘._.probluu may be approached will be illustrated by reference

to work undcrt.lken by Mr John Harrison and sixth- form
boys of Eston Grammar School, on the ]arge waterwheel at
Killhope Lead Crushing Mll} Wearclaie County Durham ’
{sec figs: 2‘20 and.2.21.). .
This overshot wheel is 10'm in diameter and is ma of
wroug[;t ‘l!’Ot‘I and steel rivetted together. Castings ate used
only far the bearing blocks hub plites, and ring gear.
segments‘& Tlwere are seventy-four buckets ‘of roughly &

J-shape+entilating into-a space bétw*ee‘n the back of the
-buékets a d-the sc]e plate of the. wheel . T

Assummg that each bucket cantains as much water as

.4 possible at any-posnlon the distribution of water between

the buckets on one half of- the wheel would be as shewn
~+in ﬁg 21 Thisis a {utle pesmmlstlc for the buckets near -
the top, sinte the water flowing inta"them would tend to.
"¢arTy. up inside the Curv (I front of the bucket to 2 level
*above the height of the' ent11dt1n5 opemng.at the |n$|de
trzulmg edge of the bueket. :

————————

L




Cfig 2.20 MF John Harvisour feenire) atied sixth-form boys of n_f:”s\?.;:
- Grarmumar School inspecting the large metal warerwheet at Kilihope
- leud crushing mill, Weardale, County Butian, The leunder 1’-’!]“&’[
© brought water to the lop of this eyershat waterwhicel has been
demolished. The lines of rivet headds on the ginside of the .IJr’ouds
« bdicaté the shape of the buckets attached to the inside |
' ’ =g 2

B I,. . _;- JI! .. . J‘

T ) ) e
Thé work done by one bucket moving from top to

- On the space diagram (fig 2.22) which $hows the quantities
as measured in Imperial ﬁnits, the weight of water in each
bucket was obtaified by measuring the cross-sectional area
of water in the bucket, and multiplying by the*width of
bucket (1.7 m) and by the density of water. [

DUsing the energy abproach outlined previously the
average weight of water in each bucket for the whole
descent from top te bottom is given by ’

total weight of water in buckets ~.9915 *
- = pounds
number of buckets on this half of wheel = 37
' = 268 jounds

* .,J

bottom is given by

268 Xdiameter &f wheel = 268 X 33% foc oj,inc]s .
i = 9000 foot pounds “\

= 9000 X number of buckets,

“Work done per minute : >
. ‘which descend each minute

o

To deterrﬁi@_tﬁ: number of buckets which desfend per *
minute we need to know the speed.of rotation of the
wheel. IT i is not working, the speed must be estitvated.

In the lalter part of the ningtesuth century, the general

-rule was that thg _ﬁnear velocity of _thE buckets shfou'ld

be between 3 and & feetfsecond, with wheels above '

20 feel diameter being worked at the upper limit and

smaller wheels approaching the lower value.:. _

Using this ﬁ}h‘g a wheel ol 331t 8 in. diameter would rotatle

- owithea eireumicrentinl velocity-oltabe al-Gfb-perseconth———

'= cirecumferential velocity
circumicrence

. Speed of rotation

= revolulionsfsecand
. 331’/3_ :

. 6 X 60

= 3.4 revolutionsfminute

‘]‘ " h
i

revolutions/minute

A
L

L Fig 2:21 Drawing of‘ﬁm ,warerivr;eef ar'.Kmhope crushing mill, prepared by sixth-form b?_vé of Eston Graniniar Schoal
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: At 34 revo]utlons,hnmute and wrt]ﬂﬂf buchls on lhc
U wheel, L S

e '_Number of buckets descendmg[mmute =74 X 3 4

: L . '.‘25"'
.'Work done per mmuté 9000 X 252
ST . =12260000 foot ppunds L
| _ 2260000 ' -

. "Ho R stk
o romepawer 33000

= 68 5 (or Sl kW in Si umts)

. . - i ’-._,...

F:g 2 25’ Spuw (."iagram 07’ Kn“-’!rope wa;ermr.f.’ -.w{h c‘an;eﬂmaf“ =
anotS of tm.'erm{burkefs R { ;

o '[ ;

Thd quses due-to friction etc are yet to be tdken into account,
buti these will be consndercd after descnbmg lhu su.ond
mc l10d
Tn the sEcond method, the torque on the watcrwheel is
detcrmmed by evaluating the pasition and mayul“‘dc of .
rhe resultant downward force from the weight of water
“in tme different bUL]\CtS _The vesultamttanbe calculated, -
but 1t can also be dete‘rmmed by graphical statics as follqu

o

1 The weight in each buekqt is considerdd as a single

' -" foree acting vertlcally downv.vardq throu;,h ‘the centre-

of" gravnty of the W\ater o

) It |s assumed for, fig 2.22 that for each buckc,; in the
g upper pertion of the wheel, the line of detiort of the

= force dug’to the water in the bucket coincides with '

that of the buckét in thc lower part of the wheel
'vcmc.lliy below it. For example, there is a commion
" line of actioh of the forces-from buckels 6 .1nd 30..

3 Eacl) value in the row of fn,ures at the bottom of fig 2.22
is the sum,of the forces in the two buckets vertically '
above

4 ‘The Ietters between the ﬁgures endble the fon,cs
designated (Bow's notation). Forexample, force EE
“of magnitude 260 pounds is that due Lo the witer ’
in buckets 6 and 30. _ .

] . The foree diagram for this system of parallel Wplanar
- . . . e ]
[grees is shown on thic right of fig 2.23. Vector ab
represenis lorce A (o seale, be represents BC and so

a l.r'ir_
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Iorccs from water m thc l;ucI-.etq) and, Trom the

f R J , IR . B . . I, o ) . P
. .. on, with ef relaresLmng force EF Ifthe systern isin ... . Neither of the powers estimated from the two methods
equilibdum, the irce dmgram ‘closes’, that is, the *accounts for losses dug to friction, splashmg etc. Assummg
-last vecior {representing the equlhbra,nt) ends at the ! these losses to be 22 per cent, _
‘. starting point of he first. In this case, ta is the o i ' S

. probable florse power = 68.5 X 78 . e

{by enerzy method] .

. magnitude but act in the opposne direction. :
' 6.___The posmon of the equ1llbrant (and thus of lhe - =33 (49 kW)

a0

-equilibrant and tl e resultant will have the same
- tesultant) is foun by means of 4 fumn:ular polygon o '[f the lower portlon offhe wate%rwhee] was ‘drowneéd’ in
First, a polar diagfam is deawn by selecting any pole : "the tail-race then there would be & further loss of power
. X (0n the left of ffg 2.23) and eonnecting this to each -Tm Aworking against this. In the 'nTnetesnth century a drowned -
point on, the fo;c diagram, that is, draw lines xa, xb, . wheel was considered to have an efficiency only three-
_ xc, and so on. \ : quarters that of a wheel not drowned.
7 The fumcular pol gon is drawn in the spaces between . ) I ¢ )
the llnes of actionof the various forces * see middle of , : : S
fig 2.53. Startmg Jc: a pointon AB,a line is drawh S ' . . ’
- parallel to xb on the polar dlugram across space B to R ST e T 4

cul the line of actlgzn of force BC. From this inter-
_ section, a line is drawn parillel to Nc on the polar

* diagram, acress space C to out the f,ine of action CD, .

and so on until the line of action ST is reached. : R

8 From the starting point on AB a lide is drawn parallel © . o [V s
1o xa on the polar diagram, and from the finishing ] i ,‘ . I . S
point on ST a liné isidrawn parallel to xt. These two ' . ) ol &
~ lines are extended to\mteﬂect at Z, thus completing . ' -
the FumcuI.u' polygon : . '

C P

9 ‘The resultant; iorce at.\tﬁ VErtJmIIy (Iowdw.lrds thmugh ' b . i'
Z.1n this casc\thc magnitude ol the resultant is :
- 9915 pounds (t{mt is, lhu. sum ol all the downwird

+
[
3
1
1
1
|

{unicular pelygon on ﬁg 3.23, acts at 13.4 €t lrom
* the centre of the \‘{«1(L.I’W|’L.L| .
f
torque on waterwheLI Ioru, X, pcrpcuduular dl:.r.mue
" \of“ts line of action from the
tel]\gru of rotation
b ~

* ‘=9€15 X134
=13 600 foot pounds

" work done by torque = torqye X angle (in radians}
per minute . turne through per minute

_ N = torque\X 2 X revolutlons per
. © 7 minute

Assuning the same speed of rr}\fo'lu tion of 3.4 revolutions
per minute; as taken [or the previoug method, page 38,

work done by torque = 1338600 X i"( X 34
per minule . ’

_ 133000 X 27 X 3.4

i 33000\ _
_gss

(o 64 kW, ip 81 units) -+ \

horse power -

COl'np‘armg with the value on“pdge 59 there is almost

25 per cent dlfference betwéen the power estimated .

from the two methods However, consider the di‘lse when
. the total we1,ht of water.on the ;whee] remajns the same .

but is distributed so that theré is more water in tie buckets . . ' '

near Yie top of the wheel and. cofrespondingly less in those T - -
‘2t the right-hand side of the wheel.:The power estimited . N“‘“-H& '
.from the energy method wll] remain unchanged but|that _ -\-““‘m\ "
i ideduced from tlie resuftanf forcc and consaquent torque will e T T ‘
. 'dgcredse mgmf'cantly P _ . _ : Co _ e




'_2 8 POSSIBILITI ES FOR FURTHER WORK i

: 'Fllrlhcr work depends on the chosen objectlves The

b appropndle Ieads to these can be-developed when:tie class
I er grouj discusses the resu]ts of their wisit to the water-
mill'site. Tlie possibilities for further work are grouped

under three ]1endmgs ;! i
i \l\
L uwo]vement w:lh tl..ch‘nology S

.2 mvolvement with non- techmcal subjects

‘ormatmn co]lected

3 communication of fhe i

3 . X

' hwolvemem w:rl: rechnofogy N I
_Record.-ng : ) EE
1t miay be that the first visiffto tlie site was used in getting

classifying and collatigg the information obtained the

. teacher feels that more recording is réqufred to achieve -
hls or her cbjectives. Thus,;some of the activities referred
to earllcr (pages 49-33) mdy be relevant. For cxample,
-after surveying the site from the ground; the pupils may

" be motivated towards trying to take aerial photographs

" s0 thal they.can be iuvolqu in design and construction
work if this is relevant to the teacher’s objectives. i

" familiar with recording gChniques, and tifat as aarlsult of -

. Measurements -
- Disillu |0,:3hl;~ql with theé decufacy of results af the first .
. sessiontol trying to measu i willer Mlow or power may
"~ lead toymore experimental work in school in order Lo
“develop morereliable techjniqes. In_the estimulion of®

‘power putput of the,wate
showed the possible discr:
“- ledge of the behaviour of
wheel. Thig could be inve
models and ol_ﬁcrving the

rwheel, the previolis section =
pancies due to lack of know-
the waler as il comes on:tc_)-,_l_!he
tignted by building transparent
water flow into the buckets

© birckets coneaifed within large wooden dises which perform the

-s0 that a more réasonabiel waler distribution i be
drawu for the 1ctua] wate 1w|1eel T

¥

!m*c'.mganons of the fo giency b ' ways of i'gsr'ng waterpower

P‘mm the visit to the site] the pupils may be encouraged
to qucsl.lon the cff'cwnc of tll:'e waterwheel arrangemeat
seen and to compare the glfectiveness.ofl different ways’
FTf obtaining rotary powcr from water by pi'actical
gmvem&.ntlol}s ' B

Providing the harc'lware fpr thesc invéstizgations may be

. a means of achieving objgctives involving desigh. The
following shows the vari¢ty of decisions the pupils will
have to make in designing even a simple waterwheel using
the supply from the clas room-tap:

~Howisa constant floyw onto the wiieel to be provlded"
*How is the water to b’ brought onto the wheel? (See .
fig 2.24)

Whal pf‘owswn is to be made to reduce spiashmgand
the effects of splashing? (Sec fig 2:257

How is water to-beTiken away after driving the wheel?'

P Whal lypc is the waterwhegl?
. What is the size of wheel?

..What are-the-member-mid dhape of the [J'ldd]CS vanes,
or buckets? ¢ % “

'-W_hat materials dhould be chosen for workmg n water
or damp conditlions? (See fig 2 '?6 3 . .

T
3 |

' mrm.r chidice of spr.’ed of rotation

Fig225 A srm:‘! immpulsé waterwheel wmade by boys at Hinckley

Fig 224 d farge, exporimental model ricrwheet with i tal

fiinction of shrowds amd also of artaching the duckers o the wheel
axie. The wuter is supplicd fram the laboratory tap into a header
rank with imeans ji w ncastering the flos from e feft-hamd end into
the beit tin-plate ,'uvmruugh delivering water onto the overshot
waterwheel. Note n’m.' the watér is stitl feaving rhe buckets even after

| they have risen bl  moring ahmost a quarier of a revoludion from r.’m
bbnmn position, Th.-s indicates o poor desien of bucket andfor in-

ar

Upper School, Leicestershive. Made mam!y of metal, this Ias a
Perspex front to study the flow of \ater on the vanes anid the design
alfows easy replucefnent of one rotor with others of different vane
profiles and-minbers of vanes such as the example in the right back-
" groimd. Note the cover over the discharge into the sink to minimize
spiashing ) R




- 'Fig 2.26 A cpnfrasr it m;zfenaz‘s and methods of construction of
;rmn*ar model undershot Warerwheels. The example on the left is of

tight alloy sheet, cut and rivetted together: that on the right is of PVC
sheet and chtpboard wterproofed by coating with po.rjlester resin
afrer assemb-’y

Fig 2.27 A partially-made model waterwheel with buckets; showing
the chip board "hoss’ dotted to take the buckets fortned by licasing
PIC sheer and bending in g jig. The wheel will be finished by
atiaching another dise of PVC sheet to provide the second ser of

) shrouds for rke buckets .

' F]ow is the wheel to be qupporlcd {bearings :md the1r '

qupporlq}'? D .

: I-low is the whéel t'o bé'al”la'clictl to the shaft?

Will other devices (e far power mépsurement) Invo
“ta be. sttached to the shalt and quo how will this bu,
done? o ; C P
. ? §
To Lompun the cfﬁ I£1'ICICS 01' dlffcrcnt model waler— !

- wheels, we néed.to meusure: N AR J,
1 the input to the-whee] eg waler, l'low :md ]1e:1d {flg 08}
2 the output. S '

Some methods of flow mcasurement have already been
described in Telation to the flow of‘actual streams (see
" . pages 51-3), and some of these can be’ adapted for use -
with, smaller flows, Besides proprietary flowmeters
empioynu_.. rolors and ﬂoats school blult c]evu:es .can be

I _-qulteeffectlve N S -

) One SImpIe device (Fg 2 29) uses the d]fference in pressure
4CTOSs an Srifice. The, orifiée can lpc madé by bmzmg a ’
-drilled chsc Eetween two pieces of brdss tube

- Note that the dawnstream a(facllment for the transmrent
. plastlcs ulbmg is very cloge to thc,orlflce,plirte .

LI

v *

RN

observing the head of water flowing ovey a V-noich. Note that the

' thr0u1,}1 it into 2 measuring container (fig .30}, A p]astu,

» The'time is obsur\ful for {he container to fill to the ‘mark

: _ . . _ T
_Not_e‘th:rt 'rn;comparing waterwheels, itis often only - ...

. ln rnduy sc]Iools there will’oe fluctuating flow from any

in the speed and power of the waterwheels under test,

‘1 .Lifting weights by winding cord onto a siaft. "Aelight

238 A pupif from the Dunsmore Sc'h.obf ﬁ)r Cirls, Rughy,

sides of the hotch are Lhanu"crtd to present a sharp edge, The scale §s
Jixed to the cross member but the serewed rod, cornving the pointer,
is adjustakle so that its lower end, pointed arith bent through }«S‘U° 1o
poirt wpnvards, just fouchics He mrface of the wa{er abour 73 e
upstrean: of the uo;d: :

"

L

The dc.v]cc may be calibrated by dlschargmg the flow

bucket marked 1o indicate a definite volume is sujfahle.

and at the same time_the thffert,m,e in head between the -
water in theaubet is noted. Tlus It erEdlEd for dilferent

flows 50 as to obtain. 2 Cd|I|J]'.]tI0ﬂ table, or the information
may be prcsmled asa gmph . _ .

necessafy toiensure that-the flow is the same ontoe each
wheel tpsted; tut if we wish to investigate how the
performanee of the wheel varies with different flows then
a calxbmied ﬂow measunng device is esSClltlHI

thefs are turned on or off. This will causewariations o

and a constant heagd arrangement is useful {fig 2.30).
e iz

Tie following, methods have been used successfully for
measuring the pawer cutput of model waterwheels:

tord is secured to the watorwﬁecl shaf® and as it winds
round the rotatlm, shaft a weight is Il[lecl by its Iower

.




Il - . . . . i

L Sa v i, end(fig 2.31). The weight has to be adjusted sothat . -
m o , I it eventually ascends af constant velocity: This can' e
checked-by noting the time it takes to cover two
sucuesswe and ldent1ca] dlstanl.es /

. LA j - Because the wheel and weight have to accelerate from.
T . _ rest, they wil move some distance from the stamng .

ﬁ:r}:i;?“ _ - pomt before their movemem is uniform.

i

[

work done = force X distance fmoved

(M

Sw power ~ =work done in unit time -

= l'orce X dlstance moved in umt tlme

‘5 R It the mass on the end of the cord is0.25 kl]ogrammes and
N o o methe -I-ll'ne it-takes to travel | meé“ls 20 scconds, then the

EENETEET TN

force on the end of the cord is 25 X 9.81 newtons.

ot

AR AN

power = 0.25 X 9.81 X Y newton metres/second-
— - : [y ' . : =0|’?watts
orifice - Since | horse power s equivalent to 745.7 watts

horse power =0.00016 - » . - S

Fig 2.29 Flowmeter using #fffereuce in pre.'is::tre across orifice

L'
Vo - ) * 2 Using a band brake wirh a’ead"load and\'}pn;g balance. /
[ e {rom Lap _. : For small waterwhee]s the' weight'of even a small spring ./
: : balance can be su.,mﬁc.mt comparedd with the lorque on
. v the brake wheel. To eliminate the effect of the weight
«of the balance, it can be- .ntach;d o fhe end of the
brake band through a lever, as shown in fig 2.32.

i The brake enables the torque from th-. w#erwheel to be s
B : . determjned, but to Lvalnatc power-the spu.d ol ‘revolu- hY
’ tion is also reqtured This is most a.onw.nn.m]y medasured
i by u stroboscope, and the type usccl lar len,]a.l physg.s'
courses is suitable,

b o . L ' Torgue at \:vheelshuft .
P ' o . - =radius of brake wheel X (I‘o?'
I . - force shown by spring ba};&

-:IrI . _ ' power, = torque X angular dlﬁf)lacement in radlans in.
' ~ " umit time oL

N

if radius of hrake whi.el

dué to dead load
ce)

For etample

25 millime'tres

mass of dead load_ - =015 Lllogmmm-.s
spring balance reading = 0‘25 newtons v
spced pf r'ot;lti'on =200 revolutions/minute

R ST L e Then fon.e due to ‘dead 10:—rd i’
S B : ' —]0]5X981— 1 4?Snewtons
torque :

.k ¥ C e - -
EREUENER I I " 000 om

= 0.03 newton metres 7

T e J i pDWBl‘l . /\, R

¥

={. 03 X —‘E%Q X 2w newton fhetres/secoftd

i

=osdwits S i

- .Since one horse pow,er.is equiva]ent to 745.7 \.‘v'aat'ts,
0.6 o

4

} . el ]10rsepow’er='—4-000085

74577

Fig 2.31 Lifting weights by winding cord onto shaft ~~ -= P

._’\




leads to
Wheatstone
bridge

W

_5 . from thp sirain from lower strain

Fig 233 Forc‘e mea.'.'urfng device uging sfrain gauges and H’hearxrone

bna’ge "

. o
Fig 2.34 A Wheatsioneuidge circuit for determining the change in .
resistance of electrical refisrance strain gauges fixed to o flexible g
canitifever and se measuring the tension in the band brake dver the
puiley on the wafehvhee! xi:afr ] . . .

b;md -brake. Near to the ﬁ\(ed end, ldenn,ca] electrical-
“resistance stfi gauges are fixed to top and bottom of
the cdntidever,fand are affected by the compresswe o
sirain (on qn / side) and fensile strain {on the other} -

F,'fg 2 _‘:,'g An i u!se-fy,z_: e wheel 'ﬁ“e{" with 4 bra{ce pidley on _r.'.x.e ‘of the cantilever as it is deflected by the pull from.

heelshaft. The torque is determined by dead-weight and spring I brake band.

balanice. The puliey is marked with.a line on its ouler face for detert tife brake anl * o //

mining the speed of revofution with @ stroboscope. {The warer mpp!y ,:

10 the nozzle ar the wheel is from the laboratory tap through a flow The strain gauges form part of 2 W‘heatstone brldge o L

‘nieasuring device (oh the right) usmg rhe pressure d:fferencéacrms an’ circuit (fig,2.33). The other arms of the bridge are * e

ohﬁ.,r. e v formed of re51stors of a’similar resistance to thgt of . o
RV S L . the strain gauges. To adjust for initial balanceyit is R

- usgful to have a potentiometer across the apex of
.3 U.s'mga band brake with dead ioad and e:‘eanca;’ Lot the strain gauge connections.
. : . o ™

‘resistanicé strain gauges. Because the rension in the . L ' o -
biake band-bn the side away from the dead load . . ... - In its ¢simplest forrh, the arrangemgnt can be calibrated

_ changes by only a small amount, a more. sellsltlve ' by applying small kndwn forces to the cantilever aty
‘force measurmg device than a sprmg balance is useful - .-, the point where the band brake is narmally-attached,

! and observmg the deﬂccuon on the galvanomctcr
One method of prov:dmg this sens:tmty isto LO]‘]I’IECt - .

the brake band to the freg erid of a springy cantilever . : -Agam, the stmbcscope i, usefu] in determlmng the 4 s
' (see-figs 2.33 and 2. 3’4) A piece of hack-;saw blade * - * - speed of rotation-and the power is calcplated as for |
s suitabile for this. The*end of thg cantilever will _ © met]wd 2 above usmg tlle force indicaged by the stifin

'deﬂcct proport.lorlate]y tcrthe forceaup]]ed by the
i 3




'.4 Dnrmg e!ecmm! genemrof;s'_. Erov1ded theu speed of

-rotation is high enoug all_electnc generato‘rs '
. {which can be minia .&..mo'dei making motors as
o .mentloned prev10usly) conncctoc[ clu'ect ly to

" to produce anything at thé nenerator mtermed:at.e
gearing must.be mtroduced to give a sultab]e ,spced at -
- . the generator. There will be losses m the gearing but
- simple mechanical tests on the geanng a'lone. s]lou]d
estabhsh its eff iciency. ’

electric
motor and

fag

ngs5 .

" The output from the generator is used to supply an
. electrical load, for examp]e illuminating small electric
]amps or driving a smaller miniature- electnc motaor,
(Thiis, too, will need to have a load, such as a small
] propeller on the end of the shaft working'apainst air
.. resistance.) The current o, and vo]tagi]across these

a yelectrical ‘laads’ are' then measured. See figs 2.35 and 2: 367

L Electnca] power cumsntho]tage

|
' For example, if the ammeter mdlcales
) voltmeter indicates 4.V;-

power | —OIDZX4 DDSW

Smoe i horse power . 19 the equwalent of 746 W,

_-Q—Q?’-—boom

_ orse power "3 4 <

o Turbmes as: we]l as. waterwheels hverq, andare, uséd to
develop power from water, and the mvestlgatlons can
. extend tq many oﬁhe types gwen on_pages 85 96

Fig 2,36 Measunng the pqwer output fmm rhc !arge warerwheef N
- shown.in fig 2.24. Because.of the slow speed of rotation of the .
waterwheel, a smaﬂ' gearbax has been constructed using proprictary
i phsﬁr.:s gears to give Sufficient speed 1o, work a Meccano efecirié
T miptor as a  generator. Tlie ontput of thix is tised fo ittwminate a buth
. and drive i miniarure motor and-balsa wood ‘fan’ in the left

© Barsuph the butl s motor, and the voi’mge across th

. . 5045 {0
.__mfm.!.m TR Powe o

: . L can ﬂow be obtamed
. the waterwheel shaft. If thie waterwhéel speed lsstoo low -

02A and the

" foregtound. The instruments on the rght.are for measuring the current

- At first sight; most of these may seem too_complicated
“in shape to make in schools, but with the current’
: avm]abfl:ty of plastics many of these awkward shapes

For exarnp]e a rotor or 1mpeller cumng in three
dimensions can be made by casting, in plaster of Paris,

+a cylinder of the overall dimensions of the part. Onto
this is drawh.the intended shapé of ‘the rotor and the
surplus material is carved away with a kaife. The plaster
, of Paris pattern is then used to'make a vinyl rubber .
mould into which is layered up glass-reinforced plastic |
(glass fibre)-to give the final rotor, The casings can be
-made’ by using.GRP or by vacuum formn\g onto plaster,
wood metal, or compos:te pattems (See f“g 2.37) .

*

Rigid plhstlc water plpmg, for example Marley drain-
pipes and fittings; can be used to reproduce turbines
" as shown in fig 2 38,

237 Parrem and mould for makmg ¢ smm‘l’ turbme rotor, con-

- structed by John Jeffrevs of Pocklington School, Yorkstire, dunuga

Schools Technology couwrsg in,the Education Unit, Lanchester

Polytechmic. The pattern on the left was wade from a cylinder of

plaster of Paris cast in an empty tobaceo tin. The reqmred shape .

was drawn in pencil and the unwanted portions carved away with a L

inife. The partem was used to produce the vinyl nibber mould on

the right, The surrounding ring of plaster of Faris, cast inside a card-

“ board former, gives rigidity to the mould when g!'asslremforccd S

pfamc !S IaLd up in if to produce the f naf reror
gcncrator

=== output ta

_t, loazd and

meters

_fram constan
- head tank

plastics
. tuhe
e - : —— .
T I
. - ] = .
- C. . S X .
2 S e
guige vanas e tmblrw

Furner -




_ of each tests.

o :Tlus aran gemeﬁt aTlee -the fi xed gurde vanes :md the rotors

*&

to be'easily removed” for. alterations in the hght of the resi
T o ks

Pracnuzi mvesngafmns of frmrsm:ssmns . .
Apart from investigating the power source itself; puplls
“ean consider how. the rotary power. ob’eamed may be :

- utitized for dlfferent purposes. Waterwheel:i being used fo

Y

operate, oscsllatmg fulling stccks and tilt hammers are

' _shown on page 3. Other examples of dlffei‘enf\types of

. given on pageS""T’—G

: Attempts to make workmg ‘models of these will bnng the

motion Gbtained from the Totation of a wate’wheel are -
. \

L

m +

" pupilsinto contact with problems encountered in trans- -

missions of in“converting one ftype of Jmotjon to another
The solutions can be related to present rlay applrcatlons
and the relevance. of he work can lie emphas:zed by

. presentmg the pupils with the task of desighing shd .
"producing (for being driven by waterwheels or turbines

supplied from school taps} projects such as dish washeis

T - or agitators (for photography), reciproc'!ating' graters (for '
food preparatlon} a.nd ‘qock tail’ shakers, . -

“The later used of ele ctnmty 453 means of transmrssron of

power from water {seé page 92 &/ seq) can also be investi-
gated by using a waterwheel or turbine to drive a generator

"+ . which _supplies current to lamps at intervalsalong trans-

missiod lines §0 that the dlffermg voltage drops along the
hnes‘ can be demonstrated a
Other uses of water energy :

Rotary power is not the only way if wlueh wdter energy

. can be utilized, and some of the designs deséribed on

L pages 77-80 provide scope for ,technologlca] project

work in schools

Making actual use of an available water sttpplym . _

Some schiools may be fortunately situated with regard to
-a.water supply, which. may be convemently harnessed to
provide power for'some project. This was the case at

" Aberdeen Grarnmar School where several boys decided

to build a heat pump. This needed a continuing source
of heat t6 evaporate ity workmg fluid and also mechtnical

’ energy to drive the compiegsor in ‘the heat pump. Both

t]re source of heat and the mechanical energy were
obtained from the Denburn, a stream flowing dlong a -,

: dhanne] through the school grounds (ﬁg 2 39) _

+

Resrorarton 0 f waremn!.-‘s arrd rherr amfaca‘s ’ .
It is unlikely that 2 school will have either-the opportumry
dr the mc].matron to undertake full-scale restoration of a
mill. However, some schools have been able to make a

.. worthwhilé contribution#o restoration/preservation
_ __schemes when the materials {wh.lch can prove to be very’,
- expensive in the quantltles requrred for, say, a waterwheel)

- .are provrded

i

o
One aspeet whrch is within the capabrhtres of many sshools,
and which provides scope for overcoming design problems, .,
is the restoration or reconstruction of the stone fumniture,
that is, the hoppers, horse, and shoe together with the
oontrol cords to ensure an even flow of grain to.the stones.

"['he arrangement.and development of the latter to ensure
that the grain flows ds required will provide pienty of scope
for the ana.lysls of problems and mgenu:ty in soIvmg these.

- 66_',

3

L]

o

=

Fig 2.39 Banki turbine
Aberdeen Graminar St

Fig 2.40 Boys from Grenville College, Bideford, clearing debris from
Jthe launder serving oné of the warerwheels as the Fivich Brothers
‘Foundry', Sticklepatli, Okehamnpton. These works have nween
restored and the mrenvheefs wark again under .rlie guspices o '
charitable trust ©
Pholo by courtesy of B D Hughes

s .



 plate, A1 machufﬁry,_--Otllé'r-lmp'or'tant' :

taln ng these from the dlrectongs for several different ~
- bc l\uown throhgh [.he puplls acquamta] ;

years wﬂi enable the ana]yms to be done in scheol.

E:wrdnmemal aspEs&s
The watermlll was buflt to make use of certain aspects of the
: S : elmronment and the foIlowmg may be considered by the c]ass
}_stmbu n‘o'}? and .-'oe'arion of other watermritls in the district

: : " o L i 1 _the uatural ath or- route ‘of theriver-or stream e
Without even referring to published lists of mills in the : P ( .

Iodality (page 98) it is comparatively: casy fo obiain this 2 the contours eF the land to produce a fall in the river
- information in sufficient detail for.school discussion by - 7. orstream, or te allow the water to be impoimded or
* gkamining copies of old maps in the local libfary or diverted
* - record office. 1f it is'not feasible tg take the whole class .3 __the water table and rainfall govenung the supply and
o these places, it is usually possible to obtain electrostitic quantily of water at the ]’I‘Iil] .
______ G013“35 at qtitte low cost to use in the school itself. . 4 the geology of the aren, alfecting both thé water run-
1t is l'lOLH_!]'I[ that time-can be al]owed to-lookgat only off and the availability of bLu]dmg materials
a few maps, the Ordnance Survey maps around the tum 5 the interplay, between several of the above aspects in

of the century should give a representative plcture ‘of the
“distribution of both water and wind mills. The first edition

. Flg 2,41 Extract from Kelly's Dlrecfory Sfor. Wa[wickshxre 1884 showmg some of the entries under ‘nillers’. Note the df.r!mctron berween

B _R.zdr:r, Heits & ‘Bons, .5

- Indlia Rubber, Guita Percha & Telegraph |-

* TRADES DIRECTORY.] '

MATTRESS MAKERS.

See Hed S Uﬂ!’hu? Makers, .

MECH&NICAL ENG’INEER
See Eaginesrs— Afechanivel,
DIGA'L BEOTANISTS.

Bedder Mrs. Sars h Ann, 58 Hl:rl.[nr(l
“street, Covehlry

" Smith Thomas B, 51 Span st Coventry
- ¥oughan lle_llr:., 46 Abbey st Noneaton

MERCHANTS.
Ashwin & Co. fodon st.Stratiord-on-Amn

. Edmunda b Welldon, 7 Market pl. Rughy
" Untherliim & Sons, 27 Spon sl Covenlry

‘Chempson Edwd, L 6 Hill st Coventry
- METAL WORKERS—.&.RT.

© Gerentry Avt Metod TWovk Cos a5 Wel-

Tington street, Hill Aelds, Coventry

- Richardson, Ellson & Cn.- L?wcr ‘Ford

sireet, Covenlry

' _--Eludrnurt-. Fruneis A. \Icrldcn, Govcntr;

]!II'DWI'VES I

Criveier Mrs,]’,‘llm, 25 Ch‘tn{]us st.Lmngtn

lFillec” Mrs. Ellen, Hrinklaw, Covenlry

Gireenwood Mrs, Ruth, gB Litile Park
alreck, Covenlry

" Hall s, Elizabath;Stanton st Covellry
"Hewitt Mra. 8. 1o St-Agnes la.Coventry
Rullaaon Mrs. Sarah, 9 King “rllh'll'll:

. sl.rcct. Hill fields, Cm ‘entry

WARWICKSHIRE,

.

MILLERS.

Marked thas © sre wworked hy Steam,
" Marked bl;ua‘I are worked by Wind,
Markel iy 3 nré worked by Water.

) Achuu.h&.hlrhy Rail Anuseln. Coventey

*Achurch John W, Foleshill, Coventry
tAdencks Edmund, Flllongle}, Coventry
Adleock J. Bly t}.u:, Shustoke, B'hom
Allen Brs, Ann, Thubhenhall, Kenilwrtls
Allen Henry, ]31ﬂ1ntm1 Coventry
Anderion Hy, ‘.‘-’cllnslnuruc Hastings,

Warwick

tHaraell George, Thurlastor, Rughy

theck Bra. Eliza, Stocklon, Rugby

|$1selluira David,Long Itchmgton.Rugby

*£Bird Genrge, Svulthnm 8.0
tillakemanWm. NortonLindsey, Warwek
tBncrIvJ .TheHall, Nwohin. Regis, Rugby
Brooks Thomns, Halford mill, Halford
-Shipston-on-Stonr

*Tll Mrs. Ann, Priors Marston, B_\,Fuld.

LI Gullivant G. Wontton Wawen, Btham

*Burton & ‘Haddon, C]mrtcr uuse
sniills, Corentry  «

{Calloway Jugeply, jun. E[nl] gréen, Pulas
hill," Coventry

Ii}_n-rmgtnn T.50ws mls, Wyken, Covnlry

Chumnbeclnin “William, Lentley heath,
Solihall, Birmingham

{Cuoper Thom 19, Fisher's il ngs-
bury, Tamirorth

{Cax Sameel, Up. Shuckburgh, Daventry

Fhuwkins Lxcorge, Tuttle hl, NuncnInn
tDohsany Thomas, Little I.au[ord mill,
Little Tawiord, Roghy

“ | iDvinkwater F. Bnl’.hnrpc. Lenmmgfcm

MILL OWNERS—BTEAM

57 . !r. 53 West-
Orr.h.:r(l Covafitry . ‘ - :

MII.-L BAND M&N“U'.E‘AOTRS

Works Co. "Lim. roo Cannon strccr,
Londan e.c, See advert )

cm

Fl

{Enagles James, Grandborough, Rupgby

*Else Joseph, Solihull Jodge, Yardiey
weod, Shirley, Birmingham

{Embrey Richord, Barford m1].13, Bar-
ford, Wirwick

: fFauImn bridge Tsaac, Hall green, TOICS‘

-hill, Coventry
HFullardSImuel Pﬂt,ktmod }moulu

1ﬁorf 8. Charleente mill, Warwick

a

MIL

4

977

$Gnpsall funes,, Shcldoll Birmingham

TGriflin John, Little I.)‘lssct.r. Durigis
Dassedi, Leminglon

%Grundt George, Arley, Coventry
Malfurd Andeew W, Binley, Coventry

Hanimomt John, Berkswell, Coventry

tHancax J. A, Henleg-in-Arden, ham

Haslewond Alfced Wi, Pailtgn, Ruphby

HHaynes William & Charlesihcsmrlou,
Learingion

{Haynes Fredk, Ju. Newbold rd. Rugh\

tLnynes Thomas, Warmington, Binbur

{Healon Hurry, Miller, Lonp Moor mllf’
Sutton park, Sutton ColdFelrl

tOewens T. Chorch or Middle Tyane,.

Warwick
tHibberd Willinm,
Rowingtan, W, drwick

1]I{|Il James, Aston Cantlow, Birmnghm.

Hill Rowlad, jur. Ipsley, Redditch”
tHinks Fuk. Shrcu ley, Hailon, Warwick
{Hodgea Mrs. B! Ofwn end, Solihall,

Birmingham
.ﬂlor.lges“ illiwmn, Blackford mill, Henley-
in-Arden, Llu-mmghnm

Tngram Saml. Taghbronk rd. Lenmnglon’

1Junea Charles, Cole endd,Cileshill, B'ham

BRowingten  mill, -

Jardan J. & C, liinkedutm milla, L|U||1g- .

ton, Leamingion
Jordan Charles, Span dud, Cm'em.ry
Hench & Son, Emscate mills, Warwek
tHing Ienry, Hillmnrton; Rughy
1Kneo Ja. chlullml" Suttnn Coldfiel]
1Knight George, Clifton mill, Clifton-
- pn-Dunsmooer, Rughy

| Knowies Juhin, v8g Spon st. Coventry,

1K nowles John, The Mills, Nunsaton

fLoud William Tabbener, The Afll,
Maxstoke. ‘Birminghoum

tLowe OCharles, Korth end, Burton
Dasseit, Leamington

tLucy Charles & Nephew,Stratiord miil,
Gld town, Suratford-un-Avon

*{Millabey & Atkin, Alder mills, Ather-
stone ; & At Girendon mills & Poleswth

'Mg\_'sh_ull TJ itk book, Erdington

62 sawikw

- those using steam, wmd or wrer Wikl Geo;ge Hird of Somham using both stear and wind power

Y

determining the access:blllty of the mill for th'c
transporv af‘grain and flobr.

"6..

e




e

. 01' Tiver servmg 1t 'J." )

1 : To wham did the mill actually belong'? i

11 What happcned to the miller and l1.15 faml_ly as the )

58

.- - T - .
e . .

- , . e —_.. . __\:.: ot Fs

.. Onee at ‘work, the mill in turn began to alfect the -
‘environment, and 1t is worthwlule dlscussmg its
: tnfltrence on: :

- l . the vegetatton bcth due to a]teratlons in watcrcourses

water flows, greater likelihood of flooding, increase in .
moisture content cf the g;rouud and also due to human
-.actlvmes, o .

Twild- llfc, due to cha.nges in vegetatlon and to uses of
the land e . .

~ 3 communications, since peopletmnight come ‘to trade

with the mill from all directions which would create
trackways providifig- routes for tHose who did not necd
to call at the mill.

‘Comparative studijas mlght be rdade of soiis {for moisture .

content at various de pths), vegetation, and wild-life, both
at thé mill site and along the natural course of the stream

.

Soaal aspects . J.-"
“The style of the. mill -and particularly of the mill house,

_ as observed on the v131t to the site, can lead to speculation

about the position of the miller in the local community.
Discussion of this could also provoke the following
ClUEbt]Ol‘lS — ;’ -

-

2l What was the relatlorls]up between-the owner and the

¢ miller? [ o -
3 -Did thegniiler engage in other business activities — for
. example § a baker“or as a farmer or grazier?

) 4 Did the rm]ler hold any cft‘c1al positions in the parish?

5 ow was cqpltal ra.tsed for rebuilding the mill, new
p]ant or au)nhary engines? .

"6 How h.:ghly was the miller rega:ded by the local %
_community? i

1 Records of surveys. In tlte casé of wg.tcrrm]ls {and wind--

_.?:Irl the first type of display, the mformanon may be ;

ol ]

There are two main categones of reco:d R

mills), record cards have been prepa:cd Dy the Wind
and Watermill Section: of the Soctcty for the Protecuon
_of Ancient Buildings and an example of a completed
card is shown in fig 2.42.

Before being deposited in the local record thce

" museum, or library, it is hoped that these cards wdl
be sent to Dr R A Buchanan, Ccritre for the Study of -
the Hlstory of Technology, Bath Umvem ty of Technology,
Northgate House, Bath. The cards will then be copied '

- for the National Record of Industrial Monuments and for

, the people mamtalmng the Indexes of Watermills-and-for
“Windmills for the SPAB. The card will then be Jeturned . _'
to you from Bath for depositing lot,a]l),r .

B

Full recordings, wlth measured drawmgs and photo-

graphs, including those of details. It is worth. checking .

with the depository you hive in mind, as to the form
“andisize which is most convenient for them. - =~

Displays ' - N

"The cbject of any display is to enable the dlsplaye:s o

gommunicate with the viewers of that display. Unlike

-the preparatlon of reoords for depostlmg which must bc

______________to.a_ceptam standiid;-the-display canbe-pitched atar—

level compattble with the abilities of the pupils st;agmg it.

___Tlle display can be either set up so that the ‘viewers’

come to it, probably movmg froni. one' exhibit to'the

~ néxt, or in a form that it can b™aken to the viewers, for

ef("ample an audio-tape and colour siide show.

Both forms of display prowde plenty of SCOpe for coopcrae
tton between departments, including art and music which |
have so far not been mentwned specifi cally in this hand book

-7 Did all rrqule:s throuzhout the life of the milt enjoy
this level cfreoard or did it fluctuate? If'so, why?

- “—8 “What is known of the miller’s fam]]y? What sort of -

people did they marry? >

.9 What was the status of other pecple working at the m1ll'? t

0. Who els;e was affected by business at the rmll" : -"

- COTY n.y |.-u by*"'”—‘—"'" T T o e T

charts, diagrams, and mounted photographs with captions, '
_smaller artifacts from the mill, -

models, '

working models (fig 2.43),

tape-recordings,

busmess declmed and closed‘?

17 How was the local commumry affected by the closure
. ol‘ttsrmll"’ oL . : F
Cammumcarwg information .
Although in schools the achievement ofeduc.auonal o=
objecuves must take precederice over the formal completion....

. of an mdustnal archaeolcgcal—study—by -depositing records

or pubhcatlon nevertheless the activities of brl.nglng
records 1o a standard where they are acceptable for
deposmng in record offices ete, or puttmg on a display to

show otdem the mforrnatlon obtamed can sometimes

Records
If records are to be prepared toa standard worthy of
placmg in official repositories, it is as well to chéck that

"this has not already been done by scmecne e]se fcr the -
_mill under constderatlon

looped cine-film

The procedures involved in most of these display. tech-

- nigues are well known but possible methods for making

static models of mill buildings are:-

1 From expanded polystyrene sheet using hot wire
cutters (in a well-ventilated work grea) to cut out the
sides and roof with appropriate openings for doors
“"and windows and &8IS0 to répresent thie joints between 7
the stone or brick work and roofing tiles or slates. "
(See figs 2.44 and 2.45.) Walls can be glued, using pins
to hold:them until the glue sets, but it is often useful
to have the roof and ¢ven somc"_,of the internal floors
removable so that the interior arrangements can be

(R

From sc_rap-woo'd, cut to shape for walls, window

openings ete, assembled and then covered with a

plaster (similar to Polyfilla), which when almost dry
- is marked-to represent thig johits between the stone

or other building materials used in:the actual mill: - -~
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Hat Grid Reference or Location .
: CORM MILLING

2P 708646
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Parlsh or Tosnship - Date of Report
warLesToNE | 28 ¥ebroary 1971
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DESCRIPTION |

T shorey Puibhing, ﬂ“u-oal- o-l:.r e sl-oﬂ?- \hp\,‘e abmaaml )
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Mnmy_ngt‘ rec,.pnl:,, measured “""""‘.ﬁ’-" £ full photagraghie

W, .\t,bc;u.sl H amsA-.cmo
Wind & Waber Ml by e  Apit 1970,p.21;

record held byl GW ‘:':b“qrncr

Q. W STAarmer
17 MAYFIELD ROAD
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r AlMiorpe . —

Return Card to g oy S‘TACIME.R
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Fig 2.43 Moa‘  undershot mrenvhee.' under construction by Hayle
—County Semngafy School, Cornwall. Note the compass arm con-
. struction, thar is, spakes mortised into the wheelshafy, and rhe wooden
-blocks which-will be rendered with plaster 1o sinudate stone

L ]

Fig 2.44 Expanded po.’ysfyreue being shaped with a hof wire ciitier
ro construct a model mili for display

'1

Frg,2._45 Aot wlreioop in use fowrhngTIre outlines of Gfeson

the iill, the walls of which have already been marked to represent
rgndom coursed stone

variable cleat to -
contrel water flow

. recrangular
| plastic bucket

5

eleciric cable
L ; to supply
: submersible eleciric pump” )
) . { ; ) T. ;
F Tg 2.46 Use oj mbmersab!e electric pump for workmg mode{ warer—'.
-wfwef :

-

:_3 For working models of waterwheels a self-contained,
i recirculating water system is uscful and can be made
' from a submersible electric pump of the lype used to_'

'_- drive’ garden I‘ounl&ms (fig 2.48).

ry '

'I‘he sewnd type of d|5play or ‘show’ can take varlprf
forms including:

: {\presentmg the information about the mill in the l"orm
‘of a play, with the minimunt of vidual material

accompanying such a play with taped sound effects

presentation as a play with tape recorded sound effects
and ‘props’ Tepresenting the mill and its machindry

* slide shiow with commentary given by one person
slide show with stnpted dialogue~

" slide show with tape recorded sound’ effects and sound
. story * v

[

cine- i'lm

With all of these forms, thc puplls should he 111\'olved in
preparing the script or the order of presentﬁtlon and in

- doingthis will Tezm the importance of an ol‘derly sequence
when commumcatmg inlormation.

N ey

Fig 2.47 This casr iroit ;mm'ep!.'ire of the ofid milf at Flore, near .
Weedon; Northampronshire, invites reproduction for a schoof display.
A wooden replica coilld be used to_make vacuum-formed copies from
plastics sheet or, witl perptission of the'owner, an impression cait-

~——be-taken-imtin TR Jailt RSmg imilar techniques 1o those for

T

3 oopymg church brasses

™
Bl




: Plg 24814 a‘amans:mnon model mm‘e by 5 Longsraff :ruhe’ o
Edt:ca:rqn Umr Lanchester Poé‘y?echic The waterwheel is that shown
under copistruction in fig 2.27. The warer is being diregted onito.the
wheel ar(ﬂte devel of its axle, thus repre.sennng a breasrskor wheet. The:

jontg whedz'shafr is intended for use wi: d;fferem devrces secured ro
the w:a‘j baseboamt' )

‘ F‘g 2 49 The same demonsmmon model' wz.rh water heing delivered

- to near the fop of the wheed, 50 representing a pitch-batk waterwheel.
With rhe same flow of water as in the arrangement of fig 2.47, the
increased speed of the wheel mm:edwrefy shows the effect of Faising
the _hergihr through which the water fafls in runing the wheel

Fig 2.300 The same waterwheel a.'nd board aftér-the whole has been
. turned rbrough 180° relarive 10 rhe detivery flow. The Perspex ‘tail-
: Vi been turned through 180° relgtive 1o the baseboard and
_wheef:@wemrg the water to the top of the wheél now givesan -
: overshat: wheel and the transparent tail-race makes it easy o seé'the
waier ."feavmg the wheel, ‘backing-up’ against its direction of rotation

o

' CLASS DISCUSSION OF FINDINGS - T

Havmg decided the areas of further: work most likety to
‘achieve our gbjectives, the results of thé work at the mill-

"ite can then be- dlscussed with the pupils, with a view to
arousing an interest in this further work/Ih:%!;:wmg )
are cxamples of.discussion points and,tfie possi further -
work to-which these may lead. The page mimbers in brackets

- refer to'the sect:,on 111 th.lS handb(}} Wflere more mfcrmatlon

s gwen _ . / \ v,
Discussiori PO.Bl'S/ . ’ Fu'ﬂher work L

are they in tfﬁef pbsitions

" Environmiental aspects_
1 recorded"' y

{page 67]

| Have we an overall record of the Aerial photogmphy {page 61)
watercourses'?

Have the walercourses been

: Effect of later technologica_l 1l
dltered (by intent-or accident)

developments on enviren:

since the mill ceased work? ment (page 67);
What effect have the water- En\nmnmen tal aspeots
‘courses had on the ecology (page 67),

around the mill §ite?

Should more people be aware N Communicati.ﬁg information
of . what has happened atthe™ (page 68).
mill sne‘? - . -

| Are the measurements obiained .

. *
lmproved measuring
for water flow reasonable?

tech{uques (page 61).
‘Are Lthese measurements typical Considtsation of rain- fa]l )
of the flow when the mill was at ‘tecords and groind water . | = .5~
work? . run-off (page 57). :
What Is (or was) the effect of the' “Effect on river as a navigation | |
I mill-dam and the operation of ~. - communications ip '
overflow sluices or provision of . environimental aspects ~ N
low-shots™? (page 67). ' s N

‘Alse effect.on mills upstream |- .-

. - bution of mills in locahty ' ' '
O {page 67} SRS
Waterwheels or turbines . :
Why was_the'obser\red type of Environmental aspects h
. waterwheel used at this mill?

(page 67). . b
Also _i.ﬁ\.restigat_ions of .
efficiency of different ways

of obta._gning rotary power -
from ‘water (page 61}.

What was the likely power output Need for more measurements
from the wheel'? . and calculatidns (pige 56).

Investigations on models of
, differend types of water-
wheel and turbines (page 61).

Was this an effective use of the
| available water energy?

‘ ’ " Other devices using water
P energy (page 77).
Using the available waler
supply {page 66).

"and downstream, and distri- Lo




L 1ﬁ5 ofteirnecessary to relate this work to:the ovemll

D Operating st_arnps for c__ru_sh]ng ore (fig 2.52).

R

" (b) Driying saw-mills (figs 2.53 and 2.57).

~ The development of techmques of ﬂoumml]mg is given in

. (a) Driving barn macliinery mc]udmg thres]ung md chmes

~{a) Driving metal-working machmery, such a8 cy]mder-

© 210 RELATING PARTICULAR ASPECTS TO THE
.~ GENERAL PICTURE

~ Whatever the particular topics chosen for furt]ler work

.

plct ure'of the actlwtles such as:

1 general developien of water- drven corn mills
.2 flour milling and foé\ 7
3 other uses of waterwheels and turbmes
4 other ways of using water energy
] waterppwpr and other soutces of err\a;gy.. -
General ﬂe;ae!opnxeﬁr o_fﬁarer-drfve!:_ ;o rr mitls
Thf; local watermill needs fo be discussed in relation to the

aelghbourhood and alsg-with regard to general deve]opmen’ts

111 the use of watermills. See Sections. ], 1 and 1.2. "

»

Flour-fmﬂmg and faod . o oo .

Section 1.2. The Home Ecpnomics Department might
cooperate in showing how flour {in bread, biscuits, lcakes °
etc) contributes to our diet, and its rel‘atlve importance
compared with other foods. . -

On‘rer uses of warerwfreefs and mrbmes .
Waterwheels were used for many- purposes other than corn
grindirig, even from quite early times as indicated in
Section 1.1. References'can be found to the eventual uge of
waterwheels and later turbines for nearly every industrial

hst

H

Raw materials and basic pracesses _ )
{a) For winding from underground mines (see fi f"g’l s,
page 4).+ o oo

. {b) For pumping water from undergmund mines (see .
fig 2, iSla). L -

(c) Dnvmg fans to ventllate mines {fig 2.51b).
(d) Powering hammers in'iron forges (See ﬁg 1.5, Ppage 3).

-

(&) Working hetlows.for providing the blast in iron smehmg
furnaces {See f‘g L6, page 3). )

(8) Cutting and polishing, fnérblc (this was recbrded in
379 AD on the River’ Ruwer, a tnbutary of the River
Moscl in Germany) h A

" ~Farming and foresrry . ) .

turmp choppers chaff cutters, butter: chums

Manufacturing S ; o

. boring machines (figs 2.54 arid 2.55).

(b) Workmg the’ scourmg runners and barrel]mg equipment .
" in needle-making (fig 2.56).

(¢} Powering paper mills (ﬁgs 2. 5?'aﬁd 2 58')
(d) Driving edge rollers in gunpowder mills.

(e} Workmg bark mills For grinding oak bark for use in
_tanning hides.

'(f') Powering maciunery for texhle manufacture

activity. Some cxamples of these are given in the'followmg -

: Fig 2.51 (g} Draining a mine in the sixteenth century, with an over-
. shot waterwheel driving pimps to fift the water in two stages,
: (b } Sixteenth century miné ventilation usmg q fan driven by 2 water-
. wiheel
From De Re Metalfica by G‘eorglus- Agricola, 1556 *

-

13
e




Fig 2.52 (vergrown rin-stamps near St fves, Cornwall. The warerwheél fias wooden spokes and casiran shrowds. On the inside of these, the
cast guides for the wooden buckets indicate that this was a high breast or pitch-back wheel, ever though most of the buckets have rotted mvay.
A spur gear on the wheelshaft ineshed with g slightly smaller gear on 2 éast-iron shaft. This is fitted with protruding cams which engage with the
tappets on each of the eight vertical stems, ﬁ)\lt'ﬂ‘iug and dropping the heads onto the ore placed at the botiom of the'stmmps -

Fig 2.53 A circular saw )
driven by a waterwheel in the -
maintenance department of -
the Cooperative Wholesale
Saciery’s fellmongering - -
- department, oi the River

Nene east of Northampion.
Since the waterwheel rotares
comparitively slowly, it is
necessary to obtain a great
increase in speed at the saw

if this is to function properly. |
On the waterwheekshaft is @ 5
large géar which meshes with

a much smatler pinion on the
shaft carvying rhie large belt
wheel, The beit drives a

smaller puifey on the counter-
shaft just off the op left of
the pieture. The final drive is
front d large pulley o the
counter shaft to a smaller one

on the shaft carrying the

circular saw, Thus there are -

. three stages of increasing |
‘speed




B .t fig 254 An overshiot warerwheel, one of several used for driving

machitiery and blowers for the cupola at Sara’s Foundry just off the " Fig 2.55 Inside tie machine shop of SaPa's Foundry, showing the
by-pass_io thejwest of Redruth in Cornwall. Note the high wooden overhead fine-shafting driven by tite warerwheel and the belt drives
launder bringing the warer to the top of the wjreel . * . down to the individual machines " - Lt
. ‘ | . ] . - o , - - ! . B -
i
&

"

Fig 2.56 The crankshaft at the

Forge Mifl, Reddireh, The drive.

front the watenwviteel is through-a

large gear wheel in the right back- |

_ grownd. -The connecting rods from

" the.crawks drive rocking franies

fon both the left and the right of

the crankshaft) operating further .
- ‘Eonnecting rods to give recipro-
cating-horizonial motion to the 5
rumers. Under these were placed.
the bundles of needles together
with fine abrasive, all wrapped in
heavy grade of sacking, in order
10 scour the needles

[

a

Fig 257 Qose-up of the'firss .
stage of gearing for rhe sawamill

‘in fig 2.53, showing double

helical gearing, Witich is wstal
for a waternill bur is probably ¢
refic of the former use of this .
nult for paper mgking “

1 L




Fig 258 A sicrventh contnry paper sill it whireh rofted rugy and simifar cellidose wmaterigh were plaved in the warer [Hled trongs foatled
‘mortars’) and m:?c-emmd feter pradp By a stusier of rnt-tipped wooden stamps actiated by freps o a shaft driven Be an wrdersinet wyser
wheel After bearing, the siuff was plaved witlt weler i @ var kopt lekevwarm and agitated by g pode. e vaihan i seen Femoving g n-:)b»
mesh bottonied mould ajter its inunersion in the vat, A serivs cof shukes renmpoved the water and eaused the fibres of peadp, e i bernwine. The
matied laver jormed g sheet uf paper which was @ben fron the mowld dind aid with other sheers elternatele with shicers of wowlion feli.
This pile was put'under 4 screw press b syneete cudgetienst oof the water. The sheers were finatl hing on Rorse-hair covored s i dne ot
From Kutsihiche Abris alfor Fandi W

izt M Ly Oediins de Stredu, © |66 2




. (g) Opératmg fulhnﬂ stocks in the manufacture of woollen
' cloths (See ﬂg 259,

o (h] Powenng maclunery in bmwcnes

‘ Tmusporr . I ' -
(a) Purnpmg water into canals (fig 2. 60)

1 (b) Wlpdmg‘ boats .up inclined planes:, t;_ -

¢ Trade and commerce

“Y- 7 Many warehouses ancl..dock51de cranes used hydrauhq
- . motors (sec page 80) but not waterwheels or turbines
e "'«.._supp]jed_from a natural source of water.

R Other services

(a) Dnvmg pumps for water supply (f"g 2 63}

(b) Hydro -electric schemes both for private estates zmd,
for public supply. The latter is now the main- way in "
which waterpnwer is utilized (figs 2.61 and 2 62).

'Orher ways of u.smg water energy
Cther uses of waterpower can be categorized mto those
unhzmg L e ! -

{a) a natural water supply. o ]

(b) water wluch has had energy glvcn to it from anotlaer
. -S0Urce.

(a) Usmg a Jw}tural’ water suppl’y . i

The flop-, -jack. This was ysed in the West Country to lift -
small quantities of water and operales tlu'ou h the balance
“of a lever being upset by water flowing i mto;a receptacle’

. onone end of it. (See fig 2.64.3 As the levertilts, the
water flows out of the container so that the lever returns

Fig 2.59 Fulling stocks at Orrerbur Tweed Mifls, Northumiberland,
driven by @ water rurbine. Both stocks are supported in the upper
position for cloth to be put in the 'box" immediarely behind the .
wooden cask. Inuse, the two stocks would be lifted and allowed to”
falf alrerngrely: the tappets for the lefr-hand stock are on the neer,
side of the toothed tapper wheel ahd two are visible at approxmmrely
" the nwe o'clock and ten o'clock positions. The other stock is
operated by tappets on the far side of the toothed wheel, and one can
be seen ai the twelve 0'dlock potition, Note the steel striker pz‘are&
) with upturned ends, where Ihe stock comes’into eam'a.cr wm’; Ihe
rappefs .
. . pit wheel wnh broad

_rim contzining 208
wood mortice teeth

G- R wnrking peams ~ .
: paralled moticn

. and linkage

waler fipes 1o

1Jdelivcrv :

5 bullt up fork, ’l

A

- lollower

coupted breast

/_ gear for operatlng depressing
“slujces

- Fig 2.60. Waremheel dnvmg pumps at C‘Iaverfon Pumpmg Station
on the Kennet and Avon Canal .
. Crrawing by courtesy of Dr C T G Boucher

75"

Fig 2.61 A small’ ‘overshot warenvheel driving rec:procarmz pfmrp.i‘ at
Nantellan, rnear Grampound Comwll’

.

_ Fig 2.62 Morwelthdin ge_’:nem.'l‘ng station of the Central Electrivity

Generating Board, This is on the Devou sicle of rhe River Tamar and
obtains approximately 200008 of water per hour from the disused
-Tavistock cangl via the pipe whuh crosses i front of tic bottom

-’eﬂ of the bqu‘mg :




Fig 263 Inside Morwelllam generating station showing one of the
nwa generating sets. The m,gpui’se furbine was constrieted by Gitperr
Gitices-and Gordon ro \mrk with 76 mr head of water at 428 revimin
giving 350k VA from the Crompion Purkinson alternaior (lefr
background). The Turgo rurbine is iithin the circulgr casing in the
upper-ventre of the picture. The water comes.onia the wheel through
the.curved pipe i the left Joregmwru’ Speed comtrol is by the
Eovernor (o exirenie right of picture, wirhin the wire ‘vage’} and

the-tirkages-to-Hrarrangementflefil o the curved inler pipeadinst- .——-

ing the position of the spear within the nozzle
to its initial position until the receptacle again contains
enough water 1o upset it. Attached to the ather end of
the lever is a vonnection to the plunger of a reciprocating
pump which is thus worked by the odcillations of the
lever. A working modet of a flop-jack is shown in

. fig 2. 63 . -

The h) dwtdw rum premyg. This is another device for
~lifting water and is first recorcled as the invention ol
+ Mr Whitehurst of Derby in ]77 , but the Freuullmun
J M Mantgdolfler s also altributed with its invention in
1779, 1t came mto general uséidurmu the second qlurter
- of the nineteenth Lentury {The pnnuple of Operation is
illustfdled by fig 66 ¥ e

e .‘
Osf opening tive spill valve, the head of waterin the lead
tank forces the water along the Urive pipe into the-body of
the pumyp and out through the spill falve talso referred to
as 4 beat valve, pulse valve, or wastc__;;valve)‘ After a short
interval of time the velocity of the water flow reachesa -

“valde sufficient 1o close thisvaive. The flow immediately .

stops and the momentum of the water is convert&d to an
impulsive force which acts on the inside of the pump

(ie similar to "water-hammer’, which occurs insa plpu
.when stop cock is Iumed ofi suddenly)

R
hg .04 Flup ,mck

o

Flg 263 Working model of a flop-jack tmade by pupils of Hayle”
Counry Secondary School, Corwall, With the receptacie on the
rocking arm empiv, the weight on the other end of the arm

, deprefses that end. As warter runs into the recepracle, the latter

«lescends; lifting the weight and the punip piston on the other

-, side oof the fulern. A stop has been provided on the right of

the verrical Support £ prevent the arm rotaring past the poing
where the we;qh.r has sufficient momenr to refirn the arm o
the initial position

cistern

. wvertical life

pipe

air chamher

. _— r

working fall
!
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Pl

the water jnlo the air chamber The reﬂected s]ldc]\
wave, subsequent to the sudden closure of the spill
valve, causes & slight.recoil of the ‘water i in the drive
pipc, so momentarily decreasing the pressure in the

' bcidy of the pump. (A dcmonsmtlon model is shown in
fis*2.67 and 2.687)

"

"Blm cnur.u the dchverv valve to :.]os.e and at tlu, same
tlmc LGllSCS the spill valve to open since the atmospheric
pnssur-. aboveit is in-excess of the reduced préssure in
fthe body of ihe pump. The water begins to flow through
this valve again and the whole cycle ofoperatlons is
repeated. Since the onty outlet from the air chamber

_ | is the delivery pipe; each. cy-.le causes a snnll amount of
,f water to be forced up to the storage tank, with the air

f m the chaniber sen’mu asa (.LlSthl'l ‘to stdb}hze the flow.

L ln pracm:c the air chambers of hydraullc ram pumps
- arefitted with a snift valve which admits air into the
‘body of the pump each time the internal pressure falls
‘below that of the atmosphere, je at each pulse. The
purpose of this is to ensure that the air chamber always
has u sufficient amount of air to give adequate-cushioning..
. to the heavy hydraulit b]o\} caused by the' sudden closmg
. of-the spill valve. Without the snift valve, the air in the
~gramber would gradually decrease as the water’entering
-under pressure on each stroke absorbs a small quantity.
1 Since a school-built hydrailic ram pump will usually
only be worked. for short periods, the snift valve is not
pessential. K

Many hydraulic ram pumps are still in use (see fig 2.69),
mainly raising water {rom a stream to a [arm to provide a
. general water-supply, inctuding drm]unﬂ water for animals,

“but ohly rarely fordomastic drmkm'g \vatET—to-LhL latter—-- o

. filters have to be fitted.
. ;
" Since the hy df‘au]ic ram is;one of the simplest of water
* machines, itisa very ‘suitabfe subjeci fora wor]um, model.

" "Successiul operation will dépend on:

(a) The working fall: a feed tank and drive pipe must
be provided and not a direct connection from a
PIessure source such as a tap 10 the ram body.

(b} The length of the drive pipe.
" (¢) The bore &f the drive pipe. _
{d} The apertul'"e at the épill valve: -

(‘.) The length of travel of the spilt vaive (it is adwsable .
to m.lke th1s ad]ustable) S S

Iv’afer pressure engmes These were gcnerally si nular o
" (for reou]atmﬂ the supply and discharge of the water}
which wera operated by the engine itself, which, once
set in motion, continued untsl it was stoppl.d by cutting
off the su])ply of water. - ;

Wa:'er Iifrs. The simplest kind of water lift consisted of]
a strong vertical frame, supporling darge pulleys at the
top. Over these passed chains, their ends on one side

being attached to 2 cage Lo contain- wh.]lw\.r was Lo be .
N

lifted. (See fig 2.73),

J‘

The cage moved between vertical guides and strong
c#Bhes were provided 1o hold the cage at the higher
B o_r lower platforms as required. The dther ends of the

| Fig 2.67 A demonsiration model of hydraulic ram niade by -

. porforated cup is at the spill valve and the water lified is mken frqm

__.reciprocating stearn engines, haymgdlstntmtmg valves. - - —-

Blakes of Accringron. Water sup,ra}v is from the left, the

the flanged auddet on the right of the air vessel
Photo by courtesy of John Blake Lid

) . . ) )
Fig 2.08 The same model, partially dismantied to show the other
valve

Photo by courtesy of John Blike Lid

fig 2,69 Biakcs Hydram (right ) at work on a fann ar Duseote, iear
the A5, Towcester, Newrthamptonshire, .4 disused hvdraulic rmn bl
another maker is on .rhc .*ef.' .




ng 2 ?G' A demons:mnan modef hyd’mul:c ram made by T G Jones
.. +and 8 Longsiaff of the Ediscarion Unit, Lanchester Polviechnie. This

was made of Perspex 10 enable the warter flows to be observéd. The

'.mter is supphcd fram the left amf water is seen passmg mrough the

Fig 2.71 Alan Windhaber of Portsmouth Technical High Scheol, with -
a hydraulic ram made whiist he was working in :he Education Um.f

. Lanchestéy Polytechnic: This utilizes standard plastics warter pipe

" fitgings for. the main body of the putrip. When supplied with @ head of

0.3 m irough ¢ 1.2 1 long supp!y pipe, rhrs ram cah easn’y it warer
10 2.4 m above . S .

F g 2 7 72 C.'ose -up of the vafves an .rhe p.*axms pipe hydrm.'hc rant

S R .

B BRhtY

. Fig 2.73 Water lift

: chains were attached to a water ‘bucket’, having a
“valve in the bottom opening upwards, for discharging
“the veater. Sometiries this valve was made sclf-acting
- by having its spindle projecting tlown below the
‘bottom of the bucket so that at thc bolttom of the
_rdescent the spindle struck the floor and opened the -

+yalve, A-reservoir-and: Spoutwere provided to ﬁ]]

uthe bucket wlhen af the upper level. The valve on

i the spout was in some cases also made sélf-acting,
" i by causing it to be opened by g weighted lever being -

-lifted by the edge of, the bucket as it reached the

itop of its:dscent; held up untif the bucket was full,

iandthen droppmg to close the vah{e as the bucket

.began its. descent
¥

IThe wm;,hl of the unloaded cage was shrrhtly in excess of
that of the empty bucket, and the weight of the fu]l
bucket was sl.lghtly in excess of that of the loaded cage.

Wherc loads had to be moved bothqfua and down, two
" cdges were used, each fitted with a“container far waler
and connectad” by wire ropes or chains passing over -
pulleys at the top. Sufficient water was run mto the
contamer of the chge at the upper level €6 en l_:_i_]c
--the garth’s gravitational pull on tiifs combined mass
to puli up thelower cage also, with its container empty of
water: When the descending cage reached the bottom
;the water was discharged, whilst at the same time-
‘water was run iito the.other cage now at the top,

s e two levels.

[ .

0

bty _
[ This.is ¢he grinciple of operation of water lifts used for

- -rearrying passengers up and down cliffs at coastal resorts

“i= for example, between Lynton and Lynmouth — and
falso for inland locatlons such as Brldonorth {See figs 2.74
an\q 2.75.) ; _ ‘

|
( &) Using artificial water sz;pp!:es . . !
The smoothness and steadiness of motion ol' wdterpowered‘
imachinery, together with requnremmts]for considerable

- amounts of power for short durations dnd at long intervals,
sometimes led ito the equipment being used with the flow

‘and head of water preduced artificially, for example by )

iso that (he cages were again able to.change:places..... .. -~ oo
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pumps Wopked by hand in a hydrautic press,

) Wat_er lif_ts,_such_ as those used for raising barrows of iron
ore, limestone, and coke for feeding into the tap of old
_types of blast furnace, were served by storage tanks into
“which the water was raised by 2 pump worked by a steam
engine. During the intesvals when the lift was stapding
idle, the steam engine was still storing energy by pumping
water into the tank. Thus the energy required by the litt

and m:zmes-__ B

sk

working for a total of a few hours each day was distributed,

so faf as the expenditure of energy of the steam engine
was concemned, over the whole twenty-four hours. This
could be achieved by a far smalier engine thdn thal

i requlred 1o lift the load d]rectly

by pumps
~~worked by steaii engmes as, ll‘l some hyidraulic hoi sls

Fig 2.76 One of the large hvdraulic inotors used to fift the pascules
aof Tower Bridge, London. These have been in use since the bridge was

" opened in 1874

Some companies were established to supply hydraulic
power which they preduced in steam pumping stations
ant distributed in hydraulic mains to the users. -'-

Nowadays, so-called hydraulic transmissions on \'LlllLlfb
and macliines use oil as the working fluid. A great man\«
types of hydraulic motors are produced but on the unit
twin spindle milling machine of the System 24 machines
produced by the Molins Machine Company Ltd of High

“Wycombe, small Pelton wheel turbines are used (fig 2.77).

These provide compact power forthe machine spindles

* and have an additional advantage that the flow of

hydraulic ail is used for heat transfer: thellciil from the
turbine returns to a4 heat exchanger in the*hydraulic
power pack before being circulated back to the turbine
undé’r presgure. . ) . e

) :
Warerpo wer and other sources o f energy
In earlier times waterpower was used he:,auae it was anc
of the easm'st sources to harness to, provided mechanical
energy. Suhsequently we find many other encrgy sources
being-utilizgd. for example wind, to provide mechanical

_power; Burdifig S fossil fuels, to give heat (eg on domestic

fires, for cooking, for smeltingznd treatment of metals
and other processing of 'materfals, and to give power,
either in-producing steam to power steain engines or

~turbines, or.later ta_bum in, Il'lt(.]'l'l:ll -.ombustlon engies;

and nuclear fuels,

‘gth the Elppl‘Eleth!'l of the dciv.mldue:s of' LlLLtl‘l(.ﬂl trans-

““mission, power generation could be concentrated away
. from the user and wnvemently transimitted to where it

was needed. This enabled waterpower resources in remote

- places to-be utilized. The centdbution of hydro-electric

generation to the-total production of electricil energy is
shown by table 3 compiled from Basic Statistics of Energy
in Statistical Bulletins of Organization-for Evonomic
Cooperation and Development .,

-

- The figures in tablé 3 show that although the consump-

. propomon pIO(JI.iLL

tion of'electri cal enerey incregsed by 190 per cent, the
by hydro-electric generation decreased
from 39 per cent to 275 per cent.

In this country, hydro-electric generation contribuics a
very small proportion of the total energy consumed, as
shown in fig 2.78 which also shows the contribution of.
f . Y
|’ B
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Fig 2.77 Pelton wheel”
turbine used on a twin
spindle milling machine
in the Molins System

24. The turbine uses
oil and gives @ maximum
output of 11 kw at

24 000 revimin. The oil
flow through the spear
vailve {shown on right) is
.16 m™ ar 140 kgfem?® -

Pholo by courlesy of
Mualins Machine Company Etd
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. E ) C2.11 WATERMILL SURV'?Y Q”EST[ONNAIRE
) . Table3 ' . N B Schedu!e ' - _ _ )
Year ' Toral electricenergy . Hydroenergy’ | Name of mill; o -Neari
. produced " produced . k o .
T {billign LWhaurs} - (million kW hours) | Pansh k! : County:
1950 - 769.1 297 4 Ordnance Survey gnd refe‘?ences '
1951 8565 . 3234.. | . Riverortributary: }
}ggi 3;26' o ;.«5431 ’ © - Name and address ofowncr
! 1954 * T 10663 371.3 " |~ Miiler (present or last khown} ) ;
1955 12017 . 3933 _ - Occupier of site (if not miller):
1956 Lo 13077 oo 4Ana . . . 5 : . )
| 1957 S 1377.3 _ 4394 2 siee =
| igss - 14242 4832 - ' ire -
] ‘1959 - o 15528 - o .4934 - - [ '\ How is thc mill suppllcd wnh waler:
B igg‘g ;ggg; _ : . zgg . -1, {‘a) on a natural watercourse?
’ B . S ' : '(b) by a mill-pond? . ' Approxxrnate area:
¥ ' ' (¢) how long-is the mill- -race or ]eat?

T

. - (d) where does the leat leave the natura] :
other sources of energy. Unfortunately, in utilizing the + water course? '
energy some is 1ost in transforming it to a convenient - o
form for supply to the final user. For exam'ple, there arc
energy losses at each transformation of enérgy in buming
a fossil fuel to raise steam to puwer turbines driving
- electrical generators which su pply electrical energy via

_ _transrplssmn_ lines to industrial and domestic users. Fig2.79 () type of tailrace?

3

What are the by-pass arrangements for
diverting excess water'?

How does water flow away from the mlll

E H %
- shews the tofal energy consumed hy final users (indicating . (b) length of tall_-mce?
"« thelosses from the total energy consumed on the previous (c) where does the tail-race rej'oin the
- figure). It also shows the mnsumpnon by the main _ natural watercourse’? ' o
categories of user.’ : . 5 . .
W . L . Lo Af the mil] is S!..tJ.lath bya pubhc road,-to where does:
5 Since the demand for,energy is always lr;creasing, and this lead? R e . .
. consuming the reserves of fossil-fuels, it seems that — oo -
éventually it w1ll be lmpossmle to supply the! energy _ FI‘O]T] to TR
,reqmred unless: - . If not on 2 public foacl: '
1 rmafkind makes more effective use. of the avallab]e (a]"wi'th which pui:o]ic joad does
enerﬂy Jes0Urces, and S : - the track from the mill canr_lect?
-2 the energy at present being obtained from Fossnl fuels () how far is the mill from a pﬁblic road?
is obtaiped from other sources, such as waterpower. | L L
. : . ' . {c) what public right(s) of way
isfare there to the mill?”
2+~ Are there outbuildings on the site (eg stables)? -~
E o j. BT '.__ . - _ 3. Mill house ) . . -
: LA _ _ S Does the mill house adjoin the mill? . YES/NO
e L - . IFYES, what connections are there '
R : : between the mill and mill House?
. o : If NO, what is the position of the ’
T T - ' ~« . mill house in relation-to the mill?. *
P R : - Details of mill house: - : o
J o S . . number of storeys
. o : ) ] materials of constructions;
3 _ ' L walls:
X . S roof: .
_ : ' special features:
) _ : dates or inscriptiohs:
.“ ' ’ . |
. B . B
} . i
i § (.;?-J S i




4 Mill seructure ¢ e Transmission A
S Wallss ¢ o e T e How are stones dnven - underdrift/overdrift?
. materxals ok .;; Spec_:ial features: What is the an'angement of the transmission: =~ -~ .
- :”Floors e s [ through upnght main sllaft;’through layshaftfothers
 mufiiber: ST o m:iiér?,ﬁé: ' © " (A sketch of the transmission arrangement is useful) -
© meahs of support: I © " Pit-whéel; type (spur/beévelfdther): . . '
(It is uselul to make a sketch showm ]_uch machmcs o material:- . constructlon
- and equlpmem are on each floor) - R e S n}lmber aof arms: - fixing to wheelshaft: :
Roof: -~ - - .. - S ST ' ove‘rall dlameter . number of teeth.or cogs : Co
framework: - .. ‘"-'T-dc'signfsl‘l_ape: R material ofteeth or cogs: .
. cowering materials: - .. . . o T If upngh’r main shaft arrangement
- -Lweam; .- . R oS (a} Upnght shaft R A a _
b -POSitlon R Ll matenals o material: .

o Structural alteratmns smce datc of erectlon _ = .. section: g . - cross-section dlmensw"s
Datestones or other inscri tlons S P e . length: :
o P Y “top Eeanngs foot (thmst) beanng N
" " Position of date_storles etc.: . i IR -mscnpllons I _ - a
.5 WarerpOwer _ : ‘ . : . S (b} Gears ‘\)‘. S - _-‘Di.,
"Is mill equipped with waterwheel{d) andfor turbme" o . \uk —— -
heel . T e Wallower |. Great spur | Stone | Crown -
If equlpped with waterwheel(s), ' ? B ' © wheel nuts | wieel
numiber of wheels: ' - S e :
" type of wheel: - S 'gatt"”l L N T .
_undershoifponcelet/low brcastfbreastf high brcast.f ' F?gi";?;;gﬂ _ o . .
- pitch- back,i’overshot G ) Material of teeth | - . . o
Located mtemal,r‘extemal to bmldmg o : - Numberof teeth = 7 | - .
Protectlon afforded coveged/partly covered;’expo ; . Width Uf._“‘e‘h . .
. Overall diameter
Size of wheel - D
_.""._'_-___" o dlameter_ e ) . . )
" Arms (or spokes) _ L : If layshaft arrangement: - o
“9 > .numbers C  typefsection: - materlal . (a) Layshaft: = B {
T - method of fixing to wheelshaft compass armfclasp- - o materia]' ' o .
o ﬂImf’OIhEI _ _ diameter: length: . - ¢ /- o
] 'B_raced{unbraced wheel: vl i DUSltloﬁ of beanngs - a"'
Rims: - - o ' N : (b} Gears L
materjal: .o depthe ' _ N :
" number of sections: : o o _ - | Pinior on.| Intermediate gears . Bevel |Stqne
" method of attaching floats or buckets _ o - layshaft _meshing with  |gears an | nuts
- Floats/buckets: . . - - T S pit whee! Zl;;ﬁf‘:n @fmﬁ
* pumber: matenal ' s _ . :
L typer L openfc]med}ventilated shapes. . .Material ) ' ! -
I o £ h | . ' * Construction ' '
et nscription & wheel on.. e 0 . Fixing to shaft .
. .. Position of: mscnptlon L. .o .. Material of teéth "
Lt P ‘Number of teeth |
Wi Com _ of teeth | -
‘ei'tsl];?ft L e vidhofteeth ] E
5 R LT Oueral diameters i . : -
_ cross-section dlmensmns . length: 3 - i : :
... cmaterial: - outer_ bearm_g: ©©  pit bearing: L ST . i
: Sluwe or shu} L ' ! : " Method of tlyowing iEt_oma nuts out of gedr:
type T ‘method of control - . T " .
_ : Machine shaf: | S : oo
lf equ]pped wrth a turbme v . t material: ‘ e . ;
Ctyper _r_na}:gr . . method of control: _— diameter: . i . ..-length: .
'p position of control: . diameter of driving shaft: ~ position of bearingS‘

If driven from crown wheel {in upright main shaft ammge- .
~ment), pinion on machme shaft: '
material:
number of teeth of cogs:
overall diameters::
R . o f




"yshaft pullay ta.kmg dnve : . BT _ N R L
‘. diameter: . face “'ldth e s o L o o

" Machine being driven .......... ) I P :
Material..... . - Con
Diameler ..
-4 Face widtlh
.. Constrijction .. s | S T L . : S ' - .o
T Fn_ungto sh:_lft wierrrrnersesees | S | . o e Ce L o

7 Mu‘lsrones s ' o . . o ' . -
" Number of palrs of stones: -/a_’/' ' S o T o oy
_ . ‘Type (or matenal) e “\ ) T _ E L.
.+ . .. Outside diametéf: .- .. Diameterofeyeon. ' ' . : T
7. Mounted on hurst: YES/NO - . . e o - o LIRS
- - Bafance weights fitted: to runner stone YES/NO S o . R
R I.nscnptlons on sfones: . ' : :
Stone covers: '
' ‘material: . - shape o ; _ o RN
- size, height: d1ameler of across ﬂats T e o : o LT e e

- Horse |- ':_“'_‘F’;Oﬁéer;--:’f--"- ~ . Shoe. S : ' . : ' CoT

-._."-Length o : : - . .. o . ) o ) .

1
|
i
|
1

Fim—}-

1gbell alarrn fitted? . : ;.
How is feed to stones controlled" - - . R L : N

'E-Ty'pe:" ) o Y How driven: - . : R
- * 7 "“Does governor control distince between stones or flow L T T
... of water onto wheel? (A sketch of the levers and linkages- T 7 ’

' between govemor and what it controls is usel‘ul 3 '

R Sads Fw:sr
o Type .

Lz

Method of engagmgf dlsengag:mg

s (It is useful to sketch the arrangement and a]so fhe way . ; o : : .. o )

~¥(pulleys in roof etc) by which the holst chain is’ taken from! : , : L. o ' SR
ithe hoist drum to the lucarn or to above the trap doors ' ' ' :

..-'.m the rmll] L : . . “! L

} o

9 Macmnes (eg wire machalnes grain cleaners err:) S A . '
TYPE R ...‘ - : - . E S ~ . :

. o L. B T N ' LI ’ : s
ENumber: S _ _ : :

CfHow driven: . T T 0 - ' : y o ‘ T

..10 Auxifmn’power T e o A | . \ o
Type: . Make: Approx horse power or kW:

How is drive connected to the rmll-stqnes and other R ; T . : o
. machmery‘? . . : '




The demand for more power in mneteenth century Britain
© was Iargely satisfied by the use of steam engines, helped by
" the avaﬂahﬂlty of.cheap coal. The situation was very

dlfferent on the Continent, part:cu]aﬂy in France where

there ‘were vast water-power resources and it was in that
gountry, early ir the mn/ieenth century, that the name

first the term seems to have béen generally applied to any

vertlca!-shaft wate‘r-dmren ‘device, but in time *turbine’

I | came fo signify something different from the waterwhegl,
a.lthougll it.is dlff4 ult to give a rigjd definition. The
follo{vmg flsl show:. the normally, ccepted differences be-

' tween turbines a ¢ waterwheels:

'Turbl.nes occupy a rnuch smaller space.

Turblnes rotate at high speed 50 that often no mter-
medrate ‘zearing is reqmred

|Sorne turbines (15: reactlon type) can work under
Lwater,. :

Turblnes can be made to work equally well und er large
. ‘|;1ncl smallheads of water.

Eff”clenmes of turbines are much higher (111 excess of

| RE‘GCHO?I mrbmes where the pressure (or potentla])

: energy in the water at the inlet is converted to v?locrty

" (or'kineti¢): enerﬂ'y as the water flows over the vénes of .
the wheel or ‘runner’. - All the water passages bf a reacnon
. turbme'are full of wsatqr e

‘turbme originated {based on the Latin turbo: ‘1 spin’). At '

- 60 per cent)

Turblnes cah be made fo gwe far greater power than is

practlca.l w1th waterwhee]s ' e T
There are lwo tnain types of water turbme ¢ oa

A p—

Impufse turbiries. where all the energy of the water is
converted into ve]oc:ty before entering the wheel {by
emerging through a restriction such as a nozzle or guide

. vaneg). Impu]se turbmes run only partialty filled with
water. . .

Some turbines are hybrids (or transition type*.s) in-that they
work partly by impulse and partly by reaction.

3.1 EARLY‘TURBINES ' - ) v
.Barker.-. Turbine

As carly as 1740, Dr Robert Bd]‘l\Cl’, 4 member of the Royal
Socicty, had invented a reaction watcrpowcr device

There is considerable doubt as to whether Barker's Mill (fig

1) was ever put to practical use because of its low power

*output However, a description of a mill at Nérten, near
Géttingen, Germany, driven by a similar device conceived
by T A Segner (and hence known as Segner wheels} was
‘established in 1 750. Almost a hundred years elapsed before
the principle of the invention was effectively used in <

.

Whitelaw’s “Scotch’ turbine (see page 87). However, Barker's -

Mi'l gave mathematicians and scientists amost end]es

Scope

for argument about the theory of its workmg The Swﬁs a .

mathematicians Leanhard Euler and his son’ Albert investi-

gated its actjon and claimed optimistically that they Had 7

discovered how to make hydraulic reaction machines wiich
were able to.produce ‘the whole effect’ of which water was
capable. Because of some errors in their conu.lusmng, no
practical turbme requlted from their wortk.

N
Fonmeyron ¥ mrbwe :
|Early in the mneteenth century, the French Sodiets

d’Encouragement pourl Industrie Nationale offered a

Fg 3r (a} The principle of Barker's mill, ¢ I 740, (b J. Barker 5 m:H as mxprﬁved By M LA bbé Pupif ¢ }773 By mrmducmg the water tu the
rotdting driit from undermeaih, it was possidle 1o use a head of warer much greater than rhe he-‘gh.' of the rotating vertical fube in fa),

{c} Modem version. of Barkey .rm:ll as used far x'mwl spmr.h‘err

RS "E.x.:. .




ES

'ﬁﬁzé of 6000 francs {aBout £250) to thcihven_mf of a S | S : - K

© . migchine which could generate mtich greater power than - - " /i :
© the existing waterwheels. At that time, there were in France —_—} ~¥.
numerous examples of horizontal waterwheels which were : A
# considerable improvement on the primitive ‘Greek’ or o pRer et et

' ‘Norse’ mills described earlier, (page 10) and were of two - -
._basic'tygés:_roue volant, fig 3.2a, and rdue a curves fig 3.2b.

By this time the mathematical and scientific arguments h_ad"
. established that, to obtain maximum efficiency, the water i
" should enter the wheel,without any turbulence and leave " 3
- with.only sufficient velocity to get it clear of the wheel. i
. Experiménting with this principle, Benoit Fourneyron built _
an outward flow turbine (the water entering-at the centre N 4
- and escaping at the'circuniference} with:a ring of stationary
guide vaiies, curved in the oppaosite directionito the vanes of
the rotating wheel. The .turbine was erected at Pont sur.
I'Ognon in 1827 and Founeyron won the 6000 franc prize.
His turbine is showr in fig 3.3. ;

f
T

There seems to have been some prej udice against
Foumneyron's turbine, and it is not until 1834 that we find
. tecord of his next machine, to blow an iron furnace, using
a falt of only 18 cm to give 5-6 kW at efficiencies varying -
between 65-70 per cent. After this, his turbines were built S Ny | 2% (5 o
to work on larger falls between 19 m and 43 m. In 1837 '
- he installed a 42 kW turbine, with a runner-only 0.4m - H
diameter rotating at over 2000 rev/min to.drive a spinning:
mﬂl.g_Subsequently,- he built a great number of turbines of . _ :
this type for many parts of the world. The design was used - i ) B :
in the USA ard was the hasis of the;tur_l:)i'nes designed by - Fig 3.3 Fourneyron's turbine built on the outward flow principle

From On the power of water to turn mills, by ! Glynn,’1853
. t . RET - E )
—' '_.. E T . . t

~ e
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©Mr. Wlllmms Cullen and made by Mr McAdam of Belfast,

- :-——one of- winch with-a head of 14 m, was claimed to give 93 kw o

with an efficienty of 9’_‘_.per cent. It is t'enera\]ly considered

“that the Foumeyron-type turbine could achieve efficiencies

of up to 75 per cent with a head of water of anything from
- 0.3t0"i05 m, but only wlien peliveﬁng full power. .

A contemporary account of a' Fourneyron turbine at work’
expressed “surprise that the small wheel did not busst in the
. spiral masses of water which rushed from it and threatened

.. to destroy the surrounding walls’. In 1844 Boyden, having
realized that these ‘spirals’ were wasting a lot of energy. . -
which could be giving more power, improved the efﬁcwncy

" by abont'6 per cent by addifig a diffuser. This wds an
annular casing around the oytside circumfergnce of the
wheel. This casing had a cross section increasing towards
the outlet so that some of the kinetic energy of the water
leaving was converied into préssure energy, so increasing

" the effective head In the USAgithe Foumeyron-type

machme was usual[y known as the Boyden turbine.

" : e

Whrfefaw s Seotch turbine .

" Earlienin 1839, James Whitelaw had patented another out:

ward:flow reaction turbme which was an improved versmn :

of Barker s Mill (ﬁg 3. 4) ' :

ln “ﬂutelaw s“irn proved version, the arms were bent to an
" Qghape following an Archimedian spiral such that, when
".the rurbine was rofating at the speed ta give the highest .
... efficiency, the water flowed cutward in a straight path. The :
water flowed into the arms from undemneath, as shown in

: undershot waterwheel. It seems that Wlutc]aw s tUrbine was

P

The wmght of the rotatmg parts could be arAged 1o
balance the hydraulic upthrust {(and to avoldlng troubl '
with thrust bearings): - . o

" Far greater heads cou]d be utitized than if lhe water was

delivered into a central tube, as wlth the original Barker's
‘mill o 1 :

Wlute]aw also prov1ded his turbme witlt an effective method

" of governing. To each end of the Totating arm were. fltted

movable defléctor plates, These were held cléar of the .
orifices by micans of springs, Each plate had a weight attached
to it, and if the speed. rose too high ¥tie centrifugal force-on--
the weight overcame the force exerted by the spring and ihe’
deflector moved aeross thie Tifice; SO reducing the eliect ol
the jet, and the speed would decrease.. Whitelaw’s first tur-
bine was installed at Nethercraig near.Paisiey.and developed
qnly a few horse power, but the second, at Greenock in
1840, developed 45 kW at 90 rev/min when working under a
head of 9 m. The cost was given as £500 compared with
£1700 for a conventional wate;whehgl of the same power. .

The efficiency claimed was 83 per cent, but this was cha]—"g
lenged {rom America where, in 1830, a Mr Calvin Wing was
supposed to have made a turbine almost identical to that ¢
Whitelaw, giving an efficiency-about the sdme as that of ari s

~a medlocre ever if interesting, design, and"}fhat the number
buiit in the next fifteeen years ar so was a tribute to the :'5
characier and salesmanshlp of its inventor rather than to f
the effectiveness of the turhme v

The outward-flow turbine has fwo majer d1sadvantages

i mherently un:.table (as the water flows ouﬂva:rds it
enters regions of sutcessively increasing volume).

It is difficult fo govern (to keep a constant speed) parti-
cularly when not fully loaded.




i L. 3.2 OTHER TURBINE DEVELOPMENTS
a This led to the development of turbines using axial flows
" and inward flows. Poncelet proposed an inward-flow radial
“ turbing T ]876 but'the type did not becgme practical

. until twelve years later in New York {see Samuti Howd e
- next column). In J837 Henschel proposed an axial flow S
- furbine and was followed by the Jonval turbine of 1843 and
Jater, th@ Fromont durbine see ng 3.5 and 3.6). The water
awed down through a fi xed ‘wheel' of curved blades on to
he raoving blades of the ‘propeller’ below-(The term pro- —-- = -
Weller' was used in the Och:laJ Catalogue of the Great Exhibi-
ion of 1851, and this type was the forerunner of the modern
_ ropeller turbme and the subsequent Ka plan turbme - zee
".page 93y ’ '

At this time, the so-callel tub-wheel was in use in America.
Tlris was virtually a Norse-type waterwheel, éomple_te]y o ) !
surrounded at its periphery with a "tub’. The wheel-was ' B . . . _ :

. placed at the bottom of this and the water entered at the -
.top By fitting it with.a cover containing guide pagsages,
the tub-wheel bécame essentially a Jonval‘turbine: -

Tri thigse dxial flow machines it was possible to divide fhe
. stationary “wheel’ inta concentric compartments, so that -
for speed regu]atlon at low speeds-the compartments could
function separately The Jonval turbine was wel! suited to
the cond]tlons of large quantities of water under jow or
medlum heads that were then being exp]oned in Europe

Fig 3.6 Parr of the Fromont gurbine showing six of the forty-two
s.!'mces used to control the amount of waier passing through the
CHIFBEETTT T i

T Centre vent turbines

In 1838 Samuel B Howd of New York State tock out :i
- patent for an inward flow turbine (usually referred to

-nowadays as a ‘centre vent’ turbine). It was obviously
_.designed for cheapness, with guide-vanes.afwond and-no—- .. ——
provision for speed tegulation. J B Francis in 1849, intro-
diced a modified form by carefully designing the -
staticnary guide’ vanes and the runner blades to givé shock-
less entry to the runner and minimum velocity in the water
leaving it. See fig 3.7. -

. Fg35 Fromam turbine, wnh 2 m digmeter, fixed, upper wheel, and
© giving 40k W. The governor (upper left) controls, through gearings,
rings, and rods, the position of the sliices in the openings in the fixed
- _whee." of ‘the turbine . ) S/




Voktex turbine
Almost at the same time, James lemson {prol'eshor of
engineering at Gueen’s College — now Belfast University)

. introduced his vorrex rurbing, for which he was granted a
patent im December 1850. This turbine {see figs 3.8 and”

- 3.9) had many novel Teatures, most of which have béen -
1ncorp0rated in designs of tu‘rbmes produced during the
following hundred years.
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The features inchided:

| Movab]e guide blades to maintain a good effn:lency with
flows of water mich smaller than that for'which the tur-
bine was designed. The guide blades were pivoted near
" their inner énds so that they were approximately in b
" balance. The pivots.were extended through the casing._ .: ..§
and coupled together sn that all the guide vanes could be i
‘adjusted together. This adjustment-was effécted either by |
hand or by an automatic govefnor. Later; the whole i
arrangement of pivoted guide vanes became known as-a
. wickel gate. See fig 3.10.

. . .
- Fig 3.9 Thomsom turbine with casing. aparr mid draiged to'show™ - -~
oo the four ctirved guide vanes wiiich-can-be furned simulitaneously by

s thie linkiges seen outside the casing on rhe'right. The water flpwed :
_inrg the turbine dough the opening ar the fop and out of H{ie angled .
discharge pipe ot the left. The drive shaft, fmm the multi-bldded .

rtiner iv the cenire-of the picture, is carried berween the links on

the right of the mrb.-ne

_' ng 38 T?mmson vortex turbine. {a) Pmrap:'e of operanon‘ fo)eop- :
temporary. illusfration. : i . Fig 3. I O A later form of the Thomson turhine wu{s a muinber of
t Fram Gilberi Gilks and Co Lud caulogue c 1895 wovable gmde vanes of acrofoi! shape v o v




BIER M:xed ﬂow turbine :
' _ The-turbine.as 0r1gmal]3fr constructed by Francis was a t ey
radial inward- flow wheel with fixed guide vanes. After dis-
" charge from the wheel ‘or ‘runner’, the water was turned tcu
. flow. away-axially: The runier had 4 compatatively smalI
" . depth with a large nomber of vanes which necessitated 3 .
wheel of rather Iarge dlameter and low speecl to obtam

Le

- _1_2' A splral casing 1o, rnmntam a umform ve] ocJty of water
passing. between the elide blades, (because of. manufacturing
difficulties the cases were usualiy circular _w1th the wheel
positicried off centre éiWafffothhe iflet, sogivinga

. partial compromise hetween s'l"circu]ar and spiral desTgn).

—“end th‘rusth.wh always- caused-diffi cu!ty*untll effectwe N
thrust beanngs were uwented B,

The first vortex turbine was buﬂt in ]852 e dnve a beetllng ’
" mill in a linén mill at Dunadry, County Antrim, Tt was found
'that the design'was readily adaptable for a wide range of -
. -heads, from 9-135 m. Numbers of these turbines were built =
- 439 by the Kendal firm of Wﬂlxamson Bros between 1856

_ and 1881,

The disadvani:agé of the vortex turbine was that it ran

""“510“’1)" on very tow heads; and oo fast when small powers. _...... ‘by making the draft tube in the shape of a divergent cone, ..

, were requ.lred on high heads. So for low heads it was re-
" " placed by low-fall higher specific-speed, inward-flow turbines
‘based on the des:gns of J B Francis.

3 The double dlscharge arrm1gement virtually eliminated "~ -

)

whee] dlameter to increase the speed, and a greater depth
of runner W1th a smaller number of vanes extending nearerto

. the centre of the wheel 5o that the water was - discharged

‘more axially‘as it left the runner. ‘Thus was evolved the
mixed-flow or *American’ iype of wheel (ﬁgB . There. -
_avere numergus patented vanatlons some with adjustable
guide blades, such as the “River’ patent. turbine produced by

~“Joseph Armfield of ngwoocl Hampshire. The company _
~-gontinues to-trade as Armfield Engineefing Litnited. See

g 3.12. These reaction turbines ran full of water and the
entire machine was always plaged below the level of the
supply water. At first they were also placed below the tail-
water level but it was found more convenient, for inspection
and maintenance, to have the machine above this level. The
water was then discharged from the turbine by a pipe

" known as a suction or draft tube, the lower end of

wluch is subinerged in the tail-race water It \vas found-that -

the velocity of the water to t(he tail-race was decreased and
the performance of the tirbine was imp}Eﬁ‘d'.““"

- e

Girard turbine
When high heads were encountered, impylse turbines were -
adépted. Zuppinger, in 1846, developed such an impulse .

-

~wheel, and Schwamkrug pruposed another design in 1850,

These were followed by the 1rnpulse turbme mtroduced by
" Pike Serard about 1850 (see figs 3.13 and 3. 14). It was - -

" ‘mnade in either the horizontal or vertical-shaft form, and the
_ water wds admitted through one or more jets to the inside

of a wheel similar to t{lat ofa Foumeyron turlvine, TheSe fur-

'. L I
_ bines were used extenswt.ly in lugh head- developments up A e R

F}g 313 Grmrd mr.-frme as skown m an aduerr:semenr by Githe G:Jben‘

nikes and Lo er 3 1 595 . —

¢ In-flow pine’

adjustable gateic .\
control flow ;

) Flg.? 12 The runner Jor a mixed- ﬂow n.*rbme The water is gutded
onter {he sides of the Rurtner and leaves ,-‘Irom n’:e borrom of it.
e 'Cnurjsy of Arrnﬁeld Englneerlng le - i

90 iy




the end of the nineteenth century. The first Girard to be '

__manufactured in Britain was a 430 kW machine at Greenock,

installed in 1881, and which ran until 1950. This was
probably the United Kingdom'’s mgst pawerful water
\ turbine until well info the twentieth century.
\Peh‘on wheel oo ;
lA'bout 1870 another type of impulse turbine, 'rhe Pelton
wheel, was developed through observation of an accident
tlt_'n a waterwhee] working in the Californian goid field. High
- piessure jets were used for mining and also for developing
pdwer by directing the jets onto crude waterwheels with
flat blades, This was as inefficient as the early undershot
waterwheels, and efficiency was improved by fitting curved
buckefs. It is said that one day, instead -of the full {orce of
theget hitting the céntre of the buckets, thejet became
accldently directed onto the side of the/wheel, striking one
edge ch bucket and being discharged at the other.

To everyone’s surprise the wheel picked up in speed and
power, but with the d:sadvantage of side thrust afong the
wheelshaft. After a good deal of trial and error, Lester ~
Pelton evolved the central partition bucket_wlnch he
patentes 80 (fig 3.15). The full effect of the change

" of momentum of the water was not at fisst achieved be-
canse the following bucket interfared with the jet to the
bucket on the radius perpendicular to'the line ol action of
the jet. This was overcome by using EllipsoidaI cui-away -

- blickets patented by Abmner Doble ih 1899, With the

addition of.a spear-orneedle nozzl the Pelton wheel of | b
today was evolved {figs-3.16 and BT e L

]

" Fig 317 Ar:o.r."n%r
= - shanwing,-left-the-seotion tirough the nazzle with the spear inside.

Fig 3.16 Petron wheel with cur-awvay casing 1o show the dauble
hewispherical cups forming the bugkers, and the cut-mway on each
bucket, ensiring that they do uormre: fere with the water jet mm{
they are virtually perpendicular .fq ift . #

:
view of the Pelton wheel with cur-gway casing
The flow of water onto the buckets may be regulated by moving the . -

spear backwards or forwards inside the nozzle, so attering the gap
between the tapered sides of the spear and the orifice i the nozzle
: *

v
'




33 HYDRO—ELECTRIC APPLICATIONS _
" All of these early turblne installations were emp]oyed to

" drive machinery either directly, or by mechanical trans-
missions such as gearing or- belts’ and pu]leys Industries
desirous of using power from water had to be situated. close
by, ar move to, the source of power. [11 {874, the Swiss

" town of Schaffhausen on the Rhine established works on

.the river t¢ obfalned power for driving the machinery of the

‘{nanufacturers in the ne1ghhour 1c0od. About 1 MW was

“Rbtdined from turbines and the power was distributed to

" the workshops by a costly system of pulleys and wire rope
drives. Several other towns tried t]ns system without a

. great deal of suctess.

With the d'e\?eloprnent of the eléctric incandescent famp,
ppeople began to look around for convenient sources of .
power for driving the dynamos. Tr"1876, watérpower Wag -
utilized in a direct current lighting system-comprising

arc j_amps, each supplied by separate generating sets, illumi-
nating the caves and a kiosk at the Castle Linderhof in Upper

Britain were driven by steam engines,-although in 1880
Sir William Armstrong installed a 7 kW Thomson turbine at
- Cragside, Rothbury, Morthumberland, to drive by belt a

his home. The following year electricity was supplied at -
-Godalming from & hydre- ‘electric installation. In 1884 a

"Trust where it drove two dynamos for lighting part of the
- toéwn. This is considered to b ane of the earliest mumc:pal
-hydro-electric schemes in the country. The first hydro:
electric plant-in the USA was at Appleton, Wisconsin, in
1882, and in the same year the city of Lausanne, Switzerland,
was. pro\nded with lighting current from generators powered
by a 120kW turbine. .

At this time there were.limitations to the dist‘ahce. over
which power could be teansmitted by-electrical meéthods,

Bavaria. The first electrical generating installations in ... -~ - " di.

a0V dynamo supplying current For Swan lamps illuminating, ..

. -Glrard Jmpulse turbine was supplied to'the Greenock Water

and in 1882, when it was planned to obtain about 4 MW
from the waters of the Rhéne at Geneva, Switzerland, the

. decision'was taken to effect the transmission of power by
. hydraulic;methods. When the system was inaugurated in

1886, seventeen turbines {of a planned eighteen) each of

" . 224 XW drove pumps to supply water at pressure through a

system cui' water pipes {which put end to end would be
140 km 19ng) to give powerfor industrial purposes and for
workmg small private turbines. ¢

However, it was ths advent of alternating current electrical

- transmission systems which.really made it possible for

electricity generated by waterpower to be utilised a
considerable distance away. In 1895 the first really large
hydro-electric installation came into operatlon at Niagara. -
Falls, followmgp’roposals to hamess the large waterpower '
potential at thissite. Priéf to this date, the standard
Arfherican method of utilizing a large amount of water-
power was to distribute the water to tlig" several consumers
by means of a system of head-races with facilities for its
discharge at lower level, the water to be used as the owner
or lessee saw fit, often in small turbines. This arrangement .
needec{ a large continuous body of land suitably’ ]ocated to
take the head -races-and tall-races, and alsé for.each private

turbifié owner to sink his own turbine pit,

At Niagara, apart from one large owner {The Niagara Falls
Paper Company) the demand for power from thé individual
was unlikely to justify sinking a turbine pit for each of them,
and this was the incentive for the Niagara Falls Power
Company to instal a row of turbines in a single spot, and to
transmit and distribute the power by electricity. See fig

fig 3.18.

Wheteas the paper company installed Jonval tllfbines the
power company started operations. with three outward flow

- turbines each capable of producing in excess of 3,7 MW and

coupled by vertlcal shafts to generators with a terminal

¢
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\voltage of 2200 V. Each turbine con51sted of two Fourneyron

tt:rbmes one being set inverted and vertically over the dther. ’

.50 'as 1o neutralize the forces on the foot bedririg. The fall
“from the suifice of the i upper water to the centre between .
the upper and lower wheels was 10.8 m and the wheels dis-
" ¢harged 130 m® per second, rotating at 250 rev/min. At

_ 75 per cent efficiency they gave 3,7 MW. These thrée turbines -

were built by | P Morris of Ph.l.lade]phla to the designs of
Faesch and Piccard of Geneva, Swltzerland

-~ The reason for the adoption of a European de51gn was that
in America it was very unusial for a turbine to be built to

_ order since the volume of trade was such that manufacturers
built for stock. The types available had resulted from -
thoreugh testing and improvement by trial and error. In
general, the American builders shunned high falls, except

, the horlzontaLams -ty pe-and would thus need an elaborate
‘‘‘‘ belt and pulley transmlsSlon system 1o the generutors 45 m
above [this pOSlthl'l was 1o avoid excavating extra reck to
‘accommodate the generators — 3.5m diameter, 3.5 m high,
" close’to the turbines). On the other hand, European manu-
facturers usually built to grder, thelr designs being based
= on calculahons androften for high heads.

_ The power developed was transmitted up to 30 km and was
used t‘o drive machmery in mills"and factories, 1o operate .
- street railways, to su,f:ply hghtmg by arc and 1ncandescent
]amps, for eiectro]ytlc purposes ‘and fqr heating.

The success of the Nlagara Falls msta]]atlon showed that it
was no longer necessary to genérate power close to the con-
*.sumer and that it was now possible to utilize some of the .
- vast waterpower resources in remaote areas. In the Alpine .

. regions ol France, Germany, Italy, and Switzerland, it was
aften possible to use the water resources by dwertmg the
water fhrough a pipe or tunnel :

In other places, despite adequate water supply and suitable
mountams or other elevations to produge the fall, a con-

- diderable amount of civil engineering is involved, including
the bl.uldmg of huge clarus to ensure that both the necessary
ﬂow and head of water are available to- dnve the turbines
~at all times and ih all seasons. Thus,’ although hydro-electric

" stations in operation do noi involye fuel costs, they 1nvolve .

: colossal expénditure in the:r construction and in the
anangements for transnussmn of the power generated

Kaplan turbine T e
In 1913 Professor V Kaplan of Sweden patented a prope]]er
-turbine for the utilization of low heads (see fig 3.19).
---E)ngmally this had fixed blades, but soon afterwards he
- ‘introduced a version fitted with swive! biades by. rneans of
" which the anglé could be varied under the cMitro) of a
. Bovemor whilst the turbine was running. The angles of the
zinfet and ouflet-vanes were adjustable without stoppmgt‘the

. turbifie= 5o it was possible o obtain an almost constarit

efﬁc:ency of 85-90. per cent over a range from 30 per cent Lo

. load uf to fill load under comparatively Tow: heads. -
A.Ithough Kapian-invénted the propeller. turbme usual[y -
_ only. the-adjustable-blade typg runper is. |
bule This has pure axial flow, genellally
-"blades mthout an outside supportm
Kap]an tuibine of 8:2 MW was.in-serv
25:3-m dlameterrunner workmg Wlﬂ'l :
(See fi g3 21 ) Do .

L

- with the Pelton wheel, which at tlus time wasrestricted ta™ " ) _
* fig 3.19 Principle of the Kaplon turbine

Banki turlrine

_ “An intesesting design of turbine, which extracted energy

from MOVINg water in two stages, was produced i in Hungary
by Dr Donat Banki in 1917. It derived its power from the
kinetic energy of an iriward flow water jet. As shéwn in

fig 3. 20,\1]1e horizontal blades of tha rotor were curved m .
such a way as to direct the water: ;

1 inwards and across the open cylmdncal spa{ce at the

centre onto the mner edges of the blades'on the o’yf'ler
side, and " /

! ‘

2 outwards to the tall-water

Despite its advantages of c‘pemtiug efficlently on a wider
range of gate openings than"most tuerZes and’ of simplicity
and cheapness in manufacture, the d/eélgn had only limited
popugarity, mainly in Central Europe .

/ |
“Tubilar turbine.
In 1936, the first turbine combmed with a generator was
constructed.. This type, known as the tubular turbine, has a
generator efishrouding the runner (or rotating part) of the
turbine: the generator rotor and the blades on the runner
form.a wheel in which the rurmer bladks are the spokes

1 7
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_ completed in 195 . They each give 34 MW at 92.3 rev/min

_'Bulb mrbme ' !

. .Anather type of combmed turhi€ and generator 1§ the bulb  undera 25m hea 1 as turbirds or, operated as pumps, take
_ turbme fig 3.22, where i€ generator is an extended hub of 41 MW to yield 139 m? /s ati23 m head. The Deriaz turbine
the turbme A]though introduced for low capacities Uy the funner is SFOW]] with blades open and closed in figs 3.24

SWJSS firm Escher-Wyss, lugh capacity bulb turbmes have L "Ill'ld 3,25 ' 5 L 1
been produced by many firmg and are being deve]oped for ) : '
'the utﬂlzatlon of tidal power.

guide vanes

access shafis

. stator .I:lf genei’alor ' ‘.",' . rut.ur l?gene:alnr
Figi3.22 ; =N i ) o — : :
Fg -3"' Bulb turbine o L . Fig 3.24 Deriaz turbine runner assembiy with ::;fpdes open. Te
Pope . . e ...complete uirbine gives 80 MW at 150 revimin u:[derahead of 75m.
o Derf z ruzb: ne ’ N 5. i.; is 3;1:1 of three erecre?’ i)y rhe} j;?'rm;rdﬁ‘ugfhs.f;' et.}nc COIL:S'(L for .
i¢ Valdecanas power station of the Hidroelectrica Fspanola SA in
In the mid- 1[9505 the Derfaz tl.lrbl.ne (fig 3 23) was de'\felop ed "1964. The units operate in reverse as pumps, the yio 1 wnit rakmg
4o pperate under variable heads up to about 180" mgwmg a.

80 MW to deliver 283 cm® fsar 72m
flat efficiency/ioad characteristic together with part- gate f Phutn by courtesy of GEC Turbine-genctators Lid

stabl.llty ofopération: The mixed-flow, auJustable-blade oy l
- Deriaz machine is a cross Btheen the Francis and KapIan ) '

turbmes and can be used as a straight turbine, a reversable
pump turbine, or an adjustable blade pump. Compared with ~
the! ‘ Kaplan turbine, the obl]que mounting of the runner :
blades in the hub gives the Deriaz turbine greater mechamcal
strength and the blade shape is mmpler The generator design ..
- is more economlcal with the Deriaz turbine. On the other
: hand “the Deriaz is considerably more expensive than an
equwalent Francis design for the same heads and output and
its peak efficiency is less than that of the Francis machine,
‘ -_but when operating under a wide range ofheads the Deriaz
’ 'has ;an etonomic’ advantage

ad|ustahle gunde .
bh des

: adjustable bliades an
Eurhine runner
* Fig 323 Deriaz uurbine
I H .
| "The first application of the Deriaz turbine wa at the Sir
Adam Beck, Niagara, pump-generating station of the Hydm. Fig 3.25 The same Deriaz runner shown &’u fig 3.24 bur with the !
- Electric Power Commission of Ontario, where the first blades in the closed position . ' '
_..'t}}ree: units, _dt_?S_lgned to run both as pumps and turbines, were  Fhota.by courtesy of GEC Turbine-generalors Lid

N . L} i
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="At tite present time, severa] types of turbmes are construu,t_ed
dependmg on the head of water nndc? which t]_ley are re-
_quired to work: | © : i .
o |
.1 For 'm“ heads, such as encountered on run-of-river plants,
whcrc adam is erecgted ACTOSS a4 r_wet, the Kaplan thrbine
is favoured. Before the 1930s this thrbineswas restricted
to heads not exceeding 13 m but much higher heads are
. " now tegarded as acceptable. Even during the 1960s a
Kaplan-type_machine was in use at Bort, France, operating
under a head of 69 m (and sbmetimes 80 m) with'a
capacity. For variable heads up to about 180 m, the Deriaz
turbine. may Have an economic advartage over the Kaplan
and Francis turbines.

.t

rotation of the wheel )
r Cnurtesy of Messrs Gl]beﬂ Gilkes & Gordon le

— PR S "
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For me_di[.l_:l_]‘l heads, the Francis turbing* is used. Formerly
the range was between 15 m and 300 m but at the lower

-.end Kapian turbines may now be used and it his been

suggested that at heads of up to about 500 m (1700 ft) the
. Frincis turbine has a'definite advantage over the impulse-,
type wheels. At Hemsil it Nogway, two Franeis-turbines;—
eachrof 316 MW, work under a net head ol 510'm.
3 For very high heads; Pelton and Turgo wheels are used.

*[n this country *Francis turbine’ is uscll as a classification for wheels
recemng water under pressure in a radial inward direclion and dis-

- charging axially through the centre, having adjustable guide vanes.
Some uf these Francis lurbines have the guide biades in an open flume,
but others heve thentin a volute casing so that many of the features
of the ‘lernscm vortex turbine are included.

Frg3 26" Fart-sectioned griist's drawmg of a ‘G:Uces pcr.'enr Turgo fmpuLs*e whee! where the nozzle is directed at an angle (o the piane of

n-_""‘
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4 1 FU RTH ER READING ‘The h]StOl’}" of lechnol@g}' in piace names
L flour mr]]mg, Amateur Hrsronﬂl :
_Watermills — genera.l | R i 406
- Monasric w:errmﬂs Luck.hurst Da\nd 8y 5

. Soe:ety for Protectmn of Ancrem Buﬂdmg;,
London.

W,,atfrm:‘.’fs and. the. Eandscape, - ¢
- Reid, KennethC SPAB London, 1959

Windmills and waremull: Reynolds, John
Hugh Ew]yrr ionden, 1970- > -
:;-Although more expensive thaii the other
baaoks listed in tJus secuon the wealth of .

'covenng other uses ol‘wmd and water
power besides flour milling, makes this ope

of the most useful Qf recent books on the

sub]ect

Brivish windmills and warermills, .. -
7~ Skilton, C*P, CoHlins, London, 1948 «

" The tiile 1s ‘misleading in that ihe mils con-

srdered are [rem cmly a few areas in the,
, ‘countiy, -

Windmills and waternills, Vialls, Christine,
A and C Black, London, 1970,
An elementary book which in places tends
to mislead through oversimplification.
" However, the diagrams are clear and 1]1e
phofographs pertinent. i
Discovering watermills, Vlnce John T,
Shrre Fublications, Tring, 1970
A useful introduciory booklet which does
not claim to cover all the vzm/atwns oneé may
find in watermills and theu' 1'r1a::h.u'1er3.r

S

lvarermn‘r‘s with homor:ral wheels,
W'r]son Paui N, SPAB, London

.-

Tlde m!lls R
. Tide mils of England arrd Wales, Walles, Rex.

___an! crafts of Engfand __Wnods K 8.
‘Harrap, Lonidon, 1949 _- H

‘Mrllstones in wind and wntqr mills" Transactions

" of Newcormen Society;

Russell, John, vol 24, {9435, pages 35~ 64

The English windmill, Wailes, Rex?
Routledge and Kegan -Paul, Lundon, 1954

.. The same remarks apply as to tqua book by .

Fre.ese above ..

- Conlains a chapter on milling

Provender millmg
Pravender milling
Northern Pubhshmg Co I_Jverpoo] 1939
Waterpower — general " o~

Nayural sources of power; Ball
Constable, London, 1908~

H_]?Ei'rardic motors: turbines and pressure
engines, Bodmer, G R,
Lormdon, 1895 - .

!iva'rauhc turbines, Daugherty R L,
McGraw Hill, New York,. 1920

On mills and millwork, Fairbairn, W,
{2 vol ur_nes), Longmans Green, London, 1861

‘= On the power af water to turp mills,
- --Glynn, J, Weal

Londgn, 1853
Warerﬁower erlgi)
Heywood London, 1958 ‘(

Hydmufw Power, McNeil, 1,
Longrnan London, 1977 L

“‘Water power in thé north of - IreIand
J’hmsm‘rons of Nbwcomen Society,

" Transactions of Newcomen Socrety, val 19
- 1938/39 pages 1-33 -
__This was also

booklei form by the Society for Protection
: o_f A.ncient Buildinigs; London

g Corn m.rllmg

. History of corn milling, Bennett Rand F.lton I, ,

(4 volumes) Simpkin Marsha.]] London,
1B98-1904.

’ Wmd’md.’s and mdlwnghtmg, Freese. Slanley,
] Dd\qd ahd Charles, repnrlt 19'?1 Newton = -
_ Abbot ;- r.

: A}thu‘ugh about wlndmd]s, much of that =
information on millingand its machrnery is -
equa]]y re]evant 1o watermills.

Hour milling, Kos:mn Peter A,
. Routledge, London 1217

_ ‘Peak millstones and Hallamshire gnndstones .

", Transactions of Aﬁmomer: Sociery,
ZRadley, Tefirey, vol3: ~1963-4, pages

Lnndun
: Pages 91-213 ar concerned with water
. power, including waterwheels, turbines,

water pressure engines and the hydraullc am . H)'d"a"'"c rams

+ 'Observationg on the hisiory of water power’,
Transactions of Newcomen Society,

Stowers, Arthur, vol 30, 1955 7. pages 239- 56

*Origins of water power;- Warer power
Wilson, Paul N, August 1952, pages 308-13

* ‘Water Power'and the industrial revolution’,

Water power, Wilson, Paul N, ?\ugust 19543
pages 309-16. v :

" “The Waterwheels of Jo'hn Smeaton’,

Transactions of Newcomen Society,

Wilso, Paul N, vol 30, 1955-7, pages 25-43

—Early wn{er turbines-in the Umlcd-ngdum
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