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UNITED STATES PATENT OFFIOE

JOHN G ROSS, OF NEW YORK f Y

TmE-WHEEL

Speciﬁ.catwn of Letters Patent N‘o 3 816 dated November 9 1844

- To all whom ¢t may congern:

10

. 5

20

- 25

Be it known that I, Joan G’ERARD Ross,

“of the eity, county, and State of New York,
‘model-maker and machinist, have invented
-and made certain new and useful improve-
- ments in the mechanical arrangement, ap-
~‘plication, and combination of the parts em-.
ployed in what is technically Imown as'the.
“tide-mill,” the intent and effect of such
1mpr0vements being that such mills shall
. be.ablée to work with less loss of time and.

be more equally and continucisly effective

than by any arrangement now in use to my:
knowledge by arranging the wheel-race and
tide-gate, so that the current inte and out
“of the mill-pond shall always run one way-
in the race, whether the tide be rising. or-

falling, and the wheel or wheels are made
to rise and fall with the water so that no
mterruptmn of the power occurs except for
a short time at. the high and low ‘water
of each tide; these im
nate collechvely as “Ross’s plemaian” or
“eonstant tide-mill,” and for the same I

seek Letters Patent of the United States;:
and furthér know ye that the said improve-
ments and the mode of constructing, ar-

' ranging, applying, and combining. the same

3¢

dre fully and’ substantially set forth and
shown in the following description and in
the drawings annexed to and making a part

.ol this spemﬁcatmn, wherein—
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. ‘near the foundation of the
- wheel race, and below the line @, z, Fig, 2,
45

Figure 1;-is 4 plan of all-the parts in.

place for use; Tig. 2; is a sectional elevation,
lengthwise in the. Tine A, B, Fig. 1; Fig. 3,
i a cross sectiofial elevatlon of the p'u'ts at

the end ‘A, of Figs: 1, and 2, seen, as if cut
- through the wheel; Flg -4, is a tross sec-.
‘tional eleviition of the parts at the end B,
of Figs. 1, and. 2, seen likewise, as if .cut
‘through- the wheel -Fig. 5,1s a plan of the

wheel race, water or: _tlde %te, an?l partds
am walls, an

and the. same letters numbers and other

-marks of reference; apply to the like parts,

. in all the several figures.
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C, is the outer dam wall, next the t1de, on.

open space of tide whter T D, is the inner
‘dam wall, next the mill pond or inclosed

form t.he wheel race E, and as W1ll be seen
" hereaftef, may be’ made of any length; to
incloge a space as a-mill pend, and may work
any number of: Wheels, that the length will

convenlent]y recewe In eaf'h of these walls, |

next the race at @, see the Figs. 2

ovements 1 des1 g-

‘are connected by baxes, straps,
keys 3, 8, to the shafts ¢, and #, and main-
‘taln the: proper. relative positions between ..

G, G,

the side of each wheel, the walls are to be

‘built so as to form a pit, or opening F,
from the surface, down to the fmmdauon,_

but constructed with openings m the bhase,
y 3, and 4,
to admit the rise and fall of the tlde in t.he

‘pits F, for the purpose of floating the cais-

gons G, @, at the level of the tide . water,
these .may be made of wood, or metal, or

1 on each side the whee] race, ab:east of or at

60°
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both, of a proper size to ﬁoat and thereby

mamtam a uniform height, a,bove the water

b, &', these are secured in any.convenient
way on the caissons G, G’; and are fitted
with journal boxes 1, 1, at a proper or pro-

_portlonal height, to receive the shaft e, of

the main fide wheel H, and a curved open-

‘ing at 4, showu by dotted lines in Fig: 2, as

cut into the i inner pit walls, allows the shaft

¢, to rise and fall with the tide, in the proper
line: of motion: On each outer end of the

shaft ¢, is a spur wheel d; or d’, these re-
spectwe]y gear ‘into. tlrw:ncr Wheels ¢, €,
on the ends of a shaft f, see F:gs 1,2, and 3,

which is mounted on journal bo*:es 2 2, on -

standards ¢, ¢g’, securely fitted on the solid
walls of the dam; T'wo radius bars A, A,
gibs, and

;n the centers of the standards or frames -
70
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the centers of the shafts ¢, and f, and wheels

H, d, and e, these bars A, 4’ may be best
made, with right and left handed SCTews in
the ends, takan‘ into -similar nhuts, in. the

stocks to wlnch the boxes and straps are:
fitted, but any other convenient means may

be used that. will maintain the proper ad-
']ustments of the gearing and working parts.

To secure the proper position of the caissons -
at each period of the tide, two cir-
'cu]ar orooves 5, 5, shown in Fig. 1, in place,

and bv dotted lmes in Fig. 2, as made in
the outer side. of the pit wall are’ fitted to

‘receive studs o, or blocks, carrying: rollers

on the corresponding parts of the caissons,
see the detached Fig. 6, Where these are
shown, sectionally, in- plaee' in the pit and
wall; the grooves 5; must be segments of eir-.

cles, whose eommon center may be found -
by the intersection of two rectangular lines,
from the bisection of _straight. lines, to, and -

from, the upper and lower ha]ves of -the
line of motion, in the. caisson: Two stand-
ard posts 10, Figs. 1, 2, and 4; carry a head
block 11, in whlch tWo large pul]eys 7 and
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than that in the mill pond at M,

"as that in the

55 -
" confine, or limit myself to the mode shown,

60

two small pulleys 8, receive chains 6, 6, se-

ccured one end by an eve to the standards

b, b, and passing over the pulleys T, and
8 terminate, each, in an eye on a box #, con-
taining a mass of heavy matter, sufficient to
counterpoise the caissons and wheel, and
their equipments, in such a way, that the
rise and fall of the tide shall have a regu-
lar and equal effect on the main wheel T—I;
the frames %, &', at either end of the race,

form slides for flood gates , I, to shut out

the water, for adjustment, or repairs, and
these gates are connected by chains @, see
Tigs. 1 and 2, going over roller sheaves n,
7', to winches m, m’, fitted with proper

. ratchets and pawls, and mounted in stand-

ards g, on the race walls C, and D.
" The method of giving a current in the
same- direction on bhoth the flood and ebb

“tide is now to be described. The single tide
gate T, Fig. 1, is shown, in this figure, as
“hung to a competent support in the banlk
- or wall at A, Iig. 1, and ¢losed against the

inner dam wall D, admitting the cnrrent of
the rising, or flood tide, from the tide side T,

-of the dam wall C, to run through the race
"E, and carry the wheel H, in the direction
- ghown by the arrows 12; the outer current

gate K, 1s shown, shut, from the outer dam
wall C, to a shutting jamb fitted to receive
it in the bank or wall at B, Fig. 1, where

“it is kept, by the pressure, caused by the

higher
e inner
current’ gate L being open, to pass the wa-
ter from the race to the pond M, so that the
current, running through the race K, car-
ries the wheel ?ﬁ as shown by the arrows 12,
TFig. 1, and fills the pond M, supplying a
water power to run -out, when the external
tide falls; in Fig. 5, the single tide gate I,
is shown shut, against the outer dam wall

external, or tide water, at T, bein

‘and forcing the water from the pond side

M, of the dam wall D, to pass out, as the
tide falls, in the direction .of the arrows 13,

. the inner current gate L is shown as closed,

to prevent the water in the pond, passing
by that end of the inner dam, and will re-
main shut, by the internal water, so long
ond M, is higher, than the
external, or falling tide water, at T, and
the oufer current gate I, is shown as open,
to pass the water from the race, to the river,
or ocean, on the side T, of the dam wall C.
In fitting the caissons, I'do not mean to

of balancing them and the wheel and equip-

‘ments by chaing and weights, but I intend to

use-any other convenient mechanical means,
for such purposes, that may be substantially
the same, in practice and effect, and if when
new and dry, the caissons have more power

of flotation than is required, a small cock

may be fitted, to admit so much water, as is
ueedful to load the caissons to the required

3,816

_depth; and when, by any cause, the caissons

have too much water in them, or hecome
leaky, a small pump may be fitted into either
of them, and be attached, in any convenient
way, to the main shaft, and worked so as to
keep any such leakage pumped out; and as
before premised I do not intend .to confine,
or limit myself, to the construction of dams,
whose length shall be only competent to re-
ceive. one wheel, with its equipments, but I
intend to make the double dam walls, and
mill race as long, as the localities of situa-
tion will allow, and work any number of
wheels, that the dam walls will receive, plac~-
ing the tide gate at one end, and the current
gates at the other end of the dams, whatever
their length may be. It will he seen, that
with any number of wheels, thus fitted, no
interruption will take place in the work, ex-
cept at the dead low water, or high water
of each tide, for the instant the water, on

either side the dam, is higher than on'the

opposite side the-tide gate I, will go over
to, and close on, the lowest side, and the like
effect: will take place with the current gate,
on that side, the other current gate opening,
to pass the water, so that the operations of
the tide, alone, will change the gates, and
set the wheel, or wheels, in work; and 1t will
be seen, that in cases, where the wheel race
shall be over about twelve feet wide, it may’
be proper to make the tide and current gates
in two parts, which may be done, in any con-
venient and efféctive. manner, and. the pro-.
portions, between the width and height of
the gates, must be regulated by the propor-
tion existing, between the width of race
chesen, and the rise and fall of the tide, in
the given locality. It may be proper, to
protect the -tide and current gates from
wrecks, or drift wood, on the tide side of
the dam, but many well known modes can
be chosen for doing this, that it is not need-
tul to describe herein, :
I am aware, that tide mills have been pro-
posed, or-made, with four gates, to run the
water alike, on flood and ebb, and requiring
manual attendance, to open and shut them,
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at the turn of the tide; but no tide mills -

have, to my knowledge, been proposed, or

1156

made, with three self acting gates, and lon- -

gitudinal dam walls, forming the race, in -

combination with means to float the wheel, -

or wheels, and maintain an equality of
power, during the flood and ebb; and al-
thongh the means described, or parts of-
these described, for regulatin

been used, collectively, in tide races, in the:
manner proposed herein, therefore I limit
my claim as follows: B

120

the wheel,
may have been used before, they have not

125

I claim as new, and of my own invention,

and desire to secure by Letters Patent—

1. The mode described of fitting the tide- | o
130 - .

gate L, at one end of a race way, formed by
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an inner and ocuter dam wall, in combina-
tion with an outer current gate K, and an
inner current gate L, at the opp051te end
of the race way, the whole constructed, and

operating, substantially as herein described..

2. T claim ‘the mode of forming the dam

walls with jf.-n:s., open at the bottom, to re-
_celve, and

at, the caissons that carry the
water wheel, a,nd the combination therewith,

of the described ineans for regulating; ad- |

_justing; and directing. the ascent and de-

scent of the wheel, or wheels, substantially

" as the same are. descrlbed and shown herem

8. I claim the combination of the described
mode of fitting the gates, and wheel, or 15
wheels, and making t%nem act together,
the manner described herein.’

" In witness whereof, I have hereunto set
my hand, in" the cﬂ:y of New York, this’
twentieth day of June, in"the year one thou- 20
sand eight hundred and :Eorty-four

JOHN GERARD ROSS . s]

. Wltnesses
“W. SERRELL,
- Epwarp W SDRBELL
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~ Wnited States Patent Office,

WILLIAM H. _HI_I_BB’Ai{.D., OF NEW HAVEN, CONNECTICUT.

" Letters Patent No. 102,939, dated May 10,1870,

IMPROVEMENT IN WATER-WHEBLS. <

. The Scheduls referred to in these Lettars Patent and making part of the same. -

o all whom it wmy "c&ué@ﬂa;' _ Do
- Be it known. that I, WIiniam H. Hupnarp, of

New Haven, in the county of New Haven and State.

.of Connecticut, have .invented a new Linprovement
in Water-Wheels; and T do hereby declare the fol-

lowing, when taken in connection with the accompa.

- nying drawings and .the letters of reference marked
thtercon, to be a full,.clear, and exact description of
- the same, and-which said drawings eonstitnte part of
* this specification, and represent in— - '
Figure 1, o top view; - .
Figure 2, a side view; and it o
Figures 3 and 4, detached views eilarged. -
Tlis invention relates to an improvement in that
class of water-wheels commonly nsed as tnb-wheels,
or such as_bave a vertieal axis,.the object of the in-
" vention beii
and

-+ +The invention consists in the :u'mngel_ﬁe'nt of & cir-
cnlar plate ot disk- wpon a vertieal axis, and having
surfice of the ‘said disk parabolic- |

wrranged npon the
shaped buckets. - . . N
A8 the shaft, upon which I arrange a plate or disk,

g to constriet a elieap and durable wheel i

of the same on line z z in fig, 4.

B, which I form from
sheet metal, : .
- Then onto the surfuce of this disk I fix bmckets G, .~
equidistant from each other, and radiating from the .
center,. the shape of the bneket being parabolie, o

front view of which is shown in fig. 3, and a sectich

boiler plate, or other suitable

The water is directed into the lmcket :th_mt a8 de-,

‘noted by the arrow in fig, 1. :

The. buckets T prefer to form from sheet metal,
stroek up and riveted to the disk, yet the whole may
be_cast in one piece. B : o
" Tlie wheel is set in the pit in like manner as the .
ordinary tub-wheel, and this wheel, being very cheap,
makes o desirable wheel for grist-mills and other like-
purposes where small power is requifed. S
I-claim as my invention— . o
The disk B, fixed upon the shafs A, and provided -
with radial buckets G, of the form and arraugement -

substantially as deseribed. _
'~ WM H. HUBBARD.-

- Witnesses:
- A, J.Tmwirs,
_J. H. SHUMWAY.
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UNITED STATES

PATENT OFFICE.

- CHARLES HUXFORD, OF EDGARTOWN, MASSACHUSETIS.

IMPROVEMENT IN APPARATUS FOR PUMPING SHIPS, &e.

Specification forming pa_rt- of Letters Patent No. 173,544, dated February 15, 1876; application filed
. ' : December 4, 1475, : .

To all whowm it may concern : _

Be it known that I, CHARLES HUXFORD,
of Edgartown, Martha’s Vineyard, in the
county of Dukes sdnd State of Massachusetts,
have invented a new and Improved Power
for Ships’ Pumps, of which the following is
a specitication : - '

My invention consists of a kind of paddle-
wheel mounted on a float and dragging astern
of the ship, 50 as to be revolved by the water,
and, having an endless rope fitted around it,
aud aronnd a pulley ou the ship, in snch man-
ner that the rope is made to work the pump,
and thus save the working of it by hand in
ships not haviug steam-power, '

-‘Figure 1 is a longitudinal sectional eleva-
tion of a portion of a ship and the said power
- apparatus, and Fig. 2 is a plan view. :
- dimilar letters of reference indicate corre-
sponding parts. -

A represents the paddle-wheel, and B a’

float, on which it is to be carried on the sur-
fuce of the water snitably for being revolved
~ as the float is towed along by the ship, say
by a cable, C. D-represents the endless rope

.| working over the wheel at the middle, where

it has a groove, E, therefor; and F, the pul-
ley on the ship, to be furne
working the pump. H represents guide-pul-
leys for _conducting the rope from the wheel
to the pulley. ’

The apparatns can be lifted on deck and
dropped overboard readily, as wanted, by the

'ship’s tackle, It may also be employed for

working other machinery on the ship, if pre.
ferred. _ :

I am aware that it is not broadly new to
operate a. ship’s pump by a wheel located on
a float: but '

“What I claim is-— :

The combivation, with wheel A, supported

on a foat, B, and towed Ly the ship’s eable C,

‘of an endless rope, D, working iu a groove,
E, of wheel, over a_float-pulley, H, and over

a ship’s pulley, F, all arranged as and for the
purpose specified. : - :
. ) CHAS. BUXFORD.

. Witnesses:

~ T. B. MOSHER,
ALEX. F, ROBERTS.

by the rope for -
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UNITED STATES PATENT OFFICE.

WALLACE W. CLEAVELAND,

OF MARSHALL, MICHIFAN,

IMPROVEMENT IN CURRENT WATER-WHEELS.

Specification fotming part of Letters Patent No. 210,184, dated November 26, 1878 ; application filed
May £, 1878,

To all whom it may concern:
Be it known that I, WALLACE W. CLEAVE-
LAND, of Marshall, i Calhoun county, in the
. State of Mwhlgan, have invented new and use-
ful Improvements on Current Water-Wheels, of
which the following is a full and complete
description, having reference to the accom-
panying drawings, wherein—

TFigure 1 is a perspective view of my wheel.
Tig. 2 isa plan of the same. Tig. 3 is a ver-
tical section. Tig. 4 is an end elevation, show-
ing the action of the latehes.

This invention relates to improvements on
the wheel for which Letters Patent were is-
suned to me Angust 3, 1875 and eonsists, first,
in devices for automatieally catching up and
holding the buckets or floats out of the water
when it is desired to stop the wheel; second,
in the devices for operating said catches
throngh the wheel-shaft; third,in theextended
bulk-head, whereby water is confined and di-
rected npon the skirt of the wheel,

That others may fully understand the in-
vention, I will particularly describe it.

The wheel is constructed with radial arms
A A’ and a hollow central shaft, B, which
stands vertically, and is provided with a suita-
ble step at the bottom and o bearing, ¢, in a

supporting-frame, C, which spans the frame

D, through which the water is directed.

The floats or buckets E are flat plates, of ob-
long form and parallel sides, and soitably
hinged at one edgeto the arms A, Their free
ellges are attached to said arms, other than
those bearing the hinges, s0 that said floats
drop down and hang from the hinged edge in
a position nearly vertical, or are ralsed up to
a position substantially ]1or1zontal

The chains I are not employed for the pur-
pose of so raising the floats in the structure
of the wheel shown, thongh they may easily
be arranged to do so.

The water is directed upon one gide of the
wheel by the bulk-head H on one side and a
similar bulk-head, I, on the other side, con-
stituting the flume D, and may be eut off en-
tirely by swinging gates J. -

. The shaft B stands close to the bulk-head T,
so that at any one moment only one-half the
whole number of floats K are within the flume

and being acted upon by the current. As the
wheel revolves, the buckets E which are out-
side the flume are raised up to pass over the

bulk-head I by the track-rod K, and to relieve

friction upon said traek & friction-roller, ¢, is
placed under the free edge of ‘each of said
ftoats.

The ravlial arms A are supported by truss.
rods 4, and their ends are tied together by the
tie-red g

When it is desired to stop the wheel fhe

buckets or floats may be raised np to a hori- -

zontal position. This is the only method

when, during freshets, the wheel may be wholly

submerged and the gates Junable to shut out
the water., At such times the wheel will op-
erate as well as at other times, but cannot be
controlled Dby the gates as at ordinary stage
of water, To put the wheel nnder coutrol by

raising the floats and holding them in 2 hori- .

zontal position, I put upon each float one or
more straps, L, which are rigidly secured at
one end and are free at the other, and curved,
as shown, s0 as to be permanently raised up
from the surface of the float at the free.end.
Upon the arms A/, which are intermediate be-
tween the arms to whicl the floats are hinged,
I place a number of heoked latch-bolts, M,
corresponding to the number of straps L.
These hooked bolts are capable of heing moved
laterally so as to bring their hooked end under
and in engagement with the straps I, so that
the floats will be thereby supported. The
hook-bolts M are also capable of swinging
sidewise, so that, having heen moved into en-
gaging position over the said straps L, they
will be pushed and caused to swing sidewise
as the Hloat rises in passing over the bullc-head
L, and will drop over the ends of and fall be.

neath said straps, so as to hold the float up

28 it moves over the flume.

To effect this movement of the hooked 1£|,t,ch~- .
Dbolts M, I connect each with a slidirg collar, -

N, upon the shaft B by means of rodsm.” The
collar N has 2 eross-bolt, which passes through
slots p in opposiie sules of the shaft B, and is
connected at the center with a rod, Q, which
passes upward through the upper end of said
shaft, and is eonnected with a lever, R, or other
eﬂiment means of controlling it, By raising




2 210,184

or lowering the collar N the several latches M
are moved in one direction or the other, as
desired, to engage or liberate the floats.

The bulk-head I extends past the shaft B,
and then curves around, so as to partly inclose
the same and closely approach the inner ends
of the floats as they move. The outer end of
the bulk-head I thus forms a passage-way be.
tween itself and the corresponding end of the
bulk-head H, to divert all the water passing
upon the floats, and, at low stages, to corre-
gpoudingly reduce waste of water.

Having described my invention, whas I
claim as new ig— .

1. The sliding catch-bolts M, operated by a
gliding collar, N, on the wheel-shaft B, and
snitable connecting - rods i, whereby each
bueket may be caught by catelr or loop on the
front of bucket E, and held up antomatically,
and the wheel cansed to stop withont shutting
off the water.

2. A hollow wheel-shaft, B, combined with
a sliding eollar, N, connecting with each catch-
bolt M, and operated by rod 3, connected with
said collar N at lower end, and extending
thence upward through the interior of said
shaft to a suitable lever, whereby said collar
and the catch-bolts M, to which itis connected,
may be operated through the center of the
wheel-shaft B.

- 3. Combined with the bulk-head H and a
current water - wheel, substantially as de-
scribed, a bulk.head, I, extended  past the
main shaft B, substantially as set forth, to
confine and direct the water upon the skirt of
the wheel and prevent waste of water,

WALLACE W. CLEAVELAND.

Witnesses:
Davm N. GREEN,
JAMES R. DICKEY.

!
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UNITED STATES

PaTeEnT OFFICE.

HEZEKIAH BROWN, OF BROWNSVILLE, KANSAS.

WATER-MOTOR.

SPECIFICATION forming part of Letters Patent No, 408,075, dated July 30, 1889.
Application filed April G, 1889, Serlal Ho. 306,103, (Mo model,)

To all whom it may concern:

Beit known that I, HEZEKIAH BROWN, a citi-
zell of the United States, residing at Browns-
ville, in the county of Chautaugua and State
of Kansag, have invented certain new and
useful Improvements in Water-Motors; and
I do hereby declare the following to be a full,
alear, and exact deseription of the invention,
such as will enable others skilled in the art to
which it appertains to make and use the same.

My invention velates to an apparatus for
utilizing the forece of currents and streams
for-operating an undershot wheel fixed vpon
a floating frame or boat; and it consists of
certain improvements in such a wheel, in
combination with said fleat and adjustable
wings, as hereinafter described, whereby the
power so obtained can be used to actuate any
suitable mechanism that may be connected
therewith.

My invention isillustrated in the accomp%
nying drawings, in which— _

Tigure 1 is a plan view; Fig. 2, a longitudi-
nal section; Fig. 3, a front view, partly in
section; and Fig. 4, a detail.

Referving to the drawings, A is a frame or
float in whicl: the wheel B is mounted,

The open head of the float, designed to face
the eurrent, is provided with wires or rods C,
arrauged at suitable distances apart to pre-
vent the entrance of logs or other obstrue-
tions to the wheel, and with a sliding gate D
to shut off the current when it is desired to
stop the wheel. The slot ¢, through which
the gate is passed, is eut on a bevel, 30 as to
hold the gate in an inelined direction against
the current, and whereby the gate is made
adjustable at any height to regulate the
speed of the wheel. The force of the cur-
rent pressing against the gate will also aid
in holding the gate at the desired position.

F T are current boardsor sweeps hinged to
the sides of the head of the float. The sides
of the float at that pointarebeveled inwardly,
as shown at &’ &', to permit the sweeps to
swing inwardly across the front of the float.
The sweeps are each provided with an attach-
ment G, which are adapted to receive cords
or ropes, by which the same can be held in
any desired position by secnring the ropes
to the shore. As shown, these attachments
G are made of wire bent into aloop gat their
ends to receive the cord, rope, or chain; hut

it is apparent, of conrse, that other forms of
attachment may be adopted

The sweeps can he brought together in
front, or one sweep be placed across the car-

‘rent to stop the access of the same to the
.wheel,

The sweeps are also s0 hinged that
they ean be swung back against the sides of
the float to let logs or other débris be car-
ried bLy.

Tl}e wheel B congists of a double casing
H H

H’ is an inner water-tight eylinder formed
by having its solid heads joined to the onter
casing H at a distance inside the onter cas-
ing. Between the heads of the outer cas-
ing H and the heads of the inner casing spaces
or chambers I I ave fornied at each end of the
wheel.

L 1. are the floats of the wheel hinged to
the outer casing H at m. "They are flat, and
when closed lie flat against the wheel. They
are connected to rods P. The rods I, se-
cured at one end to the float, are passed
through slots o in the onter casing H, and
then into a chamber I, and at that end sim-
Ply tnrned so as to engage with the wall of
the chamber and {o prevent themn from fall-
ing out. It will e seen that these rods are
free to move through the slots o when the
floats fall, which the latter do by gravity as
the wheel revolves.

R is a cover by which the top of the wheeal
ig protected and water prevented from flow-
ing onto the wlheel wlen the same ig snb-
merged or partly submerged.

Having thus deseribed my invention, what
I elaim is—

The wheel B, considting of 1 double easing
H II’, the latter forming an inner air-tight
cylinder, with chambers I at the ends of

" the wheel formed between the heads of the

inner and outer casing and the floats, said
outer casing provided with slots o, the freely-
moving rods P, extending into said chambers
and to which the floats are secured, in com-
bination with a frame {0 support t.he samne,
substantially as described.

In testimony whereof I affix mysignatuo re in

presence of two withesses.
HEZEKIAII BROWN.
Witnesses:
DANIEL 8, MEADOWS,
EMMETT A. BROWN.
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LOREN R. WITHERELL, OF DAVENPORT, IOWA, ASSIGNOR OF THREE-FOURTHS
TO EDWIN W. BRADY, OSCAR W. BRADY, AND ALBERT B. BRADY, OF |
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'S'PECIFICATION forming part of Letters Patent No. 410,132, dateri Angust 2%, 1880,

Applicatlon fled May 2, 1889, Serial ¥o, 309,384,

- To all whom it may concern:
Be it known that I, LOREN R. WITHERELL,

a citizen of the United States, residing at Dav-
“enport,in the county of Scott and State of
5 Towa, have invented certain new and useful
-Improvements in Water - Wheels; and I do
hereby declare the following to be a full, clear,
and exact description of the mventmn, such

as will enable others skilled in the art tow hich-

to it appertaing to make and use the same,

This invention relates to water-wheels; and
it consists in the novel construction and com-
bination of the parts hereinafter fully de-
scribed and claimed, whereby the water-wheel

i5 is adapted to work when submerged in the
current of a running stream, and may be
moved about as found convenient. :

In the drawings, Figure 1 is a plan view of

. themachine from above, and Fig, 2is a cross-
20 section through the same,taken on the line 2
o in Fig. 1.

The frame of the machine consists of two
side plates A A, sequrely connected together
and provided mt.h the inclined watermmde

25 plate B,

The water-wheel is provided with two end
disks C,connected together by the eylindrical
barrel D The wateL-wheel is secured upon

" a shaft d, journaled in the side plates A A.
3o K is a curved plate provided with the longi-
tudinal flange ¢,adapted torest upon theguide-
plate B, and F are end flanges which are jour-
_ naled on the central shaftdof the water-wheel.
: E’ are enrved toothed racks secured to the
35 ends of the curved plate E, and F’ is a shaft
provided with a cranked handle f or other
equivalent means for revolving it in its bear-
mgs in the side plates A A.

G are toothed pinions secured upon the said:

40 shaft ¥/ which gear into the curv ed toothed
racks E.

H are curved arms pivoted tothe disks C

near their periphery by means of pins or rods

- & These arms may be straight; but curved

45 arms are preferred, as they hold t-he water het-

ter. The free ends of the said arms are free

- to oscillate hetween the cylindrical barrel D

- and the stops A near the penphery of the
S&ld dl&l\q

- port.

{Ho model,)

cured to piles or to any other suitable sup-
The arrows in the drawings show the
direction of the current. When the curved
plate is closed, as shown, the wheel is not re-
volved by the water,

The machine is submelged in any. watet- :
course and anchored to the river-bed or ge-

_ 35
. The wheel is started by -

turning the shaft F” and opening the curved .

cover,
the position of the cover when open to its
widest extent. The water rushes vp the in-

The dotted lines in the drawings show .

6o

clined guide-plate and through the opening - .
between the top of the said guule-pl.mte and |

theflange ¢ of the curved plate E. Theflange-
e causes the water to be deflected,so that a .-
-greater volumne of it is obliged to pass through

the machine.. The water stl ikes against the
arms H at the top of the wheel and revolves

it in the direction of the arrow. When the - |

arms approach the under side of the whee],

they are tnrned upon their pivots by the wealk:

water-current passing under the wheel and

they fall against the stops A/, thereby offering -

very slight resistance 1o the 1evolut10n of the.
“The speed of the wheel may be ad- -

75_...

whesl.

justed by turning the shaft F” to vary the po-

sition of the curved plate and cause more or

less water to act upon the wheel, as desired.

The wheel is revolved by the upper current :

of water, which is swifter and more powerfnl
than the water running next the river-bed
and in frictional contact thevewith. -
The powermay be conveyed to the shore by
means of a shaft, preferably coupled to the

water-wheel shaft by a universal joint of ap--

proved eonstruetion, and a number of similar
water-wheels may he used, if desired, and have

all their shafts coupled by nniversal joints, so’

80.'-'

that itwill not be necessary to place them ex-- .~

actly in line on the river-bed.
What I claim is—

90

1. The combination, with thetwoside plates .

andthe inclined water-guide platesecured he-
tween them, of the water-wheel journated in

top of the guide-plate, and the adjustable

curved plate provided with flanges at each -

-the side plates substantially in line with the -

95

end having their extremities journaled on the

1 water-wheel shaft,and a longitudinal flange
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resting on the upper end of the said guide-
?lal;f, substantially as and for the purpose set
orth.
2. The combination, with the twoside plates
5 and the inclined water-guide plate seeured
between them, of the water-wheel provided
with a shaft and journaled in the side plates
substantially in line with the top of the guide-
plate, the eurved plate provided with end
10 flanges pivoted on the water-wheel shaft, and
the longitudinal flange resting on the top of

sald gunide-plate, and & toothed rack, and a
revohible toothed pinion gearing into the said
rack for adjusting the position of the said
eurved plate, substauntially as and for the pur- 15
pose set forth.
- Intestimony whereof Iaffix mysignature in
presence of Lwo witnesses.
. LOREN R. WITHERELL.

Witnesses: .
WILFED P, HALL,
Ww. E. Purs.
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~water may be mainly controlled by a manu-
‘ally operated water gate. there also belng
means operatively connected with the motor.
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To all whom it may concern: L
- Be it known .that I, Francis W, Hess, 2
citizen of the United Siates, residing atl
Kernstown, in the county of Frederick and
State. of Virginia, have invented certain
new and useful Improvements ‘in Water
Motors, of which the following is a specifica-

tion, reference being had: to.the accompany-.

ing drawings. : S
It is the purpose of the present invention

to provide an improved motor of this gen- -

eral character, for the purpose of accumu-

lating power to he derived from: various.

streams, and in accomplishing this dpurppse
it is the aim to utilize » flume and sluice-

way constructed in the stream, with power

generating means in the sluiceway to be ac-
tuated by the water ag it passes through.the
flume and the sluiceway, so that the power
may be utilized for operating various ma-

chinery, such as mills, generators and the-

like. '

Another purpose embodies the provision

of means for diverting a part or substan-

tislly the entire volume of water: throu h

the ifume, in combination . with means for
controlling the discliarge of the water into

the sluiceway. - In fact the discharge of the

or power penerating means, for. automati-

cally controlling the discharge of the water .
into the sluiceway .according to the speed

01 the motor or generating means.
A still further purpose is to provide an
apparatus of this general character, wherein

“the operative connections hetween:the motor.
or-power generating means and the governor -
mechanism are centrally located. relatively -

. to0.the motor or power generating means, so -
" a3 to equalize the strain upon the moving -

pirts of the motor. + . .-
A further purpose consists in the pro-

" vision of an endless traveler: with depend-
‘ing buckets including gravity members-or
parts, which move into operative positions,
paréially by gravity, and partially by .the
contact of the water with extensions of said.

parts or elements, so- that sald . parts or

elements may drag or engage the Dbottom .

of the sluiceway, so that the full force of
the water on the huckets may be available.

A still further purpose embodies. guides.

in the lower portions of the opposite walls

of the slniceway . for receiving parts of the -

said. gravity elements into the
extensicns acting to.limit, in 'Fasl; to pre- .

1921 "Serial No. 475.317.

_buckets; to .guide the parts or elements of

the buckets. to prevent them from move-:

mest upward, thereby avoiding them clos:
ing, and losing the effect of
the water. . : :

Additionally the invention aims to pro-

vide mesns at the ends of the guides, or
ratier extensions of the guides, and which
are eccentriv to the center of the end of

?he force of’

60

65

the endless traveler, to receive parts of the
gravity members of the buckets, to guide . .

guides, said

vent upward movement of the gravity parts

or-clenients of the buckets, particularly at -
points where the water may have a tendency.

buclkets. . N
Also a further purpose embodies the pro-

to close the gravity elements or parts of the.

75

vision of means for regulating the tension -

‘of the endléss traveler, so as to derive the

best presults; and to insure holding the end-

“tion. of the motor.

less traveler in position during the opera-

80

While' the design and construction at

pregent ilustrated and. set forth is deemed
preferable, it 15 olivious that as a result of
4 redoetion of the invention o a more prac-
tical form for commercial purposes, the in--

35

veniion suay be susceptible of changes, and. *
the right to these changes is claimed, pro- *
vided they ave comprehended. within the

scope of what is claimed. . :
The invention comprises
and cotbination of parts, as will be here-
iatter sed forth, shown in the drawings and
claimed. T ST
In. the drawings =

Figure 1 is a plaii view of the improved

water motoy ¢onstructed in a¢cordance with
the invention, and. shown as applied to.a
sluicéway constructed . in a

flume : and
stream. -~ . o
Figmre 9 is a vertical longitudinal. see-

further features

90

85

100

tional view through the motor; thereby dis-.
closing -the "essential” features of construc-.

tion,

on line 3—3 of Figure 1.

Figure 3 is a transverse sectional. view o

R 105
Figure 4.is a view.in side elevation of .

‘the sluiceway, showing one .of the .outside

connecting chains. of the motor, and illus- -

trating sprockets for holding the lower part
of the chain in position and. preventing
sagging.. 0 ool
Figure 5 is a view in side elevation of

116
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1
POWER MEANS

This invention provides novel and advantageous de-
vice for obtaining power, in a practical manner, from
the practically unlimited natural phenomena of moving
fluids such as water waves and moving air or wind.

It has of course been well publicized that mankind is
currently facing both an “energy crisis”" in which en-
ergy demands have in many places exceeded the energy
production means, and -also an ‘“ecological crisis” in
which environmental elements such as air have been
polluted by many things including the raw materials by
which useful energy is produced.

The present invention provides an effective answer to
both of those highly-significant problems of mankind.
For the source of power by water waves (particularly
along shorelines) is practically unlimited, as is the pres-
ence of wind as a power source; and the obtaining of
power by these devices can be used to provide electri-
cal power by a pollution-free method which, in turn,
can be utilized by the consumer to fulfill his special
power needs by that electric power in a pollution-free
manner.

These advantages are deemed to be so well known,
considering all their publicity, and the long need for ec-
onomical power, that the points will not be belabored
by further explanation; for mankind has for ages recog-
nized the unlimited source of water motion and air mo-
tion for power, and has tried many methods of harness-
ing that power. And all but the smallest child has been
for years becoming increasingly aware of ecological
needs which include the creation of a deliverable
power and the subsequent conversion or obtaining of
mechanical power from the deliverable power.

The above description is of an introductory and gen-
eralized nature. More particular details, features, com-
ponents and concepts of the invention are set forth in
the accompanying more detailed description of illustra-
tive embodiments taken in conjunction with the ac-
companying somewhat schematic and diagrammatic
drawings in which;

FIG. 1 is a plan view of an embodiment of the inven-
tion which utilizes the moving power of water waves to-
gether with wind and rain to achieve a power source;

FIG. 2 is a side elevational view of the embodiment
shown in FIG. 1,

FIG. 3 is a plan view of an embodiment of the inven-
tion which utilizes wind power as a power source;

FIG. 4 is a side elevational view of the embodiment
shown in FIG. 3.

As shown in the drawings the present inventive con-
cepts provide a power source, utilizing the power of
moving fluids such as water waves or air motion; and
thus there is obtained a source of power from natural
phenomena which are effectively infinite in availability
and amount as a source for useful power.

In the embodiment of the invention shown in FIGS.
1 and 2, there is provided a power source which
achieves power from moving water waves, but which
also achieves supplemental power from the wind and
even from the rain.
~ As shown in FIGS. 1 and 2, the power source in-

cludes an impeller body member 10 which comprises
a peripheral series of blades or vanes 12 shown as
slanted away from the hub 14 in a generally arcuate
counter-clockwise form for achieving power as the im-
peller 10 is caused to revolve in a clockwise direction.
It will be understood that the hub 14 is suitably sup-
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2

ported at its ends 16, to permit the desired rotational
movement of the impeller 10.

A series of discs or webs 18 are shown located at
spaced intervals along the axis of the hub 14 of the im-
peller 10, in planes perpendicular to the hub 14. These
provide a baffle or pocket effect for water or wind (as
described below) which may be impingeing upon the
impeller 10 in the obtaining of power as described be-
low, in situations in which the moving fluid is coming
thereagainst from a direction other than perpendicular
to the impeller 10.

The water waves will be striking the device, in FIG.
2, from the right. As the water waves move leftwardly
(FIG. 2), the under-portion (or undulation) impinges
upon an inclined plane or rampage 20, which is a plane
which increases in height in the downstream (leftward)
direction, and this causes the under-portion of the
water waves to be projected in a general upward move-
ment which causes a cresting of the waves. The ram-
page 20 thus brings about the beginning of the wave
cresting, the energy of which is utilized by this device
for the production of power, for the water of those
wave crests impinges upon the blades 12 causing the
impeller 10 to revolve clockwise. In its leftward move-
ment, the water is guided upward toward the impeller
10 by the inclined plane or rampage 20 which is
mounted upon the device base 22.

The base 22 of the device is hollow for a sufficient
amount of its overall shape that a flotation of the device
is achieved such that the top 24 of the inclined plane
or rampage 20 is riding substantially at the tide level of
the water body. This provides that the leftwardly mov-
ing water waves will impinge upon the vanes 12 of the
impeller 10 in the desired manner.

As shown in FIG. 1, pilings 26 are shown to maintain
the general location of the device with respect to the
water body and the shore, yet permit the device to rise
and fall (as by tides, etc.) to maintain the above-
mentioned desired height of the device with respect to
the tide level.

A baffle 28 is shown extending on the rightward side
of the impeller 10, at approximately the elevation of
the axis of the hub 14; and this baffle 28 provides that
water waves will be deflected sufficiently downward
that they will impinge upon the impeller 10 only in the
portion thereof which is at or below the axis of the hub
14, thus assuring that the water energy will cause only
a clockwise rotation of the impeller 10, instead of any’
unusually high waves causing a retarding effect by
pushing against the impeller at a higher level which
would produce a counterclockwise component of force
against the impeller 10.

Below that panel 28 there is a substantially parallel
panel 29 which provides that water dropping down-
wardly from the panel 28 will continue to move left-
wardly, achieving the desired rotational torque effect
on the impeller 10, instead of merely dropping verti-
cally in which some of the kinetic energy of the left-
wardly movement of the water waves would be wasted.

This device also achieves a source of power from
wind coming from the shoreward side, that is wind from
the left travelling to the right in FIG. 2, as now is de-
scribed.

There is shown a wind baffle 30 having a lightweight,
moveable rightward portion 32, and a fixed leftward
portion 34. When the wind is coming from the shore
(that is, the wind is moving rightwardly in FIG. 2) the
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moveable panel 32 is in its position shown in FIG. 2,
that is, its rightward position, which causes the right-
wardly-moving wind to impinge against the vanes 12 of
the impeller 10 in the portion above the axis of the im-
peller hub 14. This, of course, produces a clockwise
torque upon the impeller 10 which supplements the
above-described water power. This rightwardly-moving
wind passes along the upper wall of baffle 28 and there-
upon is vented at the right side of the device through
openings 36 in the right end-portion of the baffle wall
28. :

However, when the wind is coming from the water
body, that is, when it is moving leftwardly from the
right, the moveable lightweight panel 32 is blown by
the leftwardly-moving wind to be in its chain-line posi-
tion shown at 32a, to permit the venting of the wind
through the upper left portion of the device. That is, it
provides for the venting of wind which would enter the
device and impinge upon the blades 12 in the same
manner as the water power described above. Also, it
will be noted that the rightward openings 36 are closed,
when the wind is blowing leftwardly, by moveable cio-
sure plates 38 which close those openings 36 by left-
ward movement of the wind, yet permit those openings
36 to remain open in the situation of rightward move-
ment of wind.

The device is covered by a hood or roof 40 shown as
of generally rectangular shape but with ridges 42 to
provide that the roof 40 has enough concavity to col-
lect rain water. This rain water, in turn, passes through
an opening 44 in the roof 40 which leads through a con-
duit 46 to a position adjacent the impeller 10 and on
the right hand side (FIG. 2), providing that rain water
striking the vanes 12 will also provide a supplementary
clockwise torque to the impeller 10.

The canopy hood 40 is shown as supported from the
base member 22 by four supporting posts 47, each lo-
cated adjacent a corner of the overall device.

The roof 40 is shown as provided with a bottom wall
48 which provides a slanting surface above and at both
sides of the impeller 10, these slanting panels 48 having
at their juncture a downwardly concave cylindrical sec-
tion 49 which provides a closure or housing-portion for
the moving impeller blades 12.

In the embodiment shown in FIGS. 3 and 4, the de-
vice achieves power from wind, as a moving fluid. As
shown, this device comprises an impeller body 50 with
vanes 52 and axially spaced disc members 54 which
may be substantially identical to impeller body 10 of
the embodiment described above. This impeller body
50 has its ends 56 supported in suitable bearings, which
provide that the impeller is located in a fixed position
with respect to the device, but is rotationally moveable.

The device includes a base or frame section 58 hav-
ing a downwardly-extending supporting post 60, which
is freely rotatable within a supporting base 62; and the
device is provided with a vertical panel 64 which pro-
vides a rudder by which the wind itself causes the de-
vice frame 58 to rotate (supporting post 60 with re-
spect to base 62) so that the rotor or impeller 50 will
present its axis perpendicular to the direction of wind
travel, for maximum power effect and efficiency. The
support post 60, it will be noted, is located in a location
offset from the location of the fixed rudder vane 64,
providing that the effect of wind against the rudder 64
will provide the rotational torque to orient the device
as just mentioned.
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The frame 58 is shown as a large panel, generally hor-
izontal, whose upper surface 66 extends past the impel-
ler 50 in a location closely spaced to the path of the
outer tips of the impeller blades 52. The upper location
of the path of the tips of the impeller blades 52 is shown
as confined by a cylindrical portion 68 of an upper clo-
sure panel 70; and that upper closure panel 70, at the
windward (right in FIG. 4) side of the impeller 50 is
shown as provided by a slanting portion 72, which pro-
vides that incoming wind will be directed against only
the lower portion of the impeller 50, thus dchieving a
clockwise rotational torque of that impeller 50.
The wind, which impinges against the impeller blades
52 (from the right of FIG. 4) exits from the device at
the left end of the device, which is open. the lower
frame panel 58 extends leftwardly only an amount suf-
ficient to provide a base for a supporting post 74, which
extends upwardly and supports a leftward portion 76 of
the upper panel 70, which in turn supports the rudder
vane 64. Adjacent the right end of frame 58 there are
similar posts 78 which support the right hand portion
72 of the upper wall member 70.
It is thus seen that a power means according to the
present inventive concepts provides a new and advan-
tageous power means having advantages of ecology,
practicality, a harnessing of practically unlimited natu-
ral forces with a minimum or zero pollution incidentals,
etc., providing an economical and practically pollution-
free energy source.
Accordingly, it will thus be seen from the foregoing
description of the invention according to these illustra-
tive embodiments, considered with the accompanying
drawings, that the present invention provides a new and
useful energy device, having desired advantages and
characteristics, and accomplishing its intended objects,
including those hereinbefore pointed out and others
which are inherent in the invention.
Modifications and variations may be effected without
departing from the scope of the novel concepts of the
invention; accordingly, the invention is not limited to
the specific embodiments or form or arrangement of
parts herein described or shown.
What is claimed is:
1. Power means for obtaining useful power from
moving fluid such as water waves or air motion, com-
prising:
an impeller body member;
means supporting said impeller body member for ro-
tational motion about a horizontal axis; and

baffle means for guiding the moving fluid to opera-
tively impinge against the impeller body member to
impart torque thereto in a certain rotational direc-
tion;

in a combination with two vertically-spaced baffles

on the side of the impeller body member from
which the moving water comes, the upper one hav-
ing means serving to confine the water so as to op-
eratively impinge against the impeller body mem-
ber only along the lower portion thereof which pro-
duces rotational torque in the said certain rota-
tional direction, and the lower one having means
serving to confine the water thus deflected by the
upper one to cause it to continue to move to opera-
tively impinge against the impeller body member in
a torque-producing manner in contrast to merely
dropping vertically and in effect losing some of its
kinetic energy.
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© 2, Power means for obtaining useful power from
moving fluid such as water waves or air motion, com-
prising:
an impeller body member;
means supporting said impeller body member for ro-
tational motion about a horizontal axis; and
baffle means which defines the upper extent of the
water impinging on the impeller body for guiding
the moving fluid to operatively impinge against the
impeller body member to impart torque thereto in
a certain rotational direction;
in a combination in which, above the said baffle
. means which define the upper extent of the water

impinging against the impeller body member, -

means provided with openings which are provided
with wind-actuated closure members, which are
moveable so as to be caused to close by wind com-
ing from the direction of the water so as to block
that wind from exerting a retarding torque against
the impeller body in what would be the rotational
direction opposite the certain direction of torque
achiecved by the water, but which are otherwise
open, thereby to permit the exit of wind which has
travelled in the opposite direction to impinge upon
the upper portion impeller body member to cause
supplementary power torque in that same certain
direction as aforesaid.
3. Power means for obtaining useful power from
moving fluid such as water waves or air motion, com-
prising:
an impeller body member;
means supporting said impeller body member for ro-
tational motion about a horizontal axis; and

vertically spaced bafile means for guiding the moving
fluid to operatively impinge against the impeller
body member to impart torque thereto in a certain
rotational direction;
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in a combination with means comprising a movable
baffle member for utilizing the power of moving
wind coming from the direction opposite that of
the said moving water, the said baffle member
being supported so as to have a lower position baf-
fling wind to the upper portion of the impeller body
- member when the wind is coming from the direc-
tion opposite the moving water, thus blocking it
from impingeing against the impeller body member
in a2 manner to retard the torque in the said rota-
tional direction, means on the baffle member to
raise a portion thereof to an upraised position per-
mitting exit of wind coming from the same direc-
tion as the water.
4. Power means for obtzining useful power from
moving fluid such as water waves or air motion, com-
prising:
an impeller bedy member;
means supporting said impeller body member for ro-
tational motion about a horizontal axis; and

vertically spaced baffle means for guiding the moving
fluid to operatively impinge against the impeller
body member to impart torque thereto in a certain
rotational direction;

in a combination with a baffle providing a lower

panel for guidance of the water to the impeller
body member is an inclined panel means which
leads to substantially the path of the tips of the
blade members of the impeller body member; and
in which the said lower panel inclination causes the
under-portion of the water waves to be projected
in a general upward movement which causes a
cresting of the waves, the breaking of the wave cre-
ating being a major contributor of energy utilized

in imparting torque to the impeller.
* * * * *
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[57] ABSTRACT

A waterwheel assembly has entry and outlet flow di-
recting channel portions and a flow directing member
below the waterwheel. The waterwheel has a plurality
of radially disposed paddles mounted on a rotatable
shaft and arranged with spaces between the paddles in
open fluid communication in the center portion of the
waterwheel. The upper portion of the waterwheel is
enclosed in a ized air cavity so water is kept in
the lower portion of the waterwheel. A method of con-
trolling the water flow in a watershed includes directing
water flow through small channels which connect with
larger channels with flow controlling waterwheels in
the channels at selected location so that releasing water
through the waterwheels controls water flow and thus
regulates runoff in the watershed area.

SChhns,6DrawingFigum
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PRESSURIZED WATER WHEEL

CROSS REFERENCE TO RELATED DOCUMENT

The waterwheel invention disclosed in this applica-
tion is a subject of a document disclosure number
026943 filed in the Patent Trademark Office, Dec. 26,
1973, by the inventor.

BACKGROUND OF THE INVENTION

This invention is related to waterwheels wherein
water passing through the lower portion of a vertical
positioned waterwheel rotates same. It is also related to
the control of runoff and water flow in a watershed
area.

In general prior art waterwheels and ‘water driven
turbines are low eficiency prime movers.because they
are structured such that a substantial portion of the
perimeter of the wheel is enclosed in the water and only
a small portion of it is subjected to forces from the
moving water stream therefore considerable drag is
incurred by the major portion of the wheel. In these
prior art waterwheels and turbines generally a large
head of water is needed to obtain any substantial power
output from the device and in such constructions a
large head loss is usually occurred through the asso-
ciated structure necessary to get the water to the blades
or paddles of the turbine or waterwheel. Almost with-
out exception waterwheels are operated with water
passing onto an upper portion of the wheel and being
carried by it to a lower elevation on which requires
special channeling and water diversion necessary to get
the water to such an elevation and in proper position to
fall on the wheel. Obviously these constructions require
sizing of the wheel and proportions to the available
head and topical location which dictate the size of the
waterwheel.

In the current practice water control in a watershed
area is accomplished by arranging the water movement
such that it passes through a plurality of channels,
streams, rivers and the like so the water is moved off of
the land at a reasonably rapid rate. This method of
water control in watershed area simply provides for
rapid removal of the water from the watershed area to
move it down stream and eventually to the ocean. This
method control has inherent disadvantages in that it
causes great amount of soil erosion as well as providing
for dangerous conditions flood-wise and times of high
rain fall or during spring thaws. An additional disadvan-
tage of this present method of water control is that it
does not provide for retention of water onto the land
which in turn decreases the amount of water available
for replenishing the under ground water supply and
maintaining water content in the land.

SUMMARY OF THE INVENTION

In an embodiment of the waterwheel structure of this
invention it includes a waterwheel having a plurality of
paddles which are arranged so the spaces between the
paddles are in open fluid communication in the center
portion of the wheel. The waterwheel is mounted in a
water flow directing structure having an entry channel
and outlet channel to direct water flow through the
lower portion of the waterwheel. The waterwheel is
enclosed in a housing like structure such that the upper
portion thereof is operated in an air cavity. In a specific
embodiment of the method of controlling water flow in
a watershed area the method includes steps of directing
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the water flow through a plurality of channels, forming
a reservior in the channels, installing a flow regulating
waterwheel at the outlet of each reservoir and releasing
water to flow through the waterwheels.

One object of this invention is to provide a water-
wheel structure overcoming the disadvantages of the
prior arts and devices and thereby providing a high
efficiency waterwheel for use with relatively small
water heads.

Still, one other object of this invention is to provide a
waterwheel structure which has a waterwheel that is
rotated about a horizontally disposed axis and has a
supporting structure which directs water flow through
the lower portion of the waterwheel while maintaining
the upper portion of the waterwheel in a pressurized air
cavity.

Still, another object of this invention is to provide a
waterwheel structure which can be used for the genera-
tion of electrical power by utilizing relatively small
water heads through channeled flows.

Yet, another object of this invention is to provide a
waterwheel which will operate much in the manner of
a watergate to regulate the flow of water in a channel
that can be used in a watershed area to control motion
of water in the watershed area. )

Yet, another object of this invention is to provide a
method of controlling water flow in a watershed area
which retains water on the land in a plurality of inter-
connecting channels throughout the area and further
wherein the water flow from the reservoir is regulated
by flow control watergates or flow controlling water-
wheels.

Various other objects, advantages, and features of
the invention will become apparent to those skilled in
the art from the following discussion, taken in conjunc-
tion with the accompanying drawings, in which:

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a cross sectional elevation view of the water-
wheel of this invention shown with water flowing there-
through;

FIG. 2 is a cross sectional view of the waterwheel and
associated structure shown in FIG. 1, with this view
being taken on a line 2—2 of FIG. 1;

FIG. 3 is a cut away view of the waterwheel and
associated structure taken along the axis of rotation of
the waterwheel and showing mounting of the water-
wheel and paddles in full view with mechanical appara-
tus for extracting rotary mechanical power;

FIG. 4 is an enlarged cross sectional view of the bot-
tom channel flow directing member and the tip of a
waterwheel paddle showing the seal member on the
paddle;

FIG. 5 is a graph of estimated theoretical efficiency
for the waterwheel versus drop of water surface for
several flow velocities; and

FIG. 6 is a graphical illustration of a watershed area
with a plurality of interconnecting water channels join-
ing together, circles on the channels indicate water-
wheels.

The following is a discussion and description of the
specific embodiments of the waterwheel structure and
the method of water control in a watershed area of this
invention, such being made with reference to the draw-
ings, whereupon the same reference numerals are used
to indicate the same or similar parts and/or structures.
It is to be understood that such discussion and descrip-
tion is not to unduly limit the scope of the invention.
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DETAILED DESCRIPTION

" Referring to the drawings in detail and in particular
to FIG. 1 wherein the waterwheel and channel flow
apparatus of this invention, indicated generally at 10 is
shown with water flowing through same from the right
to the left. The waterwheel alone, indicated generally
at 12 is supported by short shaft 14 extending from its
opposite ends which are rotatably mounted in bearings
supported on sides 16 and 18 of the flow channel struc-
ture. Shaft 14 rigidly supports a plurality of paddles 20.

Shaft 14 is rigidly mounted on paddles 20 by supports
22 at their outer end portions. The inner edge 24 of
paddles 20 is displaced from shaft 14 and these inner
edges are spaced from one another as shown in FIG. 1.
The inner edge 24 of the paddles 20 is attached to the
ends of the supports 22 shown in FIG. 3 for maintaining
the paddles 20 in a spaced relationship from the shaft
14. Spacing of inner paddle edges 24 is an important
feature of the waterwheel structure because it allows
open fluid communication between the spaces 26 be-
tween paddles 20. Each paddle on its elongated outside
edge 28 is provided with a resilient wiper 30. Paddle
end edges 32 and 34 are also provided with wipers 36
and 38, respectively. Wipers 30, 36 and 38 rub on
interior portions of the flow channel structure will be
described hereinafter. Shafts 14 can be fitted with a
mechanical gearing, as indicated generally at 40 in FIG.
3, for connecting it with another shaft 42 to utilize
rotary power developed by the waterwheel.

. The particular flow channel apparatus 10 includes an
entry channel leading to waterwheel 12, an outlet chan-
nel from the waterwheel and a bottom channel flow
directing assembly beneath the waterwheel. Entry
channel 42 has a smooth bottom which can be flat if
desired to a point immediately ahead of waterwheel 12
at which point the flow channel drops and has a gener-.
ally semi-cylindrical shaped bottom 46, as shown in
FIG. 1. Entry channel 42 joins an upright flow directing
member 48 immediately below waterwheel 12. Upright
flow directing member 48 has a curved upper surface
50 which is shaped to allow wipers 30 on the paddle
edges 28 to rub as they pass. FIG. 4 shows the upper
end portion of upright flow directing member 48 with

.the end of a paddle 20 and wiper 30. Outlet channel 52
can be constructed having a flat bottom 54 downstream
from a point located immeédiately downstream of wa-
terwheel 12 where at such point the channel bottom is
preferably partially cylindrically shaped and cross-sec-
tionally round as indicated at §6. Curved channel bot-
tom outlet 56 joins the downstream side of upright flow
directing member 48 and extends to a point substan-
tially downstream of waterwheel 12.

It is to be understood that the rounded and partially
cylindrical configuration of the channel bottom imme-
diately ahead of and downstream of waterwheel 12 can
be changed from that shown if such is the desire of the
user. In any circumstance the shape of the channel
bottom should be smoothly contoured in a uniform and
evenly changing curvilinear shape when seen in cross
section in order to provide smooth water flow into and
away from waterwheel 12 for the purpose of minimiz-
ing turbulence. :

Waterwheel 12 has the upper portion thereof en-
closed in a housing indicated generally at 58 to form an
air cavity 60 above the upper portion of waterwheel 12.
Housing 58 has an upright entry wall portion 62 ex-
tending upward from a point slightly below the eleva-
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tion of shaft 14. A housing top portion 64 joins the
upper portion of entry wall portion 62 and extends
downstream over the top of waterwheel 12. It is desir-
able for the top portion 64 of the waterwheel housing
58 to be disposed above the upper end of paddle 20, as

shown in FIGS. 1 and 3, so entry wall 62 and top por-
tion 64 will provide somewhat of a water barrier in

entry channel 42. An outlet upright wall portion 66
joins the downstream side of housing top portion 64
and extends to a point substantially below the elevation
of the upper end of upright flow directing member 48.
Preferably, entry wall portion 62 and outlet wall por-
tion 66 are positioned “approximately in the center
portion of the rounded channel bottoms 46 and 56 so
that water can flow in a smooth flow into and out of
waterwheel 12.

FIG. 1 shows in normal operating water levels inside
housing 58. In normal operation water at the inlet side
of waterwheel 12 is maintained at a water level 70
slightly below the elevation of the upper end of the
lowermost paddle in the vertical position. This water
level 70 is adjusted by changing air pressure in cavity
60 as necessary to balance it against the head existing
between inlet water surface 68. Obviously air pressure
in cavity 60 must be precisely regulated and correlated
with atmospheric pressure to maintain water surface 70
at the desired point. In the outlet side of waterwheel 12
water passes through spaces 26 between paddles 20
and exits the waterwheel at a water surface level 72
below the elevation of water level 70. The water level
74 in outlet channel 52 is below water surface elevation
68 in entry channel 42, therefore, air pressure in cavity
60 necessary to maintain water surface level 70 as
desired will cause water level 72 in the outlet side of
waterwheel 12 to be displaced below water level 70.
The air pressure in cavity 60 necessary to maintain the
surface levels 70 and 72 can be supplied by an air pres-
sure tank, air compressor, or the like, connected to the
cavity 60. The air pressure required to maintain the
necessary surface levels 70 can be controlled by a float
means or any other sensing device ‘co-acting with the
source of air pressure. It is to be noted that outlet wall
housing portion 66 extends substantially below entry
housing wall portion 62. This is necessary to insure that
air from cavity 60 does not pass underneath the bottom
of outlet wall portion 66. During operation of water-
wheel 12, it is to be noted that air passes between pad-
dle spaces 26 as water moves into these spaces at their
outer portions along on the periphery of the water-
wheel. This feature of the waterwheel structure of this
invention keeps the water down below the upper end of
the lower vertically disposed paddle so it moves
through the lower portion of waterwheel 12. Water is
not carried into upper portions of waterwheel 12 ex-
cept for splashing, which is relatively minor.

FIG. 5 shows an estimated performance chart for the
waterwheel and flow channel structure 10 of this inven-
tion. In FIG. § percentage of efficiency is plotted versus
water drop in feet for several water velocities in feet
per second. Specific velocities are indicated on the
curves. In calculating the curves shown in FIG. § head
loss is estimated from the following formula:

Head Loss = (V%/2g) + 0.25 feet

In this formula 0.25 is added for head losses within the
housing structure. It is to be noted that percent effe-
ciency for even a small drop of water surface for a
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nominal flow rate is a rather high percentage which is
to be compared with conventional turbines as de-
scribed above which have a percent effeciency of gen-
erally less than 10%. Considering losses from headwa-
ter elevation to turbine inlet, losses from turbine outlet
to tailwater and leaks. From FIG. § it is obvious that the
waterwheel and flow channel structure of this invention
are desired to operate at a very high efficiency with
relatively low head conditions. Relatively low head
conditions includes a total head from inlet to outlet of
below ten feet. In the operation of the waterwheel of
this invention it is preferably sized so that average ve-
locity of water through the waterwheel is within the
range of 1 to 10 feet per second. On the average it is
expected that the average velocity through the water-
wheel will be within the range of 2 to 3 feet per second
for normal conditions with peak flow rates having an
average velocity of between S to 10 feet per second.
Obviously the rotational speed entirely developed by
the waterwheel and flow channel apparatus of this
invention would be dependent on the radius of the
waterwheel, the head pressure, leaks, head pressure
losses and other factors. However, it is to be under-
stood that mechanical rotating power produced by
waterwheel 12 can be coupled to generators for the
production of electrical power or it can be connected
to other mechanical devices for making use of the ro-
tary power.

In regard to the method of controlling water flow in
a watershed area of this invention it is to be understood
that this method differs substantially from presently
practiced methods of watershed control. The novel
method of this invention was conceived and designed
with the full intention of utilizing the novel waterwheel
structure of this invention. Basically the novel method
of this invention involves close regulation of runoff and
retention of water on the land for later release through
the waterwheels to extract useful work from the water
as it moves downstream at a later time under regulated
conditions.

In applying the waterwheel and flow channel struc-
ture of this invention to a watershed area it is initially
necessary to arrange the streams, water flow channels,
rivers, etc. in the watershed area in a general arrange-
ment as illustrated in FIG. 6. In FIG. 6 the water carry-
ing channels indicated by the lines are connected in a
branching fashion so that water picked up by one
stream will move into other connected channels. Each
of the water carrying channels or the like are posi-
tioned in the watershed area to pick up runoff from a
designated area in the adjacent terrain. Along these
channels or the like a plurality of flow regulating water-
wheels are installed as indicated by the circles 80 in
FIG. 6. These waterwheels are installed at selected
locations spaced along the channels to temporarily
store water in the connecting channels. The channels
which connect the waterwheels are each arranged such
that it’s surface water is virtually level. At the outlet of
each of the reservoirs a flow regulating waterwheel is
installed. The flow regulating waterwheels are namely
the waterwheel and flow channel structure as described
above. It is to be noted that by selective placement of
the waterwheels the water surface drop in the channels
can be adjusted for each to be within the desired oper-
ating range of the waterwheel and flow channel appara-
tus 10.

In operation of a watershed area the water flow con-
trol is regulated by releasing water through the flow
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regulating waterwheels at a rate such that it maintains
an essentially smooth, level, and practically non-turbu-
lent flow in the water channel. ‘A flow rate of % feet per’
second or less will substantially eliminate significant:
soil erosion problems. By releasing water so that it
flows through the channels in this manner the problem
of soil erosion is minimized. Also a great quantity of
water is held onto the land so that is can be absorbed by
the land and available for use as needed. An additional
feature in retaining water on the land is that is lessens
the impact of peak rains which endanger flood-prone
areas downstream. It is to be noted that by regulating
water flow so that it moves normally in a non-turbulent
flow through the channels it substantially eliminates
soil erosion and eliminates the necessity for paved
channels, riprap, and other expensive flow control fa-
cilities necessary with present state of the art high ve-"
locity water channels. Also the low velocity non-turbu-
lent flow will allow particles in the water to drop out
thus clarify water in the channel.

In the selection of the sites for the flow regulating
waterwheels they are preferably chosen where eleva-
tion drops between the upper channel water surface
and lower channel water surface and can be arranged
to be between 2 and 10 feet. More preferably the sites
are selected at points where elevation drops are within
the range of 3 to 8 feet. It is to be noted that by select-
ing the flow regulating waterwheel sites in designated
areas which are not too remote from civilization these
devices can be used for the generation of electrical
power for utilization by residents of the immediate area
or connected with a power transmission network for
use at a distant point.

In the manufacture of the waterwheel structure and
associated apparatus of this invention it is obvious that
it can be constructed to achieve the end product with
far less effort than required from some state of the art
hydroelectric plants and water regulating and retaining
facilities. Because the waterwheel structure and the
flow channel structure is relatively simple in form it can
be cast or formed of concrete or other suitable materi-
als with the waterwheel being constructed much as
conventional turbines, waterwheels, pumps and the like
are constructed. In utilizing a watershed water control
method of this invention it is obvious that the water-
wheel, flow channel directing structure and flow regu-
lating apparatus of this invention make it possible to
carry out the method as disclosed. The method of water
control in a watershed area is unique to the present art
because it retains water on the land and carefully regu-
lates the rate of runoff by the use of the flow regulating
device. . _ ,

In the use and operation of the waterwheel structure
of this invention, it is seen that same provides a water-
wheel structure which can be used for the generation of
rotary mechanical power and which also can be used to

" regulate water flow through a channel or the like. In
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carrying out the method of this invention it is seen that
the method of water control for a watershed area regu-
lates the amount of water retained on the land by using
interconnected reservoirs and channels. The method of
watershed control retains water on the land and regu-
lates runoff so that the flow rate through the channels
is relatively low and thereby overcomes disadvantages
of the present methods by reducing or substantially
eliminating soil erosion while at the same time lessen-
ing the danger of flooding downstream. It is to be noted
that water channels created by using this invention
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would provide water for irrigation purposes as well as
recreation. '

As will become apparent from the foregoing descrip-
tion of the applicant’s waterwheel structure a relatively
waterwheel apparatus has been provided for use in a
channel to generate rotary mechanical power. The
waterwheel structure is relatively simple to construct
yet it functions with a quite high effeciency and can be
used essentially continuously in a water channel with
an adequate supply of water. The method of water
control of the applicant provides a simple method of
controlling water flow in a watershed area by retaining
water in reservoirs and regulating its flow rate down-
stream. The method is economical to utilize as a whole

1Q

because it utilizes water power to produce rotary me- 15

chanical energy which can be used to generate electri-
cal power. Additionally the method of water controt is
advantageous from a safety point of view because it
lessens problems due to flooding and it moves water at
a relatively low velocity.

While the invention has been described in conjunc-
tion with preferred specific embodiments thereof, it
will be understood that this description is intended to
illustrate and not limit the scope of the invention,
which is defined by the following claims:

I claim:

1. A waterwheel and flow directing means therefor,
comprising:

a. a waterwheel having a plurality of radially disposed

paddles mounted on a shaft in a spaced relation

"with spaces between said paddles being in open
fluid communication at the center portion of the
waterwheel,

b. a flow directing means having an entry channel
portion in fluid communication with the upstream
side of said waterwheel, and outlet channel portion
in fluid communication with the downstream side
of said waterwheel, and

" c. a housing rigidly mounted over said water wheel,

d. a means to pressurize an upper portion of said
waterwheel mounted over said water wheel in a
stationary position, said means to pressurize being
‘constructed and adapted to in use retain air in an

upper portion of said waterwheel, and

. a bottom channel flow directing member mounted

below said waterwheel and having the upper sur-

face thereof contactable with the lowermost por-

tion of said waterwheel paddles as said waterwheel

rotates to direct water through a lower portion of

said waterwheel,

f. means to maintain a pressure head on the entry
channel portion which is greater than that on the
outlet channel portion, said water wheel and flow
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directing means being constructed and adapted to
in use receive water in said entry channel portion,
pass same beneath said entry wall, through the
lower portion of said waterwheel underneath said
outlet wall and out through said outlet channel
portion. ’

2. The waterwheel flow directing means of claim 1,
wherein said housing having one wall extending upward
from a point essentially immediately below the upper
end.portion of an essentally verticaily positioned pad-
dle located at the bottom portion of said waterwheel in
said entry channel portion and having another wall
extending upward from a point substantially below said
blades in said outlet channel.

3. The waterwheel flow directing means of claim 2,
wherein:

a. said bottom channel flow directing member has an
upright portion extending upward from a bottom
portion of said channel below said waterwheel,

b. said inlet channel portion has a recessed portion
upstream of said waterwheel extending from a
point substantially ahead of said waterwheel to said
bottom channel flow directing member, and

c. said outlet channel portion has a recessed portion
downstream of said waterwheel extending from a
point substantially downstream of said waterwheel
to said bottom channel flow directing member.

4. The waterwheel flow directing means of claim 3,

wherein: ,

a. said entry channel portion and said outlet channel
portion have upright sides in the portion thereof
adjacent said waterwheel with said channel sides
contacting the sealing relation the opposed ends of
said waterwheel,

b. said housing extends beneath said channel sides,
and :

c. said housing extends substantially above said wa-
terwheel and has the upper end thereof above the
water level in said inlet channel portion.

. 5. The waterwheel and flow directing means of claim
4, wherein:

a. said inlet channel recessed portion and said outlet
channel recessed portion have an essentially semi-
circular curvature,

b. said shaft is rotatably mounted with said channel
sides and is mechanicaily connected through one of
said sides to an external point, and

c. said paddles have seal means on ends thereof and
outer edges thereof to seal with said channel sides
and said bottom channel flow directing member,

respectively.
¥ ¥ ¥ ¥
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(571 ABSTRACT

The invention comprises a water wheel having spaced
parallel circular side walis supported on bearings which
are rotationally mounted in a stationary base, these
bearings preferably being the wheels of railroad cars,
there being a plurality of generally radially extended
paddle elements disposed between the side walis and
extending from the periphery thereof, and including an
upwardly extended chute connected to an elevated
water supply, this chute having a lower end shaped to
deflect water generally horizontally and tangentiaily
into the upper portion of the water wheel and against
the paddle eiements.

1 Claim, 4 Drawing Figures
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1

WATER WHEEL ASSEMBLY

BACKGROUND OF THE INVENTION

The art of extracting power from moving water is old
and includes numerous and different types of paddle
wheels designed to extract power from moving streams
and rivers, those having cup-like paddles which are
operated by the gravitational force of water supplied
from above, and modern hydroelectric turbines
wherein high pressure water is utilized to drive the
turbine structure. The water wheels of this prior art are
conventionally supported by a central axle which is
directly coupled to a power take off shaft, requiring the
use of extremely heavy duty bearings in the power take
off mechanism. There is a need for a water wheel assem-
bly which utilizes both the pressure generated from an
elevated water supply and the force of gravity on one
quarter of the water wheel, and is supported other than
by the central axle so that the power take-off linkage is
separated from the support bearings.

SUMMARY OF THE INVENTION

The present invention comprises a water wheel as-
sembly which fulfills the above mentioned need and
includes three spaced parallel circular wall elements
having a central axle passing therethrough which con-
nects with the power take-off mechanism, the water
wheel being supported by a plurality of preferably rail-
road-type wheels journalled in a base structure beneath
these walls. A plurality of radially extended paddle
elements mounted to and between the outer walls are
driven by substantially horizontally-directed water im-
pinging on the paddles from a chute which delivers
water from an elevated supply, whereby the potential
energy of the elevated water supply is utilized with a
simple water wheel and in the absence of a complicated
turbine structure. Each of the paddle elements is also
provided with a panel connected between the radially
inner end of the paddle and the periphery of the wall to
contain the water from the chute during approximately
one quarter of the rotational cycle of the wheel so that
the gravitational pull on this.confined water is used to
drive the wheel in addition to the force of the fast-mov-
ing water from the chute.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side elevation view of the water wheel
assembly with a sidewall partially cut away;

FIG. 2 is a top view of a portion of the assembly;

FIG. 3 is a sectional view taken along lines 3—3 of
FIG. 1; )

FIG. 4 is a top view of the gear mechanism and a
portion of the water wheel assembly. |

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The invention includes a water wheel, generally indi-
cated at 10, comprising a pair of spaced, circular side
walls 12, each of which is supported on a plurality of
bearing elements 14, which are preferably rail road
wheels having flanges 16 disposed on the outer edge of
the walls for lateral stability. The railroad wheels are
Jjournalled in supports 18 which are mounted in any
suitable base. Parallel to and between sidewalls 12 there
may be an additional circular wall 20, this wall being
supported by similar bearings 22. The number of the
wheels 18 and 22 may be any number greater than 1 for
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each of the circular walls and need not be limited to 3,
and it may be seen that the water wheel structure can
rotate on these wheels or bearings independent of any
additional support.

An axle 23 passes centrally through all three walls
and is journalled in any suitable bearing structure 24,
these bearing means being supported by upright stan-
chions 27 which are firmly secured at their lower ex-
tremities in concrete or otherwise stabilized. One end of
the axle is provided with a driving gear 26 which deliv-
ers power to a take off shaft 28 journalled in the bear-
ings 30, the power take off shaft having a gear 32 match-
ing with the gear 26. Of course, any suitable transmis-
sion structure and power take off means could be used.
As previously noted, the support for the wheel struc-
ture is provided by the bearing elements 18 and 22 so
that the bearings 24 need not be exceptionally heavy
duty.

A plurality of radially extended paddle elements 34
are mounted between the side walls 12 at angularly
spaced intervals, these paddles, of course, being spaced
and extending inwardly partway from the circumfer-
ence of the side wails. Each of these paddle elements
has a panel 36 joined to the inner edge thereof and
extending at an angle on the order of 90° to the circum-
ferences of the side walls to form a pocket-like cavity 38
between the side walls.

A water chute 40 extends upwardly from the water
wheel to a water supply, not shown, to the lower end of
the chute which opens and has a shelf-like deflection
panel to direct water from the elevated source generally
toward the paddle elements 34 as they are sequentially
exposed during the rotation of the wheel. It would also,
of course, be possible to substitute one or more pipes for
the chute 40, the essential feature of the conduit being
used, being that it directs the water directly against the
paddle element.

In operation of the device, it can be seen that water
supplied from the chute 40 will be delivered at high
speeds against the paddles 34, the force derived there-
from causing the wheel to turn at a rapid rate. As the
wheel rotates, water will be trapped in the pockets 38
and under the force of gravity will further force the
wheel to rotate in the clockwise direction as shown in
FIG. 1. Thus the full potential energy of the elevated
water supply is extracted by the water wheel without
the use of high pressure turbines and without the need
for an exceptionally large wheel or conveyor assembly
that extends substantially to the height of the water
supply.

I claim:

1. A water wheel assembly comprising:

a. a water wheel having

i. a pair of spaced parallel circular side walls;

ii. a plurality of radially extended paddles mounted
to and between peripheral portions of said side
walls, each of said paddles having a radially inner
edge and a panel mounted to and between said
side walls and extending from the radially inner
edge of the respective paddle substantially nor-
mally thereto and extending substantially to the
circumference of said side walls;

b. means of supporting said water wheel for rotation
on a horizontal axis comprising a plurality of
flanged railroad car wheels rotationally mounted
beneath and in supporting contact with said side
walls and having flanges thereof mutually oppo-
sitely disposed to laterally secure said water wheel,
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said wheels each being non-translatory and having water gushing from said conduit is directed gener-

an axis parallel to the axis of said water wheel and ally toward consecutive ones of said paddles as said
the axes of said side walls; water wheel rotates;

c. a generally straight conduit extending upwardly to . . . .
an elevated water supply and being open at the 5 d. said water wheel having an axle, and including
lower end, the lower end of said conduit being mechanical linkage means coupling said axle to a

directed generally across the upper portion of said power take-off shaft.
water wheel normal to the axis thereof such that *x ko
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1
WATER-POWER MOTOR

The present invention relates to a water-power motor
preferably for rotating at a relatively low speed by the
action of a rising and falling water surface, for instance
the wave motion thereof. The motor comprises at least
one wheel rotatable on a horizontal axis and a plurality
of compartments disposed peripherally in a suitable
fashion in the wheel, each compartment being defined
by axially and radially disposed walls and by a pivotally
mounted shutter disposed transversely of the peripheral
surface of the wheel and forming when in one position
the bottom of the compartment while allowing when in
another position free tangential passage of water
through the compartment, said shutter being mounted
in such a manner that during one revolution of the
wheel it will swing by gravity between a closed position
and an open position, and a container is arranged adja-
cent said wheel to cooperate therewith, from which
container water successively flows into the compart-
ments thereby causing the wheel to rotate.

Swedish Pat. Specification No. 363,876 discloses a
water-power motor comprising a number of buckets or
compartments which are arranged in a rotatable wheel
and provided with pivotally mounted bottoms.

The object of the present invention is to provide an
apparatus of substantially the same type as the known
water-power motor according to said patent specifica-
tion, which apparatus — despite its simplified construc-
tion with regard to the wheel proper — when in use for
exploiting wave motion energy offers a smoother run
and higher efficiency than the water-power motor ac-
cording to said patent. The novel features of the appara-
tus according to the invention reside in that the com-
partments which are arranged at the wheel periphery
and have three fixed walls, are adapted to cooperate
with a surface stationary relative to the wheel, which
surface during part of the revolution closes the com-
partment at least partially in the outward direction.

The apparatus according to the invention will be
described in greater detail hereinbelow with reference
to the accompanying drawings, in which:

FIG. 1 schematically illustrates an embodiment of the
apparatus as viewed obliquely from the side and par-
tially in cross-section;

FIG. 2 illustrates, broken away, a portion of an equal-
izer container having modified inlet flaps; and

FIG. 3, like FIG. 1, schematically illustrates an appa-
ratus in which the wheel and the equalizer container
have been modified. :

In the embodiment of FIG. i, the wheel 1 comprises
a central tubular portion 2, the outwardly facing surface
of which forms the inner boundary wall of the compart-
" ments, and lateral discs 3 of which the portions located
outside the central portion form the side walls of the
compariments. Shutters 5 are pivotally mounted adja-
cent the peripheral portion 4 of the lateral discs 3 and,
when in a radial position of abutment against support
members & provided at the central portion, said shutters
form the bottoms of the compartments.

When the compartments descend into the water at
the lower portion of the wheel, the shutters are swung
backwards against the direction of rotation and thus
offer no resistance to the rotary motion of the wheel.
During the continuing rotation of the wheel the shutters
will resume by gravity such a position as to form again
the bottoms of the compartments.
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In order to perform its intended function the wheel 1
preferably cooperates with an equalizer container 7
comprising an open-top channel-shaped portion 8 hav-
ing a bottom and side walls. At one end of the portion
8 are provided flaps 9 which open inwardly and, as
shown, pivot about horizontal shafts, but which may of
course be of any suitable design. At the opposite end of
the channel-shaped portion 8 the side walls of the con-
tainer extend up to and join the peripheral curvature of
the outer lateral discs 3 of the wheel 1. The bottom 10
of the channel-shaped portion is provided with a curved
portion 11 extending a distance along the periphery of
the wheel 1, preferably a distance corresponding to the
peripheral distance between two consecutive shutters.

As will appear from FIG. 1, the wheel is composed of
a number of sections, each section being provided with
a series of pivotally mounted shutters. The shutters in
the different sections are offset with respect to each
other, whereby an effect of overlapping is gained. Due
to the fact that water contained in one compartment
exerts a motive force on the wheel, while at the same
time the filling of another compartment has just begun,
the rotational movement of the wheel will become
smoother and more uniform.

The motor is intended to be positioned in the water
such that the wave crests X should be able to enter into
and fill the equalizer container 7. The water collected
therein will then fill the compartments of the wheel
successively thereby causing the wheel to rotate also
during the passage of a subsequent wave trough y,

In the embodiment of FIG. 2, the equalizer container
7' has a substantially greater capacity as compared with
the container 7 in FIG. 1. The increased depth of the
container 7' has necessitated the provision of additional
inlet flaps 9'. The flaps are movably mounted in such a
manner that flaps inside which there is still water from
a previous wave or waves will remain closed, whereas
the other flaps are free to open inwardly so as to permit
more water to enter. By using the apparatus according
to FIG. 2, it is possible to obtain a more uniform water
supply and ensure continued rotation of the wheel, even
though the supply of water should cease as a result of
temporarily lower waves during some periods.

The embodiment of FIG. 3 differs from that of FIG.
1, in that the wheel comprises only one section and in
that the compartments have a low outer wall 12 having
a height substantially equal to half of a pivotal shutter.
As in the embodiment of FIG. 1, the equalizer container
7", here having no inlet flaps, is provided with an exten-
sion 11", augmenting, together with the low outer walls
12 of the compartments, the capacity of the compart-
ments when these move along the portion of their circu-
lar path during which they are filled with water.

The invention must not be considered restricted to
that described above or shown in the drawings but may
be modified in various ways within the spirit and scope
of the accompanying claims.

What we claim and desire to secure by Letters Patent
is:

1. A water-power motor, preferably for rotating at a
relatively low speed by the action of a rising and falling
water surface, for instance the wave motion thereof,
wherein said motor comprises at least one wheel rotat-
able on a horizontal axis and a plurality of compart-
ments disposed peripherally in a suitable fashion in said
at least one wheel, each compartment being defined by
axially and radially disposed walls and by a pivotally
mounted shutter disposed transversely of the peripheral
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surface of said wheel and forming when in one position
the bottom of the compartment while allowing when in
another position free tangential passage of water
through the compartment, said shutter being mounted
in such a manner that during one revolution of the
wheel it will swing by gravity between a closed position
and an open position, and wherein a container is ar-
ranged adjacent said wheel to cooperate therewith,
from which container water successively flows into the
compartments thereby causing the wheel to rotate, said
container being formed so as to allow unimpeded inflow
of water thereinto but permitting outflow of water
therefrom only via the compartments of the wheel.

2. A water-power motor as claimed in claim 1,

wherein the compartments arranged at the periphery of 15

the wheel and provided with three fixed walls are
adapted to cooperate with a surface which is stationary
with respect to the wheel, and adapted to close at least
part of the compartment in the downward direction
during part of the revolution thereof.

3. A water-power motor as claimed in claim 2,
wherein said stationary surface is arranged at the con-
tainer serving as an equalizer and adapted to be filled
with water from the wave crests, and wherein said
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container whose open, one end extends up to and joins
wheel portions defining the compartments, is in direct
communication with the space of a registering compart-
ment.

4. A water-power motor as claimed in claim 2,
wherein said stationary surface alone is adapted to de-
fine the wheel compartments in one direction.

5. A water-power motor as claimed in claim 2,
wherein said stationary surface is adapted to cooperate
with a wall arranged at the compartment, and to define
together with said wall a wheel compartment in said
one direction (FIG. 3).

6. A water-power motor as claimed in claim 1,
wherein said equalizer container is provided with inlet
flaps serving as one-way valves.

7. A water-power motor as claimed in claim 6,
wherein a number of superposed inlet valves are sepa-
rately mounted such that only flaps unaffected by the
water held in the container open to allow water to
enter.

8. A water-power motor as claimed in claim 1,
wherein the pivotal bottom shutters are mounted adja-

cent the outer portion of the compartments.
* * * * *
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[57] ABSTRACT

A device for extracting energy from water waves com-
prises high-level and low-level reservoirs with non-
return valves for permitting water from wave crests to
enter the high-level reservoir (but not return) and for
permitting water from the low-level reservair to escape
as a water wave trough passes but preventing entry of
water from the crests into the low-level reservoir. The
non-return valves operate over a vertical extent and are
such as to accommodate the variation in time with
depth at which water pressure changes from high on
one side and low the other to low on the one side and
high on the other. ’

9 Claims, 5 Drawing Figures
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DEVICE FOR EXTRACTING ENERGY FROM
WATER WAVES

The invention relates to a device for extracting en-
ergy from water surface waves and is intended, in par-
ticular, for use in extracting energy from waves on the
surface of the sea.

There have been previous proposals to provide a
water reservior in which wave energy is converted into
a pressure head of water held above the mean level of
the sea surface by allowing the wave crests to drive into
the reservoir through non-return valves.

There has recently been described a device in which
the efficiency of wave energy extraction on this princi-
ple is improved by arranging a series of high and low
level reservoirs with non-return flap valves which per-
mit the wave crests to drive water into the high level
reservoirs and water in the low level reservoirs to be
extracted into the wave troughs.

The present invention is concerned with an improve-
ment of the latter device and is based upon the apprecia-
tion that the non-return valves, which extend vertically
over the full range of wave height which it is desired to
convert, should be capable of responding to pressure
changes which do not occur simultaneously at all points
up and down the vertical extent of the non-return
valves.

Accordingly the invention provides a device for ex-
traction of energy from water waves comprising a
structure defining at least one high-level reservoir and
at least one low-level reservoir, first non-return valve
means operative over a vertical extent of the high level
reservoir, which first non-return valve means open to
permit passage of water into the high-level reservoir but
close to prevent passage of water out of the high-level
reservoir, second non-return valve means operative
over a vertical extent of the low-level reservoir, which
second non-return valve means open to permit passage
of water out of the low level reservoir but close to
prevent passage of water into the low-level reservoir,
the first and the second non-return valve means being
adapted to respond to changes in water pressure across
the valve means which occur at different times at differ-
ent vertical positions up and down the vertical extent of
the valve means, thereby to permit passage of water at
one vertical position where the pressure difference
across the valve means is in the forward direction whilst
remaining closed or substantially closed at another ver-
tical position where the pressure difference across the
valve means is in the return direction.

The non-return valve means preferably comprise
apertures and hinged flaps which move with the water
in one direction to open the apertures and in the other
direction to close the apertures.

In one arrangement according to the invention the
apertures are vertically extending slits with correspond-
ing vertically extending flaps hinged on a vertical axis.
In this case the flaps are so constructed as to be capable
of twisting so that they can be open at the top whilst
closed at the bottom.

Alternatively the non-return valve means comprise a
plurality of apertures and associated flaps hinged hori-
zontally, of short vertical extent and arranged one
above another to provide the required overall vertical
extent of the non-return valve means. In this way the
hinged flaps at the various vertical levels can open-and
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close independenily of one another and in response to
local pressure variations.

Preferably the flaps are constructed to have a density
close to that of the water in which the device is to be
used. Vertically hinged flaps and horizontally hinged
flaps for a high level reservoir are desirably of density
stightly greater than that of the water. Horizontally
hinged flaps for a low level reservoir are desirably
hinged at their lower edges and constructed to have a
density slightly greater than that of the water.

In one arrangement according to the invention a
plurality of high-level reservoirs are intercommunicat-
ing to form a group and a plurality of low-level reser-
voirs are intercommunicating to form a group and a
turbine is driven by water allowed to pass through it
from the group of high-level reservoirs to the group of
low-level reservoirs.

In another arrangement according to the invention, a
series of high- and low-level reservoir pairs are ar-
ranged so as to be acted upon in sequence by crests and
troughs reaching the device and, in each pair, water
flows from the high-level reservoir to the low-level
reservoir via a vertical axis turbine.

Specific constructions of apparatus embodying the
invention will now be described by way of example and
with reference to the drawings filed herewith, in which:

FIGS. 1 and 2 are diagrammatic perspective views,
partly in section, to illustrate the principle of operation
of the device,

FIG. 3 is a diagrammatic perspective view, partly in
section, of a device having a plurality of intercommuni-
cating high-level reservoirs and a plurality of intercom-
municating low-level reservoirs,

FIG. 4 is a diagrammatic side view of part of another
device, and

FIG. § is a diagrammatic sectional view on the line
5—5 of FIG. 4.

Referring to the drawings, the device comprises a
series of compartments alternately comprising (or form-
ing part of) respectively high-level and low-level reser-
voirs 11, 12. ‘As shown in FIGS. 1 and 2 a series of
vertically hinged flaps 13 in the wall of the high-level
reservoir 11 permit passage of water into the reservoir
but prevent return of water back past the flaps 13. A
corresponding series of vertically hinged flaps 14 in the
wall of the low-level reservoir 12 permit passage of
water out of the reservoir but prevent return of water
into the reservoir. FIGS. 1 and 2 show diagrammati-
cally a vertical axis turbine 21 arranged to be driven by
flow of water from the high-level reservoir 11 into the
low-level reservoir 12.

FIG. 3 shows how a plurality of compartments are
arranged to provide alternate wall sections coupled via
non-return valves with the high-level and low-level
reservoirs respectively. The compartments forming the
high-level reservoir are intercommunicating via a chan-
nel 15 (FIG. 3) whilst the compartments forming the
low-level reservoir are intercommunicating via a chan-
nel 1§ (FIG. 3).

Operation of the device will be apparent from FIGS.
1 and 2. As a wave crest reaches a compartment of the
high-level reservoir 11, and the water level outside rises
above that in the reservoir 11, the flaps 13 hinge open
(FIG. 1) so that water is taken into the reservoir 11.
When the outside water level falls below that in the
high-level reservoir 11, the flaps 13 close (FIG. 2). As a
wave trough reaches a compartment of the low-level
reservoir 12, and the water level outside falls below that
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in the reservoir 12, the flaps 14 hinge open (FIG. 2)
releasing water from the low level reservoir. When the
outside water level again rises above that in the low-
level reservoir 12, the flaps 14 close (FIG. 1).

FIGS. 1 and 2 show, in highly diagrammatic form a
vertical axis turbine driven by water from the high-level
reservoir 12.

In one arrangement, each compartment is separate
and a turbine is provided in each pair of compartments
between that which forms the high-level reservoir and
that which forms the low-level reservoir. In the ar-
rangement shown in FIG. 3, where the compartments
are intercommunicating in groups, only one turbine
would be required for each pair of groups forming re-
spectively high- and low-level reservoirs.

In accordance with the invention, the vertically
hinged flaps 13, 14 are constructed to be capable of
twisting so that, for example, they can open at the top
whilst remaining substantially closed at the bottom or
vice-versa. For this purpose the flaps are conveniently
constructed of rubber or similar material. In this way
the flaps accommodate the variation in time with depth
at which water pressure on one side of the flaps rises
above and falls below that on the other side.

An alternative configuration, illustrated in FIGS. 4
and 5, is to hinge the flaps horizontally, each flap being
of short vertical extent and arranged in series one above
another, thus having an appearance similar to the slats
of a venetian blind.

Referring to FIGS. 4 and 5§, apertures 31 provide
access to high level reservoir 32. Flow through these
apertures 31 is controlled by flaps 33 hinged (e.g. at 34)
horizontally. The flaps 33 are of short vertical extent so
that they can open and close independently of one an-
other to accommodate the variation in time with depth
at which water pressure on one side of the flaps rises
above and falls below that on the other side. The flaps
33 are also of limited horizontal extent to avoid the
problem, where wave approach is not at right angles to
the flaps, of a flap 33 held open by a wave crest at one
end whilst the trough is already approaching the other
end of the flap.

Apertures 35 provide outlets from the low level res-
ervoir 36 and flow through these apertures 35 is con-
trolled by flaps 37 hinged horizontally (e.g. at 38). It
will be noted that these flaps 37 for the low level reser-
voir are hinged at their lower edge rather than at the
top. The reason for this is that these flaps 37 are re-
quired to close as the water wave on the outside is rising
up the side of the reservoir wall. If the flaps 37 are
hinged at the top, the rising water tends to carry the
flaps upwards and hold them open when they should be
shut. Provided the flaps 37 are slightly buoyant, this
problem is avoided or reduced by hinging at the lower
edge of the flaps 37.

It is important that the valve should open from closed
to wide open with the minimum flow of water and the
minimum impedance to water flow. To this end the
flaps, where vertically hinged, are constructed of mate-
rial of density close to, but slightly above, that of the
water in which the device is used. In the arrangement
employing horizontally hinged flaps, there is the advan-
tage that the weight of the flaps for the high level reser-
voir, or, if necessary, added weight, serves to provide a
small bias towards the closed position. As mentioned
above, flaps for the low level reservoir are desirably
slightly buoyant (lower density than water) and are
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hinged at their edges. Here the buoyancy provides a
small bias towards the closed position.

Choice of the dimensions of the flaps and the com-
partments are important. Thus, the dimension of the
flaps perpendicular to the hinge should be short to re-
duce the water movement necessary to fully open or
fully close the flap. Volume flow has therefore to be
increased by increasing the number of flap valves rather
than by increasing their size.

For horizontally hinged flaps, the dimension from
hinge to edge must be small relative to the orbit length,
that is the distance which the water particles move in
executing the wave motion.

The distance between the divide walls that separate
areas of inward opening valves from areas of outward-
opening valves, and also separation of high-level from
low-level reservoirs, should for maximum efficiency, be
small compared with the average wavelength of the
waves from which the device is to extract energy.

The overall size, or reach, of the reservoirs will have
an optimum determined by a compromise between
quantities of structural material involved and the desir-
ability of capturing the maximum water movement
from each wave.

The device may comprise a structure built on, or
anchored to, the sea bed or may, alternatively be con-
structed in the form of a large floating structure of total
size significantly greater than the average wave length.

The device has advantages over most mechanical
systems designed for extraction of energy from water
waves in that it is not sensitive to wave period and does
not require to be tuned to suit the period of the oncom-
ing waves. The device does benefit, however, from
being tuned to an appropriate wave-height since it is
desirable for maximum efficiency to pass flow through
the turbines at such a rate as to maintain a certain head
difference between high-level and low-level reservoirs,
and this is a fraction, around half, of the waveheight at
sea.
The invention is not restricted to the details of the
foregoing examples. For instance, flap valves need not
necessarily be employed but other forms of non-return
valve may be employed provided these meet the opera-
tional requirements described above. A possibility, for
example, is a honeycomb arrangement of ball valves,
but it is doubtful if these could compete with flap valves
in respect of the requirements for maximum volume
flow and minimum water movement from fully closed
to fully open positions.

I claim: .

1. A device for extraction of energy from water
waves comprising a structure defining at least one high-
level reservoir and at least one low-level reservoir, first
non-return valve means operative over a vertical extent
of the high level reservoir, which first non-return valve
means open to permit passage of water into the high-
level reservoir but close to prevent passage of water out
of the high-level reservoir, second non-return valve
means operative over a vertical extent of the low-level
reservoir, which second non-return valve means open
to permit passage of water out of the low-level reservoir
but close to prevent passage of water into the low-level
reservoir, the first and the second non-return valve
means operating at one vertical position at least partly
independently of operation at another vertical position
thereby to respond to changes in water pressure across
the valve means which occur at different times at differ-
ent vertical positions up and down the vertical extent of
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the valve means, and to permit passage of water at one
vertical position where the pressure difference across
the valve means is in the forward direction while re-
maining closed or substantially closed at another verti-
cal position where the pressure difference across the
valve means is in the return direction and power gener-
ating means driven by the flow of water from the high-
level reservoir to the low-level reservoir under the
pressure head established by the difference in water
levels in the respective reservoirs.

2. A device as claimed in claim 1, wherein the non-
return valve means comprise apertures and hinged flaps
which move with the water in one direction to open the
apertures and in the other direction to close the aper-
tures.

3. A device as claimed in claim 2, wherein the aper-
tures are vertically extending slits and the flaps are
correspondingly vertically extending and are hinged on
a vertical axis, the flaps being so constructed as to be
capable of twisting so that they can be open at the top
whilst closed at the bottom.

4. A device as claimed in claim 2, wherein the non-
return valve means comprise a plurality of apertures
and associated flaps hinged horizontally, of short verti-
cal extent and arranged one above another to provide
the required overall vertical extent of the non-return
valve means.
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5. A device as claimed in claim 2, wherein the flaps
are constructed to have a density close to that of the
water in which the device is to be used.

6. A device as claimed in claim 3, wherein the flaps
are constructed to have a density close to but slightly
greater than that of the water in which the device is to
be used.

7. A device as claimed in claim 4, wherein the flaps
for the high level reservoir are hinged along their upper
edges and are constructed to have a density close to but
slightly greater than that of the water in which the
device is to be used and the flaps for the low level reser-
voir are hinged along their lower edges and are con-
structed to have a density close to but slightly less than
that of the water in which the device is to be used.

8. A device as claimed in claim 1, wherein a plurality
of high-level reservoirs are intercommunicating to form
a group and a plurality of low-level reservoirs are inter-
communicating to form a group and a turbine is driven
by water allowed to pass through it from the group of
high-level reservoirs to the group of low-level reser-
voirs.

9. A device as claimed in claim 1, wherein a series of
high- and low-level reservoir pairs are arranged so as to
be acted upon in sequence by waterwave crests and
troughs reaching the device and, in each pair, water
flows from the high-level reservoir to the low-level

reservoir via a vertical axis turbine.
3 ® % &% %
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WATER WHEEL ELECTRIC GENERATION
DEVICE

BACKGROUND OF THE INVENTION

The so-called “energy crisis” has-directed inventors
to consider use of means to generate electricity by har-
nessing the sun, wind and tidal ebb and flow. Of particu-
lar interest in the present invention is the use of the
aforementioned tidal ebb and flow for the production of
useful electric power. Various devices are known but
are not wholly satisfactory for a variety of reasons.

For example, U.S. Pat. No. 3,959,663 teaches a com-
plicated device for generating electric power by utiliz-
ing a platform which rises and falls, with high tide rising
and developing a certain potential energy which is con-
verted to kinetic energy as the platform falls to the low
tide level, by the incorporation of a pendulum mecha-
nism. This device generates energy only twice a day as
there are only two tidal changes in a 24-hour period.

U.S. Pat. No. 3,604,942 teaches a rotor turbine device
suitable to be positioned in a river current and rotated,
thereby generating electricity.

There exists then a need for a water powered electric
generating device which is simple to operate, stable
while in use, and inexpensive while simple in construc-
tion. In addition this device should have relatively few
parts and overcome the disadvantages of prior devices.

SUMMARY OF THE INVENTION

My invention relates to an improved water power
electric generating device. I have discovered an im-
proved water power electric generating device which
comprises a buoyant platform and a plurality of pylons
fixedly mounted in the ocean or river-bed and which
slidingly engages the buoyant platform, and a tower
means fixedly mounted to the buoyant platform and
upwardly extending therefrom. Axle means are rotat-
able about an axis and pivotedly adapted to the tower
means and include means to rotate the axle means in an
arc of substantially 120°, connected to one end to the
tower means and on the other end to the axle means.
The axle means and a plurality of radially and out-
wardly directed paddle arms are fixedly mounted to the
first gear means and formed at the outward end thereof
into a paddle to engage the moving water and rotate the
first gear means. Pinion gear means toothedly engage
the first gear means and are rotated thereby, and gener-
ator means are adapted to the pinion gear means and
activated thereby to produce electricity.

Preferably and optionally my water power electric
generating device pivots in an upwardly directed arc
from one position substantially 120° to a second posi-
tion.

My invention provides numerous advantages over
those devices found in the prior art. It is an advantage of
my invention to utilize not only the flow but also the
ebb tide to generate electricity.

Further advantages of my invention are that it is
secure and stable while in use and is strong and durable,
simple to manufacture, efficient, and economical in the
generation of electric power.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective, illustrative side view of the
device.
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FIG. 2 is a detailed perspective view of the power
wheel means.

DETAILED DESCRIPTION OF THE
DRAWINGS

Referring now in particular to the accompanying
drawings, my water powered electric generating device
is generally indicated in FIG. 1 at 10, and includes
buoyant platform 20, slidingly engaging a multiplicity
of pylons 21. The rise and fall of the buoyant platform
on said pylons is dictated by the change of tide from
high to low and vice versa. A tower member 22, having
pivot 23, supported therethrough is fixedly mounted on
said buoyant platform. Rotor shaft 24 extends substan-
tially upwardly from rotor shaft housing 25, and rotor
shaft extension 26, extends substantially downwardly
from said rotor shaft housing. _

Bull gear 40 is mounted onto the rotor shaft and af-
fixed thereto by collar 43 and nut 44. A plurality of arms
31, extend outwardly from the center of said bull gear,
each of which has at one end thereof'a paddle means 30,
and at the other end attaches to the arm support 42.

Pinion 41 toothedly engages said bull gear at one end
thereof and at the other end thereof engages generator
60. A second pinion and generator are located at the
other end of the substantially 120° arc (see FIG. 2) so

* that the bull gear may engage said pinions to generate

electricity both at ebb and flow tides.

Gear segment 50, supported by gear support 52, and
attached to gear drive 51, revolves the bull gear in the
substantially 120° arc to engage the other pinion/gener-
ator means to generate electricity upon the changing
tide or to let navigation pass the water power electric
generating device system.

Further electric power is obtained from the coopera-
tion of upper bull gear 72, supported by extension 71,
and support 70, and lower bull gear 73, which adapt to
center generators 61 to produce more electricity. This
beveled gear system is duplicated at the other end of the
substantially 120° arc of the bull gear.

Typically when the water powered electric generator
device is in use the paddle means contact the water
surface and are driven by the flow of the tide or the
current in the river in one direction which rotates the
bull gear which in turn rotates the pinions at a rapid
rate, generating electricity. At the change of tides the
power wheel means is rotated 120° and catches the tidal

. flow in the opposite direction, turning the bull gear and

60

65

once again generating electricity. On a river, the bull
gear can be rotated 120° to allow passage of boats. As
illustrated and described, my water power electric gen-
erating device has numerous advantages over the pres-.
ent devices used for generating electricity from the tidal
and river flows. ‘ :
What I claim is:
1. A water power electric generating device compris-
ing:
(a) a buoyant platform
(b) a plurality of pylons, fixedly mounted in the ocean
or river-bed, slidingly engaging said buoyant plat-
form;
(c) tower means fixedly mounted to said buoyant
platform and upwardly extending therefrom;
(d) axle means rotatable about an axis and pivotedly
adapted to said tower means;
(e) means to rotate said axle means in an arc of sub-
stantially 120° connecting on one end to said tower
means and on the other end to said axle means;
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(f) first gear means fixedly mounted to said axle (b). shaft means disposed through said axle housing
means; means substantially perpendicularly to said axle
(g) a plurality of radially and outwardly directed means transﬁxmg' Salfi tower means and adapte.d
paddle arms fixedly mounted to said first gear thereto to allow pivoting of said first gear means in

means and formed at the outward end thereof into > 3 alr:harc substantially 1%0 - o device of
a paddle to engage the moving water and rotate - Lhe water power clectric generating device o

! claim 2, wherein said means to rotate said axle means
said first gear means;

. . . further comprise:
(h) pinion gear means toothedly engaging said first (a) a gear segment means fixedly mounted to said

_gear means and rotated thereby; 10 shaft means and moveable between a first position
(i) generator means adapted to said pinion gear means substantially 120° to a second position;
and activated thereby to Produce ele;ctrlclty: (b) gear segment drive means engaging said gear
2. The water power electric generating device of segment means and when activated moves said
claim 1, wherein said axle means further comprise: gear segment means between said first and said
(a) axle housing means disposed about said axle 15 second positions.
means; * ok ok kX
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{571 ABSTRACT

Apparatus for generating electrical power includes a
floatable platform, which supports a plurality of water
wheels. The shafts of the water wheels are intercon-
nected in tandem for driving an electric generator. The
speed of rotation of each of the water wheels is regu-
lated by adjustably positioning the respective vanes
thereof.

7 Claims, 4 Drawing Figures




U.S. Patént -May 7, 1985 Sheet 1 of 2 4,516,033

\ < )

g
St
7

=

NN
103\
3o 3




U.S. Patent May7,1985 - Sheet2of2 4,516,033

Y~ A
13 20 20a 20b Z0¢
N \ /
© LAY, 94 41, 100[) 4l
A " = Mo A 5 \ A4} .
"‘ 25193/ [o5/[[29 I e
| 30 240! Lioalth wi it 12 il &
llhlh 20, |[ar 1] 2~ Pan 1[z1-THos 13
oy, i %
. 40" c?zv%% 12) - 105] [ioe 107 127
15 7 128
| 28 |
(3 Sa 15b




4,516,033

1

APPARATUS FOR CONVERTING FLOW OF
WATER INTO ELECTRICAL POWER

BACKGROUND OF THE INVENTION

‘The present invention relates in general to apparatus
for converting the flow of water into electrical power,
and more particularly to apparatus for converting the
flow of water into electrical power wherein such appa-
ratus is carried by a floatable platform.

The water wheel has been used extensively for the
generation of electric power. It has taken many forms
including the current wheel in which water advances
the lowermost vanes to rotate the wheel for the genera-
tion of power. Similarly, the undershot water wheel has
the lower vanes advanced by the fall of water to rotate
the wheel for the generation of power.

The use of barges and hulls for supporting power
plants has been known. In the patent to Sherman Nay-
mark, No. 3,752,738, there is disclosed a nuclear reactor
plant floatable as a hull for transport from a place of
construction to mooring at a site of ultimate use. In the
patent to Panoff et al., No. 3,446,171, there is disclosed
a marine nuclear plant having a containment vessel
connected to the bottom of a ship. The patent to Kal-
tenecker, No. 3,262,411, discloses a process plant in-
stalled on a barge. The process plant can be erected on
the barge in one location and then towed to another
location where the barge becomes the foundation for
the process plant.

In the patent to Harding, No. 559,798, there is dis-
closed a float. On the float is a mechanism that rises and
falls with the movement of waves for generating power.
The patent of Caloia, No. 2,848,189, discloses an appa-
ratus for producing electric power from the action of
water waves. The apparatus may be installed on a pier.
The patent to Hopfe, No. 4,204,406, discloses apparatus
for extracting hydrodynamic energy from ocean waves.
The apparatus includes a floating platform.

SUMMARY OF THE PRESENT INVENTION

An object of the present invention is to provide appa-
ratus for generating electrical power wherein the appa-
ratus includes a floatable platform and hydrodynamic
power generated is extracted from the waves or flow of
water.

Another object of the present invention is to provide
apparatus for generating electrical power wherein the
apparatus includes a floatable platform and electrical
power is generated by the accumulative hydrodynamic
power derived from the movement of water wheels.

The apparatus of the present invention for generating
electrical power includes a floatable platform which
supports devices operable through the waves or move-
ment of water. The apparatus includes an electric gener-
ator and a plurality of water wheels which rotate in
response to the waves or movement of water. The hy-.
drodynamic power output is derived from the water
wheels, the speed of rotation of which is regulated by
adjustably positioning the vanes thereof.

A feature of the present invention is the tandem ar-
rangement for accumulating power from movement of
water wheels to drive an electric generator.
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DESCRIPTION OF THE DRAWINGS

F1G. 1is a diagrammatic perspective view of appara-
tus embodying the present invention for converting the
waves or movement of water into electrical power.

FIG. 2 is an enlarged diagrammatic fragmentary side
elevational view of the apparatus shown in FIG. 1 taken
along the line 2—2 of FIG. 1.

FIG. 3 is a diagrammatic plan view of the apparatus
shown in FIG. 1.

FIG. 4 is a fragmentary diagrammatic perspective
view of a water wheel shown in FIG. 2 to particularly
illustrate the construction of a vane thereof.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Tlustrated in FIGS. 1 and 3 is the apparatus 10 em-
bodying the present invention for converting the waves
or flow of water into electrical power. The apparatus 10
comprises a suitable floatable platform 12 for support-
ing the apparatus 10 in water. The floatable platform 12
may be in the form of a hull, barge or the like. The
direction of water flow or wave motion for operating
the apparatus 10 is shown by the arrows A in FIGS. 1
and 2.

The apparatus 10 can be towed in water to various
locations suitable for converting the flow of water into
electrical power. After reaching a desired location in
water, the apparatus 10 is anchored for mooring in a
well-known manner through suitable cables 13. The
cables 13 can be secured to suitable anchors, piers or the
like, not shown.

Carried by the floatable platform 12 along the respec-
tive sides thereof are two sets of water wheels 15 and
20. The set of water wheels 15 includes a suitable num-
ber of water wheels, by way of example, water wheels
15a-15¢, which are disposed in longitudinally spaced
relation. The set of water wheels 20 includes a suitable
number of water wheels, by way of example, water
wheels 202-20c, which are disposed in longitudinally
spaced relation. In the preferred embodiment, there are
seven water wheels in the set 15 and seven water wheels
in the set 20.

The water wheels 15¢-15¢ are fixedly secured to
axially disposed shafts 25-27, respectively, to impart
rotation thereto. In a similar manner, the water wheels
20a-20c are fixedly secured to axially disposed shafts
30-32 to impart rotation thereto. The shafts 25-27 and
30-32 are journalled for rotation by suitable confronting
upstanding supports or ears 40 and 41. The supports 40
are fixed to one side of the floatable platform 12 and the
supports 41 are fixed to the other side of the floatable
platform 12. The supports 40 are aligned transversely
with respective supports 41. Each shaft 25-27 and 30-32
is journalled for rotation by a transversely aligned sup-
port 40 and support 41. '

The water wheels 15¢-15¢ and 20a-20c are similar in
construction and in operation. For purposes of brevity,
only the water wheel 150 will be described in detail.

The water wheel 15b (FIG. 2) comprises a pair of
upright octagonal frames 50 and 51 spaced apart in the
transverse direction. The frames 50 and 51 receive at
the axes thereof the shaft 26 and are fixed to the shaft 26
to impart rotation thereto. The octagonal frames 50 and
51 are similar in construction. Each octagonal frame
comprises radially disposed members or braces 55 fixed
to the shaft 26. The distal ends of successive braces 55
are joined by peripheral members or braces 56. Succes-
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sive braces 55 joined by a brace 56 define a triangular
sector of the associated frame.

Disposed between the frames 50 and 51 are water
wheel vanes 60. The vanes 60 are similar in construction
and in operation. Each vane 60 comprises a suitably
shaped body 61 for being subject to the force applied by
the wave or flow of water. The opening of the hollow
or scooped shaped body faces in the direction of the
flow of water. In the exemplary embodiment, there are
eight sectors to the frames 50 and 51. At the vertex of
each set of axially spaced, parallel sectors of the frames
50 and 51 is disposed a vane 60. The vanes 60 extend
radially inwardly from the associated vertices along the
associated radial braces 55 and extend outwardly in the
direction of rotation along the associated peripheral
braces 56. The vanes 60 are attached to the frames 50
and 51 to impart rotation thereto. Thus, the lower vanes
60 (FIG. 2) are partially immersed in water and are
exposed to the flow of water of the force applied by the
waves in the direction of the arrows A to be impelled
for rotation in the counterclockwise direction as viewed
in FIGS. 1 and 2 causing the frames 50 and 51 to rotate
in the same direction. The rotation of the frames 50 and
51 impart rotation to the shaft 26.

Each vane 60 is attached to its associated braces 55 by
suitable journals or bearings 65. Mounted on each vane
60 are stops 66 and 67. The stops 66 are adjustably
secured to the vane 60 by nuts and bolts, and engage
their associated radial braces 55 to limit the movement
of the vane 60 under impact from the wave or flow of
water. In a similar manner, the stops 67 are adjustably
secured to the vane 60 by nuts and bolts, and engage
their associated peripheral braces 56 to limit the move-
ment of the vane 60 under impact from the wave or
flow of water. The nuts and bolts securing the stops 66
and 67 to the vanes 60 are selectively inserted in open-
ings spaced along the arcuate direction of the vane. The
vanes 60 are adjustably positioned by the stops 66 and
67, when subjected to waves or movement of water, to
regulate the hydrodynamic force applied to the vanes
60. In so doing, the cup exposure of each vane 60 to the
wave or movement of water is adjusted. By regulating
the applied hydrodynamic force applied to a vane or
adjusting the cup exposure of the vane, the speed of
rotation of the associated water wheel is regulated. The
regulation of the speed of rotation of the water wheels
regulates the revolutions per minute of an electric gen-
erator, thereby regulating the cyclic output of the gen-
erated current and voltage. More specifically, the vanes
are adjusted to the size of the applied waves. The larger
the wave, the smaller the effective size of the cup. Con-
versely, the smaller the wave, the larger the effective
size of the cup.

Fixed to the shaft 25 is a pulley or sheave 90. Rotation
of the water wheel 154 rotates the shaft 25, which, in
turn, rotates the pulley 90. Trained around the pulley 90
is an endless belt 91, which is also trained around a
pulley 92. The pulley 92 is fixed to the shaft 30. Also
fixed to the shaft 30 is a pulley 93. The rotation of the
water wheel 20z imparts rotation to the shaft 30 and the
rotation of the endless belt 91 imparts rotation to the
shaft 30. Thus, there is dual application of hydrody-
namic power applied to the shaft 30, which is trans-
ferred or transmitted through the pulley 93.

Trained around the pulley 93 is an endless belt 94,
which is also trained around a pulley or sheave 95. The
pulley 95 is fixed to the shaft 26 to impart rotation
thereto. Also fixed to the shaft 26 is a pulley or sheave

4

96. Rotation of the water wheel 156 imparts rotation to
the shaft 26. Therefore, hydrodynamic power is applied
to the shaft 26 through the pulley 95 and the water
wheel 15b. Trained around the pulley 96 is an endles
belt 97. Thus, accumulated hydrodynamic power from
the water wheels 15a, 20e¢ and 155 is transferred or
transmitted through the pulley 96.

Fixedly secured to the shaft 31 for imparting rotation

" thereto is a pulley or sheave 98. Trained around the
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sheave 98 is the endless belt 97. The endless belt 97
imparts rotation to the sheave 98 to transfer hydrody-
namic power to the shaft 31. The water wheel 204 is
also fixed to the shaft 31 to transfer hydrodynamic
power to the shaft 31. Fixed to the shaft 31 to transfer or
transmit hydrodynamic power therefrom is a pulley or
sheave 99. Thus, hydrodynamic power from the water
wheels 15a, 20a, 156 and 206 is transmitted or trans-
ferred from the pulley 99.

Trained around the pulley 99 is an endless belt 100.
The endless belt 100 is trained around a pulley or sheave
101 to transfer hydrodynamic power thereto. In turn,
the pulley 101 is fixed to the shaft 27 to transfer hydro-
dynamic power thereto. The water wheel 15¢ is fixed to
the shaft 27 to transfer hydrodynamic power thereto.
Fixed to the shaft 27 for transferring hydrodynamic
power from the shaft 27 is a pulley or sheave 102.
Trained around the pulley 102 to be driven thereby is an
endless belt 103. Hence, hydrodynamic power from the
water wheels 15a, 20a, 155, 205, 15¢ is transferred
through the endless belt 103.

The endless belt 103 is also trained around a pulley or
sheave 104, which is fixed to the shaft 32. The water
wheel 20c is fixed to the shaft 32 to transfer hydrody-
namic power thereto. In addition thereto, a sheave or
pulley 105 is fixed to the shaft 32 to be rotated thereby.
Hence, hydrodynamic power from the water wheels
15a-15¢ and 20a-20c is transferred or transmitted
through the sheave 105.

Trained around the sheave 105 is an endless belt 106.
The endless belt 106 is trained around a pulley or sheave
107 at the input side of a power drive apparatus 110. At
the output side of the power drive apparatus 110 is a
sheave or a pulley 111. Trained around the pulley 111 is
an endless belt 112, which is also trained around a
sheave or pulley 113 of an electric generator 115. Rota-
tion of the pulley 113 imparts rotation to a shaft 116 of
the electric generator 115.

Connected to the output side of the electric generator
115 is a cable 120 for the transmission of electric power
to a remote location. The apparatus 10 is anchored to a
fixed location, in the manner heretofore described,
while operating as a source of electric power genera-
tion. Intermediate the ends of the output power cable
120 in the vicinity of the floatable platform 12 is a suit-
able weight 125 (FIG. 1). At the top of the weight 125
is a pulley 126. On the floatable platform 12 in longitudi-
nally spaced relation are pulleys 127 and 128. The pul-
leys 126-128 are journalled for rotation. The output
power cable 120 is trained around the pulley 127, then
around the pulley 126 and then around the pulley 128
with the free end thereof extending from the pulley 128
to a remote location for the transfer of electric power.
The weight 125 maintains tension in the electric power
cable 120 in spite of movement of the floatable platform
12 with respect to its mooring through the mooring
cable 13.

In the preferred embodiment, the endless belts are in
the form of stainless steel chains and the pulleys or
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sheaves are in the form of suitable gears. The transmis-
sion of hydrodynamic power or the retransmission of
hydrodynamic power is a serial or tandem arrangement.
Thus, there is an accumulative effect of power input for
rotating the input shaft of the electric generator 115.
The speed of rotation of the input shaft of the electric
generator 115 is maintained relatively constant by ad-
justment of the positions of the vanes 60. The increased
power applied to the input shaft of the electric genera-
tor 115 enables a greater electric power output by being
able to employ an electric generator rated for the higher
power output. In making adjustment to the effective
cup size of the vanes by adjusting the positions thereof
through the stops 66 and 67, the vanes 60 are adjusted to
conform with the energy peaks of the applied waves, as
shown in FIG. 2.

I claim:

1. Apparatus for converting the flow of water into

electric power comprising:

(a) a floatable platform formed with opposite sides;

(b) a plurality of water wheels mounted on each side
of said platform for rotation and adapted to be
impelled by the flow of water for rotation;

(c) coupling means interconnecting said water wheels
for transmitting hydrodynamic power, said cou-
pling means comprising an axial shaft for each of
said water wheels respectively, said axial shafts
being rotatable in response to its associated water
wheel being impelled to rotate by the flow of wa-
ter, successive water wheels of said water wheels
being located on said opposite sides of said plat-
form, said coupling means interconnecting succes-
sive axial shafts of said axial shafts for transferring
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hydrodynamic power successively from axial shaft
to axial shaft for progressively increasing the mag-
nitude of transferred hydrodynamic power; and

(d) electric generating means responsive to the trans-

mission of said hydrodynamic power for generat-
ing electric power.

2. Apparatus as claimed in claim 1 wherein each of
said water wheels comprise a plurality of vanes dis-
posed peripherally along its associated water wheel.

3. Apparatus as claimed in claim 2 wherein means on
each of said vanes are adjustable for controlling the
speed of rotation of its associated water wheel.

4. Apparatus as claimed in claim 2 wherein means on
each of said vanes are adjustable to vary the position of
its associated vane relative to the associated water
wheel.

5. Apparatus as claimed in claim 1 and comprising
means attached to said floatable platform for anchoring
said floatable platform.

6. Apparatus as claimed in claim 1 and comprising an
output power cable connected to said electric generat-
ing means.

7. Apparatus as claimed in claim 6 and comprising a
weight with a pulley around which said output power
cable is trained, and guide pulleys on said floatable
platform around which said output power cable is
trained, said pulley for said weight being disposed be-
tween said -guide pulleys, whereby said output power
cable is trained around one guide pulley, then said pul-
ley for said weight and then the other of said output
power cable, the free end of said output power cable

being adapted for connection to a remote location.
* * * * *
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{57] ABSTRACT

A water power apparatus, composed of independent
design features, which provides for; (1) utilization of a
central boat with two paddle wheels and respective side
stabilizers, with one wheel being located on each re-
spective side of the boat, connected by a central axle or
a flexible coupling; (2} two respective and connected
sets of paddle wheels, with the blades on each of the
two respective wheels placed 90° apart, with each set of
wheels being situated a lateral distance, apart from the
other, of at least one-half the width of a respective
paddle wheel blade, and with the blades on one wheel
set being staggered 45° from the other; (3} an “angled”
front deflection screen with cord or rods running paral-
lel to the water surface; (4) a paddle wheel blade surface
area extended above the water surface, with fully en-
closed sides, so as to totally capture all water “head”
created against the blade by the current flow; and (5)
“legs”, with cone-shaped bottoms, for the generating
vessel to rest on, preventing bottom jamming of the
paddle wheels during periods of low water levels.

4 Claims, § Drawing Figures
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1
PIGGY BACK WATER POWER GENERATOR

SUMMARY OF THE INVENTION

This invention relates to an actual, working, hydrau-
lic generating machine which may be used to generate
mechanical power and/or electricity from a boat or
vessel moored or anchored in a stream or current of
water.

Additionally, independent objects of this power gen-
erating system are to provide relatively continuous and
smooth revolutions of the paddle wheels in conjunction
with optimum actual operating efficiency; to provide
self-cleaning ice and/or depris protection; to provide
paddles which capture artificial water “head” and
which prevent swamping of the supporting vessel; and
to provide a means of supporting the entire generating
vessel in periods of low water.

The present invention differs from other related in-
ventions in a number of substantial and basic respects.
The differing aspects are discussed categorically as
follows:

(1) No U.S. Patents of record show utilization of a
central boat with a single paddle wheel on each respec-
tive side. See, inter alia, U.S. Pat. Nos. 4,352,990;
4,301,377; 4,270,056; 1,439,848; and 1,200,693 where the
working paddle wheels are centrally located and the
gearing and/or generators are designed to be situate on
the side or at the rear. Additionally, see U.S. Pat. No.
1,368,454 and see Int. CI3. F03B17/06, B63B35/02,
where working paddle wheels are located in front and
in back of each other, respectively.

The proposed subject design, with a central boat
utilizing a single identical paddle wheel on each respec-
tive side is more efficient for the following reasons: (2)
the heavy gearing and/or machinery and/or generator
is centrally located, permitting equal weight distribu-
tion and enhancing stability and anchoring of the total
generating vessel in the water; and (b) the area beneath
the central boat, between the two respective paddle
wheels, provides a central free-flow buffer area for
water deflected to the side off of each respective pad-
dle, thereby preventing respective angled water flow
interference (and resulting loss of power) and allowing
only the direct current flow to hit the actual paddle
surface area.

It is important that the paddle wheels not be placed
directly in each other’s path (one directly in front of the
other) as contemplated by the aforesaid U.S. Pat. No.
1,368, 454 and by the aforesaid Int. CI3. FO3B17/06,
B63B35/02, because the forward paddle wheel slows
the water speed as energy is exerted, and the rear paddle
wheel will, consequently, operate at substantially less
than its potential in the unhindered normal current
flow.

It is also important that the paddle wheels not be
placed directly side by side, in staggered positions, as
contemplated by the aforesaid U.S. Pat. No. 4,270,056,
because water will always be deflected at an angle from
the forward paddle into its adjacent paddle to its rear.
Such deflected water flow disturbs the direct and right
angled optimum flow into the rear paddle, thus result-
ing in a loss of potential power and efficiency. Factu-
ally, testing has shown the respective staggered wheels
should generally be spaced at least one-half paddle
wheel width apart for efficient operation.

Lastly, unlike all the other aforesaid 'U.S. Patent pad-
dle wheel designs, it is important that more than one
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centrally located paddle wheel be used. By using only
one central paddle, the user will either suffer a substan-
tial loss of potential energy via utilizing a large number
of paddles around his central axel (the more paddles
used, the less energy produced), or the user will run the
risk of stalling his wheel when using a lesser number of
paddles when maximum energy production is required
(the fewer the number of paddles, the greater the span
between paddles situate at exactly a right angle to the
water flow, where maximum energy production occurs,
and the greater the risk of the actual stopping of the
wheel due to lack of flow against right angled, or close
to right angled, paddle surface area under a full power
load).

(2) No U.S. Patents of record show and/or claim
utilization of two respective paddle wheels, with a
buffer zone in between, with each respective wheel
utilizing four paddles, equally spaced at 90° angles, and
respectively staggered around a central axel. Please
refer to all of the above-reference patents.

The eight paddles, spaced at 45° apart, as shown on
the aforesaid U.S. Pat. Nos. 1,439,848 and 1,200,963, are
too numerous and, while reducing the risk of stalling,
they substantially reduce potential power efficiency.

The three paddles, spaced at 120° apart, as shown on
the aforesaid U.S. Pat. No. 4,270,056, are too few and,
while increasing potential power efficiency, they sub-
stantially increase the risk of stalling. This is possibly
why two staggered sets of side by side 120° spaced
paddles were contemplated. However, while position-
ing the paddles in one adjacent group, so they bisect the
angles formed by the blades in the directly adjacent
group, will help prevent stalling, as aforesaid, the result-
ing deflected water flow, via having the two sets side by
side, will reduce potential efficiency of the total paddle
area exposed to the right-angled water flow. Addition-
ally, under a full power load, the distance between any
two such 60° staggered blades is too great so as to insure
prevention of stalling, and the revolutions, if made, will
be in a jerky, rather than smooth, fashion inhibiting
effective utilization of power.

In fact, lengthy and detailed testing has shown the
optimum number of paddle wheel blades to be those
contemplated and shown herein. Namely, four paddles,
spaced 90° apart, with two such sets of paddle wheels
staggered at 45° and coupled together, but with suffi-
cient distance (at least one-half paddle wheel blade
width) in between the two sets for water deflected from
one set not to affect the other. Additionally, this number
and combination of paddle wheels is sufficient to safely
prevent stalling under full power output, and to simulta-
neously and uniformly (without excessive jerking) ex-
tract a maximum amount of energy from the current
flow absent hinderance from an excessive number of
paddle blades.

(3) No U.S. Patents of record shown and/or claim
utilization of an “angled” deflection screen.

While the aforesaid U.S. Pat. No. 1,368,454 utilizes
the concept of a debris screen, nowhere is the screen
shown and/or claimed to be angled. In fact, a flat debris
screen, at a right angle to the current will eventually
clog up with floating debris and/or ice, thereby reduc-
ing and/or totally stopping power output from the wa-
terwheels.

Consequently, in order to prevent such a situation,
the screen must be angled so as to allow the current to
push debris along the screen and off to the side of the
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generating vessel. Thus, an angled debris screen will be
continuously self-cleaning.

Additionally, the screen must extend below and
above the water surface so as to deflect debris and so as
to provide a safety barrier for boaters. The screen
should consist of a small diameter, but strong, bar, cord,
or wire. The bar or cord must be small enough so as not
to significantly interrupt the current flow approaching
the paddle wheels, but strong enough to withstand the
impact of ice flows.

Lastly, the screen should have no vertical cords or
bars. The screen should consist of a number of cords or
bars stretched in a horizontal fashion from the central
front forward point to the extreme side of a respective
paddle wheel. The inclusion of vertical cords or bars, as
contemplated in the above-referenced patents of record,
will tend only to catch branches and other irregularly
shaped objects, resulting in restriction and/or blockage
of water flow.

(4) No U.S. Patents of record show and/or claim the
extension of the paddle wheel surface, and the side
enclosure of same, to a sufficient height above the nor-
mal water level so as to insure capture of the “head” of
water which will always be artifically created by the
current rushing against a respective paddle.

While U.S. Pat. No. 1,439,848 contemplates cupping
the lower portion of paddle wheel blades when using
falling water, the paddles are contemplated as being
“opened” and submerged when solely utilizing current.

Detailed testing has shown it to be advantageous to
extend the paddle surface area to a sufficient height
above the actual water surface elevation so as to capture
the entire “head” of water which results from the cur-
rent flow encountering the paddle and from the current
simultaneously pushing itself in an upward (as well as
sideways) manner. Additionally, the heightened paddle
surface area’s respective sides must be fully enclosed.
The heightened and enclosed paddle surface area is
important for three reasons.

The first reason is that the captured “head” adds
weight to the falling paddle blade and helps push it
down. The second reason is that if any portion of the
head were allowed to escape over, or around, its respec-
tive paddle blade, it would add weight to the opposite
paddle blade on its way out of the water, and potential
efficiency and power would be substantially reduced.
The third reason is that the head, if not contained,
would swamp the adjacent boat in a strong current.

(5) No U.S. Patents of record show and/or claim
“legs” for the generating vessel and/or machine.

Legs are important, and are a necessity for practical
operation in rivers or tidal areas. Without legs, in peri-
ods of low water, the paddle wheel blades would simply
jam into the bottom of the river, or tidal area, and stop.

Legs affixed to the perimeters, with cone-shaped
bottoms, extending slightly beyond paddle wheel depth,
will support the generating vessel in periods of low
water, allowing the paddle wheels to continue to turn.
The legs will simply rise and float with the vessel during
periods of normal high water flows. Cone-shaped bot-
toms on each respective leg will assist in preventing the
legs from sticking in mud or sand.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a complete top view.

FIG. 2 is a side view of the angled debris screen.
FIG. 3 is a side view of a paddle wheel.

FIG. 4 is a front view of a paddle wheel.
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4
FIG. 5 is a side view of both paddle wheels.
FIG. 6 is a side view of a generating vessel support
leg.

DETAILED DESCRIPTION OF THE
DRAWINGS

FIG. 1 shows a boat, or vessel, 1 anchored in a cur-
rent of water (depicted by enlongated arrows). The
vessel 1 has been equipped with complete “Piggy-
Back” power generating apparatus.

The equipment consists of one central axle 2 strad-
dling the back of the vessel 1, mounted on pillow block
bearings 9, with side stabilizers 3 consisting of plastic or
metal clad styrofoam or other flotation.

The axle 2 is turned via water flow pushing against
the respective paddle wheels 4 which are separated by
a distance of at least one-half their respective width to
minimize or prevent angled side water flow deflection
from one to the other. The mechanical energy gener-
ated is conveyed to power generating equipment via
gearing positioned on the central axle or on the interior
side of each respective paddle wheel. The power can
then be transmitted to appropriate on-board power
generating equipment.

For safety purposes, as well as for debris and ice
protection, an “angled” front debris screen 5 is fastened
from the forward center of the vessel to the extreme
respective end of each paddle wheel. Angling the
screen, which will consist of rods or cord or wire solely
running parallel to the water surface, will create a self-
cleaning effect and prevent debris build up and/or
water flow blockage. A rear above-water safety screen
8 is also shown.

To prevent the paddle wheels from jamming into the
bottom of the river or other sub-surface ground during
periods of low water levels, legs 6 are attached to sup-
port the entire generating vessel.

FIG. 2 depicts a side view of the front angled debris
screen 5, which, as aforesaid, will consist of rods or
cord or wire 10 solely running parallel to the water
surface 11. The rods or cord 10 will be placed both
above and below the water line 11 for dual purposes of
safety and equipment protection. The rods or cord 10
will be affixed to vertical rods 7 situated solely at the
respective extreme ends. This will prevent branches or
other debris from snagging and restricting water flow.

FIG. 3 shows a side view of one respective paddle
wheel 4 with fully enclosed top sides 8 designed to
capture and efficiently use the artificial water “head”
created by the current pushing upwards against the
paddle wheel blades. The top side enclosures 8 are also
designed to prevent detrimental overflow of the head
onto opposite paddle wheel blades as well as to prevent
potential swamping of the central boat. The top side
enclosures 8 must extended below the normal surface
water elevation 11.

FIG. 4 shows a front view of one respective paddle
wheel 4, the surface area of which has been extended
above the water line 11 to the axle 2 so as to capture and
prevent water “head” overflow, as well as to utilize the
additional weight of same.

FIG. 5 shows a side view of the two sets of paddle
wheels 4 as same would individually appear without the
aforesaid top side enclosures as shown hereinabove in
FIG. 3. There are four blades on each respective paddle
wheel placed at 90° angles to one another. The blades
on one paddle wheel (shown in solid lines) are staggered
so the second set of paddle wheel blades on the far end
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of the axle (shown in broken lines) are situated at 45°
angles to the first set.

FIG. 6 shows a side view of the cone-bottom legs 6
designed to support the entire generating vessel during
periods of low water levels, thus preventing the paddle
wheels from jamming into the bottom and stopping.

I claim:

1. A power generating system including a central,
watertight, floating boat containing gearing and an
electric generator; two watertight, floating outrigger
pontoons smaller in size than the central boat; two pad-
dle wheels with one respective paddle wheel on each
side of the central boat, with each respective paddle
wheel having four flat blades spaced 90° apart, each
blade having a solid surface area from the central con-
necting axle to the extremities of each blade, with each
respective paddle wheel’s four blades being offset 45°
from the other paddle wheel’s four blades, with the
spacing between the paddle wheels being a minimum of
one-half the width of the blades; with each respective
wheel’s central axle being situation high enough above
the water surface to capture all of the incoming water’s
head build up, in conjunction with the sides of each
respective paddle wheel being enclosed from the cen-
tral axle to a point at or near the outside extreme end of
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each respective paddle wheel; and with a shaft connect-
ing both paddle wheels to the generator via gearing.

2. The power generating system as in claim 1,
wherein the outrigger pontoons and central boat are
equipped with legs with cone shaped bottoms for the
purposes of protecting the paddle wheel blades in low
water, protecting against sinking in mud or sand, and
for ease of withdrawal from the bottom as the water
rises. .

3. The power generating system as in claim 1, with a
forward angled-back deflection screen with protective
cables or bars running parallel, not vertical, to the wa-
ter’s surface, located below the water surface for pro-
tection from ice and debris, and located above the water
surface for protection of rafters or boaters, extending
from the center bow of the central boat to the outermost
forward point of each respective outrigger pontoon.

4. The power generating system as in claim 1, with a
stern, or rear, non-angled deflection screen with protec-
tive cables or bars running parallel, not vertical, to the
water’s surface, located solely above the water surface,
for protection of boaters, extending from the stern, or
rear, of one respective outrigger pontoon to the stern,
or rear, of the other respective outrigger pontoon, ex-
tending either behind, through, or across the stern, or

rear, of the central boat.
*® L 3 1 3 % L3
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[571 ABSTRACT

One end of an operating rod is connected to a deflector
arm which causes a jet deflector of a Pelton wheel to
open or close while the other end of the operating rod
carries a spring bearing plate which is disposed in the
bore of a cylinder which is movable in the axial direc-
tion of the operating rod. A spring is accommodated in
the bore of the cylinder on the side of the operating rod.
One end of the cylinder is pin connected to the midpoint
between the ends of a swinging lever whose one end is
pivotally supported and whose other end is connected
to an electric servomotor so that upon energization of
the servomotor, the swinging lever is caused to undergo
a reciprocal angular motion. The deflector is forced to
move to its full closure position by the release of the
energy stored in the spring.

8 Claims, 8 Drawing Figures
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MECHANISM FOR ACTUATING DEFLECTOR OF
PELTON WHEEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a mechanism for
actuating a deflector of a Pelton wheel (turine or unit)
and more particularly to such a mechanism of the type
in which an electric servomotor is used to maintain the
deflector in its opened position, and the stored energy of
a spring is used to close the deflector.

2. Description of the Prior Art

A Pelton wheel is of a type of impulse turbine and is
usually operated from a high-head source ranging from
200 to 1,800 meters when the volume of water available
is relatively small. The water under pressure which is
introduced into the casing of the Pelton wheel is accel-
erated when it is forced to flow through a nozzle and
then the resulting high-velocity jet impinges on the
buckets of the turbine wheel or runner, whereby the
runner is rotated. A deflector is disposed at the dis-
charge end of the nozzle pipe so that in the case of an
emergency, the high-velocity jet emerging from the
nozzle is deflected and thereby prevented from imping-
ing on the buckets of the runner. A mechanism which
uses a fluid operated servomotor for opening and clos-
ing the deflector has been well known in the art, but the
fluid operated servomotor needs not only a source for
supplying oil under pressure but also a device for con-
trolling the pressure of the working oil so that there
arises the problem of such associated or auxiliary equip-
ment becoming complicated in construction and large
in size for the output of the Pelton wheel. In addition, in
the case of a system in which a fluid operated servomo-
tor is activated to push an operating rod to close the
deflector, there arises a problem in that a large force
due to high hydraulic pressure acts on the rod in its axial
direction, causing buckling of the operating rod.

In order to solve the above described problems, there

~ has been proposed a system in which a fluid operated

servomotor is combined with a coiled spring so that the
deflector is moved to and maintained at the opened
position by the fluid operated servomotor and, in the
case of an emergency, the operating rod is actuated by
the force of the coiled spring, thereby closing the de-
flector (Fuji Jiho, Vol. 55, No. 5, Page 30, published in
1982). However, according to the above-described
prior art system, the force of the coiled spring is exerted
on the operating rod in the direction in which the oper-
ating rod is compressed, so that there arises the problem
of unavoidable buckling of the operating rod.

SUMMARY OF THE INVENTION

In view of the above, the primary object of the pres-
ent invention is to provide a mechanism for actuating a
deflector of a Pelton wheel which can substantially
overcome the above and other problems encountered in
the prior art deflector actuating mechanism, and which,
in the case of an emergency, exerts tensile strength on a
deflector operating rod from a spring, thereby closing
the deflector.

To the above and other ends, a mechanism for actuat-
ing a deflector of a Pelton wheel in accordance with the
present invention comprises a deflector arm for rotatmg
the deflector, an operating rod whose one end is pin
connected to said deflector arm and whose other end
carries a spring bearing plate, a cylinder which accom-

2

modates said spring bearing plate therein and which is
guided for movement in the axial direction of said oper-

" ating rod, spring means which is accommodated in the
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bore of the cylinder on the side of the operating rod and
whose stored energy pulls the operating rod, a swinging
lever whose one end is pivotally supported and whose
midpoint is pin connected to one end of the cylinder, an
electric servomotor connected to the free end of said
swinging lever so as to cause reciprocable angular
movement of the swinging lever, first engaging means
engageable with the free end of the swinging lever,
thereby maintaining the swinging lever stationary, and
second engaging means for maintaining the deflector
arm in the fully opened position.

According to the present invention, when the deflec-
tor is moved to the full closure position, the force of the
spring means is exerted on the operating rod as a pulling
force. That is, no spring force is exerted to push the
operating rod so that the operating rod is prevented
from buckling. The operating end of the output rod of .
an electric servomotor acts on the outer end- of the
swinging lever, whereby less force is required to bal-
ance the force of the spring means because of lever
action.

The above and other objects, effects, features and
advantages of the present invention will become more
apparent from the following description of a preferred
embodiment thereof when taken in con_]unctlon with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIG. 1 is a fragmentary side view in longitudinal
section showing buckets of a Pelton wheel, a nozzle
mechanism and a deflector to which a deflector actuat-
ing mechanism in accordance with the present mven—
tion is apphed

FIG. 2 is a schematic view showing a preferred em-
bodiment of the mechanism for actuating a deflector of
a Pelton wheel in accordance with the present inven-
tion;

FIG. 3 is a side view, in longitudinal section, showing
schematically the essential construction of an electric
servomotor used in the deflector actuating mechanism;

FIGS. 4, 5 and 6 are schematic views similar to FIG.
2 indicating various states of the deflector actuating
mechanism in the operation thereof, in which FIG. 4
indicates the state of the mechanism for maintaining the
deflector in the opened position, FIG. 5 the state
wherein a coil spring is energized by compressing, and
FIG. 6 the state wherein the deflector is maintained in
the fully closed or deflecting position; and

FIGS. 7 and 8 are fragmentary side views, ih longitu-
dinal section, respectively indicating operational states
of a dash pot.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

FIG. 1 shows two of the several buckets of a Pelton
wheel, a nozzle mechanism, and a deflector to which a
deflector actuating mechanism in accordance with the
present invention is applied. Reference numeral 1 desig-
nates one of the buckets of the Pelton wheel runner.
The nozzle mechanism for ejecting a water jet against
the buckets 1 has a nozzle pipe 2 with a nozzle tip 3
securely joined to the discharge or forward end thereof:
A nozzle orifice 4 is formed at the forward end of the
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nozzle tip 3. A needle stem 5 is extended through the
nozzle pipe 2 in such a way that the needle stem 5 can
be reciprocated along the axis of the nozzle pipe 2. The
forward end of the needle stem 5, that is, a needle valve
6 can be moved into and out of the nozzle orifice 4,
thereby controlling the water jet. The needle stem 5 is
slideably supported by bearings 7 and 8 so as to be
reciprocated in the axial direction by a fluid operated
servomotor 9. A deflector 12 is fixedly carried by a
deflector shaft 11, which in turn is pivotally supported
by a bracket 10 attached to a portion of the nozzle tip 3.

The deflector 12 is moved between a fully closed or
deflecting position in which the deflector 12 covers the
nozzle orifice 4 and an opened position in which the
deflector 12 is withdrawn out of the flow of the water
jet emerging from the nozzle orifice 4 by a deflector
actuating mechanism to be described in detail hereinaf-
ter.

FIG. 2 shows schematically a preferred embodiment
of the mechanism for actuating a deflector in accor-
dance with the present invention. An inverted Y-shaped
deflector arm 13 is fixedly carried by one end of the
deflector shaft 11 and comprises a first arm 13a on
which is exerted an operating force, a second arm 134
and a third arm 13c for transmitting a force which
causes other deflectors to open or close through link
rods Lb and Lc.

One end of a first operating rod 14 is pivotally con-
nected by a pin 15 to the distal or outer end of the first
arm 13a, while the other end thereof is pivotally con-
nected by a pin 17 to one end of a second operating rod
16. A spring bearing or retaining plate 18 is fixedly and
coaxially joined to the other end of the second operat-
ing rod 16 and is slideably disposed within a cylinder 19.
A guide roller 20 is rollably attached to the outer cylin-
drical surface of the cylinder 19 and is adapted to roll on
a stationary guide surface 21. End plates 19a and 195 are
Jjoined to and close opposite ends of the cylinder 19, and
a dash pot 22 is coaxially joined to the outer surface of
the end plate 195.

The dash pot 22 comprises a dash pot cylinder 23 and
a piston 24 slideably disposed in the cylinder 23. The
piston 24 and the spring bearing plate 18 in the cylinder
19 are interconnected to each other through a connect-
ing rod 25. A stopper 26 is fixed to the end plate 195 at
a portion thereof through which the connecting rod 25
is extended.

A coil spring 27 for closing the deflector 12 is loaded
between the forward end plate 19z and the spring bear-
ing plate 18 within the cylinder 19.

A connecting member 28 which is extended from the
end wall remote from the deflector arm 13 of the dash
pot 22 is pivotally connected by a pin to the midpoint
between the ends of a swinging lever 29, whose one end
is pivoted by a pin 31 to a supporting bracket 30, and
whose other end is formed into an engaging portion 32.
The swinging lever 29 is caused to swing about the pin
31 by an electric servomotor 33 of a conventional type
available on the market.

As shown in FIG. 3, this servomotor 33 comprises a
screw rod 34 and a driving mechanism 35 for imparting
reciprocating motion to the screw rod 34. The driving
mechanism 35 comprises an electric motor M, power
transmitting gears G1, G2 and G3, and a combination of
a gear G4 and a nut N integrally and coaxially joined
thereto and screw engaged with the screw rod 34.
When the nut N is rotated, translational movement in
the axial direction is imparted to the screw rod 34. The
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rear end of the casing of the driving mechanism 35 is
pivotally supported by a pin 36, and the outer end of the
screw rod 34 is pin connected by a pin 37 to the swing
lever 29 at a part thereof near its engaging portion 32.

The engaging portion 32 at one end of the swinging
lever 29 is adapted to engage with a first hook 40 which
is pivotally supported through a pin 39 on a bracket 38.
When an electromagnetic solenoid 41 is energized, the
first hook 40 is released and is engaged with the engag-
ing portion 32 by the force of a return spring. The first
hook 40 and the electromagnetic solenoid 41 constitute
a first engaging means.

An engaging portion 42 is extended from the distal or
outer end of the first arm 13a of the deflector arm 13
and is adapted to engage with a second hook 45, which
is pivotally supported through a pin 44 on a bracket 43.
The second hook 45 is actuated by an electromagnetic
solenoid 46. The outer end of the plunger 462 of the
solenoid 46 is pin connected to one end of a bell crank
lever 47, whose other end is pin connected to the sec-
ond hook 45 through a connecting rod 48. The second
hook 45, the electric solenoid 46, and the bell crank arm
47 constitute a second engaging means.

Referring next to FIGS. 4, § and 6, the mode of oper-
ation of the deflector actuating mechanism of the
above-described construction will now be described in
detail.

In order to hold the deflector 12 at the released or
open position, the electromagnetic solenoid 41 is ener-
gized so that the first hook 40 is caused to move up-
wardly as shown in FIG. 4. Then the first hook 40 is
disengaged from the engaging portion 32 at the upper
end of the swinging lever 29, and the screw rod 34 of
the electric servomotor 33 is retracted so that the
swinging lever 29 is caused to rotate in the counter-
clockwise direction in FIG. 4. Therefore the cylinder
19 is guided by the guide rollers 20 to move in the direc-
tion indicated by an arrow A so that the first and second
operating rods 14 and 16 are also caused to move in the
direction indicated by the arrow A, thereby causing the
deflector arm 13 to rotate in the counterclockwise di-
rection. The rotation of the deflector arm 13 is transmit-
ted through the deflector shaft 11 to the deflector 12 so
that the latter is displaced to the open position. When
the deflector 12 reaches the open position, a return
spring (not shown) in the electromagnetic solenoid 46
causes the bell crank arm 47 to rotate in the counter-
clockwise direction so that the second hook 45 is placed
into engagement with the engaging portion 42 of the
first arm 13a of the deflector arm 13.

Next the electric servomotor 33 is energized so that
the screw rod 34 is extended in the direction indicated
by an arrow B in FIG. 5. As a result, the swinging lever
29 is caused to rotate in the clockwise direction so that
the engaging portion 32 of the swinging lever 29 is
placed into engagement with the first hook 40, whereby
the swinging lever 29 is locked. In this case, since the
deflector arm 13 is in engagement with the second hook
45, the first and second operating rods 14 and 16 and the
spring bearing plate 18 remain stationary, but because of
the rotation in the clockwise direction of the swinging
lever 29, only the cylinder 19 and the dash pot cylinder
23 are caused to move to the right. As a result, the coil
spring 27 interposed between the end plate 19a on the
side of the deflector arm 13 and the spring bearing plate
18 is compressed within the cylinder 19, whereby en-
ergy is stored in the coil spring 27.
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Normally the Pelton wheel rotates while the deflec
tor 12 is maintained in the open position and the coil
spring 27 is compressed to store energy as described
above.

When the deflector 12 must be rapidly moved to the
closed position because of interruption of the load on
the main machine driven by the Pelton wheel while the
Pelton wheel is rotating, the electromagnetic solenoid
46 is energized so as to cause the bell crank arm 47 to
rotate in the clockwise direction as shown in FIG. 6.
Consequently the second hook 45 is swung upward to
its releasing position so that it is disengaged from the
deflector arm 13 which has been maintained in the open
position. Therefore the energy stored in the compressed
coil spring 27 between the end plate 194 and the spring
bearing plate 18 is released to apply force to the first and
second operating rods 14 and 16. As a result, the first
and second operating rods 14 and 16 are shifted to the
right in FIG. 6, whereby the deflector arm 13 is pulled
by the first and second operating rods 14 and 16 to
rotate in the clockwise direction. Consequently, the
deflector shaft 11 is also caused to rotate in the clock-
wise direction to move the deflector 12 to the closure
position.

In this case, the swinging lever 29 is arrested by the
first hook 40 so that the cylinder 23 of the dash pot
connected to the swinging lever 29 and the cylinder 19
remain stationary, but the piston 24 is forced to move to
the right in FIG. 6 within the cylinder 23 of the dash pot
22. The displacement velocity of the piston 24 can be
easily controlled, for instance as shown in FIG. 7, by
intercommunicating the cylinder chambers defined in
front of and behind of the piston 24 through a bypass
passage 50 and controlling the degree of opening of a
flow control valve 51 installed in the bypass passage.
Therefore, the closing velocity of the deflector 12
which rotates in unison with the deflector arm 13 can be
controlled. It is preferable that the dash pot 22 be pro-
vided with a slow closure device which, when the de-
flector 12 is brought to a point in vicinity of the com-
plete closure position as indicated in FIG. 8, closes-a
bypass passage 50 so as to cause the working oil to flow
into an extremely small oil discharge pipe 52, whereby
when the deflector 12 is brought to and maintained at
the total closure position, exertion of excessive impact
load on the stopper 26 disposed at the end plate of the
cylinder is prevented. ‘

While the deflector actuating mechanism of this in-
vention has been described in the foregoing disclosure
principally with respect to its relation to a single jet
deflector, it will be obvious that the mechanism of this
invention is capable of actuating a plurality of jet deflec-
tors of a single Pelton wheel as briefly indicated herein-
before by reference to one example wherein two addi-
tional deflectors are actuated through link rods Lb and
Lc connected to the second and third arms 135 and 13¢
of the deflector arm 13.

What is claimed is:

1. A mechanism for actuating a deflector of a Pelton
wheel comprising a deflector arm for rotating the de-
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flector, an operating rod whose one end is pin con-
nected to said deflector arm and whose other end
carries a spring bearing plate, a cylinder in which said
spring bearing plate is enclosed, and which is guided for
movement in the axial direction of said operating rod,
spring means which is disposed in the bore of said cylin-
der on the side of said operating rod and whose stored
energy pulls said operating rod, a swinging lever whose
one end is pivotally supported and whose midpoint is
connected to one end of said cylinder, an electric servo-
motor connected to the free end of said swinging lever
o as to cause reciprocable angular movement of said
swinging lever, a first engaging means engageable with
said free end of said swinging lever, thereby maintain-
ing said swinging lever stationary, and a second engag-
ing means for maintaining said deflector arm in the fully
opened position.

2. A mechanism for actuating a deflector of a Pelton
wheel as set forth in claim 1 characterized in that said
deflector arm is fixed to one end of a deflector shaft for
opening and closing said deflector.

3. A mechanism for actuating a deflector of a Pelton
wheel as set forth in claim 1 characterized in that said
operating rod comprises a first operating rod and a
second operating rod which are interconnected to each
other by a pin.

4. A mechanism for actuating a deflector of a Pelton
wheel as set forth in claim 1 characterized in that a
plurality of guide rollers are rollably mounted on the
outer cylindrical surface of said cylinder and roll over
stationary guide surfaces.

5. A mechanism for actuating a deflector of a Pelton

. wheel as set forth in claim 1 characterized in that said
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first engaging means comprises a hook whose one end is
pivoted and whose other end terminates in an engaging
portion and an electromagnetic solenoid for causing
said hook to move between a locking position and an
unlocking or releasing position.

6. A mechanism for actuating a deflector of a Pelton
wheel as set forth in claim 1 characterized in that said
second engaging means comprises a hook whose one
end is pivoted and whose other end terminates in an
engaging portion and an electromagnetic solenoid for
causing said hook to move between a locking position
and an unlocking or releasing position through a bell
crank arm. :

7. A mechanism for actuating a deflector of a Pelton
wheel as set forth in claim 1 characterized in that said
spring bearing plate is connected through a connecting
rod to a dash pot piston which is disposed in a dash pot
cylinder directly joined to said cylinder and pin con-
nected to the midpoint between the ends of said swing-
ing lever.

8. A mechanism for actuating a deflector of a Pelton
wheel as set forth in claim 7 characterized in that said
dash pot cylinder is communicatively connected to a
bypass pipe bypassing said dash pot piston, and a flow

control valve is installed in said bypass pipe.
¥ X x x =
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1
PELTON TURBINE

This invention relates to a Pelton turbine.

As is known, Pelton turbines are used for driving
electricity generators or as a direct drive for working
machines. Generally, such Pelton turbines include a
casing in which a turbine wheel with a wheel disc and
buckets is mounted along with a drive shaft which
passes through the casing. In addition, at least one jet is
provided for expelling fluid from a high pressure nozzle
tangentially of the wheel disc onto the buckets so as to
cause rotation of the disc and drive shaft. The casing has
also been provided with a fluid outlet for removal of the
spent fluid. Turbines of this type are described in Ger-
man Pat. Nos. 12,314; 319,779 and 615,445.

Because of the reversal of momentum of the jet of
drive fluid on the buckets, mechanical power is deliv-
ered to the turbine wheel. In the case of an electricity
generator, the power is delivered at a constant speed. In
addition, the driving fluid which is diverted in the buck-
ets falls into a sump below the wheel disc and, in the
process, some of the fluid sprays onto the casing walls.
As is known, the efficiency of a Pelton turbine is closely
dependent on the success of keeping vagrant spray
water away from the turbine wheel and the buckets. In
some cases, the drive shaft has been disposed on a hori-
zontal axis while the lower region of the turbine wheel
is acted upon by the fluid jets. In these cases, the upper
region of the casing has been provided with vertical
metal sheets parailel to the plane of the turbine wheel
while horizontal sheets are disposed opposite the high
pressure nozzle in order to prevent spray water from
reaching the upper region of the casing.

In Pelton turbines used at variable speed for driving
working machines, these conventional baffles do not
give satisfactory results. On the one hand, the outlet
conditions from the buckets vary as a result of the large
but necessary fluctuations in speed and load. This, in
turn, results in considerable differences in spray fluid
conditions. On the other hand, there are great variations
in the amounts of fluids and these have to be taken into
account in the construction by providing high overflow
levels so that large quantities of fluid can be discharged
without the turbine wheel becoming immersed in the
sump. Favorable conditions, favorable efficiency, can
be obtained only within narrow limits and when condi-
tions are approximately constant.

Accordingly, it is an object of the invention to im-
prove the efficiency of a Pelton turbine.

It is another object of the invention to reduce the
amount of spray water on a rotating wheel disc of a
Pelton turbine. '

It is another objects of the invention to be able to use
a Pelton turbine at variable speeds and outputs.

It is another object of the invention to obtain low
dissipation losses and high efficiency in the operation of
a Pelton turbine.

Briefly, the invention provides a Pelton turbine
which is comprised of a casing having a fluid outlet, a
drive shaft extending through the casing, a wheel disc
mounted on the shaft within the casing with a plurality
of buckets peripherally mounted thereon and at least
one nozzle for expelling a fluid jet tangentially of a
lower portion of the disc onto the buckets for rotating
the disc and shaft. In accordance with the invention, a
partition is disposed in the casing to separate an upper
ventilation region from a lower spray fluid and outlet
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region thereof. This partition has an opening for passage
of the disc into the separated regions.

By means of the partition, which closely abuts the
turbine wheel, the spray fluid is efficiently separated
from the wheel disc and buckets without rebounding
and is returned to a fluid sump in the lower end of the
casing even if there are variations in speed and load.

The partition is located so that more than half the
turbine wheel rotates in the relatively dry ventilation
region. The overall resuit is low dissipation losses and
high efficiency. In this respect, the efficiency character-
istics depending on speed and load are high and flatter
than in previously known constructions.

The casing is also provided with a ventilation outlet
which communicates with the ventilation region.

In addition, the partition is provided with a large
opening at one end for passage of the buckets there-
through from the ventilation region into the spray fluid
and outlet region. Thus, the quantities of gas (e.g. air)
rotating with the turbine wheel are used to build up a
pressure cushion above the liquid sump thus efficiently
assisting the outflow of fluid particularly at high speeds.
This advantage can be taken into account in the dimen-
sional construction of the fluid outlet, that is, by reduc-
ing the required overflow level and, thus, reducing the
overall height.

The effect of ventilating the turbine wheel is so great
that liquid can be discharged over obstacles which are
higher than the liquid level in the turbine sump. This
effect is further intensified if a double guide duct is
provided in the ventilation region of the casing and,
over a limited length around the periphery of the wheel
disc, to return the radially outgoing gas to the bases of
the buckets for further acceleration. The resulting ki-
netic energy can be converted to pressure.

These and other objects and advantages of the-inven-
tion will become more apparent from the following
detailed description taken in conjunction with the ac-
companying drawings wherein:

FIG. 1 illustrates a cross sectional view of a Pelton
turbine constructed in accordance with the invention;

FIG. 2 illustrates a view taken on line II—II of FIG.
1; and

FIG. 3 illustrates a diagrammatic radial section
through a casing and turbine wheel employing a guide
duct for increasing ventilation in accordance with the
invention.

Referring to FIG. 1, the Pelton turbine comprises a
turbine wheel having a wheel disc 1 and a plurality of
buckets 2 peripherally mounted on the wheel disc 1. In
addition, the turbine has a casing 3 for housing the disc
1 and buckets while a rotatable drive shaft 4 passes
through the casing 3 and receives the wheel disc 1 in
mounted relation.

As indicated, the Pelton turbine has a high-pressure
nozzle 6 passing through the casing 3 for expelling a
fluid jet 5 tangentially of the disc 1 and sequentially
onto the buckets 2 for rotating the disc 1 and the shaft
4 in known fashion. The casing 3 also has a fluid outlet
7 at a lower end which communicates with a sump 10
for receiving spent fluid which has been ejected onto
the buckets 2.

The direction of the fluid jet 5 and the direction of
rotation of the disc 1 are indicated by arrows.

Referring to FIGS. 1 and 2, the transversely disposed
partition 8 is disposed in the casing 3 to separate a lower
spray and outlet region 9 from an upper ventilation
region 11. This partition 8 is contoured so as to sealingly
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engage with the casing 3 while being in sealing relation
with the wheel 1. In addition, as indicated in FIG. 2, the
partition 8 has suitable openings for passage of the buck-
ets 2. As shown in FIG. 1, the partition 8 is disposed
above the nozzle 6 so as to maintain the fluid and, par-
ticularly, sprays of fluid, below the partition 8 within
the spray fluid and outlet region 9. In this way, all of the
fluid can be dumped into the sump 10 for removal
through the outlet 7. In addition, the sealing relation
between the partition 8 and the disc 1 permits fluid
which has been sprayed onto the disc 1 to be wiped off
the disc 1 and buckets into the sump 10. In this way, the
wheel disc 1 may rotate in air within the ventilation
region 11.

The casing 3 is also provided with a ventilation open-
ing 13 which communicates with the ventilation region
11. As indicated, the ventilation opening 13 is con-
nected to atmosphere and opens into the ventilation
region 11 precisely at a place where the buckets 2 leave
the spray fluid and outlet region 9. As indicated in FIG.
2, the partition 8 has a relatively large opening at the
opposite end for passage of the buckets 2 from the venti-
lation region 11 into the spray fluid and outlet region 9.
This opening is of parabolic shape and has an apex on
the wheel disc 1. As also indicated, the remaining con-
tour of the partition 8 is spaced from the disc 1 with a
clearance 14 of the order of 5% of the width of a respec-
tive bucket. In this respect, a contactless sealing means
faces the disc in order to seal the ventilation region 11
from the spray fluid and outlet region 9.

Apart from the aperture 12 and the recess for the
turbine wheel, the partition 8 is connected in seal-tight
manner to the casing 3 via a soft seal 16 (see FIG. 1). As
also illustrated , the partition 8 has a curved part extend-
ing radially outwardly of the buckets 2 which is di-
rected into the spray fluid and outlet region 9 for dis-
charging spray fluid. The partition 8 also has a sloped
upper part which extends downwardly toward one end,
that is, toward the opening 12. This permits quantities of
gas which rotate with the wheel disc 1 to be used to
build up a pressure cushion within the region 9 above
the sump 10. This serves to assist the outflow of fluid
through the outlet 7, particularly at high speeds.

The partition 8 may be made of any suitable material
such as plastic. Also, the partition 8 may be made as an
integral part of the casing 3. As indicated in FIG. 2, a
removable side wall 15 is located on the side of the
casing 3 in order to provide for access into the interior
of the casing 3.

The partition 8 has a thickness at the end where the
buckets 2 move from the spray fluid and outward region
9 into the ventilation region 11 which is equal to the
distance of at least one bucket 2 to the following one.
Thus, at any particular time, one bucket enters the con-
tour region of the partition 8 before the bucket in front
leaves the contour of the partition 8.

Referring to FIG. 3, in order to increase the ventila-
tion effect, a double guide duct 17 is incorporated into
the ventilation region 11 and is peripherally spaced
about the disc 1 in order to deflect a radially outwardly
flowing gas stream for return towards the bases of the
buckets 2 as indicated by the arrows.

The operation of the Pelton turbine may be varied
from time-to-time, for example, by varying the speed
and/or load moment. This may be accomplished by
varying the amount of fluid ejected by the nozzle 6.

The invention thus provides a Pelton turbine of im-
proved construction which is capable of operating in a
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relatively efficient manner. Further, the invention pro-
vides a relatively simple means of keeping vagrant spray
water away from the turbine wheel and buckets of a
Pelton turbine. '

I claim:

1. A Pelton turbine comprising

a casing having a fluid outlet;

a transversely disposed partition in said casing sepa-
rating a spray fluid and outlet region from a venti-
lation region therein;

a rotatable drive shaft extending through said casing;

a wheel disc mounted on said shaft within said casing
and passing through said partition;

a plurality of peripherally mounted buckets on said
disc; and

at least one high-pressure nozzle in said spray fluid
and outlet region below said partition for expelling
a fluid jet tangentially of said disc sequentially onto
said buckets for rotating said disc and said shaft.

2. A Pelton turbine as set forth in claim 1 wherein said
partition is disposed across said disc to place about a
third of the periphery of said disc in said spray fluid and
outlet region.

3. A Pelton turbine as set forth in claim 1 wherein said
casing includes a ventilation opening communicating
with said ventilation region.

4. A Pelton turbine as set forth in claim 1 wherein said
partition has a large opening at one end for passage of
said buckets therethrough from said ventilation region
into said spray fluid and outlet region, and wherein said
partition is spaced from said disc with a clearance of the
order of 5% of the width of a respective bucket.

5. A Pelton turbine as set forth in'claim 4 wherein said
partition has a thickness at a second end for passage of
said buckets therethrough from said spray fluid and
outlet region into said ventilation equal to the distance
of at least one bucket to the following one.

6. A Pelton turbine as set forth in claim 1 wherein said
partition has a contactless sealing means facing said disc
to seal said regions from each other across said disc.

7. A Pelton turbine as set forth in claim 1 wherein said
partition is connected in seal-tight manner to said casing
at opposite sides thereof.

8. A Pelton turbine as set forth in claim 1 wherein said
partition has a curved part extending radially outwardly
of said buckets and directed into said spray fluid and
outlet region for discharging spray fluid and a sloped
upper part extending downwardly toward one end with
a large opining thereat relative to said disc.

9. A Pelton turbine as set forth in claim 1 wherein said
partition is made of plastic.

10. A Pelton turbine as set forth in claim 1 wherein
said partition is an integral part of said casing.

11. A Pelton turbine as set forth in claim 1 which
further comprises a double guide duct in said ventilation
region peripherally spaced about said disc to deflect a
radially outwardly flowing gas stream for return
towards the bases of said buckets.

12. A Pelton turbine as set forth in claim 1 wherein
said nozzle is adapted to expel a variable fluid jet to
vary the speed of said shaft.

13. A Pelton turbine comprising

a casing having a fluid outlet;

a drive shaft extending through said casing;

a wheel disc mounted on said shaft within said casing;

a plurality of buckets peripherally mounted on said
wheel disc;
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at least one nozzle for expelling a fluid jet tangentially
of a lower portion of said disc and onto said buck-
ets for rotating said disc and said shaft; and

a partition disposed in said casing to separate an
upper ventilation region from a lower spray fluid
and outlet region thereof, said partition having an

5

opening for passage of said disc therethrough into .

said regions.

14. A Pelton turbine as set forth in claim 13 wherein
said partition is disposed across said disc to place about
a third of the periphery of said disc in said spray fluid
and outlet region.

15. A Pelton turbine as set forth in claim 13 wherein
said partition has a curved part extending radially out-
wardly of said buckets and directed into said spray fluid
and outlet region for discharging spray fluid.
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16. A Pelton turbine as set forth in claim 15 wherein
said partition has a large opening at one end for passage
of said buckets therethrough from said ventilation re-
gion into said spray fluid and outlet region.

17. A Pelton turbine as set forth in claim 13 wherein
said casing includes a ventilation opening communicat-
ing with said ventilation region.

18. A Pelton turbine as set forth in claim 13 wherein
said partition has a pair of walls parallel to said disc to
define a channel for passage of said brackets there-
through.

19. A Pelton turbine as set forth in claim 18 wherein
each said wall has a curved part directed into said spray
fiuid and outlet region and said nozzle is aligned with
said channel.

20. A Pelton turbine as set forth in claim 13 wherein

said partition is sealingly connected to said casing.
* ok ok ¥ X
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(57] ABSTRACT

A water turbine runner has a plurality of vanes, each
made of a rolled steel plates which contains, by weight,
0.01 to 0.10% of C, 0.10 to 1.0% of Si, 0.10 to 2% of
Mn, 210 7% of Ni, 10 10 15% of Cr and 0.10 to 4% of
Mo, 71.9 10 87.7% of Fe, and which has a metallic
structure mixture containing, by volume, martensite and
10 1o 35% of residual austenite. Each of the vanes is
made of a plurality of plate pieces, cut out from the
rolled steel plate, press-formed in a shape of a part of the
vane and joined by welding into the complete vane.

14 Claims, J Drawing Sheets
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WATER-TURBINE RUNNER AND PROCESS FOR
MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to a water-turbine run-
ner having a welded structure using a high strength and
tough steel plate, and to a process for manufacturing the
water-turbine runner. .

In order to improve power generating efficiency in
recent years, hydro-electric power generation has
tended to have a higher and higher lift or head. This
tendency requires a water-turbine runner of accord-
ingly higher strength and toughness.

In the prior art, the water-turbine runner has been
made of 13Cr steel, i.e., martensite stainless steel which
is excellent in cavitation resisting characteristics. This
13Cr steel does not contain Ni. In accordance with the
requirement for the output rise and the efficiency im-
provement of a single water-turbine runner, however,
there has been developed 13Cr steel which contains Ni
and has an excellent toughness. There has been pro-
posed a water-turbine runner which is one piece cast or
plural pieces separately cast of the 13Cr steel as is dis-
closed in Japanese Patent Publication No. 60-53737.

However, the prior art described above has the fol-
lowing problems:

a) A sufficient toughness cannot be achieved because
of defects intrinsic to the casting such as a shrink-
age cavity and segregation.

b) For detecting the defects, a non-destructive inspec-
tion is used such as the ultrasonic flaw detection or
the radiation inspection, but this requires a number
or steps for inspecting the whole structure of the
three-dimensional water-turbine runner with high
precision.

c) The casting defects detected by the non-destruc-
tive inspection are remedied by arc welding with
covered electrodes, in which the 13Cr steel is liable
to incur a weld crack. In order to avoid this weld
crack, pre-and post-heating steps are required
which undesirably increases the number of steps in
the remedial operations.

d) The finishing of the cast surface of the water tur-
bine runner requires a great number of steps.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
highly strong and through water-turbine runner and a
process for manufacturing the same a reduced number
of steps. ) ‘

Briefly state, the present invention utilizes a plurality
of vanes of a water-turbine runner, each made of a
rolled steel plate which contains, by weight, 0.01 to
0.10% of C, 0.10 to 1.0% of Si, 0.10 to 2% of Mn, 2 to
7% of Ni, 10 to 15% of Cr and 0.10 to 3% of Mo, 71.9
to 87.7% of Fe, and which has a metallic structure of a
mixture containing, by volume, martensite and 10 to
35% of residual austenite, and the vanes are assembled
by welding.

Further, the above-mentioned plurality of vanes,
each made of a plurality of plate pieces, are cut out from
the abovementioned rolled steel plate in accordance
with the present invention, press-formed in a shape of a
part of the vane and then joined by welding into the
complete vane. .

Further rolled steel plate or plate pieces are con-
trolled in accordance with the present invention so that
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2

oxygen and nitrogen will be less than 60 ppm and 150
ppm, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view showing a Francis wa-
ter-turbine runner to which is applied the present inven-
tion;

FIG. 2 is a sectional view of the runner shown in
FIG. 1 taken along a plane passing along a central axis
of the Francis water-turbine runner in;

FIG. 3 is a diagram showing a bead shape taken along
III—III of FIG. 4;

FIG. 4 is a perspective view showing a assembled
runner vane;

FIG. 5a is a sectional view of a die fed with a vane
member;

FIG. 5b is a sectional view of the vane member; and

FIG. 6 is a flow chart showing the process of manu-
facturing the runner in accordance with the present
invention.

DETAILED DESCRIPTION OF A PRESENT
PREFERRED EMBODIMENT

As shown in FIGS. 1 and 2, the Francis water-turbine
runner comprises a crown ring 2 having a center por-
tion to be connnected to a drive shaft, a band 3, and a
plurality of vanes 1 each interposed between the crown
2 and the band 3 and welded thereto. The vanes 1 each
are made of one piece or several pieces or rolled steel
plate which will be later described.

The water-turbine runner according to the present
invention comprises a plurality of vanes each made of a
rolled steel plate which comprises, by weight, 0.01 to
0.10% of C, 0.10 to 1.0% of Si, 0.10 to 2% of Mn, 2 to
7% of Ni, 10 to 15% of Cr and 0.10 to 3% of Mo, and
71.9 to 87.7% of Fe, and oxygen and nitrogen contents
being preferably 60 ppm at most and 150 ppm.at most,
respectively. The runner has a metallic structure of a
mixture containing, by volume, martensite and 10 to
35% of residual austenite and is assembled by welding.

The major components Cr and Ni are necessary for
imparting strength and cavitation resistance to the wa-
ter-turbine runner and are contained essentially as in
cast steel. In the electron beam welding of a high alloy
steel such as the 13Cr steel, however, in order to pre-
vent welding defects and retain the toughness, the con-
tents of oxygen and nitrogen in the steel have to be
controlled, and it is essential for the base metal quality
to have no cavity.

The reasons for restriction the chemical components
in the steel plates are as follows.

The component C when, over 0.10%, will deteriorate
the weldability and the notch toughness on the contrary
to the increase in the strength. When the component C
is below 0.01%, on the other hand, problems in strength
and meltability arise.

The component Si has to be more than 0.1% as a
deoxidizer in the steel production, but the steel becomes
hard and fragile if the Si content exceeds 1%. Thus, Si
content is restricted within the range 0.1 to 1.0%.

The component Mn has deoxidizing and desulfuriz-
ing actions and contributes as an austenitizing element
to the toughness. However, the problem of welding
hardness occurs if the Mn content exceeds 2%.

The component Ni is also an austenitizing element
and has to be contained within the 2 to 7% range, pref-
erably 4 to 6% so as to retain the amount of the residual
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austenite. Over 7% of the ocmponent Ni, however,
increases the residual austenite so as to reduce strength.

4

was measured to determine the amount of corrosion of
the test surface.

TABLE |
Sample C Si Mn Ni Cr Mo ] N Remarks
No.l 003 045 058 50 1241 027 00057 00126 Rolled
No.2 004 033 060 525 (260 026 00039 00089  dito
No.3 004 031 062 512 125 026 00054 00082  dite
No.4 005 047 0359 520 {245 024 0006 00362  Forged
No.5 004 044 072 493 1242 025 00128 00476  Cast
No.6 007 045 051 505 1273 021 00103 00434  ditto
Sample Mos. | (o 3 are illustrative of the nvention ’
Sample Nos. 4 10 6 are illustrative of conventional sieels
TABLE 2

The component Cr is fundamental for corrosion resis- 15 Sample No.
tance and has to be no less than 109% so as to retain the i 3 3 4 5 6
corrosion resistance in plain water. If, however, the Cr =2 Swength 850 846 870 8 84 85
content increases, the delta ferrite increases to make the  ggr/mm?)
steel fragile so that the upper limit of Cr content is 13%.  0.2% Yield Point 05 70 640 69 64 64

The component Mo is an carbide producing element 20 {kef/ mm?)
which is remarkably effective in improving the fatigue Eﬁ"ﬁﬁ!ﬁ,"(%) .2‘,? -2!3 é; %3 ],: ﬁg
strength in water and presents annealing brittleness. Resideal Austenite 32 30 1 20 30 3
Over 3%, of Mo content, however, weakens those ef- (%)
fects so as to increase hardenability and lower the  CE Test 50 47 53 % &0 68
toughness. 25 oo™ w6 1 n 6 8

Oxygen reduces the toughness of a metal to be Charpy Impact
welded and increases the incidence of internal defects Value
such as blow holes, especially in electron beam welding.  {kgfm}at 0" C.

Consequently, the oxygen content has to have an upper (F;afcf“;l;t‘);" ;"'ess 620 60 &5 580 30 330
limit of 60 ppm. 0 anC

The ni(rogen COITIPOHEI'II is bonded, if in trace Sampie Nos. 110 3 are (Mustrative of the Lnvention
amounts, to the aluminum in the steel to act as fine cores Sample Nos. 4 (o & are illustzative of conventional sieels
of crystal particles. However, when present in excess,
the nitrogen not only segregates in the austenite parti- In the fracture toughness tests, the fracture toughness
cles but also causes blow holes like the oxygen compo- 35 at ° C. was determined by the elastic/plastic fracture
nent so that its content has to have an upper limit of 150  toughness testing method using a compact tension test
ppm. piece having a thickness of 12.7 mm in conformity to

The steel structure of the present invention is mainly the ASTM EB13.81.
in the mixed state of martensite and residual austenite. Next, the test results will be described The Samples
The amount of this residual austenite may be more than 40 Nos. 1 to 3 belong to the rolled steels of the present
10% from the standpont of toughness and less than 35% invention. The Samples Nos. 4 to 6 belong to the steels
from the standpoint of strength. for comparison, and of these, Samples Nos. 5 and 6 are

Moreover, the forementioned steel is rolled and cut cast steels similar to those of the water-turbine runner of
into predetermined sizes after non-destructive inspec-  the prior art, and Sample No. 41 is forged steel. These
tion and visual inspection so that it may be used for 45 steels are composed mainly of SNi-13Cr but have differ-
components of the water-turbine runner, These inspec-  ent contents of oxygen and nitrogen gases.
tions of the steel plate not only are highly efficient but For tensile strength and the 0.2% vyield point, no
also can improve the accuracy. As a matter of fact, substantial difference is found between the cast steel and
these inspections cover about eighty to ninety percent the rolled steel. However, the rolled steel is found to
of the total inspections of the water runner. 50 have larger values of elongation and reduction than

Then, the steel plate is subjected to plastic working those of the cast steel and, accordingly, to be slightly
with a mold having a three-dimensinal curve and is  more ductile.
assembled by being welded with an electron beam. As to the characteristics required for preventing the

The material of the vanes 1 will be described hereun-  structures from being broken, such as the impact value
der. . 55 or the fracture toughness, moreover, the rolled steel is

Table | enumerates the chemical components of the  seen in Table 2 to be far superior to the cast steel. This
sample steels of the aforementioned water-turbine run- superiority is influenced by the difference in the
ner, and Table 2 enumerates the mechanical properties amounts of non-metallic inclusions contained in the
of the sample steels. In Table 2, there are also enumer-  steels and is caused by the fact that the rolled steel has
ated the results of both the cavitation erosion (Ce) tests 60 a lower cleanness (Total) of 0.033 to 0.053 than that of
and the destructive toughness tests. the cast steel of 0.11 to 0.14.

In the cavitation erosion tests, a magnetic strain oscil- Next, the results of the examination of the electron
lation type tester was used. The test conditions were as beam weldability of the 5Ni-13Cr steel will be de-
follows: the frequency was 6.5 kHz; the amplitude was  scribed.

120 m; the test liquid was service-water; the test liquid 65  The electron beam welding method is being applied

temperature was 25° C.; and the test time was 2 hours.
The difference between the weights of the test surface
having a diameter of 22 mm before and after the tests

more frequently to large-sized thick structutres of car-
bon steel in accordance with the development of 2 high-
power apparatus, because this method produces less
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welding deformation and thus can weld a thick plate in
one path.

What has to be considered, we have found, especially
for practising the electron beam welding in a high
strength water-turbine runner, is the presence of weld-
ing defects such as porosity or hot cracking and the
various characteristics such as the mechanical proper-
ties of the welded portions and the rupture toughness.

The examined results of the weldability of the 5Ni-
13Cr steel are enumerated below in Table 3, wherein
the bead shape reference characters, W;, W, Wi, Py
and P;are shown in FIG. 3. The samples were worked
to have a plate thickness of 80 mm and were welded at
their I-shaped abutting portions with an acceleration
voltage of 90 kV, a beam current of 300 to 350 mA, a
beam oscillation of a diameter of 0.5 mm X500 Hz, and
the focal point 80 mm below the surface of the materials
to be welded.

TABLE 4
Fracture Toughness Cavitation
Sample Welding (kg - mm—*%) Corrosion {mg)
Na. i Electron 625 55
(Inwv.hy Beam
No. § Electron 410 60
(Comp.) Beam

The two steels are not substantially different in cavi-

10 tation characteristics, but the present steel of the inven-

tion is higher by 30% in fracture toughness than the
compatison steel. It is evident that this difference is
influenced by the cleanness and oxygen content of the
base metal.

The results of the steel of the present invention (Sam-
ple No. 1} upon the tensile tests of the electron beam
welded joints are enumerated in comparison to the
conventional steels (Sample No. 5) in Table 5.

TABLE 3
Sample No
1 2 3 4 5 6
Thickness {mm) 80 80 80 0 80 80
Gas Contem {ppm) ’
o 57 39 54 46 128 103
N 126 82 82 362 476 424
EB Welding Condition
Acceleration Voltage {(kv) 90 90 90 %0 90 kL
Beam Curreni (mA) 310 310 310 300 130 350
Focus Position (mm) —80 —80 —B0 - 80 —80 -80
Weiding Speed (mm/min) 150 150 150 150 150 150
Beam Oscillations 054 x 500 Hz
Bead Shape (mm)
W, 9 171 171 165 190 20.5
W3 6.7 6.8 6.8 6.5 7.0 15
w3 5.1 5.1 5.1 50 5.2 5.5
Py k| 7l 7! 70 7 75
P 6.6 6.6 6.6 6.5 7.2 74
Inspection of Welded
Portion
UT (Defect) NO NG NO YES YES  YES
Section {Defect) NO NQ NO YES YES YES
Sampie Nos. 1 1o 3 are llustrative of the Invenlion
Sample Nos, 4 to 6 are illystrative of conventional steels
Although none of the samples were hot-cracked,

Samples Nos. 4 to 6 were found to have porosity in the TABLE §
vicinity of the center of the welded metal. Our various 45 Temsile Yidd  Elon-
investigations l_lavc revealed that the porosity was Strength Point gation  Fracture
caused by the influences of the oxygen and nitrogen Sample Welding (kgf/mm?)  (kgl/mm2) (%)  Position
gases contained in the steel. As seen from the Table 1, No.l  Electron 84.8 150 246 Base
Samples Nos. 4 to € had an oxygen content of about 50 (Inv.) Beam Metat
to 130 ppm and a nitrogen content of about 360 to 480 50 {é"ﬂ- 5] SMaw 64.3 47.9 6 ":;'?eld

- . omp. eta.

ppm.

In view of these findings, the relations between the
occurrence of the porosity and the oxygen and nitrogen
in the 5Ni-13Cr steel were examined, and we found that
neither hot cracks nor porosity was caused with the
oxygen content set at 60 ppm and the nitrogen content
set at 150 ppm.

Such steels are also confirmed to exhibit excellent
characteristics in the fracture toughness of not only the
base metal when the oxygen and nitrogen contents are
set at 60 ppm and 150 ppm, respectively but also welded
metal.

The compared results of the fracture toughness and
the cavitation corrosion of the electron beam welded
metal are enumerated between the steels of the present
invention (Sample No. 1) and the conventional steels
{Sample No. 5} used, for comparison in Table 4 below.

35

&0

65

From Table 5, it is apparent that the electron beam
welded metal is not softened but has a strength identical
to that of the base metal. Incidentally, the strength in
case the sealed metal arc weld (SMAW) was used is
enumerated in Table 5 but takes a far lower strength
than the electron beam welding in the case of the aus-
tenite welding rod.

The most practical rolled steel has a content consist-
ing essentially of by weight, 0.02 to 0.05% C, 0.2 to
0.5% Si, 0.5 10 1.09% Mn, 4.5 t0 5.8% Ni, 12 to 14% Cir,
0.2 10 209% Mo and the balance of Fe, wherein P, §, O
and N as unavoidable contents are less than 0.03%, less
than 0.015%, less than 60 ppm, less than 130 ppm, re-
spectively.

Thus, it has been found that the rolled steel used in
the present invention has superior electron beam weld-
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ability and notch toughness of the joint to the cast
metal. On the basis of these results, a half-size water-tur-
bine runner was trial manufactured.

Next, manufacture of the water-turbine runner will
be described.

The vanes 1 each are sized to have a length of 8,000
mm, a maximum width of 1,700 mm, and a thickness of
80 mm.

Each of the vanes 1, as shown in FIG. 4, comprises
three vane pieces 1A, 1B, 1C, each of which is cut off
piece from a rolled plate in such a manner that the
rolling direction of the rolled plate coincides with a
longitudinal direction of the vane 1, and is press-formed
by hot-and cold working by using a multispindle plastic
working press.

The press has a structure, as shown in FIG. 5a, in
which movable rods 13 carrying semispherical movable
heads 12 are attached to upper and lower tables 10 and
11 arranged vertically to face each other. To the leading
ends of the movable heads 12, there are fixed a pair of
pressing plates 14 which have three-dimensional curves
and are supported at their two side ends by supporting
side plates 15. In each of the pressing plates 14, more-
over, there are disposed water conduits 16 for cooling
the pressing plates 14. The movable rods 13 are held by
hydraulic means at positions where the heads 12 are in
contact with the pressing plates 14, and the movable
rods 13 associated with the upper table 10 are moved
downwardly by the upper table 10 as shown by the
arrow.

When the cut-off plate pieces 1A, 1B and 1IC are
disposed on the lower pressing plate 14 and pressed by
the pressing plate moving downwards with the table 10
to follow the three-dimensional curves, they are heated
in advance to about 950° C. and then pressed between
the upper and lower pressing plates 14. The pressure
upon the cut off plate pieces 1A, 1B and 1C is continued
until the martensite transformation is ended to prevent
the vane pieces 1A, 1B and 1C from buckling and from
being deformed by the thermal expansion of the mar-
tensite transformation, which might otherwise be
caused if the pressure were released before the end of
the martensite transformation.

The vane pieces 1A, 1B, and 1C thus formed by the
press as shown in FIG. 5b, are welded and integrated
into a one piece vane 1 by a three-dimensional electron
beam welder, and the integrated structure is then sub-
jected to the sizing inspection and the non-destructive
inspection.

The thus manufactured vanes 1 are arranged on the
crown ring 2 and the band 3 shown in FIGS. 1 and 2
and welded thereto, whereby the water-turbine runner
is fully produced.

The procedures for manufacturing the water-turbine
runner described above are shown in the flow chart of
FIG. 6.

According to FIG. 6 raw material in the form of a
rolled steel plate is cut to produce a plurality of plates
pieces 1A, 1B, 1C. The plate pieces are formed by hot-
working, the formed plate pieces of vane pieces 1A, 1B,
1C, are heated to a temperature of 590°%20° C. and
then cooled, thereby annealing the pieces so that 100%
martensite is converted to be a mixture of martensite
and 10 to 35% by volume of residual austenite. The
annealed vane pieces are then subjected to size check,
and welded to a integrate the pieces into one complete
vane form by electron beam welding. The formed vane
is subjected to size check and non-destructive inspec-
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tion of the weld portion. The vane 1 is assembled into
the runner by welding, the assembled runner is sub-
jected to heat treatment to relieve strain and control the
residual austenite amount to a predetermined amount.
The heat treated runner is checked in size and inspected
of the welded portion in a non-destructive manner,
whereby the runner is completed.

The present invention can be applied to the manufac-
ture of not only the vane 1 but also the band 2, that is,
the band 2 also can be made of the above-mentioned
rolled steel plate press formed in the band shape. The
crown ring preferably is cast of a steel having the same
content as mentioned rolled steel plate except for nitro-
gen and oxygen.

As has been described hereinbefore, according to the
present invention, it is possible to provide a highly
strong, tough and corrosion-resisting water-turbine
runner so that fracture safety reliabilty can be im-
proved.

The present invention has high economical merit
because the number of manufacturing steps can be re-
duced.

What is Claimed is:

1. A water-turbine runner comprising a rotary mem-
ber with a central portion for connecting a drive shaft,
and a plurality of vanes each provided on said rotary
member, each of said vanes is made of a rolled steel
plate comprising, by weight, 0.01 to 0.10% of C, 0.10 to
1.0% of Si, 0.10 to 2% of Mn, 4 to 6% of Ni, 10 to 15%
of Cr and 0.10 to 3% of Mo, and 71.9 to 87.7% of Fe,
and has a metallic mixture containing, by volume, mar-
tensite and 10 to 35% of residual austenite, and wherein
weld means are provided for mounting said vanes on
said rotary member.

2. The water turbine runner according to claim 1,
wherein each of said vanes comprises a plurality of vane
pieces made of the rolled steel plate, and wherein weld
means are provided for integrating said vane pieces into
the respective vanes.

3. The water-turbine runner according to claim 1,
wherein oxygen and nitrogen contained in said rolled
steel plate are 60 ppm maximum and 150 ppm maxi-
mum, respectively.

4. The water-turbine runner according to claim 3,
wherein said weld means for mounting said vanes on
said rotary member are effected by electron beam weld-
ing, and wherein welded portions of said rotary member
contain 10 to 35% by volume of residual austenite.

5. The water-turbine runner according to claim 4,
wherein the welded portions are heat treated.

6. A water-turbine runner comprising a crown ring
and a plurality of vanes each mounted on said crown
ring, each of said vanes comprising a plurality of plate
pieces cut off from a rolled steel plate consisting essen-
tially of, by weight, 0.01 to 0.10% C, 0.10 to 1.0% of Si,
0.10 to 2% of Mn, 4 to 6% of Ni, 10 to 15% of Cr and
0.10 to 3% of Mo, and the balance of Fe, and which has
a metallic mixture containing, by volume, martensite
and 10 to 35% of residual austenite, wherein each of
said plate pieces has a shape of a portion of the respec-
tive vanes, and weld means are provided for integrating
said plate pieces into the respective vanes.

7. The water-turbine runner according to claim 6,
wherein a maximum oxygen content and maximum
nitrogen content in said rolled steel plate are 60 ppm
and 150 ppm, respectively.
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8. The water-turbine runner according to claim 7,
wherein welded portions contain 10 to 35% by volume
of residual austenite.

9. The water-turbine runner according to claim 6,
wherein said plate is melted to have a conrolled maxi-
mum oxygen content of 60 ppm and a controlled maxi-
mum nitrogen content of 150 ppm.

10. The water-turbine runner according to claim 6,
wherein welded portions join the plate pieces to form
said vanes.

11. The water-turbine runner according to claim 8,
wherein the welded portions comprise heat treated
electron beam welds.

12. A water-turbine runner comprising:

a crown ring with a shaft receiving portion at a cen-
tral portion thereof, a band and a plurality of vanes
interposed between said crown ring and said band,

wherein each of said plurality of vanes comprise plate
pieces consisting essentially of, by weight, 0.02 to
0.05% of C, 0.2 to 0.5% of Si, 0.5 to 1% of Mn, 4.5
to 5.8% of Ni, 12 to 14% of Cr and 0.2 to 2% of
Mo, and the balance of Fe, a maximum oxygen and
a maximum nitrogen contained in said rolled steel
plate being 60 ppm and 150 ppm, respectively, and
which has a metallic mixture containing, by vol-
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ume, martensite and 10 to 35% of residual austen-
ite. .
13. A process for manufacturing a water-turbine run-
ner, comprising the steps of:
forming into a three-dimensional shape a rolled steel
plate which contains, by weight, 0.01 to 0.10% of
C, 0.10 to 1.0% of Si, 0.10 to 2% of Mn, 4 to 6% of
Ni, 10 to 15% of Cr and 0.10 to 3% of Mo, 71.9 to
87.7% of Fe, the oxygen content being no greater
than 60 ppm, and the nitrogen being no greater
than 150 ppm, and which has a metallic structure
mixture containing martensite and residual austen-
ite and which is regulated such that the residual
austenite is 10 to 35% by volume;
electron beam welding the formed steel plate; and
subjecting the steel plate to a heat treatment so that
welded portions contain 10 to 35% of residual
austenite by volume. i
14. A water-turbine runner manufacturing process as
set forth in claim 13, wherein the step of forming said
rolled steel plate into the three-dimensional shape in-
cludes the steps of: heating said rolled steel plate; and
subsequently holding the heated steel plate under pres-
sure from a forming starting temperature to an Ms criti-

cal temperature.
* % ® % =
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(57 ABSTRACT

This machine consists of an impeller formed by a right
prism with a minimum weight/volume ratio and which
has an irregular hexagonal section, three sides of which
are bigger than the other three, and with said hexagon’s
vertexes belonging to a single circumference. The sec-
ond body of said machine is formed by an open cylindri-
cal chamber, concentric to the impeller, with an angle
of approximately 83 degrees. '

Its basic characteristic is its high performance in obtain-
ing energy produced by minimum height waterfalls.

16 Claims, 1 Drawing Sheet
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PERFECTED HYDRAULIC MACHINE
PREFERABLY FOR MINIMUM HEIGHT
WATERFALLS

TECHNICAL FIELD OF THE INVENTION

The present invention consists of a perfected hydrau-
lic machine preferably used for minimum height water-
falls, which offers a series of very important advantages
over the present hydraulic machines destined for similar
jobs.

BACKGROUND ART
We wish to point out that in order for present hydrau-

lic systems to transform and use hydraulic energy with ]

an acceptable yield, they must use waterfall heights of
over 2 meters, as under 2 meters the performance drops
to levels that make the use of these bodies of water
uneconomical.

The present hydraulic machines are generally classi-
fied as action and reaction turbines. Of the former, we
find the so-called “PELTON” turbines with an ideal
field of application between 20 and 300 meters high
waterfalls.

In the second group, and in first place we find the
so-called “FRANCIS” turbines with an application
range of between 4 and 200 meters, while—in second
‘place—we find those'called “KAPLAN”, with a verti-
cal or horizontal axle with an application range of be-
tween 2 and 20 meters for the waterfall height.

Finally, we mention the so-called double impulse or
cross-flow turbines whose application range varies be-
tween 2 and 200 meters of waterfall height.

From the present hydraulic machines mentioned, it is
clear that no hydraulic machine exisig, for waterfall
heights of less than 2 meters that offers a normally ac-
ceptable performance and which would make use of
any of these machines economical.

The Applicant’s own Invention Patent number
8703324 should be mentioned, which refers to a hydrau-
lic machine consisting of an impeller housed in an open
cylindrical chamber, formed by a right prism that has a
minimum weight/volume ratio and whose right section
is an equilateral triangle with curved sides.

However, with this present invention, the object
obtained is a perfected hydraulic machine which amply
surpasses Patent 8703324, thus obtaining a much higher
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yield, in addition to having achieved a more simple °

impeller design, as this invention is based on straight
planes while in Patent 8703324 this had to be carried out
by means of curved profiles which were difficult to
produce and any variation in the profile’s shape greatly
influenced the machine’s final yield.

SUMMARY OF THE INVENTION

The invention is a hydraulic machine comprising a
first body, or impeller formed by a right prism whose
weight/volume ratio is minimum and it forms an irregu-
lar hexagonal section with three sides being larger than
the other three and this hexagon’s vertexes form a sole
circumference. The hydraulic machine’s second body
consists of an open cylindrical chamber, concentric to
the impeller and covering an angle of approximately 83
degrees, which is clearly less than to the 120 degrees
required in Invention Patent 8703324.

The impeller’s vertexes are in charge of closing the
chamber, and the impeller’s edges-when passing the
closure section during its cycledivides the machine’s
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upward water section and downward water section;
thus achieving that the pressures originating in the
areas—and which are of different intensities—depend-
ing on the level of water reached in each one, act effi-
ciently on the impeller’s submerged surfaces.

Based on its form of operation, this machine could be .
classified as a positive displacement volumetric machine
because with each revolution the impeller displaces a
constant volume of water from the upper water area to
the lower water area. Thanks to these characteristics
and knowing the machine’s revolutions per minute and
the available waterfall capacity, the impeller’s length
can be adjusted to adapt itself to this condition.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 depicts a sectional drawing of a hydraulic
machine constructed in accordance with the teachings
of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

In order to give a detailed description of the inven-
tion, we refer to the attached drawing, which has been
represented in the preferred manner of realization, as an
example but without any limitations whatsoever.

FIG. 1, which is the only drawing, represents a sec-
tional drawing of the inventive hydraulic machine,
showing the impeller’s right section -1- consisting of a
minimum-density right prism, transversally semi-sub-
merged in the water flow’s stream with its axle -2- being
parallel to the waterfall plane. This prism’s right section
is an irregular hexagon that has two unequal sides, a
larger side -3- and the other side -4-alternating, with
each and every one of the vertexes -5- of said hexagon
belonging to a single circumference whose center is axle
-2-.

This impeller -1- is placed inside a cylindrical cham-
ber -6-concentric to the impeller, thus obtaining contact
between the impeller -1- and the chamber or by means
of the impeller’s vertexes -5- or in other words by the
edges of the impeller’s prismatic body.

This cylindrical chamber -6- covers an inside angle of
approximately 83 degrees, coinciding with the angle
covered by any one of the three larger sides, whose
exact angle is 82° 31’ 57.65 degrees thus obtaining a
regular operation while the angle covered inside the
smaller sides is 37° 28’ 2.65" degrees.

The magnitude of the hexagon’s larger sides is
1.31912 times the circumference’s radius, where it is
inscribed, while the smaller side has a value of 0.642338
times the circumference’s radius where the hexagon is
inscribed.

The inventive hydraulic machine is completed with a
body or housing where the impeller is housed, which is
not represented in this figure, as it is not necessary to
explain the invention.

The density of the impeller -1- should be as low as
possible, as one of the forces that will act on same-and
which will have a definite influence on the impeller’s
movement-will be the upward force imposed on same.
Due to the volume displaced by Archimedes’ principle,
this force will be equal to the volume of displaced lig-
uid. Therefore, the lower the impeller’s density, the
greater this force’s influence will be on its final yield.

On each side of the impeller we have the two water
masses -7-and -8- with -9- being the difference in level
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between both masses and which constitutes the water-
fall being used in the installation.

The main advantage of this turbine, as it is described,
is its total adaptability to any waterfall condition, such
as flow, height, etc. and it requires a minimum infra-
structure for its installation.

By using this turbine, a suitable performance is ob-
tained for water flows which have not been used up to
now due to this technique’s being uneconomical and
because no devices existed for using this energy with a
minimum acceptable performance. This machines can
be used for continental water sources as well as for
taking advantage of sea water and only certain technical
changes are required merely to adapt the machine to the
desired application.

Due to its construction, the yields are maintained
when the water flow direction is inverted, therefore its
operation is directly reversible.

We claim:

1. A hydraulic machine for operating in cooperation
with a minimum height waterfall comprising:

a hexagonal shape impeller having six sides, three of
said sides being equal in length and longer than the
remaining three of said sides, said remaining three
sides being equal in length so as to define three
short sides and three long sides, wherein said long
sides alternate with said short sides to define the
hexagonal shape of said impeller, and having six
vertexes, each vertex being formed where a corre-
sponding one of said long sides intersects a corre-
sponding one of said short sides equidistant from an
axis of rotation of said impeller; and

axle means attached to said impeller at said axis of
rotation for enabling said impeller to rotate about
said axis in response to said minimum height water-
fall.

2. The hydraulic machine of claim 1 further com-

prises:

a housing having an inner cylindrical surface concen-
tric to said axis of rotation and having a radius
substantially equal to the distance of each said ver-
tex of said impeller from said axis of rotation; and

wherein said inner surface is approximately 83 de-
grees in arc length and is proximate to each said
vertex of said impeller to form a seal between each
said vertex and said inner surface.

3. The hydraulic machine of claim 1 wherein each
one of said long sides and said distance to each said
vertex define a central angle of 82 degrees, 31 minutes
and 57.65 seconds and each one of said short sides and
said distance to each said vertex define a central angle
of 37 degrees, 28 minutes and 2.35 seconds.

4. The hydraulic machine of claim 2 wherein each
one of said long sides and said distance to each said
vertex define a central angle of 82 degrees, 31 minutes
and 57.65 seconds and each one of said short sides and
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said distance to each said vertex define a central angle
of 37 degrees, 28 minutes and 2.35 seconds.

5. The hydraulic machine of claim 1 wherein each
one of said long sides has a length equal to 1.31912 times
said distance from said axis of rotation to each said
vertex and each one of said short sides has a length
equal to 0.642338 times said distance from said axis of
rotation to each said vertex.

6. The hydraulic machine of claim 2 wherein each
one of said long sides has a length equal to 1.31912 times
said distance from said axis of rotation to each said
vertex and each one of said short sides has a length
equal to 0.642338 times said distance from said axis of
rotation to each said vertex.

7. The hydraulic machine of claim 3 wherein each
one of said long sides has a length equal to 1.31912 times
said distance from said axis of rotation to each said
vertex and each one of said short sides has a length
equal to 0.642338 times said distance from said axis of
rotation to each said vertex.

8. The hydraulic machine of claim 4 wherein each
one of said long sides has a length equal to 1.31912 times
said distance from said axis of rotation to each said
vertex and each one of said short sides has a length
equal to 0.642338 times said distance from said axis of
rotation to each said vertex.

9. The hydraulic machine of claim 1 wherein said
hexagonal shape impeller is rotatable about said axis of
rotation in two directions and generates an identical
yield from rotation in either direction.

10. The hydraulic machine of claim 2 wherein said
hexagonal shape impeller is rotatable about said axis of
rotation in two directions and generates an identical
yield from rotation in either direction.

11. The hydraulic machine of claim 3 wherein said
hexagonal shape impeller is rotatable about said axis of
rotation in two directions and generates an identical
yield from rotation in either direction.

12. The hydraulic machine of claim 4 wherein said
hexagonal shape impeller is rotatable about said axis of
rotation in two directions and generates an identical
yield from rotation in either direction.

13. The hydraulic machine of claim § wherein said
hexagonal shape impeller is rotatable about said axis of
rotation in two directions and generates an identical
yield from rotation in either direction.

14. The hydraulic machine of claim 6 wherein said
hexagonal shape impeller is rotatable about said axis of
rotation in two directions and generates an identical
yield from rotation in either direction.

15. The hydraulic machine of claim 7 wherein said
hexagonal shape impeller is rotatable about said axis of
rotation in two directions and generates an identical
yield from rotation in either direction.

16. The hydraulic machine of claim 8 wherein said
hexagonal shape impeller is rotatable about said axis of
rotation in two directions and generates an identical

yield from rotation in either direction.
* L d * * %
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(57) ABSTRACT

Awater machinery runner, which is highly reliable and is so
excellent in wear and corrosion resistances that it can be
used even under conditions where sediment is confained in
a fluid includes crown 21, band 22 and blade 23 of a water
machinery runner 2 to be rotated by a working fluid or a fluid
flowing in a passage. The elements of the machinery runner
are coated on at least portions of their individual surfaces
with a first surface film containing a metal, as selected from
the group consisting of Ni, Cr and Co, and a chromium
carbide, and a second surface film containing a metal, as
selected from the group consisting of Ni, Cr and Co, and a
tungsten carbide.

39 Claims, 6 Drawing Sheets
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RUNNER, WATER WHEEL AND METHOD
OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

The present invention relates to a runner and a water
wheel, which exhibit excellent wear and corrosion resistance
characteristics, and a method of manufacturing the same.

In recent years, a water wheel is more and more used
under conditions where solid substances, such as sediment,
is contained in a fluid. A runner, as driven under those
conditions, is damaged by the combination of the wear due
to impact with the sediment (referred to as “sedimental
wear”) and cavitation damage. Therefore, the portion to be
damaged has been either lined with a resin, such as rubber,
or spray-coated with a very hard material, such as a ceramics
material. This technique is disclosed in Japanese Patent
Laid-Open No. 47477/1991.

Generally speaking, a runner having a three-dimensional
shape is frequently manufactured using a casting method. In
a large-sized runner, on the other hand, there sometimes a
method of assembling the runner by welding is used. In this
case, stainless materials are welded into an assembly so as
to enhance the mechanical strength of the runner.
Specifically, a blade, a crown and a band or a shroud are
separately formed of stainless materials, and the blade is
welded between the crown and the band or the shroud to
form the runner. At this time, the runner thus prepared is
subjected, if necessary, to heat treatment so as to remove the
residual stress established during the welding operation.
This technique is disclosed in Japanese Patent Laid-Open
No. 140465/1990.

In the case of sediment wear, on the other hand, the use
of a variety of hard coatings has been investigated. For
example, the bucket and needle chip of the Pelton wheel
have been coated on their inner faces with a tungsten carbide
surface film having a gradient composition by a vacuum
plasma spray-coating method, as disclosed in Japanese
Patent Laid-Open No. 88201/1994. On the other hand, the
portion of the water wheel limited to the runner, which will
be worn by sediment, is build-up welded with a Co alloy
containing C, Si, Mn, Cr, Mo, Ni or Fe, as disclosed in
Japanese Patent Laid-Open No. 75767/1990.

When the water machinery is to be used under conditions
where sediment is contained in the fluid, as described above,
the runner has to be coated with a very hard material, so that
it may be prevented from being damaged by sediment wear
and cavitation damage. Because of the three-dimensional
shape, however, the runner is not easy to coat with the hard
material.

The plating method can be used easily to coat an article
having a complicated shape, but this method has the fol-
lowing problems when applied to the present invention. The
Cr plating method is one of the most widely used electrolytic
plating methods and can provide the highest surface film
hardness in Vickers hardness (as will be expressed as “Hv”)
of about 1,000, of all the plated films. Because of the
electrolytic plating, however, the electrolytic concentration
is caused to vary due to the shape so as to make it difficult
to have an even film thickness.

Because of the strain in the surface film, moreover, it is
difficult with the plating method to form a thick film, i.e., a
film having a sufficient thickness to protect against sediment
wear and cavitation damage. On the other hand, Ni—P
plating is a nonelectrolytic plating method so that it can form
a surface film having an even thickness independently of the
shape. As in the Cr plating method, however, with the Ni—P
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plating method it is difficult, due to the strain in the surface
film, to form a thick film or a sufficient surface film to
protect against sediment wear and cavitation damage.
Moreover, both the Cr plating method and the Ni—P plating
method are not practical for application to large-sized parts,
such as a water wheel runner, from the point of view of the
required facilities, because they require a step of dipping an
article in a bath.

The hard coating film to be formed by the spray-coating
method has a sufficient wear resistance to sediment wear and
cavitation damage and can produce a sufficiently thick
surface film easily. However, the use of the spray-coating
method has the following problems. A proper distance is
required between a spray-coating gun and the runner so as
to form a satisfactory spray-coated surface film, and a
relatively wide space is required due to the restriction
provided by the size of the spray-coating gun. Therefore, it
is difficult to spray coat a three-dimensional runner in a
narrow space with a satisfactory surface film having suffi-
cient hardness and adhesive strength.

The technique, as disclosed in the aforementioned Japa-
nese Patent Laid-Open No. 88201/1994, is directed to a
vacuum plasma spray-coating method which is applied to
small-shaped parts having shapes facilitating a spray-
coating treatment, that is members to be coated which can be
accommodated in an evacuated container for the treatment.
Therefore, the application of such a vacuum plasma spray-
coating method to large-sized parts is difficult, and the
application of the vacuum plasma spray-coating method to
three-dimensional parts having complicated shapes is even
more difficult. These problems have not been solved by the
technique as disclosed in the aforementioned Japanese
Patent Laid-Open No. 88201/1994.

On the other hand, the technique, as disclosed in the
aforementioned Japanese Patent Laid-Open No. 75767/
1990, is directed to a build-up welding treatment which is
applied to a portion easy to be treated. Since the build-up
welding is accompanied by a melting, it can form a reformed
layer having a high adhesive strength, but a high calorie
source is required to cause deformation by heat if treatment
is applied to a large area. Therefore, the application of this
technique to a water wheel runner is practically limited to a
limited portion, and so it is difficult to treat the entire face of
the runner, as required. Moreover, the application of plasma
spray-coating to three-dimensional parts having complicated
shapes is also more difficult, as in the technique disclosed in
the aforementioned Japanese Patent Laid-Open No. 88201/
1994. In addition, the Co alloy has a surface film hardness
which is insufficient in the case of high sediment density so
that a sufficient wear resistance cannot be achieved. These
problems have not been solved by the technique disclosed in
the aforementioned Japanese Patent Laid-Open No. 75767/
1990.

As described above, it is difficult to coat a runner having
a three-dimensional shape in a narrow space with a satis-
factory surface film having a sufficient hardness and adhe-
sive strength by using the spray-coating method.
Specifically, when the spray-coating method is used, it is
necessary to use the aforementioned manufacturing method
using a welding operation for the assembly. However, when
asurface film coating is applied by the spray-coating method
to a runner manufactured using a welding operation, the
following problems have been brought to light by detailed
investigations.

First of all, the parts, spray-coated all over the surfaces
thereof, can neither be welded nor provide a satisfactory
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welding strength. Moreover, the temperature of the parts will
be raised in the vicinity of the welded portions by the
welding heat so that a thermal strain is caused in the hard
surface films generally having a smaller coefficient of ther-
mal expansion than those of metals, thereby to cause a
separation of the surface films or a lower adhesive strength.
This makes it impossible to effectively coat the welded
portions and their vicinities with the surface films.

However, the welded portions of the runner, i.., the joints
between the crown and the blade and between the shroud or
band and the blade, have a relatively high flow speed and a
high sedimental collision frequency so that they are liable to
experience sediment wear and cavitation damage. These
portions are damaged, if coated with no surface film, by
sediment wear and cavitation damage thereby to cause the
performance to drop or the lifetime to shorten.

On the other hand, if the crown and the blade, and the
shroud or band and the blade, spray-coated with no film in
the vicinity of the welded portions, are welded, and these
individual welded portions are then spray-coated, after being
welded, with the surface films, the following problems
result, as has been brought to light by the detailed investi-
gations.

In order to achieve a sufficient adhesive strength, the
surfaces to be coated have to be properly roughened, before
being coated with the spray-coated films, by a sandblasting
treatment. In the case of the present example, however, the
spray-coated films are already present in the vicinity of the
welded portions and may be damaged by the sandblasting
treatment thereby to reduce the adhesive strength. In order
to remove the residual strain from the welded portions,
moreover, the welded structures have to be subjected to a
heat treatment, referred to as a Stress Releasing treatment
(“SR-treatment™). Generally speaking, since the hard sur-
face film to be formed by the spray-coating method has a
small coefficient of thermal expansion, the coating surface
film, as formed before the welding operation, may be
separated or broken by thermal strain if a proper temperature
is set at the SR-treatment. When the welded portions are
coated with spray-coated surface films before the
SR-treatment, on the other hand, other strains are caused in
the surface films by the release, as effected by the
SR-treatment, of the residual strain in the welded portions,
so that a separation and breakage of the surface films
become more likely to occur.

SUMMARY OF THE INVENTION

The present invention contemplates to solve the above-
specified problems and has an object to provide a runner and
a water wheel, which have such excellent wear and corro-
sion resistance characteristics that they can be used even
under conditions where sediment is contained in a fluid
being handled, and a method of manufacturing the same.

In order to achieve the above-specified object, according
to a feature of the present invention, there is provided a
runner to be rotated by a working fluid or a fluid flowing in
a passage. The runner is coated on at least a portion of its
surface with a first surface film containing a metal, as
selected from the group consisting of Ni, Cr and Co, and a
chromium carbide, and a second surface film containing a
metal, as selected from the group consisting of Ni, Cr and
Co, and a tungsten carbide.

According to another feature of the present invention,
there is provided a runner to be rotated by a working fluid
or a fluid flowing in a passage and comprising components
including a crown, a band and a blade. The components are
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coated, on at least portions of their surfaces, with a first
surface film containing a metal, as selected from the group
consisting of Ni, Cr and Co, and a chromium carbide, and,
on at least portions of the joint between said crown and said
blade and the joint between said band and said blade, are
coated with a second surface film containing a metal, as
selected from the group consisting of Ni, Cr and Co, and a
tungsten carbide.

According to another feature of the present invention,
there is provided a water wheel comprising a runner driven
to rotate by a working fluid or a fluid flowing in a passage;
a spindle to be rotated together with said runner; a bearing
supporting said spindle; and a generator connected to said
spindle to rotate together.

According to another feature of the present invention,
there is provided a method of manufacturing a runner to be
rotated by a working fluid or a fluid flowing in a passage,
comprising the steps of coating at least a portion of the
surface of said runner with a first surface film containing a
metal, as selected from the group consisting of Ni, Cr and
Co, and a chromium carbide; and then coating the same with
a second surface film containing a metal, as selected from
the group consisting of Ni, Cr and Co, and a tungsten
carbide.

According to another feature of the present invention,
there is provided a method of manufacturing a water wheel
including a runner having a crown, a band and a blade, a
spindle, a bearing and a generator, comprising the steps of
coating at least portions of the surfaces of its crown, band
and blade forming no runner or before being jointed, with a
first surface film containing a metal, as selected from the
group consisting of Ni, Cr and Co, and a. chromium carbide;
jointing said blade between said crown and said band to
form said runner; heating the assembly at a temperature of
350° C. or higher and 650° C. or lower, desirably at 400° C.
or higher and 650° C. or lower for 1 to 30 hours; and coating
at least portions of the joint between said crown and said
blade and the joint between said band and said blade, with
a second surface film containing a metal, as selected from
the group consisting of Ni, Cr and Co, and a tungsten
carbide.

According to the present invention, there is provided a
runner coated on at least a portion of its surface with a first
surface film containing a metal, as selected from the group
consisting of Ni, Cr and Co, and a chromium carbide; and a
second surface film containing a metal, as selected from the
group consisting of Ni, Cr and Co, and a tungsten carbide.

The runner is coated on at least a portion of its surface
with a first surface film containing a metal, as selected from
the group consisting of Ni, Cr and Co, and a chromium
carbide and having a Vickers hardness of 700 or more; and
a second surface film containing a metal, as selected from
the group consisting of Ni, Cr and Co, and a tungsten carbide
and having a higher Vickers hardness of 1,000 or more than
that of said first surface film.

The first surface film and the second surface film, that is,
the first surface film composed of Cr;C, as chromium
carbide and the second surface film composed of WC as
tungsten carbide have a hardness of Hv 700 or more and a
hardness of Hv 1,000 or more, and they exhibit excellent
corrosion resistance. The sediment is composed mainly of
feldspar and quartz, of which the feldspar has a hardness of
Hv 600 to 700, whereas the quartz has a hardness of Hv 900
to 1,000. In the case of sediment wear, the wear resistance
abruptly rises if the hardness of sediment particles is
exceeded. By coating with a surface film having a hardness
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of Hv 700 or Hv 1,000 or more, therefore, a sufficient wear
resistance can be exhibited for preventing sediment wear
and cavitation damage.

If a spray-coating method is used as the surface film
coating method, the first surface film can be made as thick
as several tenths mm to 1 mm, and the second surface film
can be made as thick as several tenths mm to 0.5 mm. As a
result, the surface films can be coated, if spray-coated, to
have thickness capable of warranting a sufficient lifetime
against sediment wear and cavitation damage.

Spray-coating is divided into a variety of methods, which
are selected in accordance with their merits and demerits. A
spray-coating method capable of forming the most dense
surface film is the vacuum spray-coating method in which
plasma spray-coating is executed under a reduced pressure.
This vacuum spray-coating method cannot be practically
applied to large-sized parts as in the present example,
because the part to be treated will have to be coated in an
evacuated container. Other methods capable of forming a
coated dense surface film are a detonation spray-coating
method and a high velocity oxygen fuel spray-coating
method. The deterioration spray-coating method covers a
wide coating area so that it is suitable for the coating of a
large-sized planer member. However, the detonation spray-
coating method requires a spray-coating gun and large-sized
facilities, so that it is difficult to homogeneously a member
which has a three-dimensional shape, such as a runner, or to
coat a narrow space, such as a joint.

On the other hand, the high velocity oxygen fuel spray-
coating method can form a dense surface film and requires
only a relatively small gun and reasonable facilities, so that
it can form a homogeneous and dense surface film for a
member which has a three-dimensional shape or in a narrow
space at a joint.

When a runner is to be manufactured, its components, i.e.,
a crown, a band and a blade, are individually coated with a
first surface film containing a metal selected from the group
consisting of Ni, Cr and Co and 50 wt. % to 90 wt. %,
desirably 70 wt. % to 90 wt. % of Cr;C,, and the film is
made as thick as 0.3 mm to 1.0 mm while leaving the region
within 20 mm, desirably 50 mm, from the leading ends of
the welded portion, as an uncoated portion.

The first surface film composed of Cr,C, and Ni, Cr or Co
is changed in its hardness by the content of Cr;C,. As the
amount of Cr;C, increases, the hardness rises, but the
toughness is lost so that the film becomes fragile, and so the
surface film is liable to be broken or separated, thereby to
lower its reliability. For the amount of Cr;C, ranging from
50 wt. % to 90 wt. %, the surface film has a sufficient
hardness against sediment wear and can keep its toughness.

Within this range, moreover, the surface film has excellent
corrosion and wear resistance to sediment wear. If the
sedimental density is high, the amount of Cr;C, has to be
increased to enhance the hardness. In this case, the amount
of Cr;C, is desired to be in a range from 70 wt. % to 90 wt.
%. For this range, the surface film can have a hardness of Hv
700 or more.

Since a number of fine voids are present in a spray-coated
film, the surface film has to be as thick as 0.3 mm or more
so that it may exhibit excellent corrosion and wear resis-
tances. If the spray-coated film becomes thicker, its internal
strain becomes higher to thereby lower the adhesive
strength. From the point of view of the adhesive strength,
this surface film has to be less thick than 1.0 mm. If the wear
resistance of the surface film is considered, on the other
hand, a sufficient lifetime can be expected for a thickness of
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1.0 mm, and the thickness is desired to be less than 1.0 mm
from the point of view of reducing the work and the energy
extended. From the points specified above, a sufficient
lifetime can be warranted against sediment wear and cavi-
tation damage of the runner if the film thickness is set to a
range from 0.3 mm to 1.0 mm, with the result that the
productivity and the energy economy are improved.

The coefficient of thermal expansion of the first surface
film containing Cr;C, and Ni, Cr or Co is lower than that of
a material such as iron or stainless steel. As a result, a
thermal strain may be caused, if thermally influenced by the
welding operation, to thereby lower the adhesive strength of
the surface film. If, however, the region within 20 mm,
desirably 50 mm, from the leading end of the welded portion
is left uncovered, the thermal influences at the welding time
can be avoided, so that an excellent adhesive strength of the
first surface film can be isolated from the influences of the
welding operation.

At this time, moreover, a metal plate having a thickness
larger, desirably two times or more, than that of the first
surface film is employed to form the uncovered portion of
the first surface film. Since the spray-coating method, espe-
cially the high-speed flame spray-coating method, uses a
remarkably high speed for the gas to be sprayed, a rupture
is caused if the masking material has an insufficient strength.
Without a sufficient thickness, moreover, the surface films
are liable to merge at their masking portion and coated
portion so that they are liable to separate at their end
portions. On the other hand, these disadvantages can be
avoided if a metal plate having a thickness two times as large
as that of the surface film is used as the masking material.

When the runner is to be manufactured, on the other hand,
the crown, the blade and band, as coated with the first
surface film, are welded to prepare the water machinery
runner, and are then heated at a temperature of 350° C. or
higher and 650° C. or lower, desirably of 400° C. or higher
and 650° C. or lower, for 1 to 30 hours. By this heat
treatment of the proper temperature, the residual strain is
released from the welded portions so that the deformation
due to the strain release at the runner operating time and the
drop in the fatigue strength of the welded portions are
prevented, thereby to enhance the reliability. In the first
surface film, moreover, the adhesive strength between the
metal phase of Ni, Cr or Co and the Cr;C, particles increases
to increase the hardness of the surface film, and accordingly
the resistances to sediment wear and cavitation damage are
also increased. Moreover, the adhesive strength in the inter-
face between the first surface film and the parent material
increases to suppress the surface film separation. As a result,
even if the surface film is cracked by some shock, it is
prevented from being separated and coming out, thereby to
enhance the reliability.

At higher heating temperatures, the release of the residual
strain from the welded portions, the increase in the adhesive
strength between the metal phase of Ni, Cr or Co and Cr,C,
in the surface film, and the increase in the adhesive strength
in the interface between the surface film and the parent
material progress faster, but thermal strain is caused due to
the difference in the coefficient of thermal expansion
between the surface film and the parent material, as has been
described above. The temperature is desired to be at 650° C.
or less if the influences upon the surface film by the thermal
strain are considered. If the releasing rate of the residual
strain from the welded portions and the rate of improvement
of the surface film are considered, on the other hand, the
temperature is limited by 350° C. If the temperature is lower
than this level, the heat treatment takes too long to be used
for industrial applications.
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If practical applications are considered, the temperature is
desired to be in a range from 400° C. to 650° C. If the
temperature range from 350° C. to 650° C. is examined, the
treatment takes 20 hours at the minimum at 350° C., but the
treatment is effective even for 1 hour at 650° C. Within the
temperature range from 400° C. to 650° C., the treatment
converges for 30 hours. If the effect and the energy economy
are considered, therefore, the heating time period is desired
to range from 1 hour to 30 hours.

When the runner is to be manufactured, the joints between
the crown and the blade and between the band and the blade
are coated, after being heated, with a second surface film
containing at least one metal selected from the group con-
sisting Ni, Cr and Co and 50 wt. % and more and 90 wt. %
or less, desirably 70 wt. % or more and 90 wt. % or less of
WC and having a thickness from 0.1 mm to 0.5 mm, and this
second surface film is overlapped at least partially on the
first surface film.

The second surface film containing WC and Ni, Cr or Co
has a hardness of Hv 1,000 or more and excellent corrosion
and wear resistances to sediment wear. If the amount of WC
is increased, on the other hand, the surface film hardness
increases, but the surface film loses its toughness and
becomes fragile so that it is liable to be broken and
separated, thereby to lower its reliability. If the WC amount
is within the range from 50 wt. % to 90 wt. %, the surface
film can have a sufficient hardness against sediment wear
and can keep its toughness. When the sediment density is
high, however, the WC amount has to be increased to
enhance the surface film hardness. In this case, the WC
amount is desirably in a range from 70 wt. % to 90 wt. %.

The joints between the crown and the blade and between
the band and the blade are portions where the flow speed and
the sediment impact frequency are so high that sediment
wear and cavitation damage are liable to occur. This damage
can be prevented by coating the joints with the second
surface film.

In the high-speed flame spray-coating method, the carbide
particles are neither molten nor decomposed, but collide
against and deposit on the members while being in the form
of particles. For a higher density and larger particle weight,
therefore, the carbide particles highly bite into the parent
material to establish a high and satisfactory adhesive
strength. The WC particles having a large gravity highly bite
into the parent material so that a sufficient adhesive strength
can be achieved from the surface roughness by the grinding
work without sandblasting treatment for the pretreatment.
Since the WC is harder than Cr;C,, moreover, it sufficiently
bites into the first surface film already coated, to establish a
satisfactory adhesive strength.

In order that the spray-coated film composed of WC and
Ni, Cr or Co, that is, the second surface film, may exhibit
excellent corrosion and wear resistances, its thickness has to
exceed 0.1 mm. As the thickness increases, on the other
hand, the strain in the second surface film increases to lower
the adhesive strength. From this adhesive strength, this
spray-coated film has to be less than 0.5 mm. If the wear
resistance of this second surface film is considered, a suf-
ficient lifetime is expected for a film thickness of 0.5 mm,
and a thickness less than this value of 0.5 mm is desired for
reducing the processing and economizing energy.

The rupture and separation of a surface film are liable to
occur from the end portion of the film. By causing the
second surface film to partially overlap on the first surface
film, therefore, the parent material is coated without any
seam so that the resistance to sediment wear and cavitation
damage and the reliability can be enhanced.
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The coefficient of thermal coefficient of the second sur-
face film is smaller than that of the first surface film if the
deposition percentages of the contained metals are equal, so
that a higher thermal strain is caused due to the difference in
the coefficient of thermal expansion-from the parent mate-
rial. On the other hand, the welded portions are deformed by
releasing the residual strain. As a result, the thermal strain
and the strain caused by the release of the residual strain are
applied to the second surface film coating the welded
portions. Since the spray-coated films may be broken or
separated by the added strains, the welded portions have to
be coated with the second surface film after being heated to
a temperature of 350° C. or more and 650° C. or less.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view partly in section of a water
wheel including a hydraulic machinery runner according to
one embodiment of the present invention;

FIG. 2 is a perspective view of the water machinery to one
embodiment of the present runner according invention;

FIG. 3 is a perspective view, partially in section, showing
the water machinery runner according to the embodiment of
the present invention;

FIG. 4 is an enlarged section of the water machinery
according to the embodiment of the present invention;

FIG. § is a flow chart showing a procedure for manufac-
turing the water machinery runner according to the embodi-
ment of the present invention;

FIG. 6 is a perspective view showing a blade of the water
machinery runner according to the embodiment of the
present invention;

FIG. 7 is a perspective view showing the blade and the
band-welded portion of the water machinery runner accord-
ing to the embodiment of the present invention;

FIG. 8 is a section showing the blade and the band-welded
portion, before being rounded, of the water machinery
runner according to the embodiment of the present inven-
tion;

FIG. 9 is a section showing the blade and the band-welded
portion, after being rounded, of the water machinery runner
according to the embodiment of the present invention: and

FIG. 10 is a section showing the blade and the band-
welded portion, after being coated with a surface film, of the
water machinery runner according to the embodiment of the
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

A water machinery runner and its method of manufacture
according to one embodiment of the present invention will
be described in the following with reference to the accom-
panying drawings.

FIG. 1 shows the construction of a water wheel having a
water machinery runner according to the embodiment of the
present invention. In order to more clearly illustrate the
internal structure, the water wheel is illustrated with its
casing being partially split. As to the hatching of the split
section, incidentally, different kinds of hatching are not used
in FIG. 1 for individual members so as to avoid complexity
in the view.

As shown in FIG. 1, a water wheel 1 is constructed to
include a water machinery runner 2 (referred to simply as a
“runner”), a shaft 3, a guide vane 4, a sleeve 5 and a bearing
6. The runner 2 is rotated by flowing water coming in
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through the guide vane 4. Simultaneously with this, the shaft
3, which is connected to the runner 2, is rotated. The
(not-shown) generator, which is connected to the shaft 3,
generates electric power when it is rotated.

If much sediment is contained in the flowing water
coming into the runner 2, this runner 2 and the guide vane
4 will become worn by the impact of the sediment particles
therewith. In order to prevent such sediment wear, the runner
2 and the guide vane 4 are coated at their portions where the
water flow speed and the sediment impact frequency are
anticipated to be so high as to cause sediment wear, the
coating including a first surface film of Cr;C,—16 wt. % of
Ni—4 wt. % of Cr (expressed by “Cr;C,—20% NiCr”) and
a second surface film of WC—20 wt. % of Ni—5 wt. % of
Cr (expressed by “WC—25% NiCr”).

Especially, the runner 2 is coated, at its crown, band and
blade where the water flow speed and sediment impact
frequency are anticipated to be so high as to cause sediment
wear, with a surface film of Cr;C,—20% NiCr having a
thickness from 0.3 mm to 1.0 mm, and, at its joints between
the crown and the blade and between the band and the blade,
with a surface film of WC—25% NiCr having a thickness
from 0.1 mm to 0.5 mm. Moreover, the Cr;C,20% NiCr
surface film and the WC—25% NiCr are partially
overlapped, and this overlap is given a structure having a
lower layer of the Cr;C,—20% NiCr and an upper layer of
the WC—25% NiCr.

FIG. 2 is a perspective view showing the entirety of the
runner of FIG. 1, and FIG. 3 is a perspective section taken
along the line A—A of FIG. 2. As shown in FIGS. 2 and 3,
the runner 2 is constructed to include a crown 21, a band 22
and a blade 23. The crown 21 and the blade 23, and the band
22 and the blade 23, are individually welded to form the
runner 2.

FIG. 4 is an enlarged section showing the welded portions
between the crown 21 and the blade 23 and between the
band 22 and the blade 23. Incidentally, the hatched sections
of the crown 21, the band 22 and the blade 23 are not
discriminated in FIG. 4. In FIG. 4, reference numeral 7
designates the Cry;C,—20% NiCr surface film (or the first
surface film), and numeral 8 designates the WC—25% NiCr
surface film (or the second surface film). These two surface
films are partially overlapped within a range of about 10 mm
to 50 mm.

In the present embodiment, the Cr,C,—20% NiCr surface
film 7 and the WC—25% NiCr surface film 8 were formed
by a high velocity oxygen fuel spray-coating method. In
particular, the Cry;C,—20% NiCr surface film and the WC
25% NiCr surface film were examined as to the contents of
Cr;C, and WC, and these examinations have revealed that
the range from 50 wt. % to 90 wt. % is good for preventing
sediment wear and cavitation damage. However, if the
sediment density exceeds 2 Kg/m> as in the Yangtze River,
the Yellow River or a river after a heavy rainfall, for
example, the percentages of Cr,C, and WC have to be
increased to enhance the surface film hardness. In this case,
the amounts of Cr,C, and WC are desirably in a range from
70 wt. % to 90 wt. %. On the other hand, the proper metallic
components of the surface films are Ni, Cr and Co from the
point of view of corrosion resistance, hardness and tough-
ness. These metals can provide, if selected and combined,
satisfactory corrosion resistance, hardness and toughness.

The Cr;C,—20% NiCr surface film 7 has a hardness of
Hv 700 or more, whereas the WC—25% NiCr surface film
8 has a hardness of Hv 1,000 or more, and they exhibit
excellent corrosion resistance. The sediment is composed
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mainly of feldspar and quartz, of which the feldspar has a
hardness of Hv 600 to 700, whereas the quartz has a
hardness of Hv 900 to 1,000. With regard to sediment wear,
the wear resistance abruptly rises if the hardness of sediment
particles is exceeded. By the coating with a surface film
having a hardness of Hv 700 or Hv 1,000 or more, therefore,
a sufficient wear resistance can be exhibited for protection
against sediment wear and cavitation damage.

The hardness of the Cr;C,—20% NiCr surface film 7 and
the WC—25% NiCr surface film 8 will change depending
upon the amounts of Cr;C, and WC. If the amounts of Cr;C,
and WC increase, the hardness of the surface films will be
raised, but their toughness will be lost so that they become
fragile, with the result that they are liable to be broken and
separated, which undesirably lowers their reliability. For
amounts of Cr;C, and WC from 50 wt. % to 90 wt. %, the
surface films can have sufficient hardness against sediment
wear to keep their toughness.

Within this range, on the other hand, the corrosion resis-
tance and the wear resistance to sediment wear are excellent.
If the sediment density exceeds 2 Kg/m> as in the Yangtze
River, the Yellow River or a river after a heavy rainfall, for
example, the amounts of Cr;C, and WC have to be raised to
enhance the surface film hardness. In this case, it is desirable
if the amounts of Cr,C, and WC fall within a range from 70
wt. % to 90 wt. %, for which a hardness of more than Hv 700
and Hv 1,000 can be achieved for the surface films.

Since a number of fine voids are present in a spray-coated
film, the Cr;C,—20% NiCr surface film 7 has to be as thick
as 0.3 mm or more so that it may exhibit excellent corrosion
and wear resistances. If the spray-coated film becomes
thicker, its internal strain becomes higher, resulting in a
lowering of the adhesive strength. From the point of view of
the adhesive strength, the Cr;C,—20% NiCr surface film 7
has to be less than 1.0 mm thick.

If the wear resistance of the Cr;C,—20% NiCr surface
film 7 is considered, on the other hand, a sufficient lifetime
can be expected for a thickness of 1.0 mm, however it may
be desirable for the thickness is desired to be less than 1.0
mm from the point of view of reducing the work and the
energy expended.

There is also a proper thickness range for the WC—25%
NiCr surface film 8. Generally speaking, the surface film
containing WC is harder and has a higher internal strain,
when formed, than the surface film containing Cr;C,.
Because of the spray-coated film, however, a number of fine
voids are present as in the CryC,—20% NiCr surface film.

For excellent corrosion and wear resistances, therefore,
the surface film has to be no less than 0.1 mm. As described
above, on the other hand, it is required from the point of
view of the strain that the surface film be thinner than 0.5
mm. Considering the wear resistance, moreover, the surface
film is expected to have a sufficient lifetime if it has a
thickness of 0.5 mm. A thickness of no more than 0.5 mm
is also desired for reducing the work and for improving the
energy economy.

The rupture and separation of the spray-coated film are
liable to start from the end portions of the surface film. By
coating the Cr;C,—20% NiCr surface film 7 in a partially
overlapped manner with the WC—25% NiCr surface film 8,
therefore, the parent material can be coated without any
seam to enhance the reliability and the wear resistance to
sediment wear and cavitation damage.

Since a number of voids are present in the spray-coated
film, an overlap of at least 10 mm between the aforemen-
tioned Cr;C,20% NiCr surface film 7 and the WC—25%
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NiCr surface film 8 is required from the point of view of the
reliability. Since this effect converges if the overlap exceeds
50 mm, an extension ranging from 10 mm to 50 mm is
proper for the required efficiency.

In the high velocity oxygen fuel spray-coating method,
the carbide particles will neither be melted nor decomposed,
but will impact against and deposit on the components as
they are in the particle state. As a result, the denser and
heavier particles can bite more deeply to establish a satis-
factory adhesive strength. The WC particles having a large
specific gravity bite deeply so that a sufficient adhesive
strength can be achieved with the surface roughness of the
grinding treatment without the pretreatment of sandblasting.
Since WC has a higher hardiness than Cr;C,, moreover, the
overlying WC—25% NiCr surface film 8 can sufficiently
bite into the Cr;C,—20% NiCr surface film 7 to establish a
sufficient adhesive strength.

Incidentally in the case of use under a low sediment
density, it is not always necessary to provide the WC—25%
NiCr surface film as the upper layer coating. The Cr,C,—
20% NiCr surface film can be used by itself, and the
percentage of Cr,C, is desirably increased in this case. In
this case, moreover, the portions, which are left uncoated
with the CryC,—20% NiCr surface film, are desirably
sandblasted while protecting the applied Cr;C,—20% NiCr
surface film.

Next, the method of manufacturing a water machinery
runner according to one embodiment of the present inven-
tion will be described with reference to FIGS. 5 to 10.

FIG. 5 shows the steps of the water wheel runner accord-
ing to one embodiment of the present invention. First of all,
the crown 21, the band 22 and the blade 23 are individually
prepared. Next, the crown 21, the band 22 and the blade 23
thus individually prepared are coated with the Cry;C,—20%
NiCr surface film 7 by the high velocity oxygen fuel
spray-coating method. of the various spray-coating methods,
this high velocity oxygen fuel spray-coating method can
form a dense surface film and is required to have relatively
small spray-coating guns and facilities so that it can form a
homogeneous and dense surface film on a member having a
three-dimensional shape and a narrow space, as at the joints.
Thus, the high velocity oxygen fuel spray-coating method is
the most proper one for coating a member having a three-
dimensional shape, such as the runner 2.

When the CryC,—20% NiCr surface film 7 is to be
applied, a metal plate, which is thicker thick than, desirably
two times thick as, the Cr;C,—20% NiCr surface film 7, is
applied to the portions to be welded, thereby to protect the
Cr;C,—20% NiCr surface film 7. The metal plate has
sufficient strength and heat resistance, if it is two times as
thick as or thicker than the surface film, against the high-
speed gas in the high velocity oxygen fuel spray-coating
method so that rupture and scattering can be prevented. With
two-times the thickness of the surface film, moreover, sat-
isfactory surface film end portions can be formed without
any merging between the masking portions and the surface
film to be coated.

Next, the crown 21 and the blade 23, and the band 22 and
the blade 23 are welded to form the runner 2. After this
welding operation, the welded portions 9 are worked into a
proper rounded (R-machined) shape to prevent any stress
concentration at the time of running. Next, the runner 2 is
placed in a furnace and is subjected to the SR-treatment at
a temperature ranging from 350° C. to 650° C., desirably
from 400° C. to 650° C. for a time period ranging from 1
hour to 30 hours.
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In the present embodiment, the runner 2 is held at 550° C.
for 15 hours and is then cooled down in the furnace.
Incidentally, the time period of 15 hours is a holding time at
550° C. During this heat treatment at 550° C., the surface
film hardness is raised for the holding time of about 5 hours
or longer, and the adhesive strength is drastically improved
for the holding time of about 10 hours or longer. The runner
2 is such a large-sized part that it cannot be abruptly heated
and cooled with ease, and this abrupt temperature change is
not proper for the thermal strain of the surface film. The
runner 2 is held in the furnace at 550° C. for 15 hours and
is then gently cooled in the furnace. After sufficient cooling,
the oxide films on the welded and rounded portions are
ground again, and the welded portions are then coated with
the WC—25% NiCr surface film 8.

Here will be detailed the aforementioned steps with
reference to FIGS. 6 to 10.

FIG. 6 shows a perspective of the exterior of the blade 23
which is coated with the Cr,C,—20% NiCr surface film 7 by
the high velocity oxygen fuel spray-coating method. The
blade 23 is coated all over its surface, except for the portions
to be welded to the crown 21 and the band 22, with the
Cr;C,—20% NiCr surface film 7.

Reference numeral 23a appearing in FIG. 6 does not
present a section, but shows the portion coated with the
Cr;C,—20% NiCr surface film 7. The unhatched portions
are the uncoated portions 23b extending by 40 mm at the
least and by 70 mm at the most from the end faces to be
welded. In these uncoated portions 23b, after being welded,
the distance between the end portions of the Cr;C,—20%
NiCr surface film 7 and the welded portions ranges from 20
mm to 50 mm (as will be detailed hereinafter). Although not
especially shown, the crown 21 and the band 22 are likewise
coated with the Cry;C,—20% NiCr surface film 7.

The CryC,—20% NiCr surface film 7 has a smaller
coefficient of thermal expansion than that of materials such
as iron or stainless steel. As a result, the thermal influences
from the welding operation may cause the thermal strain to
lower the adhesive strength of the surface film. If, however,
the region within the range of 20 mm, desirably 50 mm from
the portions to be welded, are left uncoated, the thermal
influences of the welding operation can be avoided, thereby
to leave the satisfactory adhesive strength of the Cr,C,—
20% NiCr surface film 7 uninfluenced by the welding
operation.

The details of the subsequent welding and rounding (or
R-machining) operations will be described by taking up the
welding operations of the band 22 and the blade 23.

FIG. 7 is a section showing the portions of the band 22
and the blade 23 that are to be welded. The crown 21 and the
blade 23, and the band 22 and the blade 23, are completely
penetration-welded to have shapes as shown in FIG. 7.

FIG. 8 presents a section as seen after the welding
operation. Incidentally, a welded portion 9 appearing in FIG.
8 indicates a weld line, which is laminated in multiple layers,
but is not hatched. The uncoated portion 23b having no
coating of the Cr;C,—20% NiCr surface film 7, ranging
from 40 mm to 70 mm from the end faces to be welded
extends, after being welded, such that the end portions of the
Cr;C,—20% NiCr surface film 7 and the welded portion 9
are spaced from each other by 20 to 50 mm.

FIG. 9 is a section showing that the welded portion 9 is
ground into a proper rounded (R-machined) shape. After this
shaping treatment, the runner is subjected to a SR-treatment
in which it is placed in the furnace and held at a temperature
ranging from 350° C. to 650° C., desirably from 400° C. to
650° C., for a time period from 1 hour to 30 hours.
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Due to the heat treatment at this temperature, the residual
strain is released from the welded portion so that the
deformation resulting from the strain release and the drop in
the fatigue strength of the welded portion can be prevented
at the time of use to enhance the reliability. In the Cr;C,—
20% NiCr surface film 7, moreover, the adhesive strength
between the Ni or Cr and the Cr;C, particles is enhanced so
that the surface film hardness is increased, so as to raise the
wear resistance to sediment wear and cavitation damage.

In the interface between the CryC,—20% NiCr surface
film 7 and the parent material, moreover, the adhesive
strength is increased so as to suppress the surface film
separation. As a result, even if the surface film is cracked by
some shock, the separation and coming-out of the surface
film are suppressed, thereby to enhance the reliability.

At a higher heating temperature, the release of the residual
strain from the welded portion, the increase in the adhesive
strength between the metal phase of Ni or Cr and the Cr,C,
particles in the surface film, and the increase in the adhesive
strength in the interface between the surface film and the
parent material progress the faster, but a thermal strain is
caused by the difference in the coefficient of thermal expan-
sion between the Cr;C,—20% NiCr surface film 7 and the
parent material. The temperature is desirably kept lower than
650° C. if the influences of the thermal strain upon the
surface film are taken into consideration.

If, moreover, the rate of releasing the residual strain from
the welded portion and the rate of improving the surface film
are considered, the temperature is limited by 350° C., and
the lower temperature will take a longer time period, thereby
to make the processing of industrial applications difficult.
For practical applications, the desired temperature ranges
from 400° C. to 650° C. If the examinations are made for a
temperature ranging from 350° C. to 650° C., the heating
effect takes 20 hours at the minimum at 350° C., but 1 hour
at the minimum at 650° C. This effect converges for 30 hours
if examinations are made for the temperature ranging from
400° C. to 650° C. In consideration of the effect and the
energy economy, therefore, the heating time period is desir-
ably set in a range from 1 hour to 30 hours.

FIG. 10 shows the sectional shape after the R-shaped
welded portion is coated with the WC—25%NiCr surface
film 8 This WC—25% NiCr surface film 8 is partially
overlapped on the Cr,C,—20% NiCr surface film 7. Due to
this partially overlapped coating, the parent material is
coated without any seam so that the wear resistance to
sediment wear and cavitation damage is increased, thereby
to enhance the reliability.

The reason why the coating of the WC—25% NiCr
surface film 8 is executed after the SR-treatment is as
follows. The WC—25% NiCr surface film 8 has a smaller
coefficient of thermal expansion than the Cr;C,—20% NiCr
surface film 7 so that, in the SR-treatment more thermal
strain is produced than in the Cr;C,—20% NiCr surface film
7. Since the residual strain is released from the welded
portion, moreover, more strain may be established to crack
the WC—25% NiCr surface film 8 even if the Cr,;C,—20%
NiCr surface film 7 is within a temperature range s which
will invite neither separation nor cracking.

Therefore, the welded portion has to be coated with the
WC—25% NiCr surface film 8 after the SR-treatment.
Moreover, the WC—25% NiCr surface film has a high
density in the WC particles and accordingly a high adhesive
strength so that it is suitable for the coating of the welded
portion of the present embodiment, in which the whole
surface cannot be sandblasted because of the influences
upon the Cr;C,—20% NiCr surface film 7.
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Incidentally, in the aforementioned embodiment, the
spray-coating surface film is exemplified by use of the
Cr;C,—20% NiCr surface film 7 and the WC—25% NiCr
surface film 8, but the present invention should not be
limited to this composition, as has been described herein-
before. The surface films suited for use in accordance with
the present invention are exemplified by a Cr;C,—15%
NiCr surface film, a Cr;C,—25% NiCr surface film, a
Cr;C,—15% CoCr surface film, a Cr;C,—20% CoCr sur-
face film, a CryC,—25% CoCr surface film, a WC—15%
NiCr surface film, a WC—20% NiCr surface film, a
WC—15% Co surface film, a WC—20% Co surface film, a
WC—25% Co surface film, a WC—15% CoCr surface film,
a WC—20% CoCr surface film and a WC—25% CoCr
surface film, which have excellent surface film strengths and
adhesive strengths.

In the aforementioned embodiment, a high velocity oxy-
gen fuel spray-coating method is used when the crown 21,
the band 22 and the blade 23, as individually prepared, are
coated with the Cr;C,—20% NiCr surface film 7. When
these individual parts are to be spray-coated, however, the
method should not be limited to use of the high velocity
oxygen fuel spray-coating method, because the space is not
narrow, but can be widened to an explosion spray-coating
method or to a vacuum plasma spray-coating method in
dependence upon the sizes of the parts.

According to the present invention, it is possible to realize
a runner which is so excellent in wear and corrosion resis-
tances that it can be used under conditions in which the fluid
contains sediment, and it is possible to manufacture the
runner efficiently at a low cost.

It is also possible to realize water machinery so excellent
in its wear and corrosion resistances that it can be used under
conditions in which the fluid contains sediment, and it is
possible to manufacture the water machinery efficiently at a
low cost.

What is claimed is:

1. A runner comprising a surface coated on at least a
portion thereof with a first surface film containing a metal,
as selected from the group consisting of Ni, Cr and Co, and
a chromium carbide; and a second surface film containing a
metal, as selected from the group consisting of Ni, Cr and
Co, and a tungsten carbide, wherein said first surface film
and said second surface film are overlapped at least partially.

2. Arunner comprising a crown, band and blade is coated,
on at least a portion of the surfaces of its crown, band and
blade, with a first surface film containing a metal, as selected
from the group consisting of Ni, Cr and Co, and a chromium
carbide, and, on at least a portion of a joint between said
crown and said blade and a joint between said band and said
blade, with a second surface film containing a metal, as
selected from the group consisting of Ni, Cr and Co, and a
tungsten carbide.

3. A runner comprising a surface coated on at least a
portion thereof with a first film containing a metal, as
selected from the group consisting of Ni, Cr and Co, and a
chromium carbide and having a Vickers hardness of 700 or
more; and a second surface film containing a metal, as
selected from the group consisting of Ni, Cr and Co, and a
tungsten carbide and having a higher Vickers hardness of
1,000 or more than that of said surface film, wherein said
first surface film and said second surface film were over-
lapped at least partially.

4. A runner comprising a crown, band and blade is coated,
on at least a portion of the surfaces of its crown, band and
blade, with a first surface film containing a metal, as selected
from the group consisting of Ni, Cr and Co, and a chromium
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carbide, and having a Vickers hardness of 700 or more and,
on at least a portion of a joint between said crown and said
blade and a joint between said band and said blade, with a
second surface film containing a metal, as selected from the
group consisting of Ni, Cr and Co, and a tungsten carbide
and having a higher Vickers hardness of 1,000 or more than
that of said first surface film.
5. A runner according to any of claim 2 to 4,

wherein said first surface film and said second surface
film are overlapped at least partially.
6. A runner according to any of claims 1 to 4,

wherein said first surface film forms a lower layer
whereas said second surface film forms an upper film in
their overlapped portions.

7. A runner according to any of claims 1 to 4,

wherein said first surface film contains 50 to 90 wt. % of
chromium carbide whereas said second surface film
contains 50 to 90 wt. % of tungsten carbide.

8. A runner according to any of claims 1 to 4,

wherein the chromium carbide in said first surface film is
Cr;C, whereas the tungsten carbide in said second
surface film is WC.

9. A runner according to any of claims 1 to 4,

wherein said first surface film contains 70 to 90 wt. % of
chromium carbide whereas said second surface film
contains 70 to 90 wt. % of tungsten carbide.

10. A runner according to claim 5, wherein said first
surface film forms a lower layer whereas said second surface
film forms an upper film in their overlapped portions.

11. A runner according to claim 5, wherein said first
surface film contains 50 to 90 wt. % of chromium carbide
whereas said second surface film contains 50 to 90 wt. % of
tungsten carbide.

12. A runner according to claim 5, wherein the chromium
carbide in said first surface film is Cr;C, whereas the
tungsten carbide in said second surface film is WC.

13. A runner according to claim 6, wherein said first
surface film contains 50 to 90 wt. % of chromium carbide
whereas said second surface film contains 50 to 90 wt. % of
tungsten carbide.

14. A runner according to claim 6, wherein the chromium
carbide in said first surface film is Cr;C, whereas the
tungsten carbide in said second surface film is WC.

15. A runner according to claim 6, wherein said first
surface film contains 70 to 90 wt. % of chromium carbide
whereas said second surface film contains 70 to 90 wt. % of
tungsten carbide.

16. A runner according to claim 5, wherein said first
surface film contains 70 to 90 wt. % of chromium carbide
whereas said second surface film contains 70 to 90 wt. % of
tungsten carbide.

17. A water wheel for driving a generator comprising: a
runner according to any of claims 1-4 driven to rotate by a
working fluid or a fluid flowing in a passage; a guide vane
arranged around said runner; a spindle fitted in said runner;
and a bearing supporting said spindle.

18. A runner according to claim 17, wherein said first
surface film forms a lower layer whereas said second surface
film forms an upper film in their overlapped portions.

19. A runner according to claim 17, wherein said first
surface film contains 50 to 90 wt. % of chromium carbide
whereas said second surface film contains 50 to 90 wt. % of
tungsten carbide.

20. A runner according to claim 17, wherein the chro-
mium carbide in said first surface film is Cr;C, whereas the
tungsten carbide in said second surface film is WC.
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21. A runner according to claim 17, wherein said first
surface film contains 70 to 90 wt. % of chromium carbide
whereas said second surface film contains 70 to 90 wt. % of
tungsten carbide.

22. A water wheel for driving a generator comprising: a
runner driven to rotate by a working fluid or a fluid flowing
in a passage; a guide vane arranged around said runner; a
spindle fitted in said runner; and a bearing supporting said
spindle;

wherein said runner and said guide vane are coated on at

least portions of their surfaces with a first surface film
containing a metal, as selected from the group consist-
ing of Ni, Cr and Co, and a chromium carbide; and a
second surface film containing a metal, as selected
from the group consisting of Ni, Cr and Co, and a
tungsten carbide.

23. A water wheel for driving a generator comprising: a
runner according to any of claims 1-4 driven to rotate by a
working fluid or a fluid containing 2 Kg/m> or more solid
particles; a guide vane arranged around said runner; a
spindle fitted in said runner; and a bearing supporting said
spindle.

24. A runner according to claim 23, wherein said first
surface film forms a lower layer whereas said second surface
film forms an upper film in their overlapped portions.

25. A runner according to claim 23, wherein said first
surface film contains 50 to 90 wt. % of chromium carbide
whereas said second surface film contains 50 to 90 wt. % of
tungsten carbide.

26. A runner according to claim 23, wherein the chro-
mium carbide in said first surface film is Cr;C, whereas the
tungsten carbide in said second surface film is WC.

27. A runner according to claim 23, wherein said first
surface film contains 70 to 90 wt. % of chromium carbide
whereas said second surface film contains 70 to 90 wt. % of
tungsten carbide.

28. A method of manufacturing a water wheel having a
runner, comprising the steps of: coating at least a portion of
the surface of its runner with a first surface film containing
a metal, as selected from the group consisting of Ni, Cr and
Co, and a chromium carbide; and then coating the same with
a second surface film containing a metal, as selected from
the group consisting of Ni, Cr and Co, and a tungsten
carbide.

29. A method of manufacturing a water wheel having a
crown, band and blade, comprising the steps of: coating at
least portions of the surfaces of its crown, band and blade
forming no runner or before jointed, with a first surface film
containing a metal, as selected from the group consisting of
Ni, Cr and Co, and a chromium carbide; jointing said blade
between said crown and said band to form said runner;
heating the assembly at a temperature in a range of 350° C.
or higher and 650° C. or lower, for 1 to 30 hours; and coating
at least portions of the joint between said crown and said
blade and the joint between said band and said blade, with
a second surface film containing a metal, as selected from
the group consisting of Ni, Cr and Co, and a tungsten
carbide.

30. A method of manufacturing a water wheel according
to claim 29,

wherein said runner is formed by jointing said blade

between said crown and said band by welding.

31. A method of manufacturing a water wheel according
to any of claims 28 to 30,

wherein when at least the portions of the surfaces of said

crown, said band and said blade are to be coated with
said first surface film, the regions within 20 mm, from
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the leading ends of the welded portions between said
crown and said blade and between said band and said
blade are left uncoated.
32. A method of manufacturing a water wheel according
to any of claims 28 to 30,

wherein the coating method of said first surface film and
said second surface film is a spray-coating method.
33. A method of manufacturing a water wheel according
to any of claims 28 to 30,

wherein when said joints between said crown and said
blade and between said band and said blade are coated
with said second surface film after said runner has been
heated, said second surface film is overlapped at least
partially on said first surface film.

34. A method of manufacturing a water wheel according

any of claims 28 to 30,

wherein said first surface film contains 50 to 90 % of
chromium carbide whereas said second surface film
contains 50 to 90 wt. %, of tungsten carbide.
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35. A method for manufacturing a water wheel according
to any of claims 28 to 30,

wherein the chromium carbide in said first surface film is
Cr,C, whereas the tungsten carbide in said second
surface film is WC.

36. A method according to claim 29, wherein the heating
is carried out at a temperature in a range of 400° C. or higher
and 650° C. or lower.

37. A method according to claim 31, wherein regions
within 50 mm of said leading ends are left uncovered.

38. A method according to claim 32, wherein said spray-
coating method is a high-speed flame spray-coating method.

39. A method according to claim 34, wherein said first
surface film contains 70 to 90 wt. % of chromium carbide,
whereas said second surface contains 70 to 90 wt. % of
tungsten carbide.
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WATER WHEEL WITH CYLINDRICAL
BLADES

TECHNICAL FIELD

The present invention relates generally to water or liquid
rotor equipment and is particularly directed to water rotors
of the type which can be used to drive electrical generators,
or other mechanical equipment. The invention will be spe-
cifically disclosed in connection with a water rotor having
multiple curved blades in one plane which, in one embodi-
ment captures the liquid for a large portion of their rotation,
and in a second embodiment utilizes hinged blades to
present less air friction to the wind direction.

BACKGROUND OF THE INVENTION

Water rotor machines (or water wheels) are quite old in
the art, and have been in use for centuries. Many water rotors
are known as “turbines” and typically have a large vertical
drop through which the water travels before striking the
blades of the turbine, thereby gaining velocity to apply a
greater force. Other water rotors or water wheels are sub-
merged and use an inlet and an outlet through which the
passage of the water is directed.

An example of a conventional water wheel having an inlet
and outlet is U.S. Pat. No. 5,440,175 (by Mayo), which
discloses a water wheel-driven generating unit that is to be
used at a low head dam site. The inlet to the water wheel is
an adjustable chute that extends from the dam crest to the
water wheel. The Mayo water wheel has rotating longitu-
dinal buckets (i.e., blades) that are designed to develop
maximum energy over a wide range of flow conditions, and
also to discharge debris. The buckets are vented as necessary
to improve filling and discharge, and also to minimize
vibration. Retention of water in the buckets until each one
reaches the lowest point of travel is provided by an adjust-
able shroud. The shape of the bucket periphery is curved
from an angle parallel to the chute at its lowest slope to an
angle passing through the center of rotation of the water
wheel, with the outer curved radius equal to one-half the
bucket depth. The shroud can be moved away from the main
housing to allow debris to be dislodged. Vents are provided
near each bucket to allow an escape path for any air trapped
between the filling water as the buckets rotate. Later, as the
buckets become empty of water, air must take its place and
the vents are designed to allow air back into the bucket to
create smooth water dumping.

U.S. Pat. No. 1,293,110 (by Karafas) discloses a water
wheel used on a ship, having an inlet and an outlet at the
bottom. The blades of the impeller have a generally curved
appearance and are very closely spaced together, essentially
comprising pairs of half-blades that are mounted into one
overall junction near the hub of the wheel.

U.S. Pat. No. 4,436,480 (by Vary) discloses a hydro-
turbine apparatus to generate electricity. The turbine spins in
the vertical plane and is designed to be submerged in a
channel of water that will spin its vanes upon impact. On the
inlet side of the turbine, a scoop member captures water
flowing toward the turbine wheel and directs it behind each
of the rotating vanes. This arrangement dumps water behind
the rotating vanes at the earliest advantageous moment,
since normally water would not effectively act on a vane
until it is about to its horizontal position. The inlet and outlet
of the turbine wheel are approximately 180 degrees from
one another along the rotational movement of the vanes.

Some of the prior water wheels are provided with a
buoyant rotatable drum in which the blades travel both
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through liquid and through a gas (i.e., air). For example,
U.S. Pat. No. 2,097,286 (by McGee) discloses a power
generating apparatus that uses a water wheel that is placed
in a river. The McGee water wheel has curved blades that
run parallel to one another, and have a somewhat concave
shape to catch the current flow of the water. The water wheel
is buoyant, and can rise or fall with the water level of the
river. A vertical post is embedded in the river bottom, and an
arm is pivotally attached by a pivot pin to the post. A DC
generator is mounted within the interior of the cylindrical
drum that holds the water wheel and its parallel blades.

Another patent that discloses a water wheel in which
blades can protrude into air is U.S. Pat. No. 4,519,742 (by
Van Buytene) which discloses a water wheel-type device
that has a rotatable shaft with blades that are moved by
flowing water. Each of the blades has at least one gate and
a slide that can move the gate from an open to a closed
position. When the gate is in its open position, it will allow
fluid to pass through a corresponding opening in the blade.
This would occur when the blade is protruding into air, so as
to minimize friction caused by the air against the blade.
When the blade enters the water, the gate slides to its closed
position so that the water will impact against the gate to help
force the blade to rotate in the proper direction.

U.S. Pat. No. 646,713 (by Symons) discloses a water
wheel comprising a drum having hinged blades that present
their surfaces in desirable positions while in the water, and
do not waste the power of the wheel by forcing the water
downward as they enter the water, or by lifting water as they
rise or by encountering an unnecessary resistance of air as
they rotate out of the water. The blades at positions “i*>” and
“i16” catch the water flow as the blades are about to leave the
liquid domain and enter the gaseous domain. Once the
blades are out of the water, the blades, by their own weight,
pivot to the positions shown as “i'” and “i*”, and come to
rest against an arm “n”. The blades stay in that relative
position until the blades are about to re-enter the water, at
which time the blades further pivot to a position that is radial
with respect to the center of the water wheel. This is
illustrated by the dashed lines in the lower left quadrant and
the very middle bottom spoke of the water wheel on FIG. 2.
According to Symons, the blades are in their “feathered”
position, ostensibly to minimize their friction or drag upon
re-entering the water. After the blades have passed again into
the water, they stay in the feathered position until they have
rotated another 90 degrees, and they finally begin to pivot
again so that they will catch the water and can then further
help to propel the water wheel when back at their original
positions at i*> and i'°. There is some inefficiency in this
design, particularly since the blades must re-pivot while they
are already in the water, and thereby provide no thrust during
the re-pivoting that would help propel the rotation of the
water wheel.

It would be advantageous to provide a water rotor having
a greater efficiency by capturing the water for a very large
portion of the rotational travel of the blade of the water rotor.
For water rotors that are buoyant and have blades that travel
through the air for a portion of their rotation, it would be
advantageous to minimize the air friction or wind resistance
of the rotating blades during the portion of rotation that they
travel through the air, especially at times when the air is
moving in a direction that generally opposes such rotation.

OBJECTS OF THE INVENTION

Accordingly, it is a primary object of the present invention
to provide a liquid rotor device which efficiently operates



5,947,678

3

when fully submerged by “trapping” the moving liquid for
a large percentage of the rotational travel of the blades from
the time the liquid enters at an inlet until it is discharged at
an outlet.

It is another object of the present invention to provide a
submerged liquid rotor device that has a constricting venturi
effect to increase the velocity of the moving liquid as that
liquid enters the inlet of the liquid rotor.

It is a further object of the present invention to increase
the efficiency of a liquid rotor device by providing an
expanding venturi effect at its outlet to further increase the
efficiency by lowering the pressure differential between the
inlet and the outlet of the liquid rotor device.

It is a yet further object of the present invention to provide
a buoyant liquid rotor device in which the blades travel both
through a liquid and through gaseous air during portions of
their rotation, and in which the blades present a reduced air
resistance in situations where the wind direction would
oppose rotation of the blades.

It is yet another object of the present invention to provide
a buoyant liquid rotor device that has hinged blades to both
increase the efficiency of the blades as they travel through
the liquid, and to reduce the air resistance of the blades as
they travel through the gaseous air in situations where the
wind direction would otherwise oppose the travel of such
blades.

It is yet a further object of the present invention to provide
a buoyant liquid rotor device that is capable of floating up or
down in a vertical plane while driving a pivotable shaft that
will, in turn, drive an electrical generator.

Additional objects, advantages and other novel features of
the invention will be set forth in part in the description that
follows and in part will become apparent to those skilled in
the art upon examination of the following or may be learned
with the practice of the invention.

SUMMARY OF THE INVENTION

To achieve the foregoing and other objects, and in accor-
dance with one aspect of the present invention, an improved
liquid rotor device is provided having a cylindrically-shaped
hub, which is supported by a horizontal shaft, and having
several curved blades which are attached to the outer por-
tions of the rotating hub. The horizontal shaft preferably
rotates with the hub so that it can mechanically drive a
device such as an electrical generator. The multiple blades
mounted to the exterior surface of the hub are curved such
that the longitudinal axis of each blade is parallel to the axis
of rotation (i.e., the horizontal shaft). Each blade is arcuate
in shape and preferably comprises a portion of the cylindri-
cal wall of a hollow cylinder.

In one embodiment of the present invention, the rotating
hub and blades sub-assembly is surrounded by a hollow
cylindrical housing that is entirely submerged in a liquid,
such as water. The surrounding hollow cylindrical housing
has an inlet to receive the liquid into the area of the rotating
blades and an outlet through which the liquid is discharged.
The inlet preferably is in communication with the discharge
of a constricting chamber that has a large opening area and
a small discharge area, such as a portion of a venturi. By use
of this chamber, the velocity of the liquid is increased as it
approaches the inlet. In an alternative embodiment, the
discharge is in communication with a second expanding
chamber that has a small intake area and a large exhaust area
through which the discharge liquid will pass. In this alter-
native embodiment, it is preferred that the area of the intake
of the first constricting chamber is substantially equal to the
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area of the exhaust of the expanding second chamber,
thereby minimizing the hydraulic losses through the system.

In a second embodiment, the rotating hub and blades
sub-assembly is made to be buoyant so that the centerline of
the rotating hub will be approximately at the surface of the
liquid, so that the liquid rotor will essentially float along the
surface of, for example, a stream, river or canal. In this
second embodiment, there is no surrounding hollow cylin-
drical housing, but instead the curved blades are directly
exposed to the moving liquid, as well as to the wind of the
gaseous air above the surface of the liquid. If the direction
of the liquid current is substantially the same as the wind
direction, then the wind will tend to inhibit the rotation of the
blades and hub sub-assembly. In order to provide a reduced
cross-sectional area against which the wind can act, the
curved blades are hinged at the surface of the cylindrical
hub, so that the wind will have less surface area to act
against.

In another alternative embodiment, the buoyant wind
rotor is supported by a pair of vertical supports which
constrain the liquid rotor to floating up and down in a single
vertical plane. The horizontal shaft running through the
rotating hub is supported by a bearing surface that will ride
up and down along these vertical supports. The mechanical
output of the liquid rotor is then connected to a set of shafts,
including one shaft that can move through an angle by use
of universal joints. This same shaft will preferably be
adjustable in length, so as to allow the liquid rotor sub-
assembly to remain fixed in one location in the horizontal
plane while moving up or down in the vertical plane. At the
same time, the driven equipment (e.g., an electrical
generator) will be able to remain at a single stationary point
in the horizontal plane.

Still other objects of the present invention will become
apparent to those skilled in this art from the following
description and drawings wherein there is described and
shown a preferred embodiment of this invention in one of
the best modes contemplated for carrying out the invention.
As will be realized, the invention is capable of other
different embodiments, and its several details are capable of
modification in various, obvious aspects all without depart-
ing from the invention. Accordingly, the drawings and
descriptions will be regarded as illustrative in nature and not
as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings incorporated in and forming
a part of the specification illustrate several aspects of the
present invention, and together with the description and
claims serve to explain the principles of the invention. In the
drawings:

FIG. 1 is a perspective view of a liquid rotor apparatus
having a rotatable cylindrical hub with curved blades
attached, surrounded by a hollow cylinder and having a
constricting intake chamber attached to the inlet of the
hollow cylinder, constructed in accordance with the prin-
ciples of the present invention.

FIG. 2 is a side elevational view of the liquid rotor
apparatus of FIG. 1.

FIG. 3 is a side elevational view of a liquid rotor apparatus
similar to that of FIG. 1, however, an expanding exhaust
chamber is attached to the outlet of the hollow cylinder.

FIG. 4 is a side elevational view of a buoyant liquid rotor
apparatus having a cylindrical hub and curved blades that
are hinged at their point of connection to the cylindrical hub,
as constructed according to the principles of the present
invention.
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FIG. 5 is a side elevational view of the buoyant liquid
rotor apparatus of FIG. 4 in which the curved blades are
shown in their typical operating positions.

FIG. 6 is a perspective view of the buoyant liquid rotor
apparatus of FIG. 5.

FIG. 7 is a front elevational view of the buoyant liquid
rotor apparatus of FIG. 4 as mounted to a set of vertical
supports and having an output shaft to drive an electrical
generator.

FIG. 8 is a perspective view of the buoyant liquid rotor
apparatus and vertical support assembly of FIG. 7.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Reference will now be made in detail to the present
preferred embodiment of the invention, an example of which
is illustrated in the accompanying drawings, wherein like
numerals indicate the same elements throughout the views.

Referring now to the drawings, FIGS. 1 and 2 show a
liquid rotor assembly generally designated by the reference
numeral 10, having a sub-assembly 20 that contains a
rotating hub 22 and set of blades 24, along with an intake
chamber 15 having an opening 14. As seen on FIG. 2, the
liquid rotor assembly 10 is totally submerged within a liquid
(e.g., water) which is generally depicted by the letter “W>,
and the direction of travel of the liquid as it enters the
chamber through opening 14 is indicated at the arrows 16.
This liquid direction corresponds to the direction of the
current, which is indicated at the arrow 40.

As seen on FIG. 1, the intake chamber 15 has a side wall
12, an intake opening 14 and a second side wall 18. On FIG.
2, the intake chamber 15 is seen to discharge its liquid
contents along the path of the arrow 42, which flows through
an inlet opening 32 in a hollow cylinder 30 with side walls
(such as at 38) that acts as the housing for the liquid rotor
sub-assembly 20. A similar opening at the reference numeral
34 in the hollow cylinder 30 acts as the outlet of the liquid
rotor sub-assembly 20.

The liquid rotor apparatus 10 will preferably be sub-
merged in water that has a constant motion, such as in the
case of a canal, stream, or river. The liquid flow would enter
intake chamber 15 at the arrows 16, then be somewhat
increased in velocity due to the shape of the side walls 12
and 18 of intake chamber 15 before the liquid enters the inlet
32 along the arrow 42. Once the liquid flows through inlet
32, the liquid will strike the surface of the rotatable blades
24, which each have a curved profile with a concave surface
26 and a convex surface 28. The liquid will strike the
concave surface 26 thereby propelling the blades in a
clockwise direction as seen on FIG. 2. The liquid will
continue to follow the arrows 36 while pushing against the
blades 24, thereby moving them in a clockwise direction
until the liquid reaches outlet 34, which is another opening
in the cylindrical housing 30 through which the liquid will
discharge along the arrows 44.

The liquid rotor sub-assembly 20 comprises a rotating hub
22, a set of curved blades 24, and a hollow cylindrical
housing 30 having inlet and outlet openings 32 and 34,
respectively. Blades 24 preferably are semi-circular in pro-
file (as seen from their sides, as in FIG. 2) which gives them
a “C”-type shape in appearance, and each blade 24 has a
longitudinal axis depicted by the reference numeral 25. This
longitudinal axis 25 is substantially in parallel with the axis
of rotation (i.e., the centerline) of rotating hub 22.

The rotating hub 22 will preferably be connected to some
type of output shaft (not shown), which will be similar to the
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output shaft 328 depicted on FIGS. 7 and 8. As stated above,
the liquid velocity will somewhat increase as it travels
through the constricting shape of the intake chamber 15,
between the times that the liquid travels along the arrows 16
until it arrives at the arrow 42. This will help to increase the
efficiency of the liquid rotor apparatus 10, and to increase its
power output.

Another feature that will tend to increase efficiency of the
liquid rotor apparatus 10 is the locations of the inlet 32 and
outlet 34 as compared to the rotational travel of the blades
24. As the liquid enters at the inlet 32, it will contact the
rotatable blades 24 for over 180 degrees of their rotational
travel before reaching the outlet 34. This insures that most
of the power behind the flowing liquid will be imparted to
the rotatable blades 24 for a long duration of their rotational
travel. The discharge opening 34 is placed near the very
bottom of the cylindrical housing 30 so as to not greatly
interfere with other liquid flowing within the body of water
W, and also is placed so as to essentially prevent the outside
liquid from entering at the discharge opening 34.

The materials used for all portions of the liquid rotor
apparatus 10 preferably are to be impervious to rust or other
form of corrosion, while at the same time being materials
that are easy to construct and assemble. The rotatable hub 22
and blades 24 preferably are made of a light-weight material,
such as plastic, so as to provide the least amount of inertia
to rotational movement. Of course, metal materials could be
used for the same components. In the preferred embodiment,
the blades 24 are constructed of PVC material, and comprise
a semi-circular section of a PVC pipe, and are attached to the
rotatable hub 22 along a substantially linear edge of cylin-
drical PVC pipe section by an adhesive material. Naturally,
other forms of attachment and other construction materials
could be used to build the liquid rotor apparatus 10, without
departing from the principles of the present invention.

On FIG. 3, an alternative embodiment liquid rotor appa-
ratus 100 is provided in which its outlet 34 does not dump
liquid directly back into the infinite volume of the stream,
river, or canal, but instead directs the liquid into an exhaust
chamber 50 which expands in area as the liquid follows
downstream along the arrows 46. It is preferred that the area
of the opening of intake chamber 15, designated by “A;” be
substantially equal to the area at the discharge opening of the
exhaust chamber 50, at the area designated as “A,”. In this
manner, the total liquid rotor apparatus 100 will have a
venturi-type shape, and will incur a minimal back-pressure
due to the constriction and then expansion of the areas
through which the liquid flows as it passes through rotor
apparatus 100.

As in the liquid rotor apparatus 10 depicted on FIGS. 1
and 2, the apparatus 100 of FIG. 3 has a greater efficiency
by causing the liquid to travel through a large portion of the
rotational travel of the blades 24 between the inlet 32 and the
outlet 34 of the liquid rotor sub-assembly 20. In fact, while
using an exhaust chamber 50, the outlet opening 34 could be
located even further clockwise along the travel of the liquid
movement along arrows 36, thereby providing a greater
efficiency. This would be possible since the exhaust chamber
50 would protect the outlet opening 34 from interference
with the outside liquid current 40. There would be a certain
trade-off when attempting to move the outlet opening 34
further along the rotational travel of the blades 24, since the
liquid would have to change direction by over 90 degrees as
it travels along the arrow 44 and enters the smaller cross-
section area of the exhaust chamber 50. The configuration
shown on FIG. 3 is probably the optimum arrangement with
respect to efficiency.
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It will be understood that the venturi shape provided by
the inlet and discharge chambers could be modified without
departing from the principles of the present invention.
Moreover, it will be understood that the precise locations of
the inlet and outlet of the housing for the liquid rotor
assembly could be modified without departing from the
principles of the present invention.

A second embodiment generally designated by the refer-
ence number 200 of a liquid rotor apparatus is depicted on
FIG. 4 in which the entire apparatus is made buoyant so that
it will float on the surface of the liquid body. On FIG. 4, a
cylindrical hub 210 comprises an outer housing 206, a
centerline shaft 212, and an interior chamber 208. This entire
hub sub-assembly 210 rotates in the clockwise direction on
FIG. 4, as indicated by the arrows 202.

The chamber 208 will preferably be filled with a gaseous
compound such as air so that the entire liquid rotor apparatus
200 will float at approximately the centerline of the shaft
212. This is a accomplished by providing an air-tight end
plate 204 (see FIGS. 6, 7, and 8) that will seal the chamber
208 on both sides of the water rotor apparatus 200. By filling
the chamber with the proper quantity and compound of a
gas, the proper buoyancy will be achieved so that the liquid
rotor apparatus 200 will float in the body of water designated
by the letter “W” on FIG. 4.

The liquid body on which the liquid rotor apparatus 200
is to be placed will preferably have continuous current, as
indicated by the arrow 240, so that the blades of the liquid
rotor apparatus will be forced to rotate because of this
current. The apparatus 200 will, therefore, be most useful in
a canal, stream, or river which always flows in a single
direction. Since the liquid rotor apparatus 200 is made
buoyant, its blades will extend above the water line through
about 50% of the blades’ rotational travel, and the direction
of the air may oppose the rotation of these blades, as for
example, when the wind is in the direction depicted by the
arrow 242 for the body of air designated by the letter “A”.

In order to present a smaller surface area as a target
against which the wind will impact, the blades of the liquid
rotor apparatus 200 are hinged at their connecting point to
the outer cylindrical surface of the hub 210. On FIG. 4, each
of the six blades is shown in its two extreme positions, in
solid lines for situations where the blades 224 are in a
position to present a lower surface area profile to the
direction of the wind, and a second position in dashed lines
for the blades 214 when in their position where the direction
of the liquid current will propel the blades to rotate the liquid
rotor assembly 200. The reference number designations 214
and 224 represent the two different positions for the same
physical blade in each of the six blade positions depicted on
FIG. 4. Each blade has a concave and convex surface, and
for the blades 214 depicted in dashed lines, the concave
surface is at 216 and the convex surface is at 218. For the
blades 224 depicted in their low surface area profile position,
the concave surface is depicted at 226 and the convex
surface at 228.

Blades 224 (and 214) preferably are semi-circular in
profile (as seen from their sides, as in FIG. 4) which gives
them a “C”-type shape in appearance, and each blade 224
and 214 has a longitudinal axis depicted by the reference
numerals 225 and 215, respectively (see FIG. 6). The
longitudinal axes 225 and 215 are substantially in parallel
with the axis of rotation (i.e., the centerline) of rotating hub
210.

Each of the curved blades is attached to a hinge 230 along
a substantially linear edge of cylindrical PVC pipe section
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making up the blade, of which hinges 230, in the preferred
embodiment, have a pair of flanges that will act as the
hinges’ attachment points. One of the flanges, at reference
numeral 236, attaches the hinge to the outer surface of the
cylindrical housing 206. The other flange is depicted as
reference numeral 232 when the blade is in its lower surface
area profile position at 224, and this same hinge is given the
reference numeral 234 when its corresponding blade is in its
“dashed” position 214.

Many different materials could be used to construct the
liquid rotor apparatus 200, although all materials should be
impervious to rust or other type of corrosion when immersed
in water (or other operating liquid) for long durations. This
is particularly important for the hinges 230, because they
must remain relative free to operate so that the blades can be
moved from their one extreme position at 224 to their
opposite extreme position at 214 without any undue friction.
In the preferred embodiment, the curved blades are con-
structed of a portion of a PVC pipe, which is cut into two
halves along its centerline axis, each half becoming one of
the blades depicted on FIG. 4.

FIG. 5 illustrates the liquid rotor apparatus 200 with the
blades in their typical operating positions when the water (or
other liquid) current direction 240 is in the same direction as
the wind direction 242. In this situation, the submerged
blades 214 will be forced into their “liquid driven position”
by force of the liquid water moving in the direction 240.
When this occurs, the rotational movement of the blades will
cause the entire liquid rotor assembly 200 to rotate in the
clockwise direction as viewed on FIG. 5. However, once the
blades become free of the liquid water (e.g., along the left
side of FIG. 5), then the force of gravity and the wind
direction 242 will cause the blades to move into their lower
wind resistance profile position 224. If the wind is strong
enough, the blades will remain in their lower surface area
profile position 224 until they are again submerged along the
right hand side of FIG. 5. Once they re-enter the liquid
water, the blades will be forced into their liquid-driven
positions 214.

FIG. 6 is a perspective view depicting the liquid rotor
apparatus 200 of FIG. 5. The blades are in their same
positions as illustrated in FIG. 5, and some of the construc-
tion features of the apparatus 200 are more clearly discern-
ible on FIG. 6.

FIGS. 7 and 8 illustrate the liquid rotor apparatus 200 as
it is mounted in a set of vertical supports that retain the
apparatus 200 within a single vertical plane as it moves up
and down with the level of the liquid water W. On FIG. 7,
it can be seen that two vertical supports 310 and 320 are
constructed so as to be in parallel with one another, and
which protrude from the body of air “A”, through the body
of liquid water “W?, and into the earth at reference numeral
302. Two rotatable half-shafts at reference numerals 316 and
326 are used to mount the liquid rotor apparatus 200
between the vertical supports 310 and 320. The mechanical
output of the rotor apparatus 200 is provided through the
half-shaft 326, through its bearing 324 (see FIG. 8), and into
an output shaft 328. The mechanical drive continues through
a universal joint 330, then through a pivotable shaft assem-
bly 336, through another universal joint 340, and into a final
output shaft 342 which is used to drive an electrical gen-
erator (not shown) that preferably is mounted on the shore.

As the liquid rotor apparatus 200 rises and falls, due to the
changing level of the liquid water “W”, the angle of the
pivotable shaft assembly 336 will change with respect to the
horizontal plane. In view of this fact, the shaft assembly 336
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preferably comprises two separate shafts 332 and 334 which
will contain internal and external spline so that the total
length of the shaft assembly 336 can vary as the angle of the
shaft changes with respect to the horizontal plane. In this
manner, the liquid rotor apparatus 200 can remain positioned
in a fixed location with respect to the horizontal distance to
the electrical generator, which would also be mounted at a
fixed horizontal position with respect to the earth.

On FIG. 8, the bearings 314 and 324 can be viewed, and
which receive the half-shafts 316 and 326. In addition,
vertical slots 312 and 322 in their respective vertical sup-
ports 310 and 320 can be viewed, and these slots allow the
bearings 314 and 324 to slide up and down within the
vertical plane, thereby allowing the liquid rotor apparatus
200 to remain in a fixed horizontal position while vertically
floating up and down as the liquid level rises and falls.

The materials used for the vertical supports, shafts, and
universal joints should all be selected having physical prop-
erties so as to be relatively impervious to rust or other
corrosion when immersed in water for long durations. This
is particular important for the sliding bearing and slot
combinations 312, 314, and 322, 344. This is also important
for the universal joints 330 and 340.

A large variety of materials could be used to construct the
features depicted in the liquid rotor apparatus 200, and its
associated vertical supports and output shaft assemblies,
without departing from the principles of the present inven-
tion. It will be understood that other blade shape configu-
rations could be used along with the hinged connection
points to the cylindrical hub 210 without departing from the
principles of the present invention.

The foregoing description of a preferred embodiment of
the invention has been presented for purposes of illustration
and description. It is not intended to be exhaustive or to limit
the invention to the precise form disclosed. Obvious modi-
fications or variations are possible in light of the above
teachings. The embodiment was chosen and described in
order to best illustrate the principles of the invention and its
practical application to thereby enable one of ordinary skill
in the art to best utilize the invention in various embodi-
ments and with various modifications as are suited to the
particular use contemplated. It is intended that the scope of
the invention be defined by the claims appended hereto.

I claim:

1. A submerged liquid rotor apparatus, comprising: a
rotatable central hub having a cylindrical surface; a plurality
of curved blades attached to an outer surface of said central
hub such that said blades exhibit a rotational travel in
accordance with rotational movement of said hub; a sub-
stantially cylindrical housing with circular end walls that
surrounds said rotatable central hub and curved blades, said
housing having an inlet and an outlet, said inlet and outlet
being spaced apart along the rotational travel of said blades
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by over 180 degrees; and an intake chamber in communi-
cation with said inlet, said intake chamber having an intake
opening of an area that is larger than an area of said inlet,
wherein said inlet acts as a discharge opening for said intake
chamber; and wherein said intake opening and said outlet
are each in direct communication with a liquid medium.

2. The submerged liquid rotor apparatus as recited in
claim 10, wherein said blades are driven by a liquid that
enters from said liquid medium through said intake chamber
and said inlet, then exits through said outlet into said liquid
medium.

3. The submerged liquid rotor apparatus as recited in
claim 2, wherein said liquid comprises water.

4. The submerged liquid rotor apparatus as recited in
claim 1, wherein each of said plurality of curved blades
comprises a portion of a cylindrical wall of a hollow cylinder
such that the longitudinal axis of each of said blades is
substantially parallel with an axis of rotation of said central
hub, wherein the physical attachment of each of said blades
to said hub comprises a substantially linear edge of said
portion of said cylindrical wall of said hollow cylinder.

5. Aliquid rotor apparatus, comprising: a rotatable central
hub having a cylindrical surface; a plurality of curved blades
attached to an outer surface of said central hub, wherein each
of said plurality of curved blades comprises a portion of a
cylindrical wall of a hollow cylinder such that the longitu-
dinal axis of each of said blades is substantially parallel with
an axis of rotation of said central hub, wherein the physical
attachment of each of said blades to said hub comprises a
substantially linear edge of said portion of said cylindrical
wall of said hollow cylinder; and a substantially cylindrical
housing with circular end walls that surrounds said rotatable
central hub and curved blades, said housing having an inlet
and an outlet, said inlet and outlet being spaced apart along
the rotational travel of said blades by over 180 degrees; an
intake chamber in communication with said inlet, said intake
chamber having an intake opening of an area that is larger
than an arca of said inlet, wherein said inlet acts as a
discharge opening for said intake chamber;

wherein said liquid rotor apparatus is entirely submerged

in a liquid medium, said intake opening and said outlet
each being in direct communication with said liquid
medium, and wherein all of said blades exhibit a
rotational travel in accordance with rotational move-
ment of said hub.

6. The submerged liquid rotor apparatus as recited in
claim 5, wherein said blades are driven by a liquid that enters
from said liquid medium through said intake chamber and
said inlet, then exits through said outlet into said liquid
medium.

7. The submerged liquid rotor apparatus as recited in
claim 6, wherein said liquid comprises water.
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linked flaps for coatrolling the inflow of water as well as
venting of air. Special control devices permit these instal-
lations to be operated at high efficiency.

9 Claims, 4 Drawing Sheets

‘:‘!"f‘
Y Tl

4
=

77

> £y
K o
AN Wk
W i
WO L




U.S. Patent Apr. 3, 2001 Sheet 1 of 4 US 6,210,113 Bl

. - T @7,
0 s
<3 N
’I ‘ 3
. A A
S22
I|

Ve
. o 5’:.7‘-,,. ‘3‘- ‘ I
P e s &
A 0
o

£ » -
! Wiy
\\\7\\\ W \\ M,

M PR
i RERUHAN Wit

FIG.1



U.S. Patent Apr. 3, 2001 Sheet 2 of 4 US 6,210,113 Bl

1

%

12
FIG.4




U.S. Patent Apr. 3, 2001

Sheet 3 of 4

US 6,210,113 B1

FIG.3.1

FIG.3.2

FIG.3.3




U.S. Patent Apr. 3, 2001 Sheet 4 of 4

\

L,
(L

7

H

hA
RN
A I’,
&
i »
o,
iy

-
{4 <N o S
. v, Bl § N )
Q' NSRS
4(... 8
A )
, L ’
. \‘\ [/
5‘:‘:-.‘.

<

]

|
A A
i‘;
\\ -

US 6,210,113 B1




US 6,210,113 B1

1

WATER WHEEL TURBINE FOR WATER
POWER STATIONS

FIELD OF INVENTION

The invention concerns a waterwheel, or rather a water-
wheel turbine, for hydropower plants utilizing the head of a
watercourse. This waterwheel turbine is characterized by a
horizontal wheel shaft and a number of cells uniformly
spaced wall-to-wall around the periphery of the wheel.
These cells are closed off at each side, and are provided with
openings for filling and discharge of water.

BACKGROUND OF THE INVENTION

Waterwheels have been known since antiquity and have
served principally for generating mechanical power. With
the widespread introduction of commercial plants, in par-
ticular for generating electricity, water turbines have largely
displaced the waterwheel. Consequently, the efforts devoted
in the past decades to further technical development and
improvement of the performance of waterwheels have been
correspondingly small.

Whereas by definition, waterwheels gain mechanical
energy from the potential energy of the water, in waterwheel
turbines the potential energy as well as, to a usable degree,
the kinetic energy of the flowing water is exploited in
appropriately formed buckets, or cell walls. Within the class
of turbomachinery, the waterwheel turbine is categorized as
an impulse turbine.

Providing an overview of the present status of this tech-
nology is the book: Bau von Wasserkraftanlagen by K
onig/Jehle, published by C. F. Muiller Verlag, third com-
pletely revised edition, 1997, containing planning docu-
ments for practical applications. Starting on Page 197, one
chapter deals with waterwheels. It describes their advan-
tages over turbines, such as comparatively straightforward
subsurface works and low-cost, cut-and-cover construction
techniques. At the same time, the descriptions of examples
of constructed plants present, as a generally accepted dis-
advantage inherent to this class of devices, the premature
outflow of more or less significant water volumes from the
amount originally entering each cell, before it attains its
submerged level.

The usual graphical representation of the efficiency, n, of
a waterwheel as a function of the quotient, Q,/Q, where Q,,
is the normal rated flow and Q the actual flow, makes this
clear, as in this the maximum efficiency is always less than
unity (100%), and remains unchanged over wide variations
of the degree of filling of the cells.

In the past, there has been no lack of proposals for
improving the cell geometry of waterwheels, or waterwheel
turbines, in particular with designs for minimizing water
loss from a cell before it has fully traversed the water head.
These were concentrated on a projection of the discharge lip
of the cell opening, as well as on cell designs for which the
virtual center of gravity of the water filling the cell attains a
level which is as low as possible beneath that of the inflow
and discharge opening. But in this connection, it is known to
the specialist that as the length of a cell increases in the
radial direction, the directly usable head between the head-
race and the tailrace is reduced by an amount approximately
double this cell dimension. Hence, increasing this dimension
at the cost of only partially filled cells always represents a
disadvantageous compromise referred to the theoretically
exploitable water energy.

DE 3621312 Al describes, for example, a waterwheel
whose cup-shaped cells are so formed that the tongue
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projecting far from a cell wall according to invention,
prevents the cups emptying too early.

For the task of better exploiting minor water reserves with
low volumetric flow and low head, DE 3938748 C2 pro-
poses a solution in which premature discharge of water from
a cell is prevented by a pneumatic sealing system for the
cells, In this, sealing of the open cells against stationary
external boundaries and walls is by means of sealing rings
to which pneumatic pressure is applied. The disadvantage of
this solution is that any type of sliding seal gives rise to
substantial frictional losses, and therefore reductions in
efficiency and also involves wear. A waterwheel turbine in
accordance with the generic term of claim 1 is known from
U.S. Pat. No. 4,385,497.

The purpose of this invention is therefore, by specially
designing the cells of waterwheels, or rather of waterwheel
turbines, to increase their efficiency in comparison with
known designs, referred to the actual water inflow rate to the
plant per unit of time and the actual available head. Alter-
natively formulated, the task is to fill the cells with the water
directed to them by way of a channel rapidly, without
appreciable water losses and with a high degree of filling,
and to exploit the potential of the filled water mass over an
effective height approaching that of the water head to
generate torque and transmit energy via the wheel shaft
better than in known systems. Apart from the water’s
potential energy, its impulse energy from filling and emp-
tying the individual cells, which is always exploitable in the
case of flowing waters without the need for special
measures, is to be effectively converted to torque.

SUMMARY OF THE INVENTION

According to the invention, this task is solved by a
waterwheel turbine of the type described above in which the
shut-off flap is mechanically connected via a link rod (4)
with a second air flap (5), serving to vent air from or admit
air to the cell, and the waterwheel turbine possesses a
stationary control device with mechanical transmission ele-
ments to simultaneously open or close the shut-off and air
flaps.

In view of the premature water loss from the cells of a
waterwheel installation according to the present state of the
art, closing off the cells would appear at first sight to be the
obvious design choice. However, in combination with the
simultaneous and indispensable requirement to fill and
empty the cells within very short periods, apparently this
solution has up to now been discarded by the specialist. The
problems of air displacement, as are generally known from
rapid filling and emptying of bottles, apply equally in this
case.

By means of the feature according to the invention—that
is mechanical linkage of water shut-off flap and air flap—
this problem can be solved surprisingly effectively for the
waterwheel turbine by a suitable flap control device. The
high degree of cell filling within the short time interval
inherent to this system was surprising to the specialist.

The solution employing flaps according to the
invention—or rather a pair of flaps—for each cell, requires
an effective control device to open and close them. An
advantageous design of this control device is to provide for
their opening by mechanical means against the force of a
compression or tension spring, by a roller rigidly mounted at
the outside of the flap, predominantly the air flap, which for
its part traverses over the curved surface of a stationary cam
at a predetermined point during waterwheel rotation, in this
way successively opening the flaps of each cell to a set
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angle, and then allowing them to close again. The closing
action is supported, or made possible, by spring force.

The flaps could just as easily be opened and closed, for
example by means of torsionally-loaded springs in the flap
hinges.

The stationary control device for operating the flaps could
be installed in the hydropower plant outside of the water-
wheel turbine.

It is particularly advantageous, however, to mount the
control device stationary within the rotating unit.

By mounting the control element on the wheel shaft and
fixing it in position by attachment of a comparatively heavy
pendulum weight under the shaft, this requirement is very
effectively met. Such a solution permits precise flap actua-
tion uninfluenced by relative movements between the wheel
and its surroundings. Additionally, this shaft mounting
means that the cam can be positioned in any radial direction
as seen from the wheel shaft.

But this possibility of positioning the cam at various
angles fulfills a first prerequisite for allowing the waterwheel
turbine to be applied according to the invention not only in
overshot but also in middle-shot and even, if needed in
undershot operation.

A second condition for effective application to these
various types of operation is the possibility for adjusting
actuation of the flaps with regard to timing and maximum
flap opening. To suit the type of operation, cams with
differing profiles and curvatures may be employed, or the
distance between the cam and the transmission elements
rigidly attached to the flaps can be varied.

The conventional waterwheel derives its torque primarily
from the potential energy of the water. With the waterwheel
turbine according to the invention, an appreciable proportion
of the power is provided by the kinetic energy of the flowing
water. The contribution of this kinetic energy is substantially
increased in the solution of a waterwheel turbine according
to the invention if, in place of pure overshot incident flow,
the water is made to impinge the cell under pressure This
may be implemented, for example, by directing the water to
the turbine in a closed channel under appropriate pressure as
laminar flow for discharge through a wide jet exit.

Because in its intended operation the completely closed
cells will open comparatively rapidly only just before they
attain their lowest point in the rotational path, as the water
flows out, it imparts a reaction impulse to the waterwheel,
making an appreciable contribution to the total torque

In comparison with the severe water losses some way
ahead of the bottom dead center and the failure to exploit the
reaction impulse of water discharge as in the current state of
the art, this signifies an energy gain from two sources.

Depending on cell wall geometry and the direction of
inflow of the water, also when filling the cells an appreciable
proportion of the torque could be contributed by the impact
of the water on the cell wall.

Designs of the waterwheel turbine according to the inven-
tion are limited neither by geometry nor the materials used.
Corrosion resistant metal plates could just as easily be used
as a design in the form of a cylindrical shell with covers
welded onto each end.

A feature of all innovative designs is the wall-to-wall
occupancy of a peripheral annulus of the waterwheel turbine
with water, which means there are no dead interstitial
segments limiting the transportable water volumes, or where
cells are not located with immediately adjacent walls, to
obtain the same transportable water volume higher cell walls

10

15

20

25

30

35

40

50

55

60

65

4

in the radial direction would be needed. Higher cells in the
radial direction mean, as stated in connection with the state
of the art, a greater reduction of the useable head—the
potential height—in comparison to the total water head.

As is known from conventional waterwheels, it is also
possible to subdivide the cells of the innovative waterwheel
turbines across their widths, so that, for example, with too
little flow and a correspondingly reduced inflow channel
width, one compartment of a cell can be filled completely,
instead of only partially filling the cells across their entire
width, which would result in reduced efficiency.

But means to vary the degree of filling of the cells could
also be designed and used for controlling the running speed
of the novel turbine. The degree of filling could likewise be
varied by moving the flap opening point by shifting the cam,
or by changing out the control elements.

Whereas conventional waterwheels with open cells in
accordance with the state of the art experience no difficulties
in starting the wheel running, as the overflow from the
topmost filled cells fill in turn the next lowest cells, until a
sufficient torque builds up to overcome the static friction
between wheel shaft and bearing, this principle cannot be
applied to the waterwheel turbine according to the invention.
Instead, each cell wall immediately adjacent to a neighbor-
ing cell is provided with a suitably dimensioned hole, which
during normal rotational operation has no measurable influ-
ence on the efficiency, but at startup of the wheel will fill a
sufficient number of cells successively to generate the nec-
essary breakaway torque.

The designs of the invention as described above have
been limited to pure mechanical solutions, as far as the
motions of the flaps and their control device were concerned.
For control of the flaps, with or without transmission by way
of a cam, also electromagnetic, pneumatic and hydraulic
control elements could be used.

All designs according to the invention taken together
exhibit the following advantages:

short cell filling times
high degree of filling of cells
water retained in cells as long as possible up to emptying

exploitation of the impulse energy of the water when cells

fill

exploitation of reaction impulse energy of the water when

cells empty

optimal utilization of water head

quiet running and little noise generated during cells

emptying of cells

no cavitation from low flow rates

no wall friction and turbulence losses

very high efficiency, also at partial load

long service life with virtually no maintenance

can be integrated unobtrusively into the landscape.

A rough calculation indicates that the efficiency of this
waterwheel turbine in overshot operation is some 98%, thus
substantially exceeding the known values for Kaplan,
Pelton, Francis and direct flow turbines. Conventional
waterwheels can attain only substantially lower efficiencies.
However, even in middle-shot and undershot operation, the
advantage of the adjustability of the shut-off and air flaps
proves its worth. In the last-named operation case, with
conventional cells and bucket geometries, substantial brak-
ing losses occur during immersion in the water.

The torque generated by the waterwheel turbine is taken
off from the wheel shaft, either via gearbox and transmission
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elements to mechanically drive machinery, or via coupled
electricity generators.

By applying new technologies, such as controlled fre-
quency converters as current or voltage converters in two- or
four-quadrant operation, “gearless” electricity generation
equipment may be provided, through which a high economic
value must be assigned to plants exploiting hydropower
according to the invention (small and micro hydropower
plants). Such concepts are appropriate for solving today’s
problems of electricity generation by low-speed
waterwheels, as well as problems of matching rotational
speed to synchronous speeds, parallel network operation and
island operation at stable frequency.

The waterwheel turbine’s quietness of running and
absence of the appreciable noise generated by conventional
waterwheels as they discharge from a large height on the one
hand, and from the mechanical transmission elements on the
other, permit gearless electricity generation even in areas
which are sensitive under environmental policy aspects.

Increasing environmental awareness, for instance in con-
nection with CO, discharges, extends the applicability of
waterwheel turbines according to the invention also into the
range of micro hydropower plants. The endeavor to apply
renewable energies in preference to other forms likewise
favors its application.

DESCRIPTION OF THE DRAWINGS

In the following, the invention will be described in greater
detail on the basis of the figures, which illustrate a design
example.

FIG. 1 shows a schematic of the innovative waterwheel
turbine in side elevation in its preferred overshot design.

FIG. 2 shows a detail of FIG. 1 in section.

FIGS. 3.1-3.3 shows in a sequence of schematics the
three basic operating conditions of a waterwheel turbine
according to the invention, specifically its cells, as depicted
in FIG. 1, with closed cells during the rotation phase, as well
as cells as they open and close during the filling and
emptying phases.

FIG. 4 shows in a detail of FIG. 1 the flap closure
mechanism of a cell.

FIG. 5 shows a segment of a waterwheel turbine like in
FIG. 1, but in middle-shot operation.

FIG. 6 shows a segment of a waterwheel turbine like in
FIG. 1, but in undershot operation.

The figures show the preferred design of the waterwheel
turbine in overshot operation (FIG. 1), but also in middle-
shot (FIG. 5) and in undershot (FIG. 6) operation. From the
figures, the various preferred extents of water flap opening
can be seen, in each case to suit the type of operation.

DETAILED DESCRIPTION OF THE
INVENTION

A lightweight hollow wheel shaft (1) supports the hub of
the waterwheel turbine and the latter is connected through
spokes to the two wheel rims (9), serving to support the cells
(2), and at the same time providing the end limits of the
closed cells.

A cell is filled with water by way of the shut-off flap (3)
held open in the correct position, which in turn is connected
mechanically via a rod (4) with an air flap (5). This pair of
flaps is actuated by a roller (7). This roller serves as
transmission element for the control commands, generated
by the roller traversing the face of a profiled cam (8), to
impart the opening and closing motions to the pair of flaps.
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FIG. 3.2 illustrates the continuously changing flap posi-
tion as the cells fill, and FIG. 3.3 the situation as the cells
empty.

Mounting of the cells with no gaps between them and the
successive positions of the cell shut-off flaps permit a high
degree of cell filling.

FIG. 4 shows in accordance with a preferred design, how
the cells can be adequately sealed by square bar sections (10)
attached to the shut-off flap (11) and the fixed cell wall (12).

The pair of flaps open against the force of the tension
spring 6, as shown particularly clearly in FIG. 2.

During rotation away from their filling points, the cells
remain closed, as shown in FIG. 3.1, until just before the
bottom dead center, they are made to empty with the same
control mechanism as used for filling

The air flap (5) of each cell serves both for air release
during filling and to admit air during emptying.

This effective cell venting arrangement can be ensured by
taking measures known in the art when designing cell wall
and flaps, for example by mounting flow baffles in the cell.

The high efficiency of the illustrated waterwheel turbine
in exploiting the potential energy of the water is appreciably
supplemented by additionally utilizing the impulse energy of
the water as it enters and leaves the cells. Of decisive
importance for this is that the opening and closing points of
the cells be precisely controlled as the wheel rotates. This
can only be done with cells that can be closed.

Problems of blocking the impinging water jet by the next
cell as are known from wheels with fixed buckets, like the
Pelton wheel, do not arise with the waterwheel turbine, as
this can be eliminated by adjusting the approach angle of the
shut-off flap.

The cam forms a part of the complete control device,
which is mounted stationary on the wheel shaft. This device
is thus a component of the installation which retains its
spatial location. Whereas one of the two required cams is
always arranged in the emptying section, the other one
needed for controlling admission of the water can be
mounted in any position radially around the wheel by
adjusting the associated location element relative to the
stationary pendulum weight as required, and connecting this
element to the weight with a detachable fastener. The
double-ended arrows marked in FIG. 1 on the location
elements for the cam indicate that these permit fine posi-
tioning of the cams, and thus also fine adjustment of flap
motions.

To ensure self-starting of the waterwheel turbine, a hole is
bored through the wall of each cell (13). This allows, starting
from filling of the cell in the filling position, successive slow
filling of the preceding cells, until the breakaway torque
needed for starting wheel motion is generated.

What is claimed is:

1. A waterwheel turbine for hydropower plants using a
head of water, with a horizontal turbine shaft and a plurality
of wall-to-wall disposed cells closed at their end faces, said
cells accepting and discharging water through cell openings,
each cell opening having a closing flap, characterized in that
the closing flap is mechanically connected by a linkage to an
air flap serving the purpose of ventilation and air admission,
and in that the waterwheel turbine has a stationary control
device and mechanical transmission elements for the simul-
taneous opening and closing of the closing flap and air flap.

2. A waterwheel turbine according to claim 1, wherein the
control device is mounted in a stationary manner on the
turbine shaft.
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3. A waterwheel turbine according to claim 1, wherein the
control device has elements by means of which the flaps of
the cell are opened and closed in different, predeterminable
radial directions with reference to the turbine shaft.

4. A waterwheel turbine according to claim 1, wherein the
control device has transmission elements by means of which
individual pairs of flaps are continuously opened and closed
within a predetermined radial-angle range with reference to
the turbine shaft.

5. A waterwheel turbine according to claim 4, wherein the
transmission elements are a roller, rigidly connected to a
flap, and a stationary cam plate, the roller rolling over the
cam surface of the cam plate.

6. A waterwheel turbine according to claim 1, wherein the
control device has elements by means of which the maxi-
mum opening width of a pair of flaps is variably adjustable.

10
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7. A waterwheel turbine according to claim 1, wherein
attached to the flap is a mechanical spring by means of
which the closed pair of flaps is opened against the force of
the spring.

8. A waterwheel turbine according to claim 1, wherein the
control device comprises hydraulically or pneumatically
controllable elements for opening and closing individual
pairs of flaps.

9. A waterwheel turbine according to claim 1, wherein the
components thereof are designed for the admission of water
also at higher pressure.
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A hydro turbine has a housing with a cylindrical chamber
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central cylindrical hub divided into laterally spaced hub
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spaced peripheral blades extending angularly outward from
each hub portion, the first plurality of blades being circum-
ferentially oftset from the second. Arcuate laterally spaced
upper and lower flow passageways of rectangular cross
section defined between the central hub portions and cir-
cumferential segments of the chamber side wall extend
between the upper inlets and outlets and lower inlets and
outlets, respectively. The runner and shaft are rotated by
conducting an incompressible liquid through each or
selected ones of the inlet ducts and discharging it through the
respective outlet ducts. The offset blades divide the rectan-
gular flow passageways into unequal volumes such that the
volume and head pressure of the incoming liquid is alter-
nately greater or less on one side of the runner than the other
side to facilitate rotation and discharge of the liquid.
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1
HYDRO TURBINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates generally to fluid impulse turbines,
and more particularly to a hydro turbine having a runner
with laterally spaced circumferentially offset blades and
inlets and outlets of rectangular cross section that alter the
fluid flow characteristics and increase efficiency.

2. Brief Description of the Prior Art

A number of different types of turbines have been
designed to cover the broad range of hydropower site
conditions found around the world. The primary types of
hydroelectric turbines used for generating hydroelectric
power are commonly classified as “impulse” or “reaction”
types. Customarily, certain types of turbines are used for
specific head pressures.

Turbines used for low to medium head pressure applica-
tions are usually of the reaction type and include Francis and
fixed and variable pitch (Kaplan) propeller turbines. The
runner or turbine “wheel” of a reaction turbine is completely
submersed in water.

Turbines used for high head pressure applications are
generally of the impulse type. Impulse turbines include the
Pelton, Turgo and crossflow (Mitchell-Banki) designs. Most
conventional impulse turbines are designed for a specific
horsepower, RPM, and water pressure.

A conventional impulse turbine is a fixed-blade turbine
having a runner with curved blades rotatably disposed in a
protective casing. The runner of an impulse turbine spins in
the air and is driven by high-speed jets of water. Water is
metered to the turbine through “needle valves” which send
jets of water into the turbine blades to turn the turbine, and
the casing merely controls splashing. If water flow is
decreased in a conventional impulse turbine, the turbine will
loose efficiency.

The main characteristic of a “crossflow” turbine (also
called a Mitchell-Banki turbine) is that it has a drum-shaped
runner with a series of curved blades and the runner shaft is
disposed horizontally, unlike Pelton and Turgo turbines
which can have either horizontal or vertical shaft orientation.
In the crossflow turbine a rectangular nozzle directs a broad
rectangular water jet onto the fill length of the runner. The
water jet strikes the blades once flowing from the periphery
to the center imparting most of its kinetic energy, and then
flows outward from the center imparting a small amount of
energy before leaving the turbine.

Harloff, U.S. Pat. No. 4,279,569 discloses a cross-flow
turbine machine that extracts energy from a moving fluid.
The fluid comprises both liquids and gases. Fluid is guided
into the rotor by inlet guide means and then flows through
a first rotor, through the interior, through the second rotor,
through the exit, and through the diffuser to exit the machine
at ambient pressure. Torque is applied to the output shaft due
to the change in angular momentum of the fluid across the
turbine rotor.

Drees, U.S. Pat. No. 4,368,392 discloses a water turbine
for open stream use featuring a vertical-axis cross-flow
turbine in which cyclically-pitching blades are supported
from one end only to permit the supporting structure and
power generation gear to be supported out of the water. In
preferred embodiments, there is independent pitch control of
the turbine blades to make the blades responsive to the
instantaneous flow in their vicinities.

Ossberger et al, U.S. Pat. No. 4,579,506 discloses a
horizontal-inflow, vertical-outflow cross-flow turbine hav-
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2

ing a casing, a runner, a horizontal inlet and a vertical outlet.
The inlet is divided by a pivoted guide vane to form a pair
of inlet passages. A horizontally extending admission pas-
sage is connected to the casing at the inlet side thereof, and
a vertically extending discharge passage is formed as a draft
tube and connected to the casing at the outlet thereof. The
inlet and the guide vane are arranged such that the inlet flow
to the runner is directed downward at an angle of about 40°0
with respect to the horizontal, and the outlet flow from the
runner is directed substantially vertically. At the outlet there
are a pair of side spaces on either side of the runner resulting
in an increased cross section conforming to the cross section
of the draft tube. Both of these side spaces are vented to the
atmosphere by a single venting valve so that the suction
pressure in the draft tube does not exceed a predetermined
value.

Miller et al, U.S. Pat. 4,464,580 discloses a hydro-electric
turbo-machine having a rotor member movable relative to a
stationary housing member with a ring-shaped or annular
seal between both of these members which serves to seal
pressurized water from an external space or region. One of
both of these members possesses a sealing surface against
which there is pressed a sealing body of the seal which is
inserted into the other member.

Stenild, U.S. Pat. No. 5,456,585 discloses a positive
displacement fluid motor having a chamber and a rotor
having stiff blades which at their outer ends are provided
with wings of elastomeric material fastened to the reverse
side of the blades in relation to the direction of rotation. The
wings are deflected by a wall part in the chamber when
passing between the outlet and inlet of the chamber.

The present invention is distinguished over the prior art in
general, and these patents in particular, by a hydro turbine
having a housing with a cylindrical chamber and opposed
end walls with laterally spaced smaller rectangular inlets and
laterally spaced larger rectangular outlets formed in upper
and lower portions of the chamber side wall in horizontally
opposed relation. Smaller rectangular inlet ducts adjoin the
inlets, and larger rectangular outlet ducts adjoin the outlets.
A cylindrical runner surrounding a power take-off shaft is
rotatably enclosed in the chamber and has a central cylin-
drical hub divided into laterally spaced hub portions with a
first and second plurality of circumferentially spaced periph-
eral blades extending angularly outward from each hub
portion, the first plurality of blades being circumferentially
offset from the second. Arcuate laterally spaced upper and
lower flow passageways of rectangular cross section defined
between the central hub portions and circumferential seg-
ments of the chamber side wall extend between the upper
inlets and outlets and lower inlets and outlets, respectively.
The runner and shaft are rotated by conducting an incom-
pressible liquid through each or selected ones of the inlet
ducts and discharging it through the respective outlet ducts.
The offset blades divide the rectangular flow passageways
into unequal volumes such that the volume and head pres-
sure of the incoming liquid is alternately greater or less on
one side of the runner than the other side to facilitate rotation
and discharge of the liquid.

SUMMARY OF THE INVENTION

It is therefore an object of the present invention to provide
a hydro turbine that will operate at substantially the same
efficiency over a range of pressure heads.

It is another object of this invention to provide a hydro
turbine that will operate at different RPM settings and water
pressures without losing efficiency.
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1
HYDRO TURBINE

U.S. Pat. No. 4,219,303 teaches an underwater power
plant which includes electrical generators and machine
rooms within the device. Clearly, a device such as this is
simply too large for use in streams or rivers and is suitable
only for use in ocean currents.

BACKGROUND OF THE INVENTION

There are a number of devices taught in the prior art for
converting energy from the flow of a fluid (such as air or
water) to electrical energy.

For example, U.S. Pat. No. 4,412,417 teaches a turbine
arranged to be anchored on the surface of a body of water for
converting “wave energy” to electrical energy. The device
includes a shaft having a helical flight displaced
therearound, The flight is not enclosed and the waves
passing along the flight causes the shaft to rotate, thereby
generating electrical power. U.S. Pat. No. 4,849,647 teaches
a similar floating turbine that floats on and is exposed to a
body of water.

U.S. Pat. No. 5,664,418 teaches a turbine arrangement
including vanes for concentrating the wind.

One difficulty faced by devices such as these is that the
flow intensity of the fluid, whether wind or wave, is highly
variable and dependent upon weather conditions. That is, in
conditions wherein there is little or no wind, the above-
described device would not produce much power, whereas a
strong wind could lead to conditions which would damage
the device. As such, these devices are impractical, as the
amount of electrical power generated at a given time is
highly variable and unpredictable. This is not the case with
underwater currents, which are generally more constant both
in terms of intensity and direction, making underwater
currents more suitable as potential sources for electrical
power.

U.S. Pat. No. 4,219,303 teaches an underwater power
plant which is includes electrical generators and machine
rooms within the device. Clearly, a device such as this is
simply too large for use in streams or rivers and is suitable
only for use in ocean currents.

U.S. Pat. No. 4,025,220 teaches a turbine for use in water
or air which includes a “flexible fluid current collector” for
increasing the flow of a fluid, the device being arranged for
use in either air or water. It is of note that the collector
described is composed of fabric.

Clearly, a device that is arranged for generating electrical
power from underwater currents that can also be used in
streams and rivers and the like is needed.

SUMMARY OF THE INVENTION

According to the invention, there is provided a water
driven turbine for converting the energy of an underwater
current comprising: a hollow tubular open ended housing,
said housing having an entry end for accepting the water and
an exit end for releasing the water; a shaft mounted within
the housing, said shaft arranged to rotate within the housing
about an axis of rotation; connection means on the shaft for
operably linking the shaft to a generator such that rotation of
the shaft generates electrical power; blade means arranged
about the shaft, said blade means extending along a length
of the shaft; and a funnel mounted onto the entry end of the
housing, said funnel having a mouth and a discharge, said
mouth having a diameter greater than the diameter of the
housing, said discharge having a diameter approximately
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equal to the diameter of the housing, wherein the discharge
of the funnel is mounted onto the entry end of the housing
such that the water entering the funnel at the mouth passes
through the housing and contacts the blade means, thereby
rotating the shaft and generating electrical power.

The generator may be positioned behind the exit end of
the housing relative to the mouth of the funnel.

The diameter of the mouth may be approximately 50%
greater than the diameter of the discharge.

The water driven turbine may include fins mounted on an
upper surface and a lower surface of the housing for pre-
venting twisting of the water driven turbine.

The fins may be mounted on the housing proximal to the
exit end of the housing.

The water driven turbine may include buoyancy means
mounted on the water driven turbine.

The buoyancy means may be mounted within the fins.

There may be three blade means or two blade means.

The water driven turbine may include tether means
mounted within the funnel for stabilizing the water driven
turbine.

One embodiment of the invention will now be described
in conjunction with the accompanying drawings in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side view in cross-section of the turbine.

FIG. 2 is a cross-sectional view along line 2—2 in FIG.
1.

FIG. 3 is a front view of an alternative arrangement of the
flight.

FIG. 4 is a side view in cross-section of an alternative
arrangement of the turbine.

In the drawings like characters of reference indicate
corresponding parts in the different figures.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to the drawings, a water driven turbine 1 for
converting an underwater current into electrical power com-
prises a housing 10, a funnel 12 and a generator 34.

As shown in FIG. 1, the housing 10 is tubular, open-ended
and hollow, comprising an inner surface 14, an outer surface
16, a shaft 18, an entry end 22 and an exit end 24. The shaft
18 is mounted within the housing 10 such that the shaft 18
rotates within the housing 10 about an axis of rotation, as
described below. The shaft 18 includes flights 20 which
extend about the shaft 18 along the length of the shaft 18. It
is of note that there may be several flights 20 arranged about
the shaft, depending upon conditions and the intended use.
For example, FIGS. 1 and 2 show an embodiment of the
invention wherein there are two flights whereas FIG. 3
shows an embodiment having three flights. As will be
apparent to one knowledgeable in the arts, the three flight
shaft will have a larger surface area than the two flight shaft.
In the embodiment shown in FIG. 1, the flights 20 extend
around the shaft 18 in a helical or twisted arrangement.
Specifically, the flights 20 are struck by a flow of water
passing through the housing 10 which in drives rotation of
the shaft 18, as described below. However, it is of note that
other suitable arrangements of flights 20 known in the art
may also be used. It is of note that the shaft 18 may be
mounted within the housing 10 in a hub such that the shaft
18 can rotate freely. The hub is mounted to the housing by
a plurality of legs, the legs being arranged so as to minimize
their interference with water flow through the water driven
turbine 1.
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The funnel 12 is composed of a rigid material and
comprises a mouth 26 and a discharge 28. It is of note that
the mouth 26 is arranged to be of a greater diameter than the
discharge 28 for increasing the velocity and inertial force in
the flow of water as it passes through the funnel 12 com-
pared to the current as described below. Furthermore, as can
be seen in FIG. 1, the decrease in diameter between the
mouth 26 and the discharge 28 is gradual, so that water is not
forced out of the water driven turbine 1, as water diverted
away from the water driven turbine 1 cannot be used to drive
the shaft 18 and is in effect wasted energy. Furthermore, as
can be seen in FIG. 1, the mouth 26 includes a lip 27 that is
of a fixed diameter and acts to retain incoming water flow,
as described below. Specifically, in the embodiment shown
in FIG. 1, the diameter of the mouth 26 is approximately
50% greater than that of the discharge 28. As a result of this
arrangement, the surface area at the mouth 26 of the funnel
12 is greater than the surface area at the discharge 28.
Furthermore, as shown in FIG. 1, the discharge 28 is of a
similar diameter as the entry end 22 of the housing 10. It is
of note that other ratios may also be utilized, according to the
conditions in which the water driven turbine 1 is to be used.

In the embodiment shown in FIG. 1, tether means 30 are
connected to the funnel 12 for anchoring the water driven
turbine 1 in the waterway. Specifically, the tether means 30
comprises side cables 36 and top and bottom cables 38
which are mounted to the front face of the lip 27, as shown
in FIG. 1. The cables 38 are connected to a support structure
(not shown) for securing and stabilizing the water driven
turbine 1 in the underwater current, as described below. In
addition, in the embodiment shown in FIG. 1, the water
driven turbine 1 includes fins 32 for further stabilizing the
position of the water driven turbine 1 in the waterway. In the
embodiment shown in FIG. 1, the fins 32 are mounted on the
outer surface 16 of the housing 10 above and below the shaft
18, proximal to the exit end 22. Thus, as a result of the
tethering means 30 and the fin 32, the water driven turbine
1 will not rotate, twist or turn when exposed to the water
current, meaning that maximum efficiency is retained. That
is, the water driven turbine 1 remains positioned within the
water flow such that the maximum flow of water is directed
through the water driven turbine 1. As will be appreciated by
one knowledgeable in the art, other tether means 30 or fins
32 at other locations along the water driven turbine 1 may
also be used for stabilizing the water driven turbine 1.

As can be seen in FIG. 1, the shaft 18 is operably linked
to the generator 34. The details of the generator are not
shown as these will be well known to one knowledgeable in
the art. It is of note that in the embodiment shown in FIG.
1, the shaft 18 is connected directly to the generator 34 and
the generator 34 is mounted to the housing 10 behind the exit
end 22. Specifically, the generator 34 is mounted to the exit
end 22 of the housing 10 by support bars such that the shaft
18 is connected to the generator in a straight line. In other
embodiments, the generator 34 may be located at a distance
to the water driven turbine 1. It is of note that in some
embodiments the generator 34 may be positioned in a
non-linear arrangement relative to the shaft 18 using means
known in the art.

It is of note that in the embodiment shown in FIG. 1, the
fins 32 include buoyancy means 40 within the fins 32 for
counter-acting the weight of the generator 34. That is, as
discussed above, the fins 32 are mounted proximal to the exit
end 22 and therefore proximal to the generator 34, for
counter-balancing the weight of the generator 34. As a result
of this arrangement, the water driven turbine 1 does not tilt
when in use.
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For use, the funnel 12 is mounted onto the housing 10
such that the entry end 22 of the housing 10 contacts the
discharge 28 of the funnel 12. The water driven turbine 1 is
then lowered into the body of water, below the surface of the
body of water and the water driven turbine 1 is positioned
such that the water current flows through the water driven
turbine 1 as described below. Specifically, the water driven
turbine 1 is positioned such that the current in the body of
water directs the flow of water directly into the mouth 26 of
the funnel 12. It is of note that the shaft 18 is operably linked
to the generator 34, as described below.

In use, as discussed above, the water driven turbine 1 is
positioned such that the current in the body of water directs
water to flow into the mouth 26 of the funnel 12 at the lip
27. As discussed above, the diameter of the mouth 26 of the
funnel 12 is greater than the diameter of the discharge 28 of
the funnel. As a result of this arrangement, the velocity and
inertial force of the water flow increases as it passes through
the funnel 12 from the mouth 26 to the discharge 28. In this
manner, the inertial force and velocity of the water is
increased relative to the water flow caused by the natural
current in the body of water. As noted above, the lip 27 is of
a fixed diameter and acts to prevent backflow of the water
once it enters the funnel 12. Furthermore, once water enters
the funnel 12, it must exit through the exit end 24 of the
housing 10 and the funnel 12. Thus, the flow of water passes
through the housing 10 at the entry end 22 and exits the
housing 10 through the exit end 24. As the water passes
through the housing 10, the water strikes the flights 20,
thereby driving rotation of the shaft 18. Rotation of the shaft
18 in turn generates electrical power at the generator 34. It
is of note that the flights 20 are fitted within the housing 10
for maximum surface area and minimum clearance within
the housing 10 so that the shaft 18 rotates freely within the
housing 10. That is, the flights 20 are arranged to have
maximum surface area and are arranged about the shaft 18
to maximize contact with the flow of water, so that electrical
power generation is more efficient. Specifically, once the
flow of water enters the water driven turbine 1, it must pass
over the flights 20. Furthermore, the funnel 12 increases the
velocity of the flow of water and passes the flow of water
directly to the housing 10 without allowing water to flow
back out of the funnel and escape, as discussed above.

In an alternative embodiment, the water driven turbine 1
includes a cone 42 mounted to the housing 10 and extending
past the exit end 24, as shown in FIG. 4. Specifically, the
cone 42 is connected to and extends outwardly and rear-
wardly from a position on the housing 10 past the exit end
24. Furthermore, the cone 42 may be connected to the
housing at positions proximal to the exit end 24, as shown
in FIG. 4. It is also of note that the cone 42 increases in
diameter while extending rearwardly from the housing 10,
such that the cone 42 is most narrow at the point that is
mounted to the housing 10 and most wide at the distal end
of the cone 42 relative to the housing 10. As a result of this
arrangement, water exiting avoids the turbulence and
restraining effect which would result from contact with the
flow of water passing outside the device at the immediate
exit, and the expanded volume available to the exiting water
will enhance the velocity of flow throughout the device by
eliminating some back pressure. Further, the cone will
increase the velocity of flow of the water passing outside of
the cone, which in turn will have a pulling effect on the water
exit from inside the cone, enhancing its velocity of flow.

Thus, the above-described water driven turbine 1 is
arranged for converting underwater currents to electrical
power. Furthermore, the design is such that the water driven
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turbine 1 can be used in bodies of water such as lakes,
streams and rivers, where prior art water driven turbines are
not suitable or impractical. Specifically, the water driven
turbine is arranged to increase velocity in a natural water
flow and to direct the water over a plurality of flights. Water
passing over the flights drives rotation of a shaft which is in
turn linked to a generator, resulting in the production of
electrical power.

While the preferred embodiments of the invention have
been described above, it will be recognized and understood
that various modifications may be made therein, and the
appended claims are intended to cover all such modifications
which may fall within the spirit and scope of the invention.

What is claimed is:

1. A water driven turbine for converting the energy of an
underwater current comprising:

a hollow tubular open ended housing, said housing having
an entry end for accepting the water and an exit end for
releasing the water;

a shaft mounted within the housing, said shaft arranged to
rotate within the housing about an axis of rotation;

connection means on the shaft for operably linking the
shaft to a generator such that rotation of the shaft
generates electrical power;

blade means arranged about the shaft, said blade means
extending along a length of the shaft;

a funnel mounted onto the entry end of the housing, said
funnel having a mouth and a discharge, said mouth
having a diameter greater than the diameter of the
housing, said discharge having a diameter approxi-
mately equal to the diameter of the housing; and

tether means mounted on the funnel for stabilizing the
water driven turbine;

wherein the discharge of the funnel is mounted onto the
entry end of the housing such that the water entering the
funnel at the mouth passes through the housing and
contacts the blade means, thereby rotating the shaft and
generating electrical power.

2. The water driven turbine according to claim 1 wherein
the generator is positioned behind the exit end of the housing
relative to the mouth of the funnel.

3. The water driven turbine according to claim 1 wherein
the diameter of the mouth is approximately twice the diam-
eter of the discharge.

4. The water driven turbine according to claim 1 including
fins mounted on an upper surface and a lower surface of the
housing for preventing twisting of the water driven turbine.

5. The water driven turbine according to claim 4 wherein
the fins are mounted on the housing proximal to the exit end
of the housing.

6. The water driven turbine according to claim 5 including
buoyancy means mounted on the water driven turbine.

7. The water driven turbine according to claim 6 wherein
the buoyancy means are mounted within the fins.

8. The water driven turbine according to claim 1 wherein
there are three blade means.

9. The water driven turbine according to claim 1 wherein
there are two blade means.

10. The water driven turbine according to claim 1 wherein
the funnel includes a lip of fixed diameter adjacent to the
mouth for preventing backflow.

11. The water driven turbine according to claim 1 includ-
ing a cone mounted to the housing, said cone extending
rearwardly beyond the exit end.

12. The water driven turbine according to claim 12,
wherein the diameter of the cone increases as the cone
extends rearwardly.
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13. A water driven turbine for converting the energy of an
underwater current comprising:

a hollow tubular open ended housing, said housing having
an entry end for accepting the water and an exit end for
releasing the water;

a shaft mounted within the housing, said shaft arranged to
rotate within the housing about an axis of rotation;

connection means on the shaft for operably linking the
shaft to a generator such that rotation of the shaft
generates electrical power;

blade means arranged about the shaft, said blade means
extending along a length of the shaft; and

a funnel mounted onto the entry end of the housing, said
funnel having a mouth, a discharge and a lip of fixed
diameter projecting from the mouth for preventing
backflow, said mouth having a diameter greater than the
diameter of the housing, said discharge having a diam-
eter approximately equal to the diameter of the hous-
ing;

wherein the discharge of the funnel is mounted onto the
entry end of the housing such that the water entering the
funnel at the mouth passes through the housing and
contacts the blade means, thereby rotating the shaft and
generating electrical power.

14. The water driven turbine according to claim 13
including tether means mounted within the funnel for sta-
bilizing the water driven turbine.

15. The water driven turbine according to claim 13
wherein the generator is positioned behind the exit end of the
housing relative to the mouth of the funnel.

16. The water driven turbine according to claim 13
wherein there is provided buoyancy means adjacent the exit
end of the housing.

17. The water driven turbine according to claim 13
wherein the generator is positioned at the exit end of the
housing and wherein there is provided buoyancy means
supporting the exit end of the housing and tether means
supporting the entry end of the housing.

18. A water driven turbine for converting the energy of an
underwater current comprising:

a hollow tubular open ended housing, said housing having
an entry end for accepting the water and an exit end for
releasing the water;

a shaft mounted within the housing, said shaft arranged to
rotate within the housing about an axis of rotation;

connection means on the shaft for operably linking the
shaft to a generator such that rotation of the shaft
generates electrical power, the generator being located
adjacent the exit end of the housing;

blade means arranged about the shaft, said blade means
extending along a length of the shaft;

a funnel mounted onto the entry end of the housing, said
funnel having a mouth and a discharge, said mouth
having a diameter greater than the diameter of the
housing, said discharge having a diameter approxi-
mately equal to the diameter of the housing;

tether means supported adjacent the funnel at the entry
end of the housing for stabilizing the water driven
turbine; and

buoyancy means adjacent the exit end of the housing for
supporting the generator;

wherein the discharge of the funnel is mounted onto the
entry end of the housing such that the water entering the
funnel at the mouth passes through the housing and
contacts the blade means, thereby rotating the shaft and
generating electrical power.
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19. The water driven turbine according to claim 18 20. The water driven turbine according to claim 18
wherein there are provided fins supported on the housing wherein the tether means are supported on the funnel.
adjacent the exit end of the housing, the buoyancy means
being supported within the fins. L I B
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The invention concerns a Pelton turbine wheel comprising a
rim (1) and several buckets (2) distributed at the rim
periphery, characterised in that it comprises at least a ning-
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TURBINE WHEEL AND PELTON TURBINE
EQUIPPED WITH SAME

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a turbine wheel and to a
Pelton-type turbine equipped with such a wheel.

2. Brief Description of the Related Art

Pelton turbines are conventionally used for transforming
the kinetic energy of a fluid, such as the water of a waterfall,
into mechanical energy. Such transformation is effected by
rotating the turbine wheel under the effect of a tangential
effort exerted, on buckets disposed on the periphery of a
wheel rim, by a jet of water emerging from one or more
injector nozzles distributed around the wheel.

The effort created on each bucket is transmitted to the
wheel rim through an area of attachment of the bucket on the
wheel rim. This area of attachment, defined by the geometri-
cal intersection of the bucket with the rim, is subjected to
considerable mechanical stresses. In effect, each bucket may
be mechanically modelized as a beam fixed on one side only,
with the result that it undergoes a considerable bending
strain due to the effort of the jet. In addition, high vibratory
stresses are applied to the bucket and there is a danger of
resonance of the bucket or the rim.

In known devices, particularly of EP-A-0 346 681 or of
EP-A-0 522 336, attempts have been made to overcome
these drawbacks by reinforcing the area of attachment of the
buckets on the wheel rim. This leads to structures which are
complicated and therefore expensive, and of reduced reli-
ability. In addition, each bucket remains attached to the rim
by one side, with the result that the nature of the problems
encountered is not fundamentally changed.

FR-A-704 875 teaches making the buckets of a turbine
abut on one another by means of rings mounted on their
periphery. The distribution of the efforts is not optimum and
arms must be interposed between adjacent buckets, being
mounted with the greatest care, which results in a non-
homogeneous distribution of the efforts.

SUMMARY OF THE INVENTION

It is a particular object of the present invention to over-
come these problems by proposing a turbine wheel of Pelton
type in which the buckets are connected to the wheel rim so
that the mechanical stresses are not concentrated in an area
of attachment of the bucket to the rim and the dangers of
resonance of the wheel are substantially reduced thanks to
an optimalized distribution of efforts.

In that spirit, the invention relates to a wheel of the above
type, which comprises at least one annular disk fast with the
wheel rim and provided with housings for receiving the
buckets. This disk is adapted to absorb at least part of the
efforts transmitted by the buckets to the rim and forms a
peripheral band at the level of the outer radial areas of the
housings.

Thanks to the invention, the disk which is on one piece
and surrounds the buckets, makes it possible to support
them, near the rim, in an intermediate area and in an outer
radial area, with the result that each bucket is maintained
efficiently in its inner, outer and central radial areas and that
the effort to which it is subjected, due to the existence of the
jet of fluid driving the turbine, has for its effect to apply it
on the disk. This effort is in that case not concentrated solely
in one area of attachment of the bucket to the wheel rim, but
distributed over the whole of the disk. In other words, the
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tangential effort created on a bucket is transmitted to the
disk. The bucket and that part of the disk supporting the
bucket may be mechanically modelized as a beam on two
bearings, and even a beam bearing on its length, the first
bearing being towards the wheel rim, while the second
bearing is constituted by the peripheral band of the disk.
Such a distribution of the efforts induces a reduction of the
stresses exerted on the mechanical components, which
makes it possible to envisage pieces of lesser thickness.

Taking the foregoing into account, a turbine wheel
according to the invention may be made of metal, composite
material or be a mixed structure. For example, certain
pieces, such as the wheel rim or the disk, are made of metal,
while other pieces, such as the buckets, are made of com-
posite synthetic material. A wheel rim or a disk made of
composite plastics material may also be associated with
metal buckets.

In addition, the presence of the outer peripheral band of
the disk, which creates a continuity of matter outside the
wheel, makes it possible substantially to reduce the vibra-
tory stresses exerted on the buckets. In effect, the peripheral
band contributes to distributing these stresses on the differ-
ent buckets, with the result that the equivalent inherent mode
of each bucket is no longer that of a beam fitted at one end
only, as in the devices of of the prior art, but that of a beam
fitted on one side and bearing on or fitted on the other side.

Finally, it has been surprizingly found that the presence of
the disk makes it possible very substantially to improve the
aerodynamic performances of the wheel of the invention. In
effect, the disk makes it possible to limit the so-called
“ventilator” effect of the wheel during rotation, i.e. the
recirculation of the air between the outside of the wheel and
the spaces between two consecutive buckets, due to the
movement of rotation. Such reduction of the transverse air
movements with respect to the buckets was able to be
quantified, by laboratory tests, at about 20% of the braking
force due to the ventilation of the wheel in the absence of
disk. In this way, the invention also enables the yield of a
Pelton turbine wheel to be substantially improved.

According to a first advantageous aspect of the invention,
the wheel comprises two disks disposed on either side of one
or more injector nozzles of the turbine. This aspect of the
invention makes it possible to dispose the disks opposite
each bowl or scoop of the buckets when the buckets are
double, as is conventionally the case in Pelton turbines. In
that case, the disks may be provided to be substantially
aligned on the median axes of the scoops of the buckets.

According to another advantageous aspect of the
invention, the disk or disks is/are provided with spokes each
adapted to substantially fill the space separating two adja-
cent buckets of the wheel. Thanks to this aspect of the
invention, the spokes present a sufficient cross-section to
absorb the mechanical stresses transmitted by the buckets.
Moreover, the fact that they substantially fill the space
separating two buckets makes it possible to optimalize the
reduction of the “ventilator” effect.

According to a first embodiment of the invention, the disk
or disks is/are in the form of a perforated ring, means for
removably mounting the or each disk on the wheel rim being
provided near an inner edge of the or each disk.

According to a second embodiment of the invention, the
disk or disks is/are formed in one piece with at least part of
the wheel rim. Thanks to this aspect of the invention,
transfer of the efforts of the disk towards the wheel rim is
optimalized. In addition, assembly of the turbine wheel may
be facilitated. In that case, the wheel rim may be provided
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to be formed by two half-rims, each half-rim extending
radially towards the outside by a disk.

According to another advantageous aspect of the
invention, applicable whatever the embodiment, the buckets
are removably fixed on the disk or disks and/or the wheel
rim. This aspect of the invention guarantees a good dimen-
sional stability of the wheel during use and an efficient
transfer of the efforts from the buckets towards the wheel
rim. In addition, the operations of maintenance on the
buckets or the disks are facilitated.

According to another aspect, the bucket may be perma-
nently fixed on the disk or disks and/or the wheel rim.

The invention also relates to a Pelton-type turbine com-
prising a wheel as described hereinbefore. Such a turbine
may be manufactured more economically than the prior art
ones since it is possible to optimalize the dimensioning of
the pieces by taking into account the fact that the mechanical
stresses are better distributed over the wheel. In addition, the
yield of this turbine is improved by reduction of the venti-
lator effect.

The invention will be more readily understood and other
advantages thereof will appear more clearly from the fol-
lowing description of two embodiments of a turbine wheel
in accordance with its principle, given solely by way of
example and made with reference to the accompanying
drawings, in which:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a partial perspective view of a Pelton turbine
wheel according to the invention.

FIG. 2 is a section along line II—II of FIG. 1.

FIG. 3 is a section along line III—III of FIG. 2, and

FIG. 4 is a view similar to FIG. 2 for a turbine wheel in
accordance with a second embodiment of the invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Referring now to the drawings, the turbine wheel shown
in FIG. 1 comprises a wheel rim 1 and buckets 2, eighteen
in number in the example shown, distributed on the periph-
ery of the rim 1. Each bucket comprises two scoops 3
separated by a central edge 4 intended to be disposed
opposite one or more water or steam injector nozzles (not
shown). The rim 1 is provided to be mounted on a movement
transfer shaft (likewise not shown).

In order to render the drawing clearer, only one bucket has
been shown in FIG. 1.

In accordance with the invention, two disks 5 and 6 in
annular form are mounted on the rim 1 and contribute to
maintaining the buckets 2 with respect to this rim. The disks
5 and 6 are respectively provided with housings 7 and 8 in
which the scoops 3 of the buckets 2 are respectively inserted.
The housings 7 and 8 may be machined or obtained by
moulding in the disks 5 and 6. Each of the disks 5 and 6
passes radially and outwardly of the buckets 2, with the
result that two continuous bands 9 and 10 are respectively
defined in the outer peripheral areas of the disks 5 and 6.
These continuous bands 9 and 10 connect spokes 11 and 12
respectively belonging to disks 5 and 6. Each housing 7 of
the disk 5 is defined by two adjacent spokes 11 forming part
of the disk 5 and by the band 9, while each housing 8 of disk
6 is defined by two adjacent spokes 12 forming part of the
disk 6 and by the band 10.

In this way, each bucket 2 is supported both by the wheel
rim 1 and by the two disks 5 and 6 which each form a
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one-piece annular ring around the rim 1, with the result that
the efforts of thrust F, visible in FIG. 3 and transmitted to a
bucket 2 by the jet of water or steam, are distributed in
efforts F' in the spokes 11 or 12 of the disks 5 or 6 from
which they are transmitted to the rim 1. Part of these efforts
may also transit via the area of attachment of the buckets on
the rim as in the known devices. Thanks to this distribution,
the area of attachment of the buckets 2 on the wheel rim 1
is not a critical mechanical stress area.

Assembly of the buckets and the disks on the wheel rim
1 is more clearly apparent in FIGS. 2 and 3. XX' is the axis
of the central edge 4 of a bucket 2. The bucket 2 comprises
two tabs 15 and 16 adapted to be disposed on either side of
an outer radial part 17 of the rim 1. The elements 15 to 17
are respectively provided with a central bore 15a, 16a or 17a
for receiving a locking screw 18. The disks 5 and 6 are
provided to be disposed on either side of the rim 1 and of
tabs 15 and 16 and comprise, near their respective inner
edges 5a and 6a, bores 5b and 6b provided to be aligned with
bores 15a, 16a and 17a, with the result that the screw 18
successively traverses the disk 5, the tab 15, the radial part
17, the tab 16 and the disk 6. In this way, disks 5 and 6 and
bucket 2 are removably mounted on the wheel rim 1.

The efforts F due to the water or steam jet transmitted to
the different buckets 2 do not transit solely via the tabs 15
and 16 of each bucket 2, but are distributed over the
periphery of the rim 1, thanks to the disks 5 and 6 and, in
particular, to bands 9 and 10.

In order to improve the rigidity of the assembly, and as is
more particularly apparent in FIG. 3, area 17 of the rim 1
may be provided to be made by removing material with
respect to the nominal width of the rim 1 which is conserved
in the space 19 separating two continuous areas 17.

It will be understood that the geometry of the spokes 11
and 12 is adapted to the outer shape of the buckets, with the
result that the latter are immobilized inside the housings 7
and 8 by cooperation of shapes, this presenting the addi-
tional advantage that the spokes 11 and 12 substantially fill
the space separating two adjacent buckets of the wheel, with
the result that the aerodynamic separation of the inner
volume 20 defined between the two disks 5 and 6 with
respect to the outside of these disks is optimalized. In other
words, the transverse circulation of air through the inner
volume 20 is limited.

It will be noted that the disks 5 and 6 are substantially
aligned on the median axes AA' and BB' of the scoops 3 of
the buckets 2. This induces the spokes II and 12 of the disks
5 and 6 to be spaced apart from the bottom of the scoops 3
by a distance d, and from the edges of the scoops by a
distance d,, distances sufficient in order not to disturb the
flow of water or steam towards the outside of the volume 20.
The fact that distance d, is substantially smaller than dis-
tance d, corresponds to the fact that the spokes 11 and 12
substantially fill the space separating two adjacent buckets.

As is more clearly apparent in FIG. 3, each bucket 2 is
also rendered fast with the disk 6 thanks to a locking screw
21 housed in a bore 22 in the disk 6 and adapted to engage
in a rear boss 23 of the bucket 2. An identical construction
is provided at the level of disk 5. The screw 21 improves the
immobilization of the bucket 2 with respect to the disk 5.

In the second embodiment shown in FIG. 4, elements
similar to those of the embodiment of FIGS. 1 to 3 bear
identical references increased by 50. In this embodiment, the
wheel rim 51 is formed by two half-rims 51a and 51b
adapted to be assembled together, for example by means of
screws Slc.
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The half-rim 51a extends radially towards the outside by
a one-piece ring 55 forming an annular disk whose function
is identical to that of disk 5 of the previous embodiment. The
ring or disk 55 extends radially to the outside of a bucket 52
provided with two scoops 53 separated by a central edge 54.
Similarly, the half-rim 51b extends by a ring or annular disk
56 adapted to support the buckets 52. The rings 55 and 56
are provided with housings 57, 58 for receiving the buckets
52, while continuous bands 59 and 60, respectively belong-
ing to disks 55 and 56, define housings 57 and 58 in their
outer radial part.

As elements 51a and 55 on the one hand, 515 and 56 on
the other hand, are formed in one piece, transmission of the
efforts between disks 55 and 56 and the wheel rim 51 is
optimal.

A Pelton turbine wheel according to this second embodi-
ment is assembled by bringing the half-rims 51a and 516
towards each other, while buckets 52 are distributed radially
in a position close to their final position, this making it
possible to wedge a shank or tongue 52a of each bucket 52
between the half-rims 51a and 51b, thus improving the
anchoring of the buckets 52 with respect to the wheel rim 51.
A screw 51c advantageously passes through the shank 52a
of each bucket 52.

According to a variant of the invention (not shown), the
wheel rim 51 and the disks 55 and 56 may be provided to be
formed in one piece. In other words, the half-rims 51a and
51b are in that case joined in one piece, obtained by
moulding and/or machining.

The effect of improvement of the ventilation of the turbine
described with reference to the embodiment of FIGS. 1 to 3
is also obtained with the device of the second embodiment.

Taking into account the relatively low level of stresses
undergone by the buckets and the rim of a turbine wheel
according to the invention, it may be envisaged to make
these pieces and the disks of materials which, up to now,
were not envisaged for this type of device. In particular, the
use of composite resin, possibly reinforced with fibers, may
be envisaged, certain pieces still being able to be made of
metal.

As the buckets can be manufactured independently of the
wheel rim and disks, they may be provided to be coated with
an anti-abrasion or anti-erosion product before being
assembled. In particular, the technical teaching of Appli-
cants’ Patent Application EP-A-0 543 753 may be applied.

A turbine wheel according to the invention is assembled
from a wheel rim, one or two disks, and from buckets or
buckets bearing reinforcements. These different components
may be assembled by the means described and shown in the
Figures or by any other appropriate means such as, in
particular, cooperation of shapes, wedging, hooping,
welding, soldering, adhesive bonding.

The invention has been represented with buckets remov-
ably mounted on the wheel rim and the disk. It is also
possible to provide for these buckets to be mounted perma-
nently on the wheel rim and/or the disk, in particular welded,
soldered or bonded in position. Similarly, a one-piece wheel
obtained by moulding may be produced, this wheel com-
prising a rim, one or two disks and buckets.

What is claimed is:

1. In a turbine wheel of the Pelton type, including a wheel
rim and a plurality of buckets spaced about a periphery of
the rim, the improvement comprising; at least one annular

10

15

20

25

30

35

40

45

55

60

6

disk in the form of a continuous ring secured to the rim so
as to extend radially outwardly with respect to the rim, said
at least one annular disk having a plurality of spaced
openings provided within an outer portion thereof spaced
inwardly of an outer peripheral edge and radially outwardly
of the rim for receiving the plurality of buckets, said at least
one annular disk extending radially outwardly relative to
said plurality of buckets such that said plurality of buckets
are positioned within said spaced openings so that forces
directed thereto are transmitted along a full length of each of
said plurality of buckets to said at least one annular disk such
that said at least one annular disk is adapted to absorb and
transmit forces on said plurality of buckets to said rim, and
said length being taken along a plane of said at least one
annular disk; wherein said outer peripheral edge of said at
least one annular disk forms a continuous annular portion of
said at least one annular disk.

2. The turbine wheel according to claim 1, including two
annular disks secured in spaced relationship with one
another to the rim for supporting said plurality of buckets.

3. The turbine wheel according to claim 2, wherein each
of said plurality of buckets includes two scoops, said two
annular disks being substantially aligned on median axes
(AA', BB') of said scoops.

4. The turbine wheel according to claim 3, wherein each
of said two annular disks include spokes which are
integrally, connected at their outer ends and which spokes
extend between two adjacent of said plurality of buckets of
the turbine wheel.

5. The turbine wheel according to claim 1, wherein said
at least one annular disk is in a form of a perforated ring, and
means for removably mounting said at least one annular disk
on the rim being provided in a vicinity of an inner edge of
said at least one annular disk.

6. The turbine wheel according to claim 1, wherein said
at least one annular disk is formed in one piece with the rim.

7. The turbine wheel according to claim 6, wherein the
wheel rim is formed by two parts as half-rims adapted to be
assembled together.

8. The turbine wheel according to claim 1, wherein said
plurality of buckets are removably mounted on said at least
one annular disk.

9. The turbine wheel according to claim 1 wherein said
plurality of buckets are permanently mounted on said at least
one annular disk.

10. A Pelton-type turbine comprising a turbine wheel
including a wheel rim, and a plurality of buckets spaced
about the periphery of said rim at least one annular disk in
the form of a continuous ring secured to the rim and having
a plurality of spaced openings provided within an outer
portion thereof spaced inwardly of an outer peripheral edge
for receiving the plurality of buckets, said at least one
annular disk extending radially outwardly relative to said
plurality of buckets such that said plurality of buckets are
positioned within said spaced openings so that forces
directed thereto are transmitted along a full length of said
plurality of buckets to said at least one annular disk and such
that said at least one annular disk is adapted to absorb and
transmit forces on said plurality of buckets to the rim, and
said length being taken along a plane of said at least one
annular disk; wherein said outer peripheral edge of said at
least one annular disk forms a continuous annular portion of
said at least one annular disk.
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57 ABSTRACT

The present invention relates to a turbine used to convert
wind or fluid energy, and in some embodiments the kinetic
energy of water, into mechanical energy, more specifically,
a long axis type of vertical-axis turbine allowing large
columns of air or water to be harnessed. These devices differ
from horizontal-axis (propeller) type windmills or water-
mills which typically rotate about a vertical axis in order that
they may face directly into a wind. The present invention is
designed to be employed as a cost effective alternate power
source in any wind or water current condition from a breeze
to a gale wind, to a slow to moderate to fast water currents.
To increase the structural integrity, the torque generating
elements, namely, the rotor blades, are not directly attached
to the shaft but rather, they attach to the round top and
bottom rotor cage plates through which torque forces gen-
erated can be transferred to the shaft. The unique design of
an open cover on the top of the wind or water turbine allows
wind or water from the direction above the turbine to be
harnessed. The top shield structure has created a calm wind
or water area between the shield and the top of the rotor cage
that helps reduce turbidity and greatly facilitates wind or
water exhaust from the system.
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WATER POWER GENERATION SYSTEM

This continuation-in-part application claims priority to
the U.S. non-provisional application Ser. No. 09/452,734,
filed Dec. 1, 1999, now U.S. Pat. No. 6,191,496 which in
turn claims the benefit of provisional application Ser. No.
60/110,519, filed on Dec. 1, 1998, the contents of each that
application are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

The present invention relates to water turbines generally,
used to convert water kinetic energy into mechanical energy,
and more specifically, vertical-axis turbines. Although from
some perspectives it is a different problem, the invention
may, perhaps surprisingly, present understandings which can
also apply to the field of wind power generation and vice
versa. The present invention may specifically be related to
turbine systems used in power generation from such
resources as wind or moving or running water. Although the
present invention may be described herein, in accordance
with certain embodiments, with regard to the conversion of
wind energy, it should be understood that the disclosed
concepts of turbine systems and power generation may also
be applicable to other fluidic resources, such as moving or
running water, even though the two fields can be considered
very different in the art from some perspectives.

Vertical-axis turbines are typically of a long axis type,
allowing large columns of air to be harnessed. These devices
differ from horizontal-axis (propeller) type windmills which
typically pivot about a vertical axis in order that they may
face directly into a wind. The present invention more
specifically relates to vertical-axis turbines designed to be
employed as a cost effective alternate power source in any
wind condition.

Wind as a source of energy is a concept that has been
promoted for some time. According to one source, there is
evidence which shows that windmills were in use in Baby-
lon and in China as early as 2000 B.C. The U.S. Patent and
Trademark Office has granted patents on windmill devices
dating back to the early to mid 1800°s. Despite the continued
research and development in this age old technology, until
the present invention, no windmill or wind turbine device
has successfully appropriately addressed some of the most
important problems which have seemingly made the har-
nessing of wind not economically feasible. While wind is
unquestionably a large potential source of energy, estimated
to be about 5 kW per acre in the United States, its variability
in velocity has made it an unreliable source. Many devices
such as U.S. Pat. Nos. 4850792 to Yeoman, 4,035,658 to
Diggs and 2,406,268 to Terhune have relied on the ability of
concentrating low to moderate winds for producing power.
Others, like those shown in U.S. Pat. Nos. 4,834,610 to
Bond and 4,075,500 to Oman, et al. (a horizontal-axis
turbine), have accomplished the harnessing variable wind
speeds by using modem variable speed governors. No
device currently known to the present inventors is capable of
adequately harnessing low and high-winds for power pro-
duction. High winds are characterized, for purposes of
discussion as currents having average velocities above 45
m.p.h., or having gusts greater than 60 m.p.h. Many devices
are designed to fold and/or feather in winds reaching certain
levels. Such devices are illustrated in U.S. Pat. Nos. 4,818,
181 to Kodric, 4,632,637 to Traudt, and 3,942,909 to Yengst.
These techniques, while intended to protect the structural
integrity of the windmill, decrease a device’s ability to
produce power. Others, such as Pat. No. 5,391,926 to Staley
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and Elder, attempt to harness high winds emanating from
any direction for power production but low to moderate
winds have been unable to produce adequate torque for
continual reliable power generation. Until the present inven-
tion variable winds have been an untapped source of energy
by those skilled in the relevant art.

In the past, wind driven power generators of all sorts have
attempted to harness the energy present in the wind. Some
have concentrated their efforts in the low to moderate wind
range and suffer periodic damage from the occasional high
wind while others work well in the moderate to high wind
range with little or no success in harnessing low speed wind.
No prior art has effectively drawn useable power from the
slight breeze all the way to gale force winds. Perhaps one of
the biggest reasons for the lack of all wind turbines has to do
with the structural integrity oftypical wind devices. By
design many are lightweight, inadequately supported, and
made from insufficient materials. A number of these devices
are comprised of a multitude of moving parts, such as rotors,
stators, vanes, shields, and the like. These parts not only
compromise the integrity of the machine, but also require
continuous maintenance, repair and/or replacement. For
such a device, which may produce only a few kilowatts of
power, the costs soon begin to outweigh the benefits.
Another concept widely used is to build large multi-story
wind turbines capable of producing at or near the megawatt
level. Two such devices are shown in U.S. Pat. Nos. 3,902,
072 to Quinn, and 3,994,621 to Bogie. It is believed that
these devices would cost close to $100 million to build and
several hundred thousand to maintain each year. Another
example is the 1.25 MW generator installed near Rutland,
Vermont. This is believed to be the largest windmill ever
built in the United States, having two main blades each 175
feet in diameter. This facility operated intermittently
between 1941 and 1945, during the war years when most
resources were being used for war efforts. In 1945 one of the
blades broke due to material fatigue and was never repaired,
presumably due to a lack of cost efficiency. Similar to the
smaller units, these large devices become cost prohibitive on
amuch larger scale. The present invention solves this second
problem by presenting a low cost, low maintenance, cost
efficient wind turbine. While certain aspects of the design
have been known, until the present invention the proper
combination of elements, new and old, has not been
achieved to provide a commercially viable product.

Variable wind velocity is not, of course, the only obstacle
in harnessing kinetic energy from the wind. Wind direction
has been another area of study and development. Wind
currents are typically unpredictable, and due to topography,
upper air disturbances, changing weather patterns, or sea-
sonal variations, they rarely blow in the same direction for
any substantial length of time. For this reason effective wind
machines must be capable of immediately accommodating
winds from a full 360 degrees. Some devices have attempted
to accomplish this goal with pivoting shields, and stators or
wind directing vanes. U.S. Pat. Nos. 4,474,529 to Kinsey,
5,37,494 to Stevens et al., the Yengst patent, and many other
devices illustrate such an approach. As mentioned
previously, additional moving parts usually detract from a
machine’s cost effectiveness. While not in the field of the
present invention horizontal-axis machines typically pivot
the entire rotor assembly so that it may face upwind. Still
other designs leave the rotor assembly open (that is, no wind
directing vanes or stators are utilized) so that winds from any
horizontal direction may impart rotation upon the rotor
assembly. This leaves the rotor completely open to the
harshness and destructive abilities of the wind. Once again
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the present invention solves this problem by providing 360
degrees of wind reception, in all types of wind conditions.

The present invention, in its various embodiments, rec-
ognizes and addresses these and other problems and over-
comes many limitations encountered by those skilled in the
art. Many devices and procedures have taught the use of
folding or feathering in high wind conditions, and thus have
been unable to realize the potential power of high winds.
Others, such as the Staley and Elder patent have attempted
to address the damaging characteristics of high winds by
stressing structural integrity and durability to the point of
sacrificing the ability to produce adequate torque in the low
to moderate wind speed range. It is not economically fea-
sible to build a wind turbine that can only produce mechani-
cal power during periods of high wind. The entire range of
wind conditions must be fully utilized for a wind turbine to
be commercially viable. Problems such as high cost and high
maintenance of most wind energy facilities exist in the field,
but such problems have not been adequately addressed by
those skilled in the art. While high velocity wind is a well
known natural occurrence with high kinetic energy, its value
in the field of vertical-axis wind turbines has not only been
ignored to some extent, it has often been looked upon as a
detriment. The prior art has taught away from the present
invention by stressing rotor attachment and stator curvature.
Rather than supplying a system which affords only an
incremental increase in performance over the prior art, the
present invention utilizes techniques which were not previ-
ously considered in order to achieve what may perhaps be
leaps in performance compared to the prior art. Further, the
present invention has achieved a more full utilization of a
previously untapped precious natural resource, the wind.

The present invention also provides, in various
embodiments, systems which allow for other fluidic
resources to be utilized in techniques that may not have been
previously considered. The present invention further dis-
closes systems and techniques for the conversion of energy
from fluidic sources such as moving or running water. Prior
attempts to harness water, for example, as a source of kinetic
energy may have suffered from common issues related to
fluidic energy conversion as identified above. The concepts
and techniques of the present invention, therefore, provide
turbine systems and techniques which may not only be
directed to sources of energy such as water, but which may
further address inadequacies of past efforts.

SUMMARY OF INVENTION

The present invention discloses, in some embodiments, a
wind turbine to operate in all wind conditions, such as
velocities up to 130 mph, and frequently changing wind
directions. The device provides a reliable and effective
means for directing air currents into and out of the rotor cage
assembly. Rather than supplying a system which affords
only an incremental increase in performance and design over
the prior art, the present invention utilizes combinations and
techniques which were not previously considered to achieve
an increase in performance unparalleled by the prior art.
This invention serves to operate with a minimum number of
movable parts and systems, to optimize potential power
production by allowing energy from high winds to be
harnessed as well as low and moderate winds, and to
optimize air current intake and exhaust by providing imme-
diate accommodations to winds from any given direction.

In additional embodiments, the present invention dis-
closes a fluid turbine, and in some embodiments a water
turbine, operable in various moving or running fluidic
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conditions, and in some embodiments water conditions,
such as slow to medium to fast water currents and frequently
changing water current direction. Accordingly, the invention
serves to operate with a minimum number of parts and
systems, to optimize potential power production by allowing
energy from fast or swift moving water currents or other
fluid to be harnessed, as well as slow to medium or moderate
currents, and to optimize water current intake and exhaust by
providing immediate accommodations to water current from
any given direction.

In general terms, the invention involves various embodi-
ments of a vertical-axis wind turbine. Many of the elements
of this device achieve several different objectives which,
when combined, act to achieve the mentioned increases in
performance. In the preferred embodiment, the invention
discloses stationary stators for more effectively directing
currents into the rotor cage assembly to impart a higher
rotational velocity and greater torque upon the turbine shaft
through some torque generating elements such as the rotor
blades. In addition, the stationary stators provide a structural
integrity necessary for operation during high wind condi-
tions. This aspect also prevents the disruption of rotation by
shielding the rotors from winds counter-directional to their
rotation which may occur as the wind shifts. The invention,
in additional embodiments, may further involve the above
described concepts and features for vertical-axis water tur-
bine.

Importantly, the invention breaks from several time hon-
ored traditions in harnessing wind and water energy. By
recognizing and utilizing the potential energy of all winds
and water currents, and by designing an apparatus with
resistance to the destructiveness of these winds and water
currents during standard operation the present invention
achieves its goals.

Accordingly, the present invention provides an omni-
wind, vertical-axis turbine. The stated invention acts to
convert wind currents into mechanical energy which energy
may then be transferred from a turbine or the like to be used
to directly act upon a water pump, or to drive an electrical
generator (or more generically an energy-utilizing device)
for use as an alternate power source. The turbine may be
equipped with any number of rotors and stators which
interact with the variable wind currents during operation. In
addition, a minimum number of moving parts is used to
increase reliability, to decrease maintenance, and to decrease
production costs. The invention, in additional embodiments,
may further involve the above described concepts and
features for vertical-axis water turbine.

It is an object of the present invention to provide a design
which is capable of operation in a variety of wind condi-
tions. Such conditions include, but are not limited to, winds
from any direction which possess a horizontal component,
even where such wind direction is capable of frequent
changes, winds reaching velocities of 130 m.p.h. or more,
and winds with continuously changing velocities. It is an
object that the present invention be capable of standard
operation during these conditions without any need for
employing folding and feathering techniques, or a speed
control or braking system. The invention, in additional
embodiments, may further involve the above described
concepts and features directed to particular water or other
fluid characteristics for vertical-axis water turbine.

It is another object of the present invention to provide a
design which is capable of immediately accommodating
winds from any direction having a horizontal component, as
stated earlier. It is an object that this immediate readiness of
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the present invention be achievable with no moving parts.
The invention, in additional embodiments, may further
involve the above described concepts and features for
vertical-axis water turbine.

It is, therefore, an object of the present invention to
provide a design which utilizes a minimum of moving parts
for improved reliability. It is an object that necessary main-
tenance and replacement of any parts should be minimized,
and the durability of the entire apparatus be vastly improved.

Additionally, it is an object of the present invention to
provide a design which may be applicable to other fluid
systems such as water or other fluids.

Naturally, further objects of the invention are disclosed
throughout other areas of the specification and claims.

BRIEF DESCRIPTION OF DRAWINGS

Drawing 1 is a perspective view of an embodiment of the
invention from the side.

Drawing 1As a perspective of the new invention from the
top.

Drawing 1B depicts a side view of a second embodiment
of the invention.

Drawing 2 is a view of the rotor cage from the side.

Drawing 2A is a conceptual drawing of the rotor cage
assembly from the side.

Drawing 3 is a perspective view of the rotor cage from the
top showing the alignment of the rotor blades.

Drawing 4 is a view of the stator blades from the side.

Drawing 4A is a conceptual drawing of the stator blades
from the side.

Drawing 4B is a top view of the stator blades showing
their alignment.

Drawing 5 shows the stator cage cover which allows the
invention to be “topless.”

Drawing 6 is a view of the top shield from the side.

Drawing 7 is a perspective view of the top shield from
above.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following descriptions and referenced drawings are
for selected preferred embodiments of the present invention.
Naturally, changes may be made to the disclosed embodi-
ments while still falling within the scope and spirit of the
present invention and the patent granted to its inventor.

As can be seen from the drawings, the basic concepts of
the present invention may be embodied in many different
ways. FIG. 1 and 1A show the preferred embodiment of the
wind turbine (8) having a shaft (1) that is turned by rotor
blades (2) that are attached to a top rotor cage plate (3) and
bottom rotor cage plate (4) then drive an energy-transfer
element (11) and an energy-utilizing device (12) (both
shown as contained within or at the base). The height of
these rotor blades in one of the preferred embodiments is 4
feet 8 inches but will vary proportionally with the size of the
unit built. Furthermore, in accordance with preferred
embodiments of the present invention, from 2 to 5 blade
elements may be used. Wind, and in some embodiments
water or other fluid, is compressed and directed to the rotor
blades (2) by numerous stator blades (5). Wind with a
downward diagonal thrust can be accommodated by the
rotor blades (2) through use of an open stator cage cover (10)
that renders the turbine (8) at least partially topless and
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increases efficiency by up to an estimated 20% over any
prior art. Wind attempting to enter the turbine (8) against the
prevailing wind direction and hence against the direction of
the rotors is deflected by top shield (6). Top shield (6) has a
central pivoting point and an outer terminus and moves
about the open top of turbine (8) by use of a center bearing
(10A) side bearings (10B) and bearing race (10C). The
movement of the top shield (6) to a downwind position is
aided by the top shield vane (7). FIG. 1B depicts a second
embodiment of the present invention wherein top shield (6)
is not provided with a vane. The top shield (6) creates an
area on the downwind side of the turbine (8) that is of low
turbidity and increases the invention’s ability to exhaust
wind passing through the machine. The top shield (6) does
not at any time hinder the accommodation of productive
winds from any direction.

The above described features of an embodiment of the
present invention may further be applicable to other fluid
resources, such as water, and in particular, water turbines.
The present invention, in alternative embodiments, may
provide a fluid turbine system directed to particular fluid
currents, and in some embodiments, water currents. The
above description of the present invention, therefore, equally
applies to systems for fluid currents, and in particular, water
currents.

FIG. 2 and 2A show the rotor cage (1) which may be of
a double wall design constructed of a lightweight composite
material as is commonly used in the aircraft and boating
industries. Total rigidity and structural integrity may be
enhanced by the top rotor cage plate (3) and the bottom rotor
cage plate (4).

Please note that the top plate (3) may be arced slightly to
better compress and direct air or other fluid into the rotor
cage. Areverse angle on the bottom rotor cage plate (4) may
accomplish the same task but with an upward thrust.

Only the top and bottom rotor cage plates may be attached
to the shaft. This unique aspect can aid in the invention’s
ability to readily accept, utilize and exhaust wind or other
fluid. Structural integrity and rigidity may be enhanced by
the rotor blades being attached in two places rather than
directly to the shaft as in previous art. The present invention
also provides particular embodiments directed to fluid
currents, and in some embodiments, water currents. The
above description equally applies to systems for fluid
currents, and in particular, water currents.

FIG. 3 shows the layout of the rotor blades (1) with
respect to each other as well as to the shaft (2). Special note
should be taken of the space (3) between the shaft (2) and the
inside edge of the rotor blades (1). This space is a substantial
component of one embodiment of the invention in a number
of ways. First, by allowing some of the air, water, or other
fluid to flow through the center of the machine, the air or
water impacts the blade on the downwind side of the
invention adding to thrust and aiding in the exhaust cycle.
The space between the shaft and rotor can also achieve
greater torque by pushing the kinetic energy of the wind or
water current to be exerted further away from the center
point (i.e., the shaft). The flat surfaces of the rotor blades
allow wind or water current to impart its force and be
immediately deflected. A curved or cupped surface (as
described in previous art) may allow air or water to collect
in the curvature and cushion the force of subsequent winds.
The layout of the rotor cage in the preferred embodiment is
shown but it must be mentioned that changes may be made
to the layout without departing from the broad aspect of the
present invention. Of course, the present invention may
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provide particular embodiments directed to fluid currents,
and in some embodiments, water currents. The above
description of the present invention equally applies to sys-
tems for fluid currents, and in particular, water currents.

The deflected air, water or other fluid from the rotor
blades is also able to find its way through the space between
the shaft and the rotor blades to aid in the invention’s ability
to exhaust. The space between the rotor blades and the shaft
in the preferred embodiment vary proportionately with the
size of the unit built.

In FIG. 4, 4A and 4B, the stator blades (5) are arranged
around the circumference of the rotor cage in equidistant
pairs. In the preferred embodiment 8 blades are shown but
more or fewer blades could be used without substantially
departing from the broad aspect of the present invention.
Unlike previous art, which had curved stator blades it has
been found that straight stators that are offset from the center
point allows air to enter the turbine with less turbidity and
thus more force. When an attempt is made to bend or change
the direction of air currents (as previous art has done with
curved stator blades), or as in fluidic currents generally, such
as water currents, the force of the wind may be greatly
diminished. Straight stators, while directing air into the
invention, can have a minimal effect on the loss of kinetic
energy. The wind turbine has been designed to accept all
available winds regardless of their speed and thus has no
need for a stator design that would dampen or lessen the
force of the wind. The stator blades may be constructed of
the same lightweight composite as the rotor cage and are of
a double wall design. The width of the double walls
enhances structural stability and rigidity while the resultant
stator blades are lightweight and are easily shipped and
erected. Of course, the present invention may provide par-
ticular embodiments directed to fluid currents, and in some
embodiments, water currents. The above description of the
present invention equally applies to systems for fluid
currents, and in particular, water currents.

The overall weight of the components can be an integral
part of the invention. While mass (i.e., weight) can be used
to dampen or deaden vibration, the new invention operates
so smoothly that lightweight materials will not jeopardize
structural integrity and will allow the turbine to be placed
atop existing buildings or in environmentally sensitive areas
or areas where large erection equipment would have no
access, or in accordance with some embodiments of the
present invention, either partially or completely submerged.

FIG. 5 depicts the alignment of the stator cage cover. This
is the part of the invention that allows the turbine to be
virtually topless with regard to incoming currents of air or
water. Once properly attached to the stator blades, the
turbine is structurally sound and is ready to withstand with
regard to wind turbine embodiments, winds in excess of 100
m.p.h. Air currents approaching the rotor cage that have a
slightly downward thrust pass through the open top
(between the bearing races) and impact the rotor blades
creating rotation. Previous art was able to accommodate
wind currents that moved horizontally only, and thus, were
able to accommodate only a portion of the wind that can be
handled by the new invention. Of course, the present inven-
tion may provide particular embodiments directed to fluid
currents, and in some embodiments, water currents. The
above description of the present invention regarding current
speed and direction equally applies to systems for fluid
currents, and in particular, water currents.

The stator cage cover may be constructed of rigid steel
with concentric braces to ensure structural stability. On the
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top side of the concentric braces are bearing races to
accommodate the top shield bearings.

FIGS. 6 and 7 show the top shield and top shield vane
(also constructed of lightweight composite). The top shield
may be laminated for strength while the vane can be a
double wall design to create enough drag to rotate the top
shield to a downwind position. FIG. 1B depicts a second,
alternative embodiment wherein the vane technique is not
incorporated, such embodiment usable for any fluid current.

Once the shield is in proper position, wind or water with
a downward thrust is also allowed to enter the wind or water
turbine. (Modeling done to date shows that the open top
embodiment increases performance by up to about 20%.)
The top shield prevents conflicting winds or waters, or the
current thereof, and in some embodiments down currents,
from entering the invention from the downwind side that
would interfere with rotation or exhausting. The space
between the top shield and the rotor cage can create a space
of calm air or water that may improve the invention’s
exhausting characteristics and that has a dampening feature.
The front side or upwind or up current side of the top shield
is slightly convex on the horizontal plane and may prevent
the top shield from buffeting during periods of high winds or
fast water currents. The center bearing (10A) of the top
shield (6) can allow the mechanism to pivot easily while
wheels or bearings (10B) resting on the concentric bearing
races (10C) may carry the weight of the top shield. The wind
or water vane or tail of the top shield (7) can aid in the top
shield’s ability to move into a position opposing the wind or
water current and may enhance the shield’s stability during
operation.

It is important to note that the previously described
invention may be applicable to fluid systems generally, and
in some embodiments, is directed to water turbine systems.
All of the disclosure presented herein should be considered
enabling disclosure not only for wind turbines and systems
thereof, but of systems and techniques for any fluid medium,
and in some embodiments, to water and water currents.

As can be easily understood from the foregoing, the basic
concepts of the present invention may be embodied in a
variety of ways. It involves both the harnessing of kinetic
energy techniques as well as devices to accomplish the
appropriate harnessing of energy. In this application, the
harnessing techniques are disclosed as part of the results
shown to be achieved by the various devices described,
including turbine systems, and as steps which are inherent to
utilization. They are simply the natural result of utilizing the
devices as intended and described. In addition, while some
devices are disclosed, it should be understood that these not
only accomplish certain methods but also can be varied in a
number of ways. Importantly, as to all of the foregoing, all
of these facets should be understood to be encompassed by
this disclosure.

It should also be understood that a variety of changes may
be made without departing from the essence of the inven-
tion. Such changes are also implicitly included in the
description. They still fall within the scope of this invention.
A broad disclosure encompassing both the explicit
embodiment(s) shown, the great variety of implicit alterna-
tive embodiments, and the broad methods or processes and
the like are encompassed by this disclosure.

Further, each of the various elements of the invention and
claims may also be achieved in a variety of manners. This
disclosure should be understood to encompass each such
variation, be it a variation of an embodiment of any appa-
ratus embodiment, a method or process embodiment, or
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even merely a variation of any element of these. Particularly,
it should be understood that as the disclosure relates to
elements of the invention, the words for each element may
be expressed by equivalent apparatus terms or method
terms—even if only the function or result is the same. Such
equivalent, broader, or even more generic terms should be
considered to be encompassed in the description of each
element or action. Such terms can be substituted where
desired to make explicit the implicitly broad coverage to
which this invention is entitled. As but one example, it
should be understood that all actions may be expressed as a
means for taking that action or as an element which causes
that action. Similarly, each physical element disclosed
should be understood to encompass a disclosure of the
action which that physical element facilitates. Regarding
this last aspect, as but one example, the disclosure of a
“shield” should be understood to encompass disclosure of
the act of “shielding”—whether explicitly discussed or
not—and, conversely, were there effectively disclosure of
the act of “shielding”, such a disclosure should be under-
stood to encompass disclosure of a “shield” and even a
“means for shielding”. Such changes and alternative terms
are to be understood to be explicitly included in the descrip-
tion.

Any patents, publications, or other references mentioned
in this application for patent are hereby incorporated by
reference. In addition, as to each term used it should be
understood that unless its utilization in this application is
inconsistent with such interpretation, common dictionary
definitions should be understood as incorporated for each
term and all definitions, alternative terms, and synonyms
such as contained in the Random House Webster’s
Unabridged Dictionary, second edition are hereby incorpo-
rated by reference. Finally, all references listed in the
information statement filed with the application are hereby
incorporated by reference, however, as to each of the above,
to the extent that such information or statements incorpo-
rated by reference might be considered inconsistent with the
patenting of this/these invention(s) such statements are
expressly not to be considered as made by the applicant(s).

Thus, the applicant(s) should be understood to have
support to claim at least: i) each of the turbine devices as
herein disclosed and described, ii) the related methods
disclosed and described, iii) similar, equivalent, and even
implicit variations of each of these devices and methods, iv)
those alternative designs which accomplish each of the
functions shown as are disclosed and described, v) those
alternative designs and methods which accomplish each of
the functions shown as are implicit to accomplish that which
is disclosed and described, vi) each feature, component, and
step shown as separate and independent inventions, vii) the
applications enhanced by the various systems or components
disclosed, viii) the resulting products produced by such
systems or components, and ix) methods and apparatuses
substantially as described hereinbefore and with reference to
any of the accompanying examples, and x) the various
combinations and permutations of each of the elements
disclosed. Further, if or when used, the use of the transitional
phrase “comprising” is used to maintain the “open-end”
claims herein, according to traditional claim interpretation.
Thus, unless the context requires otherwise, it should be
understood that the term “comprise” or variations such as
“comprises” or “comprising”, are intended to imply the
inclusion of a stated element or step or group of elements or
steps but not the exclusion of any other element or step or
group of elements or steps. Such terms should be interpreted
in their most expansive form so as to afford the applicant the
broadest coverage legally permissible.
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I claim:

1. A vertically rotating water turbine, comprising:

a. a water-collecting base with a bottom surface defining
an area and a top surface defining an area wherein said
area of said bottom surface is larger than said area of
said top surface and wherein said top surface comprises
an energy-transfer element and wherein said water-
collecting base comprises an upward tapered base
having an angle to smoothly direct water currents;

b. a vertically rotating shaft with a top end and a bottom
end wherein said bottom end is mechanically connected
to said energy-transfer element;

c. an energy-utilizing device responsive to said shaft
through said energy-transfer element of the top surface
of said base;

d. a round top plate attached in the vicinity of the top end
of said vertically rotating shaft;

e. a round bottom plate that defines a diameter and is
attached to said vertically rotating shaft at a location
above the top surface of said base;

f. a plurality of vertically oriented torque generating
elements having outer edges and inner edges which are
located circumferentially around said vertically rotat-
ing shaft between said round top plate and said round
bottom plate and are attached to said round top plate
and said round bottom plate at their ends to form a cage
assembly;

g. a plurality of vertically oriented flat water directing
elements arranged circumferentially around said cage
assembly and adjacent to said outer edges of said
vertically oriented flat torque generating elements;

h. an open cover comprising concentric braces comprising

two side bearings; and

. a top shield having a central pivoting point and an outer

terminus above said side bearings of said open cover.

2. Avertically rotating water turbine as described in claim
wherein said angle to smoothly direct water currents is
between 20° to 45°.

3. Avertically rotating water turbine as described in claim

2 wherein said top surface of said base comprises a square

surface, wherein said bottom surface of said base comprises

8 corners and wherein said base comprises a special spacial

geometry that has planar surfaces connecting said bottom

surface to said top surface.
4. Avertically rotating water turbine as described in claim

1 wherein said vertically rotating shaft is responsive to said

cage assembly and passively rotates.

5. Avertically rotating water turbine as described in claim

1 wherein each of said plurality of vertically oriented torque

generating elements is solely attached to said round top plate

and said round bottom plate at its ends to form said cage
assembly.
6. A vertically rotating water turbine as described in claim

5 wherein each of said torque generating elements has at

least three differently oriented surfaces.

7. Avertically rotating water turbine as described in claim

6 wherein each adjacent pair of said differently oriented

surfaces comprises an angle wherein said angle is about

147°.
8. Avertically rotating water turbine as described in claim

7 wherein said plurality of said torque generating elements

comprises from 2 to 5 torque generating elements.

9. Avertically rotating water turbine as described in claim

8 wherein said torque generating elements are free from said

vertically rotating shaft wherein each of said inner edges of

said torque generating elements and said vertically rotating
shaft form a free space.

-
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10. A vertically rotating water turbine as described in
claim 9 wherein said free space comprises an exhaust space.

11. A vertically rotating water turbine as described in
claim 9 wherein said torque generating elements comprise
rotor blades.

12. A vertically rotating water turbine as described in
claim 11 wherein each of said rotor blades is about 4'8" in
height.

13. A vertically rotating water turbine as described in
claim 12 wherein said rotor blades immediately accommo-
date all water conditions from the full 360 degrees.

14. A vertically rotating water turbine as described in
claim 13 wherein said cage assembly comprises a rotor cage
assembly wherein said top round plate is a top rotor cage
plate and said bottom round plate is a bottom rotor cage
plate.

15. A vertically rotating water turbine as described in
claim 14 wherein said rotor blades are capable of imparting
rotation force upon said vertically rotating shaft indirectly
through said rotor cage assembly during periods of sufficient
water currents.

16. A vertically rotating water turbine as described in
claim 15 wherein said rotor cage assembly is capable of
responding to a change in current direction.

17. A vertically rotating water turbine as described in
claim 16 wherein said rotor blades have a double wall
design.

18. A vertically rotating water turbine as described in
claim 1 wherein said flat water directing elements are
attached to said base in equidistance pairs.

19. A vertically rotating water turbine as described in
claim 18 wherein said flat water directing elements comprise
at least two pairs.

20. A vertically rotating water turbine as described in
claim 19 wherein said flat water directing elements comprise
at least four pairs.

21. A vertically rotating water turbine as described in
claim 20 wherein each pair of said flat water direct elements
are circumferentially arranged on said base and comprise a
water current pathway with an entrance opening larger than
an exit opening toward said rotor blades.

22. A vertically rotating water turbine as described in
claim 20 wherein said flat water directing elements comprise
stationary stator blades.

23. A vertically rotating water turbine as described in
claim 22 wherein said stator blades comprise flat vertical
surfaces that have a minimal coefficient of friction when
water currents pass through them.

24. A vertically rotating water turbine as described in
claim 23 wherein said stator blades each face a specific
direction to sufficiently accommodate water current from
that specific direction.

25. A vertically rotating water turbine as described in
claim 24 wherein said stator blades comprise double walls.

26. A vertically rotating water turbine as described in
claim 1 wherein said open cover comprises an open stator
cage cover.

27. A vertically rotating water turbine as described in
claim 26 wherein said open stator cage cover comprises
concentric bearing races that have a center bearing and two
circular side bearings.

28. A vertically rotating water turbine as described in
claim 1 wherein said top shield comprises a laminated top
shield.

29. A vertically rotating water turbine as described in
claim 24 and further comprising a calm water surface which
forms a calm water area above at least a portion of said cage
assembly.
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30. A vertically rotating water turbine as described in
claim 29 wherein said calm water surface comprises a
convex surface on its up current side and a concave surface
on its downcurrent side, wherein said downcurrent side
forms said calm water area above said cage assembly.

31. A vertically rotating water turbine as described in
claim 29 or 30 wherein said calm water area comprises an
exhaust area.

32. A vertically rotating water turbine as described in
claim 31 wherein said top shield covers less than about one
third of said open cover area above said open cover.

33. A vertically rotating water turbine as described in
claim 32 wherein said central pivoting point of said top
shield is responsive to said central bearing of said open
cover, wherein said outer terminus is responsive to said outer
side bearing and wherein said top shield rotates in response
to water direction.

34. A vertically rotating water turbine as described in
claim 33 wherein said top shield enhances water harness and
wherein said top shield comprises a vane.

35. A vertically rotating water turbine as described in
claim 34 wherein said vane creates enough drag force to
rotate said top shield to a downcurrent position in response
to water directions and comprises double walls.

36. A vertically rotating water turbine as described in
claim 1 wherein said water turbine comprises a long axis
vertical turbine that is an omnicurrent turbine.

37. A vertically rotating water turbine as described in
claims 1, 6,12, 19, 25, 28, 36 wherein each of said elements
comprises a lightweight material.

38. A method of harnessing kinetic energy from water
currents, comprising the steps of:

a. providing a base on which a water turbine is set and in

which an energy utilizing device is located;

b. providing a torque generating device on said base
wherein said torque generating device comprises
torque generating elements, a top plate, a bottom plate
and a vertical shaft;

c. providing a kinetic energy cascade pathway wherein
kinetic energy from water currents is transferred from
said torque generating elements to said shaft via said
top and bottom plates;

d. directing water currents from slow to fast currents
regardless of direction onto said torque generating
elements;

e. compressing said water currents by gradually narrow-
ing their pathways toward said torque generating ele-
ments to generate compressed water currents;

f. collecting said compressed water currents;

g. moving said torque generating elements around said

shaft with said water currents;

h. generating a torque force using said kinetic energy;

i. converting said torque force into mechanical energy;

j. driving said energy utilizing device with said mechani-

cal energy; and

k. smoothly exhausting said water currents.

39. A method of harnessing kinetic energy from water
currents as described in claim 38 wherein said step of
providing abase comprises the step of improving structural
integrity of said water turbine by steadily attaching said
water turbine to said base.

40. A method of harnessing kinetic energy from water
currents as described in claim 38 and further comprising the
step of creating a free water passing area in said water
turbine.
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41. A method of harnessing kinetic energy from water
currents as described in claim 38 wherein said step of
providing a kinetic energy cascade pathway comprises the
step of utilizing a water directing base.

42. A method of harnessing kinetic energy from water
currents as described in claim 41 wherein said step of
providing a torque generating device comprises the step of
utilizing curved torque generating elements.

43. A method of harnessing kinetic energy from water
currents as described in claim 41 wherein said step of
providing a torque generating device comprises the step of
utilizing angled torque generating elements.

44. A method of harnessing Kinetic energy from water
currents as described in claim 43 wherein said step of
providing a kinetic energy cascade pathway comprises the
step of minimizing number of moving parts in said water
turbine.

45. A method of harnessing kinetic energy from water
currents as described in claim 44 wherein said step of
minimizing said number of moving parts in said water
turbine comprises the step of minimizing the number of said
angled torque generating elements.

46. A method of harnessing kinetic energy from water
currents as described in claim 45 wherein said step of
providing a torque generating device on said base comprises
the step of attaching said torque generating elements to said
top plate and said bottom plate at their ends.

47. A method of harnessing kinetic energy from water
currents as described in claim 46 wherein said step of
providing a torque generating device on said base comprises
the step of attaching said torque generating elements solely
to said top plate and said bottom plate at their ends.

48. A method of harnessing kinetic energy from water
currents as described in claim 47 wherein said step of
providing a torque generating device comprises the step of
efficiently utilizing water kinetic energy to generate said
torque force.

49. A method of harnessing kinetic energy from water
currents as described in claim 48 wherein said step of
efficiently utilizing water kinetic energy to generate said
torque force comprises the step of accommodating water
currents from the full 360 degrees.

50. A method of harnessing kinetic energy from water
currents as described in claim 49 wherein said step of
efficiently utilizing water kinetic energy to generate said
torque force comprises the step of accommodating all water
conditions from slow to medium to fast water conditions.

51. A method of harnessing kinetic energy from water
currents as described in claim 50 wherein said step of
accommodating comprises the step of reducing weight of
said water turbine by constructing said water turbine with
lightweight materials.

52. A method of harnessing kinetic energy from water
currents as described in claims 38, 41, 44, and 46 wherein
said step of providing a kinetic energy cascade pathway
comprises the step of combining said torque generating
elements, said top plate, said bottom plate and said vertical
shaft in a way that said torque force is transferred from said
torque generating elements to said vertical shaft indirectly
via said top plate and said bottom plate.

53. A method of harnessing kinetic energy from water
currents as described in claim 38 wherein said step of
directing water currents from slow to fast currents regardless
of direction onto said torque generating elements comprises
the step of defining pathways of said water currents.

54. A method of harnessing kinetic energy from water
currents as described in claim 53 wherein said step of
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compressing said water currents comprises the step of
concentrating strength of said kinetic energy.

55. A method of harnessing kinetic energy from water
currents as described in claim 54 wherein said step of
moving said torque generating elements comprises the step
of imparting high rotational velocity upon said vertical shaft.

56. A method of harnessing kinetic energy from water
currents as described in claim 54 wherein said step of
moving said torque generating elements comprises the step
of optimizing a rotating velocity of said vertical shaft.

57. A method of harnessing kinetic energy from water
currents as described in claim 56 wherein said step of
converting said torque force into mechanical energy com-
prises the step of transferring said torque force from said
vertical shaft to said energy utilizing device.

58. A method of harnessing kinetic energy from water
currents as described in claim 38 wherein said step of
efficiently collecting said water kinetic energy with said
torque generating elements comprises the step of efficiently
collecting kinetic energy from water currents from above
said water turbine.

59. A method of harnessing kinetic energy from water
currents as described in claim 58 wherein said step of
efficiently collecting kinetic energy from water currents
above said water turbine comprises the step of opening said
water turbine from its top.

60. A method of harnessing kinetic energy from water
currents as described in claim 54 wherein said step of
efficiently collecting kinetic energy from water currents
above said water turbine comprises the step of preventing
counter-prevailing water currents from imparting upon said
torque generating elements.

61. A method of harnessing kinetic energy from water
currents as described in claim 60 wherein said step of
preventing counter-prevailing water currents from imparting
upon said torque generating elements comprises the step of
shielding at least a partial opening area of said water turbine.

62. A method of harnessing kinetic energy from water
currents as described in claim 61 wherein said step of
shielding at least a partial opening area of said water turbine
comprises the step of providing a calm water area on a
downcurrent side with standard stability.

63. A method of harnessing kinetic energy from water
currents as described in claim 62 wherein said step of
preventing counter-prevailing water currents from imparting
upon said torque generating elements comprises the step of
shielding a downcurrent area above said water turbine.

64. A method of harnessing kinetic energy from water
currents as described in claim 38 wherein said step of
smoothly exhausting said water currents comprises the step
of building a free water current escape passway.

65. A method of harnessing kinetic energy from water
currents as described in claim 64 wherein said step of
smoothly exhausting said water currents comprises the step
of constructing a calm area with standard stability.

66. A vertically rotating water turbine, comprising:

a. a base with a bottom surface defining an area and a top
surface defining an area wherein said area of said
bottom surface is larger than said area of said top
surface and wherein said top surface comprises an
energy-transfer element and wherein said base com-
prises an upward tapered base having an angle to
smoothly direct water currents;

b. a vertically rotating shaft with a top end and a bottom
end wherein said bottom end is mechanically connected
to said energy-transfer element;

c. an energy-utilizing device responsive to said shaft
through said energy-transfer element of the top surface
of said base;
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d. a round top plate attached to said vertically rotating
shaft;

e. a round bottom plate that defines a diameter and is
attached to said vertically rotating shaft;

f. a plurality of vertically oriented flat torque generating
elements having outer edges and inner edges which are
localized circumferentially around said vertically rotat-
ing shaft at a space between said round top plate and
said bottom plate and are attached therein to said round
top plate and said bottom plate at their ends to form a
cage assembly;

g. a plurality of vertically oriented flat water directing
elements arranged circumferentially around said cage
assembly and adjacent to said out edges of said verti-
cally oriented flat torque generating elements;

h. an open cover comprising concentric braces; and

i. a dampening top shield above said open cover having a
central pivoting point and a convex front side surface
with an outer terminus above said concentric braces
above said open cover.

67. A vertically rotating water turbine as described in
claim 66 wherein said dampening top shield further com-
prises a shield of exhausting water against counter-
prevailing water currents.

68. A vertically rotating water turbine as described in
claim 66 further comprising a top shield vane wherein said
dampening top shield is responsive to said top shield vane.

69. A method of harnessing kinetic energy water currents,
said method comprising the steps of:

a. establishing a base on which a water turbine is set and
in which an energy utilizing device is located;

b. creating a torque generating device on said base
wherein said torque generating device comprises
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torque generating elements, a round top plate, a round
bottom plate and a vertical shaft;

c. creating a kinetic energy cascade pathway wherein said
kinetic energy is transferred from said torque generat-
ing elements to said shaft via said top and bottom
plates;

d. directing water currents from slow to medium to fast
currents regardless of direction onto said torque gen-
erating elements;

e. directionally compressing said water currents by gradu-
ally narrowing their pathways toward said torque gen-
erating elements to generate compressed water cur-
rents;

f. creating a top shield having an up current surface;

g. dampening said torque generating elements with said
top shield to accommodate high water force;
h. collecting said compressed water currents;
1. kinetically, vertically and axially imparting said torque
generating elements around a shaft with water currents;
j. generating a torque force using said kinetic energy;
k. converting said torque force into mechanical energy;
1. driving said energy utilizing device with said mechani-
cal energy; and
m. smoothly exhausting water.
70. A method of harnessing kinetic energy from water
current conditions as described in claim 69 wherein said step
of creating a top shield having an up current surface com-

prises the step of creating a calm water area with standard
stability.
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1
WATER WHEEL

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to a water wheel
and, more specifically, to a water wheel that gains its power
and momentum through water current acting upon a plural-
ity of paddles attached to hinges that open to a pre deter-
mined angle that are attached to the outer perimeter of a
wheel. The wheel consists of a central circular body member
with a plurality of spokes radiating from its outside perim-
eter that attach to the inside perimeter of an outer circular
body member. On the outside perimeter of the outer circular
body member a plurality of hinges with paddles are attached
that can only open to a pre determined angle from the wheel
that ensures water current is caught by the paddles on only
one side of the wheel which causes it to rotate. The kinetic
energy stored in the wheel while rotating is harnessed
through a drive shaft connected to the central circular body
member that connects to a generator placed perpendicular to
the central circular body member. To keep the generator and
drive shaft in place a plurality of support members, with
couplers for the drive shaft, are dug into the bed of the river
or ocean that the device is used in.

2. Description of the Prior Art

There are other water wheel devices designed for energy
production but while these water wheels may be suitable for
the purposes for which they were designed, they would not
be as suitable for the purposes of the present invention, as
hereinafter described.

SUMMARY OF THE PRESENT INVENTION

The present invention discloses a wheel-like member
consisting of a central circular body member having a
plurality of spokes radiating from its outside perimeter that
attach to the inside perimeter of an outer circular body
member. On the outside perimeter of the outer circular body
member a plurality of hinges with paddles are attached
thereto that can only open to a pre-determined angle “A”
from the wheel that ensures water current is caught by the
paddles on only one side of the wheel which causes the
wheel to rotate in only one direction. The kinetic energy
stored in the wheel while rotating is harnessed through a
drive shaft connected to the central circular body member
that connects to a generator placed perpendicular to the
central circular body member. To keep the generator and
drive shaft in place a plurality of support members, with
cross-member support couplers are disposed into the bed of
the river or ocean that the device is being used in.

A primary object of the present invention is to provide a
water wheel that may be used in an environment with
multiple water currents.

Another object of the present invention is to provide a
water wheel with a plurality of paddles with hinges attached
to its outside perimeter that only open to a predetermined
angle from the wheel.

Yet another object of the present invention is to provide a
water wheel that does not harm the wildlife or block current
greatly where it is used.

Still yet another object of the present invention is to
provide a water wheel that when paddles are closed may
direct water into open paddles.

Yet another object of the present invention is to provide a
water wheel with a drive shaft and generator that produces
power.
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Additional objects of the present invention will appear as
the description proceeds.

The present invention overcomes the shortcomings of the
prior art by providing a water wheel that when influenced by
current can rotate and produce power by usage of a plurality
of paddles with hinges that open to a predetermined angle
from the wheel, so that water current can be directed into and
caught by the open paddles. The present invention also
provides a water wheel that can be used in an environment
with multiple and alternating currents without blocking
water or harming the environment and wildlife.

The foregoing and other objects and advantages will
appear from the description to follow. In the description
reference is made to the accompanying drawings, which
form a part hereof, and in which is shown by way of
illustration specific embodiments in which the invention
may be practiced. These embodiments will be described in
sufficient detail to enable those skilled in the art to practice
the invention, and it is to be understood that other embodi-
ments may be utilized and that structural changes may be
made without departing from the scope of the invention. In
the accompanying drawings, like reference characters des-
ignate the same or similar parts throughout the several
views.

The following detailed description is, therefore, not to be
taken in a limiting sense, and the scope of the present
invention is best defined by the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

In order that the invention may be more fully understood,
it will now be described, by way of example, with reference
to the accompanying drawings in which:

FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.

1 is a perspective view of the present invention.
2 is a top view of the present invention.

3 is an isometric view of the present invention.
4 is a top view of the present invention.

5 is a top view of the present invention.

6 is a top view of the present invention.

7 is a top view of the present invention.

8 is a top view of the present invention.

9 is a side view of the present invention.

10 is an isometric view of the present invention.
11 is a perspective view of the present invention.
12 is an isometric view of the present invention.
13 is a side view of the present invention.

14 is an exploded view of the present invention.
15 is a top view of the present invention.

LIST OF REFERENCE NUMERALS

With regard to reference numerals used, the following
numbering is used throughout the drawings.
10 present invention
12 plant
14 flowing water
16 paddle
18 central body member
20 connection means
22 spokes
24 outer body member
26 hinge
28 stop member
30 wheel
32 obstruction
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34 drive shaft

36 generator

38 frame

40 support legs

42 bed

44 water line

46 crane loop

48 cross support member
50 debris deflector

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following discussion describes in detail one embodi-
ment of the invention and several variations of that embodi-
ment. This discussion should not be construed, however, as
limiting the invention to those particular embodiments.
Practitioners skilled in the art will recognize numerous other
embodiments as well. For a definition of the complete scope
of the invention, the reader is directed to the appended
claims.

FIG. 1 is a perspective view of the present invention
showing the present invention 10 in use in a large-scale
power plant or the like 12 with a plurality of the devices
being generally horizontally disposed and operating in a
river 14 or other body of flowing water.

FIG. 2 is a top view of the present invention showing the
present invention 10 having a plurality of paddles 16 with
which to capture the energy from the water current. Shown
therein is a central circular body member 18 which forms a
hub-like central member having a means for rotatable con-
nection 20 centrally disposed therein having a plurality of
spokes 22 radiating radially therefrom to an outer, wheel-
like, circular, ring-like body member 24 which may also be
referred to hereinafter as a wheel 30. It can be seen that the
panels 16 having means for connection or hinges 26 dis-
posed about the outer periphery of the outer circular body
member 24.

FIG. 3 is an isometric view of the present invention
showing the present invention 10 having a stopper member
28 to prevent the paddle 16 from opening more than the
predetermined angle. Hinge member 26 is also shown.

FIG. 4 is a top view of the present invention showing the
present invention 10 having a central circular body member
18 fixedly attached to an outer circular body member 24 by
multiple spokes 22. Also shown is a plurality of hinges 26
surrounding the outside perimeter of outer member 24 for
attachment of multiple paddles 16 thereto. A central con-
nection member 20 is also shown. Angle “A” indicates the
maximum angular opening of the paddles 16 with respect to
the tangent line of outer member 24.

FIG. 5 is a top view of the present invention 10 showing
the paddle 16 open to “A” degrees before engaging the
paddle opening delimiter or stop 28. It is believed that the
preferred embodiment angle “A” is about 30 degrees for
optimal performance being in the range of 25-35 degrees;
however, it is believed that other angles could also be
successfully utilized.

FIG. 6 is a top view of the present invention showing the
present invention 10 in operation with the current 14 coming
from a forward direction. Also shown are the paddles 16
opening to a predetermined angle to catch or capture the
current 14 on one side of wheel 30 while on the opposing
side the paddles are closed to deflect the current. Other
elements previously disclosed are also shown.

FIG. 7 is a top view of the present invention 10 showing
the present invention in operation with the current 14
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coming in the reverse direction. Also shown is the wheel 30
not changing its direction of rotation but instead conforming
to the change in current direction by having the paddles 16
open on the opposite side of outer member 24. Other
elements previously disclosed are also shown.

FIG. 8 is a top view of the present invention showing the
present invention 10 in operation with a plurality of devices
10 placed on the sides of existing obstructions 32 that water
flows 14 around. Other elements previously disclosed are
also shown.

FIG. 9 is a side view of the present invention showing the
present invention 10 having a drive shaft 34 with a generator
36 connected at its opposing side from the wheel 30 to
harness the kinetic energy produced by the wheel 30 while
it rotates. Also shown is a generally upright standing frame
member 38 having support members or legs 40 which are
mounted by penetration into the bed 42 of the river or the
like further showing the water line 44 of the water body.
Also shown is a crane loop 46 for lifting the present
invention. Other elements previously disclosed are also
shown.

FIG. 10 is an isometric view of the present invention 10
showing the present invention having a generator 36
mounted on the top portion of the wheel 30. Other elements
previously disclosed are also shown.

FIG. 11 is a perspective view of the present invention 10
showing the devices 10 in use in a large scale power plant
or the like 12 with a plurality of devices 10 operating in a
river or other body of flowing water 14.

FIG. 12 is an isometric view of the present invention 10
showing the present invention having a plurality of support
cross members or couplers 48 to hold the drive shaft 34
steady while in operation. Other elements previously dis-
closed are also shown.

FIG. 13 is a side view of the present invention showing
the present invention 10 having a drive shaft 34 with a
generator 36 connected at its opposing side from the wheel
30 to harness the kinetic energy produced by the wheel 30
while it rotates. Other elements previously disclosed are also
shown.

FIG. 14 is an exploded view of the present invention
showing the present invention 10 with all of its main
structural components exploded into their individual ele-
ments as previously disclosed.

FIG. 15 is a top view of the present invention showing the
present invention 10 having an addition of a debris deflector
50 that may be used to prevent damage to the wheel 30 that
may occur due to drifting debris. Other elements previously
disclosed are also shown.

I claim:

1. An apparatus for a water wheel for use in a flowing
body of water, comprising:

a) a wheel, said wheel being rotatable, said wheel being

generally horizontally disposed;

b) a central body member disposed internal of said wheel;

¢) a shaft upon which said wheel rotates;

d) a first means for connecting said wheel to said shaft;

¢) an outer body member disposed about said central body
member;

f) a second means for connecting said outer body member
to said central body member;

g) means for a plurality of paddles disposed on the
perimeter of said outer body member whereby energy
from the flowing body of water is captured;
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h) means for mounting the apparatus in a flowing body of
water whereby the apparatus is securely supported,

i) a hinge for connecting said paddles to said outer body
member, said hinge being disposed on the outer periph-
ery of said outer body member;

j) a stop being disposed on said hinge so that said paddles
open to a fixed maximum degree relative to a tangent
line of said outer body member;

k) means for a generator disposed on said shaft whereby
electricity is generated by the rotation of said wheel by
the body of water;

1) means for deflecting debris disposed proximate to said
wheel whereby contact with debris in the water body is
prevented; and

m) a crane loop being disposed on said top end of said
frame member, wherein said central body member is a
hub, said hub having an aperture therein, said aperture
receives said shaft, said first means for connecting said
wheel to said shaft further comprises said shaft con-

10

15

6

necting to said hub by using said aperture, said shaft is
disposed perpendicular to said wheel, said outer body
member is a ring disposed about said central body
member, said second means for connecting said outer
body member to said central body member further
comprises a plurality of spokes, said means for a
plurality of paddles further comprises said paddles
being generally perpendicular to said outer body
member, said paddles open to an angle of about 30
degrees relative to a tangent line of said outer body
member, said means for mounting further comprises a
generally upright standing frame member having the
apparatus disposed thereon, said frame member having
an upper end and a lower end, said lower end of said
frame member being disposed into the bed of the body
of water, said frame member further comprises at least
one supporting cross member.

ok ok ok
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1
HYDRO-ELECTRIC GENERATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to electricity generating
devices and more particularly pertains to a new hydro-
electric generator for producing electricity in areas of flow-
ing water.

2. Description of the Prior Art

The use of electricity generating devices is known in the
prior art. U.S. Pat. No. 3,644,052 describes a device for
producing electricity from the motion of waves. Another
type of electricity generating devices is U.S. Pat. No.
6,133,644 which utilizes the ocean’s surf to produce elec-
tricity.

While these devices fulfill their respective, particular
objectives and requirements, the need remains for a device
which is portable and can be positioned in any area where
water flow can be used for producing electricity.

SUMMARY OF THE INVENTION

The present invention meets the needs presented above by
using a barge type floatation device to mount generators on
to produce electricity where needed.

To this, the present invention generally comprises a
flotation device. An electric generator is mounted on the
floatation device. A paddle wheel is rotatably mounted to the
floatation device. The paddle wheel is mechanical coupled to
the electric generator. The floatation device is anchored in an
area of flowing water such that a current rotates the paddle
wheel and electricity is produced.

There has thus been outlined, rather broadly, the more
important features of the invention in order that the detailed
description thereof that follows may be better understood,
and in order that the present contribution to the art may be
better appreciated. There are additional features of the
invention that will be described hereinafter and which will
form the subject matter of the claims appended hereto.

The objects of the invention, along with the various
features of novelty which characterize the invention, are
pointed out with particularity in the claims annexed to and
forming a part of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be better understood and objects other
than those set forth above will become apparent when
consideration is given to the following detailed description
thereof. Such description makes reference to the annexed
drawings wherein:

FIG. 1 is a schematic perspective view of a new hydro-
electric generator according to the present invention.

FIG. 2 is a schematic perspective view of the present
invention.

FIG. 3 is a schematic top view of the present invention.

FIG. 4 is a schematic side view of the present invention.

FIG. 5 is a schematic cross-sectional view taken along
line 5—S5 of the present invention.

FIG. 6 is a schematic cross-sectional view taken along
line 6—6 of the present invention.

FIG. 7 is a schematic view of the present invention.

FIG. 8 is a schematic view of the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

With reference now to the drawings, and in particular to
FIGS. 1 through 8 thereof, a new hydro-electric generator
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embodying the principles and concepts of the present inven-
tion and generally designated by the reference numeral 10
will be described.

As best illustrated in FIGS. 1 through 8, the hydro-electric
generator 10 generally comprises providing a flotation
device 12 having a bottom wall 14, a top wall 16 and a
peripheral wall 18 extending between the top 16 and bottom
14 walls.

Each of a pair of electric generators 20 for producing
electricity is mounted on the top wall 16 of the floatation
device 12. The generators 20 are conventional generators.

Each of a pair of paddle wheels 22 is rotatably mounted
to the peripheral wall 18 of the floatation device 12. The
paddle wheels 22 are positioned on opposite sides of the
floatation device 12. Each of the paddle wheels 22 is
mounted on lone of a pair of axles 24. Each of a pair of belts
25 is positioned on and extends between one of the axles 24
and one of the generators 20. The generators 20 produce
electricity when the paddle wheels 22 turn the axles.

Each of a pair of gears 26 is positioned on one of the axles
24. Each of a pair of detents 28 is mechanically coupled to
one of the gears 26 such that the axles 24 are rotational in
only one direction.

The floatation device 12 is positioned in water 30 in an
area needing electricity. The water 30 needs to be moving
water such that a current is produced. The floatation device
12 is anchored in the water 30. The current causes the paddle
wheels to rotate. When the paddle wheels 22 rotate, the
generators 20 create electricity. Relays 32 are set up for
transferring the electricity produced over distances. Towers
34 may be built to accommodate for cliffs or other changes
in elevations.

With respect to the above description then, it is to be
realized that the optimum dimensional relationships for the
parts of the invention, to include variations in size, materials,
shape, form, function and manner of operation, assembly
and use, are deemed readily apparent and obvious to one
skilled in the art, and all equivalent relationships to those
illustrated in the drawings and described in the specification
are intended to be encompassed by the present invention.

Therefore, the foregoing is considered as illustrative only
of the principles of the invention. Further, since numerous
modifications and changes will readily occur to those skilled
in the art, it is not desired to limit the invention to the exact
construction and operation shown and described, and
accordingly, all suitable modifications and equivalents may
be resorted to, falling within the scope of the invention.

I claim:

1. A portable hydro-electric generator device comprising:

a flotation device having a bottom wall, a top wall and a
peripheral wall extending between said top and bottom
walls;

a pair of electric generators for producing electricity, each
of said electric generators being mounted on said top
wall of said floatation device;

a pair of paddle wheels, each of said paddle wheels being
rotatably mounted to said peripheral wall of said floata-
tion device, said paddle wheels being positioned on
opposite sides of said floatation device, each of said
paddle wheels being mounted on an axle, each of a pair
of belts being positioned on and extending between one
of said axles and one of said generators, wherein said
generators produce electricity when said paddle wheels
turn said axles;

a pair of gears, each of said gears being positioned on one
of said axles, each of a pair of detents being mechani-
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cally coupled to one of said gears such that said axles
are rotational in only one direction; and

wherein said floatation device is anchored in an area of
flowing water such that a current rotates said paddle
wheels and electricity is produced.

2. Amethod of producing electricity comprising the steps

of:

providing a flotation device having a bottom wall, a top
wall and a peripheral wall extending between said top
and bottom walls;

providing a pair of electric generators for producing
electricity, each of said electric generators being
mounted on said top wall of said floatation device;

providing a pair of paddle wheels, each of said paddle
wheels being rotatably mounted to said peripheral wall
of said floatation device, said paddle wheels being
positioned on opposite sides of said floatation device,
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each of said paddle wheels being mounted on an axle,
each of a pair of belts being positioned on and extend-
ing between one of said axles and one of said
generators, wherein said generators produce electricity
when said paddle wheels turn said axles;

providing a pair of gears, each of said gears being
positioned on one of said axles, each of a pair of detents
being mechanically coupled to one of said gears such
that said axles are rotational in only one direction; and

positioning said floatation device in an area of water;

anchoring said floatation device; and

rotating said paddle wheels with a current of water such
that a current rotates said paddle wheels and electricity
is produced.
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G7) ABSTRACT

The invention concerns a method which consists in: pre-
positioning, in a housing (7) of a flange (5), a bucket (2)
supported by part {23) of its outer surface (23) against an
edge (71) of the housing (7} providing a space (E') between
the convex surface (23B) of the outer radial part (2B) of the
bucket (2) and said edge (71); producing an articulated
linkage (15) of the bucket (2) on the rim (1) and/or the flange
(5) on the inside (2A) of the bucket (2); exerting on the outer
radial part (2B) of the bucket (2) a first calibrated force to
bring it closer to the edge (71); determining the distance (e)
between said outer radial part (2B) and said edge (71) under
said force; slackening said force; arranging, between said
outer radial part (2B) and said edge (71), a wedge (53)
having a thickness substantially equal to said distance (e);
and exerting on the outer radial part (2B) of the bucket a
second force (F,) to bringing it closer to the edge and
maintaining said second force (F.) which has an intensity
not less than that of the first force.

11 Claims, § Drawing Sheets




U.S. Patent Dec. 2, 2003 Sheet 1 of 5 US 6,655,919 B2

Fig.1



US 6,655,919 B2

U.S. Patent

o \ \ll \\_\z
L N ,.‘ : ﬁ/_mn_/ﬁ < —

. A\ w\\\

| “z1E

I
l 21C

DN
RN\

“&é\m@& g

o I‘ ___ ‘r\ 5




US 6,655,919 B2

Sheet 3 of 5

Dec. 2, 2003

U.S. Patent

23A



U.S. Patent Dec. 2, 2003 Sheet 4 of 5 US 6,655,919 B2




U.S. Patent Dec. 2, 2003 Sheet 5 of 5 US 6,655,919 B2

3

21D /1/

21C

21B

25/_\\

21

Fig.6

e\
LN~

121

Fig.7



US 6,655,919 B2

1

METHOD FOR ASSEMBLING A PELTON
TURBINE WHEEL

The invention relates to a method for assembling a Pelton
turbine wheel, to a bucket for such a wheel and to a wheel
equipped with such a bucket.

Pelton turbines are conventionally used for transforming
the kinetic energy of a fluid, such as the water of a waterfall,
into mechanical energy. Such transformation is effected by
rotating the turbine wheel under the effect of a tangential
force exerted, on buckets arranged on the periphery of a rim,
by a jet of water emerging from one or more injectors
distributed around the wheel.

International Patent Application WO-A-99/49213 dis-
closes using two annular flanges fast with the rim for
supporting the buckets of a Pelton turbine wheel, which
allows an optimalized distribution of the forces undergone
by the buckets, the mechanical stresses in that case no longer
being concentrated in a zone of fastening of the bucket on
the rim. In this known device, each bucket is in abutment, by
a convex surface, against radial arms of the flanges and
immobilized with respect to each flange thanks to a locking
SCrew.

The buckets of such a turbine wheel undergo a large
number of impacts due to the jets of driving fluid coming
from the injectors. The effect of these impacts is to apply
each bucket alternately on the radial arms against which it is
in abutment, which results in an alternate stressing of the
materials constituting the buckets and the flanges. In
addition, the surface abutment of the buckets on the flanges
necessitates a precise adjustment of the outer dimensions of
each bucket and of the corresponding housings provided in
the flanges. Such an adjustment does not allow interchange-
ability of the buckets, which accordingly renders manufac-
ture and maintenance of such a wheel complex.

It is a more particular object of the invention to overcome
these drawbacks by proposing a method for assembling a
wheel, as known from WO0-A-99/49213, which makes it
possible to avoid that the impacts of the jets of driving fluid
generate alternate fatigue and/or stressing of the bucket with
respect to the rim or to the flanges.

This method consists in:

pre-positioning, in a housing of a flange, a bucket sup-

ported by a part of its outer convex surface against an
edge of this housing, providing a space between the
convex surface of the outer radial part of this bucket
and this edge;

producing an articulated linkage of this bucket on the rim

and/or the flange on the inside of the bucket;
exerting on the outer radial part of the bucket a first
calibrated force to bring it closer to the flange;
determining the distance between this outer radial part
and this edge under this calibrated force;
slackening this calibrated force;
arranging, between this outer radial part and this edge, a
wedge having a thickness substantially equal to the
distance mentioned above, and

exerting on this outer radial part and maintaining a second

force to bring it closer to the edge, this second force
having an intensity greater than or equal to that of the
first force.

Thanks to the invention, the bucket mounted on the wheel
is subjected to a pre-stress formed by the second calibrated
force which has the effect of immobilizing it firmly with
respect to the flange and of compensating, with the wedge,
the spacing existing between the outer radial part of the
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bucket and the flange. After establishment of the pre-stress,
the wedge makes it possible to “filter” the dynamic forces
exerted on the bucket, particularly at the level of its outer
radial part. The use of a wedge, of thickness determined as
a function of the exact geometry of the bucket and of the
flange and of the reaction of the bucket to the first calibrated
force of bringing closer, makes it possible to envisage an
interchangeability of the buckets, only the thickness of each
wedge having to be adjusted precisely to the geometry of the
surrounding parts.

According to a first advantageous aspect of the invention,
the method consists in exerting the calibrated forces by
means of a locking screw received in a housing made in the
flange and penetrating in a tapping made in the outer radial
part of the bucket. The calibrated force may thus be exerted
by means of a torque wrench or any other controlled
tightening means and have a considerable intensity, particu-
larly in the case of a wheel of large diameter.

According to another advantageous aspect of the
invention, the afore-mentioned first and second calibrated
forces for bringing closer are substantially of the same
intensity. Thus, when the wheel is in mounted configuration,
each bucket is in abutment against the corresponding wedge
under the effect of the calibrated force used for determining
the thickness of this wedge. This assembly makes it possible
to obtain a constant force in the locking screws by filtering
the alternate forces due to the impacts of the jets of fluid.

The invention also relates to a turbine wheel bucket
carrying out the method as described hereinbefore and, more
specifically, to a bucket comprising a bi-concave surface for
flow of a fluid for driving the wheel and a convex surface
adapted to cooperate with at least one annular flange fast
with a rim of the wheel. This bucket is characterized in that
its convex surface forms at least one abutment zone located
against the flange and at least one zone distant from the
flange in an outer radial part of the bucket, this zone distant
from the flange being adapted to be brought closer to a part
of the flange located opposite by a calibrated force.

According to advantageous but non-obligatory aspects of
the invention, this bucket incorporates one or more of the
following characteristics:

The convex surface of the bucket also forms a zone distant
from the flange in an inner radial part of the bucket.
Thus, the localized abutment zone on the face is formed
solely in a central part of this convex surface, which
allows a certain displacement of the bucket in a radial
direction.

The bucket comprises, at the level of the outer radial part
and/or the inner radial part of its concave surface, at
least one guide adapted to give to the flow of the
afore-mentioned fluid a divergent component which is
accentuated with respect to a median edge of the
bucket. This guide makes it possible to avoid the fluid
in the course of flow striking a radial arm of the flange
disposed opposite the concave surface of the bucket.
This guide may be provided to be adapted to direct the
flow up to the level of a recess made in a radial arm of
the flange disposed opposite this concave surface. This
guide is advantageously formed by a rib extending,
from an outer radial end zone of the bucket, in the
direction of an inner radial part of the bucket, this rib
bordering the outer notch of the bucket.

Finally, the invention relates to a Pelton turbine wheel
which comprises a rim, at least one annular flange, fast with
the rim and provided with housings for receiving buckets,
and at least one bucket as described hereinbefore.

Such a wheel advantageously comprises, for this bucket
or for each bucket, a wedge disposed between the afore-
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mentioned distant zone and the flange, the bucket or each of
the buckets being subjected to a calibrated force of bringing
this distant zone and the flange closer.

According to another advantageous aspect of the
invention, the or each flange is provided with recesses for
flow of the fluid driving the turbine from the concave surface
of each bucket, the recesses being formed on an outer lateral
surface of the flange.

The invention will be more readily understood and other
advantages thereof will appear more clearly in the light of
the following description of two embodiments of a Pelton
turbine wheel in accordance with its principle, given solely
by way of example and made with reference to the accom-
panying drawings, in which:

FIG. 1 is a view in partial perspective of a Pelton turbine
wheel according to the invention.

FIG. 2 is a section along line II—II in FIG. 1.

FIG. 3 is a section along line III—III in FIG. 2 during a
first step of assembly of the wheel of FIG. 1, a plurality of
buckets being shown.

FIG. 4 is a view similar to FIG. 3 during a second step of
the method of assembly.

FIG. 5 is a view similar to FIG. 3 during a third step of
the method of assembly.

FIG. 6 is a view in partial perspective of the bucket of the
wheel of FIGS. 1 to 5.

FIG. 7 is a view similar to FIG. 6 for a bucket according
to a second embodiment of the invention.

The turbine wheel shown in FIGS. 1 to 6 comprises a rim
I and buckets 2, eighteen in number in the example shown,
distributed on the periphery of the rim 1. Each bucket
comprises two ladles or bowls 3 separated by a median edge
4 intended to be arranged opposite one or more water or
vapour injectors (not shown). The rim 1 is provided to be
mounted on a shaft for transferring the movement (likewise
not shown).

In order to render the drawing clearer, only one bucket has
been shown in FIG. 1.

Two ring-shaped flanges 5 and 6 are mounted on the rim
1 and contribute to holding the buckets 2 with respect to this
rim. The flanges 5 and 6 are respectively provided with
housings 7 and 8 in which the bowls 3 of the buckets 2 may
be inserted. Two bands 9 and 10 of continuous matter are
respectively formed in the outer peripheral zones of the
flanges 5 and 6. These bands 9 and 10 join radial arms 11 and
12 formed by the flanges 5 and 6, respectively between
adjacent housings 7 and 8.

Each bucket 2 is mounted on the rim 1 and the flanges 2
thanks to a pin 15 installed as a so-called “compound”
assembly and appearing more clearly in FIG. 2. This pin
comprises a slightly conical principal body 15A inserted in
a split sleeve 15B, itself introduced in corresponding bores
in flanges 5 and 6 and the rim 1. A locking screw 15C
cooperates with a washer 15D for tightening the pin 15 in
position.

Each bucket 2 defines two concave surfaces 21 and 22
between which extends the edge 4 along a radial axis X-X'
forming axis of symmetry of the bucket 2. The bucket 2 also
defines two convex surfaces 23 and 24 together forming the
outer surface of each bowl 3. Each bucket 2 comprises an
inner radial part 2A at the level of which it is connected with
the rim 1 and the flanges 5 and 6 by the pin 15. Each bucket
2 also comprises an outer radial part 2B located in the
vicinity of the bands 9 and 10 when the wheel is in mounted
configuration and in which there is defined an outer notch 25
allowing the injection of the jet of water in the bucket 2.

23A and 23B respectively denote the inner and outer
radial parts of the surface 23.
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As is more clearly visible in FIGS. 3 to 5, a heel or
projecting part 23C projects beyond the surface 23 with
respect to parts 23A and 23B, the heel 23C being formed in
an intermediate zone of the bucket 2.

The geometry of the surface 24 is similar to that of the
surface 23 and also comprises a projecting part or heel.

Each housing 7 is defined by a concave edge 71 and a
substantially rectilinear edge 72 between which is inserted a
bowl 3 of a bucket 2, the surface 23 of this bowl going
alongside the edge 71. Similarly, each housing 8 receives the
bowl 3 of the bucket 2 located on the left of axis X-X' in
FIG. 2.

As is more particularly visible in FIG. 3, the geometry of
the edge 71 and of the surface 23 is such that the surface 23
is in abutment against the edge 71 solely at the level of its
central zone or heel 23C, two spaces E and E' being
respectively formed between the part 23A and the edge 71,
on the one hand, and between the part 23B and the edge 71
on the other hand.

During the step of assembly of the wheel shown in FIG.
3, each bucket 2 is positioned in the corresponding housings
7 and 8 and the pin 15 is inserted in the corresponding bores
of the buckets of the rim and the flanges, without tightening
this pin, so that an articulated linkage is produced of each
bucket on the rim and the flanges.

There is then inserted in a housing 51 provided in the band
9 of the flange 5, a screw 52 whose shank traverses the
housing 51 and may be inserted in a tapping 23D provided
in the part 23B of the surface 23. The screw 52 is then
screwed with a torque wrench or other controlled tightening
means such as a pre-stress jack or a heating pipe, so as to
obtain a calibrated force for bringing closer the part 2B of
the bucket 2 and the edge 71 of the housing 7. One proceeds
in the same way concerning the second bowl of the bucket
2.

One is then in the position of FIG. 4 where a calibrated
force F, is exerted on the part 2B by the screw 52 and the
equivalent screw provided in the second flange 6. In this
configuration, the distance e existing between the part 23B
of the surface 23 and the edge 71 of the housing 7 is
measured. This distance ¢ may be different from one bucket
to the other taking into account the manufacturing tolerances
of the rim, the flanges and the buckets. The equivalent
distance between the outer part of the surface 24 and the
concave edge of the housing 8 is measured.

In practice, all the buckets 2 are positioned in the housings
7 and 8 and all the screws 52 and equivalent are progres-
sively tightened in logical order, in order to place all the
buckets under pre-stress F, for bringing closer their respec-
tive outer radial parts 2B with respect to the flanges 5 and 6
in order to ensure an overall symmetry. The distances e are
then measured, as these distances depend in particular on the
distribution of forces in the flanges 5 and 6.

When the distances e have been determined, wedges 53
are fashioned, of which each has a thickness equal to the
distance e between a bucket and the flange as defined
hereinbefore. Then, after having loosened the screws 52, i.e.
released the force F,, each of the wedges 53 is positioned
between the bucket 2 and the edge 71 or equivalent of the
housing 7 or 8 in which it is inserted and for which the
wedge 53 has been fashioned. In other words, each wedge 53
is intended for a couple formed by a bucket 2 and a housing
7 or 8.

When the wedge 53 is in place, the screws 52 and
equivalent are tightened again, with a calibrated force F, of
intensity greater than or equal to that of the force F, used
previously. The outer radial part 2B of each bucket 2 is thus
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subjected to a force F, for bringing closer this part with
respect to the edge 71 or equivalent of the housing.

As the force F, is at least as intense as the force F,, one
is sure that the part 23B of the surface 23 is in firm abutment
against the wedge 53 which is itself in firm abutment against
the edge 71 of the housing 7 or equivalent. Each bucket is
thus subjected to a pre-stress F, which applies it efficiently
against the flange, in pivoting about the axis of the pin 15.
Each bucket 2 is therefore firmly maintained in position and
does not risk oscillating under the effect of the impacts of the
fluid issuing from the injectors.

The pins 15 are then tightened so that the articulated
linkage created at their level is locked.

At the end of assembly, the bucket 2 may be modelized
like a beam articulated towards the pin and in abutment on
the central zones 23¢ and equivalent while it is subjected to
a force of application against the edge 71.

As is more particularly visible in FIG. §, each bucket 2 is
subjected to a force of reaction R by the flange 5 or 6 and
to the force F,, the force F, having an intensity equal to the
section of the screw 52 multiplied by the force of tightening.

In the case of a screw of type M16 tightened to 200 MPa,
the force F, has a value defined as follows:

F,=144 mm>x200 MPa=28 800 N

The tangential component F'; of the force F, is equal to
F',=F,xcos (o) where o is the angle of the force F, with
respect to the reaction R. Assuming o to be equal to 30°, one
obtains:

F',=24 940 N.

At equilibrium, the pre-stress exerted by the force of
reaction R on the bucket 2 which results from the component
F', may be expressed as a function of the distances d; and
d, defined respectively between the pin 15 and a point of
application of the reaction R and between the pin 15 and the
point of application of the force F, such that

R=F",xd,/d,.

Furthermore, the force of the impact exerted by the jet on
each bucket 2 may be determined by calculation and it
suffices to choose the force of tightening of the screws 52
and equivalent and the ratio d,/d; for the force R to be
permanently greater than or equal to the force undergone by
the bucket under the effect of the impact mentioned above.
A safety coefficient of the order of 1.5 may, for example, be
used.

Thus, each bucket is firmly maintained in position with
respect to its environment and the material constituting it is
not stressed in fatigue by the impacts that it undergoes.

The method of the invention is efficient as long as the
force F, is greater in value than the force F,, which makes
it possible to ensure that each bucket 2 is effectively applied
against the adjacent wedge 53 or equivalent.

According to an advantageous variant of the invention,
the forces F, and F, may be substantially equal, in which
case the screws 52 and equivalent are not subjected to a high
elongation force while each bucket is efficiently maintained
in position.

The fact that a space E is provided between the part 23A
of the surface 23 and the edge 71 ensures that the system
formed by a bucket 2 and a flange 5 or 6 is isostatic.

As is more particularly visible in FIGS. 2 and 6, the outer
radial parts 21B and 22B of the concave surfaces 21 and 22
are each provided with a rib 21C or 22C adjacent the notch
25. The function of these ribs is to deviate the flow of water
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represented by arrow F; in FIG. 2 towards the outside of the
space E" defined between the flanges 5 and 6.
In order to avoid the flow of water deviated by the ribs
21C and 22C striking the rectilinear edges 72 and equivalent
of the housings 7 and 8, these edges are provided, on the
outer faces 5A and 6A of the flanges 5 and 6, with recesses,
73 for the edges of housings 7 and 83 for the edges of
housings 8. Thanks to these recesses 73 and 83, the flow of
water F; may be evacuated without generating a force of
braking of the wheel which might occur if the water flowing
over the surfaces 21 and 22 struck the edges 72 and
equivalent of the housings 7 and 8.
As is more particularly visible in FIG. 6, the rib 21¢ has
a depth and a thickness which decrease on moving away
from the edge 21D of the surface 21.
As shown in FIG. 7, the function of the rib 21¢ may also
be obtained by a concave zone 121C provided in the outer
radial part 121B of the concave surface 121 of a bucket in
accordance with a second embodiment.
Towards the inner part 21A or 22A of the surfaces 21 and
22, the latter are provided with a lining 21E or 22E making
it possible also to divert the flow F; towards the outside of
the flanges 5 and 6, without interference with the rectilinear
edges of the housings 7 and 8.
As before, recesses 74 and 84 may be provided on the
flanges 5 and 6, at the level of the edges of the housings 7
and 8, to avoid an interference between the flow F; and these
edges. In a variant, the linings 21E and 22E extend up to
outside the flanges 7 and 8, with the result that it is not
necessary to provide recesses in the inner parts of the arms
11 and 12.
The invention has been described with a turbine wheel
comprising a rim and two flanges added on this rim. It is also
applicable to the case of the rim being formed by two
half-rims each integrating an annular part forming flange, as
described in the second embodiment of WO-A-99/49213
and, more generally, to any turbine wheel comprising a rim
and at least one flange.
What is claimed is:
1. Method for assembling a turbine wheel of Pelton type
comprising a rim (1), a plurality of buckets (2) distributed
over the periphery of this rim and at least one annular flange
(5, 6) fast with said rim and provided with housings (7, 8)
for receiving said buckets, characterized in that it consists in:
pre-positioning, in a housing (7) of said flange, a bucket
(2) supported by a part (23C) of its outer convex
surface (23) against an edge (71) of said housing,
providing a space (E') between the convex surface
(23B) of the outer radial part (2B) of said bucket and
said edge (71);

producing an articulated linkage of said bucket (2) on the
rim and/or said flange (5) on the inside (2A) of said
bucket;

exerting on said outer radial part (2B) of said bucket a first

calibrated force (F,) to bring it closer to said flange;
determining the distance (¢) between this outer radial part
(2B) and this edge (71) under said force (F,);
slackening said force (F,);
arranging, between said outer radial part (2B) and said
edge (71), a wedge (53) having a thickness substan-
tially equal to said distance (¢), and

exerting on said outer radial part (2B), and maintaining a

second force (F,) to bring it closer to said edge (71),
said second force (F,) having an intensity greater than
or equal to that of said first force (F,).

2. Method according to claim 1, characterized in that it

consists in exerting said calibrated forces (F,, F,) by means
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of a locking screw (52) received in a housing (51) made in
said flange (5, 6) and penetrating in a tapping (23D) made
in the outer radial part (2B) of said bucket (2).

3. Method according to claim 1, characterized in that said
first and second calibrated forces (F,, F,) for bringing closer
are substantially of the same intensity.

4. Pelton turbine wheel bucket comprising a bi-concave
surface (21, 22) for flow (F;) of a fluid for driving said wheel
and a convex surface (23, 24) adapted to cooperate with at
least one annular flange (5, 6) fast with a rim (1) of said
wheel, characterized in that said convex surface (23) forms
at least one abutment zone (23C) located against said flange
(5, 6) and at least one zone (23B) distant from said flange in
an outer radial part (2B) of said bucket (2), said zone (23B)
distant from said flange being adapted to be brought closer
to a part of the flange located opposite, by a calibrated force
(F,, F).

5. Bucket according to claim 4, characterized in that said
convex surface (23, 24) forms a zone (23A) distant from said
flange (5, 6) in a radial part (2A) inside said bucket (2).

6. Bucket according to claim 4, characterized in that it
comprises, at the level of the outer radial part (21B,22B)
and/or the inner radial part (214, 22A) of its concave surface
(21,22), at least one guide (21C,22C,21E,22E) adapted to
give the flow (F;) of said fluid a divergent component
accentuated with respect to the median edge 94) of said
bucket (2).
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7. Bucket according to claim 6, characterized in that said
guide (21C, 22C, 21E, 22E) is adapted to direct said flow
(F5) up to the level of a recess (73, 74, 83, 84) made in a
radial arm (11, 12) of said flange (5, 6) disposed opposite
said concave surface (21, 22).

8. Bucket according to claim 7, characterized in that said
guide is formed by a rib (21C,22C) extending, from an outer
radial end zone (2B) of said bucket (2), in the direction of
an inner radial part (2A) of said bucket, this rib bordering an
outer notch (25) of said bucket.

9. Pelton turbine wheel comprising a rim (1) and at least
one annular flange (5,6) fast with said rim and provided with
housings (7,8) for receiving buckets, characterized in that it
comprises at least one bucket (2) according to claim 4.

10. Turbine wheel according to claim 9, characterized in
that it comprises, for said bucket (2) or each of said buckets,
a wedge (53) disposed between said distant zone (23B) and
said flange (5, 6), said bucket or each of said buckets being
subjected to a calibrated force (F,) for bringing said distant
zone and said flange closer.

11. Turbine wheel according to claim 10, characterized in
that said or each flange (5,6) is provided with recesses
(73,74,83,84) for flow of the fluid driving the turbine from
the concave surface (21,22) of each bucket (2), said recesses
being formed on an outer lateral surface (5A,6A) of said
flange (5,6).
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4167240, 134 R, 135, 88, 89, 111-112, the turbine, the blades will be constricted by the side wall of
116, 117, 119; 418,268  the housing and thereby moved to the closed position as they
approach and pass the upper portion of the housing side
(56) References Cited wall, and will move to the open position under force of
gravity, water and centrifugal force acting on them as they
U.S. PATENT DOCUMENTS move below the axis of rotation of the runner to the lower
109335 A * 11/1870 Morgan 415/141 position, all the time the housing side wall acting on the
22757 A * 5/1880 Read ....... 4157141 outer sides of the blades.
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1
LOW HEAD WATER TURBINE

FIELD OF THE INVENTION

The present invention relates to an improvement in low
head water turbines, and more particularly to turbines which
can capture energy from heads of water from about six
meters, down to about one meter, for use, for example, in
generating electricity.

BACKGROUND OF THE INVENTION

Traditionally, low head water turbines have been of an
open type, as exemplified for example by conventional
water wheels, and have had extremely low efficiency. This
has meant, for example, that sections of small rivers having
a low head or drop, have been unsuitable for generation of
hydro electric power. Conventional power generation tur-
bines such as Francis turbines, Kaplan turbines and Peleton
turbines traditionally require high heads of water to generate
the water pressure and velocity required to move the turbine
blades. Such arrangements have necessitated large dams,
construction of flumes and the like, necessitating, often,
massive capital expenditure.

The present invention is intended to provide a more
efficient construction of turbine which can be economically
constructed, and which will operate at higher efficiency,
making it suitable for low head electric power generation
applications.

SUMMARY OF THE INVENTION

In accordance with the present invention there is provided
a low head water turbine comprising a runner having a
cylindrical outer surface extending between opposite ends
and a plurality of similar blades having inner and outer sides
extending to the ends. The blades are evenly spaced about
the surface of the runner and extend to the ends of the runner.
The blades are similarly pivotably secured along their inner
sides to the outer surface of the runner so as to pivot in the
direction of rotation of the runner between a closed position
lying adjacent the outer surface of the runner and an open
position at an angle thereto. A housing having end walls and
a rounded side wall extending therebetween, completely
encases the runner and its blades. End walls of the housing
are proximal to the ends of the runner. The runner is
eccentrically mounted to the end walls of the housing for
rotation about a horizontal axis so that the cylindrical outer
surface of the runner is spaced closer to an upper portion of
the housing side wall and farther from a lower portion. A
water inlet opening is located in a lower, forward portion of
the housing, below the axis of rotation of the runner. A water
outlet opening is located in a lower, rearward portion of the
housing. The blades are constructed and positioned so that,
during operation of the turbine, the blades will be constricted
by the side wall of the housing and thereby moved to the
closed position as they approach and pass the upper portion
of the housing side wall, and will move to the open position
under centrifugal force and the force of gravity and water
acting on them as they move below the axis of rotation of the
runner to said lower position, all the time the housing side
wall acting on the outer sides of the blades.

The turbine of the present invention, in tests, has proven
to operate at about 85 percent efficiency, an efficiency which
is far higher than conventional low head water turbines.
Unlike conventional low head turbines which must be
constructed on a site-specific basis, the turbine of the present
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2

invention may be made in modular form to a uniform design
and size. A plurality of similar turbines may be placed in a
stream in series or parallel fashion to generate additional
power.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other objects and advantages of the invention
will become apparent upon reading the following detailed
description and upon referring to the drawings in which:

FIG. 1 is a schematic view of a water turbine according
to the present invention in a low head stream arrangement;

FIG. 2 is a schematic side view, in section, of the turbine
according to the present invention;

FIG. 3 is a schematic perspective partial view of the
runner of the turbine of FIG. 2;

FIG. 4 is a section view along the line 4—4 of FIG. 2
showing the up stream, entrance to that turbine;

FIG. 5 is a section view along the line 5—5 of FIG. 2
showing the down stream exit of the turbine of the present
invention;

FIG. 6 is a schematic side section view of an alternative
embodiment of runner for a turbine according to the present
invention.

While the invention will be described in conjunction with
its illustrated embodiments, it will be understood that it is
not intended to limit the invention to such embodiments. On
the contrary, it is intended to cover all alternatives, modifi-
cations and equivalents as may be included within the spirit
and scope of the invention as defined by the appended
claims.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following description, similar features in the draw-
ings have been given similar reference numerals.

Turning to FIGS. 1 and 2 there is illustrated a low head
turbine (2) according to the present invention receiving
water input from a stream (4).

Turbine (2) comprises a runner (6) having a cylindrical
outer surface (8) extending between opposite ends (10). A
plurality of similarly shaped and sized blades (12), having
inner sides (14) and outer sides (16) extending between ends
(10) are spaced evenly about the surface (8) of runner (6) as
illustrated, and extend between the ends (10) of runner (6).
Along the outer side (16) are preferably secured strips (18)
of a low friction plastic. The inner sides (14) of blades (12)
are pivotally secured at pivots (22) to the outer surface (8)
of runner (6), in such a manner that the blades can pivot in
the direction of rotation of the runner, between a closed
position lying adjacent the outer surface (8) of the runner
and an open position at an angle thereto. Appropriate biasing
means (23) in the form of a spring, resilient cushion or
counter weights (not illustrated), may be associated with
each blade (12) and cylindrical outer surface (8) so as to
normally urge the blades to open position.

A housing (24), having end walls (26) and a rounded side
wall (28), which may be of circular or irregularly rounded
shape in cross section, completely encases runner (6), with
the end walls (26) of the housing being proximal to the ends
(10) of the runner (6). Runner (6) is eccentrically mounted,
as can be seen in FIG. 2, to housing end walls (26), within
the housing for rotation about a horizontal axis so that, in
operation, runner (6) is spaced closer to an upper portion
(30) of the housing side wall (28) and further from a lower
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portion (32) of that housing side wall. A water inlet (34) is
provided in housing sidewall (28) as illustrated (FIG. 4),
instead of being a single large opening, inlet (34) is formed
by a plurality of slots (36) which thus act like a grating
which can support blades (12), as will be described
subsequently, during operation of the device. Slots (36) may
be formed as illustrated so that the area thereof increases
progressively from top to bottom of inlet (34) so as to permit
progressively greater inflow of water from the top to bottom,
although this construction is optional. Water inlet opening
(34) is located, as can be seen in FIG. 3, in a lower, forward
portion of side wall (28) of housing (24), below the axis of
rotation A of the runner, although the opening may also
extend above that axis.

A water outlet opening (38) is provided in a lower,
rearward portion of side wall (28) of housing (24) as
illustrated (FIG. 5), outlet (38) similarly formed by a plu-
rality of spaced slots (40) in the side wall (28) of housing
24).

In the alternative embodiment illustrated in FIG. 6, blades
(12) are secured to the runner in diametrically opposite pairs
and mechanical links (42) are provided between arms (44)
connected to the diametrically opposed pairs of blades (12),
in such a manner that movement of one blade (12) from open
to closed position, in each such pair, causes movement of the
diametrically opposed blade from closed to open position. In
this way, opening of blades (12) is facilitated.

In operation, because of the eccentrically mounted runner
(6) within housing (24), as water from inlet (34) flows
against opening blades (12) in the lower, forward (upstream)
portion of housing (24), runner (6) is moved about axis A in
a clockwise motion. Blades (12), with their outer sides (or
strips (18) attached thereto) being constricted by the inner
surfaces of side wall (28) of housing (24), are moved to
closed position as they approach and pass the upper portion
(30) of housing side wall (24) and are moved to open
position under centrifugal force and the force of gravity and
water (and action of links (42) and arms (44) or counter-
weights (not illustrated) if they are present), as the blades
move below the axis of rotation A to the lower portion (32)
of housing (24).

Because the flow of water into housing (24) through inlet
opening (34) is directed at the blades in the lower portion of
housing (24), and because there is little opportunity for
water to escape between the ends of the blades and the ends
of the housing, and between the outer edges of the blades
and the corresponding inner surface of the side wall of the
housing in the lower portion of the housing, most of the
water flowing into the housing is able to effectively and
efficiently bear against blades (12) in their open position in
this lower section of the housing, thereby causing rotation of
runner (6). It is essentially the eccentric mounting of runner
(6) within housing (24), and the pivoting blades, necessi-
tated by the eccentric mounting of runner (6) which leads to
the increased efficiency of operation of this turbine.

In some arrangements of turbine (2), a flow of water may
have to be brought into inlet openings (34) by way of a pipe
(46) (FIG. 1).

A plurality of turbines (2) as described may be placed in
a waterway in either down stream (series) or side-by-side
(parallel) arrangement. The series and parallel arrangements
are suitable for different applications and provide different
advantages, depending upon the characteristics of a particu-
lar stream location.

Conventional means of converting the mechanical energy
from the rotation of the runner (6) to electrical energy may
be combined with the turbine for production of electricity.
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Thus, it is apparent that there has been provided in
accordance with the invention a low head water turbine
device that fully satisfies the objects, aims and advantages
set forth above. While the invention has been described in
conjunction with illustrated embodiments thereof, it is evi-
dent that many alternatives, modifications and variations
will be apparent to those skilled in the art in light of the
foregoing description. Accordingly, it is intended to embrace
all such alternatives, modifications and variations as fall
within the spirit and broad scope of the invention.

What we claim as our invention:

1. A low head water turbine comprising:

(a) a runner having a cylindrical outer surface extending

between opposite ends;

(b) a plurality of similar blades having inner and outer
sides extending to the ends, the blades evenly spaced
about the surface of the runner and extending to the
ends of the runner, the blades similarly pivotably
secured along their inner sides to the outer surface of
the runner so as to pivot in the direction of rotation of
the runner between, closed position lying adjacent the
outer surface of the runner and an open position at an
angle thereto;

(¢) a housing having end walls and a rounded side wall
extending therebetween, completely encasing the run-
ner and its blades, the end walls of the housing being
proximal to the ends of the runner, the runner eccen-
trically mounted to the end walls of the housing for
rotation about a horizontal axis so that the cylindrical
outer surface of the runner is spaced closer to an upper
portion of the housing side wall and farther from a
lower portion thereof;

(d) a water inlet opening located in a lower, forward
portion of the housing and below the axis of rotation of
the runner; and

(e) a water outlet opening located in a lower, rearward
portion of the housing;

the blades constructed and positioned so that, during opera-
tion of the turbine, the blades will be constricted by the side
wall of the housing and thereby moved to the closed position
as they approach and pass said upper portion of the housing
side wall, and will move to the open position under cen-
trifugal force and the force of gravity and water acting on
them as they move below the axis of rotation of the runner
to said lower position, all the time the housing side wall
acting on the outer sides of the blades.

2. A turbine according to claim 1, wherein the blades are
curved along a transverse axis so as, when in the closed
position, to conform to the surface of the runner.

3. A turbine according to claim 1, wherein the inlet
opening is formed by series of spaced slots in the wall of the
housing.

4. A turbine according to claim 3, wherein the total area
of the spaced slots progressively increases from top to
bottom of the inlet opening so as to permit progressively
greater inflow of water from top to bottom of said inlet
opening.

5. A turbine according to claim 3, wherein the outlet
opening is formed by a series of spaced slots in the wall of
the housing.

6. A turbine according to claim 4, wherein the outlet
opening is formed by a series of spaced slots in the wall of
the housing.

7. A turbine according to claim 1, wherein elongated
flexible strips are secured to the outer sides of the blades,
during operation so as to reduce passage of water between
the outer sides of the blades and the housing wall.
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8. A turbine according to claim 7, wherein the strips are
made of a low friction plastic.

9. A turbine according to claim 1, wherein the blades are
secured to the runner in diametrically opposed pairs and
linkage means are provided between the diametrically
opposed pairs, whereby movement of one blade progres-
sively from the open to the closed position causes corre-

6

sponding progressive movement of the diametrically
opposed blade from the closed to the open position.

10. A turbine according to claim 1, wherein the blades are
provided with means to bias them towards the open position.
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(57 CLAIM

The ornamental design for a paddle wheel, as shown
and described.

DESCRIPTION

FIG. 1 is a front perspective view of a paddle wheel
showing my new design;

FIG. 2 is a rear elevational view thereof;

FIG. 3 is a side elevational view thereof, the opposite
side elevational view being a mirror image of that
shown;

FIG. 4 is a front elevational view thereof;

FIG. 5 is a rear perspecitve view of a second embodi-
ment of the paddle wheel; and,

FIG. 6 is a side elevational view of FIG. §, the opposite
side elevational view being a mirror image of that
shown.
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