


UNITED STATES PATENT OFFICK

Spe~fication of Letters Patent No. 3~1~ dated November ~ 1844.

To ~l~ ~homitmay concern: I on each side ihe whe’el race, abreastof or at

mode~maker and machinist, have invented
5 and made cerNin new and useful impmy~

lo improvements bent that such mills shall
be able to work w~h ~ ~ss of fime and
~ more ~uM~ and continuously effective
thanby any arrangemen~ now m use ~o my

of the mi~pond ~all ~ways run one way:
in ~e race. wh~her the tide be NNng or
fallN~ and the wheel or wheals are made
to rise and fall w~thewa~er so that no

~f eaehna~e eolleefiv~y asfidei these ~m;~a~i~

and further knowye that the said improv~
ments and ~e mode of eonstruetin~ at-

of this ~~o~ wherein--

35 lengthwise ~eHne A, B, Fi~:l; Fi~ 3,

~ugh the wheal; Fi~ ~, N a cross sec-

through the whe~ i Fig.~ N a plan of the
wheal race, w~ero~fide gat~ and parts
near the found~tio~ o~ the dam w~: and
Wheal raee~ and bdow the ~ne~, ~, Fi~ ~

45 and the same l~ters numbers ~nd other
marks d refetenc~ app~ ~ t~e Hke par~
in all the se~rM figure~

form the wheal race E~ ~nd as will be seen

55 any number 0f whed~ ~h~ the ~n~.h will
convenien~y receive ~ In each of £hese wall~.

bui]t so as to form a l~t, or opening F,
from the surface, down ~o the foundation, 60
but constructed with openings in the base~
next the race at ~ see the Figs. 2, 3. and ~

these may be made of wood, or metal, or
both,of a proper size to floa~ and thereby
maintain a uniform heigh~ above the water
in the centers Of the standards or frames
b, 5(, these are secured in any convenient 70
way on the caissons G, G’. and are fitted
w~hjournal boxes 1,1, at a proper or pro-
por~onal height, ~o receive the Shaft ~ of
the main fide wheel H, and a curved open-
ingat ~ shownbydottedSnes in Fig, 2, as
cut into the inner p~ wal]~ allows the shaft
~ ~o rise and fall with the fide, in. the proper
line of motion: On each outer end of the
shaft ~ ~ a spur wheal d~ or dr, these re-
spectivdy gear into dNving wheals e, e’,
on the ends of ashaft ~ see Figs. 1, 2, and 3,
which ~ mounted on journal boxes 2, ~ on

standardSwalls of t~ ’~mSeeurely; Two radiusfitted on ~hebars h~ h’,s°5d
are connected by boxes, ~rap~ gib~ and s5

~:~: the3’ ~proper zelafive positionst° the shafts ~and ~ an~etweenmain-

theeenters of the shafts ~, and f, and wheeN
H, d, and e. these bars ~ h’, may be best
made, with N~ht and left handedserews in

:fitted, bu~ any other convenient means may

G, G’, at each period of the fide, ~wo cir-
cular groovesS, 5, shown in Fig. 1,in plac~

on the corresponding parts of the caissons,
see the detached Fig. 6, where these are
showm sectionally, in place in the pit and

from, the upper and lower halves of-the
Hne of motion, in the caisson. Two stand-lle
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curedtw° smallone pulleYSend by 8’anreCeiVeeye toehainSthe standards6’ 6, se-

c°unterp°isettleir eqMpments,the caiss°nSin such aandway,Whed’that ~
Nse and fa~ of the tide shall have a regu-
lar and equal effect on the main wheel H;

10 the frames ~. ~’. a~ ether end of the race.
form ~ides for flood gates Z, 1, to shut out
the wate~ for adjustment, or repairs, and
these gates are connected by ehMns ~, see
Figs. 1 and 2, going over roller sheaves n,

15 ratchets~’, to winchesand pawls,m, ~’,andfittedmountedwithinPs~

ards g, on the race walls C, and D.
The method of giving a current in the

same direction on both the flood and ebb
20 tide is now to be described. The single tide

gate I, Fig’. 1, is shown, in th~ figure, as
hung to a competent suppor~ in the bank
or wa~ at A, Fig. 1, and closed against the
inner dam wall D. admitting the eurren~ of

25 the N~ng’, or flood fid~ from the fide NdeT.
of the dam wall C, to run through the race
E. and carry the wheel I-I, in the direction
shown by the arrows 12; the outer curren~
gate X, is shown, shut. from the outer dam
wall C, to a shutting jamb fitted to receive
g in the bank or wall a~ B, Fig’. 1, where
it is kep~ by the pressure, caused by the
external, or tide water, at T, being higher
than that in the miH pond at ~. the inner
eurren~ gate L, being open, to pass the wa-
ter from the race ~o the pond M, so that the
eurren~ running through the race E. ear-
ties the wheel H, as shown by the arrows 1~,
Fig. 1, and fills the pond M, supplying a
water power to run ou~, when the external

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 eurren~ gate L is shown as closed.
to prevent the water in the pond, passing
by .that end of the inner dam, and will re-
mam shut, by the internal water, so long
as that in the pond M. is higher, than the
4xternal, or falling fide water, at T, and
the outer eurren~ gate K, is shown as open,

In fitting the caissons, I do not mean to
confine, or limit myself to the mode shown.

use any other convenient mechanical means,

Of flotation than is required, a small eoek
may be fitted, to adm~ so much watch as is
needful m load the caissons to the required
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keep any such leakage pumped out; and as
before premNed I do not intend to confine.
or limit mysel~ to the construction of dam~
whose length shah be only competent to re-
ceive one whe~, with its equipments, bu~I 75
intend to make the double dam walls, and
miH race as long’, as the localities of situa-
tion will allow, and work any number of
whe~ that the dam wal~ w~l receiv~ plac-
ing the tide gate at one end, and the current s0
gates at the other end of the dams, whatever
fl~eir length may be. It will be seen, that
with any number of wheels, thus fitted, no
interruption will take place in the work, ex-
cept at the dead low wate~ or high water s5
of each fide, for the instant the water, on
either side the dam~ is higher than on the
opposite side the-tide gate I, wiH go over
~o, and close on, the lowest Nde, and the like
effect will take place with the current gate,
on tha~ Nde, the other current gate opening,
to pass the wate~ so that the operations of
the tide, alone, will change the gate~ and
set the whed, or wheels, in work; and it will
be seen, that in cases, where the wheel race 95
shall be over about twelve feet wide, it may
be proper to make the tide and current gates

i,~tP ~:~’ whiCheffectivemaY bemanner,d°ne’ inand theanY pro_e°n"
por~on~ between the width and height of

chosen, and the rise and fall of the tide, in
the given locally. It may be prope~ to
protect the tide and current gates from 105
wrecks, or drift wood, on the tide side of
the dam, but many well known modes can

manual attendanc~ to open and shut them,
at the.turn of the tide; but no tide mills
have. to my knowledg% been proposed, or
made. with three sel~ acting gates, and lon-

or wheds, and maintain an equality of
powe~ during the flood and ebb; and al-

~1 eo~iinn, tiaethereforeraees’Iin thelimit

gate I, at one end of a race way~ formedby
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an inner and outer dam wall, in combina- I 3. I claim the combination of the described
tion ~vith an outer Current gate K, and an mode o~ fitting the gates~ and wheei~ or 15
inner current gate L~ at the oppe~te end ~rheel~ and n~aking them act together, in
o~ the race way~ the whole constructed~ and the manner described herein.

5 operating, substantially as herein described. In witness whereo~, I have hereunto set
2. ~ claim the mode of ~orming the dam my hand, in the city .of -New ¥ork~ this

walls w~h p~s~ open at the bottom~ to re- t~en~eth day o~ June~ in the year one thou- 20
ceiv~ and floab t~e caissons that carry the sand eight h~ndred and ~ort~-~0u~
water ~vheel~ an~ the combination therewith~

~0 of the described means for regulating,’ ad-
JOHN GERARD ROSS. [~.~]

justing, and directing the ascent and de- Witnesses:
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WILLIAM ~ HUBBAR~ OF NEW HAVEN, CONNECTICU~

Zetters Pate~t zYo. 102,939~ da~d May 10, 1870.

The Schedule re~ed ~ in these Le~ers P~ent a~d making part. of the sam~

~ a~ whom it muy cow,corn :

the same, ~d whi~said drawin~ constitu~ part of
th~ sped~on, and ~wcse~ in--

~gm~ 1, a top view;

vent~ b~ng toeonstrfict a ~capand durable wheel ;

Thd invcnt~ consh~in tim arrangmnent ~a eir-

:B, which I form fl~m boiler plat% or other s~table
sheet metal.

Then onto tim sm’facd of this d~k I fix buckets C,
equidNtant ~om each 0the5 and radiating fi~m fl~e
cente5 the shape of file bucket bOng paraboli~ a
front view of wh~h is shown in fig. 3, and a section
.of the same on line x x in fig. 4.

The water N directed into O~e bucket about as de-
noted by the arrow in fig. 1. -

The buckets ~ prefer to form fi’om sheet metN,
struck UP and ~veted to the disk, yet tim whNe may
be.cast in one piec~

Tge wheel is se~ in the pit in fike manner as the
ordinary tub-wlmel, and thN whe~, being very.cheap,
makes a desirable wheel for grist-mills and oilier like
purposes where small power N requi~d.

substantially as described.
Witnesses: WM H. HUBBARD.-

J. H.. S~.wAY.
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W~NESSES ~ iNVENTOR :



UNITED STATES PATENT OFFICE

CHARLES HUXFORD~ OF EDGA~TOWS~ MASS~CRUSETT~

IMPROVEMENT IN APPARATUS FOR PUMPING SHIPS, &c.

~eci~ation f~m~g part~ Lette~ Patent No. 1~5~4~ d~ F~ma~ 1~ 1876; app~Ca~on filed

D~emb~ ~ 1~5.

To ~ whom it may concern:
Be ~ known that ~ C~ARLES HUXFORD?

of Edga~own, Marth~s Vineyard~ ih thec°unh ~Ya ve inven re° (1f D uke~ a nnde wStataend ~t~h ~s:~:~

for Ships~ Pump~ of which the ibt~w-ing is
a spe~ficaGon :

My invenGon con~sts of a kind of pad~
whe~ moaned on a float and drag~ng a~ern
of the s~p, so as to be revolved by the ware5

net than tnd thu:h:av~OP:h~wor~nm gade to o~.Ori~ :~2:~X

ships no~ ha~ug steam-poweL
Figure 1 ~ a ~n~tu~n~ s~cfion~ ~ev~

~on of a potion of ~ ship and the said power
appnratuS~ and Fi~ 2 is a ~an view.

Simi~r letters of red,rice ~ca.te corre-
spon~ng part~

~ represents the paddl~whe~ and B a
floa~ on which ~ is to be car~ed on the su~
face of the water s~ta~y for b~ng revolved
as the float is towed ~ong by the ship~ say
by a cabl~ C. Drepresents the endless rope

w~ng over ~e whe~ at the ~dd~, where
~ has a groove~ E, th~e~r ; and ~ the p~
ley on ~m s~ to be turned by.the rope ~r
w~ng the pump. H ~~ g~d~p~-
~ys ~r_conduc~ng the rope from the wheel

The apparatus can be li~ed oRdeck and
dropped overboard ~a~ as waute~ by the
shi~s mc~ It may a~o be em~oyed ~r
w~ng ~h~ mac~n~y on ~e s~p~ ff p~-
~d:

I am aware that it is not b~ad~ new to
operate a s~s pump by a wheel located on
a float : but

Whdt I ~aim is--
The com~na~on, with wheel ~ supported

on a floa~ B~ and towed by thes~ip~ cable C,
of an endless rope~ D~ w~n~ a groov%
E~ of wheO, over a ~pu~ H~ and over
a sh~s pulley, F~ ~l arranged as and ~r the
pu~e spe~fied.

CHAS. HUXFORD.
W~n~s :

~ B. MOSHE~
ALE~ F. ROBERT~
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UNITED T TES P TENT OFFICE.

~VALLACE W. CLE~VELAND, OF MA~SHALL~ MICHIGAN.

IMPROVEMENT IN CURRENT WATER-WHEELS.

Specification forming part of Letters Patent No. ~10~ lS4, d~e~ November ~, 1878 ; applica~ionfile4
M~y ~, 1878.

~ ~l whom it may concern:
Be ~ known ~ ~ ~@ ~ ~-

L~D~ of M~, in C~houn county, in the
State ~~, have invented new andus~

which ~e ~ng is a ~1 a~ ~m~e
desc~p~on, ha~ng ~n~ to ~e a~om-
p~ng drawiugs~ ~i~

~gure I is a p~sp~five ~ew of my whe~.
Fi~2is~anof ~esam~ ~3 isave~
~cal sec~on. ~ ¯ is ~ end ~eva~on~ sho~
ing the action of ~e l~e~

This inven~on relates to improvemen~ on
~e ~e~ ~r whi~ L~t~s P~ent w~e is-

h~d~g ~e buckets or floats out of the w~er
when it is desired to stop ~e ~e~ ; second~
in the devices ~r opera~ng sMd catches
~ugh~ew~a~; t~~e~n~d
b~k&ea~ wh~y w~er is confined and ~-
rected upon ~e ~:~t of the whe~.

Th~ others m~ ~ un~mt~d ~e im
ven~on~ I will p~y ~s~ ~

The Whe~ is constructed wi~ radi~ ~ms

b~ step at ~e b~m ~d-a be~n~ ~ in a
supp~ng~ame, C~ which spans the ~ame
D, through which the water is ~e~

The fl0~s ~ bueke~ N ~e fl~ p~ of oN
long Nnn and p~ s~es~ ~d sNt~
hinged at one edge to the ~ms ~, Thor ~ee
edges are ~ehed to sNd ~ms, other Nan
~ose being ~e Nng~ so that sNd floats
drop down and h~g ~om the Nnged edge N

The ~ F ~ ~t ~d ~ ~e p~
pose of so rM~ng ~e floats in ~e ~c~
of the wheel shown~ though th~ may easy
~ ~g~ ~ do so.

~e ~ is directed Upon one side of the
wheal by ~e buH~head H on one ~de and a
~mflar b~Lhead, ~ on the o~er ~de~ corn
sfitufing the flume D~ and m~ be cut off en-
fir~y by s~n~ug gates ~ ’

The ~ B ~ds ~ ~ ~e b~h~d ~
so that at any one moment o~y on~h~f ~e
whale ~ g ~ E ~e ~ the flume

and b~ng acted upon by ~e cu~en~ As the
wheel ~v~v~, the buckets E which are ou~
side the flume are r~sed up to pass over ~e
b~Lhead I ~y ~e ~ack~od K, and to r~ve
friction upon S~5 ~ack a friction~oller, ~ ~
~aced under the ~ee edge ofeach of s~d
floata

The rural arms A are supported by ~uss-
~ds ~ and thor ends age ~ed together by fl~e
fie~od ~

When it is dcs~ed to stop the whe~ the
buck,s or floats may be raised up to a hori-
zont~ portion. This is the o~y method
when~ dufing~hets~ the whc~ maybe wholly
submerged and the gates J unable to shnt out
the watch At such gmes the whe4 will op-
erate as w~l as ~ o~ fimcs~ but cannot be
contro~ed by the g~es as at or~nary stage
of wamL To put the wheel under cou~ by
r~ng the floats and h~ng them in a ho~-

~::ls~/:~iT~ w hicI hputup°anre ~e yaCh flOastecure0 dne ~r
one end and are ~ee at the o~eL and curved~

Upon the ~ms A~ w~ch ~e i~me~e b~
tweea the arms ~ wh~h the flo~s are h~ged,
I ~ace a number of hooked latch-bolts~ M~
c~spond~g to ~e number of straps .~.
These hooked b~ts are capab~ of b~ng moved
~rally ~ as to b~ng thor hooked end under
and in engagement with the straps ~ so that
the floats will be thereby supported. Ttm
hook-b~ ~ are ~so capable of swinging
gdew~ so tha~ having been moved into en-
ga~ng po~oa over the said s~aps L, they
will be pushed and caused to swing ~dewi~
as the flo~ ~s~ ~ p~ng ov~ the b~k~ead
~ ~d will drop over ~e ends of and fall be.
neath s~d ~raps, so as to hold ½e flout up
as ~ mov~ ov~ the flum~

To effect this movement of~e hooked latch.
brits ~ I connect each w~h u sli~ng colla5 ¯
~, upon the shaft ~ by means of rods m. The

~e~}~s~nd~.i?’ wiw th~ch P~S th~ug° hf theaShr aftod, ~: whican hdis

passes upward through the upper end of said



or lowe~ng the collar ~ the several latches ~
are moved in one direction or the otheD as
de,red, to engage or Hberate the float~ "

The buH~hea4 1 extends past the shaft B~
and then c~rves around~ so as to partly inclose
the same and closely approach the inner ends
of the floats as they mov~ The outer end of
the bulk-head I thus forms a passageway be-
tween itself and the corresponding end of the
bulk-head H~ to divert all the water pas~ng
upon the float~ and, at low stage~ to corre-
spondingly reduce waste of wate~

Having described my invenOon~ whas I
claim as new is--

suitable connecting-rods q~ whereby each
bucket may be caught by catch or loop on the

off the wateL

may be operated through the center of the
wheel-shaft B.
.3. Combine4 with the bulk.head H and a

the wheel and prevent waste of water.

WALLACE W. CLEAVELA~D.

W~nesses:

J~MES ~. DICKEY.
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UNITED STATES PATENT OFFICE,

HEZEKIAg BROW~ OF BROWNSVILLE, KANSAS.

~To agt whon~ i~ ~z~y concer~:
Be ~ known that ~ HEZEKIAH BROWN, a dti-

zen of the Un~ed States, re~ding at Brown~
viHe, in the county of Chautauqua and S~ate

5 of Kansa~ have invented certain new and
useful Improvements in Wate~Iotors; and
I do hereby declare tlm following to be a full,
dea~ and exact descHp~on of the invention,
such aS will enable others sMHedin the art to

to wlfieh ~ appertMns to make and use ~le sam~
My inven~on relates to an apparatus for

u~ili~ng the force of currents and streams
for opera~ng an ~ndershot wheel fixed upon
a floating frame or boat; and it consists of

;5 certain improvements iu su~ a wheM, in
combination with said float and adjustable
wing% as herMnaffer desc~bed, whereby file
power so obtained can be used to actuate any
suitable mechanism flint may be connected

2o therewi~u
My invention is Hlustrated in fl~e accompa-

nying dra~ving% in which--
Figure 1 is a plan view; Fi~ 2, a longitud~

hal section; F~ 3, a front view, partly in
25 sec~on; and Fig. ~, a detail

Refer~ng to the drawings, A is a frame or
float in which the wheel B is mounted.

The open head of the float, deMgned to face
O~e eurrenb is provided with wires or rods C,

3° arranged at suitable distances apart to pre-
vent the entrance of logs or other obstru~
tions to the wheM, and with a ~iding gate D
to shut off the current when it is desired to
stop tim whe~. The slot t througqI whi~

35 the gate is passed, is cut on a bevM, so as to
hold the gate in an inclined direction against
the curren% and whereby file gate is made
adju~able at any hMght to regulate the
speed of the whe~. The force of the cur-

40 rent pres~ng against the gate will iso aid
in holding the gate at tim desired poM~om

F F are current boardsor sweeps hinged to
the sides of fl~e head Of the float. The ~des
of tim float at that pMnt are beveled inwardly,

45 as ~own at a’ a’, to perm~ tim sweeps to
swing inwardly across the fron~ of the float.
The sweeps are each provided with an a~a~
meat G, wh~h are adapted to receive cords
or ropeG by whist the same cm~ be held in

50 any deMred po~on by sceu~ng the ropes
to the shor~ As shown, these attaehments
G are made of wire bent into aloop g at thMr
ends to reeeive the cord, rop% or chain; but

it is apparenL of course, that o0mr forms of
a~achment may be adopted. 55

The sweeps can be ~ou~t ~ge~er in
fronL Or one sweep be placed across the cu>
rent to stop the access of ~e same to ~e
wheel The sweeps are Mso so hinged ~at
they can be swung back again~ ~e sides of 6o
~e float to let ~gs or other d6b~s be car-
~ed by.

The wheel B con~sts of a double casing
H Hq

H’ is an inner w~r-ti~t c~nder formed 6~
by ha~ng its solid heads jdned ~e o~er
casing H at a distance inside ~e outer cas-
ing. Between ~e heads of the outer cas-
ing H and the heads of the inner caMng spaces
or dmmbe~ I I are ~rmed ateachend of the 70
wheal.

L L are ~e floats of the wheel ~nged to
the outer cas~g H at m. They are flag ~nd
when closed Ee fiat again~ ~le wheal. They
are connected to rods P. The rods ~ ge- 75
cured at one end to ~e ileal are passed
~rou~ slots o in the outer ca~ng ~ and
fl~en into a ~am~r L and at th~ end sim-
~y turned so as to engage wifl~ ~e wall of
the chamber and to prevent them from ~lb 80
ing oug I~ will be seen ~at ~ese rods are
free to move ~rough H~e slots o when ~e
flo~s f~, which ~e latter do by ~avi~ as
the wheal revdves.

R is a cover by which the top of the wheal 85
iS protected ~d water wevent~ from flow-
ing onto ~e wheel when the same is sub-
merged or pargy submerged.

Ha~ng ~lUS desc~bed my inve~Nn, what
I claim is-- 9°

The wheel B, eon~ng of a double c~sing
H H’, the latter forming an inner ai~ti~t
c~nder, wifl~ chambers I at ~e ends of
the wheel formed between the heads of ~e
inner and outer casing and the float~ said 95
outer ea~ng prodded wi~ Mo~ ~ ~e fredp
mov~g ro~ extending into said Chambers
and to which ~e floats are secured, in com-
~na~0n with a frame to support ~e sgme,
sub~an~Mly as desc~bed. ~oo

In ~s~mony where~ I affix my ~gnam~ i~
presence of two ~i~essem

HEZEKIAH ~ROW~
W~nesses:

DANIEL S. MEADOW~ ̄
EMMETT A. BROW~
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UNITED STATEs PATENT OFFICE,

LORE~ R. W~HEREL~ OF DAVENPOR~ ~W~ ASSIGNOR OF THREE~OURTHS "
TO EDWIN ~V. BRADY, OSCAR W. BRAD~ AND ALBERT B. BRADY, OF
SAME PLACE.

WATER-MOTOR.

SPECIFICATION forming pal~ of Letters Patent N~ 410,132, dated August 27~ 1889.

Application filed M~y 2, 1889, 8e~No, 309.384, (Nomodd~

~o ~ w~o~ it ~ay concern:
a citizen ofBe it knownthe Un~ed States, rending atthat I, LOREN R. WITNE~EL~])av_

enpor~ in the eonnty of Scott and State of
5 Iow~ have invented certain new and useful

ImproVements in Water2Wheels; and I do
hereby de.are the following to be a fu~ cleat
and exact deseNp~on of the inven~on, such
as wi~ enable others skilled in theart to which

~ it appertains to make and use the same.
Thisinven~on relates to ware>wheels; and

it consists in the novel construction and com-
bina~on of ~e par~s herdnafter fully dm
scribed and claimed, wherebythe wate>whed

~ is adapted to work when submerged in the
curren~ of a running stream, and may be
moved about as found convenient

In the drawing~ Figure 1 is a plan view of
themachine from above; and Fig’. 2 is a cross-

~o section through the sam~taken on the line x
x in Fig. 1.

The fra~ne of the.machine con~sts of two
side plates A A, securely connected together
and provided with the inclined water-guide

~S plate B.
The waterwheel is provided with two end

disks C, connected together by the cylind~cal
barrel D. The waterwheel is secured upon
a shaft d, journaled in the side plates A A.

30 E is a curved plate providedwith the longi-
t udinal flange %adapted to rest upon theguid~
plate B, and F are end flanges which arejou~
naled on the central shaft d of the waterwheel.

E~ are curved toothed racks secured to the
3~ ends of the curved plate E, and F’ is a shaft

provided with a cranked handle f or other
equivalent means for revohdng it in its bear-
ings in the side plates A A.

G are toothed pinionssecured upon thesaid
40 shaft F~which gear into the curved toothed

racks E’.
I-I are curved arms pivoted tothe disks C

near theirpe~phery by means of pins or rods
~ These arms may be ~raight~ but curved

~5 arms are preferred, as theyhold the water be~
tel The free ends of the said arms are free
to os~Hate between ~ie cylindrical barrel D
and the stops h~ near the pe~phery of the
said disk~

courseThe machine iSand anchoredSnbmergedto the ~ver-bedin any water-5qor se-

cured to piles or to any other suitable sup-
pork The arrows in the di’awings showthe
direc~onof the current ~rhen the curved
plate is closed~ as shown, the wheel is not re- 55
volved bythe wate~ The whe~is ~a~edby
turning the shaft F’ and opening the curved
cove~ The dotted~nesin the drawings show
the portion of the cover when open fo its
widest extent The water rushes up ~,heim 5o
chned guide-plate and through the opening
between the top of the said guide-plate and
the flange e of the cm’ved plate E. The flange
e causes the water to be defiecte~ so that a
greater volumeofit ~ obliged to pass through 65
the machine. The water strikes against the
arms H at the top of ~e wheeland revolves
it in the direction of the arrow. When the

ware>current pas~ng under the wheel and
they fall against the stops h’,therebyoffe~ng
very slight resistanceto the revolu~on of the
wheel The speed of the wheel maybe ad-
justed by turning the shaft F’ to vary thepo- 75
simon of the curved plate andcause more or
less water to act upon fl~e wheel, as desired.
The wheel is revolved by the upper current
of wate5 which is sw~ter and more powerful
than the water running next the ~ver-bed 80
and in f~c~onal contact therewi~h:

The powermaybe conveyed to the shoreby
means of a shafG preferably coupled to the

wate~whe~s may be used, ff de~re~ and have
all thor shaf~ coupledby universal ]oint~ so’
that ~-wfll not be necessary to placethem ex-
acfly in Hue on the riverbed.

~Vhat I claim is-- 9°
1. The combina~on~with thetwo side plates

and.the inclined water-guide plate secured b~
tween them, of the waterwheel journaled in
the side plates substan~ally in Hue with the
top of the guid~plat~ and the adjustable 95
curved plate provided with flanges at each
end having thor extrmnities journaledon the
watepwhe~ shaft;, and a longitudinal flange



resting on the upper end of the said g~de-
~% ~n~M~ and ~r ~e pu~e s~
for~ ....

9. T~mbinatio~ with the two M~plates
5 and ~e ~d w~e~g’u~e plate secured

between them, of ~e w~tevwheeI provided
wi~ s ~t gnd journMed i~ ~e ~de ~

~e ~n~nM fl~ ~st,ing on the ~p of

sMd g~de-pl~% ~nd g ~hed rae~ and a
revoluble toothed ~on g~ng ~M ~e ~
rack for adjus~ng the po~on of the sMd
curved ~% substantiMly~ and for t,he pu~ ~ S
pose set for~.

presence ~ two witnes~m ....
LOREN R. WITHEREL~

W~ne~: .....
W~FED P. HAL~
W~ ~ PULS ...........
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ing drawings.

buek~ w g~de the p~ts or elements of
the bucketa to p~m ~em from mov~

the watem
Addition~ the invention Mms to pro-vide m~ns~fimr e~s~at theofen~the guides,Of the ~u~d~i~~

are eccentric ~o the center of ~e end of
~m m~d~ traveler, to receive parts of the

20 may be u~Ezed for ~~ v~mus me- vzs~on" " of means for ~g~ tM tenNon
~W, such as mHl~ generators and the of the eudDss ~gvdeG so as to deri~ the
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~5 0fAthestHlmotOrfurtherOr g:eneratingpurpose ~meanS.to provide-an

apparatus of this general charaqte~ ~vhe~ein
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8o

par~s of the mot.ore stream.

50 parts or elements, so tha~ sMd parts or Figure 4 ~ a v~ew in side elevation of
elements may drsg or engage the bottom the sluiceway, showing one of the outside
of the sluiceway, so that the full force of connecting chains of the motor, and illus-

p~%raNe. R ~ ob~ous ~hat as a result of
a ~ducfion of ~m inven~on to a mo~ prac-
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POWER MEANS

TNs invention prov~es novel and advantageous de-
v~e for obtaiNng powe~ ~ a practicN manner, fom
the practicN~ uNimi~d n~urN phenomena of mo~ng
fluids such as wa~r waves and mov~g a~ or w~d.

It has of coupe been well punched that manNnd ~
cu~ently facing both an "energy crisN" in wNch en-
ergy demands have in many Naces exceeded the energy
produ~n mean~ and Nso an "ec~oNcN crisN" in
wh~h en~ronmentN e~men~ such as Nr have been
poHu~d by many things ~ud~g the raw m~eriNs by
wh~h useful energy ~ produced.

The present invention provides an effective answer to
both of tho~ NgN~s~nificant proNems of mank~&
For the source of power by water waves (particularly
Nong shorefines) N practically unlimited, as N the pre~
ence of wind as a power source; and the obtNn~g of
power by these dev~es can be used to provide dectri-
cal power by a p~lution-free method wMch, in turn,
can be utilized by the consumer to fulfill his spedN
power needs by that elec~ic power in a pollution-free
manner.

These advantages are deemed to be so we~ known,
conNdering NI the~ publicity, and the ~ng need for e~
onom~M poweL that the pNn~ will not be belabored
by fu~her exNanation; for mank~d has for ages reco~
nked the un~mimd ~ource of w~er mot~n and Nr mo-
tion for power, and has tried many methods of harnes~
ing th~ power. And MI but the smNle~ child has been
for yea~ becom~g ~creafinNy aware of eco~NcN
needs which include the creation of a ddNerab~
power and the subsequent converNon or obtNn~g of
mechankM power ~om the de~verable power.

The above description is of an ~oducto~ and gen-
erafized nature. More particular detaiN, ~ures, com-
ponen~ and concep~ of the invention are set fo~h in
the accompan~ng more detailed description of Hlustra-
tive embodimen~ taken in co,unction with the ac-
company~g somewh~ schematic and dNgrammatic
draw~gs in wNch;

FIG. 1 is a pNn view of an emboNment cf the ~ven-
tion wh~h util~es the mov~g power of wa~r waves to-
gether wRh w~d and rNn to acNeve a power source;

FIG. 2 is a fide e~vationN v~w of the emboNment
shown ~ FIG. 1;

FIG. 3 is a plan view of an embo~ment cf the ~ven-
tion which ufi~zes wind power as a power source;

FIG. 4 ~ a ~de devafionM v~w of the embo~ment
shown ~ FIG. 3.

As shown ~ the draw~gs the present inventive con-
cepu provMe a power source, uti~Nng the power of
moving flu~s such as water waves or Mr motion; and
thus there is obtMned a source of power from naturM
phenomena wNch are effective~ ~finite ~ avMNbflRy
and amount as a source for useful powe~

in the embo~ment of the invention shown ~ FIGS.
1 and 2, there is provMed a power source w~ch
achieves power from mov~g water wave~ but wMch
Mso ach~ves supplemental power fom the wind and
even fore the rNn.

As shown in FIGS. 1 and 2, the power source in-
cludes an impair body member 10 which comprises
a peripheral ser~s of Mades or vanes 12 shown as
Nan~d away from the hub 14 ~ a generM~ arcuate
countebcMckwNe form for ac~e~ng power as the im-
peller 10 ~ caused to revMve in a clockwise Nrection.
k will be unde~tood that the hub 14 is sMtaMy sup-

2
po~ed at i~ ends 16, to permR the deNred rotational
movement of the impeller 10.

A series of discs or webs 18 are shown located at
spaced intervals Nong the axis of the hub 14 of the ira-

5 peller 10, in planes perpend~uNr to the hub 14. These
pro¼de a baffle or pocket effect for water or wind (as
described brow) which may be impingdng upon the
impd~r 10 in the obtNn~g of power as described be-
low, in ~tuations in which the mofing fluid ~ com~g

10 thereagNn~ fom a direction other than perpend~ular
to the impeller 10.

The water waves wi~ be ~riNng the de~ce, in FIG.
2, from the right. As the water waves move ~wardly
(FIG. 2), the undebportion (or undulation) impinges

15 upon an inc~ned plane or rampage 20, which ~ a plane
wh~h increases in height in the down,ream (~ffward)
dkection, and this causes the unde~po~ion of the
water waves to be projected ~ a generM upward move-
ment which causes a cresting of the waves. The ram-

20 page 20 thus brings about the beNnning of the wave
cresting, the energy of which ~ utilked by this dev~e
for the production of power, for the water of those
wave cre~s impinges upon the blades 12 causing the
impeder 10 to revoNe clockwise. In i~ leRward move-

25 ment, the water g guided upward toward the impeller

10 by the inclined plane or rampage 20 which N
mounted upon the device base 22.

The base 22 of the device N hollow for a sufflc~nt
amount of Rs overafl shape that a flotation of the dev~e

30 is achieved such that the top 24 of the inc~ned phne

or rampage 20 ~ r~ing sub~antially at lhe tide ~vd of
the water body. ThN pro~des that the ~Rwardly mov-
ing water waves will impinge upon the vanes 12 of the
impeder 10 in the desired manner.

35 As shown in FIG. 1, p~ings 26 are shown to mNntNn
the genera location of the defice with respect to the
water body and the shore, yet permR the device to rise
and fall (as by tides, etc.) to ma~tNn the above-
mentioned deNred h~ght of the dev~e with respect to

40 the fide lev~.

A baffle 28 g shown extending on the rightward fide
of the impeller 10, at approximat~y the ~evafion of
the a~s of the hub 14; and this baffle 28 provides that
water waves w~l be deflected suffic~nfly downward

45 that they will impinge upon the impeller 10 only in the

potion thereof which ~ at or below the ax~ of the hub
14, thus assuring that the water energy will cause on~
a clockw~e rotation of the impeller 10, in~ead of any
unusually high waves cau~ng a retarding effect by

50 pushing agNn~ the impeller at a higher level wh~h

word produce a counterclockwise component of force
agNn~ the impeller 10.

B~ow that panel 28 there N a sub~antiN~ paralld

55 wardlP yanel 2~o~WnhiCt hhe ProVidp eSanel 28 thawitll watec ronfinuder°ppint go mov~°Wnle -~-

wardly, achieving the deNred rotationN torque effect
on the impeller 10, in~ead of mer~y dropping verti-
cNly in which some of the kinetic energy of the left-

60 ward~ movement of the water waves would be wa~ed.
This de~ce Nso ach~ves a source of power fom

wind coming from the shoreward Nde, that N wind ~om
the ~ff ~avdling to the right in FIG. 2, as now ~ de-
scribed.

There N shown a wind baffle 30 ha~ng a ~ghtwe~ht,
65

moveable rightward potion 32, and a fixed ~ftward
potion 34. When the wind ~ coming from the shore
(that N, the wind N mo~ng rightward~ in FIG. 2) the
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moveab~ p~el 32 ~ in Rs portion shown ~ ~G. 2,
that ~, Rs fig~w~d pos~on, w~ch causes the fig~
w~m~g ~nd ~ ~nge ag~n~ the vanes 12 of

the ~r 10 ~ the portion above the a~s of the im-
peller hub 14. TNs, of coupe, produces a d~kM~
torque Upon the ~p~ 10 w~ch supNeme~s the
~e~cd~d w~ pow~ TNs ~h~d~m~g
Mnd ~ No~ the upper w~ ~ ~e 28 and there-
upon N vented at the fig~ Nde of the de~ce through
ope~n~ 36 ~ ~e fig~ en~po~n ~ the b~e wMl

However, when the w~d ~ ~ from the water
body, that ~, when ~ N mo~ng ~Rward~ from the
figS, the moveaNe ~h~e~N panel 32 ~ ~o~ by
the le~w~mov~g w~d ~ be ~ ~s ch~n4~e por-
tion shown at 32a, to permR the venting of the ~nd
through the upper le~ po~on ~ the defice. ~ N, ~
~ov~ ~r ~e ~nti~ ~ ~nd wN~ woMd en~r the
device and ~p~ge upon the Mades 12 ~ the same
manner as the water power descfibed above. ~so, R
w~ be no~d th~ the fig~w~d open~ 36 are dosed,
when the Mnd N b~w~g ~w~y, by mo~aMe c~-
sure N~es,38 wNch ~ose those ope~n~ 36 by ~
w~d moveme~ ~ the w~d, y~ p~m~ tho~ open~
36 to remMn open ~ the ftuation ~ fi~d move-
ment of ~nd.

The dev~e ~ covered by a hood or roof 40 shown as
of ~r~y rectangular shape but Mth fidges 42 to
prov~e that the roof 40 has enough conca~ty to cM-
Mct rMn w~. T~s rMn wa~L ~ ram, p~s through
an open~g 44 ~ the roof 40 w~ch lea~ through a corn
duit 46 to a po~on a~acent the ~r 10 and on
the dg~ hand fide (F~. 2), proving th~ rMn w~er
~fik~g ~e van~ 12 ~11 ~ p~de a ~p~emen~
dockw~e torque to the ~p~ 10.

The canopy hood 40 ~ shown as supposed from the
base memb~ 22 by ~ur ~ppo~ng po~s 47, each ~-
cated a~acent a corner of the over~ dev~e.
48Thatch prov~~of 40 N shOW2antin~pm~d W~u~ce abov~bOt~nd ~ bot~

fdes of the ~r I~, these ranting pan~s 48 ha~ng
~ thNr ~n~e a downw~Ny concave cy~nd~cN se~
tion 49 w~ch pro~des a c~ or ho~porfion ~r
the mov~g ~r blades 1~.

In the embo~me~ ~own ~ NGS. 3 ~d ~ the d~
~ce ach~v~ power ~om Mnd, ~ a mo~ng flMd. As
shown, tMs dev~e compfi~s an ~r body $~ ~th
vanes ~ and ax~ly spaced dNc membe~ ~4 wNch
may be sub~antiN~ ~enticM m ~p~er body 1~ of
the embo~me~ descfibed above. ThN i~ body
~ has Rs ends $g supposed ~ suRab~ beafings, wh~h
pro~de that the ~r N ~c~ed ~ a fixed portion
~th ~t m ~e dev~e, but ~ r~y m~Me.

The dev~e ~c~d~ a base or flame section 58 hav-
~g a ~wnw~e~ ~ppo~ po~ 6~ wh~h
~ freely rotatable ~t~n a supporting base 62; and the
dev~e ~ prov~ed ~th a ve~c~ pan~ 64 w~ch pro-
v~es a rudder by w~ch the ~nd ~seff causes the deo
~ce flame 58 to rotate (~ppo~ng post 60 ~th re-
spect ~ base 62) so that the rotor ~ ~p~ 50 ~fl
present Rs a~s p~pen~c~ to the d~ection of ~nd
ffa~l, ~r ma~mum pow~ e~ct and effiden~. The
suppo~ po~ 6~ R ~ll be noted, ~ ~c~ed ~ a ~cation
o~et from the ~c~n of the fixed rudder vane 64,
profid~g that the e~ct of ~nd ag~n~ the rudder 64
~ll pmfide the m~fion~ torque ~ ofient the de~ce
~ ju~ mentioned.

4
The frame 58 N shown as a Nrge panel, generN~ ho~

~ontN, whose upper surface 66 extends pa~ the impel-
ler 50 ~ a ~cation dos~y spaced to the path of the
outer tips of the impeller Nades 52. The upper ~cation

5 of the path of the tips cf the impeller Mades 52 ~ shown
as confined by a c~dfic~ potion 68 of an upper c~-
sure pan~ 70; and that upper closure pand 70, at the
windward (fight ~ FIG. 4) fde of the impeller 50 
shown as provided by a ranting potion 72, wMch pro-

10 v~es lhat ~com~g wind will be ~rected agNn~ only
the ~wer potion of the impeller 50, thus ac~efing a
c~ckwise rotationM torque of that impeller 50.

The w~d, wh~h impinges agMn~ the impel~r bNdes
52 (from the fight of FIG. 4) e~ ~om the dev~e 

15 the ~ end of the defice, wh~h N open. the lower
~ame panel 58 extends ~ftwardly only an amount sug
fident ~o pro~de a b~se for a supporting post 74, wh~h
extends upwar~y and suppo~s a ~Rward portion 76 of
the upper pan~ 7~ wMch ~ turn suppo~s the rudder

20 vane 64. A~acent the fight end of ~ame 58 there are
fm~ar po~s 78 w~ch suppo~ the fight hand portion
72 of the upper wall member 70.

R N thus seen that a power means accor~ng to the
present ~ventive concep~ prov~es a new and advan-

25 tageous power means ha~ng advantages of eco~gy,

practicNi~, a harness~g of practica~y uMimited natu-
rN forces with a m~imum or zero pollution ~c~entals,
etc., pro~d~g an eccnom~M and practically pMlut~n-
~ee energy source.

30 Accor~n~y, R will thus be seen ~om the forego~g
descr~tion of the ~vention accord~g to these ~ra-
tive embodiment~ confdered with the accompanfing
draw~gs, th~ the present ~vention profides a new and
useful energy de~ce, hav~g defred advan~ges and

35 charactefistics, and accomNNMng Rs ~nded o~ects,

~c~ng those here~before po~d out and othe~
wMch are ~herent ~ the ~vention.

Modifications and variations may be effected without
40 depa~ing frOin mvenfion; accorNn~yt ,he scoPgh~f~ventiot nhe novdNconCePn lSot fimReO df thte°

the specific embo~men~ or form or a~angement oI
pa~s herNn descfibed or shown.

What N dNmed ~:
1. Power means for obtNn~g useful power from

45 mofing fl~d such as w~er waves or Nr motion, com-

pfifng:
an impeller body member;
means supposing sNd impeller body member for m-

t~nN motion about a hofizon~l a~s; and
50

baffle means for g~ding the mofing flMd to oper~
tive~ im~nge ag~n~ the impeller body member m
impa~ torque thereto ~ a ce~Nn rotationM ~re~
tion;

~ a comb~ion with two verticMly-spaced baffles
55

on the fde of the impeller body member ~om
wMch the mofing water comes, the upper one hav-
~g means serving to confine the water so as to op-
erativdy imNnge ag~n~ the impeller body mem-

60
bet on~ Mong the ~wer potion thereof w~ch pro-
duces rotationN torque ~ the sNd ce~Nn rot~
tionM ~rection, and the lower one hav~g means
ser~ng to confine the w~er thus deflec~d by the
upper one to cause R to continue to move to oper~

65
tixe~ impinge ag~nst the impeller body member ~
a torque-producing manner ~ con~a~ to mere~
dropp~g ve~icM~ and ~ effect ~ng some of Rs
Mnefic energy.
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2. Power means for obt~n~g u~eful power from
mov~g flu~ such as water waves or air motion, com-

Pfifina g:n-impeller body member;

means supporting s~d impeller body member for to- 5
~tion~ motion about a hofizont~ axis; and

baffle means w~ch defines the upper extent of the
w~er im~n~ng on the impeller body for g~ng
the mo~ng fluid to operative~ imp~ge ag~n~ the
impeller body member to impa~ torque thereto in 10
a ce~n rotational d~ecfion;

~ a com~nation in w~ch, above the s~d baffle
means wh~h define the upper extent of the water
imp~ng ag~n~ the impair body member,
means prodded with openings w~ch are prodded 15
wRh w~d-a~u~ed c~su~ member, which ere
movea~e so as to be caused to c~se by wind com-
~g from the ~ction of the water so as to block
th~ wind from exerting a r~ard~g torque ag~n~
the impeller body ~ what wo~d be the rotation~ 20
dkecfion opposite the ce~n ~rection of torque
achieved by the wateL but w~ch are otherwise
open, ~ereby to perm~ ~e e~t of wind w~ch has
~avd~d ~ the opposke dkection to imp~ge upon
the upper portion impeller body member to cause 25
supp~mentary power lorque ~ |h~ same ce~Mn
dkection as aforesaid.

3. Power means for obt~ng useful power ~om
mo~ng flu~ such as water waves or ~r motion, com-
pfi~n~ 30

an impeder body membe~
means supporting sa~ impeller body member for ro-

~tion~ motion about a hofizont~ a~s; and
vertic~ speced raffle means for gu~g the mo~ng

flu~ to operatively im~nge ag~n~ the impeller 35
body member to impa~ torque thereto ~ a ce~n
ro~tion~ ~ction;

6
~ a com~nation with means compd~ng a movaNe

baffle memb~ ~r uffi~ng ~e power ~ mov~g
wind coming from the d~ecfion opposite th~ of
¯ e s~d mofing wa~r, ~e s~d baffle memb~
b~ng ~ppo~ed so as to have a ~wer portion ba~
fl~g wind ~ ~e upper po~on of the impeller body
member when lhe wind ~ coming ~om the ~c-

tion oppofi~ the mov~g wa~L thus b~c~ng ~
~om im~ng~ng ~n~ ~e impeller body memb~
~ a manner to retard the ~rque ~ the s~d rota-
fion~ ~ction, means on the baffle member to
r~se a po~on ~e~of ~ an upr~sed portion pe~
mi~ng e~t ~ wind com~g ~om the ~me dke~
fion as the w~er.

¯ Power mea~ ~r oNNn~g ~eNl power ~om
mofing flu~ such ~ wa~r waves or Nr motion, com-
pd~n~

an impeller body memb~;
means suppo~g s~d impeller body memb~ ~r ro-

mfion~ motion abom a hofizon~l axis; and
~ic~ spaced b~fle mea~ fCr guiding t~e mov~g

fl~d ~ op~e~ im~nge ag~n~ the impell~
body memb~ ~ impa~ ~ue ~o in a ~a~
rotation~ ~cfion;

~ a com~nafion ~th a ba~e p~ng a ~wer
panel ~r gu~ance of the water to the impd~r
body memb~ ~ an ~d~ed panel means w~ch
~ads to ~bstantially the p~h of the tips of the
~ade memb~s ~ the impell~ body memb~; and

in w~ch ~e s~d ~wer panel ~O~ation causes the
unde~po~on of the water waves to be preened
~ a gener~ upward moveme~ which causes a
c~sting of the waves, the b~ak~g of the wave cre-
ating bong a m~or contributor of energy u~ed
~ impa~ng ~ue ~ t~e impeller.

55
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[57] ABSTRACT

A wa~rwhe~ assembly ha entry and ou~et flow &-
recting channel portions and a flow dkecting member
below the waterwheel The wa~rwhe~ has a ~ur~ity
of m~ally dispo~d padres moun~d on a rotatable
shaft and arranged with spaces between the padres ~
open fl~d communication ~ the center portion of the
wa~rwheel. The upper portion of the waterwheel ~
enclosed ~ a pressurized air cafi~ so water ~ kept ~
the lower portion of the wa~rwheel. A method of con-
~o~g the wa~r flow ~ a watershed ~clud~ directing
wa~r flow through small channe~ which connect with
larger channe~ with flow conUoH~g wa~rwheels ~
the charm,s ~ ~leeted location so th~ rele~g wa~r
through the waterwheels consols water flow and thus
regulates runoff ~ the wate~hed ~e&
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PRESSURIZED WATER WHEEL

CROSS REFERENCE TO RELATED DOCUMENT

The wa~rwhed invention ~sdosed in t~s applic~ 5
tion ~ a su~ect of a document d~closure number
026943 filed ~ the P~ent Trademark Office, Dec. 26,
1973, by the ~vento~

BACKGROUND OF THE INVENTION

Th~ invention ~ r~ed to w~erwheels where~
water pasting through the ~wer potion of a ve~icfl
positioned w~erwheel ro~s same. ~ ~ also related to
the control of runoff and w~er flow in a w~ershed
are~

In generfl prior a~ w~erwheds and Water driven
tur~nes are ~w efidency prime move~.because they
are ~ru~ured such th~ a subs~nti~ potion of the
perime~r of the wheal ~ enclosed ~ the water and o~y
a small potion of ~ ~ su~ec~d to forces ~om the
mofing water ~ream therefore cons~erab~ drag ~
~cu~ed by the m~or potion of the wheal. In these
prior a~ w~erwhe~s and tur~nes general~ a ~rge
head of w~er ~ needed to obt~n any sub~anti~ power
output from the defice and ~ such constructions a
large head ~ss ~ usufl~ occurred through the asso-
c~ted structure necessary to get the w~er to the ~ades
Or padres of the tur~ne or waterwhed. Almost with-
out except~n w~erwhee~ are oper~ed with w~er
pasting onto an upper portion of the whe~ and b~ng
carried by ~ to a ~wer e~v~n on w~ch req~res
special channeling and w~er ~version nece~ary to get
the w~er to such an elevation and ~ proper position to
fall on the wheal. Obfioufly these constructions require
fi~ng of the whe~ and propo~ions to the availab~
head and to~cfl ~cation w~ch ~ct~e the s~e of the
w~erwhed.

In the current pract~e water control ~ a wate~hed
area ~ accom~hed by arran~ng the wa~r movement
such that ~ passes through a ~urality of channd~
~ream~ dyers and the I~e so the wa~r ~ moved off of
the land at a reasona~y ra~d r~e. T~s method of
water contr~ ~ w~e~hed area fim~y profides for
ra~d remov~ of the water from the w~ershed area to
move ~ down ~ream and eventu~ to the ocean. Th~
method control has ~herent disadvantages ~ th~ ~
causes g~ amount of soil erofion as we~ as providing
for dangerous conditions flood-w~e and times of ~gh
r~n fall or during spring thaws. An ad~tion~ d~advan-
~ge of t~s present method of water cbntr~ ~ that ~
does not profide for retention of w~er onto the ~nd
w~ch ~ turn decreases the amount of w~er availa~e
for rep~shing the under ground w~er sup~y and
m~ntain~g water content ~ the ~nd.

SUMMARY OF THE INVENTION

In an embo~ment of the w~erwhe~ structure of th~
invention R ~dudes a waterwhed hating a ~uralRy of
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the w~ flow th~u~ a ~ of channd~ ~r~ng
a ~ ~ the ~hannd~ ~g a flow ~gd~
w~ ~ ~ outlet of each ~o~ ~d ~g
w~r ~ flow though the w~e~d~

One o~e~ of th~ invention ~ ~ p~v~e a wate~
wheal structure ove~om~g the ~an~s ~ the
prior a~s ~d defices and th~eby proving a ~gh
effi~en~ w~e~d ~r use ~th ~ sm~
water head~

10 S~, one other ~ ~ ~ ~e~ ~ ~ ~ofide a
wa~d ~m~e w~ch has a w~e~d th~ ~
m~d about a horimn~ ~sp~ed ax~ and has a
~ppo~ng structure wh~h ~rec~ water flow through
the ~wer po~on ~ the w~d w~e m~n~n~g

15 the ~r po~ ~the w~e~d ~ a p~u~ ~r
ca~y.

S~, another o~e~ of t~s ~vention ~ ~ profide a
watered ~ru~ure w~ch can be used ~r the ~nera-
tion of e~c~c~ power by util~ng ~ve~ sm~

20 wa~r heads throu~ ~anne~d flows.
YeL another o~e~ of th~ invention ~ ~ profide a

watered w~ opera~ much ~ the manner of
a w~e~e to re~a~ t~ flow of w~er ~ a channd
th~ can be used ~ a w~ershed area ~ co~rol m~n

25 ~ water ~ the wate~h~ area.
Yet, ~r o~e~ of th~ ~vention ~m profide a

method of co~r~l~g w~er flow ~ a watched area
w~ch r~ns water on the land ~ a ~ur~ of ~v
conne~ng ~annds througho~ the area and ~her

30 wher~n the water flow from the reservok ~ regd~ed
by flow corral w~e~es or flow co~roll~g water-
whed~

Various other o~e~ ~vantage~ and ~ures of
the ~venfion ~ become ~parent ~ those s~d ~

35 the a~ from the ~ng ~scus~on, taken ~ co~un~
fion ~th the accompanfing &aw~, ~ w~ch:

DESC~ION OF THE DRAW~GS

~G. 1 ~ a cro~ se~on~ dev~n flew ~ the water
40 wheal ~ th~ invention Shown ~th water flo~ there-

throu~;
FIG. 2 ~ a cro~ section~ flew of the w~e~d and

associated stm~ure shown ~ FIG. 1, ~th th~ v~w
b~ng taken on a ~ne 2--2 of FIG. 1;

45 FIG. 3 ~ a cut away ~ew of the w~e~d and
assorted ~m~ure ~ken ~ong the a~s ~ rotten of
the waterw~d and ~o~ng mounfi~ of the water-
wheal and padres ~ ~ flew w~h mechan~ ~ra-
tus ~r ex~acting r~ary mechan~ powe~

50 FIG. 4 ~ an e~a~ed cross section~ flew of the bot-
~m channd flow &recting member and t~ tip of a
wa~d padre s~ng the se~ member on the
pad~

FIG. 5 ~ a gr~h of estim~ed theore~ effi~en~
55 ~r the watered versus drop ~ water surface ~r

sever~ flow vetches; and
FIG. 6 ~ a gaph~ ~ustr~on ~ a watersh~ area

~th a ~ur~ ~ ~erconne~ water channe~ jo~-
padd~s which are a~anged so the spaces between the ing together, circles on the channds indicate wate~
paddles are in open fluid commun~ation in the center 60 whed~
potion of the wheal. The waterwhed ~ mounted in a The following ~ a discusfion and description of the
water flow directing ~ructure having an envy channel specific embodimen~ of the waterwhed s~ucture and
and outlet channel to direct water flow through the the method of water con~ol in a watershed area of th~
lower potion of the waterwhed. The waterwhed ~ invention, such b~ng made with reference to the draw-
enclosed in a housing like structure such that the upper65 ings, whereupon the same reference numerfls are used
potion thereof ~ operated in an air cavity. In a spedfic to indicate the same or fimflar parts and/or structures.
embodiment of the method of controlling water flow in It ~ to be understood that such discussion and descrip-
a wate~hed area the method includes steps of directing tion ~ not to unduly ~m~ the scope of the invention.
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DETAILED DESC~PTION
Re~ing ~ the ~aw~ ~ devil and ~ pa~cul~

~ ~G. 1 wbe~ the waterwbed and channd flow
~pamms of t~S ~vention, ind~ated ~rally m 10 ~
shown wfth water flo~ng thigh same from ~e rig~
~ ~e ~. The waterwbed ~one, ~c~ed ~ral~
~ 12 ~ ~ppo~ed by ~t ~aR 14 ex~nd~g from ~
oppose ends w~ch a~ ro~y moun~d ~ beatings
~ppo~ on fi~s 16 and 18 ~the flow ~annd ~m~
ture. Shaft 14 Vgidly supports a plurali~ ~paddles 20.

Sha~ 14 ~ ti~dy moused on padd~ 20 by ~pports
22 at thor ou~r end po~on~ The ~ner edge 24 of
pMd~s 20 ~ d~aced ~om ~aft 14 and these ~ner
ed~s ~e ~ed from one an~ber ~ ~own ~ ~G. 1.
The ~ner ed~ 24 of the p~d~ 20 ~ at~ m the
~ ~ the ~pports 22 shown ~ FIG. 3 ~r m~n~g
the p~des 20 ~ a spaced relation~ from the shaR
l& Spac~g ~ ~ner p~e edges 24 ~ an important
~atu~ of the wa~rwbed ~m~u~ because ~ fl~ws
o~n fluid ~mmun~ation ~n the ~ 26 ~-
~n paddles 2~ E~h Fadde cn ~ e~nga~d ounce
ed~ 28 ~ p~ded ~th a ~nt ~per 3~ Padre
end ed~s 32 and 34 are flso p~v~ with ~pers 36
and 3~ ~s~cti~ly. Wipe~ 3~ 36 and 38 mb on
~fior po~om of the flow channd ~ructure ~Ii be
~d~d bereinafte~ Shafts 14 c~ be fired ~th a
mechan~fl ~ating, ~ ind~ated ~nerally ~ 40 ~ FIG.
& ~r connecting ~ ~th another shaft 42 m u~e
~m~ pow~ ~d by ~e w~erwbed.

The pa~ular flow ~an~l ~parat~ 10 includes an
ent~ ch~l ~g ~ wa~rwbed 12, an outlet chan-
nel from the wa~rwbed ~d a bottom channd flow
¯ ~cti~ ~m~y benea~ the waterwbed. E~
~annd 42 h~ a smoo~ bottom w~ can ~ fl~ ff
~sired ~ a poim imme~ate~ ~d ~ waterwbed 12
~ w~ch p~ the flow chan~l d~ and h~ a ~ne~
~ ~m~cy~ndtic~ shaped bottom 46, ~ shown ~
FIG. 1. E~ channd 42 jo~s an updg~ flow ~cting
member 48 imm~iatdy below waterwhed 1~ Uptig~
flow ~cting mem~r 48 h~ a cu~ed upper surface
50 w~ ~ ~a~d ~ ~ow ~ 30 on the p~e
edges 28 ~ rub ~ they pass. FIG. 4 shows the upper
end po~on of upright flow ~cting mem~r 48 ~th
,the end ~a padd~ 20 and wi~r 3~ O~let channel 52
can ~ ~nstmcted havi~ a flat bottom 54 downstream
~om a p~nt l~ed imme~dy down~am of w~
~rwbed 12 where ~ ~uch poi~ the ~an~l ~tmm ~
p~m~y pa~ cyl~drfc~ ~ and c~-
fion~y ~und ~ ~c~ed ~ 5~ Cu~ed channd bo~
~m outlet 56 joim the down~am side ~ uptight flow
~cting member 48 and ex~nds m a poi~ subs~m
fi~y downstream ~ waterwbed 1Z

~ ~ ~ ~ un~tood th~ the ~unded ~d pa~ially
cyl~ddcal configurat~n ~ the ~annd bottom imm~
~ate~ abead ~and downstream ~waterwbed 12 ~n
~ changed from that shown ff such ~ the defi~ of the
u~ In any ~ums~nce the shape of the channd
bottom ~ouM be smoothly contoured ~ a uniform znd
eveuly chan~ng ~ilin~r shoe when seen ~ c~ss
~cfion ~ o~ m p~fide smooth water flow ~ and
away ~om wa~rwbeel 12 for ~e puw~e ~ mi~mi~
~g ~ulen~.

W~erwbed 12 h~ the upper po~on the~of en-
do~d ~ a houfing ~c~ ~ral~ ~ 58 ~ ~rm an
~r cafi~ 60 above the upp~ potion ~ w~erwbed 12.
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don of shaft l& A houfing ~p po~on 64 j~ns the
upper po~on of ent~ will po~on 62 and ex~nds
downstream over the ~p of waterwhed 1~ ~ ~ defi~
a~e ~r the mp po~on 64 of the waterwhed houfing

5 58 ~ be disposed abo~ the upper end of padre 2~ as
shown ~ ~GS. 1 and 3, so ent~ wall 62 and ~p po~
don 64 w~ p~de ~mewh~ of a wa~r barri~ ~
enWy channd 4Z An outlet updg~ w~l posen 66
j~ns the down~am fide ~ hou~ng mp po~on 64

10 and ~nds ~ a poi~ ~ntially bdow the d~ation
of the upp~ end ~ uptight flow ~cfing member 4&
Preferabl~ ent~ w~ po~on 62 and outlet w~l po~
don 66 a~ positioned appm~m~e~ h the cen~r
po~on of the rounded channd bosoms 46 and 56 so

15 th~ wa~r can flow h a smooth flow h~ and out of
w~erwhed IZ

FIG. 1 shows ~ norm~ operating wa~r ~ve~ ~fide
houfing 5~ ~ norm~ operation w~er ~ the inlet fide
cf waterwhed 12 ~ m~n~ined ~ a water ~vel 70

20 ~htly bdow the dev~n of the upper end of the
~werm~t padde ~ the ve~c~ p~on. This water
~vd 70 ~ adjus~d by chan~ng ~r p~u~ ~ cavi~
60 ~ nec~ to b~ance ~ ag~n~ the head e~sfing
betw~n inl~ water ~rfa~ 68. Obv~u~y ~r p~u~

25 ~ cavity 60 mu~ be p~osdy ~gulated and co~e~d
with ~mo~hetic p~u~ ~ m~ntain water ~rfa~ 70
~ ~e defired point. ~ ~e outlet side bf waterwbed 12
wa~r pasts though spies 26 between padd~ 20
and e~ the w~erwhed ~ a water surface ~vd 72

30 be~w the d~ation ~ water levd 70. The water ~vel
74 ~ outl~ char el 52 ~ be~w w~ ~rfaee d~ation
68 ~ e~ channd 4~ the~, ~r p~u~ ~ cavi~
60 nec~ ~ m~nt~n water surface ~vd 70 ~
defied will cause water ~vd 72 in the outlet fide of

35 waterwhed 12 ~ be disused be~w water ~vel 7~
The air p~u~ ~ cavi~ 60 ~e~y ~ ma~tain the
surface ~vds 70 and 72 can be ~pplied by an ~r pre~
~ tank, ~r comp~, or the ~ke, connec~d ~ the
cavi~ 60. The ~r p~u~ ~qul~d ~ m~n~in the

~ necessary ~rface ~ 70 can be controlled by a flo~
means or any other senfing defice coloring with the
~ ~ ~r p~u~. ~ ~ ~ be no~d th~ outlet wall
hou~ng po~on 66 e~ends ~tantial~ bdow ent~
housing w~l po~on 62. Th~ ~ ne~ssa~ ~ ~ th~

~ air ~om cafi~ 60 do~ not pass underneath ~e boaom
of outlet w~l po~on 6~ Duting op~ation ~ wate~
wheel 12, ~ ~ ~ te noted th~ ~r p~ses betw~n pad-
d~ spies 26 ~ water mo~s ~ these ~ ~ thor
outer po~o~ ~ong on the pedphe~ of the wate~

50 wheel. Th~ ~atu~ of the waterwhed s~ucture of this
~venfion keeps the water down be~w the upper end of
the ~wer ~c~ly ~sposed padre so ~ moves
though ~e ~w~ potion of waterwhed 1~ Water ~
not carded ~ upper po~ns ~ waterwbed 12 ex-

55 ce~ ~r s~n~ w~ch ~ relativdy mino~
FIG. 5 shows an ~timated performance cha~ ~r the

w~erwhed and flow channd ~c~ 10 of this ~ven-
tion. In FIG. 5 percen~ge ~ efficiency ~ ~o~ed versus
water d~p ~ ~ ~r sever~ water ~c~ ~ ~

~ p~ ~cond. Specie vdoc~ a~ ind~ated on the
cu~es. ~ c~culating the cu~ shown ~ ~G.. 5 head
loss ~ estimated ~om the following ~rmul~

65
Head Lo~ = (~/2g) + 0.25 ~et

In this formula 0.25 ~ added for head losses within the
houfing s~ucture. R is to be noted that percent effe-
ciency for even a small drop of water surface for a
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nomin~ flow rate E a rather ~gh. percentage wh~h E
m be compared with convention~ mrb~es as de-
~fibed above which have a percent effeciency of gem
erally less than 10%. Con~defing ~es from headw~
ter elevation m mrb~e ~1~, ~sses from turbine outlet
m milwater and ~ak~ From FIG. $ R E ob~ous that the
wa~rwhed and flow channel struc~ of this ~vention
are de,red m operate ~ a ve~ ~gh effi~eney with
relativdy ~w head eond~ons. Rdativdy low head
conditions ~dudes a total head from ~t to outlet of
be~w ~n ~e~ In the operation of the waterwhed of
th~ ~vention ~ ~ p~ra~y fized so th~ average ve-
locRy of water ~mugh the w~erwhed ~ wi~ the
range of 1 ~ 10 ~et per second. On the average R ~
expe~ed th~ the average vdocity through the wate~
wheal wiH be wit~n the ~nge of 2 to 3 ~ per ~cond
~r norm~ cond~ons with peak flow rates having an
average vdocity of between 5 ~ 10 ~et per second.
Obv~u~y the ro~t~n~ speed entirely devdoped by
¯ e wa~rwhed and flow channd appar~us of th~
invention world be dependent on the rad~s of the
waterwhed, the head p~u~, ~aks, head p~u~
~s~s and o~er fac~r~ Howeve~ ~ ~ to be unde~
stood th~ mechan~ ro~ting power produced by
waterwhed 12 can be couOed to generato~ for the
production of e~ctfic~ power or R can be connec~d
~ o~er mecha~c~ de~ces ~r making u~ of the ro-
~ powe~

In regard ~ the m~hod of contro~ng water flow ~
a wate~hed area of th~ ~venfion R E ~ be understood
that t~s method &ffe~ sub~antially from p~ntly
pract~ed methods of watched con~d. The novd
m~hod of t~s invention w~ conc~ved and deigned
with ~e ~11 ~n of u~ing the novel waterwheel
~ru~u~ of the ~venfion. B~ic~ly the novd method
of th~ ~vention ~vdves c~ ~gulation of runoff and
retention of water on the hnd for l~er release through
the waterwheels ~ extract useful work from the water
as R moves downstream ~ a later time under regd~ed
con~fion~

In apO~ng the waterwhed and flow channd struc-
~re of the ~vention ~ a wate~hed area K ~ ~
necessa~ to arrange the streams, water flow channd~
6ve~, e~. ~ the wate~hed area ~ a gener~ arrange-
ment as illus~ated ~ FIG. ~ In FIG. 6 the water can’y-
~g channds ~cated by the fines are connected ~ a
branc~ng fas~on so that water ~cked up by one
~ream wifi move ~ other connected channd~ Each
of the w~er carry~g channds or ~e fike are posi-
tioned ~ the wate~hed area m Ock up runoff from a
des~na~d area ~ the a~acent ~a~. Along these
channe~ or the I~e a Our~ity of flow regulating w~er-
wheals are ~stal~d as ~ca~d by the ~rc~s 80 ~
FIG. ~ These w~erwhee~ are ~s~l~d ~ sde~ed
locations spaced ~ong the channds to ~mpora~y
s~ water ~ the connecting channds. The channds
wh~h conne~ ~e waterwheels are each arranged such
th~ ~ surface water E ~u~ ~vd. At the oufl~ of
each of the re~ a flow regdafing waterwhed E
~stal~& The flow regaling waterwheek are namdy
the wa~rwhed and flow channel structure as described
above. It ~ to be no~d th~ by sdecfive ~acement of
the w~erwheels the w~er surface drop in the ehannds
can be a~us~d ~r each m be wit~n the de~d ope~
ating range of the wa~rwhed and flow channd appara-
tus 1~

In operat~n of a w~e~hed a~a the w~er flow con-
trol ~ regd~ed by releasing w~er through the flow

~gd~ w~e~ds ~ a ~ such th~ ~ m~
an ~y ~th, ~vd, ~d p~y non-turbu-
~nt flow ~ ~ w~ ~. A ~ ~ ~ ½ ~ per
second or ~ss ~ ~baa~ ~na~ ~gn~eant

5 s~ em~on pm~em~ By ~e~ng w~er so that ~
flows ~ ~ ~an~E ~ ~s manor the p~m
~ s~ eros~n E m~od. Also a gre~ q~ ~
w~r E hdd on~ the ~nd ~ th~ E can ~ ~od ~
~ ~nd and ~ ~r ~e as needed. ~ ~d~

10 ~u~ ~ ~ng ~r on the land ~ th~ E ~ens
~ ~pact ~ pe~ ~ns w~ch ~dan~r floo~pm~
areas ~am. It E ~ be no~d th~ by ~gd~
w~r ~w so th~ ~ moves no~y ~ a no~turbdent
flow through the channds ~ ~b~y d~a~s

15 s~ em~on and d~s the nec~ ~r paved
~annd~ fi~, and other expens~e ~w ~n~d ~-
~es ~ ~th p~ ~ ~ the ~ h~ ve-
~ w~r ~an~ Al~ the 1~ ~oc~ no~
~nt fl~ ~I ~ow ~d~ in ~ w~r ~ drop out

20 thus dafi~ w~r in the channd.
In the sdecfion ~ the ~tes ~r the fl~ ~d~ng

w~rw~ ~y ~ pr~ cbosen ~ deva-
fion drops be~en the ~ c~ w~r suite
and ~r ~annd ~r su~ and can be a~d

25 ~ be ~n 2 and 10 ~eL Mo~ p~y t~ ~s
~ ~ed ~ ~n~ w~re e~vation drops are ~th~
the ran~ ~ 3 ~ 8 ~eL It ~ ~ be n~ed th~ by sdec~
~g the flow ~gd~ w~rw~d ~s ~ ~~
areas wMch am not mo ~mo~ ~om cNH~ thee

30 dedces can be used ~r the ~n of eMctdcM
~w~ ~r u~ by refiden~ ~ the ~~ a~a
or connec~d ~th a power ~~n ~k ~r
use m a ~t p~nL

In ~ man~ ~ ~ w~rw~d ~mm and
35 ~d ~m ~ ~s ~vention ~ E o~ th~

k can ~ ~~d ~ ~h~ the e~ ~ ~th
far ~ effo~ than req~md ~om ~me state of ~e a~
hydroelec~c ~an~ and water reg~ating and re~ng
fac~ Because the waterwheel ~ruc~re and the

40 ~w ~annel sffucture E ~ve~ ~m~e ~ ~ k can
~ c~t or ~ed ~ concrete or other suimb~ matefi-
Ms ~th the waterwhed b~ng .con~ructed m~h ~
conven~n~ mrbine~ waterwheels, ~mps and the fike
are con~ruc~d. In ufil~ing a watemhed water control

45 method of the ~vention k ~ ob~ous th~ the w~e~
wheal, flow ~annd direc~g structure and ~w regu-
lating ~rams of th~ invention make ~ pos~e m
car~ om the method ~ disclosed. The metbod ~wamr
conffol ~ a watem~d area ~ u~e m the prese~ a~

50 ~cause ~ reins water on the land and carefully regu-
lates the rate ~ runoff ~ the use ~ the ~w regd~
~ce. .

In the use and ~eration ~ the w~erw~d s~ure
of th~ ~venfion, ~ ~ seen th~ same profides a wate~

55 wheal s~ucmre which can ~ usod for the ~ner~on ~
rota~ me~an~M ~wer and wM~ Mso can be used ~

’ regdMe wa~r flow throu# a channd or the ~e. In
ca~ om the method ~ the ~vem~n ~ E seen th~
the method ~water com~ ~r a watershed area re~-

60 lares the amoum ~ water re~ined on the land by ufing
~rconne~ed rese~ and ~annek The method ~
wate~hed control reins water on the land and regu-
lates runoff so thin the flow rate throu# the ~annds
E ~ve~ ~w and thereby overcomes d~van~s

65 of the present metho~ by redudng or su~tial~
d~ng s~ ero~on w~e m the same time M~en-
~g the dan~r ~ ~od~g ~stream. R E m be no~d
~ wMer ~annds creMed by us~g the ~vem~n
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world pmdde water ~r ~figat~n purpo~s ~ w~ ~
mc~ation.

As will ~come apparent from the ~goi~ de~fi~
tion ~the ap#~ant~ waterw~d structure a relati~
waterw~d ~par~ h~ Ken prodded ~r u~ ~ a
channd ~ ~nem~ ~m~ mecha~c~ powe~ The
waterwhed structu~ is relatively fim#e to con~ruct
yet ~ ~ncfiom wi~ a q~ ~gh effec~n~ and can ~
used essentifl~ confinuoufly ~ a water ch~nd ~
an Meq~m sup~y of wa~ The method of wamr
~ntrol ~ ~e ~plicant p~d~ a fimOe me~od of
~ntro~ng water ~ow ~ a watershed area ~ ~mining
water ~ ~ and ~gul~g ~ flow rate down-
a~am. The me~od ~ economical m ~tilke m a ghole
~u~ k util~es w~ power ~ ~oduce rom~ m~
ch~M energy w~ch can ~ umd ~ ~rate ele~
¢~ powe~ Addition~ ~e me~od ~ water ~rcl ~
ad~n~o~ from a ~fety point of flew ~cau~ ~
~ssem p~blems due ~ flooding ~d K mov~ water ~
a relativdy ~w vd~i~.

While the ~ntion h~ ~ ~d~d ~ co~
tion ~ p~ed speofic embodimen~ ~eo~ ~
~11 ~ unde~tood ~ ~ de~dption ~ ~nded ~
¯ u~ and not lim~ t~ ~o~ of ~e invention,
which ~ defin~ ~ Ihe fol~ng d~ms:

i d~m:
1. A waterw~d and flow ~eting me~s ~e~L

~mp~
~ a wa~rwheel ~fing a Ourali~ ~d~ dispo~d

p~des moun~d on a sha~ ~ a ~ rdation
~ ~ ~n s~d p~d~ ~i~ ~ o~n
fl~d commun~afion ~ the tenor po~on ~ the
w~erw~d,

b. a flow ~cfing means having an em~ ch~nd
po~on ~ fl~d commun~n ~ ~e upa~am
~ ~id waterwhed, ~d outlet channd po~on
~ fl~d ~mmun~afion ~ ~e down~am s~e
of ~ w~erw~d, and¯

~ a housing dgidy moun~d over ~ water wheal,
d. a m~ns m pm~udze an up~r po~on ~ ~id

w~erw~d moused over ~ w~er w~d ~ a
s~t~na~ potion, ~ me~s ~ ~e~ud~ ~irg
conduced ~d ~a~ed ~ ~ u~ ~in ~r ~ an
up~r po~on ~ ~ wa~rwheel, and

e. a bosom eh~nd flow directing mem~r moun~d
~w ~ waterw~d ~d having ~e up~r ~
face ~e~of con~c~b~ ~ ~e ~wermoa po~
fion of said waterwheel paddes ~ s~d waterwhed
r¢tates ~ ~ water ~m~gh a ~wer posen ~

£ °":mea~’ nsd wa~rW~to ~"m~n~in°~ a pre~um he~ on ~e em~
channd po~on w~ch ~ g~ater th~ ~ on t~
cutlet ch~nel po~on, ~id water w~d ~d ~ow
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ABSTRACT

The ~vcnfion comprises a w~er whcd having spaced
paralld drc~ar ~de w~ suppoaed on beatings w~ch
are rotationally mounted h a s~gonary bas~ these
beatings prefcrably b~ng the wheals of r~oad car~
there b~ng a plur~ity of gener~ly ra~ally extended
paddle dements disposed b~ween the ~de walls and
ex~n~ng ~om the periphery therco~ and ~chdhg an
upwardly exteaded chute connected to an ~ev~cd
w~cr suppl~ this chute ha~ng a lower end shaped to
deflect water generally horizontally and ~ngentially
hto the upper portion of the w~er wheel and ag~n~
the paddle ~ement~
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1

WATER WHEEL ASSEMBLY

BACKGROUND OF THE INVENTION

The an of ex~acfing pow~ ~om mo~ng w~ ~ ~d
and ~dud~ num~om and ~fferent ~pes of padre
whets deigned m ex~aet pow~ ~om mo~ng streams
and fiver~ ~ose ha~ng cup-l~e pad~ w~ch are
op~mcd ~y the gravitationM ~e of w~ ~pplied
~om abov~ and mod~n hydrodeetfic m~
wher~n ~gh pressure water A m~zed to drive the
tu~e ~ru~u~. The water whets of this prior art are
conventionMly supposed by a cen~M a~e w~ch ~
d~ectly cou#ed ~ a pow~ rake off sha~ ~q~fing ~e
me of e~mdy heavy dmy be~ings ~ ~e pow~ rake
off mechanism. There ~ a need for a w~ whet ~m-
My w~ch ~z~ bo~ ~e pr~ gentled ~om ~n
devMed water sup#y and the ~rce of gravity on one
qua~ of ~e w~ whet, and ~ supposed o~er ~an
by the cemrat azle ~ lhat the Fow~ take-off linkage ~
~p~med ~om the suppo~ bearing~

SUMMARY OF THE INVENTION

The present ~vem~n compris~ a water wheel as-
semb~ w~ch ~1~ the above mentioned need and
~dud~ three ~ced p~alld dm~ w~l demems
hav~g a ce~ral a~e p~s~g ~hrough w~ch ¢o~
nec~ with ~e pow~ ~ke~ff mecha~sm, ~e w~
whet b~ng ~ppo~ed by a p~ral~y of preferably m~
road-type wheels journ~led ~ a ta~ struc~m bene~h
the~ wall~ A ~urality of m~ally e~ended padre
clemens moused to and b~ween the outer walls are
driven by subs~nti~ly horizontally-d~ected w~ im-
p~g~g on the padres ~om a chute w~ch de~ve~
w~ ~om an revved sup~ whereby the p~enti~
energy of the revved water sup~y ~ ~zed wi~ a
~m~e w~ whet and ~ ~e absence of a complic~ed
~e ~ruct~ Each of ~e padre demems ~ ~
prov~ed with a panel connected b~ween the ra~ally
i~n~ end of the padd~ and ~e pedphe~ of the wall ~
contain the w~er ~om the ch~e during approxim~dy
one qua~er of ~e ro~t~nN cy~e of ~e whet m th~
the gravi~tionN pull cn this confined w~ N reed ~
drive ~e whet ~ ad~t~n ~ ~e ~e of ~e Nst-mo~
~g w~ ~om ~e ch,e.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 g a Nde devation flew of ~e w~ whet

assemb~ wi~ a Ndewall pa~ially c~ awaN
FIG. 2 ~ a ~p flew of a potion of the assembly;
FIG. 3 ~ a se~nN ~ew ~ken Nong ~nes 3--3 of

FIG. ~
FIG. 4 N amp ~ew of the gear mechanism and a

potion of the w~er whet ~semN%

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The ~venfion ~ud~ a w~er wheel, general~ ~di-
cated at 1~ compdNng a pNr of spaced, d~ul~ Nde
wall(l~ each of wNch ~ suppoaed on a NurNRy of
bearing clemens 1{ wNeh ~e p~ferably rail mad
whets ha~ng flanges 16 ~spo~d on ~e ou~r edge of
the wNN ~r Nte~l ~abilit% The railroad whets are
joumalled ~ suppo~s 18 which a~ mourned ~ any
s~tab~ b~ P~alld ~ and b~ween NdewNN 12 Se~
may be an ad~fionN d~ wall 2~ tNs wall berg
supposed by NmiNr bearings 22. The number of the
whets 18 and 22 may be any numb~ g~ ~an 1 ~r

~043,702
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each of the drc~ w~s and need not be ~d ~ ~
and ~ may be seen that the water wheal structure can
rotate on these wheals or ~adn~ ~depende~ of any
ad~fion~ suppo~.

5 An afie 23 passes ee~r~ ~ugh ~ three w~s
and ~ journ~d ~ any s~t~ bearing ~ructure ~
these bearing means b~ng suppor~d by updg~ ~an-
c~ons 27 w~ch are fi~ secured ~ ~dr ~wer ex-

10 the a~e ~ pr0~ded ~ a drifing ge~ 26 w~ch ddN-
ers power to a ta~ off sha~ ~ j~m~ ~ the be~-
~ 3~ ~e pow~ ~ke off ~a~ hav~g a ge~ 32 m~c~
~g ~th the gear 2~ Of cou~ any s~t~ ~ansm~-
s~n ~u~ ~d pow~ ~ off me~s co~d be u~d.

15 As previou~y note~ the suppo~ ~r ~e wheal st~c-
ture ~ profided by ~e being clemens 18 and 22 so
th~ the bearings 24 need not be exception~ly heavy
d~y.

A plur~y of ra~y extended padre demems 34
~ ~e moused b~w~n ~e ~de w~s ~ ~ ang~ady

spaced ~v~, ~ese p~ ~ co~ bring spaced
~d e~en~ng ~w~y pa~way ~om ~e c~cum~
ence of the ~de wm~. Each of these padre clemens
has a pand 36 joked to the ~ner edge ~e~ and

25 e~end~g ~ an an~e on ~e order of 90* to the c~cum-
~nc~ ~e s~e wa~ ~ ~rm a p~k~e c~ ~
b~ween the ~de w~s.

A w~ ch~e ~ ~n~ ~y ~om ~e w~
w~d ~ a w~ ~p~% ~t ~ow~ ~ ~ ~r ~d ~

30 the chute wh~h opens ~d has a shd~ke deflection
pant ~ ~ w~ ~om ~e revved ~u~e ~
~w~d ~e padre clemens ~ ~ ~ey ~e ~e~y
e~ during ~e r~on of ~e whe~ R would ~s~
of cours~ be ~e to s~m~ ~e ~ m~ ~ ~r

35 ~e ch~e ~ the e~enfi~ ~ure of ~e cond~t b~
reed, behg ~ ~ ~s ~ w~ ~ ~n~ ~e
p~de demenL

~ ~ of the de~c~ ~ c~ be seen ~ water
~p~ ~om ~e c~e ~ ~H be d~d ~ ~gh

~ speeds ag~n~ the p~s ~ ~e ~rce derived there-
~om c~ng the whet ~ tu~ ~ a r~d rate. As the
whet rot~e~ w~er ~H be ~ped h t~ pocks 35
~d under the ~rce ~ ~a~y w~l ~aher ~e ~
wheal ~ mt~e ~ ~ ~c~ ~n ~ ~own ~

~ FI~ 1. ~m ~e ~ p~e~ en~gy ~ ~e dev~ed
water sup~y ~ ~d by the w~er wheel ~ut
the use of ~gh p~u~ ~ and ~tho~ the need
~r an excepfion~ly ~rge wheal or conveyor a~e~
¯ ~ ~n~ s~y ~ ~e h~g~ ~ ~e w~r

~ ~p~

L A w~r ~ ~ co~:
~ a w~ whe~ ha~ng

i. a ~r ~ ~ p~ ~ ~e w~
¯ a ~r~y ~ ~y ~ p~ m~

to and b~ween pefiph~ po~o~ of s~d ~de
w~ each of s~d pad~ ha~ng a r~y ~er
edge ~ a pan~ ~ ~ ~d b~ween s~d
~de w~ and ~e~ ~om ~e ~y ~n~
edge of the respective p~e ~~y no~
m~y ~e~ and e~en~ng s~anti~y ~ ~e
~um~rence of s~d ~de w~

b. m~ ~ ~p~ s~d w~ wh~l ~r ~t~
~ a ~~ ~ ~~ a ~r~y ~
flanged r~ c~ whets ~n~y moused
bene~h and in ~ppo~ng con~ ~th s~ ~de
w~ and ha~ng flanges ~e~of m~u~y oppo-
~y ~ed ~ ~y ~cu~ s~d w~ whe~,
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4
s~d wheals each bring no~an~ory and ha~ng
an ads p~alld ~ ~e ads of s~d wa~r wheal and
¯ e axes of s~d ~de wall~

~ a genially str~ght conduit extend~g upw~y ~
an dev~ed w~ sup~y and berg open ~ ~e 5
~w~ en~ the ~w~ end of s~d cond~t berg
~ed generally across the upper potion of s~d
water wheal normal to the ads thereof such that

w~er g~ng from s~d cond~t ~ d~ec~d genev

~y ~w~d con~cufive ones of s~d pad~ ~ s~d

water wheel rot~e~
d. s~id w~ w~d h~g ~ a~ ~d including

mecha~c~ ~nkage me~s coupling s~d axle to a

pow~ takeoff ~a~
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ABSTRACT

The ~vention r~ ~ a w~e~pow~ m~or ada~ed
~ be driven by a fi~ng and fall~g w~ ~ffac~ ~r
~ance ~e wave motion ~ereof. The novel ~u~s cf
the ~venfion re~de ~ th~ the ~w~ow~ motor
compri~s one or more dfi~ng whets each of w~ch
~as a ~ity of compa~ments defined ~ one direction
by b~m shu~e~ ~v~ally moused ~ the whe~ and
allow~g the whe~ to rota~ under w~er wi~o~ any
appre~ab~ ~ance, and ~ ~ the wheel or whets
~e ada~ed ~ coop~e w~h an equ~izer de~ce ~ ~e
~rm cf a confiner w~ch ~ ~pplied wi~ w~ when
¯ e w~ ~ace ~ on a relativ~y ~gh ~v~ and w~ch
~ its ~ suppli~ water ~ the wheel or whets when
~e water ~ace ~ on a r~ativ~y ~w ~v~.

8 Ci~ms, 3 Drawing ~gur~
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1

The present ~venfion rd~es ~ a w~ow~ m~or
pn~raNy ~r r~ating m a ~l~Ndy Mw speed by the
action of a fi~ng and fall~g w~ ~r~c~ ~r ~smnce
the wave motion thereofi The motor compd~s m Ma~
one wheal r~amMe on a hofizontM a~s and a #~ali~
of compa~mems ~ed pedphera~y ~ a s~tabM
~s~on ~ the wheel, each compa~mem b~ng defined
by axially and m~ally ~ed walls and by a #v~Mly
mourned ~utter disposed transversely of the pedpherM
surface of the wheal and ~rm~g when ~ one position
¯ e bosom of ~e ¢omFa~mem while allowing when ~
another position flee mngemiM passage of wmer
~mugh the compa~mem, sMd shu~er b~ng mourned
~ such a mann~ th~ during one nvdution of the
whe~ ff w~ swing by gravity b~ween a cloud position
and an open portion, and a contMner ~ ~mnged a~v
cent sMd wheal to cooperme ~ewith, from w~ch
container w~ ~cc~v~y flows ~to ~e comp~
ments ~eby cau~ng the wheal to rotat~

Swe~sh PaL Spedfication No. 363,876 discloses a
w~evpow~ m~or compd~ng a numb~ of buck.s or
eompartmen~ w~eh are ~ranged ~ a rotambM wheal
and p~ded wi~ #v~ally mourned b~m~

The o~ect of ~e present ~vention ~ to pro~de an
app~ of ~mntiMly the same type ~ ~e known
wmevpow~ motor accor~ng ~ sMd proem ~edfic~
tio~ w~ch app~atus -- despite its simplified con~ruc-
fion wffh ~g~d m ~e whed proper -- when ~ ~e ~r
exploit~g wave motion energy offe~ a smo~h~ run
and ~gher e~dency than the w~evpow~ motor ae-
coring ~ sMd p~em. The novel fea~r~ of the apply
tus according to the ~venfion ~de M ~ ~e eom-
pa~mems wMch ~e a~anged ~ ~e wheal periphery
and have three ~ed wall~ are ada~ed to coop~e
with a ~rface ~ationary relative ~ lhe wheel, which
surface during pa~ of the ~v~ufion doses the com-
partmem ~ Ma~ partially ~ the omw~d d~eetion.

The app~us accor~ng to the ~vention w~ be
de~ribed ~ gre~ d~l her~nb~ow wi~ n~nnce
m the accompan~g drawings, ~ w~ch:

FIG. 1 ~hematieMly illustrates an embodiment of the
apparels ~ ~ewed obl~udy from ~e ~de and p~-
tiMly ~ ~ms-section;

FIG. 2 ~u~r~es, broken awa~ a potion of an equal-
~ container having mo~fied inl~ flap~ and

PIG. ~ ~ke FIG. L ~hematically ~ustr~ an appv
r~us ~ w~ch ~e wheel and the equM~er contMner
have been modred.

~ ~e embo~mem of FIG. L ~e whed 1 compds~
a cengM tub~ potion ~ ~e omw~d~ ~ong ~fface
of w~ch ~rms ~e ~n~ bound~y wall of ~e compa~-
men~ and MmrM ~s~ 3 of w~ch ~e pogio~ Mc~ed
out,de the cen~M potion ~rm the ~de wMls of the
compartments. ShuRe~ 5 an #v~M~ mourned a~v
cem ~e pedpherM pogion 4 of ~e laterM ~scs 3 an&
when ~ a m~M position of abmment agMn~ suppo~
members 6 provided ~ the centrM potion, sMd shut|ers
~rm ~e b~mms of ~e compa~mems.

When ~e compa~mems descend imo the water at
the Mwer portion of ~e wheel, ~e ~m~ am swung
backwards agMn~ the d~eetion of rotation and thus
offer no reliance to the rot~y motion of the wheal.
During ~e continMng rotation of the wheal the shuRers
wi~ ~me by gm~ ~ch a pos~on ~ ~ ~rm again
the b~mms of the compa~mem~

4,07¢447
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In order to perform its ~nded ~nction ~e wheal 1
p~y cooper~ with an equ~er cont~ner 7
compri~ng an ope~p chann~haped portion 8 hav-
~g a b~m and ~de wallm At one end of the portion

5 8 an prodded flaps 9 w~ch open ~w~y an~ as
¯ ow~ #v~ abom hodzomM shafts, bm w~ch may of
course be of any s~tabM de,gin At the opposite end of
the channd~haped potion 8 ~e ~de wM~ of ~e co~
tMner extend up to and jMn the periph~M curvmun of

10 the outer Mte~l ~scs 3 of the wheal 1. The bosom 10
of the channd6haped portion ~ profided wffh a curved
portion 11 e~end~g a distance Mong the periphery of
¯ e wheal L preferably a ~stance corre~on~ng ~ ~e
peripheral ~ance b~ween two consecutive shuaer~

15 As w~ appe~ ~om FIG. 1, ~e wheal ~ eompo~d of
a number of sections, each section bring prodded w~h
a seres of #v~Mly mourned shutters. The shu~ers ~
the ~ffe~nt sections are offset with respect to each
~heL whereby an effe~ of ovedap#ng ~ gained. Due

20 to the ~ct that water contained ~ one compa~mem
execs a motive ~rce on the wheel, w~le at the same
time ~e fill~g of anther compa~mem h~ jug begu~
the romfionM movemem of the wheal will become
smother and mcre u~rm.

25 The motor ~ intended to be p~oned ~ ~e w~er
such that the wave cngs X shoed be abM m en~r ~
and ~1 the equalizer contMner 7. The w~ c~M~ed
therdn will then ~1 ~e compa~men~ of the wheal
succes~vdy ~e~by cau~ng the wheal to rotate Mso

30 during ~e p~ge of a sub~quem wave ~ough ~
In ~e embodimem of FIG. ~ ~e equM~ eonm~

T has a substantiM~ great~ capacity ~ eompa~d with
the eontMner 7 ~ FIG. 1. The ~en~ed dep~ of the
eoma~ T has neces~tated ~e pro~on of add~onM

35 inlet flaps ~. The flaps a~ movably mourned ~ such a
manner ~ flaps ~de w~ch ~e ~ still w~ from
a p~ous wave or wav~ w~ ~ma~ dose~ wh~e~
the ~h~ flaps ~e flee m open ~w~y so ~ m permit
mort water m enter. By us~g the app~atus aceord~g

~ ~ FIG. ~ ~ ~ po~ible ~ ebm~ a mo~ u~rm w~
sup~y and en~ continued r~ation of ~e whed, even
¯ cugh ~e supp~ of w~ shodd cede ~ a ~s~t of
~mporarily Mw~ waves during some periods.

The embodimem of FIG. 3 ~ffe~ ~om ~ of FIG.
45 L ~ ~ ~e wheal compd~s o~y one section and ~

¯ ~ ~e compartments have a Mw o~ wM1 12 hav~g
a h~g~ substantially equM ~ hMf cf a #v~M shu~eL
As ~ the embodimem of FIG. L ~e equMizer container
~’, he~ hav~g no inl~ flap~ ~ prodded wi~ an exten-

50 ~on 11’~ angment~ ~g~h~ w~h ~e Mw om~ wMls
12 of the compartments, the capacity of the compart-
meres when ~e move Mong the potion of ~r cke~
1~ path during w~ch ~ey ~e ~led wi~ w~er.

The ~venfion mu~ not be con~dered nstd~ed to
55 ~ de~dbed above cr shown ~ ~e draw~gs bm may

be modred ~ various ways wff~n ~e s#dt and scope
of the accompan~ng dMms.

What we dMm and deske ~ ~cu~ by Lett~s Palm

~ 1. A w~e~pow~ mo~L preferably for ~o~t~g ~ a
rdativdy Mw ~eed by ~e action of a dsMg and fall~g
w~er surfac~ ~r ~smnce the wave motion ~e~o~
wh~on sMd m~or compri~s ~ M~t one wheal rotat-
abM on a hofizontM axis and a #urali~ of eompart-

65 meres ~sp~ed pedpherMly ~ a s~tabM fas~on ~ sMd
m Ma~ one wheel, each compartment bring defined by
exially end m~ally ~sposed wMls ~nd by a #vo~lly
mourned shu~ ~sposed transve~dy of ~e peripheral
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sur~ce of s~d when and forming when ~ one position
the bottom of the compartment while allowing when ~
another position free mngential passage of wa~r
through the compartment, s~d shu~er bNng mounted
~ such a manner th~ during one revolution of the
when ~ w~ swing by gravity b~ween a dosed pofifion
and an open po~fio~ and where~ a cont~ner ~ a~
ranged adjacent s~d wheel to cooperate therewith,
~om w~ch cont~ner w~er succ~vNy flows ~to the
compa~ments thereby caus~g the when lo tomt~ s~d
container being formed so as to allow u~mpeded ~flow
of water ther~nto but permitting outflow of water
there~om o~y v~the companmen~ oft he wheN.

2. A w~er-power motor as d~med ~ clam 1,
where~ 1 he companmen~ arranged ~ the pedphery cf
the when and prodded w~h three fixed w~ are
adapted to cooper~e with a surface which ~ ~ationary
w~h respect to the wheN, and adapted to dose ~ least
pan of the compa~ment ~ the downward ~re~n
during pan of the revolution thereo~

3. A w~er-power motcr ~s d~med ~ d~m Z
wherNn s~d stat~nary suttee ~ arranged at the con-
m~er ser~ng as an equ~er and adap~d to be fiHed
w~h w~er ~om the wave ¢re~ and wherdn s~d

cont~ner who~ open, one end extends up to and j~ns
when portio~ defi~ng the comp~tmems, ~ ~ d~ect
commu~cafion wi~ ~e space of a rendering compa~-
ment.

5 & A w~e~pow~ m~cr ~ d~med ~ d~m Z
wh~Nn s~d ~nary sur~ce ~one ~ ada~ed to de-
fine the when compa~men~ ~ one d~ecfion.

E A w~e~pow~ m~cr ~ d~med ~ ~m Z
wh~Nn said ~ation~y ~r~ce ~ ada~ed to cooperate

10 with a wall ~ranged at the comp~tme~, and to define
~g~h~ w~h s~d w~l a whed comp~tme~ ~ s~d
one d~eetion (FIG. 3).

~ A w~ow~ m~er ~ d~med ~ d~m 1,
wh~n s~d equalizer cont~ner ~ prov~ed w~h ~t

15 flaps ~r~ng as on,way v~ve~
7. A w~ow~ m~er ~ d~med ~ d~m ~

wh~on a numb~ of ~perp~ed ~t v~v~ a~ ~p~
ratNy moused such ~ o~y flaps unaffe~ed by ~e
w~er hNd ~ the cont~ner open to ~w w~er to

20 ente~
8. A w~e~pow~ mmor ~ d~med ~ d~m 1,

whe~ ~e ~v~ b~m sh~ ~e moused a~
cent the ou~r potion of the compa~mems.

25

30

35

45

50

55

65



United States Patent [14
Russdl

[11] 4,141,670

~ Feb. 2% 1979

W~ER WAVES

Inventor: ~ ~ ~ Ru~ W~g~,

~ A~nee: ~~S~~,in
Her ~ ~ ~~
of ~e U~d ~n~m of ~e~
Brian ~d ~em ~
Ended

~1] Ap~. N~: 802~

~ ~led: J~ ~ 1977

~ ~ ~~ Pfior~ Da~

Ju~ ~ 1976 ~ ~ed ~m ............... 23951/76

InL ~J ................................................ ~3D ~
~ ~ ............................................ 41~; 415/~

~9~ ~; 417/330
~dd of S~ ........................................ 41~2~

415/~ 417/33~ 331; 29~53; ~5, ~ 501,
5~

R~ ~d

~S. P~E~ ~ME~S

~1915 Hoffm~ .................................. 415/7
~1920 Peck ......................................... 415~

1,143,118
1~3~326

1~8Z277 11/1930 Smi~ .......................................415/7
1,811,565 6/1931 Schwab~her ......................... 290/53
1~6Z047 6/1934 Young __.~ ............. 60/497
~82~148 1/1958 Somhwick ............................. 290/53
~07~447 2/1978 G~n~h ~ al. .......................... 415/2
~07~448 2/1978 Sande~ ....................................415/2

FOREIGN PATENT DOCUMENTS

404027 6/1970 A~tral~ ....................................60/495

Primary Exam~er--C. Z Husar
Attorney, Agent, or Firm--Larson, Tabor & Hinds

ABSTRACT

A device for extracting energy from water waves com-
prises ~gh-lev~ and ~w4evd re~rv~ with non-
return v~ves for permitting water from wave crests to
enter the high-lev~ reservok (but not return) and for
pertaining water from the ~w4ev~ re~rvok to ~cape
as a w~er wave ~ough p~ses but prevent~g entry of
water ~om the c~sts ~to the ~w4ev~ re~rv~ The
non-return v~v~ oper~e over a ve~ic~ ex~nt and are
such ~ to accommod~e the variation ~ time with
depth at w~ch w~er pr~sure changes from ~gh on
one side and low the other to low on the one fide and
~gh on the othe~

9 ~aims, 5 Drawing ~
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DE~CE FOR EXTRACTING ENERGY FROM
WATER WAVES

The inVeut~n r~es to a dev~e for e~racting en-
ergy from wa~r surface waves and ~ in~nded, in par-
tic~ar, for use in extracting energy from waves on the
surface of the sea.

There have been previous proposals to prov~e a
water reservior in which wave energy ~ convened into
a pre~ure head of water held above the mean ~v~ of
the sea surface by allowing the wave cres¢ to drive into
the reservo~ through non-return vflves

There has recently been described a device in which
the efficiency of wave energy extraction on this princi-
ple ~ improved by arranging a series of high and low
lev~ reservoirs with non-return flap vflves wh~h per-
mit the wave cresB to drive water into the high ~vel
reservoirs and water in the low ~vel reservoirs to be
extrac~d into the wave troughs.

The present invention ~ concerned with an improve-
ment of the latter device and ~ based upon the apprecia-
tion th~ the non-return v~ves, which extend re.icily
over the fu~ range of wave height which ~ ~ des~ed to
convert, shoed be capable of responding to pressure
changes which do not occur sim~taneously ~ ~1 poinB
up and down the venic~ extent of the non-return
v~ves.

Accordin~y the inven~on provides a dev~e for ex-
traction of energy from w~er waves comprising a
~ructure defining ~ Mast one high-level reservok and
~ least one low4ev~ reserv~ fi~t non-return v~ve
means operative over a ve~ extent of the high lev~
reservo~, which ftrst non-r~urn v~ve means open to
permit passage of water into the high-level reservok but
~ose to prevent passage of w~er out of the high-level
reservok, second non-return v~ve means operative
over a ve~ic~ extent of the low-level reservok, which
second non-return v~ve means open to permit passage
of water out of the low ~vel reservo~ but ~ose to
prevent passage of water into the low-~vd reservo~,
the first and the second non-return v~ve means being
adapted to respond to changes in water pressure across
the v~ve means which occur ~ different times at differ-
ent ve~ical positions up and down the ve~ic~ extent of
the v~ve mean~ thereby to permit passage of water ~
one ve~ic~ portion where the pressure difference
acro~ the v~ve means ~ in the forward dkecfion whfi~
remaining closed or substanti~ly closed ~ another ve~
fical position where the pressure difference across the
v~ve means ~ in the return d~ectiom

The non-return v~ve means pre~rably comprise
apertures and hinged flaps which move with the water
in one dkection to open the ape~ures and in the other
d~ect~n to close the ape~ures

In one arrangement according to the invent~n the
ape~ures are vertically extending slim with co~espond-
ing vertic~ly extending flaps hinged on a ve~ic~ axis
In this case the flaps are so con~rnc~d as to be capable
of twisting so th~ they can be open ~ the top whilst
closed ~ the bosom.

Al~rnatively the non-return v~ve means comprise a
~ur~y of ape~ures and associated flaps hinged hori-
zontall~ of sho~ ve~ic~ e~ent and arranged one
above another to pro~de the required over~l ve~ic~
extent of the non-return v~ve mean~ In this way the
hinged flaps at the various ve~ ~v~s can openand
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~ose ineependently of one another and in response to
~c~ pressure variations

Preferably the flaps are constructed to have a density
~ose to th~ of the water in which the device ~ to be

5 use~ Vertic~ly hinged flaps and horizontally hinged
flaps for a high ~vel reservo~ are des~ably of density
sfightly greater than th~ of the w~er. Horizontally
hinged flaps for a low lev~ reservo~ are des~ably
hinged ~ the~ lower edges and constructed to have a

10 density slightly greater than th~ of the water.
In one arrangement according to the invention a

Our~ity of high-lev~ reservo~s are intercommunicat-
ing to form a group and a plur~ity of low-level reser-
vows are intercommunicating to form a group and a

15 turbine ~ driven by w~er ~lowed to pass through ~
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 reservo~ pairs are ar-

20 ranged so as to be acted upon in sequence by cres¢ and
troughs reaching the de~ce and, in each pair, water
flows ~om the high-lev~ reservo~ to the low-~vel
reservo~ via a ve~ic~ axis turbin~

Spe~fic constructions of apparatus embodying the
25 invention will now be described by way of example and

with re.fence to the drawings fded herewith, in which:
FIG& I and 2 are diagrammatic pe~pective views,

partly in sectio~ to illustrate the principle of operation
of the devic~

30 FIG. 3 ~ a diagrammatic pe~pective view, partly in
sectio~ of a device having a plur~ity of intercommuni-
c~ing high-lev~ reservoks and a plurality of intercom-
municating low-level reservo~

FIG. 4 ~ a ~agrammatic ~de view of part of another
35 de~c~ and

FIG. 5 ~ a diagrammatic section~ v~w on the line
5--5 of FIG. ~

Re~rring to the drawing~ the device comprises a
series of compartments Mternately comprising (or form-

40 ing part o0 respectiv~y high-levM and low-level resev
vows 1L aX As shovat in FIG~ 1 and 2 a series of
ve~icMly hinged flaps 13 in the wall of the high~ev~
reservo~ 11 permit passage of water into the reservo~
but prevent return of water back past the flaps l& A

45 corresponding series of ve~icMly hinged flaps 14 in the
wM1 of the low-Mv~ reservo~ 12 permit passage of
w~er out of the reservo~ but prevent return of water
into the reservo~. FIGS. I and 2 show diagrammat~
cally a ve~icM axis turbine 21 arranged to be driven by

50 flow of w~er from the high-lev~ reservo~ 11 into the
low~ev~ reservo~ 1Z

FIG. 3 shows how a plurMity of compartments are
arranged to provide M~rnate wM1 sections coupled via
non-return vMves with the high-Mvel and low-Mv~

55 reservo~s respectively. The compartmen~ forming the
high-lev~ reservo~ are intercommunicating via a chan-
nel 15 (FIG. 3) whilst the compartments forming the
low-lev~ reservo~ are intercommunicating via a chan-
n~ 16 (FIG. 3~

60 Operation of the device will be apparent from FIG~
1 and Z As a wave crest reaches a compartment of the
high-lev~ reservoir 11, and the water lev~ outside rises
above th~ in the reserver 11, the flaps 13 hinge open
(FIG. ~ so th~ w~er ~ taken into the reservo~ 11.

65 When the outride w~er ~v~ ffl~ below that in the
high-lev~ reserver ~1, the flaps 13 dose (FIG. 2). As 
wave ~ough reaches a compa~ment of the low-~v~
re~rv~r l~ and the w~er ~v~ outside ffl~ bflow th~
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~ the reservo~ 1Z the flaps 14 hinge open (FIG. 
rele~g water from the low lev~ ~rvo~ When the
ou~ide water lev~ ag~n fi~s above th~ ~ the low-
lev~ reservoir 1Z the flaps 14 do~ (FIG. 1).

FIG~ I and 2 show, ~ ~g~y diagrammat~ ~rm a
ve~ic~ axis turb~e driven by water from ~e ~gh-lev~
reservo~ 1Z

In one arrangement, each compartment ~ ~p~ate
and a turb~e ~ provided ~ each pair of compartments
between ~ w~ch ~rms the ~gh-level reservok and
that w~ch ~rms the ~w4ev~ re~rvo~ In ~e ar-
rangement shown ~ FIG. & where the compartmen~
~e ~tercommunic~g ~ group~ only one turbine
wo~d be requ~ed ~r each pair of groups forming re-
spectiv~y ~gh- and ~w-~vel reservoirs.

In accordance with ~e ~ve~ ~e vertic~
hinged flaps l& 14 ~e constructed ~ be capable of
twig~g so that, ~r examO~ ~ey can open ~ ~e ~p
whilst remaining substanfi~ly dosed ~ ~e bottom or
vic~versa. For t~s purpo~ ~e flaps ~e conve~ently
constructed of rubber or fimil~ matefi~. In t~s way
the flaps accommodate the variation ~ time with depth
~ w~ch water pressure on one fide of the flaps rises
above and f~ below ~ on ~e ~her sid~

An ~ternafive configuration, ~ustrated ~ FIG~ 4
and & ~ ~ hinge the flaps horizontally, each flap berg
of sho~ ve~fl extent and arranged ~ ~fi~ one above
anothe~ thus hav~g an appearance simil~ to ~e fla~
of a venetian bl~d.

Referring ~ FIGS. 4 and & ape~ur~ 31 prov~e
access ~ ~gh ~vel reservo~ 32. Flow ~rough these
ape~ur~ 31 ~ controlled by flaps 33 hinged (e.~ ~ 34)
horizontall~ The flaps 33 ~e of sho~ ve~ical extent so
that ~ey can open and clo~ ~dependently of one an-
other ~ accommodate the vatican ~ time with depth
~ w~ch water pressure on one side of the flaps rises
above and fills below th~ on the other sid~ The flaps
33 ~e ~so of limited horizontal extent ~ avo~ the
prob~m, where wave approach ~ not ~ fight angl~ to
the flap~ of a flap 33 held open by a wave cr~t ~ one
end whil~ the trough ~ ~ready approaching the other
end of the flap.

Ape~ur~ 35 provide outle~ from the ~w ~vel r~-
ervo~ 36 and flow through these ape~ur~ 35 ~ con-
trolled by flaps 37 hinged horizontal~ (e.~ ~ 38). 
will be noted that these flaps 37 for the ~w ~v~ reser-
vo~ ~e hinged ~ the~ ~wer edge rather than ~ the
top. The reason ~r t~s ~ that these flaps 37 ~e re-
quired ~ dose ~ the water wave on the outside ~ fis~g
up the s~e of the reservo~ w~l. If the flaps 37 ~e
hinged ~ the top, the fis~g water ~nds ~ carry the
flaps upw~ds and hold them open when they shoed be
shut. Provided the flaps 37 ~e slightly buoyant, th~
problem ~ avowed or reduced by hinging ~ the lower
edge of the flaps 3~

~ ~ important th~ the v~ve shoed open from dosed
~ wide open with the minimum flow of water and the
minimum impedance ~ water flow. To t~s end the
flap~ when ve~ically hinged, are constructed of ma~-
fi~ of density clo~ to, b~ slightly abov~ th~ of the
wa~r ~ w~ch the dev~e ~ u~ In the arrangemem
employ~g horizontal~ ~nged flaps, there ~ the advan-
~ge that the weight of the flaps for the ~gh ~vel rese~
voW, o~ ff nec~sar~ added weight, ~rv~ to profide a
smfll bi~ ~w~ds the dosed positio~ As mentioned
above, flaps ~r the ~w lev~ reservdr ~e d~ably
~ightly buoyant 0ower density than wateO and ~e

~nged at thor adg~ ~ the b~yan~ ~fi~ a
~ ~ m~s the d~d po~o~

Cbo~c of the ~s of the fl~s a~ the c~-
p~s ~e impo~. Thu~ the ~men~on of the

5 fl~ pe~~ ~ the ~nge sbo~d be sho~ ~ ~-
duce ~e w~r ~ ~y to ~ o~n ~
~ ~o~ t~ fla~ ~me ~w h~ ~ ~ be
~cre~d ~ incre~ing the number ~ fl~ v£v~ rather
than by incre~g th~ ~

10 For bo~on~y ~nged fl~ the dimens~n from
~n~ W edge must be sm~ r~ve W t~ o~t len~h,
th~ is the ~s~ce w~ t~ water p~cl~ move ~
ex~ut~g the wave motio~

The ~s~ce between t~ ~vide wads that ~p~ate
15 ~e~ of ~w~d opemg v~v~ from ~e~ ~ outw~d-

opemg vflv~, and ~so ~p~at~n ~ ~gh-levd from
low~vel ~o~ shoed for m~um efficienc~ be
sm~l comp~ed with the average wave~th ~ the
wav~ ~om w~ t~ ~fice is ~ extract ene~

~ The over~ s~e, or r~ch, ~ the r~o~ ~ have
an ~fimum dete~ed by a compro~ between
q~fifi~ of ~ructur~ matefi~ ~volved and the d~
abfl~ of capt~g t~ m~um water moveme~
from each wave.

25 The defice m~ comp~ a ~ructure b~t o~ or
an~ored ~ the ~ ~ or my, ~te~tive~ be con-
s~cted ~ the ~ ~ a l~ge fl~g structure ~ to~
s~ si~cantly ~ter than the average wave lenSE

The ~fice h~ advan~ over m~t m~
~ s~ms d~ed for extraction ~ ~ergy from wat~

wav~ ~ that R ~ not ~ifive ~ wave period and dm
not r~u~ ~ be t~ed ~ ~t the period of t~ oncom-
~ wav~. The ~fice d~ benefit, however, from
berg tuned ~ an ~prop~te wave-hdght s~ce R b

35 d~ab~ for m~um efficiency ~ p~ ~w ~ough
the turb~ ~ such a rate ~ ~ m~ a ce~ h~
&fference between ~gh-levd and low-level r~o~
and ~s h a fracfio~ ~o~d h~ ~ the wavehdght ~

~ The ~vem~n h n~ r~tfic~ ~ the ~s ~ the
forego~g exmpl~. For ~mce, flap v~v~ n~ not
n~y be employed but other fo~s of non-retm
v~ve m~ be emp~ed pro~ed th~ meet the opera-
fionfl r~emen~ d~fi~ above. A ~ibfl~ for

~ e~p~ h a honeycomb ~angeme~ of ~l v~v~,
but ~ h doubt~ ff th~ co~d compe~ w~ fl~ v~v~
~ r~t of the r~emen~ ~r m~um volume
~w and ~um water movement from f~y d~
~ f~y open positions.

I cl~:
1. A defice ~r ~rac~n of energy from water

wav~ compfis~g a structure ~f~g ~ l~t one ~
~vel r~o~ and ~ l~t one ~w~evd r~o~, f~t
non-retm v~ve m~s operative over a ve~i~ extent

55 ~ the ~gh ~vel r~o~, w~ f~t non-remru v~ve
means open to pe~t p~ge ~ water ~to the ~gh-
~vel r~dr b~ clo~ ~ prevent p~ge ~ water out
of the ~gh4evd r~o~, ~nd non-retm v~ve
means operative over a veR~ extent ~ the low-levd

~ r~rvo~, w~ch ~ond non~etm vflve m~s open
~ pe~t p~ge ~ water out ~the bw~vel r~o~
b~ do~ ~ preve~ p~ge ~ water ~to the low-level
r~rv~ the f~t and the ~oM non-remru v~ve
means operat~g ~ one ve~ position ~ l~t pmly

65 ~depeMently ~ operation ~ another ve~ position
ther~y ~ r~pond ~ ~ang~ ~ water pr~ure acro~
the v~ve means which ~cur ~ &ff~ent tim~ ~ diffe~
ent ve~ic~ positions ~ and down t~ ve~c~ extent of
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the v~ve means and ~ permit p~ge of w~ ~ one
ve~ position where the procure ~fference across
the v~ve means h ~ the ~rward d~ecfion w~le ~-
maining cloud or substanti~ly cloud ~ another ve~i-
c~ position where the p~ure ~fference across the
v~ve means h ~ the ~turn ~ction and power gener-
~g means d~ven by the flow of water from the ~g~
~vel ~rv~r to the bwdevd ~rv~r under the
pressu~ head ~mbfished by the ~fference ~ water
kveh ~ ~e r~pecfive reservoRg

¯ A de~ce ~ claimed ~ claim L where~ the non-
return v~ve means comp~ ape~ures and hinged flaps
w~ch move with the water ~ one d~ecfion ~ open the
ape~ur~ and ~ the ~her dkecfion to ~o~ the ape~
tur~.

& A de~ce ~ ~aimed ~ claim ~ where~ the aper-
tur~ ~e vertically extending sli~ and the flaps ~e

c°~pond~g~a ve~ axis, theve~Nly extend~gflaps berg ~ co~structedand ~e l~ged on~ to be
capab~ of tw~t~g so th~ they can be open ~ the top
whilst dosed ~ the bottom.

¯ A device ~ claimed ~ claim ~ where~ the non-
return v~ve means compfi~ a plur~ity of apeRures
and assochted flaps hinged horizontall~ of sho~ veRi-
c~ extent and arranged one above another to pro~de
the required over~l verticM extent of the non-return
vMve means.

¯ A dev~e ~ ~aimed ~ ~aim ~ wherein the flaps
~e conduced to have a denny ~o~ ~ that of the
w~er ~ w~ch the de~ce ~ to be u~

¯ A de~ce ~ ~aimed ~ ~m ~ where~ the flaps
~ ~e constructed to have a denny ~o~ ~ but ~ghfly

grater than th~ of the water ~ w~ch the device ~ m
be use~

Z A dev~e ~ ~med ~ clam ~ whe~ the fl~s
for the ~gh lev~ res~vo~ ~e hinged ~ong the~ upper

10 edges and ~e const~cted to have a denny c~ to but
~ighfly gre~er than th~ of the water ~ w~ch the
de~ce ~ m be u~d and the flaps for the low level reser-
vo~ ~e hinged ~ong the~ lower edg~ and ~e con-
~cted ~ have a den~ clo~ ~ but ~ghtly less than

IS th~ of the water ~ w~ch the de~ce ~ m be used.
& A de~ce ~ ~aimed ~ ~aim L where~ a pl~ity

~ ~gh-level re~oirs ~e ~tercommunicating m form
a group and a O~ity ~w-levd reservoirs ~e ~m~

~ communicat~g ruby w~er Nlowed to~rmp~s t~ougha ~oup and a~ from thet~b~e ~ dNven~oup of
Ngh4evel re~rvo~s to tbe ~oup ~ low-level reser-
vo~

¯ A device ~ Naimed ~ claim ~ where~ a ~N~ of
Ngh- and low-level re~rvo~ p~irs ~e arranged so ~ m

~5 be acted upon ~ ~que~ce by waterwave trots and
trougN reacl~g the de~ce an~ ~ ~ch pai~, water
flows from the NgMevN ~rvo~ m the ~w-level
re~o~ ~a a ve~ a~is t~b~e.

3O
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ABSTRACT

An ira[roved w~er powered ~ectric generat~g device
which comprises a buoyant pl~form and a ~ur~y of
p~ons fixedly mounted ~ the ocean or riverbed and
wh~h slid~gly engages the buoyant pl~form, and a
tower means fixedly mounted to the buoyant platform
and upwardly extending therefrom. Axle means are
rotatable about an a~s and pivotedly adap~d to the
tower means and include means to rotate the axle means
~ an arc of substantially 120°, connected on one end to
the tower means and on the other end to the a~e mean~
The ax~ means and a plur~ky of radi~ly and ou~
wardly directed paddle arms are fixedly mounted to the
fir~ gear means and formed at the outward end thereof
~to a paddle to engage the moving w~er and rotate the
fir~ gear mean~ Pinion gear mean~ toothedly engage
the fi~t gear means and are rotated thereby, and gene~
ator means are adapted to the p~n gear means and
activated thereby to produce electricity.

i
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FIG. 2 is a d~d ~cti~ ~ew of he pow~
whe~ mean~

BACKGROUND OF THE INVENTION

The so~alled ’~nergy crifg’ has.directed inventors
to confider use of means to generic de~ri~ty by ha~
nesfng the su~ wind and fid~ ebb and flow. Of particu-
~r ~mrest ~ the present ~venfion ~ the use of the
aforementioned tidfl ebb and £ow for the production of
useful de~fic powe~ Various de~ces ~re known but
are not wh~ly s~ctory for a varify of reason~

For exam~ U.S. P~. No. L95%663 teaches a com-
plic~ed de~ce for gener~g dectric power by utifiz-
ing a ~form w~ch ris~ and falls, with ~gh fide rising
and deve~ng a ce~fin po~ntifl energy w~ch ~ corn
vexed to ~netic energy as the ~form fal~ lo the low
fide levd, by the incorporation of a pend~um mech~
~sm. TMs dev~e generates energy o~y tw~e a day as
there are o~y two tid~ changes ~ a 24-hour period.

U.S. Pat. No. L60~942 teaches a rotor turb~e de~ce
s~tab~ to be positioned ~ a river current and rot~e~
thereby gener~g de~ri~ty.

There e~s |hen a need for a w~er powered ~ecW~
generating de~ce w~ch ~ fm~e to oper~ ~ab~
while ~ us~ and inexpenHve while fm~e ~ con~ruc-
fion. In ad~tion t~s de~ce shoed have r~ative~ ~w
pa~s znd overcome ~he ~sadvan~g~ ~f prior de~c~.

SUMMARY OF THE INVENTION

My ~vention r~es to an improved w~er power
~e~ric gener~g de~c~ I have ~scovered an im-
proved w~er power ~e~ric generating de~ce w~ch
compri~s a buoyant Natform ~nd a ~ur~ky of p~ons
fixe~y mounted ~ the ocean or riverbed and w~ch
sli~n~y engages ~the buoyant ~form, and a tower
means flxe~y mounted to the buoyant ~form and
upwar~y e~en~ng there~om. A~e mea~s are ro~
ab~ about an a~s and ~vo~d~ adapted to the tower
means and ~ude means to rotate the a~e means ~ an
arc of sub~anfi~ly 12~, connected to one end to the
tower means and on the other end to the a~e mean~
The a~e means and a ~ur~y of ra~ally and ou~
warty ~re~ed padre ~rms are fi~e~y mounted ~o lhe
fir~ gear means and formed at ~he outward end thereof
~to a padre to engage the mov~g w~er and rotate the
fir~ gear mean~ Piton gear means toothe~y engage
the fi~t gear means and are rotted the~b~ and gene~
ator means are adapted to the ~on gear means and
activated thereby to produce ~e~ricit~

P~e~ra~y and optionally my w~er power ~e~fic
gener~g de~ce ~vots ~ an upwar~y d~ected arc
~om one position substanti~ 120° to a second posi-
tion.

My ~vention provides numerous advantages over
those de~c~ found ~ the prior a~. ~ is an advantage of
my ~vention to utilize not o~y the flow but ~so fhe
ebb fide to generate dectricit~

Fu~her advantages of my invention are that ~ ~
secure and ~able while ~ use and ~ ~rong and durab~,
fm~e to manuh~ur~ effiden~ and economic~ ~ the
generation of e~ric power.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 ~ a pe~pective, Hlu~tive fde ~ew of the
de~c~

DETAILED DESCRIPTION OF THE

5 DRAWINGS

Referring now in particular to the accompan~ng
drawing~ my w~er powered ~ectric generating dev~e
~ generNly indicated in FIG. 1 at 1~ and in~udes
buoyant pl~form 20, Nidingly engaging a mMtiplicity

10 of pylons 21. The rise and fall of the buoyant platform
on sNd p~ons N dictated by the change of fide ~om
high to low and ~ice versa. A lower member 2~ having
pivot 23, supposed ther~hrough is fixedly mounted on
sNd buoyant platform. Rotor sha~ 24 extends substan-

15 tially upwardly ~om rotor shaR houfng 2~ and rotor
sha~ extenfon 2~ extends sub~anfiNly downwardly
~om sNd rotor sha~ hous~g.

Bull gear 40 g mounted onto the rotor sha~ and ag
fixed there, by colNr 43 and nut 44. A plurality of arms

20 31, extend outwardly ~om the center of sNd bull gea~
each of which has at one end thereofa paddle means 30,
and at the other end a~aches to the arm suppo~ 42.

Pinion 41 toothedly engages said bull gear at one end
thereof and at the other end thereof engages generator

25 60. A second pinion and generator are located at the
other end of the sub~antiNly 120" arc ~ee FIG. 2) so
that the bull gear may engage sNd pinions to generic
dectri~ty both at ebb and flow tides.

Gear segment 5~ supposed by gear suppo~ 5Z and
30 a~ached to gear drive 51, revolves the bull gear in the

sub~anfiNly 120" arc to engage the other pinion/gener-
ator means to generate dectricity upon the chanNng
tide or to let navigation pass the water power dectric
generating device system.

35 Fu~her ~ectric power ~ obtNned ~om the coopera-
tion of upper bull gear 7N supposed by extenfon 71,
and suppo~ 7~ and lower bull gear 7& which adapt to
center gener~o~ 61 to produce more dectricit% This
bev~ed gear sy~em g dupl~ated at the other end of the

40 sub~antiNly 120° arc of the bull gear.
TypicNly when the w~er powered e~c~ generator

device N in use the padd~ 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

45 bM1 gear which in turn rotates the pinions at a rapid
rat~ generating dectricit% At the change of tides the
power wheal means N rotated 120° and catches the tidN
flow in the opposite d~ection, turning the bull gear and
once agNn generating decency. On a riveq the bull

50 gear can be rotated 120" to allow passage of boat~ As
~tustrated and descr~e~ my water power dectric gen-
erating device has numerous advantages over the pre~
ent devices used for generating ~ectri~ty ~om the tidN
and river flow~

55 What I dNm g:
1. A water power ~ectric generating device compri~

ing:
(a) a buoyant platform
(b) a plurNity of pylon~ fixedly mounted in the ocean

60 or rive~be~ slidingly engaging sNd buoyant plat-
form;

(c) tower means fixedly mounted to sNd buoyant
platform and upwardly extend~g there,.m;

(d) ax~ means rotatable about an a~s and pivotedly
65 adapted to s~d tower mean~

(e) means to rotate s~d a~e means in an arc of sub-
~antially 120" connecting on one end to s~d tower
means and on the other end to s~d a~e meang
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(~ first gear means fixedly mounted to s~d axle

mean~
(g) a plurality of radi~ly and outwardly directed

padd~ arms fixedly mounted to s~d fir~ gear
means and formed at the outward end thereofinto 5
a padd~ to engage the moving water and rotate
s~d fir~ gear mean~

(h) pinion gear means toothedly engaging s~d fir~
gear means and rotated thereb~ 10

(i) generator means adapted to s~d piton gear means
and acfiv~ed thereby to produce ~ectfi~ty.

Z The water power ~ectfic gener~ing device of
d~m 1, wherdn s~d afle means fu~her comprise:

(a) afle hou~ng means d~po~ed about s~d axle 

mean~

(b) shaft means ~sposed ~rough s~d afle hou~ng
means sub~anfi~ly perpend~afly to s~d afle
means ffansfix~g s~d tower means and ada~ed
~e~ to ~w ~voting ofs~d fir~ ge~ means in
an arc sub~amially 120°.

3. The w~er power ~e~fic gen~g de~ce of
~m Z wher~n sa~ means to rotate s~d axle means
~her compri~:

(a) a gear ~gmem means fixe~y moun~d to s~d
sha~ means and moveaNe b~ween a fir~ pos~ion
substantially 120° to a second portion;

(b) gear ~gmem drive means enga~ng s~d gear
~gmem means and when activated moves s~d
gear ~gme~ means b~ween s~d fir~ and said
second po~fion~
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[57] ABSTRACT

Apparatus for generating electrical power includes a
floatable platform, which supports a pluralky of water
wheel~ The shafts of the water wheels are intercon-
nected in tandem for driving an electric generato~ The
speed of rotation of each of the water wheels is regu-
lated by adjustably positioning the respective vanes
thereoL
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APPARATUS FOR CONVERTING FLOW OF
WATER INTO ELECTRICAL POWER

BACKGROUND OF THE INVENTION

.The p~ ~venfion r~es ~ generM to appar~us
~r converting the flow of w~ ~ electrical powe~

and more particdafly to apparatus ~r converting the
flow of w~ ~ ~ectric~ power wh~n such app~
ratus ~ carried by a floam~e #~rm.

The wMer wheal h~ been u~d ex~n~vdy ~r the
generation of de~ric poweL It has token many ~rms
~du~ng the current wheal ~ w~ch water advances
the Mwermo~ van~ to rom~ ~e wheal ~r the genera-
tion of poweL ~mflad~ the undersh~ water wheel has
~e ~w~ van~ advanced by the fall of wm~ m rotate
~e whe~ ~r ~e generation of poweL

The use of barges and hulls ~r ~ppo~ing power
~an~ h~ been know~ In ~e p~ent ~ Sherman Na~

m~L N~ ~75Z73~ ~e ~ disclosed a nuclear reactor
~ant floamb~ ~ a hull ~r ~anspo~ flora a ~ace of
con~ruction ~ mooting ~ a ~te of ~tim~e us~ In ~e
pate~ ~ Panoff ~ ~., No. 3,44~1, ~ere ~ disclosed
a marine nu~e~ ~am hav~g a cont~nme~ v~sd
connected ~ ~e bottom of a s~p. The patent ~ K~-
tenecke~ No. ~26Z411, ~sdoses a process ~am ~-
~d on a barge. The process ~a~ can be erected on
the barge ~ one ~cation and then towed to another
location where the barge becom~ the ~undation ~r
the process ~anL

In the p~e~ ~ H~n~ No. 559,798, there ~ dis-
dosed a fio~. On the float ~ a mecha~sm that rises and
fal~ wi~ ~e movement of wav~ ~r generat~g pow~.
The pate~ of C~ No. ~84~18% ~sdo~s an appa-
~tus ~r produdng dectric power flora the action of
w~er wave~ The appar~ may be ~sml~d on a ~e~
The pate~ ~ Hcpfe, No. ~204,40~ disdos~ app~
for extra~g hydrodynamic en~gy ~om ocean wav~.
The app~ ~dud~ a floating ~rm.

SUMMARY OF THE PRESENT INVENTION

An object of the presem invention ~ ~ provide appa-
r~ ~r generating de~ric~ pow~ wh~e~ ~e app~
tatus includ~ a flo~ab~ N~rm and hydrodynamic
pow~ gentled ~ e~m~ed flora ~e wav~ or flow of
wate~

An~h~ obje~ of ~e p~ invention ~ to pro~de
app~ ~r generat~g ~e~ric~ pow~ wh~n ~e
apparels ~ud~ a floatabM #~rm and dectric~
pow~ ~ generated by ~e accum~ative hydrodynamic
power derived from ~e movement of w~er whelm

The app~ of ~e proem ~vention ~r generating
dectricM power ~ud~ a floatabM ~rm w~ch
suppo~s de~c~ operabM ~rough the waves or move-
ment of w~e~ The apparat~ ~ud~ an ele~ric gener-
ator and a ~urality of water whets w~ch rot~e ~
response to ~e wav~ or movemem of wmeL The by-.
dmdynamic pow~ ompm ~ derived flom ~e wm~
whe~ ~e speed of r~ation of w~ch ~ ~g~med by
adjustably positioning the vanes thereofi

A ~atu~ of ~e pr~ent ~venfion ~ ~e ~ndem ~-
~ngemem ~r accum~ating pow~ flora movemem of
w~er whets to drive an dectric gen~oL

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a dNgrammatic pe~pective ~ew of appara-
tus embod~ng the present invention for conve~ing the

5 wav~ or movement of w~ ~o ~e~ricN powe~
FIG. 2 is an e~arged diagrammatic flagmenmry Nde

~evationN ~ew of the apparatus shown h FIG. I taken
Nong the ~ne 2--2 of FIG. 1.

FIG. 3 is a Nagrammatic ~an view of the appar~us
10 shown ~ FIG. 1.

FIG. 4 is a flagmenmry d~grammatic perspective
~ew of a w~er whe~ ~hown ~ FIG. 2 to particuN~y
fllusgate the con~ruction of a vane thereog

15 DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

~ra~d N FIGS. 1 and 3 ~ the apparatus 10 em-
bodNng the present invention for conve~ing the waves
or flow of w~er ~to ~ectricN power. The apparatus 10

20 comprises a ~ui~b~ floa~b~ ~form 12 for suppoS-
ing the apparatus 1~ ~ wate~ The floamb~ pl~form 12
may be ~ the form of a hull, barge or the ~ke. The
Nrecfion of w~er flow or wave motion for operating
the apparatus 10 ~ shown by the arrows A ~ FIGS. 1

25 and 2.
The apparatus 10 can be towed ~ water to various

locations s~tab~ for conve~ing the flow of w~er ~to
~ectricN powe~ After reach~g a de,red location ~
wate~ the appar~us 10 ~ anchored for mooNng ~ a

30 well~nown manner through s~mNe canes 13. The
canes 13 can be secu~d to suimNe anchor, Ners or the
~k~ not showm

Carried by the floa~e ~rm 12 ~ong the respe~
five ~des thereof are two sets of w~er whets 15 and

35 2~ The s~ of w~er whets 15 ~dud~ a s~e num-
ber of w~er whe~ by way of exam~ water whets
15a-15~ w~ch are ~sposed in ~n~tud~ly spaced
rdatiom The s~ of w~er whets 20 ~ud~ a s~tab~
number of water wheals, by way of exam~ w~er

40 whets 20a-20~ w~ch are ~sposed ~ lon~tu~nally
spaced rdation. In the preferred embodiment, there are
seven w~er whets ~ the set 15 and ~ven w~er whets
~ the set 20.

The water whets 15a-15c are fixe~y secured to
45 a~ally ~sposed shafts 25-2~ respectiv~ to impart

rotation thereto. In a ~mi~r manne~ the w~er whets
20a-20c are fixe~y secured to a~ ~sposed ~hafts
30-32 to impa~ rotation thereto. The shafts 25-27 and
30-32 are journ~d for rotation by suitable confronting

50 up~anding suppor~ or ears 40 and 41. The supports 40
are fixed to one ~de of the floatab~ pl~form 12 and the
suppo~s 41 are fixed to the other ~de of the floatab~
~form 1~ The suppo~s 40 are aligned transve~ely
with respective suppo~s 41. Each shaft 25-27 and 30-32

55 ~ journ~d for rotation by a gansve~dy aligned sup~
po~ 40 and suppo~ 41.

The w~er whets 15a-15c and 20a-2~c are ~m~ar ~
cons~uction and ~ operation. For purpos~ of hrevit~
o~y the w~er wheel 15b will be described ~ detail.

60 The water whe~ 15b (FIG. ~ comprises a p~r of
upright ocmgon~ flames 50 and 51 spaced apa~ ~ the
transverse dkection. The flames 50 and 51 rec~ve at
the axes thereof the shaft 26 and are fixed to the shaft 26
to impa~ rotation ther~o. The o~agon~ flames 50 and

65 51 are ~mi~r ~ cons~ucfion. Each octagon~ flame
comprises radially disposed members or braces 55 fixed
to the shaft 26. The ~ ends of succes~ve braces 55
are joined by per~her~ members or braces 56. Succe~
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fve braces 55 j~ned by a brace 56 define a triangu~r
sector of the associated flame.

Disposed b~ween the Lames 50 and 51 are water
wheA vanes 6~ The vanes 60 are fm~ar ~ con~ruction
and ~ oper~n. Each vane 60 comprises a suita~y
shaped body 61 for b~ng su~ect to the force aphid by
the wave or flow of w~e~ The opening of the h~low
or scooped shaped body ~ces ~ the ~rect~n of the
flow of w~e~ In the exem~ary embo~ment, there are
Aght se~o~ to the ~ames 50 and 51. At the ve~ex of
each set of a~ly spaced, par~lA secto~ of the ~ames
50 and 51 ~ ~sposed a vane 60. The vanes 60 extend
fatally ~wardly from the assorted ve~es ~cng the
a~o~ed ra~ braces 55 and e~end outwar~y ~ the
¯ rection of rotation ~ong the a~o~ed peripherM
braces 5& The vanes 60 are a~ached to the Lames 50
and 51 to impa~ rotat~n ther~ Thu~ the ~wer vanes
60 (FIG. ~ are parti~ly immersed ~ water and are
exposed to the flow of w~er of the force aphid by the
waves ~ the ~recfion of the arrows A to be impelled
for rotation ~ the counter~ockw~e d~e~n as ~ewed
~ FIGS. 1 and 2 caufng the flames 50 and 51 to rotate
~ the same direction. The rotation of the flames 50 and
~1 impaa rotat~n to the shaft 26.

Each vane 60 ~ a~ached to ks associated braces 55 by
s~m~e journ~s or bearings 65. Mounted on each vane
60 are ~ops 66 and 67. The ~ops 66 are a~u~a~y
secured to the vane 60 by nu~ and b~ts, and engage
that a~o~ed ra~fl braces 55 to limk the movement
of the vane 60 under impa~ from the wave or flow of
~a~: In a fmilar manne~ the sloFs 67 are adj~stab~
secured to the vane 60 by nu~ and bCts, and engage
thor a~o~ed pefipherfl braces 56 to ~mit the move-
ment of the vane 60 under impa~ ~om the wave or
flow of wa~ The nu~ and bol~ securing the ~ops 66
and 67 to the vanes 60 are sAectivAy ~se~ed ~ open-
~gs spaced ~ong the arcu~e dkecfion of the van~ The

vanes 60 are a~u~a~y posit~ned by the stops 66 and
6Z when su~e~ed ~ waves or movement of wa~ to
reg~e the hydrodynam~ force aphid to the vanes
60. In so d~n~ the cup exposure of each vane 60 to the
wave or movement of w~er ~ a~u~ed. By ~g~ating
the app~ed hydrodynam~ ~rce aphid to a vane or
a~usting the cup exposure of ~e van~ the speed of
rotation of the associated w~er wheA ~ reg~eC The
regimen of the speed of rotation of the water wheeh
reg~es the revolutions per minute of an Aectric gen-
erato~ thereby regulating the cyd~ outpm of the gen-
erated current and voltag~ More specificfll% the vanes
are adjusted to the size of the applied waves. The larger
the wav~ the smaller the effective fze of the cu& Con-
ve~A% the smaller the wav~ the hrger the effective
fze of the cu~

Fixed to the sha~ 25 ~ a pulley or sheave 90. Rotation
of the water wheA 15a rotates the shaft 25, wh~h, in
turn, rot~ the pulley 9~ Tr~ned around the pulley 90
~ an end,s bat 91, w~ch ~ ~so ~ned around a
p~y 92. The pulley 92 ~ fixed to the shaft 3~ Also
fixed to ~e sha~ 30 ~ a pul~y 93. The rotation of the
water wheel 20a impa~s rotation to the shaft 30 and the
rotation of the end~ belt 91 impa~s rotat~n to the
sha~ 30. Thu~ there h du~ ap~n of hydrody-
nam~ power appfied to ~e sha~ 3~ wh~h ~ trans-
~rred or ~ansmiRed through the pulley 93.

Tr~ned around the pulpy 93 ~ an end~ bat 9~
wh~h ~ ~so ~ned around a p~y or sheave 9~ The
pulley 95 is fixed to ~e shaft 26 to impa~ rotat~n
thereto. Aho fixed to ~e shaft 26 ~ a pulley or sheave
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9~ Rotation of the w~er wheA 15b imparts rotation to
the shaR 2~ Therefor~ hydrodynam~ power ~ appl~d
to the shaR 26 through the pulley 95 and the water
wheA 15& Tr~ned around the p~y 96 ~ an endles

5 bat 97. Thu~ accumulated hydrodynamic power ~om
the water whets 15~ 20a and 15b ~ ~ansferred or
~ansmRted through the pulley 9~

Fixedly secured to the shaR 31 for imparting rotation
thereto ~ a pulley or sheave 98. Tr~ned around the

I0 sheave 98 ~ the endless bat 9Z The endless bat 97
impa~s rotation to the sheave 98 to ~ansfer hydrody-
namic power to the shaR 31. The water wheA 20b ~
~so fixed to the shaR 31 to ~ansfer hydrodynam~
power to the shaR 31. Fixed to the shaR 31 to ~ansfer or

15 ~ansm~ hydrodynam~ power there~om ~ a pulley or
sheave 99. Thu~ hydrodynam~ power ~om the water
wheAs 15~ 20~ 15b and 20b ~ ~ansmitted or ~an~
ferred ~om the pu~ey 9~

Tr~ned around the pulley 99 ~ an endless bat 10~
20 The end~ bat 100 ~ ~ned around a pulley or sheave

101 to ~ansfer hydrodynamic ~ower theret~ In turn,
the pulley 101 ~ fixed to the shaR 27 to ~ansfer hydro-
dynamic power thereto. The water whe~ 15c ~ fixed to
the shaR 27 to ~ansfer hydrodynam~ power thereto.

25 Fixed to the shaR 27 for ~ansferring hydrodynamic
power ~om the shaR 27 ~ a pulley or sheave 102.
Tr~ned around the pulley 102 to be driven thereby ~ an
end~ bat 103. Henc~ hydrodynam~ power ~om the
water wheAs 15~ 20a, 15~ 20~ 15c ~ ~ansferred

30 through the endless bat 103.
The endle~ bat 103 ~ ~so ~ned around a pulley or

sheave 10~ which ~ fixed to the shaR 32. The water
wheel 20c ~ fixed to the shaR 32 to ~ansfer hydrody-
namic power thereto. In addition theret~ a sheave or

35 pulley 105 ~ fixed to the shaR 32 ~o be rotated thereb~
Henc~ hydrodynamic power ~om the water wheAs
15a-15c and 20a-20c ~ transferred or ~ansmRted
through the sheave 105.

Tr~ned around the sheave 105 ~ an endless bat 106.
40 The endle~ bat 106 ~ ~ned around a pulley or sheave

107 at the ~put fde of a power drive apparatus 110. At
the output fide of the power drive appar~us 110 ~ a
sheave or a pulley 11L Tr~ned around the pulley 111 ~
an end~ bat 11Z which ~ ~so ~ned around a

45 sheave or pulpy 113 of an Aectfic generator 115. Rota-
tion of the p~y 113 impa~s rotation to a sha~ 116 of
the Aectric gener~or 115.

Connec~d to the output fde 9f the Aectric generator
115 ~ a ~able 120 for the ~ansm~fion of Aectdc power

50 to a remote location. The apparatus 10 ~ anchored to a
fixed locatio~ in the manner heretofore described,
while operating as a source of Aectric power genera-
tion. Intermediate the ends of the output power cable
120 in the vidnity of the floatable platform 12 ~ a sui~

55 ab~ wAght 1~5 (FIG. 1). At the top of the w~ght ~25
~ a pulley 12~ On the floa~ble platform 12 in longitud~
n~ly spaced rAafion are pulleys 127 and 128. The pul-
leys 126-128 are journ~d for rotatio~ The output
power cab~ 120 ~ ~ned around the pulley 127, then

60 around the pulley 126 and then around the p~ley 128
with the ~ee end thereof extending ~om the pulley 128
to a remote location for the ~ans~r of Aectdc power.
The wAght 125 m~ntains ~nfon in lhe ~ectric power
cable 120 ~ spi~ of movement of the flo~a~e platform

65 12 wRh respect to its mooring through the mooring
cable 13.

In the pre~rred embodiment, the endle~ bel~ are ~
the form of ~e~ s~A chins and the pulleys or
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sheaves are in the Mrm of s~mNe ge~s. The ~ansm~
~n of h~md~a~c ~w~ or me ~s~ ~

The, ~e ~ ~ ~m~ e~ ~w~ ~t Mr
r~ng the inp~ shaft of the dect~c generator 11~.
The speed of mt~ of the ~p~ ~aft of ~e ~ectric
gen~or 115 is m~nmined ~v~y con~ant by ad-
~m~t ~ ~e po~fio~ of the vanes 60. The increased
pow~ aphid to ~e ~pm shaft of ~e ~ectdc gener~
~r 115 enaM~ a g~ ~e~fic pow~ ou~m by b~ng
~le m em~oy an Metric gen~Mor rmed Mr me h~h~
power output In ma~ng ~m m the e~
cup ~ze of the van~ by a~u~ng the poMtions thereof
¯ ~ugh ~e ~ops 66 and 67, me vanes 60 ~e a~u~ed ~
conMrm wkh me ~gy p~ ~ me ~d wav~, ~
~own ~ FI~ 2.

I ~m:
1. A~am~ Mr ~n~ng the flow of water ~to

~e~ric pow~ compri~ng:
~ a ~a~ ~M~ ~ w~ oppos~ ~
~ a ~u~y of wm~ whets mourned on each ~de

of sMd #~Mrm ~r rotation and ada~ to be
i~ ~ ~e fl~ ~ w~r Mr m~o~

~ ~u~ m~ ~mm~ ~d w~ w~
Mr Ua~mi~ng ~a~c powe~ s~d corn
~ng me~s compfifing ~ a~M ~ Mr e~ of
s~d w~ whets r~v~ sMd a~ sha~s
b~ng mmt~ in response to its a~od~ed water
whe~ b~ng ~p~ed ~ ro~ by ~e flow of w~
te~ succes~ve water whets of s~d water whets
b~ng located on s~d oppo~ ~des of sMd ~
M~, s~d ~u~ m~ ~rconne~g succe~
~ve a~M sha~s of sMd a~ ~afts Mr ~ans~rring
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hydrodynam~ power succ~v~y ~om axi~ shaft
to axi~ ~aff Mr progres~vdy increa~ng the mag-
~tude of ~ans~ed hydrodynam~ pow~; and

~) ~e~6c gentling means ~spon~ve to the ~an~
5 m~on of s~d hydrodynamic pow~ Mr generat-

~g ~ectric pow~.
2. Apparatus as ~Nmed ~ ~Mm 1 wh~Nn each of

sMd water whets compfi~ a N~NiW of vanes diw
posed pefipherNly Nong ~s ~cN~d water wheN.

10 3. App~m~ ~ ~Mmed in ~Mm 2 wh~Nn mea~ cn
each of sMd vanes are adjustable Mr con~o]l~g the
speed of rotation of ~s a~oN~ed water whe~.

¯ Apparat~ ~ ~Mmed ~ ~Mm 2 wh~Nn meam on
each of sMd vanes are adjustable to v~y me position of

15 ffs associated vane r~afive to the associated water
whe~.

5. App~ ~ ~med ~ ~m 1 and comprising
means ~mched m said floambM #~Mrm Mr anchoring
mid floambM #~Mrm.

~ 6. Ap~ armus ~ ~aimed ~ claim 1 and comprising an
outpm power cabM connected to sMd ~ectfic generat-
~g mea~.

7. App~m~ ~ ~aimed ~ ~Nm 6 and compri~g a
wNg~ with a pulley around wNch sMd ompm power

25 cable ~ ~Mne~ and g~de pu~e~ on sMd floatabM
#~Mrm around wMch sMd ou~m power cabM N
~Mne& sMd p~ley Mr sMd w~g~ bNng ~ed be-
tween said g~de pulleys, wh~eby sMd ompm pow~
cane N ~Mned around one g~de pMle~ then sMd pul-

30 ley Mr sMd wNght and then the other of sMd outpm
pow~ cable, ~e ~ end of sNd ompm pow~ cabM
bNng ada~ed Mr connection to a ~m~e ~cation.

35
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~GGY BACK WATER POWER GENERATOR

SUMMARY OF THE INVENTION

Th~ invention relates to an actual, worMn~ hydrau-
hc generating machine which may be used to generic
mechanic~ power and/or de~ridty from a bo~ or
vessd moored or ancho~d in a gream or current of

water.
AdditionMIN independent objects of this power gen-

erating sy~em are to profide relativ~y continuous and
smo~h revNutions of the padd~ wheels in co, unction
with optimum actuN operating efficiencN to pro~de
selgdeaning ~e and/or depris pro~ctio~ to pro~de
pad~ wh~h capture art~NN water "head" and
which prevent swamping of the supposing vessel; and
to pro~de a means of supporting the entre gener~ing
vend ~ periods of ~w wate~

The pre~nt invention ~ffe~ ~om other rd~ed ino
venfions in a number of substantial and b~ic respect~
The ~ffering aspens are discussed cmegoricNly as
foHow~

(I) No U.S. P~ents of record show utfl~ation of centrN bo~ with a~ve s~ Se~ intersin~e pad~eNi~ U.S. whe~Pat. No~°n each respe~35~99~

~301,37~ ~27~05~ 1~39,g48; and 1,200,693 where the
wor~ng padre whets are centrally ~c~ed and the
gearing and/or generators are designed to be ~tu~e on
the ~de or ~ the rear. Addition~l~ see U.~ Pat. N~
where working paddle1’36~454 and see Int.wheNsCl~ F03B17/0~are ~c~ed B63B35/0~in ~out and

in back of each other, respectivd~
The proposed subje~ deign, w~h a centrN bo~

utihz~g a sin~e ~enfic~ padre wheal on each respec-
tive ~de ~the heavy gearingre°re e~dentand/orf°rmaehinery and/orthe fol~wing re~Onmgenerator(a)

~ cemrally ~c~e~ permitting equ~ weight ~dbu-
fion and enhancing s~b~ty and anchoring of the tot~
generating vess~ in the wate~ and ~) the area beneath
the centr~ boat, b~ween the two respective padre
whe~ prov~es a cen~ ~ee-flow buffer ~ea for
w~er deflee~d to the ~de off of each respective pad-
~ thereby preventing respective ang~d water flow
interference ~nd res~ting ~ of powe0 and allowing
o~y the d~ect current flow to hit the actu~ padre
surface are~

It ~ impo~ant th~ the padre wheals not be ~aced
directly in each other’s p~h (one directly in ~ont of the
othe0 as eontem~ed by the afores~d U.S. Pat. N~
1,368, 454 and by the afores~d InL CI~ F03B17/0~
B63B35/02, becau~ the forward padre wheal ~ows
the w~er speed as energy ~ exceed, and the rear padre
wheal will, consequenfl~ operate ~ substanfi~ly ~ss
than ~s potenfi~ ~ the unhindered norm~ current
flow.

It ~ ~so important th~ the padre wheals not be
~aced d~ectly ~de by ~d~ in s~gge~d po~fion~ as
contem~ed by the aroused U.~ Pat. No. ~27~05~
becau~ w~er w~ ~ways be defle~ed ~ an an~e from
the forward padre into its adjacent padre to ~s rea~
Such defle~ed water flow ~sturbs the ~re~ and right
anted optimum flow into the rear pad~ thus result-
ing in a loss of potential power and effldenc~ Factu-
all~ ~sting h~ shown the respective ~aggered wheels
shoed genially be spaced at least on~h~f padre
wheal w~th apa~ for effldent operation.

Lasfl~ unhke ~1 the other a~res~dU.S. P~ent pad-
¯ e whe~ de~gn~ ~ ~ important th~ more than one
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central~ located paddle wheal be used. By using o~y
one central pad~ the user will either suffer a substan-
fin loss of po~nti~ energy ~a util~ing a ~rge number
of padres around ~s central axd ~he more padres

5 use~ the ~ energy produced), or the user will run the
fisk of stalling his wheal when using a ~ number of
paddles when maximum energy production ~ requ~ed
(the ~wer the number of pad~, the gre~er the span
between pad~ ~tu~e at exactly a right an~e to the

10 water flow, where maximum energy production occur,
and the greater the risk of the actu~ ~op~ng of the
wheal due to ~ck of flow ag~nst right an~e~ or dose
to fight ang~ paddle surface area under a full power
~ad).

15 (2) No U.S. P~ents of record show and/or claim
utfl~afion of two respective paddle whed~ with a
buffer zone in b~weem with each respective whe~
ut~ing four paddies, equ~ly spaced ~ 9& angle~ and
respeetivdy s~ggered around a centr~ axd. Please

20 rear to ~1 of the above-reference p~ent~

The ~ght paddle~ spaced ~ 45* apart, as shown on
the afores~d U.S. Pat. No~ 1~3%848 and 1~00,96~ are
too numerous an~ while reducing the risk of ~lin~

25 theYThe t~eeS~bs~ntiNlypaddle~reduCespaced ~p°tentiN120,P°Werapart, effidenc~as shown on

the afores~d U.S. Pa~ No. ~27~05~ are too ~w an~
while increasing potenti~ power effldene~ they sub-
stautially increase the risk of stallin& This is possibly

30 paddleswhy tW°wereS~ggeredcontemplated.Sets of NdeHoweve~by Ndewhilel20*position.Spaeed

ing the paddles in one a~acent grou~ so they bise~ the
an~es formed by the ~ades ~ the d~ectly adjacent
grou~ will help prevent stall,g, as afores~ the resul~35 side,ing deflected waterw~1 reduce potentiN e~deneyfl°w’ ~a having the tWOof the total paddles~s Nde by

area exposed to the right-angled water flow. Addition-
NIx ~mder a fu~ power ~a~ the dis~nce between any
two such 60° s~ggered blades ~ too gre~ so as to insure

40 prevention of ~NI~N and the revolutions, ~ mad~ will
be i~ a jerky, rather than smooth, fasl~on inhibiting
effective urination of powe~

In fact, ~ngthy and detai~d ~sting has shown the
optimum number of paddle wheel blades to be those

45 contemplated and shown herein. Namd~ four pad~e~
spaced 90* apart, with two such sets of paddle wheels
staggered ~ 45* and coupled tog~he~ but with suffl-
Oent ~stanee (at least on~h~f paddle wheal blade
width) in b~ween the two sets for w~er deflected from

50 one set not to affect the other. Addit~nall~ th~ number
and combination of paddle wheels ~ sufficient to safely
prevent smiling under f~l power output, and to sim~m-
neoufly and u~formly (without excessive jerking) ex-
tract a maximum amount of energy ~om the eu~ent

55 flow absent hinderance from an exces~ve number of
paddle blade~

~) No U.S. P~ents of record shown and/or claim
util~afion of an ’~n~e~’ deflection sereem

While the afores~d U.S. PaL No. 1,368A54 utilizes
60 the concept of a debris seree~ nowhere ~ the screen

shown and/or claimed to be angled. In fact, a fiat debris
scree~ at a fight an~e to the cu~ent w~ eventually
dog up with floating debris and/or ~ thereby reduc-
ing and/or totally stopping power output ~om the wa-

65 terwheel~
Consequentl% in order to prevent such a ~tuatio~

the screen mu~ be anted so as to ~low the eu~ent to
push debris ~ong the screen and off to the ~de of the
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~rating ~d. Thus, ~ ~#~ d~ ~ will ~
~minuously sel~cle~ing.

Addit~n~ ~e ~en m~t ~mnd b~ow ~d
~o~ ~e wMer sur~ce so ~ to deflect d~ris ~d so as
~ ~o~de a safe~ b~ri~ ~r bosom The ~en
~o~d co~ ~ a sm~ ~am~ bm ~n~ b~, ~,
or w~e. The ~r ~ ~ m~t be smM1 enough so as not
~ significantly ffterrupt the ~ent flow approaching
¯ e padre whed~ bm strong ~ough m wi~d ~e
im~ ~ ~e flow~

Last% the screen should have no ve~cM cords or
~ The screen s~ ould ~nsi~ ~ a numb~ ~ ~rds ~
b~s ~r~ched ~ a horizomM ~s~on ~om the c~M
from ~rw~d p~m ~ ~e e~me ~de ~ a ~ecti~
p~e whe~ The ~dusion ~ ~cM eo~s ~ b~s, ~
~ntem#ated ~ the above-referenc~ p~en~ of ~e~
will ~nd o~y ~ cat~ br~ ~d o~ irregularly
~ objects, ~sult~g ~ ~s~etion ~d~r M~k~e
~ w~ ffo~

(4) No~ Patents ~ ~ow ~d/or claim the
e~ens~n of the p~e wheal ~ffae~ ~d the ~de
~elo~ ~ sam~ m a ~em h~g~ ~ove ~e n~-
m~ wa~ ~vd ~ ~ ~ ~ c~ ~ ~e ’~#’ ~
water w~ch w~ Mways be art~c~y c~ed by the
~em ~s~ng ~ain~ a ~fi~ p~

WMM ~S. P~ N~ 1~3%~8 ~mem#~ ~pp~g
the lower po~on of p~e wheal blades when u~ng
fMl~g w~er, lhe ~d~ ~e ~mem#ated ~ berg
’Mp~" ~d s~m~d w~n s~dy m~z~g current.

Dem~ed ~ng h~ ~own ff ~ be adv~geous to
ex~nd ~e p~e ~ffaee ~ea m a ~c~m h~ght
~ove the actual water ~ffa~ elevation ~ ~ ~ ~Ftu~
~e entire ’~ea~ of water w~ch ~s~ ~om ~e cur-
rent flow encountering ~e p~e ~d from ~e c~m
sim~mn~usly pushing ~elf ~ = up~a~ (~ wea 
~deway~ m~neL Add~on~ ~e h~gh~d padre
~rfaee ~ea’s ~ecti~ sid~ mu~ ~ ful~ ~d~e~
The heighten~ ~d enfold padre ~ffa~ ~ ~
importam ~r ~e reason~

The ~ ~on ~ ~ ~e c~m~d "~" ~
w~ght ~ ~e fMl~g p~e ~ade ~d hdps pu~ ~
dowm The second r~son ~ ~ ~ ~y po~on of ~e
h~d w~e M~w~ ~ ~c~e o~ ~ ~oun~ ~ ~e~
tire p~e ~ ff wo~d add w~ght ~ ~e opp~ffe
~d~e ~e en ~ w~ cut ~ ~e wate~ ~d Fotent~
e~cy ~d power wo~d be substantially reduce~
The third reason ~ ~ the hea~ ~ not eontaine~
wo~d swamp ~e a~em bo~ ~ a ~mng eu~ent.

(5) No ~S. Patents of ~eord show ~d~r ~Mm
~eg~ ~r ~e gen~at~g v~sd ~d~r m~h~

Le~ ~e importanL ~d are a ~ssity for ~aetieM
operat~n ~ rivers ~ tidM ~e~ Withom leg~ ~ pe~
cds ~low wate~ the paddle wheel blades wo~d simply
jam into the b~m ~ ~e ri~ ~ tidM ~ea, ~d ~.

Legs a~xed to the ~rimete~ with ~6h~
bo~om~ e~d~g slightly ~yond paddle wheal depth,
will suppo~ ~e ~rat~g vend ~ periods of low
wate~ ~owing ~e p~e w~els ~ ~nt~ ~ ram.
The legs will ~mp~ ri~e and flo~ wi~ the ~ssel during
periods of normM ~gh w~er flow~ Con~aped bo~
rams on ~ ~ecti~ Mg will ~sist ~ pre~ming the
M~ ~om ~cking ~ mud ~ ~nd.

BRIEF DESCR~TION OF THE DRAWINGS

FIG. 1 ~ a com#~e top vie~
~ 2 ~ a side view ~ ~e ~g?ed d~ screen.
FI~ 3 ~ a ~de ~ew of a padre wheel
FI~ 4 ~ a ~om ~ew ~ a padre wh~L
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of the axle ~hown ~ broken l~e~ am ~m~ed at 45*
~es to ~e ~a s~.

FIG. 6 shows a ~de ~ew of ~e cone~m ~gs 6
d~ned to ~ppo~ ~e entire ~rat~g vessd during
periods of low water levels, thus prevent~g ~e padre
wheals ~om jamming ~to ~e b~m and ~opp~g.

I d~m:
1. A power ge~rating sy~em ~dud~g a ee~r~,

wa~ght, floating bo~ conmi~ng gearing ~d ~
de~de gen~o~ two wate~igh~ floating outrigger
pomoo~ sm~l~ ~ s~e ~an ~e centr~ bo~ two pad-
~e wheals wi~ one ~five padre wheal on each
~de of ~e centr~ bo~ wi~ each ~tive padre
wheal hav~g ~ur fl~ ~ades sp~ed 9~ ~art, each
~ade ha~ng a solid surface ~ea from ~e c~d con-

~et~g axle ~ the extremities of oeh ~ad~ wi~ each
respective padre wheel~ ~ blades berg offs~ 45*
~om ~e o~er padre whets ~ ~ade~ with ~e
~ae~g between ~e paddle wheels berg a minimum ~
one&~f ~e wid~ of the ~ade~ wi~ each ~ective
whets centr~ ~le berg situation ~gh enough ~ove
the w~er suttee ~ c~t~e ~1 ~ the ~coming water~

he~ build u~ ~ co,unction wi~ ~e ~des d each
re~eetive padre wheal bring enclosed ~om ~e cen-
tr~ axle to a po~t ~ or ne~ the outside extreme end of

och ~ective p~e w~ ~d with a shaft connec~
~g both padd~ wheels ~ the ~rator via g~r~g.

~ The power ~rat~g sy~em ~ ~ claim L
whe~ the outrigger pontoons ~d ce~r~ bo~ ~e

5 equ~ped with ~gs with cone shaped b~mms ~r the
pu~ of ~eeting ~e padre wheal ~ades ~ low
w~er, protecting aga~ ~n~ng ~ mud or san~ ~d
~r ease of with~aw~ from ~e b~m as ~e w~er
rises.

10 3. The power gen~ating system ~ ~ clam 1, wi~ a
~rw~d ~a~ deflection sc~ with ~o~ctive
c~s or bars mnrting p~lel, not ve~c~ to ~e wa-
ters surfac~ ~c~ed brow ~e wat~ surface ~r pro-
motion &om ~e ~d d~ri~ ~d ~e~ ~ove ~e w~er

15 surface ~r protection ~ mft~s or bo~e~ extend~g
Rom ~e ce~ bow ~e c~ bo~ ~ the outermost
~rw~d p~ of e~h respective ou~gg~ pontoom

¯ The power gen~at~g ~em ~ ~ claim ~ wi~ a
stem, ~ rear, non-angled deflection screen with pro~

20 five e~s or b~s mrming p~all~ not ve~e~ ~ the
w~efs sur~c~ ~c~ed s~dy ~ove ~e water surfae~
~r ~ection of bo~er~ e~en~ng from ~e stem, or
rea~ of one re~ective o~6gger po~oon to the stem,
or rea~ of the other ~ective ou~g~r po~oo~ ex-

25 ten~ng either behin~ ~rough, or across ~e ~em, or
re~, ~ ~e ce~r~ bo~
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1

BACKGROUND OF THE INVENTION

1. ~d of me Invention
The ~em invention ~s to a mechanism ~r

actuating a deflector of a Pdton whet ~udne or unit)anin dwh~m hO~ part~niarlan Yele~ric ~rvom~ot ro such a mechan~is mused to mN~a° inf the typt ehe

defle~or in its opened p~on, and ~e ~ored energy of
a spring ~ u~d to do~ the deflecto~

Z De~dption of ~e Prior A~
A Peltcn whet ~ of a ~pe of impfl~ ~e and ~

~uflly operated ~om a ~g~bead ~u~e ~n~ng ~om 15
200 m 1,800 m~s when me v~ume ofw~ available
~ rdativdy smflL The w~er under pre~ure w~ch ~
introduced ~to me c~ing of the Pe~on whet ~ accfl-

:~:~h~h~:~tlt i:gf°~.:~l~ixt y t~:~ ~ ~ an/h e 20
bucke~ of the tu~ine whet or ~nner, whe~by the
~nn~ ~ ~ A deflec~r ~ ~ed ~ ~e ~
charge end of me nozfle ~pe so th~ ~ the c~e of an
em~genc~ ~e ~gh~docity jet em~ng from ~e
~ozzle ~ deflected and th~eby prevented from impin~ ~
ing on the bucke~ of ~e ~nne~ A mechanism wh~h
uses a flnid operated ~rvommor ~r cpening and d~-
ing ~e defle~or h~ been weft known ~ ~e art, bm ~e
finial operas dupNying o~ und~ ~rv°m~p °r~bdS~ not oNN y~ a de~ace~rCfo er cof~-r ~

trowing ~e p~ssure of ~e worNng o~ ~ ~ ~e
ari~s me problem of ~ch ~N~ed or auxiliary eq~
merit becorning comN~ed ~ con~c~on and large
in s~e for the outp~ of the Pdton wheel. N additi~ n, in
¯ e case of a system in wNch a fled operated servomo- ~
tot N ~tiv~ed m p~h an operat~g rod to dose the
deflecto~ ~e~ ari~s a pmNem in that a Nrge ~rce
due m Ngh hydra~ pr~ acts on the md ~ its axiN
d~ectio~ ca~ing bueNing ef ~e operating m~

In o~er to ~lve the above described problems, there ~
h~ been protm~d a ~em ~ wNch a fled operated
~rvomomr g combined wig a co~ed ~ring ~ that the
deflector ~ moved to and mN~ained ~ the opened
posNon by the fluid oper~ed ~rvomotor an~ in the
c~e of an eme~ency, the op~ing md ~ attuned by ~
the ~e of the co~ed sprin~ ~ereby dosing the de-
flexor (F~i J~ Vol. 55, N~ 5, Page 3~ published in
1982). Howeve~ according to the abov~de~ribed
pNor art ~stem, ~e ~e of~e co~ed spNng ~exe~ed
on the operating md in the ~n in wNch ~e ope~ 50
ating md ~ comp~s~ ~ ~ the~ aris~ the ~oblem
of unavNdable bucMing of ~e op~ing rod.

SUMMARY OF THE INVENTION
In ~ew of ~e abov~ the primary o~ect of me pres- 55

e~ in~entien ~ m No.de a mechan~m for actuating a
deflector of a Pdton whe~ wNch can sub~antially
ove~ome ~e above and ~her problems encoumered in
the prior art deflector actuating mechanism, and wh~
in the case of an emergency, execs tens~e g~n~h on a
deflector operating rod from a sprinN ~ereby dosing
the deflec~m

To the above and ~ber ends, a mechanism for acttuat-
i~g a defle~or of a Pdton whe~ in ~co~ance wi~ tie
w~ent ~vention compri~s a defle~or arm for rotating
the deflecm~ an opiating rod whose one end ~ Nn
connec~d to sNd deflector arm and whose other end
carries a spring bearing N~ a cylind~ wNch accom-
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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
bore of the cylinder on the side of the operating rod and

5 whose stored energy pulis 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

engageable with the free end of the swinging lever,
thereby maintaining the swi~ging 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
froO mPeratinbngcklingrO .d soThe operatth ingat the operatien ngd of ~hr°edoutpiS utPreventero dd t3f~

an electric servomotor acts on the outer end,of the
swinging lever, whereby ~ess 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 mo~e
apparent from lbe following description cf a preferred
embodiment thereof when taken in conjunction with
the accompanying drawings.

BRIEF DESCRIPTION (~F THE DRAWINGS

In t~e 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 inven-
tion is applied;

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

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

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

FIGS. 7 and $ are fragmentary side views, ih longitu-
dinal section, respectively indicating operational stat~s
of a dash pot.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

60 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
l~resent invention is applied. Reference ~umeral 1 desig-
nates one of the buckets of the Pdton wheel runner.

65 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 lhereof.
A nozzle orifice 4 is formed at the forward end of the



~71~402
4

noz~e tip ¯ A nee~e stem S ~ extended ~ugh ~e
noz~e ~pe 2 in such a way that the nee~e stem S can
be ~dprocmed Mong ~e ~ ~ ~e noz~e ~pe Z The
~rward end of the nee~e ~em ~ that ~ a nee~e v~ve
6 c~ be moved into and out of the nozfie orifice ~
¯ ~y co~roHing the wm~ j~ The nee~e stem S ~
~de~y ~ppo~ed by bearings 7 and $ so ~ to be
~c~cmed in the ~ d~ection by a fl~d op~med
~rvom~or ¯ A deflector 12 ~ flxe~y c~ed by a
deflector shaft 1L w~ch in turn ~ ~v~y supposed
~ a b~ ~ aaached to a ~ of ~e noz~e tip 3.

~e deflector 12 ~ moved b~ween a ~ dm~ ~
deflecting ~ in ~ the deflector 12 covers the
nozfie orifice 4 and an opted po~on in w~ch the
deflector 12 ~ ~awn ~t ~ ~e flow of ~e wmer
j~ m~g ~om the noz~e orifice 4 by a deflector
~u~ ~~ ~ be d~cr~ed in ~t~ ~
te~

FI~ 2 shows ~m~c~y a p~ed embo~mem
of the m~han~m ~r ~u~ng a deflector in accor-
d~ w~h ~e ~em invenfiom An in~ ~
deflector ~ 13 ~ fixe~y carried by one end of the
deflector shaft 11 and compri~s a fl~t ~ 13a on
w~ch ~ exceed an ~ ~ a second a~ 13b
and a t~ ~ 13c ~r t~s~g a ~e w~ch
c~ses o~er d~ to op~ or dose ~mugh ~nk
~ Lb and L~

One end of a fi~t ~e~g md 14 ~ #o~y con-
ne~ed by a pin 1~ to the ~stM ~ om~ ~d ~ t~ first
~ 13~ w~le the o~r end ~cof ~ p~y con-
ne~ed by a p~ 17 m one end of a ~cond operming rod
1~ A ~g being ~ ~Mning #me 18 ~ ~e~y and
co~y jMned to the other ~d of the second open-
ing rod 16 and ~ ~y ~d ~n a c~ 1~
A g~ r~ ~ ~ r~y aRached to the outer c~

a ~ #e s~e 21. ~d #~ 19a and 19b are
~in~ m and dose opp~ffe en~ of~e c~ind~ 1~ ~
a d~h pot ~ ~ co~y j~ned to the outer su~ce of
the end #me 19&
:The d~h p~ 22 compd~s a d~h p~ e#inder 23 and

a #~on ~ ~deab~ ~spo~d in t~ c~er 23. ~e
#stun ~ and the ~g being #me 18 ~ ~e c~der
19 are in~reonne~ed to each ~her ~rough a connect°
ing rod ~. A stopper 26 ~ fixed to the end #me 19b at
a ~on thereof ~rough w~ch ~e co~ee~g rod 25
~ ex~n~d.

A cot ~fing 27 ~r c~ng ~e deflector 12 ~ loaded
~tween t~ ~a~ end #me 1~ and ~e ~ring bear-

A connecting member 28 w~ch ~ extended ~om the
end wM1 remote ~om the deflector ~ 13 of the d~h
pot 22 ~ #v~y conne~ed by a #n to t~ ~dp~m
b~ween the ends of a swinging Mver 2~ w~ one end
~ #v~ed by a #n 31 to a supposing brack~ 3~ ~d
who~ ~r end ~ ~ ~o an en~#~ ~n 3Z
~e s~n#~ Mver 29 ~ caused to s~ng ~out ~e #n
31 by an deet~ servom~or 33 of a conventional type
av~M on the markeL

As shown in FI~ & ~s ~omomr ~ comp~es a
scow rod 34 and a dri~ng me~sm ~ ~r ~ing
redprocm~g motion to the screw rod 3~ ~e dd~ng
meeha~sm 35 comprises an ~e~ric motor ~ power
ffans~ ~ars GL G2 and G& and a comb~on of
a gear G4 and a nut N ~ and coa~y j~ned
¯ ere~ and screw engaged ~th the screw rod 3~
When the nut N ~ r~me~ ~ans~nM movemem in
¯ e a~M ~recfion ~ ~ to the screw rod 3~ ~e

rear end of the casing of the driving mechan~m 35 ~
pivotMly supposed by a pin 3~ and the outer end of the
screw rod 34 ~ pin connected by a pin 37 to the swing
Mver 29 at a part thereof near ffs engaging portion 3Z

5 The engaging portion 32 at one end of the swinging
Mver 29 ~ adapted to engage wffh a first hook 40 which
~ pivotMly supposed through a pin 39 on a bracket 3&
When an dectromagnetic solenoid 41 ~ energize~ the
first hook 40 ~ rdeased and ~ engaged with the engago

10 ing potion 32 by the force of a return spfin~ The first
hook 40 and the decffomagnetic soMnoid 41 constitute
a first engaging mean~

An engaging potion 42 ~ extended ~om the diem or
outer end of the first arm 13a of the deflector arm 13

15 and ~ adapted to engage with a second hook 45, which

~ pivotMly supposed through a pin 44 on a bracket 43.
The second hook 4~ is actuated by an dectromagnetic
solenoid 4& The outer end of the plunger 46a of the
solenoid 46 ~ pin connected to one end of a bell crank

20 Mver 47, whose other end ~ pin connected to t.he sec-

ond hook 45 through a connecting rod 48. The second
hook 45, the dectdc solenoid 46, and the bell crank arm
47 constitute a second engaging means.

25 Referring next to FIGS. ~ 5 and ~ the mode of opev
ation of the deflector actuating mechan~m of the
abov~descdbed construction will now be described in
detM1.

In order to hold the deflector 12 at the reMased or

30
open positio~ the dectromagnetic solenoid 41 ~ ener-
gized so that the first hook 40 ~ caused to move up-
wardly as shown in FIG. & Then the first hook 40 ~
d~engaged from the engaging potion 32 at the upper
end of the swinging Mver 2~ and the screw rod 34 of

35 the dectric servomotor 33 ~ retracted so that the
swinging Mver 29 ~ caused to rotate in the counter-
dockw~e direction in FIG. ¯ Therefore the cylinder
19 ~ guided by the guide rollers 20 to move in the direc-
tion indicated by an arrow A so that the first and second

40 operating rods 14 and 16 are Mso caused to move in the
direction indicated by the arrow A, thereby cau~ng the
deflector ann 13 to rotate in the counterclockwise di-
rection. The rotation of the deflector arm 13 ~ ~ansmi~
ted through the deflector shaft 11 to the deflector 12 so

45 that the latter ~ displaced to the open portion. When
the deflector 12 reaches the open position, a return
spring (not shown) in the ~ectromagnet~ solenoid 
causes the bell crank arm 47 to rotate in the counter
clockwise d~ection so that the second hook 45 ~ placed

50 into engagement with the engaging portion 42 of the
fi~t arm 13a of the deflector arm 1~

Next the ~ectde servomotor 33 ~ energized so that
the screw rod 34 ~ extended in the direction ind~ated
by an arrow B in FIG. 5. As a resulL tile swinging Mver

55 29 ~ caused to rotate in the dockw~e direction so that
the engaging potion 32 of the swinging Mver 29 ~
placed into engagement with the flr~ hook 40, whereby
the swinging Mver 29 ~ loeke~ In this cas~ Mnce the
deflector arm 13 ~ in engagement wffh the second hook

60 4~, the first and second operating rods 14 and 16 and the
spring bearing pl~e 18 rem~n ~ationar% but because of
the rotation in the clockwise direction of the swinging
Mver 2~ only the cylinder 19 and the dash pot cylinder
23 are caused to move to the fight. As a result, the coil

65 spring 27 interposed between the end plate 19a on the
side of the deflector arm 13 and the spring beafing plate
18 ~ compre~ed wffhin the cylinder 1~ whereby en-
ergy ~ ~ored in the coil spfing 27.
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~y the PMton wheM rotates w~e ~e deflec-
tor 12 ~ mMmMned ~ the open p~fion and the c~
spring 27 ~ comp~ed to ~ore enemy as described

~en ~e deflector 12 m~t be ra#~y moved to the
closed po~on because of ~m~ of the ~ad on
the m~ mach~e ddve~ by ~e PMton whe~ w~M ~e
P~ w~M ~ ~ ~e ~c~m~n~c ~MnMd
~ ~ ~ so ~ to cause the b~ cr~k am ~ to
~t~ ~ ~e c~k~ ~n ~ ~own ~ FI~ ¯
C~e~y the second hook ~ ~ sw~g ~w~d to
~ ~ng p~on ~ ~ ff ~ ~ng~ ~om t~
~ ~ 13 w~ch h~ been mMmMned ~ ~e open
~s~om ~ ~e ~e~y ~o~d ~ ~e comp~ed
cM1 ~dng ~ b~we~ the end #~e 19a and the spring

second.opiating rods 14 ~d 1~ As a ~s~, ~e fir~
~d second o~fing rods 14 ~d 16 ~ s~fted m the
tig~ ~ FI~ ~ whe~by ~ ~ ~ 13 ~ p~ed
by the fir~ ~d second ~e~g ~ds 14 ~d 16 to
~e ~ ~e ~k~ d~om C~e~ ~e
deflector ~aff 11 ~ Mso c~sed ~ r~e ~ the clock-
~se ~cfion to move the deflector 12 to the closure

In t~s c~ ~ ~g Mver ~ ~ a~d by the
~t h~k ~ ~ ~ ~e c~d~ ~ ~ t~ d~ p~

~m~ ~n~, ~ ~e #~ ~ ~ ~d ~ m~e ~

~~~ the c~nd~ ~a~ defined ~
~nt of ~d ~d of the N~on ~4 ~ou~ a byp~s
p~sa~ $~ ~d ~g the degree of opeNng of a
~w ~n~l vN~ ~ ~ ~ ~e b~ ~
~ ~e N~ng v~o~ty of the deflector l~
~ m~ ~ u~n ~th ~ ~ ~ 13 can be
~~ ~ ~ p~M ~ ~e d~h p~ 22 be pro-
fided ~ a flow dom~ dev~e w~c~ w~ ~e d~
~ ~ ~ bmu~t ~ a p~m ~ v~y ~ ~e ~

byp~ p~ 50 ~ as to cau~ ~e wo~ ~ ~ ~w
~o ~ e~mdy ~ ~ ~h~ #~ $~ w~r~y
when the deflector 12 ~ ~oug~ to ~d mMmMned ~
¯ e to~ closure ~ exe~n ~ e~ ~p~
load on ~e ~r 26 ~ed ~ the end #~e of the
c~ h p~veme&

W~e the deflector a~u~ m~m of t~s ~-
venfion h~ ~ ~ ~ the ~go~g d~cMsu~
pdndp~y ~ ~e~ ~ ffs ~n ~ a ~n#e j~
defl~m~ ~ ~H be ob~o~ that ~e mecha~sm of t~s

be~ by m~nce to one ~am~e whe~n two ~-
~nM deflectors ~ ~ed ~m~h fi~ m~ ~ ~d
Lc ~d to the second and t~ ~s ~ ~ 13c
of the ~fl~mr ~ 13.

L A m~m ~r a~u~g a d~r ~ a P~
wheel compds~g a deflector ~ ~r r~ng the de-

fle~o~ ~ opiating md whose one end ~ #n con-
nected to sMd deflector arm and whose other end
carries a ~dng beating ~ a c~der ~ w~ch sMd
spring beating ~me ~ encM~d, and w~ch ~ g~ded ~r

5 movemem ~ the axiM dkecfion of sMd opiating ro&
~fing me~s w~ch ~ ~ ~ ~e b~e ~ sMd cylim
der on the Mde ~ said operat~g rod and wh~e ~ored
~gy pulls sMd opiating m~ a swin#ng Mver who~
one end ~ #v~y supposed and whose midp~m ~

10 connected to one end of sMd c#~de~ ~ ~e~ric servo-
motor connected tO the flee end of sMd swin#ng Mver
so ~ to cause ~cipmcable ang~ movemem of sMd
swin#ng ~ a ~ ~ng m~ ~~ wi~
sMd ~ee end of sMd sw~#ng Mve~ ~e~by mMmMm

15 ~g sMd swin#ng M~r ~ation~ ~d a second engag-

~g me~s ~r mMmM~ng sM~defl~mr ~m ~ ~e ful~
opened position.

Z A m~h~m ~r a~uating a ~fle~ ~ a Pe|t~n
whe~ as set ~h ~ dMm 1 characterized ~ th~ sMd

20 deflator ~m ~ fix~ ~ one ~d of a deflector shaft ~r

ope~ng ~d dosing sMd deflecto~
¯ A m~h~m ~r a~u~g a deflator ~ a P~n

wheM ~ s~ ~h ~ dMm 1 chamc~fized ~ th~ sMd

~r t y a p~
¯ A mecha~sm ~r ~mating a deflector of a PeRon

wheal as set ~h ~ dMm I characterized ~ th~ a

30
~urM~y of g~de r~M~ ~e rollaMy mourned on ~e
outer cyl~dricM sur~ce of sMd cylind~ ~d roll over
~ation~y g~de mr~c~.

S. A m~ha~sm ~r ~mating a ~fle~ ~ a Pelton
whe~ ~ ~et ~h ~ ~Mm 1 charac~rized ~ ~ ~aid

35 fl~t ~gaging m~ compri~s a hook who~ one ~d ~
#v~ ~d who~ ~h~ ~d ~rmin~ ~ ~ ~#ng
po~on ~d ~ de~romagn~ s~enMd ~r cau~ng
sMd hook to move b~we~ a MeMng position and ~
u~ocking ~ ~eleas~g position.

~ ~ A mech~ism ~r actuating a deflector of a Pdton
w~d ~ set ~h ~ claim 1 eh~d~d ~ ~ said
second enga#ng means compd~s a hook whose one
end ~ #v~ed and whose o~er end ~rm~ates ~ ~
~gaging po~cn ~d ~ de~mmagnetic s~d ~r

45 cau~ng sMd hook to move b~ween a Mc~ng position
~d ~ unlocking ~ rel~sing positicn ~mugh a b~
~k ann.

% A mecha~sm ~r actuating a deflector of a P~ton
wheal ~ ~t ~h ~ dMm 1 ch~actefized ~ ~a ssd

50 spring bearing #~e ~ connected ~mugh a eonne~g
md ~ a d~h p~ #s~n w~ch ~ d~po~d ~ a d~h p~
eylind~ ~ctly j~d to sMd eylind~ and #n con-
nected to the midp~m ~twe~ the ends of sMd swin~
~g MveL

55 8. A mechanism for ~ating a deflec~r of a Pdton
w~d ~ set ~vh ~ dMm 7 charac~riz~ ~ ~ said
d~h pot cylind~ ~ communicatively conn~d ~ a
byp~s #pe byp~s~g sMd d~h p~ #~o~ and a flow
comrM vMve ~ ~MMd ~ sMd byp~s #p~

65
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PELTON TURBINE

Th~ invention relates to a P~ton turbin~
As ~ know~ Pelton turbines are used for driving

~e~ddty generators or as a direct drive for working
machines. Gener~ly, such P~ton turbines include a
casing in which a turbine whe~ with a wheel ~sc and
bucke~ ~ mounted Mong wRh a drive sha~ which
passes through the casin~ In ad~tion, ~ least onej~ ~
provided for expelling fl~d from a high pressure noz~e
tangentiMly of the wheel disc onto the buckets so as to
cause rotation of the ~sc and drive shaft. The casing has
~so been prodded w~h a fl~d outl~ for remov~ of the
spent fl~ Turbines of this type are described in Ger-
man PaL No~ I~31~ 31%779 and 61~44L

Because of the revert of momentum of the jet of
drive fl~d on the bucket~ meehanicfl power ~ de~v-
ered to the turbine wheal. In the case of an de~ddty
generato~ the power ~ ddNered ~ a constant spee~ In
additio~ the driving fl~d which ~ dive~ed in the buck-
ets fflB into a sump bdow the whe~ ~sc an~ in the
proces~ some of the fl~d sprays onto the casing wfllm
As ~ know~ the effidency ofa Pelton turbine ~ closely
dependent on the success of keeping vagrant spray
water away ~om the turbine wheal and the buckets. In
some case~ the drive sha~ has been ~sposed on a hori-
zontal axis while the lower region of the turbine wheal
~ a~ed upon by the fl~d j~s. In these cases, the upper
region of the casing has been prodded with ve~iefl
met~ sheets parflld to the ~ane of the turbine wheal
while horizontal sheets are ~sposed opposite the high
pre~ure nozzle in order to prevent spray water from
reaching the upper region of the casin~

In Pdton turbines used at varia~e speed for dri~ng
working machine~ these convent~nfl baffles do not
give satisfactory res~t~ On the one han~ the outlet
conditions f[om the buckets vary as a reset of the large
but nece~ary fluctuations in speed and ~ad. This, in
turn, res~ in confiderab~ ~fferences in spray fluid
conditions. On the other han~ there are gre~ variations
in the amounts of fl~ds and these have to be taken into
account in the construction by pro~ng high overflow
~vds so th~ large quantities of fl~d can be ~scharged
without the turbine wheal becoming immer~d in the
sump. Favorable condit~ns, favorab~ effic~nc~ can
be obt~ned o~y within narrow limits and when con~-
fions are approximately constant.

Accor~ngl~ ~ ~ an o~e~ of the invention to ira-
prove the effidency of a Pdton turbin~

It ~ another o~e~ of the invention to reduce the
amount of spray water on a rotating whe~ disc of a
Pdton turbin~

It ~ another o~e~s of the invention to be ab~ to use
a Pekon turbine ~ vafiaNe speeds and outputm

It ~ another o~ect of the invention to obt~n ~w
~ssipation ~sses and high effidency in the operation of
a Pdton turbin~

Bfiefl~ the invention pro~des a Pdton turbine
which ~ compiled of a casing having a fl~d outlet, a
drive shaft exten~ng through the casin~ a wheal ~sc
mounted on the shaft within the easing with a plurMity
of buckets peripherally mounted thereon and at ~ast
one nozzle for expelling a fl~d jet tangentially of a
lower potion of the ~sc onto the bucke~ for rotating
the ~sc and shaft. In accordance w~h the invenfio~ a
partition ~ ~spo~d in the casing to ~para~ an upper
ventilation region from a ~wer spray fl~d and outlet

4,950,130
2

region thereo£ Th~ pa~ition has an ope~ng for passage
of the ~sc into the separated regions.

By means of the partitio~ which ~osdy abuts the
turbine wheel, the spray fled ~ effl~ently separ~ed

5 ~om the wheel ~sc and buckets w~hout rebounding
and ~ returned to a fluid s~mp in the lower end of the
casing even ~ there are variations in speed and loa~

The partit~n ~ located so th~ more than h~f the
turbine wheal rotates in the relativdy dry ventilation

10 re~om The overall reset ~ low ~ssipation losses and
high effi~ene% In this respect, the effi~eney characte~
~tics depending on speed and load are high and flaaer
than in pre~ou~y known constructions.

The casing ~ Mso prodded with a venfil~n outlet
15 which communicates with the ventilation regiom

In ad~tio~ the partition ~ prodded with a Mrge
ope~ng at one end for passage of the buckets there-
through ~om the ventilation region into the spray fl~d
and outlet regiom Thu~ the quantities of gas (e.~ M~

20 rotating with the tur~ne wheel are used to build up a
pressure cushion above the Hq~d sump thus effidenfly
assisting the outflow of fluid particularly ~ high speeds.
This advantage can be taken into account in the ~men-
s~nM construction of the flu~ oudeL that is, by reduc-

25 ing the req~red overflow Mvel an~ thus, reduong the
overM1 h~ghL

The effect of ventilating the turMne whe~ ~ so greta
th~ liq~d can be discharged over ob~ades which are
higher than the Hq~d MvM in the turbine sump. This

30 effect ~ fu~her in~n~fied ~ a douMe g~de duct ~
provided in the ventilation region of the ca~ng an~
over a Hmi~d Mngth around the periphery of the whe~
¯ s~ to return the ra~Mly ontg~ng gas to the bases of
the buckets for fu~her accderation. The resulting ~-

35 netic energy can be conve~ed to pressur~
These and other o~e~s and advantages of the.inven-

tion will become more apparent ~om the fol~wing
detMled description token in co,unction with the ac-
compan~ng drawings wher~n:

40 FIG. I ~hi~r~es a cross sectionM view of a P~ton
turMne constru~ed in accordance wffh the invention;

FIG. 2 flM~r~es a ~ew token on line H--H of FIG.
1; and

FIG. a illu~r~es a ~agrammatic radii section
45 through a casing and turbine wheel emp~#ng a g~de

duct for increa~ng ventil~n in accordance with the

Referring to FIG. L the PMton turbine comprises a
turbine wheM ha~ng a whe~ ~sc 1 and a ~urMffy of

50 buckets 2 peripherally mounted on the whe~ ~sc L In
addit~ the turbine has a ca~ng 3 for hou~ng the ~sc
1 and bucke~ whim a romm~e drive shaft 4 passes
through the casing 3 and rec~ves the wheM ~sc 1 in
mounted r~atiom

55 As in~c~e~ the P6ton turMne has a high-pre~ure
nozfle 6 passing through the casing 3 for expMHng a
fl~d j~ 5 tangentiMly of the ~sc 1 and sequentially
onto the buckets 2 for rotting the ~sc 1 and the shaft
4 in known ~shion. The casing 3 Mso has a fl~d outlet

60 7 ~ a lower end which commu~c~es with a sump 10
for rec~ving spent fl~d which has been ~e~ed onto
the buckets Z

The d~ecfion of the fl~d j~ 5 and the ~rectlon of
rotation of the ~sc 1 are in~c~ed by arrow~

65 Re~rdng to FIGS. I and ~ the ~ansve~y ~sposed
partition 8 ~ ~sposed in the cuing 3 to separ~e a lower
spray and outlet region 9 ~om an upper ventilation
region 1L Th~ puritan 8 ~ contoured so as to sealingiy
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~gage wi~ the e~ing 3 w~ berg ~ ~aling ~elation
wi~ ~e wheal 1. In add~o~ ~ ~c~ed ~ FIG. ~ ~e
partition 8 h~ s~table ope~n~ for p~mge ~the buck-
~s ~ As ~own ~ FIG. L ~e partition 8 ~ ~omd
above ~e nozfle 6 m ~ m m~ntain the fl~d and, p~- 5
fied~l~ ~rays ~ fl~ bdow ~e part.on 8 witch
the ~ray fluid ~d outl~ ~on ~ ~ this way, M1 ~ ~e
fl~d can be dumped ~to the sump 10 ~r ~movM
t~ough the o~t ~ In ad~fio~ the sealing ~lation
~etwe~ |he pa~iti¢n 8 ~d the disc 1 perm~ fluid 10
w~ch h~ b~n ~rayed on~ the ~ 1 ~ be wi~d off
the ~ 1 and buckets ~to the romp 1~ ~ t~s way, ~e
wheal ~m 1 may mt~e ~ ~r within ~e ven~ation
~oon 1L

The c~ing 3 ~ ~ p~ded w~h a ventilat~n ope~ 15
~g ~ which commu~cates with ~e ven~ation ~on
1L As ~d~ate~ ~e ven~ation ope~ng 13 ~ con-
nected to ~m~phe~ ~d opens ~to the ventilation
~on 11 p~sdy ~ a ~e whe~ ~e buc~ 2 ~ave
¯ e ~y fl~d and o~let ~cn ¯ As ~d~ed ~ FIG. ~
~ ~e part.on $hm a relative~ 1~ op~g ~ ~e
cpFo~e ~d for p~ge ~the buckets 2 from the vemP
~tion ~on 11 ~to the spray fluid and outl~ ~on ~
This opening ~ ~ p~olie ~e and h~ an ~ cn
¯ e wheal ~ 1. As ~so ~c~e~ the ~m~n~g co~ ~
tour of the part.on 8 ~ ~ed ~om the ~sc 1 w~h a
de~an~ ~ ~ ~e o~ ~ 5% ~ ~e wid~ ~ a ~-
five ~uckeL ~ ~ r~ct, a co~fl~s ~aling means
~ces the ~se ~ o~ ~ se~ the ventilation ~on 11
from ~e ~ray fl~d and oufl~ ~on ~ ~

Apart from the ape~u~ 12 ~d the recess ~r the
~e whe~ ~e pa~on 8 ~ corroded ~ ~-tig~
m~r ~ ~e e~ing 3 ~a a ~ seal ~ (see FIG. D. As
also ~ustrated, the partition 8 has a eu~ed pa~ ext~
~g radi~ outw~d~ of the bucke~ 2 w~ch ~ d~ 35
~ed ~ ~e ~y fl~d ~d omit ~on 9 ~r ~
ch~ng spr~ fl~& The pa~ition 8 ~so has a ~oped
upp~ pa~ Which extends downwardly ~wa~ one end,
~ ~ ~w~d the cpe~ng 12. This perm~ q~ntities ~
g~ w~eh ~t~e with the wheal ~sc 1 to be used to ~
b~Id up a pre~ure c~hion witch the re,on 9 ~ove
¯ e ~mp 1~ Th~ ~ ~ ~ ~e omflow ~ fl~d
~ugh ~e outl~ L patchily ~ ~gh ~ds.

The part.on 8 may ~e m~e ~ any s~t~ m~ed~
such ~ ~t~. Als~ the pa~on 8 m~ be made as ~ 45
integr~ part ~ ~e c~ing ¯ As ~c~ed ~ FIG. ~ a
~mov~ ~de w~l 15 ~ ~c~ed on the ~de of the
c~ing 3 ~ o~ ~ p~fide for ~eess ~to ~e inted~
of the ca~ng ̄

The part.on 8 h~ a t~ckn~s ~ ~e end wh~e ~e ~
buck.s 2 move from ~e ~y flu~ and omwa~ ~on
9 ~to the vemflafion ~on 11 w~eh ~ equ~ to the
¯ ~an~ ~ ~ ~t one butut 2 ~ ~e fol~wing on~
Thu~ ~ any pa~c~ fim~ one butut ~ ~e eo~
tour re,on of the pa~on 8 be~ ~e butut ~ ~ont 55
~aves the comour of the pa~it~n &

Re~rring ~ FIG. ~ ~ ~d~ ~ ~c~e ~e v~
fion effecL a douse g~de duct 17 ~ ~co~ed ~to
lhe ventilation ~on 11 and ~ peripheral~ ~aced
~o~ ~e ~ 1 ~ ~¢er ~ defle~ a radi~ly omw~y ~
flowing gas steam ~r r~um tow~ds the bases of the
buc~ 2 ~ ~c~ed by ~e ~w~

The op~ation of the Pdton mr~ne may be varied
~om time-to-time, ~r exam~ by v~ng the speed
and/or ~ad momenL T~s may be accompfished by 65
va~ing the amount of fl~d ~ec~d by the noz~e ̄

The ~venfion thus pro~d~ a Pdton ~r~ne of im-
p~ved comt~cfion w~ch ~ ~pable ~ opiating ~ a

4
relatively e~eient manne~ Fu~her, ~e ~vention prc-
vM~ a relativdy simOe means ofk~p~g vagmm ~my
w~er away ~om the mrb~e wheel and bucke~ of a
Pelton m~m

I Oaim:
1. A Pelto~ t~b~e compd~ng
a casing hav~g a fluM outlet;
a transve~ely ~o~d p~t~¢n ~ said c~izg ~p~

rating a ~my fl~d and outl~ ~on from a ve~ti-
latin ~on ~e~;

a m~tab~ drive shaK e~en~ng ~mugh s~d ca~n~
a wheal disc mounted on said shaft within said casing

~d p~ng through s~d part~o~
a ~urMity ~ peripherMly mounted bucke~ on s~d

¯ s~ and
~ ~t one ~gh~e noz~e ~ s~d spray fl~d

~d outl~ ~on bdow s~d pa~ition for expdhng
a fluid j~ tangenti~ ~s~d ~ ~quentially Cn~
s~d buck.s for rotating s~d ~se and s~d shaft.

Z A Pelton turbine ~ ~t fo~h ~ d~m 1 wh~n s~d
part.on ~ ~spo~d ~m~ s~d ~ ~ ~e ~o~ a
third of ~e periphe~ ~ mid ~ ~ said ~y fl~d and
outlet re~om

3. A Pdmn m~e ~ ~t ~h ~ d~m 1 wh~dn s~d
caring ~dud~ a ventilation ope~ng commu~cating
with s~d ven~afion ~on.

¯ A Pd~n m~e ~ ~t ~h ~ ~m 1 wh~n s~d
pa~it~n has a l~ge opening ~ one end ~r pa~age of

~ buck’s SNd ~my fl~d anth derethm~g~ufle~ t°m~oS ~Nd ven~afi°an nd wherN~eN°s rind

pa~ition g ~ed from sNd ~sc with a ~ea~nce of ~e
o~ of 5% of the width of a r~pective bucke~

~. A Pd~n ~r~ne ~ ~t ~h ~daim 4 wh~n s~d
pa~it~n h~ a thickn~s at a second end ~r passage of
s~d bucke~ ~eret~ough ~om s~d spray fl~d and
o~t ~on into s~d ven~ation equ~ to the ~ance
of ~ ~t one bucket to the fol~wing on~

¯ A Pd~n mr~ne ~ ~t ~h ~ ~m 1 wh~n s~d
pa~ition h~ a con~ctless ~aling means facing said di~c
to se~ s~d ~ons from each other ~ross s~d ~s~

~ A P~mn t~b~e ~ ~t ~ah ~ claim 1 wherein s~d
pa~n ~ connee~d ~ ~-fig~ manner m s~d o~ng
~ oppose ~d~ thereofi

& A Pelton ~rbine ~ ~t ~h ~ d~m 1 wherein said
part.on h~ a cu~ed part exten~ng m~ally omw~y
~ s~d bucke~ and ~e~d ~ s~d ~my fl~d and
oufl~ re,on ~r ~h~ging spray fl~d and a ~oped
~p~er ~a~ exten~ng downwardly mw~d one end wi~
a ~rge o~ng ~e~ rdafive to m~ ~sc.

~ A Pel~n ~ine ~ set ~h ~ clam 1 wherein ~aid
part.on ~ made ~ ~t~

1E A Pd~n t~b~e ~ ~t ~h ~ d~m 1 wh~n
s~d part.on ~ an integ~ pa~ of s~d ca~n~

1L A Pdton tu~e ~ ~t ~h ~ d~m 1 w~ch
~h~ comprises a double g~de duct in s~d venfi~fion
re,on pedpher~ spaced about m~ ~sc to deflect a
radi~ly omw~y flowing g~ stream ~r return
mw~ the bases of s~d bucke~

1~ A Fekon t~ne ~ ~t ~h ~ d~m 1 wh~dn
s~d nozzle ~ ada~ed to expd a variab~ fl~d j~ to
v~y ~e ~d ~ s~d ~t.

1~ A Pdton turbine comprising
a casing ha~ng a flu~ outlet;
a drive sha~ e~end~g ~mugh s~d ca~n~
a wheal disc moused on s~d ~aft within said ~sin~
a ~ity ~ buckets peripher~ moused on s~d

wheal ~s~
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~ ~ me ~e ~ e~ a fl~dj~ m~e~y
~ a ~w~ po~on ~ s~d ~sc ~d onto s~d buc~
e~ ~r ~g s~d ~ ~d s~d sha~ ~d

a p~n ~ ~ s~ c~g ~ ~m ~

~p~ ~mfl~ ~#on ~om a ~w~ ~r~ fl~d
~d outlet re#on ~e~oK sMd pm~ h~ ~
~emg ~r p~m~ ~ ~d ~c ~~ ~o

~ A M~ t~ ~ ~ ~ ~ d~ ~ wh~
m~ p~n ~ ~d across sMd Use m #ace ~out
a t~d of ~e ~fiphe~ ~ sMd d~c ~ sMd spray fl~d

~d oudet ~om

~d pm~ h~ a c~ ~ ~g ~y ~

w~ ~ ~d b~ ~d ~ ~o ~d ~my fl~d
and oufl~ ~#on ~ ~~g ~my fl~

1~ A PM~n m~e ~ ~t ~h ~ dMm ~ wh~n
~d ~ h~ a ~ opemg at one end ~r passage
of sMd ~c~ ~h~h ~om sMd ven~afion r~
#on ~m sMd ~r~ fl~d ~d oufl~ ~#om

5 1Z A PMmn t~e ~ s~ ~h ~ dMm ~ whe~
~d c~ ~ a v~fl~ ~ ~mmu~c~
~g ~ s~d ~mfl~ ~

18. A Pd~n ~he ~ ~t ~h h ~Mm 13 wh~n
~d pm~ ~ a p~ ~ w~s ~r~d ~ ~d ~c ~

10 de~e a chad ~r p~s~e of sMd ~s there-

1~ A Pdmn m~he ~ ~t ~ah h dMm ~ wh~n
each sMd wM1 h~ a ~ p~ d~ hto sMd spray
fl~d and outlet ~#on ~d sMd nozfle ~ ~ed ~th

15 sMd channd.
20. A Pdmn m~he ~ ~t ~ah h ~Mm ~ wh~dn

~d pm~ ~ ~n#y connected to sMd ca~n~

3O
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ABSTRACT

A water turbine runner has a ~urality of vanes, each
made of a r~led steel ~ wh~h com~ns, by wdghL
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 4% of
Mo, 71.9 to 87.7% of Fe, and which has a m~fic
strucm~ mi~ure com~n~ by v~um~ ma~ensite and
10 to 35% of re~du~ au~enke. Each of the vanes is
made of a ~ur~y of pl~e piece~ cut out ~om the
rolled ste~ ~ate, pres~formed in a shape ofa pa~ of the
vane and joined by w~d~g into the com~e~ vane.

14 Clams, 3 Drawing Shee~

3



U.S. Patent July 3~ 1991 Sheet 1 of 3 5,035,579

1

//
//
//
//
//
//
//

1A /1



U.S. Patent j~y 30, 1991 Sheet 2 of 3 5~35~79



U.S. Patent J~y 30, 1991 Sheet 3 of 3 5~3~579

W I

c~Z
~Z



1

WATEI~-TURBINE RUNNER AND PI~ OCES S FOR
MANUFAC’rURING THE SAME

BACKGROUND OF THE INVENTION

The ~rescnt ~vcnticn rd~cs Io a w~crdurb~e run-
ner hav~g a wddcd ~ru~urc using a high ~rcngth and
tough steal ~ and to a process for manu~uring the
w~er-turb~e runner.

In order to improve power gener~g effidcncy ~
recent ycar~ hydrostatic power gener~n has
tended to have a ~gher and ~gher HR or head. Th~
mndcncy rcqu~es a w~c~turb~e runner of accord-
~gly ~ghcr ~rcngth and toughnc~.

In the prior art, the w~crdurb~c runner has been 15
made of 13Cr ~cd, Lc., ma~en~m stainless ~cd w~ch
~ exce~ent ~ ca~tat~n re~g characteristic~ This
13Cr ~ed does nct conta~ Ni. In accordance with the
req~rement for the output rise and the effidency im-
provement of a fin~e w~ebturNne runne~ howeve~ 20
there has been devdoped 13Cr ~e~ w~ch cont~ns Ni
and has an excd~nt toughnes~ There has been pro-
posed a w~ebturb~e runner w~ch ~ one ~ece cast or
~urfl ~eces separatdy cast of the 13Cr steal as ~ ~s-
dosed ~ Japanese Patent Pu~afion No. 60~373Z 25

HoweveL the prior an described above has the fo~
~wing pro~ems:

~ A suffident toughne~ cannot be ac~eved because
of de~s ~trins~ to the cast~g such as a shrink-
age cavity and segreg~ 30

b) For d~ecting the de~ a non-des~uctive inspe~
tion ~ used such as the ~aso~c flaw d~e~ion or
the rad~fion inspection, but t~s req~res a number
or ~eps for ~specting the who~ ~ru~ure of the
thre~dimenfion~ wmer4ur~ne runner w~h ~gh 35
precifion.

~ The casting de~cts detected by the non-destruc-
tive inspection are ~med~d by arc wdd~g wilh
covered dec~ode~ ~ wh~h the 13Cr ~ed ~ Ha~e
to ~cur a wdd crack. In order to avo~ t~s wdd 40
crack, pre~nd post-heating ~eps are req~red
w~ch undes~a~y ~creases the number of ~eps ~
the reme~ oper~n~

d) The fi~s~ng of the cast sur~ce of the water tur-
~ne ~unner req~res a g~e~ number of ~eps. 45

SUMMARY OF THE INVENTION

An o~e~ of the present ~venfion ~ to pro~de a
~ghly ~rong and through w~erqurb~e runner and a
process for manu~cturing the same a reduced number 50
of ~eps.

Briefly ~e, the present ~vention util~es a ~urality
of vanes of a w~evturb~e runne~ each made of a
rolled ~ed ~e w~ch conta~ by wright, ~01 to
~10% of C, 0.10 to 1.0% of S~ 0.10 to 2% of Mn, 2 to 55
7% of Ni, 10 to 15% of Cr and ~I0 to 3% of Mo, 71.9
to 87.7% of F~ and which has a me~l~c ~ructure of a
m~ture conmimng, by v~um~ manen~ and I0 to
35% of re~du~ au~enk~ and the vanes are assem~ed
by wd~n~

Fu~he~ the above-mentioned plur~ky of vane~
each made ofa ~ur~ky of~e p~ces, are cut out from
the abovemenfioned r~d ~ed plate ~ accordance
with the pr~ent invention, pres~formed ~ a shape of a
pa~ of the vane and then j~ned by wd~ng ~to the 65
commie vane.

Fu~her r~d ~ed ~e or pl~e ~eces are con-
~oHed in accordance with the present ~venfion so that
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oxygen and ~n ~ be ~ than ~ ppm and 150
pp~ ~e~vdy.

BRIEF D~C~N OF THE DRAWINGS

5 FIG. 1 is a pe~pecfive ~ew ~o~ a F~nds w~
~e runn~ ~ w~ch ~ app~ed ~e ~em ~ve~

FIG~ 2 ~ a ~cfion~ ~ew of the ru~er shown ~
FIG. 1 ~ken ~ong a ~ane pass~g ~g a cen~ a~s

I0 of the Franos w~4u~e runner ~

FIG. 3 ~ a ~ag~m show~g a be~ ~e ~ken ~ong
HI--HI of FIG. ~

FIG. 4 ~ a pe~pective ~ew ~o~ a as~m~ed

ru~er van~
FIG. 5a ~ a sccfionM ~ew of a ~c ~d ~th a vane

mcmbc~
FIG. 5b ~ a sccfionM ~ew of the vane mcmbc~ and
FIG. 6 ~ a flow cha~ ~o~ ~e p~c~ ~ man~

~uring the runner ~ accordance ~th the p~
~ventio~

D~D D~C~N OF A PRESENT
PREFERRED EMBODIMENT

As shown ~ FIGS. I and 2, the Franc~ w~urb~e
runner comprises a crown ring 2 ha~ng a cen~r po~
tion to be connnected to a drive sha~ a band 3, and a
~y ~ va~s 1 ~ch ime~ed b~w~n ~e c~wn
2 and the band 3 and wdded thereto. The vanes 1 each
are made of one ~ece or sever~ ~eces or r~d ~ed
pl~e w~ch will be later describe&

The w~4ur~ne runner accor~ng to t~ present
~venfion ~mp~es a ~ur~y of vanes each made of a
r~led ~ed ~a~ w~ch comprises, by w~g~, 0.01 to

0.10~% of ~f ~10 t~’1015~° 1"02f C~f Si~nd ~ 1~"10 t?o 3~% of Mn~f Mo, an~t°
71.9 to 87.7% of Fe, and oxygen and ~m~n ~e~s
bNng p~y ~ ppm at mo~ and 150 ppm.~ mosg
~v~ T~ ru~ ~s a m~ ~ru~e of a
~e ~n~n~ by vCum~ ma~fi~ and 10 ~
35% ~ ~s~u~ a~ and ~ as~m~ed by wd~.

The m~or compone~s Cr and ~ are necessary ~r
im~ ~n~h and cav~ation refinance to the wa-
~vmr~ne runner and are cont~ned es~y as ~
cam ~ed. In the de~ron beam waling of a ~gh flloy
~ed such as the 13Cr ~ed, howeve~ ~ order to pre-
vent wdd~g de~s and r~n ~e ~ughnes~ the con-
ten~ of oxygen and ~m~n ~ the ~ed have to be
co~r~ and ~ ~ ~nfifl ~r ~e base m~ qu~i~
to have no ca~y.

The reasons ~r re~riction the ~e~c~ componen~

in the steal ~ are as ~How~
The compone~ C whe~ ov~ ff 10%, ~H d~efior~e

~ w~a~ ~d ~ ~ ~ ~ ~ ~n~y
~ ~e ~ease ~ ~e ~ng~. W~n ~e compo~ C
~ bdow ~01%, on ~e ~r hand, ~ms ~ sw~h
and md~y ~.

The compone~ Si has to be more than if 1% as a
deo~d~er ~ ~e ~ed production, b~ ~e ~ed becomes

~ hard and ~a~ ff the Si content exceeds 1%. Thu~ ~
content ~ re~ricted ~t~n the range ~ 1 to 1.0%.

The componem Mn has deox~ifing and des~riv
~g actions and ~es as an aus~n~ng deme~
to the ~ughn~ Howeve~ the protein of we~ng
hardness occurs ~ the Mn content exceeds 2%.

The component ~ ~ flso an au~en~i~ng demem
and has to be cont~ned ~t~n the 2 to 7% range, preg
~y 4 m 6% ~ as ~ r~n ~e amou~ ~ ~e ~fidufl
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aunenke. Over 7% of the ocmponent Ni, howeve~
increases the re~du~ aunenite so as to reduce nrength.

was measured to de~rmine the amoum of corro~on of
the test sur~c~

TABLE 1

Sam~e C Si Mn Ni Cr Mo O N Rem~

No. 1 ~03 ~45 ff58 5~ 12.41 ~27 ~0057 ~0126 Rolled
No. 2 ~04 ff33 if60 5.25 12.60 &26 0.0039 ff0089 diuo
No, 3 ~04 ~31 ~62 5.12 12.50 ~26 0.0054 ~0082 dido
No. 4 ~05 ~47 ~59 5.20 12.45 ~24 ~(3046 ~0362 Forged
No. 5 ~04 ~44 ~72 ~93 12.42 ~25 ~0128 0.0476 Cast
No. 6 ~07 ~45 0.51 5.05 12.73 ~21 ~0103 ~0424 dido

The component Cr ~ ~ndamenml ~r co~osion tefi~
tance and has to be no ~ than 10% so as to ret~n the
corrofion ~fis~nce ~ ~n w~er. I£ howeve~ the Cr
come~ ~creas~, the ddm ~rri~ ~c~as~ m make lhe
~ed ~agile so that the upper fimit ofCr con~nt ~ 15%.

The component Mo ~ an c~de produdng dement
w~ch ~ ~marka~y effective ~ improv~g ~e fatigue
n~ngth ~ water and presents annealing brittleness.
Over 3%, of Mo contenL howev~, weakens those e~
~cts so as to ~c~ase h~denab~ and lower the
~ughn~s.

Oxygen reduces the ~ughn~s of a met~ to be
wdded and ~c~as~ the ~ddence of ~rn~ de~s
~uch as ~ow hC~, ~ped~ly ~ ~e~ron beam wd~n~
Consequent% the oxygen con~ has to have an upper
fim~ of 60 ppm.

The ~Wogen componem ~ bonded, if in ~ace
amount~ to ~e ~um~um ~ ~e ~eel ~ act as fine co~s
of cry~ pa~ides. Howev~, when present in excess,
the nitrogen not o~y ~g~g~ in the aunen~e pa~i-
des but ~so causes ~ow holes l~e ~e oxygen comp~
nent so that ~s content has to have an upper fimit of 150
ppm.

The ~ed nructure of the proem ~venfion ~ m~y
~ ~e m~ed ~e of mar~nfi~ and ~s~u~ augers.
The amoum cf t~s res~u~ austenite may be mo~ than
10% from the ~andpo~ of ~ughn~s and ~ than 35%
from the ~andpo~t of ~nph.

Moreover, the ~menfioned heel ~ r~led and cut
~to predetermined fiz~ after non-denructive ~spec-
tion and ~su~ inspection so that ~ may be used ~r
componenB of the w~evtur~ne runneg These ~spe~
t~ns of ~e ~ed pl~e n~ o~y are ~g~y effide~ but
~so can improve the accuracy. As a m~r of ~cL
~e ~spections cover ~bom dghty to n~y p~cem
of the totfl inspections of the w~er runny.

The~ the steal pl~e ~ su~ec~d to plast~ wor~ng
with a m~d hav~g a th~dimens~ curve and is
as~mb~d by b~ng weMed wkh an e~ron beam.

The m~erifl of the vanes 1 will be described hereun-
d~.

Table 1 enumer~ the chemic~ compone~s of the
~am~e neds of lhe a~mentioned w~evturb~e rum
ned and Table 2 enumer~ the mecha~cfl prope~i~
of ~e mm~e ~eds. In TaNe Z ~e are ~so enumer-
~ed the ~s~ of both the cav~afion erofion (C~ te~s
and the de~rucfive toughne~ ~s.

In ~e cavitation ~os~n tests, a magnetic slrain o~
lation type tester was used. The ~n conditions were as
~How~ the frequency was 6.5 kHz; the am~imde was
120 m; the test fiq~d was ~r~c~w~e~ the test fiquid
~mper~u~ w~ 25° C.; and lhe ~n time w~ 2 hourg
The ~ffe~nce b~ween the we~hts of the test sur~ce
hav~g a ~am~ of 22 mm be~re and after the tens

TABLE 2
15 Sarape N~

I 2 3 4 5 6

Tensile Stren~h 85.0 8~6 87~ 86 84 85
(kg~mm~
0.2% Yidd P~m 7~5 71.0 64~ 69 64 64

~0 @g~mm~
E~ng~n (%) 26 26 24 25 19 20
Reduction (%) 71 70 69 70 61 63
Re~du~ Aus~ 32 30 31 29 30 31

(%)
CE Te~ 50 47 53 59 60 68
Co~oMven~s (mg)25
2 mm V-N~ch 14 16 19 13 6 8
Charpy Impa~
V~ue
~ggm) ~ Y C.

~(~m- 3/~ Fraclure Toughness 620

600 605 580 390 350

30

In the fracture toughn~s ~n~ the fractu~ toughness
35 at ~ C. was de~rmined by the dast~/~astic fracture

toughn~s test~g m~hod u~ng a compa~ mn~on ~n
piece ha~ng a th~kne~ of 12.7 mm ~ conform~y to
the ASTM E81~81.

Next, the test results w~ be described The SamNes
40 Nos. 1 to 3 belong to the rolled ste~s of the present

~venfion. The SamNes Nos. 4 to 6 b~ong to the ~e~s
for compafiso~ and of these, Sam~ No~ 5 and 6 are
c~t ~eeN ~m~ar to tho~ of the w~ebturNne runner of
the prior a~, and SamNe No. 4t N forged fled. These

45 ne~s are compo~d mNNy of 5Ni-13Cr but have ~ffeb
ent contents of oxygen and nitrogen gase~

Fcr ~nsile nrength and the 0.2% ~Nd pNnt, no
substant:al difference ~ found between the cast ste~ and
the rMled s~. Howeve~ the rM~d ne~ N found to

50 have larger vNues of dongation and reduction than
those of the cast ned an~ accor~n~% to be N~hfly
more ductile.

As to the charac~ri~s req~red for preventing the
structures from b~ng broke~ such as the impact vNue

55 or the fra~ure toughnes~ moreove~ the rMled ne~ is
seen ~ Table 2 to be far superior to the cast sled. ThN
superiority N ~fluenced by the ~fference ~ the
amoun~ of non-m~Mfic in~us~ns contNned in the
~eds and N caused by the N~ th~ the rM~d ~e~ has

60 a lower ~eanne~ (Total) of 0.033 to 0.053 than that 
the cast steal of 0.11 to 0.14.

Nexg the resM~ of the exam~afion of the dec~on
beam w~dability of the 5N~13Cr ~e~ will be d~
scribed.

65 The de~ron beam waling m~hod N bNng appfied
more frequently to Nrg~Nzed tNck structures of car-
bon ned ~ accordance with the dev~opment of a Ngh-
power appar~u~ because tNs mmhod produces ~
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wading de~rmation and ~ can wdd a t~ck ~e in
one p~h.

What has to be con~dered, we have ~un~ ~pedMly
~r pracfifing the Ae~ron beam wA~ng in a ~gh
~n~h w~ev~e mnne~ ~ the presence of wd~ 5
ing de~s such as porosity or hot cmc~ng and the
various characterizes such as the mecha~cM prope~
ties of the wdded potions and the m~ure ~ughn~s.

The examined r~ults of ~e wAdab~ cf ~e 5Ni-
13Cr sled ~e enum~ed be~w in Tab~ 3, wh~n
¯ e bead ~ape ~rce ch~a~ Wb W~ W3, PI
and P2 are shown in FIG. 3. The mm~ w~e worked
~ have a ~e t~ckn~s of 80 mm and were waded ~
thek Lshaped abutting po~io~ with an acc~erafion
v~ge of 90 kV, a beam cu~ent of 300 to 350 mA, a
beam oscillat~n of a d~m~ of 0.5 mm × 500 H~ and
¯ e ~cal Foint 80 mm be~w ~e ~fface of ~e materiMs
to be waded.

TABLE 3

6
TABLE 4

SamNe W ~ng F r ~ ~ ~emTm°~ ~)~¢m Co~o~oC naVitat~(~g)

N~ I Elec~on 625 55
~nv.) Beam
No. 5 Elec~on 410 60

(Comp.) Beam

The two steels are not substantiMly different in cavi-
l0 tafion characteri~ but the present ~eel cf the inven-

tion ~ higher by 30% in ~acture toughness than the
comparison ~ed. R ~ evident that this difference ~
influenced by the cManness and oxygen content of the
base metM.

15 The resul~ of the ~ed of the present invention (Sam-

ple No. 1) upon the tensile tests of the dectron beam
waded join~ are enumerated in comparison to the
convenfionM ~eds (Sample N~ 5) in TabM 

Sam#e No.

2 3 4 5 6

T~ckness (mm) 80 80 80 80 80 80

G~ Comem (ppm)
O 57 39 54 46 128 103
N 126 82 82 362 476 424
EB Wd~n~ Condff~n

Accd~ation V~ge ~v) 90 90 90 90 90 90
Beam Cu~ent (mA) 310 310 310 300 330 350

Focus Position (mm) --80 --~0 --80 --~0 --80 --80
Wdd~g Speed (mm/mi~ 150 150 150 150 150 150
Beam Osciltat~ns 0.5 & × 500 Uz
Bead Shape (mm)
Wt 16.9 17.1 17.1 16.5 19.0 2~5
W2 @7 ~8 6.8 &5 7.0 7.5
W3 5.1 5.1 5.1 5~ 5.2 5.5

PI 71 71 71 70 72 75

P2 6.6 6.6 6.6 6.5 7.2 7A
~specfion of Wdded
Portion

UT (De~ NO NO NO YES YES YES
~cfion (De~ NO NO NO YES YES YES

Although none of the sam#es were hoVcracked,
Samples No~ 4 to 6 were found to have porosky in the
v~inity of the center of the waded metM. Our various
invest~ns have reveMed that the porosRy was
caused by the influences of the oxygen and nitrogen
gases contained ~ the steA. As seen ~om the Table 1,
Sam#es Nos. 4 to 6 had an oxygen content of about 50
to 130 ppm and a nitrogen content of about 360 to 480
ppm.

In ~ew of these finding~ the re~fions b~ween the
occu~ence of the porosity and the oxygen and nitrogen
~ the 5Ni-13Cr steA were examine~ and we found th~
n~ther hot cracks nor porosity was caused with the
oxygen con~nt s~ m 60 ppm and the ~ogen con~nt
set at 150 ppm.

Such ~eAs are Mso confirmed to ex~Mt excdMnt
charac~ristics in the ~acture toughne~ of not o~y the
base metM when the oxygen and nitrogen conten~ are
set ~ 60 ppm and 150 ppm, respective~ but also waded
metM.

The compared res~ of the ~acture toughne~ and
the cavhation corrofion of the Ae~ron beam wdded
metfl are enumer~ed b~ween the neAs of the present
invent~n (Sam#e No. 1) and the convenfionM aeAs
(Sam#e No. ~ used, for comparison ~ Ta~e 4 bAow.

TABLE 5

Ten~ ~d Elon-
~n~h P~n( gat~n Fracture

SamNe Wdd~g ~g~mm~ ~g~mm~ (%) Portion

No. 1 ~on 8~8 75~ 2~6 B~e
~nv,) Beam MetM
N~ 5 SMAW ~.3 ~7.9 60 Wdded

(Comp.) M~M

From TabM 5, ff is apparent that the Aectron beam
waded m~M ~ not softened but has a ~rength idenficM

55 to that of the base metM. In,dentally, the ~rength in
case the seMed metal arc wad (SMAW) was used 
enumerated in TabM 5 but lakes a far lower ~rength
than the Aec~on beam wading in the case of the au~
tenite wading rod.

60 The most pract~M rolMd ~eA has a content consis~
ing essentially of by w6ght, ~02 to ~5% C, 0.2 1o
0.5% SL ~5 to 1.0% Mn, 4.5 to 5.8% Ni, 12 to 14% CL
~2 to 20% Mo and the bMance of F~ wheron P, S, O
and N as unavoidable conten~ are M~ than ff03%, le~

65 than ~015%, less than 60 ppm, less than 150 ppm, re-
spectivd%

Thu~ ff has been found that the rolMd ~eA used in
the present invention has superior dectron beam wdd-
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ability and notch toughness of the j~nt to the cast
meal. On ~e basis cf these resuh~ a h~ze w~e~tu~
~ne runner was tri~ manu~ured.

NexL manu~ure of the w~e~turb~e runner w~
be described.

The vanes 1 each are ~zed to have a ~ngth of 8,000
mm, a maximum width of 1,700 mm, and a thickness cf
80 mm.

Each of the vanes 1, as shown ~ FIG. ~ comprises
three vane pieces 1A, 1B, 1C, each of w~ch ~ cut off
~ece ~om a rolled ~e ~ such a manner that the
roll~g dke~n of the r~d ~e c~nc~es with a
~n~tud~ dkecfion of the vane 1, and ~ press-formed
by hot-and c~d wor~ng by using a m~tisp~e ~ast~
working press.

The press has a ~ru~ur~ as shown in FIG. 5a, ~
w~ch movab~ ~ods 13 carry~g semispheric~ mova~e
heads 12 are a~ached to upper and ~wer ~Nes 10 and
11 arranged ve~icaHy to ~ce each cthe~ To the lea~ng
ends of the movab~ heads 12, there are fixed a pak of
pre~g ~es 14 w~ch have three-dimension~ curves
and are supposed ~ thor two ~de ends by supposing
~de ~es 15. In each of the press~g ~es 1~ more-
ove~ there are ~sposed water cond~ 16 for cooling
the pres~ng ~es l& The mova~e rods 13 are held by
hydra~ means at positions where the heads 12 are ~
contact with the press~g ph~s 1~ and the mova~e
rods 13 assod~ed with the upper table 10 are moved
downwar~y by the upper ~b~ 10 as shown by the
arlow.

When the cutoff ~e ~eces 1A, 1B and 1C are
¯ spo~d on the lower press~g pl~e 14 and pre~ed by
the prying ~e mo~ng downwards with the m~e 10
to follow the three~imen~on~ curve~ they are heated
~ advance to about 95~ C. and then pressed b~ween
the upper and lower pres~ng ~es 14. The pressure
upon the cut office ~eces 1A, 1B and 1C ~ continued
until the mar~ns~e transformation is ended to prevent
the vane ~ec~ 1A, 1B and 1C from bucHing and from
b~ng de~rmed by the therm~ expan~on of the may
~n~te ~ansformation, w~ch might otherwi~ be
caused ff the pressure were ~ased before the end of
the ma~en~ ~ansformation.

The vane ~eces 1A, 1B, and 1C thus formed by the
press as shown ~ FIG. 5b, are w~ded and ~gr~ed
~to a one ~ece vane 1 by a three~imen~on~ ~e~ron
beam w~de~ and the integrated ~ru~ure ~ then sub-
je~ed to the ~ng ~spection and the non-destructive
~specfiom

The thus manu~ctured vanes 1 are arranged on the
crown ring 2 and the band 3 sho~vn ~ FIGS. 1 and 2
and wdded ther~ whereby the w~evturb~e runner
~ ful~ produced.

The procedures for manu~udng the w~e~turb~e
runner described above are shown ~ the flow cha~ of
FIG. ~

Accord~g to FIG. 6 raw m~ed~ ~ the form of a
r~d steal ~e is cut to produce a ~ur~ky of plates
~eces 1A, 1B, 1C. The plate pieces are formed by ho~
wor~n~ the formed ~ate ~eces of vane ~eces 1A, 1B,
1C, are heated to a ~mper~ure of 59~±20° C. and
then cooled, thereby annealing the ~eces so that 100%
ma~en~ ~ conve~ed ~ be a mixture of ma~en~
and 10 to 35% by v~ume of re~du~ augerS. The
annexed vane ~eces are then su~ec~d to ~ze check,
and we~ed to a integrate the p~ces ~to one commie
vane form by dec~on beam waldo& The formed vane
~ su~e~ed to ~ze check and non-de~rucfive ~spe~

~n of ~e wdd ~om The vane 1 ~ as~m~ ~to
the runner by wdd~ the as~m~ed runner is sub-
~ed ~ he~ ~e~me~ to rd~ve ~r~n and con~ol the
~du~ au~e~ amoum to a p~rm~d amoum.

5 The ~ ~eated runner ~ checked ~ ~ze and ~spec~d

of the wdded po~on ~ a nomdestrucfive m~neL
wh~eby the runner ~ com~ed.

T~ p~ ~nfi~ c~ ~ ~p~d ~ ~e manu~
ture ~ n~ o~y the vane 1 but ~so the band Z that ~,

10 the band 2 ~so can be made of the abov~menfioned

m~ed ~ed ~e pre~ ~rmed ~ the band ~ape. The
crown ring ~y ~ cast ~ a ~e~ ha~ng ~e ~me
~m~t as men,ned r~d ~ed ~e ex~e~ ~r n~r~

15 gen and oxygem
As has b~n described h~nbe~, accord~g to the

~esem ~o~ k ~ p~e ~ ~o~de a ~g~y
~rong, ~ugh and co~o~o~re~g w~4ur~ne
runner so that fracture salty reliabi~y can be im-

20 proved.
The present ~vention has ~gh econom~ merit

because the numb~ of manu~uring steps can be re-
duced.

What ~ ~med ~:

25 1. A w~-mr~ne runner compiling a rotary mem-
ber ~th a cen~ po~on ~r connecting a drive sha~
and a p~r~y of vanes each provided on s~d r~ary
membe~ each of s~d vanes ~ made of a rolled ste~
p~e ~~ by wdg~, 0.01 ~ ~I0% ~ ~10 ~

30 1.0% of S~ 0.10 to 2% ~M~ 4 to 6% of~, 10 to 15%
of Cr and 0.10 to 3% of Mo, and 71.9 to 87.7% of F~
~d has a m~c ~u~ ~ma~, ~ v~um~ mar-
~n~ and 10 ~ 35% of re~du~ augerS, and wh~n
wdd means are prov~ed ~r m~ s~d vanes on

35 s~d mm~ membe~
2. The water ~r~ne runner accord~g to clam 1,

wh~e~ each of s~d vanes ~mp~es a ~ur~ky of vane
~eces made ~ ~e r~d ~ed p~ and wh~e~ wdd
mea~ are pmv~ed ~r ~~ s~d vane ~es ~o

~ the ~e~ vane~
3. The w~e~m~e runner accord~g to d~m 1,

wh~dn oxygen and nkrogen co~a~ed ~ s~d r~d
~e~ pl~e are ~ ppm ma~mum and 150 ppm ma~-
mum, ~e~vdy.

45 & The w~e~m~e runner accord~g to d~m 3,

wh~dn s~d wdd m~ ~r m~ s~d van~ on
s~d r~ary memb~ are e~ by de~ron born weM-
ing, and whe~ wd~d ~s ~d m~y memb~
com~n 10 ~ 35% by v~ume of ~du~ augerS.

5. The w~evtur~ne runner accord~g to d~m ~
wh~n the wdded po~o~ are heat treated.

6. A wa~r~ne ~nner compri~ng a ~own ring
and a p~r~y of vanes each mourned on s~d crown

55 ring, each of s~d vanes compri~ng a ~ur~y of ~e
pieces cut off from a r~d ~ed ~e ~g essen-
fi~y ~ ~ w~g~ if01 m ~10% ~ ffl0 m 1~% ~,
0.10 ~ 2% ~M~ 4 ~ 6% ~, 10 ~ 15% of Cr and
ffl0 ~ 3% ~Mo, ~d ~e b~an~ ~F~ ~d w~ch has

~ a m~ ~e ~n~ng, by v~um~ ma~fi~
and 10 to 35% of re~du~ augerS, wh~n each of
s~d ~e ~eces has a shape of a ~on ~ ~e respec-
tive vane~ and wdd means a~ prov~ed ~r ~r~
s~d ~e pieces ~to the ~e~ vane~

65 7. The w~ev~r~ne runner accord~g to d~m ~
wh~n a ma~mum oxygen comem ~d ma~mum
~m~n con~nt ~ s~d r~led ~ed ~e are ~ ppm
and 150 ppm, ~e~v~y.
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10
8. The w~er4urb~e runner accord~g to ~Nm Z

wherNn wdded potions contNn 10 to 35% by vMume
of reNduN austenite.

9. The w~er4urNne runner accord~g to dNm ~

wherein sNd N~e ~ malted to have a conro~ed ma~-
mum oxygen content of 60 ppm and a con~o~ed maxi-
mum nitrogen content of 150 ppm.

10. The w~erAurNne runner according to dNm ~
wherNn w~ded potions jo~ the N~e Neces to form
sa~ vane~

11. The w~er4urb~e runner according to claim 8,
wherNn the wdded po~ns comprise heat ~eated
electron beam ~elds.

12. A w~er4urNne runner compri~ng:
a crown ring wRh a sha~ rec~ving portion at a cen-

~N portion thereoL a band and a NurNky of vanes
interposed between said crown ring and sNd ban~

wherNn each of sNd NurNky of vanes comprise N~e
Nec~ consisting ~sentially oL by wNght, ~02 to
0.05% of C,~2 to 0.5% ofS~ ~5 to 1% ofM~ ~5
to 5.8% of Ni, 12 to 14% of Cr and ~2 to 2% of
M~ and the bNance of Fe, a ma~mum oxygen and
a ma~mum ~ogen contNned in sNd rNled ~ed
pl~e bNng 60 ppm and 150 ppm, r~pectivd% and
which h~s a m~all~ mi~ure contNNn~ by vN-

ume, ma~enN~ ~d 10 to 35% of re~duM austen-

1~ A process ~r manu~uring a w~evturb~e run-
nel compriNng the ~eps off

5 ~g ~to a th~dimenfionN ~ape a r~ed ~ed
N~e wNch ~n~ by wNg~ ~01 m ~10% of
C, ffl0 to 1.0% of~ ffl0 to 2% ofMn, 4 to 6% of
~, 10 to 15% ~Cr ~d ~I0 ~ 3% ~Mo, 71.9 to
87.7% of F~ the oxygen con~nt bNng no g~

10 ~ ~ ~ ~d ~e ~ro~n b~ ~ g~
than 150 pp~ and wNch h~ a me~ ~ru~e
~e ~n~ ma~ensRe and reNduN austen-
Re ~d wNch N ~g~ed such th~ the ~duN
augeN~ ~ 10 to 35% by vNum~

15 dec~on beam wdd~g ~e ~rm~ aed N~ ~d
su~e~g the steal #Me to a heat ~e~ment so that

wdded po~o~ conta~ 10 to 35% of regduM
au~e~ by vMum~

1~ A w~evturNne runner m~uN~uri~ pm~ ~
N ~t ~nh ~ ~Nm 1~ wh~e~ ~e ~ep ~ ~g sMd

rNMd ~ed p~e ~to the ~d~onM shape ~-
~ud~ the ~eps off he~ng sMd rMMd ~ed N~e; and
~b~e~y hM~ng the heMed ~ed #~e under pre~
~ ~om a ~g ~ ~mp~u~ to an Ms cri~

25 cM ~mp~mu~.

30
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AnSTRACT
T~s mach~e con~s of an impeller formed by a fight
prism with a mi~mum w~ght/v~ume ratio and w~ch
has an ~reg~ar hexagon~ se~ three ~des of w~ch
are ~gger than the other thre~ and w~h s~d hexagon’s
ve~exes b~on~ng to a ~n~e ~rcum~renc~ The sec-
ond body of said mac~ne ~ formed by an open cylindfi-
c~ chambe~ concentric to the imp~ler, with an an~e
of approvingly 83 degree~

Its ba~c charactefi~ic ~ ~s ~gh performance ~ obt~n-
hg energy produced by mhimum h~ght w~erfalls.

16 Claim~ 1 Drawing Sheet
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~R~ED HYDRAU~C MACHINE
~E~Y ~R ~MUM H~IGHT

W~~S

TECHNICAL FIELD OF THE INVENTION

The p~m ~vention conf~s of a per~ed hyd~
~c mach~e pre~rably ~ed ~r m~imum hog~ w~-
fal~ w~ch offe~ a series of very importam advan~g~
over the present hydraulic machines deuined for fmilar 10
jobs.

BACKGROUND ART

We wi~ to p~m om ~ ~ ord~ ~r ~r~em hydmm
~c sy~ems ~ ~ansform and use hydraulic energy with 15
an accep~b~ ~d, ~ey m~t ~e w~effall h~g~s of
over 2 m~ ~ under 2 m~s ~e per~rmance drops
to ~v~s th~ make the use of these bo~es of w~er
uneconom~M.

The present hydraulic mach~ am generally d~si- ~
fled ~ action and reaction ~es. Of ~e ~rmer, we
find ~e so~M~d ’~ELTON" mr~n~ wi~ an ~eM
fi~d of ap~ation b~ween 20 and 300 m~s ~gh
wmeffalh.

In the second group, and ~ fir~ ~ace we find the 25
so~M~d ’~RANCIS" m~ with ~n ap~n
range of b~ween 4 and 200 m~ while--~ second
~ace--we find ~os~called "KAPLAN", wi~ a ve~i-
cM or hofizontM a~e with an application range of be-
tween 2 and ~0 m~s ~r ~e w~fall h~g~. ~

Finall~ we mention ~e ~Mled douse imp~ or
cro~-flow ~ whose ap~n range varies be-
twin 2 and 200 m~s of wa~ffa~ h~g~.

From ~e pr~e~ hydraulic mach~ mentioned, ~ ~
dear ~ no hydm~ mac~ne e~st~r w~fall 35
hog~s of less ~an 2 m~s ~ offe~ a normM~ ac-
tenable p~rmance and w~ch wo~d m~ke ~e cf
any of these mac~n~ econom~M.

The Ap~ica~ own ~vem~n P~ent numb~
8703324 shoed be men,ned, w~ch ~ to a hydmw ~
~c mach~e co~isting of an impell~ housed ~ an open
cylindficM chambe~ ~rmed by a fig~ prism that has a
mi~mum w~gh~v~ume ratio and wh~e rig~ ~ction
~ an equfl~erM tfian~e with curved fdes.

Howeve~ wi~ t~s p~m ~ventio~ ~e o~e~ ~
obtained ~ a per~c~d hydrau~c mac~ne w~ch am~y
~rp~s Patent 870332~ ~ obtai~ng a much ~gher
~d, ~ add~on to ha~ng ac~eved a more ~m~e ̄
impeller design, ~ t~s ~vention ~ based on ~raight
~an~ w~le ~ Patem 8703324 this had m be c~ded out ~
by means of curved pro~ w~ch we~ ~c~t to
produce and any variation ~ ~e pro~s shape greatly
~fluenced the macon,s fm~ ~d.

SUMMARY OF THE INVENTION 55
The ~venfion ~ a hydraul~ mac~ne compdfng a

firg bod~ or impeller ~rmed by a fig~ prism whose
w~g~/v~ume rat~ ~ mi~mum and R ~rms an i~egw
1~ hexagon~ ~ction wi~ 1hree fdes ~eing krger ~an
the other three and t~s hexagon~ ve~exes ~rm a s~e ~
c~cum~nc~ The hydraulic macon,s ~cond body
conf~s of an open c~dfic~ chambe~ concentric to
the impell~ and covering an an~e of appro~m~dy 83
degree~ w~ch ~ deafly ~ss than to the 120 degrees
~q~d ~ Invention Patent 870332~ 65

The impd~fs ve~exes are ~ charge of dosing the
chambe~ and the impeller’s edge-when pasfng the
dosu~ section during ~s cycledivides the mach~Cs

5,15~566
2

upw~d w~ ~ction ~d downw~d w~ ~;
thus ac~ev~g that the pressures ori~n~g ~ ~e

~g on the levd of water reached ~ each on~ act e~-
5 O~y ~ ~e ~ ~m~ ~

Based on ~s ~ ~ ~, t~s mac~ne co~d be
da~d ~ a po~Ne d~emem v~um~fic m~ne
because w~h each ~v~m~n the ~p~er ~s~ac~ a
~ v~ume & wm~ ~om ~e ~p~ w~ ~ m
the ~wer water are~ Thanks to these cham~eri~
and ~o~ng ~e m~n~s ~vo~tio~ p~ m~me and
¯ e ~ w~l c~a~ ~e ~ ~n~h
can be a~u~ed to ada~ Rsdf to t~s con~tio~

BRIEF DESCRIPTION OF THE D~~

FIG. 1 de~s a secfion~ ~a~ of a hydrau~c
mac~ne con~ru~ed ~ accordance wRh the ~s
of the p~m ~venfion.

D~D DESCRIPTION OF ~E

In order to ~ve a ~t~ d~ of the ~ven-
tio~ we rear to the ~mched ~a~, w~ch has been
rep~med ~ the ~d m~ ~ ~~ ~ an
exm~e but ~t any ~ wh~soev~.

FIG. 1, w~ch ~ ~e o~y dmw~ represents a see-
tionfl ~a~ of ~e ~vemNe hydm~ mac~n~
~o~ the impd~fs fight ~n -~ ~i~ng of a
~n~um~y rig~ p~ ~e~ ~-

p~ld ~ ~e w~r~ ~ane. Th~ ~ ~ section
~ an k~g~ar hexagon th~ has two unequ~ fde~ a
~rger fde -~ and the other aide ~m~ ~th
each and every one of the ve~exes ~ ~ ~d hexagon
bdon~ng ~ a fn~e d~um~nce who~ tenor ~ a~e

Th~ ~ -1- ~ ~aced ~fde a c~ddcM cha~
ber -~concentric to the ~p~ ~ ~ ~n~
b~ween the ~p~er -1- and the chamb~ or by means
of the ~pd~ ve~exes ~- or ~ other wo~s by ~e
~s ~ ~e ~p~s p~m~c ~@.

T~s c~ddc~ chamber ~- cove~ an ~fde an~e of
~pro~m~dy 83 degr~ c~n~d~g w~h ~e an~e
covered by any one of the three ~rger fde~ whose
exact an~e ~ 82* 31’ 57.65 degrees thus ~ng a
~g~ar ~ w~le the an~e eove~d ~fde the
sm~er fdes ~ 37* 28’ 2.65" deg~e~

The m~e of the hexagon~ ~ger fdes ~
1.31912 t~es the drcum~nc~s ~u~ where ~ ~
~ w~e ~e ~ ~e h~ a ~ ~38
t~ ~e ~um~ne~s ~ whe~ ~ ~n ~

The ~ ~d~ m~ ~ ~m~ ~ a
~dy or houfng ~ere ~e ~p~ ~ housed, w~eh ~
~t ~p~ ~ ~s ~ ~ ~ ~ ~t ~e~ ~
e~n the ~vention.

The ~n~y ~ ~e ~r q- ~o~d ~ ~ ~w ~
posf~ ~ one of the ~ ~ ~H ~t ~ ~
w~ will have a de,re ~fluenee on the ~fs
moveme~-w~ be the upw~d ~e ~d on ~e.
D~ ~ ~e vdume d~ed by A~mede¢ p~d~
t~s ~rce ~H be equM to the v~ume of ~s~aced H~
~d. Th~ the ~wer the ~p~s de~ the
g~er t~s ~s ~fluence ~H ~ on ks fin~ ~dd.

On each fde of the impdler we have the two w~
m~s ~-and ~- w~h ~ b~ng ~e ~e ~ ~vd
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b~ween bah m~s and w~ch constitutes the w~-
fall bong used ~ the ~lation.

The m~n advamage of this turbine, as ff ~ described,
is ffs tot~ ada~a~y to any w~erfall cond~o~ such
~ flow, h~g~, ~c. and ~ ~q~s a mirimum ~fia-
structure ~r ffs ~M~fio~

By u~ng t~s ~rMn~ a s~mMe per~rmance ~ ob-
tained ~r wm~ flows w~ch have not been used up to
now due to t~s ~ch~que’s being uneconom~M and
because no de~ces existed for using this en~gy with a
mi~mum acceptaMe performance. Th~ mac~n~ can
be used for continentM water sources as well as ~r
m~ng advantage of ~a wMer and o~y certa~ ~ch~cal
changes are ~q~d m~y ~ adapt ~e mac~ne to the
d~ed ap#~mion.

Due to ffs con~ru~ the ~ds are mMntMned
when ~e wm~ flow d~e~Mn ~ ~ve~e~ ~ere~ ffs
op~ation ~ ~ctly ~versiM~

We ~m:
1. A hydraulic mac~ne ~r oper~g ~ cooper~n

wi~ a mi~mum hoght w~fall compfi~nv
a hexagon~ shape impell~ having ~x ~des, three of

s~d ~d~ bong equ~ ~ ~n~h and ~nger than the
rem~ng ~ree of s~d ~de~ s~d rem~ng three
~des bong equ~ ~ ~n~h so as to define three
sho~ ~des and three long ~de~ wh~on s~d long
~des ~rn~e wi~ s~d shog ~des to define the

hexagon~ shape of s~d impeller, andhav~g ~x
ve~exe~ each ve~ex bong ~rmed wh~e a corre-
spon~ng one of s~d long ~des intersects a correo
spon~ng one cfs~d sho~ ~d~ eq~d~mm ~om ~n
a~s of rotten of s~d impeller; and

a~e means aRached to s~d impeller at s~d a~s of
r~n ~r ena~g said impeller ~ ~ol~te abo~
~ a~s ~ respon~ to s~d m~imum hoght w~-
fall.

2. The hyd~ mac~ne of d~m 1 fuah~ com-
prises:

a hou~ng ha~ng an ~n~ c~ddc~ sur~ce conce~
tric to s~d a~s of rotten and haong a ra~us
substantially equ~ to the ~ance of each s~d ver-
~x of s~d impell~ ~om s~d a~s of rot~ and

wheron s~d ~ner sur~ce ~ appro~m~dy 83 de-
grees ~ arc len~h and is pro~m~e to each s~d
ve~ex of ~ impd~r to ~rm a se~ b~ween each
s~d ve~ex and s~d ~ner sur~c~

3. The hyd~ulic mac~ne of d~m 1 wheron each
one of ~id long ~des and ~id ~smnce to each ~id
veRex define a cen~ an~e of 82 degree~ 31 minu~s
and 57.65 seconds and each one of s~d sho~ ~des and
sa~ dfsmnce to each ~id vertex define a cen~M an~e
of 37 degree~ 28 m~m~ and 2.35 second~

~ The hydraulic mac~ne of dMm 2 wh~on each
one of said ~ng rides and sMd ~ance to each said
vertex define a cen~M an#e of 82 degrees, 31 minutes
and 57.65 seconds and each one of sa~ short rides and

said d~tance to each s~d vertex define a cen~M an~e
of 37 degree~ 28 minutes and 2.35 second~

5. The hydraulic mac~ne of ~m 1 wheron each
one ofs~d long ~des has a ~ngth equ~ to 1.31912 fim~

5 sa~ d~tance ~om sa~ a~s of rotation to each sa~
vertex and each one of sa~ short ~des has a length
equ~ to &642338 times said ~ance ~om ~id a~s of
rotation to each said vertex.

6. The hydraulic mac~ne of d~m 2 wheron each
10 one of said ~ng rides has a ~ngth equ~ to 1.31912 tim~

sa~ ~ance from sa~ a~s of rotation to each said
vertex and each one of sa~ short rides h~ a ~ngth
equ~ to ~642338 times said ~smnce ~om said ax~ of
rotation to each said vene~

15 7. The hydraufic mac~ne of d~m 3 wheron each
one of said ~ng ddes has a length equ~ to 1.31912 times
said ~ance ~om said a~s of rotation to each sa~
vertex and each one of said short ~des h~ a ~ngth
equ~ to &642338 times said ~smnce ~om said a~s of

20 rotation to each said vertex.
$. The hydraufic mac~ne of d~m 4 wheron each

one ofs~d long tides has a length equ~ to 1.31912 times
s~d ~ance from ~id a~s of rotation to each said
ve~ex and each one of said short ~des has a ~ngth

25 equ~ to &642338 times s~d d~tance ~om said a~s of
rotation to each s~d vertex.

9. The hydraufic mac~ne of d~m 1 wher~n s~d
hexagon~ shape impeller ~ rotam~e about ~id a~s of
rotten ~ two ~rections and generates an ~entic~

30 ~dd from rctation ~ O~er ~recfiom
10. The hydra~ mac~ne of d~m 2 wheron said

hexagon~ shape impeller ~ rommb~ about said a~s of
rotation ~ two directions and generates an ~ent~
fidd from rotation ~ ~ther ~re~

35 11. The hydraulic m~c~ne of d~m 3 wheron said
hexagon~ shape impdler ~ romtab~ about sa~ a~s of
rotation ~ two d~ecfions and genermes an identic~
~dd ~om romt~n ~ either direction.

12. The hydra~ mac~ne of d~m 4 wheron said
40 hexagon~ shape impeller ~ romtab~ about said a~s of

rotation ~ two ~ctions and generates an ~enfic~
~dd from rotation ~ ~ther ~recfiom

13. The hydra~ m~c~ne of ~m $ wheron sa~
hexagon~ shape impdler ~ romtab~ about sa~ a~s of

45 rotation in two directions and generat~ an ~entic~
~dd ~om rotation ~ Olher ~re~n.

1~ The hydrauhc mac~ne of d~m 6 wheron said
hexagonM shape impdler ~ romtab~ abo~ said a~s of
rotation ~ two d~ecfions and generals an MenticM

50 ~dd ~om ro~tion ~ Other d~ecfion.
15. The hydra~ mac~ne ef d~m 7 wheron said

hexagonM shape impeller ~ rotatable abom sa~ ax~ of
rotation ~ two d~ections and gener~ an Mentic~
~dd ~om rotation ~ ~ther d~ecfion.

5~ l& The hydra~ mach~e of d~m $ wheron said
hexagonM shape impeller ~ rot~able abo~ said ax~ of
rotation ~ two ~rections and generat~ an MenticM
~dd ~om rotation ~ Other ~m
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ABSTRACT

Awa~r m~h~e~ mn~ w~ ~ h~y mh~ ~d ~ ~
excdknt in wear and co~o~on re~ances th~ ~ can be
used even under cond~ions where ~mem N contained in
a fluid includes crown 21, band 22 and blade 23 of a w~
m~h~e~ mn~r 2 m be m~d by a working fl~d or a fl~d
flowing in a passage. The demems of the m~h~y runner
are coated on at least port~ns of their ~dN~uM ~ff~
wi~ a ~ ~rface film ~mMning a metal, ~ selected from
the group consNfing of Ni, Cr and Co, and a c~om~m
c~Nde, and a second s~hce film coma~g a metal, as
sdecmd ~om ~e group consNfing of Ni, Cr and Co, and a
mng~en c~bide.
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1
RUNNER, WATER WHEEL AND METHOD

OF MANUFACTURING THE SAME

BACKGROUND OF THE INVENTION

The present invention rebus to a runner and a w~er
wheel which exh~ exceflent we~ and co~o~on reliance
ch~ac~fi~ and a m~hod of manuhcmfing ~he same.

In recent years, a water wheel is more and more used
under conditions where sofid sub~ance~ such as sediment,
is contained in a fluid. A runne~ as drNen under those
cond~ns, ~ damaged by the combin~n of the we~ due
~ impa~ w~h ~e sediment ~e~ed ~ as "sediment~
wear’~ and cav~ation damage. The~fo~, ~e portion ~ be
damaged has been e~her ~ned w~h a reMn, such as rubbe~
or spray~oated wi~ a v~y h~d m~hL such as a ceram~s
m~erhl. This ~chn~ue is disclosed in Japanese Patent
L~d-Open No. 47477/1991.

Gen~afly speakin~ a runner having a th~e-dimen~on~
shape ~ frequently manufacm~d u~ng a casting m~hod. In
a large-sized runne~ on the other hand, there som~imes a
me~od of assembfing ~e runner by wdding ~ used. In th~
case, stainless m~efi~s are wdded into an assembly so as
to enhance the mechanic~ strength of the runne~
Specific~ly, a bhde, a crown and a band or a shroud are
sep~e~ formed of stainless ma~fi~ and the blade is
wdded between the crown and the band or the shroud to
form the runne~ At th~ time, the runner thus prepped ~
subjected, ff nece~ ~ hem t~e~me~ so as ~ ~move ~e
residual stress established during the wdding operat~n.
This ~chn~ue is disclosed in Japanese Patent L~d-Open
No. 140465/1990.

In the case of sediment wea~ on the other hand, the use
of a varie~ of hard coatings has been investigated. For
examp~, the bucket and need~ ch~ of the Pehon wheel
have been co~ed on the~ inner hces w~h a tungs~n c~b~e
surhce film having a gradient composition by a vacuum
phsma sp~y~oating m~ho~ as disclosed in Japanese
P~ent L~d-Open No. 8820U199~ On the ~h~ han~ the
portion of the w~ wheel fim~ed to the runne~ wh~h w~l
be worn by segment, ~ bu~d-up wdded w~h a Co alloy
cont~ng C, Si, Mn, C~ Mo, Ni or Fe, as disclosed in
Japanese P~ent L~d-Open No. 75767/1990.

When the w~ mac~nery ~ to be used under conditions
wh~e sediment ~ ~ ont~ned in ~e flui~ as des~ed above,
¯ e runner has m ke co~ed wi~ a v~y hard m~efial, so ~h~
~ may be p~venmd ~om b~ng damaged by sediment we~
and cav~ation damage. Because of the th~e-dimenNon~
shape, howeve~ ~e runn~ is not easy ~ co~ w~h the hard
m~erial.

The plating m~hod can be used easily to co~ an a~ide
having a complicated shape, kut lhis method has tke fcl-
~wing prob~ms when appfied m ~e p~seN invention. The
Cr phting me~od N one of the most wide~ used e~ro~tic
plating m~hods and can provide the Nghe~ surface film
h~dne~ ~ Vicke~ hardness Os will be exp~ssed as "H~)
of about 1~0~ of aH the plied films. Because of the
e~ro~tic phting, howeve~ the e~ro~tic concen~afion
N caused m v~y due m ~e shape so as m make ~ difficult
to have an even film thickness.

Because of ~e strNn ~ ~e surhce film, morecve~ ~ N
difficu~ with the plying m~hod to form a thick film, i.e., a
film having a suffident thickness m prom~ agNn~ sediment
wear and cav~n damage. On the other han~ Ni--P
plating N a none~ro~tic phting m~hod so ~ ~ can form
a surhce film hav~g an even thickne~ independently of ~e
shape. As ~ the Cr plati~ g ~etho~ however, wi~ the Ni--P

5,9 8,40 
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plating m~hod ~ N difficult, due m the str~n in ~e sur~ce
film, to form a thick film or a suffiMent surface film to
prom~ agNn~ sediment wear and cav~ation damage.
Moreove~ bo~ the Cr pNting me~od ~nd ~e Ni--P plating

5 m~hod are not practical for appfication to large-sized part~
such as a water wheel runne~ ~om the pNN of view of the
~qui~d fadlit~ because ~ey ~quke a ~ep of ~pping an
article in a bath.

The hard coating film m be formed by the spray-coating
~0 m~hod has a suffiNent we~ ~N~ance m segment we~ and

cav~n damage and can produce a suffic~N~ thick
sur~ce film easil~ Howeve~ the use of the sp~y~oating
m~hod has the following prob~ms. A proper di~ance is
~qui~d between a sp~y~oating gun and the runner so as

~5 m form a satis~cmry spray~o~ed sur~ce film, ~nd a

~hfivdy wide space is ~qui~d due to the restriction
prov~ed by the ~ze of the spry-coating gun. Therefor, ~
N difficu~ to spray coat a ~e-dimen~on~ runner in a
n~row space w~h a sati~acmry surface film having suffi-

x0 c~nt hardness and adheNve strength.

The ~chNque, as disclosed in the afo~ment~ned Japa-
nese P~ent LNd-Open No. 8820U199~ N d~e~ed to a
vacuum phsma sp~y~oating m~hod wNch N ~pplied ~
small~haped pa~s having shapes facil~ating a spray-

~ coating tre~ment, th~ N memb~s m be co~ed wNch can be
accommod~ed in an evacu~ed cont~ner for the ~e~meN.
Th~efo~, ~e appleton of such a vacuum phsma spry-
coating m~hod to hrge-sized pa~s N difficul~ and the
appfication of the vacuum plasma sp~y~oating m~hod to

3o ~e-dimenNon~ pa~s hav~g complicated shapes N even

mo~ ~fficu~. These prob~ms ha~e not been soNed by lhe
mchNque as disclosed in the afo~ment~ned Japanese
P~ent LNd-Open No. 88201/1994.

On the other han~ the mchn~ue, as disclosed in the35
afo~ment~ned Japanese P~ent LNd-Open No. 75767/
1990, N di~ed ~ a build-up waling t~e~ment wNch N
appfied to a portion easy to be ~e~ed. Since the build-up
welding N accompanied by a meltin~ ~ can form a ~f~rmed

4o hy~ having a high adheNve s~eng~, but a Ngh c~ofie
source N ~qui~d m cause deform~n by he~ ff ~e~ment
N appfied to a large area. The~fo~, the appfic~n of thN
mchn~ue m a w~ wheel runner N p~N~ fimited m a
rimmed port,n, and so ~ N difficult m ~e~ the entire ~ce of

~ ~e runneq as ~quired. Mo~over, ~e application of plasma
spray-coating m three-dimension~ paris having complicated
shapes N aNo more difficult, as ~ the mchn~ue disclosed in
the afo~mentioned Japanese Patent LNd-Open No. 88201/
1994. In ad~tion, the Co alloy has a surface film hardness
which N ~suffi~eN ~ the case of high sediment density so5o
that a suffi~ent we~ resNtance cannot be achieved. These
prob~ms have not been soNed by the mchn~ue dNclosed in
the afo~mentioned Japanese Patent LNd-Open No. 75767/
1990.

55 As des~Ned above, ~ N ~fficult to co~ a runner having
a ~e-dimenNon~ shape in a n~row space w~h a saris-
~ory surface film having a suffident hardness and adhe-
sive strength by using the spray-coating method.
SpecificNly, when the sp~y~oating m~hod N used, ~ N

6o necessary to use the afo~meN~ned manufacmr~g m~hod
uNng a welding operation for lhe assembly. Howeve~ when
a sur~ce film coating N appl~d by the sp~y~oating m~hod
to a runner manu~cm~d u~ng a waling operat~ the
following prob~ms have been brought to figN by dem~ed

65 ~vesfigafions.
F~st of all, the pa~ spray~o~ed afl over the surfaces

¯ ereoL can nether be wdded nor provide a safi~acmry



3
welding s~ength. MomoveG the ~mperMure of the parts wifl
be rMsed in the vidnity of the wdded portions by the
welding heat so that a thermM strain is caused in the hard
surface films generafly having a smM~r coeffident of the~
mal expanMon than those of m~N~ thereby to cause a s
separation of the surface films or a lower adhesive strength.
ThN makes ~ imposMb~ to effe~ively coM the wdded
portions and their vicin~ies with the surface films.

HoweveG the welded portions of the runner, Le., the joints
b~ween the crown and the blade and b~ween the shroud or so
band and the blade, have a relatively high flow speed and a
high sedimentN colliMon ~equency so thM they ~e Hab~ to
experience sediment wear and cav~ation damage. These
portions am damageG ~ coMed w~h no surface film, by
sediment wear and cav~ation damage thereby to cause the 25
performance to drop or the ~time to sho~en.

On the other hand, if the crown and the bNde, and the
shroud or band and the blade, spray-coated with no film in
the vidnity of the wdded portion~ are wddeG and these
individuN wdded portions are then spray~oMed, a~er bdng 2o
weldeG w~h ~he surface films, the following prob~ms
result, as has been brought to Hght by the d~aHed investi-
gationK

In order to achieve a suffident adheMve s~ength, the
25

surfaces to be coated have to be properly rougheneG before
bdng coM~d w~h lhe spray~oMed film~ by a sandblasting
~eMment. In the case of the present examp~, howeve~ the
spray-coMed films are already present in the vidnity of the
wdded portions and may be damaged by the sandblasting 3o
~eMment thereby to reduce the adheMve strength. In order
to remove the residual strain ~om the wdded portions,
momoveG the wdded ~ructums have to be su~e~ed to a
hem ~eMment, mfe~ed to as a S~ess Re~aMng ~eMment
CSR-tmMment’). Generally speakinN Mnce lhe hard su~ 35
face film to be formed by the spray~oMing m~hod has a
smM1 coeffident of thermM expanMo~ the coating surface
film, as formed before the welding operat~ may be
separMed or broken by thermN strMn ff a proper mmperMure
is set at the SRqmMment. When the wdded portions are 4o
coated with spray-coMed surface films before the
SRqmMment, on the other hang other s~ains are caused in
the surface films by the re~ase, as effe~ed by the
SRqmMment, of lhe mMduM ~rNn in the welded portions,
so that a separation and breakage of the surface films 45
become more likdy to occu~

SUMMARY OF THE INVENXION

The present invention contemplates to solve lhe above-
spedfied prob~ms and has an o~e~ to provide a runner and so
a wMer whee~ which have such exceflent wear and corro-
Mon reM~ance charaUe~stics th~ they can be used even
under conditions where sediment is contained in a fluid
bdng handleG and a m~hod of manufacturing ~he same.

In order to achieve the above-spedfied o~ect, according ss
to a ~Mure of the present invention, there N provided a
runner to be rotated by a working fluid or a fluid flowing in
a passage. The runner N coated on at leaM a portion of ~s
surface w~h a fir~ surface film contMning a m~M, as
se~ed ~om the group conN~ing of Ni, Cr and Co, and a 6o
chromium carbid~ and a second surface film contNning a
metal, as sdecmd ~om the group consNting of Ni, Cr and
Co, and a tung~en carbide.

According to another ~ature of the present invention,
there N provided a runner to be rotated by a working fluid 65
or a fluid flowing in a passage and compriNng components
including a crow~ a band and a b~de. The components are

4
coMe~ on at least port~ns of thek surhces, w~h a first
surhce film conta~g a mind, as selected ~om the group
consist~g of Ni, Cr and Co, and a chrom~m carbide, and,
on a ka~ portions of the jNnt between said crown and said
blade and the joint between said band and said bhde, are
coated w~h a second surhce film conta~g a metal, as
sdecmd ~om the group consNting of Ni, Cr and Co, and a
tung~en c~bide.

According to another ~ature of the present invention,
¯em N provided a wMer wheel comprN~g a runner drNen
to rotate by a working fluid or a fluid flowing in a passage;
a sp~dle to be rotated together with sNd ru~neg a bearing
supporting said spindle; and a generMor connected to said
spindle to rotate tog~he~

According to another ~ature of the present invention,
there N provided a m~hod of manu~cturing a runner to be
rotated by a working fluid or a fluid flowing in a passage,
comprN~g the ~eps of coating M ka~ a port~n of the
surhce of sNd runner wi~h a fir~ surhce film conta~g a
metal, as sdec~d ~om the group consNting of Ni, Cr and
Co, and a chrom~m carbide; and then coating the same wilh
a second surface film comNNng a metal, as sekcmd ~om
the group conning of Ni, Cr and Co, and a tung~en
carbide.

According to another ~ature of the present invention,
¯em N provided a mmhod of m~nufactur~g a wM~ w~eel
~c~ng a runner having a crow~ a band and a bhde, a
spindle, a bearing and a generMo~ compriNng the ~eps of
coating at least portions of the sur~ces of ~s ~ow~ band
and blade forming no runner or before bring jointe~ wRh a
first surhce film comNNng a metal, as selected ~om the
group consisting of Ni, Cr and Co, and a. chromium carbide;
joint~g said blade between said crown and said band to
form sa~ runneg heating the assembly M a mmperatum of
350° C. or Ngher and 650° C. or Mwe~ deNmbly M 400° C.
or higher and 650° C. or Mw~ for i to 30 houm; and coating
at least port~ns of the joint between said crown and said
blade and ~e joint between said band and sMd bhd~ wRh
a second surface film comNNng a metal, as sekcmd ~om
the group conning of Ni, Cr and Co, and a tung~en
carbide.

According to the present inventio~ ~em N provided a
runner coaed on M ka~ a portion of ~s surface w~h a flint
sur~ce film conta~g a m~d, as selected ~om the group
consist~g of Ni, Cr and Co, and a chromium c~blde; and a
second surface film conta~g a memk as sekmed ~om lhe
group consNting of Ni, Cr and Co, and a tung~en carbide.

The runner N coMed on M ka~ a portion of ~s surhce
wi~h a fir~ surface film comNning a metal, as selected from
the group consNting of Ni, Cr and Co, and a chrom~m
carbide and having a Vickers hardness of 700 or more; and
a second surface film comNNng a metal, as sekcmd ~om
¯ e group consNting of Ni, Cr and Co, fnd a tungs~n c~bide
and having a Ngher Vickem h~dness of 1~00 or more than
that of said fir~ surface film.

ghe fir~ surface film and lhe second surface film, thM N,
¯ e fir~ surface film composed of Cr3C~ as chrom~m
carbide and the second sur~ce film composed of WC as
tung~en carbide have a hardness of Hv 700 or more and a
hardness of Hv 1,000 or more, and ~ey exhNR exceflent
corrosion resistance. The sedimem is composed mNNy of
~ldsp~ and qua~ of which the ~ldsp~ has a hardness of
Hv 600 to 70~ wh~eas ~e qua~z has a hardness of Hv 900
to 1~00. In the case of sediment wea~ the wear resistance
abruptly rises ~ the hardness of segment pan,ks N
exceeded. By coming with a sur~ce film having a hardness



of Hv 700 or Hv 1~00 or more, therefore, a sufficient ~ear
resNtance can be exhibimd for p~venting sediment wear
and cav~ation damage.

If a spray~oating m~hod N used as the surface film
coating metho~ the fir~ surface film can be made as thick
as several mnths mm to 1 mm, and the second surface film
can be made as thick as several mnths mm to 0.5 mm. As a
result, the surface films can be co~e~ Y spray-co~e~ to
have thickness capab~ of wa~anting a suffiNent fi~time
agNn~ sediment wear and cav~ation damage.

Spray~oating is divided into a variety of method~ which
are selected in accordance w~h their meres and demer~s. A
spray-coating m~hod capable of forming the most dense
surface film is the vacuum spray~oating m~hod in wh~h
p~sma spray-co~ing N executed under a reduced pressure.
ThN vacuum spray~oating m~hod cannot be practicafly
applied to ~rge-sized pa~s as in the present examp~,
because the pa~ m be tre~ed w~l have to be co~ed in an
evacuated containe~ Other m~hods capab~ of forming a
coated dense surface film are a detonation spray~oating
m~hod and a high ve~city oxygen fuel spray~oating
m~ho& The deterioration spray-coating m~hod covers a
wide coating area so that ~ is su~able for the coating of a
large-sized p~ner membe~ Howeve~ the detonation spray-
coating m~hod requires a spray-coating gun and large-sized
fac~ities, so lh~ it N difficu~ to homogeneouMy a member
which has a three-dimension~ shape, such as a runne~ or to
coat a n~row space, such as a joint.

On the other hand, the high ve~Nty oxygen fuel spray-
coating m~hod can form a dense surface film and ~quires
only a rel~ively small gun and reasonab~ faNfitie~ so that
~ can form a homogeneous and dense surface film for a
member which has a three-dimension~ shape or in a narrow
space at a joint.

When a runner is to be manufamure~ its component~ i~.,
a crow~ a band and a blade, are individuafly co~ed w~h a
fi~t surface film containing a m~ ~e~cmd ~om the group
consNting of Ni, Cr and Co and 50 wt. % to 90 wt. %,
desirably 70 wt. % to 90 wt. % of Cr3C~ and the film is
made as thick as 0.3 mm to 1.0 mm wh~e ~aving the ~gion
w~hin 20 mm, desirably 50 mm, ~om the ~ading ends of
the w~ded portio~ as an unco~ed portion.

The fi~t surfa(e film composed of Cr3Ca and Ni, Cr or Co
N changed in ~s hardness by the conmnt of Cr3Ca. As the
amount of Cr3Ca increase~ the hardness ~se~ but the
roughness is lo~ so th~ the film becomes ~agi~, and so the
surface film is Hab~ to be broken or separ~e~ the~by to
~wer ~s reliability. For the amount of Cr3Ca ranging ~om
50 wt. % to 90 wt. %, the surface film has a suffiNent
hardness agNn~ sediment we~ and can keep ~s toughness.

Within thN range, moreoveq the surface film has exceflent
corrosion and wear resistance to sediment wea~ If the
sediment~ density N hig~ the amount of Cr3Ca has m be
increased to enhance the hardnes~ In this case, the amount
of Cr3Ca is de,red to be in a range ~om 70 wt. % to 90 wt.
%. For thN range, the surface film can have a h~dness of Hv
700 or more.

Since a number of fine voids are p~sent in a spray-co~ed
film, the surface film has to be as thick as 0.3 mm or more
so that ~ may exhN~ exceflent corrosion and wear resN-
tances, ff the spray~o~ed film becomes thicke~ ~s internal
strain becomes higher to thereby lower the adhesive
strength. From the point of view of the adhesive s~ength,
this surface film has to be ~ss thick than 1.0 mm. ff the wear
resNtance of the surface film N con~dere~ on the other
hand, a suffiNent H~time can be expe~ed for a thickness of
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1.0 mm, and ~e ~kne~ is desired to be less than 1.0 mm
~om the pNnt of view of ~du~ng the work and the energy
extended. From the points speNfied above, a suffiNent
fi~time can be w~ranted agNn~ sediment we~ and cavi-

5 ration damage of the runner Y the film thickness is set to a
range ~om 0.3 mm to 1.0 mm, with the resu~ that the
productivi~ and the energy economy are improved.

The coeffiNent of therm~ expan~on of the fir~ surhce
film conta~g Cr3Ca and Ni, Cr or Co is ~wer than that of
a m~l such as iron or stainless steel. As a result, a~0
¯ erm~ strNn may be caused, ff ~mN~ influenced by the
welding operat~ m the~by ~w~ ~e ~dhesNe strength of
the surface film. IL howeve~ the ~gion w~hin 20 mm,
desirab~ 50 mm, ~om the ~ading end of the welded port~n
N ~ uncove~ the therm~ influences at the waling time

~5 can be avNde~ so that an excellent adheNve strength of the

first surhce film can be isolated ~om the influences of the
welding operat~m

At this time, moreove~ a metal plate having a thickness
large~ desirab~ two times or more, than that of the fi~t

~0 surhce film N emp~yed to form the uncovered portion of
¯ e fi~t surface film. Since ~e spray~oating me~o~ espe-
Nally ~e high-speed flame spray-coating m~ho~ uses a
~markably Ngh speed for ~e gas m be sp~se~ a rupture
N caused ff ~e masking m~hl has an insuffiNent s~eng~.

~5 Without a suffi~em t~ckness, moreove~ tke surface films
are liable to merge at their masking portion and coated
port~n so that they are fiable to sep~e at thek end
port~ns. On the other hand, these ~sadvantages can be
avowed ff a metal pl~e hav~g a ~kness two times as large

3o as that of the sur~ce film is used as the masking m~erhl.
When ~e runner N m be manufa~ured, on ~e o~ han~

the crow~ the blade and band, as coated with the first
sur~ce film, are w~ded to prepare the water macNnery
runne~ and are then heard at a mmperam~ of 350° C. or

35 higher and 650° C. or ~we~ desirab~ of 400° C. or higher
and 650° C. or ~we~ for 1 to 30 hour~ By this heat
~e~ment of the proper ~mp~ure, the residual strain is
released ~om the wdded portions so that the deform~n
due to the strain release ~ ~e runn~ opiating time and the

4o drop in the fatigue stren~h of the w~ded portions are
p~venm~ ~e~by to enhance the ~fiab~ In the first
surhce film, moreove~ the adhesNe strength between the
metal phase of Ni, Cr or Co and ~e Cr3Ca pa~s increases
to increase the hardness of the surface film, and accor~ng~

45 the resistances to seamen we~ and cav~n damage are
also increased. Moreove~ the adhesNe strength in the inter-
hce b~ween the fir~ surface film and ~e pa~N m~hl
increases m supp~ss ~e surhce film sep~ation. As a ~sulL
even ff the sur~ce film N cracked by some shoc~ ~ is

5o p~ven~d ~om berg sep~ed and com~g out, ~eby ~
enhance the ~Hability.

At Ngher heating mmp~ure~ the release of the ~Ndu~
s~ain ~om the wdded po~ns, the increase in the adheNve
stren~h b~ween ~e meal pha~e of Ni, Cr or Co and Cr3Ca

55 ~ ~e sur~ce film, and the increase in the adheNve strength
in the in~r~ce b~ween the sur~ce film and the parent
m~eri~l prog~ fas~ ~ut ~m~ ~ra~ ~ caused due ~
the diffe~nce in the coeffi~ent of ~erm~ expan~on
b~ween ~e surhce film and ~e p~ent m~erial, as has been

6o des~Ned above. The ~mpe~ture is de,red to be ~ 650° C.
or ~ss if the influences upon the surface film by ~e ~erm~
strain are considered. If the rdeaNng rate of the residual
strain ~om the welded port~ns and the rate of improvement
of the surface film are conNdere~ on the other han~ the

65 mmp~u~ N limited by 350° C. ff the mmpe~ture N ~wer
than thN ~vd, the he~ ~e~ment takes too ~ng ~ be used
for ~du~fi~ applications.
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ff p~m~N appl~a~ns we c onMd~eG ~e mmperamm N

deMred to be in a range ~om 400° C. to 650° C. If the
mmperamm ~nge ~om 350° C. to 650° C. N exam~e~ ~e
~eament rakes 20 houm ~ ~e minimum ~ 350° C., but ~e
~eament N effective even for 1 hour ~ 650° C. Within the
mmperamm range ~om 400° C. to 650° C., the ~e~ment
converges for 30 hours, ff ~e effem and ~e energy economy
am conNdem~ ~efom, the hea~g time pe~od N deNmd
to range ~om 1 hour to 30 hour~

When the runner N to be manufamured, the jo~ between
the crown and the blade and bmween ~e band and the blade
are coae~ after bdng he~e~ wRh a second surface film
contNNng at least one metal selected ~om the group con-
sisting Ni, Cr and Co and 50 wt. % and more and 90 wt. %
or ~s~ deN~b~ 70 wt. % or more and 90 wt. % or ~ss of
WC and having a thickness from 0.1 mm m ~5 ram, and this
second surface film is overlapped at lea~ partiN~ on the
gr~ surface film.

The second surface film conta~g WC and Ni, Cr or Co
has a h~dne~ of Hv 1~00 or more and excd~m corroNon
and we~ m~ances m sedimem wea~ ff the amount of WC
is increase~ on the other hand, the sur~ce film hardness
~crease~ but the sur~ce film loses ~s roughness and
becomes ~agile so th~ ~ N Hab~ to be broken and
sep~e~ ~emby m ~wer ~s mHabilit> ff ~e WC amount
N wRNn the range ~om 50 wt. % to 90 wt. %, ~e sur~ce
film can have a suffident hardness agNn~ sediment wear
and can keep ~s mughnes~ When the segment density N
high, howeve~ the WC amoum has to be increased to
enhance the sur~ce film hardnes~ In thN case, the WC
amount N desirab~ in a range ~om 70 wt. % to 90 wt. %.

The jNnts between the crown and the blade and between
the band and the bhde are portions where ~e flow speed and
the sediment impam ~equency are so high that sediment
we~ and cavitation damage are Hab~ to occu~ ThN damage
can be prevented by coating the joints w~h the second
sur~ce flm.

In ~e high~peed flame spry-coating me~o~ ~e c~b~e
p~tides are nether molmn nor decompose~ but coflide
aga~ and depos~ on the memb~s whi~ b~ng ~ the form
of particles. For a higher density and larg~ particle we~ht,
¯ erefo~, ~e carbide p~tides highly b~e in~ ~e p~ent
m~erhl to establish a high and satisfactory adhesive
strength. The WC p~tic~s having a large g~v~y h~h~ bite
into ~e p~ent m~eri~ so th~ a suffiNent adhesNe stren~h
can be acNeved ~om ~e surface roughness by ~e gr~ng
work w~hout sandbh~g ~e~ment for ~e preferment.
Since ~e WC N harder ~an Cr3C~ mo~over, ~ suffic~nfly
b~es into the fi~t surhce film already coate~ m establish a
s~Nh~ory adheNve strength.

In order that the sp~y-co~ed film composed of WC and
Ni, Cr or Co, th~ N, the second sur~ce film, may exhib~
exceflent corro~on and we~ resNmnce~ i~ thickne~ has m
exceed 0.1 mm. As the thickness increase~ on the other
han~ ~e strain ~ ~e second surhce film ~creases m ~wer
the adheNve strength. From thN adhe~ve s~eng~, thN
spray~o~ed film has to be less than 0.5 mm. If the wear
resistance of this second surhce film is con~d~e~ a suf-
fiNent H~time N expe~ed for a film ~ickness of 0.5 mm,
and a th~kness ~ss ~an thN va~e of 0.5 mm N de,red for
~dudng the proce~g and econom~g energ~

The rupm~ and sep~ation cf a surhce film we fiab~ m
occur ~om the end portion of the film. By cauNng the
second sur~ce film to pa~iafly overlap on the first sur~ce
film, therefor, the pareN m~erhl N co~ed w~hout any
seam so th~ the reliance to seamen wear and cav~ation
damage and the ~fiab~y can be enhanced.

The coeffidem of ~m~ coeffidem of the second su~
~ce film is smMkr than that of the first surface film if the
depoNtion pememag~ of ~e coma~ed m~Ns we equal, ~
that a Ngher ~erm~ ~rNn N caused due m the ~fference ~

5 ~e coeffic.’em of ~m~ expan~on-from ~e parem male-
fiA. On ~e o~ han~ ~e wdded po~ns we de~rmed by
mkaNng the residual strain. As a result, the ~m~ strain
and the strain caused by the release of the residual strain are
app~ed to the second surface film coating the wdded

~0 port~ns. Since the sway~o~ed films may be broken or
~p~ed by ~e added ~m~ ~e w~ded portions have ~
be co~ed w~h ~e ~cond surhce film after b~ng heated to
a mmp~amm of 350° C. or more and 650° C. or kss.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a p~spe~Ne view part~ in section of a water
wheel ~c~ng a hy&aN~ m~h~e~ runner ac(oN~g 
one embo~mem of ~e preen invention;

~ FIG. 2 N a per~ective v~w of ~e w~ macNne~ m one
embo~me~ of ~e pr~e~ runner acc~d~g ~ventio~

FIG. 3 N a p~e~Ne ~ew, p~tiafly ~ ~n, showing
¯ e w~ macNne~ mnn~ acc~d~g m ~e embo~meN of
the pr~e~ ~vention;

~5 FIG. 4 is an eN~ged section of the water macNne~
acc~d~g m ~e embo~meN of ~e p~m ~vention;

FIG. ~ N a flow chart showing a procedu~ ~r manu~
tur~g ~e wamr macNne~ runner accoN~g m ~e embo~-
ment of the pr~e~ ~vention;
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FIG. 6 ~ a p~e~e ~ew showing a Made of ~e w~

mach~e~ runner accoN~g ~ ~e embo~meN of ~e
p~m ~vention;

FIG. 7 N a p~e~Ne view showing the blade and the

35 band-we~ed port~n of the w~ m~h~y runner accord-
~g ~ ~e embo~me~ of ~e pr~e~ ~vention;

FIG. 8 N a ~n showing the Made and the band-welded
port,n, be~re berg rounded, of the w~er macNne~
runner accoN~g m ~e embo~mem of ~e w~eN ~ven-

40 tion;
FIG. 9 N a ~m~n showing the Made and the band-welded

portMn, aft~ berg rounde~ of the w~ m~Nn~y runner
acc~d~g ~ ~e embo~me~ of ~e p~N ~veN~n: and

FIG. 1~ ~ a section showing the blade and the band-
~ weMed portio~ aft~ berg co~ed w~h a sur~ Nm, of ~e

wamr macNne~ mnn~ ace oM~g m ~e embo~mem of ~e
p~m ~vention.

DESCRIPTION OF THE PREFERRED
50 EMBODIMENT

A wamr m~h~e~ runner ~nd ~s me~od of manu~cm~
acc~d~g ~ one embo~me~ of ~e w~e~ ~ve~n w~
be described in the ~llowing w~h ~nce to the accom-

55 pan~ng &awings.
FIG. 1 shows the con~m~n of a w~ wheal ha~ng a

wamr macNne~ mnn~ ace oN~g m ~e embo~mem of ~e
pr~e~ inventio~ In order to more dearly Hlustrate the
internal ~mc~, the water wheel is Hlus~ated w~h ~s

6o ca~ng b~ng p~tiN~ sp~. As ~ ~e h~cNng of ~e ~
~ction, ~c~entNly, ~ffe~N Nnds of h~cNng we n~ u~d
h FIG. 1 ~r ~dividu~ memb~s ~ ~ ~ avNd comp~x~y
in the view.

As shown in FIG. 1, a water wheel 1 is con~m~ed to
65 ~c~de a w~ mac~e~ mnn~ 2 ~e~r~d m Mm~y ~ a

"mnne~ a shaft 3, a g~de vane 4, a M~ve g and a bearing
6. The runner 2 is rotated by flowing water coming in



through the guide vane 4. Simultaneously with this, the shaft
3, which N connected to the runner 2, is rotated. The
(no,shown) gener~oL which N connected to the sha~ 
gener~es 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 w~l become worn by the impa~ of the sediment part,Ms
the~w~h. 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 impa~ frequency are
antic~ated to be so high as to cause sediment weal the
coating including a fi~t surface film of Cr3C2--16 wt. % of
Ni~ wt. % of Cr (exp~ssed by "Cr3C2--20% NiCr’) and
a second surface film of WC--20 wt. % of Ni--5 wt. % of
Cr &xpressed by "WC--25% NiCr’).

Espec~flN the runner 2 N co~e~ at ~s crow~ band and
blade where the water flow speed and sediment impa~
frequency are anti~pa~d to be so high as ~ cause sediment
weal w~h a surface film of Cr3Ca--20% NiCr having a
thickness from 0.3 mm to 1.0 mm, and, at ~s joints between
lhe crown ~nd the bNde and between the band and the bNde,
w~h a surface film of WC--25% NiCr having a thickness
from 0.1 mm to 0.5 mm. MoreoveL the Cr3Ca20% NiCr
surface film and the WC--25% NiCr are partially
overlappe~ and thN overlap N given a ~ru~ure having a
lower layer of the Cr3Ca--20% NiCr and an upper ~yer of
the WC--25% NiC~

14G. 2 N a perspe~ive v~w showing lhe entirety of the
runner of FIG. 1, and FIG. 3 N a pe~pe~ive section taken
~ong the Hne A--A of FIG. 2. As shown in FIGS. 2 and 3,
the runner 2 N con~ru~ed 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 w~ded to form the
runner 2.

14G. 4 N an enlarged section showing the welded portions
b~ween the crown 21 and the blade 23 and between the
band 22 and the b~de 23. IncidentNly, the h~ched sections
of the crown 21, the band 22 and the blade 23 are not
discrimin~ed in FIG. 4. In FIG. 4, ~nce numer~ 7
design~es the Cr3Ca--20% NiCr surface film (or the fi~t
surface film), and numer~ 8 de~gn~es the WC--25% NiCr
surface film (or the second surface film). These two surface
films are p~tiNly overlapped within a range of about 10 mm
m 50 mm.

In the present embodiment, the Cr3C2--20% NiCr surface
film 7 and the WC--25% NiCr surface film 8 were formed
by a high ve~city oxygen fuel spray~oating m~ho& In
p~ticu~L the Cr3Ca--20% NiCr surface film and the WC
25% NiCr surface film were examined as to the contents of
Cr3Ca and WC, and these examin~ns have revealed that
the range from 50 wt. % ~ 90 wt. % N good for p~venting
sediment wear and cav~n damage. HoweveL ff the
sediment density exceeds 2 Kg/m3 as in the Yangtze RiveL
the Yellow River or a Nver a~er a heavy rMnfafl, for
exampM, the percentages of Cr3Ca and WC have to be
increased to enhance the surface film hardnes~ In this case,
lhe amounts of Cr3Ca and WC are deN~akly in a range from
70 wt. % m 90 wk %. On the o~her han~ lhe proper m~Mfic
components of lhe surface films are Ni, Cr and Co from the
point of v~w of co~oNon reliance, hardness and rough-
ness. These m~Ns can provide, if selected and combine~
s~Nfa~ory co~o~on ~N~anc~ hardness and roughness.

The Cr3C2--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 1~00 or more, and they exhib~
exceflent corrosion resNtance. The sediment N composed
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mMnly of feldsp~ and qua~g of which the ~ldspar has a
hardness of Hv 600 to 700, whereas the qua~z has a
hardness of Hv 900 to 1~0@ With regard to sediment weal
the wear mM~ance abruptly rNes ff the hardness of sediment

s p~tides is exceeded. By the coating wHh a surface film
having a hardness efHv 700 or Hv 1~(0 or morn, therefore,
a suffident wear reM~ance can be exhNHed for protection
agMn~ sediment wear and cavHation damage.

The hardness of the Cr3C~--20% NiCr surface film 7 and
~0 the WC--25% NiCr surface film 8 will change depending

upon the amounts of Cr3C~ and WC. ff the amounm of Cr3C~
and WC increase, the hardness of the surface films will be
rMseG but thdr toughness will be b~ so thM they become
fragile, wHh the resuH thm they are HabM to be broken and

~5 sep~e~ wl~ich undes~ably ~wers lhe~ ~HabH~ For
amounts of Cr3C~ and WC from 50 wt % to 90 wt. %, the
surface films can have suffident hardness agMn~ sediment
wear to keep their toughnesK

Within this range, on the other hang the corrosion resis-
2o tance and the wear reM~ance to sediment wear are excellent.

If the sediment density exceeds 2 Kg/m3 as in the Yangtze
RiveL the Yellow River or a fiver a~er a heavy r~nfall, for
exampM, the amounts of Cr3C2 and WC have to be rMsed to
enhance the surface film hardness. In thN case, H N deMrabM

25 ff the amounts of Cr3C~ and WC fafl 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 p~sent in a spray-coMed
film, the Cr3C~--20% NiCr surface film 7 has to be as thick3o as 03 mm or more so that H may exhNH excdMnt co~oMon

and wear reM~ances. If the spray~omed film becomes
thickeL ~s inmrnM ~rMn becomes higheL resulting in a
bwe~ng of the adhesive strength. From the point of view of
the adhesive s~ength, the Cr3C~--20% NiCr surface film 7

35 has to be less than 1.0 mm thick.

If the wear reM~ance of the Cr3C~--20% NiCr surface
film 7 N co~sidemG on the olher hand, a suffident H~time
can be expe~ed for a th~kness of 1.0 mm, however ~ may
be desirable for the thickness is desired to be less than 1.0

4O
mm from the point of view of mdudng the work and the
energy expended.

There N aNo a proper th~kness range for the WC--25%
NiCr surface film 8. Generally speakin~ the surface film

45 containing WC is harder and has a higher internal ~rMn,
when formeG lhan lhe surface film containing Cr3C2.
Because of the spray~o~ed film, howeveL a number of fine
voids are present as in the Cr3C~--20% NiCr surface film.

For exceflent co~oMon and wear reM~ance~ therefore,

s0 the surface film has to be no less than 0.1 mm. As descrNed
above, on the other hand, ~ is required from the point of
view of the strain that the surface film be thinner than 0.5
mm. ConMde~ng the we~ reM~ance, momoveL the surface
film N expected to have a suffident H~fime ~ H has a

ss thickness of 0.5 mm. A thickness of no more than 0.5 mm
N Mso deMred for redudng lhe work and for improving lhe
energy econom~

The rupture ,nd sep~ation cf the spray~omed film ~e
HabM to sta~ from the end portions of the surface film. By

6o coating the Cr3C~--20% NiCr surface film 7 in a pa~Nfly
overlapped manner with the WC--25% NiCr surface film 8,
therefore, the parent mmerN1 can be comed wHhout any
seam to enhance the reliability and the wear resNtance to
sediment wear and cavHM~n damage.

65 Since a number of voids are present in the spray~omed
film, an cverlap of M Mast 10 mm b~ween ~he aforemen-
tioned Cr3C~20% NiCr surface film 7 and the WC--25%
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NiCr surface film 8 N required ~om the point of v~w of the
reHabilit~ Since th~ effem converges ~ the overlap exceeds
50 mm, an exmn~on ranging ~om 10 mm to 50 mm N
proper for the required effidenc>

In the high vdocity oxygen furl spray-coating mmho~
the carbide part,ks will nether be md~d nor decompose~
but will impam agNn~ and deposit on the components as
they are in the particle state. As a result, the denser and
heavier pan,ks can bRe more deeply to e~ab~sh a sa~s-
famory adheMve strengtk The WC pan,ks having a l~ge
spedfic gravity b~e deeply so that a suffident adhesive
s~ength can be achieved w~h the surface roughness of the
grinding ~e~ment wRhout the preferment of sandblasting.
Since WC has a higher h~diness than Cr3Ce, moreover, the
overlying WC--25% NiCr surface film 8 can sufficknfly
b~e into the Cr3C~--20% NiCr surface film 7 to establish a
suffident adhe~ve strength.

Inddenmfly in the case of use under a low sediment
densR~ R N not dways necess~y m provide the WC--25%
NiCr surface film as the upper layer coating. The Cr3C~-
20% NiCr surface film can be used by ~sdg and the
percentage of Cr3C~ is desirably increased in this case. In
this case, moreove~ the portion~ which are left uncoated
W~s handbla~et dhe Cr3Ca--2w 0%hi~ pro~ctinNgiC~h2urfaCapep~edfilmcr]Ca__2oa%re deskablN YiCr

surface flm.

Next, lhe m~hod of m~nufactu~ng a w~er machinery
runner according to one embodiment of the present inven-
tion will be described w~h ~ference to FIGS. g to 1~.

FIG. g shows the ~eps of the w~er whe~ runner accord-
ing ~ one embodiment of the present invention. Fk~ cf N~
the crown 21, the band 22 and the bNde 23 ~e individually
p~p~ed. Next, the crown 21, the band 22 and the bNde 23
thus individuafly prepared are co~ed w~h the Cr3Ca--20%
NiCr surface film 7 by the high ve~city oxygen fuel
spray-coating m~hod, of the various spray~oating method~
thN high ve~city oxygen furl spray~oating m~hod can
form a dense surface film and N requked to have ~tiv~y
small spray-coating guns and facilities so th~ ~ can form a
homogeneous and dense surface film on a member having a
three-dimenNon~ shape and a narrow spac~ as ~ the joints.
Thus, the high ve~city oxygen fu~ spray-coating m~hod N
the mo~ proper one for coating a member having a three-
dimenNon~ shape, such as the runner 2.

When the Cr3Ca--20% NiCr surface film 7 N to be
appHe~ a m~N pl~e, wh~h N th~ker thick than, deskakly
two ~mes thick a~ the Cr3Ca--20% NiCr surface film Z is
applied ~ the portions ~ be w~de~ the~by ~ pro~ the
Cr3Ca--20% NiCr surface film 7. The meal plate has
suffiNent strength and heat ~ance, ff ~ N two times as
thick as or thicker than the surface film, ag~n~ the high-
speed gas in the high ve~city oxygen fuel spray~oating
method so th~ ruptu~ and scattering can be prevented. With
two-times the thickness of the surface film, moreove~ sa~
Nfacmry surface film end portions can be formed w~hout
any merging between the masking portions and the surface
film to be co~ed.

Next, the crown 21 and the b~de 23, and the band 22 and
the blade 23 are w~ded to form the runner 2. After this
welding operation, the welded portions 9 ~e worked into a
proper rounded (R-machined) shape to prevent any ~ress
concen~ation ~ the time of running. Next, the runner 2 N
p~ced in a furnace and N subjected m ~he SRAre~ment ~
a mmperatu~ ranging ~om 350° C. to 650° C., desirably
~om 400° C. to 650° C. for a time pe~od ranging ~om 1
hour to 30 hour.
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In ~e pr~ent embo~ment, ~e runner 2 N hem ~ 550° C.

~r 15 hours and N then cookd down in the Nruace.
Nc~entNly, ~e time period of 15 hours N a holding time ~
550° C. During thN he~ ~e~ment ~ 550° C., the sur~ce

5 film h~dne~ N ~Ned ~r ~e haling time of abom 5 houm
or Mnger, and ~e adhesive streng~ N dm~d~ improved
Nr the hoM~g time of abont 10 hours or longe~ The runner
2 N such a large-sized part th~ R cannot be abruptly he~ed
and cookd wRh ea~, and this abruN ~mpemture change N
not proper ~r the ~mN s~ain of the sur~ce film. The
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runner 2 N hdd in the Nrnace ~ 550° C. ~r 15 hours and
N then gently cooled ~ the furnace. After sufficient coo~ng,
the oxide films on the wdded and rounded portions are
ground agMn, and the wdded p~tions ~e ~en co~ed wRh
the WC--25% NiCr surface film 8.

~5 Here w~l be de~ed the a~mment~ned ~eps wRh
m~mnce to FIGS. 6 to 1~.

FIG. 6 shows a pempective of the exterior of the blade 23
which N coated with the Cr3C~--20% NiCr sur~ce ~m 7 by
the ~gh vdocity oxygen fuel spmymoating m~hod. The

2o blade 23 N coated afl over i~ sur~ce, exceN Nr ~e portions

to be wdded to the crown 21 and the band 22, w~h the
Cr3C~--20% NiCr sur~ce film 7.

Re~mnce num~ 23a appearing in FIG. 6 does not

am the unco~ed portions 23b e~end~g by 40 mm ~ the
~a~ and by 70 mm ~ the mo~ ~om the end ~ces to be
wdded. In ~e unco~ed portions 23g a~ berg wdde~
the dNtance between the end portions of the Cr3Ce--20%

3O
NiCr surface film 7 and the wdded po~ns ~nges ~om 20
mm m 50 mm (~ will be detailed heminafteO. Although not
espec~fly shown, ~e ~own 21 and ~e band 22 ~e l~ewNe
co~ed wRh the Cr3Ce--20% NiCr surface film 7.

The Cr3Ce--20% NiCr surface film 7 has a smd~r35
coeffident of ~md expan~on than th~ of m~N such
as iron or stainless steel As a resulg the ~m~ ~fluences
from ~e ~elding operat~n may cau~ ~e ~m~ ~ ~
Mwer ~e adheNve ~mn~h of ~e surface film. Ig howeve~

~ the region within the ~nge of 20 mm, desirab~ 50 mm from
the portions to be wdde~ are le~ unco~e~ the ~m~
influences of the waling op~ation can be avo~e~ ~emby
to leave the safi~acmry adh~ive stren~h of the Cr3C~-
20% NiCr sur~ce film 7 un~fluenced by the waling

~ operat~m
The d~aHs of the subsequent welding and roun~ng ~r

R-macNn~ options will be d~Ned by ~Mng up ~e
welding operat~ns of the band 22 and the blade 23.

FIG. 7 N a section showing the portions of the band 22

50 and the bhde 23 th~ are to be wdded. The ~own 21 and ~e
blade 23, and the band 22 and the bhde 23, are comp~
pene~atiomwdded to have shapes as shown in FIG. 7.

FIG. 8 presents a section as seen a~er the waling
operat~m Nddentall> a weMed p~tion 9 appearing ~ FIG.

55 8 ~d~a~s a wdd ~ne, wh~h ~ lam~ed ~ mu~ layer,
but N not h~ched. The unco~ed portion 23b ha~ng no
coating of the Cr3C~--20% NiCr surface film Z ~n~ng
~om 40 mm to 70 mm ~om the end ~ces to be wdded
e~end~ a~ berg wdde~ such th~ the end po~ns of ~e

6o Cr3C~--20% NiCr surface film 7 and ~e weMed portion 9
are spaced ~om each other by 20 to 50 mm.

FIG. 9 N a section showing tha ~e wdded portion 9 N
ground ~m a proper rot nded (R-macNne~ shape. Aft~ this
shap~g treatment, ~e ru~ner N subjected m a SRqm~ment

65 ~ wNch ~ N Naced ~ ~e Nruace and hdd ~ a mmp~antm
~n~ng ~om 350° C. m 650° C., desirab~ ~om 400° C. to
650° C., ~r a time pe~od ~om 1 hour to 30 houm.
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Due ~ the he~ ~e~ment ~ thN ~mp~ure, the mMdu~

strain is released from the wdded portion so that the
deform~n resulting from the strain release and the drop in
the fatigue stren~h of the wdded port~n can be prevented
at the time of use to enhance the m~ab~Ry In the Cr3C2-
20% NiCr sur~ce film 7, moreoveg the adheMve strength
bmween the Ni or Cr and the Cr3C~ pa~s N enhanced so
that the sur~ce film hardness is ~crease~ so as to raise the
we~ mM~ance to sediment wear and cavRa~n damage.

In the interface bmween the Cr3C~--20% NiCr sur~ce
film 7 and the p~ent m~e~M, moreove~ the adhesNe
strength is increased so as to suppress the surface film
sep~ation. As a msu~, even ff the surface ~lm N cracked by
some shocM the sep~ation and coming-out of the sur~ce
film are suppm~ed, ~emby to enhance the mHabili~.

At a Ngher heating mmpe~tur~ the release of the residual
strain from the wdded port,n, the increase in the adhesNe
strength between the metal phase of Ni or Cr and the Cr3C~
p~tides ~ the sur~ce film, and ~e ~ease 2n ~e adhesNe
strength in the ~mr~ce between the sur~ce film and the
parent m~er~l progress the fa~e~ but a ~m~ strain is
caused by the difference ~ the coefficient of ~m~ expan-
Mon between the Cr3C~--20% NiCr sur~ce film 7 and the
p~ent m~efi~. The ~mp~ure ~ de~b~ kept Mwer ~an
650° C. ff the influences of the ~erm~ ~rNn upon the
sur~ce film are taken into consideration.

If, moreove~ ~he ~m of mkas~g the mNdu~ stra~ ~om
¯ e wdded portion and ~e rae of improv~g the sur~ce film
are con~d~e~ the ~mp~um N ~mRed by 350° C., and
¯ e Mwer mmpe~mm will take a Mng~ time pefio~ thereby
to make the proce~g of indu~fial appl~a~ns difficu~
For practical appl~a~n~ the de,red mmp~aum ranges
~om 400° C. to 650° C. ff ~e exam~ns are made for a
mmperamm ~n~ng ~om 350° C. to 650° C., the heating
effe~ ~kes 20 hours ~ the m~imum ~ 350° C., but 1 hour
~ the miNmum ~ 650° C. TNs effe~ converges for 30 houm
ff exam~a~ns ~e mfde for the mmpe~ture ~nging ~om
400° C. to 650° C. In conNderafion of the effect and the
energy econom> ~efom, the heating time period N de~>
ably sm in a range ~om 1 hour to 30 hour~

FIG. 1~ shows the section~ shape after the R~haped
wdded portion N co~ed w~h the WC--25%NiCr sur~ce
film 8 ThN WC--25% NiCr sur~ce film 8 N pan,fly
overlapped on the Cr3C~--20% NiCr sur~ce film 7. Due m
lkis p~fiN~ overlapped coatinN ~e p~ent m~erial N
coated wRhout any seam so that the wear reliance to
sediment we~ and cav~n damage N in~ease~ thereby
to enhance the m~ab~R>

The reason why the coating of the WC--25% NiCr
sur~ce ~lm 8 N execumd after ~e SRqmament N as
fol?ow~ ~he WC--25% NiCr surface ~lm 8 has a smdkr
coefficient of ~md expan~on ~an ~he Cr3C2--20% NiCr
sur~ce film 7 so ~a, ~ ~e SRqmament morn ~erm~
s~Nn N produced than in the Cr3C~--20% NiCr sur~ce film
7. Since the residual strain is released ~om the wdded
portio~ moreove~ more ~rain may be estabEshed to crack
the WC--25% NiCr surface film 8 even ff the Cr3C~--20%
NiCr sur~ce film 7 N wRhin a mmperamm range s wh~h
w~l invRe neither sep~ation nor cracking.

Therefore, the wdded portion has to be co~ed wRh the
WC--25% NiCr sur~ce film 8 after the SRqm~ment.

Moreove~ the WC--25% NiCr sur~ce film has a Ngh
density ~ ~e WC p~fides and accor~ng~ a Ngh adhesNe
strength so ~a ~ N su~ab~ for ~e (oating of ~e weMed
portion of lhe present embo~ment, ~ which the whale
sur~ce cannot be sandbla~ed because of the ~fluences
upon the Cr3C~--20% NiCr surface film 7.
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Inddentall> ~ ~e a~mment~ned embo~ment, ~e

spraymoating surface film N exempfified by use of the
Cr3C~--20% NiCr sur~ce film 7 and the WC--25% NiCr
sur~ce film 8, but the pr~ent invention should not be

5 fimRed to thN composition, as has been de~rNed herein-
beam. The sur~ce films sNmd ~r use in accordance wRh
the present invention are exemplified by a Cr3C2--15%
NiCr sur~ce film, a Cr3C~--25% NiCr sur~ce ~m, a
Cr3C~--15% CoCr sur~ce film, a Cr3C~--20% CoCr su>

x0 face film, a Cr3C~--25% CoCr surface film, a WC--15%
NiCr sur~ce film, a WC--20% NiCr surface film, a
WC--15% Co sur~ce film, a WC--20% ~o surface film, a
WC--25% Co surface film, a WC--15% CoCr surface film,
a WC--20% CoCr sur~ce film and a WC--25% CoCr

~5 sur~ce film, wh~h have excellent sur~ce film ~mn~hs and
adhe~ve s~eng~s.

In ~e a~mmentioned embo~ment, a Ngh veMcity oxy-
gen furl sp~ymoating me~od N u~d wren ~e ~own 21,
the band 22 and the blade 23, as ~dN~uN~ pmp~e~ are

2o co~ed w~h the Cr3C2--20% NiCr sur~ce film 7. When
these ~dN~ud pa~s are to be spm~co~e~ howeve~ the
m~hod should not be fimRed to use of the Ngh veMcity
oxygen Nd sp~coating mmho~ becau~ the space N not
na~ow, but can be w~ened to an exNos~n sp~coating

~ mmhod ~ m a vacuum N~ma spra~coating mmhod ~
dependence upon the Nzes of ~e part~

According m the pre~nt invention, R N posNb~ to reafize
a runner which N so exceflent ~ we~ and co~o~on resN-
mnces th~ R can be used under cond~ions in wNch ~e flu~

3o contains ~ment, and it is po~N~ to manu~mum the
runner effic~nfly ~ a ~w co~.

It is Nso po~N~ to reafize wamr mach~y so exceflent
~ Rs we~ and co~osion resNtances that ~ can be used under
condRions in which the fluid contains ~ment, and ~ is

3~ posNb~ ~ manu~cmm ~e wamr mach~y effidenfly a a
low cost.

What N dNmed N:
1. A runner comp~Nng a sur~ce coated on at least a

p~tion thereof with a flint sur~ce film contNNng a mind,
40 as selected ~om ~e group conNsting of Ni, Cr and Co, and

a chromium ca~< and a second surface film conta~g a
metal, as sdecmd ~om the group consNting of Ni, Cr and
Co, and a mng~en c~b~ wh~dn said first surface film
and sNd second surface film ~e overlapped a ~a~ pa~hfl>

~ 2. A runn~ comprN~g a crown, b~nd and bhde N c oared,
on ~ ~a~ a port~n of the sur~ces of ~s ~ow~ band and
bhge, w~h a flint surface ~lm (onta~g a memg ~ ~ed
~om ~e group consNting of Ni, Cr and Co, and a chrom~m
c~Nde, and, on a ~ast a portion of a jNnt bmween ~

50 ~own and sNd blade and a joint between sa~ band and ~
bhde, w~h a second sur~ce film conta~g a metal, as
sdecmd ~om ~e group consNting of Ni, Cr and Co, and a
mng~en c~bide.

3. A runner comp~Nng a sur~ce coated on at least a
~ port~n thereof wRh a first film conta~g a metal, as

sdecmd ~om ~e group consNting of Ni, Cr and Co, and a
c~om~m ca~ide and having a Vickem hardne~ cf 700 or
more; and a second sur~ce film contNNng a mind, as
sdecmd ~om ~e group consNting of Ni, Cr and Co, and a

60 mng~en ca~e and having a Ngher Vickem hardness of
1~00 or more than that of said sur~ce ~m, wh~dn said
first sur~ce film and said second sur~ce film were ove>
~pped ~ ~a~ pag~fl~

4. Arunn~ comprN~g a crown, b~nd and b~de N ~ oared,
65 on ~ ~a~ a port~n of the sur~ces of ~s ~ow~ band and

b~ge, w~h a flint surface ~lm (onta~g a metal ~ ~ed
~om ~e group consNting of Ni, Cr and Co, and a chrom~m
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c~bid~ and having a Vickers hardness of 700 or more and,
on ~ kast a portion of a jNm between sNd ~own and sad
blade and a joint between said band and sNd blade, w~h a
second surhce film conta~g a metal, as selected ~om Me
group consNting of Ni, Cr and Co, and a tung~en carbide 5
and having a hkher Vicke~ hardness of 1~00 or more than
that of said first surface film.

5. A runner according to any of claim 2 to 4,

wher~n said first surhce film and said second surhce
film are overlapped at least p~tiMly. ~0

6. A runner according m any of dNms 1 m 4,

wh~n sNd fir~ surface ~lm forms a ~wer hyer
whereas said second surface film forms an upper film in
¯ ek overlapped portions.

7. A runner according to any of dNms 1 to 4, x5

wher~n said fi~t surhce film contains 50 to 90 wt. % of
chrom~m carbide whereas said second surface film
contains 50 to 90 wt. % of mng~en carbide.

8. A runner according to any of dNms 1 to 4, :0

wher~n Me chromium carb~e ~ sa~ fi~t surhce film N
Cr3Ca whereas the mng~en carbide in sNd second
surhce film is WC.

9. A ru~ner according m any of dMms 1 m 4,

wher~n said fi~t surhce film contains 70 to 90 wt. % of :5
chrom~m carbide whereas said second surface film
contains 70 to 90 wt. % of mng~en carbide.

10. A runner accord~g to claim 5, wher~n said first
surhce film forms a ~wer hy~ wh~eas said ~econd surface
film forms an upper film in thek overlapped port~ns. 3o

11. A runner accord~g to claim 5, wher~n said first
surhce film contains 50 to 90 wt. % of chromium carbide
whereas said second surface film contains 50 m 90 ~t. % of
mng~en carb~e.

12. A runn~ accord~g m dNm 5, wher~n lhe chrom~m 35
carbide in said first surhce film is Cr3Ca whereas the
mng~en carb~e in said second surface film N WC.

13. A runner accord~g to claim 6, wher~n said first
surhce film contains 50 to 90 wt. % of chromium carbide
whereas said second surface film contains 50 m 90 ~t. % of ~
mng~en carb~e.

14. A runn~ accord~g m dNm 6, wher~n lhe chrom~m
carbide in said first surhce film is Cr3Ca whereas the
mng~en carb~e in said second surface film N WC.

15. A runner accord~g to claim 6, wher~n said first 45
surhce film contains 70 to 90 wt. % of chromium carbide
whereas said second surface film contains 70 m 90 ~t. % of
mng~en carb~e.

16. A runner accord~g to claim 5, wher~n said first
surhce film contains 70 to 90 wt. % of chromium carbide 5o
whereas said second surface film contains 70 m 90 ~t. % of
mng~en carb~e.

17. A w~er wheal for driving a gener~or comprising: a
runner accor~ng m any of dNms 1-4 drNen to rot~e by a
working fluid or a fluid flowing in a passage; a guide vane 55
arranged around sNd runne~ a spinNe fi~ed in sNd runne~
and a bearing suppo~g sNd sp~dle.

18. A runner accord~g to claim 17, wher~n said first
sur~ce film forms a ~wer ~y~ wh~eas said ~econd surface
film forms an upper film in thek overlapped port~ns. 60

19. A runner accord~g to claim 17, wherdn said first
sur~ce film contains 50 to 90 wt. % of chromium carbide
whereas said second surface film contains 50 m 90 ~t. % of
mng~en carb~e.

2~. A runner accord~g to claim 17, wherdn the chro- 65
mium carb~e ~ sa~ flint sur~ce film N Cr3C~ wh~eas Me
mng~en carb~e in said second surface film N 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
tung~en carbide.

22. A water wheel for driving a generator comprising: a
runner driven to rotae by a working fluid cra fluid flowing
in a passage; a guide vane arranged around sNd runner; a
spindle fiUed in said runneg and a bearing supposing said
spindle;

wherein said runner and said guide vane are coated on at
~ast portions of lhdr ~urfaces wRh a fir~ surface film
containing a metal, as selected ~om the group consist-
ing of Ni, Cr and Co, and a chromium carbide; and a
second surface film containing a metal, as selected
~om the group consNting of Ni, Cr and Co, and a
tung~en carbide.

23. A water wheel for driving a generator comprising: a
runner according to any of claims 1-4 driven to rot~e by a
working fluid or a fluid contNning 2 Kg/m3 or more sofid
particles; a guide vane arranged around said runneg a
spindle fi~ed in said runneg and a bearing supposing said
spindle.

24. A runner according to claim 23, wherein said first
surface film forms a lower layer whereas sNd second surface
film forms an upper film in the~ 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
tung~en carbide.

26. A runner according to claim 23, wherein the chro-
mium carbide in said fir~ surface film N Cr3C~ whereas lhe
tung~en 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
tung~en carbide.

28. A method of manufacturing a waer wheal having a
runne~ compriNng the ~eps o~ coating at ~a~ a portion of
the surface of Rs runner with a first surface film contNning
a metN, as se~cted ~om the group conN~ing of Ni, Cr and
Co, and a chromium carbide; and then coating the same wilh
a second surface film contNning a metal, as se~cmd ~om
the group conN~ing of Ni, Cr and Co, and a tung~en
carbide.

29. A method of manufacturing a waer wheal having a
crown, band and blade, comprNing the ~eps o~ coating at
lea~ portions of the surfaces of ~s crown, band and blade
forming no runner or before joinmd, with a fir~ surface film
containing a metN, as selected ~om the group consNting 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 a a temperature in a range of 350° C.
or higher and 650° C. or lowe~ for i 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 blad% wRh
a second surface film contNning a metal, as se~cmd ~om
the group conN~ing of Ni, Cr and Co, and a tung~en
carbide.

30. A method of manufacturing a water wheel according
to clNm 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 clams 28 to 30,

wherein when ~ lea~ the potions of the surfaces of sa~d
crown, said band and said blade are to be coated wRh
said first surface film, the regions within 20 mm, ~om
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the ~ading ends of the wdded portions bmween said
crown and said blade and bmween said band and said
blade are le~ uncoated.

32. A mmhod of manufacturing a w~er wheel according
m any of dNms 28 m 30,

wherdn lhe coatirg m~hod of sNd ~r~ surface film and
said second surface film is a spraymoating m~hod.

33. A mmhod of manufacturing a w~er wheel according
m any of dNms 28 m 30,

wherdn when said joints b~ween said crown and said
blade and between said band and said blade are coated
wRh said second surface film a~er sNd runner has been
he~e~ said second surface film N overlapped at least
p~tiNly on said first surface film.

34. A mmhod of manufacturing a w~er wheel according
any of dNms 28 to 30,

wherdn said first surface film contains 50 to 90 % of
chromium carbide whereas said second surface film
contains 50 to 90 wt. %, of tung~en carbide.

18
35. A mmhod ~r manu~ctur~g a w~ wheal ~c(or~ng

m any of dNms 28 m 30,

whem~ Me chmm~m ca~e ~ ~ fir~ sur~ce ~lm ~

5
Cr3C~ wh~e~ the tung~en ca~e in said second
surhce film is WC.

36. A mmhod accoN~g m dNm 2~ wh~e~ Me beating
N carried out ~ a mmpe~tum ~ a ~nge of 400° C. or Ngher
and 650° C. ~ ~we~

~0 37. A m~hod acco~g ~ dMm 31, wh~n m~ons
wRNn 50 mm of said ~a~ng ends are le~ uncovered.

38. A mmhod accoN~g m dNm 32, wh~n sNd spry-
coating me~od N a Ngh~peed flame spray~oating mmhod.

39. A mmhod acc~ng to claim 3~ wh~n said first
~5 surhce film com~ns 70 m 90 ~t. % of c~om~m ca~e,

wh~e~ sNd second surface contains 70 to 90 wt. % of
tung~en c~bide.
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ABSTRACT

An improved hquid rotor device is provided having a
c~dr~aHy-shaped hub, wh~h N supported by a horizontal
shaft, and having severd curved blades which are a~ached
to the ou~r po~ns of ~e rotating hub. The horizontal shaft
pm~mb~ rotates with the hub so that ~ can mechan~aHy
drive a device such as an dec~N gene~m~ The multiple
blades mounted ~ the e~r surface of the hub are curved
such that the Mn~md~N axis of each blade N p~alld m the

axis of rotation 0.e., the horizontal shaft). Each blade is
arcuate in shape and pmferab~ comp~ses a portion of the
c~dr~ wall of a hol~w cyhnde~ In one embodiment of
¯ e, ~e rot~g hub and blades sub~embly N su~ounded
by a hollow cyhnd~c~ houNng th~ N entke~ submerged ~
a l~ui~ such as w~e~ The surroun~ng hol~w c~d~c~
hous~g has an inlet to receive ~e hquid into the area of the
rotating blades and an outer through which the hquid is
discharge& The inlet pm~b~ is in communic~n with
the discharge of a cons~ting chamber that has a large
opening area and a sm~l discharge area, such as a posen of
a venmri. By use of tNs chambe~ the veMcity of the hquid
is increased as it approaches the inleC

7 Cl~m~ 6 Drawing Sheets
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1
~ER WHEEL WITH ~M~L

B~S

~MC~ N~D

Re w~em i~n relates gen~M~ m water ~ fiqNd 5
~ ~u~m and N p~ficuhrly dkected to water rotors
of the ~e w~h can be used to drNe ~M ~o~
or mh~ m~haNcM eqNpmem. TM ~m~n wffi be ~e-
dfic~y disclosed in connection with a water rotor ha~ng
m~ cu~ed blades in one Mane wNch, in one embo~- ~0
~m mp~ ~ fiqNd ~r a h~e po~on ~ thek rotation,
and in a second embo~mem utifizes Nnged blades to
w~em ~ss Nr ~fion to the wind dNecfion.

BACKGROUND OF THE INVEN~ON ~5

~ter rotor macNn~ ~ water whe~ are q~e old in
the a~, and have been in use ~r ~m~ks. M~y wamr mm~
are ~own as "turbineg’ and ~y h~ a ~ge vertical
~op ~ough which the w~er ~av~s be~re ~Mng the
blades of the mrNne, ~eby g~Nng ve~y to apNy a ~0
gm~er ~rce. Other water rotors or water whets are ~b-
me~ed and use an inkt and an outl~ ~ough whkh the
passage of the water is directed.

~ e~ ~ a ~m~nM w~ ~ ha~ng an inlet
and outl~ N U.S. P~. No. 5N4~175 ~y May~, which
discloses a w~ whed~rNen ~n~ un~ that is to be
used at a ~w head dam site. The inlet to the w~ wheal is
an a~u~aMe chute that extends ~om the dam crest to thew~e~inM buck~heal" Th~.e.,May~hde~e~h~Whe~re de~gne~as ~n?o ~n~m~eve~p 3o

ma~mum energy over a wide range of flow condemns, and
a~o m d~cha~e ~b~. T~ bu~e~ ~e ~n~d ~ ~y
to ~pmve ~g and ~ha~e, and also to m~im~e
vN~tion. R~ention of w~er in the buck,s until each one
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~aches ~e ~we~ po~ of ~avel N Wo~&d by an a~u~-
able shroud. The shape of the bu&et p~h~y is cu~ed
~om an an~e p~d m ~e cM~ ~ ~s ~we~ ~ope m an
an~e pas~ng ~ough the cenmr of rotation of the w~er
wheeg wRh the outer ~ed radius equM to one-hMf the
~&m &Nh. TM ~mud ~n be mo~d aw~ ~om ~e mMn
hou~ng to Mlow debts to be ~Modged. ~n~ am pmv~ed
near each buck~ ~ MMw an escape p~h ~r ~y ak ~apped
b~w~n the ~fing w~ as the ~&~s rotate. L~e~ as the
~&~s ~me emP~t Ofhe vents are deMgned to aHo~eGai~irbac%u~ ~ke ~nto the place an~c~t ~ 45

create smomh water dum~ng.

U.S. Pat. No. 1~9~110 ~y K~a~ discloses a water
wheel used on a sh~, h~ng an in~t and an outlet M the

comprN~g p~s of hMGbhdes th~ are mourned into one
~ j~ near the Mb of the wh~k

U.S. Pat. No. 4N36~80 ~y ~ discloses a hy&o-
~e app~us ~ gentle dec~ The ~e ~s ~ 55
the verticM Mane and N deMgned to be subme~ed in a
channd ofw~ ~ ~ ~ ~ v~ ~on ~pa~. On the
inlet Mde of the mrNn~ a scoop memb~ caN~ water
~ rowan the m~e wheel and d~ects ~ behind each
of the mt~g van~. TNs a~angemem dumps w~ beNnd 6o
the mt~ng vanes at the earliest advantageous mome~
since n~m~y water would not e~Ne~ act on a vane
until ~ N about ~ ~s hofizont~ ~ The in~t and outlet
of the turbine wheel are ~pm~m~e~ 180 &~s ~om
one another Mong the mmfionM movemeN of the vane~ 65

Some of the ~or w~er when are prodded w~h a
buoyaN m~t~ dram in which the blades travel both

5~4Z678
2

~ough find and ~ough a gas 0.e., N0. For examp~,
U.S. Pat. No. ~097~86 ~y McGeQ discloses a power
generating app~ams that uses a water wh~l ~ N N~ed
in a five~ The McGee water wheel has cu~ed blades that
mn p~el to one an~he~ and have a ~mewh~ concave
shape ~ catch the cu~ent flow of ~e w~e~ The w~ wheel
N buoya~, and can rise or ~A w~h the w~er ~vel of the
~ Av~M ~ N em~ ~ ~e rN~ bosom, and an
~m N pNo~y ~Md ~ a pNot p~ m ~e po~. A DC
gen~or N moused w~Nn the in~fior of the cyfindficM
dram that holds the water wheel and ~s p~d blades.

~ p~eN that discloses a water wheel in which
bhdes can prelude into Mr N U.S. P~. No. 4~1K742 ~y
~n Bu~enQ which dNcloses a water whedqype device
th~ has a m~t~ shaft w~h bhdes th~ are moved by
flo~ng w~e~ Each of the blades has ~ ~a~ one g~e and
a ~ide th~ can move the g~e ~om an open to a dosed
~. W~n ~e g~e ~ ~ ~ ~ ~ ~ wffi M~w
find m p~s ~ough a co~pond~g opeNng in the blade.
This would occur when ~e Made N pm~ud~g iNo ~ so as
to m~im~e ~tion c~sed by the Mr agNn~ the blade.
When the blade eN~s ~e w~e~ the g~e Mides to Rs closed
po~on m ~a ~e wamr ~ ~pam ~N~t ~e ~m m he~
~rce the blade to rotate in the proper dkection.

U.S. Pat. No. 646~13 ~y Symon~ discloses a water
wheel compfis~g a dram h~ng ~nged blades ~ pm~m
¯ ek sur~c~ in deskable posR~ns wh~e in the w~e~ and
do not waste the power of the wheel by ~ng the water

¯ ey rotate out of the w~e~ The blad~ ~ posNo~ "~>’ and
"~’ c~ch ~e w~er flow ~ the blades ~e ~t m ~e ~e
find domdn and enmr the gaseous domdm Once the
b~des ~e o~ of ~e w~e~ ~e b~d~, by ~ek own weaN,
pNm to the poNtions shown as "~" and "~’, and come to
rest agNn~ an arm "~’. The blades ~ay in that relative
po~on until the blades are about to re-enter the w~e~ at
w~ch time ~e M~es ~r pNm m a portion ~ ~ ~M
wRh re~em to the center of the water wheal. This is
~md by ~e dashed fines in the lower ~ ~a&am and
¯ e v~y m~Ne bosom spoke of ~e wa~ wheal on FIG. 2.
~ to Symon~ the blades are in their "~h~e#’
~ osmnNbly to m~im~e thor ~tion or &~ uponmmn~fing ~e wa~th r.e w~e~ ~ey ~ay ~ter ~ bladeslh h~ee ~d ~p~d aga~ ~u to~ ~ey have

rotated another 90 &~ and ~ey fin~y be~n to pNot
agNn so that ~ey ~ cach ~e w~er and can then N~Mr
hdp to pmpd the water wheel w~n ba& at their ~nM
P~R~de ~g~ pa~uNrly Nnat ~ils ~d {6. ~e M~ muT ~~m N ~me ~effiC~re y~Nm w~e~N

am akeady ~ ~e waeq and ~emby pin,de no ~m~ du~ng
the m~Noting tha would he~ propel the rotation of the
w~ wheal.

~ woMd be adva~ageous ~ prov~e a w~ rotor ha~ng
a gma~ effidency by mpm~ng ~e w~er ~r a v~y ~e
p~n of ~e ~ ~ ~ ~ M~e ~ ~e w~ mm~
F~ w~ rotom th~ are buoyaN and h~e bNdes ~ ~d
~ough the Mr ~r a po~on of thdr mt~o~ R would be
a&am~e~s m m~e ~e ~ ~n or w~d mN~
of ~e minting b~&s &r~g ~e p~n of rotation tha ~ey
~el ~ough the N~ espec~y ~ times when the ~r N
mo~ng in a direction ~a ~r~y ~s such rotation.

OBJECTS OF ~E INVEN~ON

~n~> R N a p~m~ o~em ~ ~e pm~m ~
to pin,de a fiqNd rotor device which effic~ntly op~es
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when fully submerged by "~apping" lhe moving Hquid for
a l~ge percentage of the rotationd navel of the blades ~om
the time the Hquid enters at an inlet until it is discharged at
an outeL

~ N another o~em of the present invention to provide a
submerged liquid rotor de~ice lh~ has a con~ming venturi
effect to increase the vdocity of the moving Hquid as that
fiquid enters the inlet of the fiquid roto~

It is a fu~her o~em of the present invention to increase
the effidency of a Hquid rotor device by providing an
expanding ventu~ effe~ ~ its outlet to fu~her increase the
effic~ncy by Mwe~ng the pressure diffemntiN bmween the
inlet and the outlet of the Hquid rotor device.

~ N a yet further object of the present invention ~ provide
a buoyant liquid rotor device in which the b~des ~avd both
through a fiquid and through gaseous dr during po~ns of
thek rotation, and in which the blades present a reduced ak
reM~ance in Ntua~ns where the wind dkection would
oppose rotation of the blades.

~ N ym another oNe~ of the present inventicn ~ provide
a buoyant Hquid rotor dev~e th~ has hinged bNdes to both
increase the effidency of the blades as they ~avel through
the Hquid, and to reduce the ak re,stance of the blades as
they ~avel through the gaseous Nr in sRuations where the
wind dkection would otherwise oppose the ~avd of such
blades.

~ N yet a further object of the present invention ~ provide
a buoyant liquid rotor device tha N capab~ of floating up or
down in a vertical p~ne wh~e driving a pivomble sha~ ~h~
will, in turn, drive an electrical generao~

Addit~nN o~e~ advante ges and other novd ~aums of
the invention will be set forth in part in the descr~tion th~
folMws and in part will become app~ent to those skilled in
the a~ upon examination of the following or may be learned
w~h the practice of the invention.

SUMMARY OF THE INVENTION

To ach~ve the foregoing and other o~e~ and in acco>
dance with one aspect of the present invention, an improved
fiquid rotor dev~e N provided k aving a cylindr~Nly~haped
hub, which N supposed by a ho~zontN shaft, and having
several curved blades which are a~ached to the outer po>
fions of the rotating hub. The ho~zon~l sha~ preferably
rotates wRh the hub so that R can mechan~Nly d~ve a
device such as an elecgical generao~ The mult~ blades
mounted to the exte~or surface of the hub are curved such
that the MngRudin~ axis of each blade is p~allel to the axis
of rotation O.e., the horizontal shaft). Each blade is arcuate
in shape and pre~rably composes a portion of the cyHnd~-
cM wall of a hol~w cylinder.

In ore embodiment of ~he present invention, the rotating
hub and blades sub-assembly is su~ounded by a holMw
cylind~c~ hou~ng th~ N entirely submerged in a fiquid,
such as w~e~ The su~ounding holMw cyfind~c~ houNng
has an inlet to receive the fiquid into the area of the rotating
bNdes and an out~ through which the fiquid N discharged.
The in~t preferably N in communic~ion with the discharge
of a cons~ting chamber th~ has a large opening area and
a smafl dNcharge ~ea, such as a portion of a venturL By use
of thN chambe~ the vdocity of the Hquid N increased as R
approaches the in~k In an dmrn~ive embodiment, the
discharge N in communica~n w~h a second exp~nding
chamber th~ has a sm~l intake area and a l~ge exhau~ area
through which the discharge liquid will pass. In this a~er-
naive embodiment, R N pre~ed that the area of the intake
of the fir~ cons~ting chamber N substantially equ~ to the

4
area of the exhau~ of the expand~g second chambe~
¯ emby m~im~g the hydraufic Msses through the sy~em.

In a second embodiment, the rotating hub and blades
sub~ssemb~ N made to be buoyant so ~a ~e cem~fine of

5 ~e rotating hub will be approximam~ ~ ~e surface of lhe
fiqui~ so ~ the liqu~ rotor will essem~fly flo~ Nong lhe
sur~ce og for examp~, a ~mam, rN~ or canal. In lhN
second embo~ment, ~e N no su~ound~g holMw cylin-
d~cal hou~n~ but instead the curved blades are directly

~0 exposed to the moving Hquid, as well as to the wind of the
gaseous ~r above the sur~ce of the Hquid. ff the dkection
of the fiquid current N sub~antiafly the same as the wind
dkection, ~en ~e w~d w~l rand to inhib~ the rotation of the
blades and hub sub~embl> In order to provide a reduced
cross-sectional area agNn~ which the wind can act, the15
curved bNdes are hinged ~ the sur~ce of the cyfind~c~
hub, so that the wind w~l have less sur~ce area to act
agNn~.

In another ~rn~Ne embo~meN, the buoyant wind

~0 rotor N supposed by a pair of vertical supports which
cons~ain the Hquid rotor to floating up and down in a Nngle
vertic~ plane. The ho~zontN sha~ running through the
rot~g hub N supposed by a bearing surface th~ will ~de
up and down ~ong these vertic~ suppo~s. The mechanic~

~5 output of ~e fiqu~ rotor N then connecmd to a set of sha~
~c~ng one sha~ tha can move through an angle by use
of universal joints. This same sha~ w~l pmferab~ be
a~u~ab~ in ~ngth, so as to allow the Hquid rotor sub-
assembly to mmNn fixed in one location in the ho~zon~l

3o p~re wh~e mov~g up cr down ~ ~e vertical plane. At lhe
same time, the driven equ~ment &.g., an electrical
generator) will be ab~ ~ mmNn ~ a Nng~ ~a~n~y po~t
in the ho~zont~ p~ne.

Sfifl other o~e~s of the present invention w~l become
35 app~eN to those skifled in this a~ ~om the following

desertion and drawings wh~dn there N desc~bed and
shown a preferred embodiment of thN invention in one of
¯ e best modes contemplated for carrying out ~e invention.
As will be malize~ the invention N capable of other

~ diffe~nt embodiment~ and ~s seve~l ~e~s we capable of
mo~fication ~ v~u~ obvious aspens dl without depart-
~g ~om the invention. Accord~gly, the drawings and
desertions wifl be mg~ded as ~lu~raNe ~ nature and not
as restrictive.

~ BRIEF DESCRIPTION OF THE DRAWINGS

The accompany~g drawings incovpora~d in and forming
a pan of the spedfication ~ sever~ aspens of the
present ~venfion, and toge~er wRh the desc~pt~n and
dNms se,ve to explain ~e p~nc~s of ~e ~vention. In ~e5o
drawings:

FIG. 1 ~ a p~spemNe view of a Hquid rotor app~atus
having a rotatable cyfind~cal hub w~h curved blades
attache~ su~ounded by a holMw cylinder and having a

55 constri~g intake chamber a~ached to the inlet of the
hdMw cyfinde~ cons~ucted in accordance w~h the pNn-
c~s of the present invention.

FIG. 2 N a Nde elevational view of the Hquid rotor
app~atus of FIG. 1.

6o FIG. 3 N a ~de e~vational view of a Hqu~ rotor app~atus
~m~ to th~ of FIG. 1, howeve~ an expand~g exhau~
chamb~ N a~ached to the out~ of the hdMw cyfinde~

FIG. 4 N a Mde e~v~nM view of a buoyant l~u~ rotor
app~atus having a c~d~c~ hub and curved b~des th~

65 am h~ged ~ thek pdnt of connection to the cyfind~c~ hub,
as con~ru~ed accor~ng to the p~ndp~s of the present
invention.
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FIG. 5 N a side e~vational v~w of the buoyant fiquid
rotor app~ams of FIG. 4 in which the curved blades are
shown in ~ek ~p~N opiating positions

FIG. 6 N a pe~pective v~w of the buoyant l~uid rotor
app~ams of FIG. 5.

14G. 7 is a ~o~ e~v~nN view of the buoyant fiquid
rotor app~ams of FIG. 4 as mounted to a set of vertical
supports and having an ou~ut shaft to drive an e~rical
gener~o~

FIG. 8 N a pe~pective v~w of the buoyant l~uid rotor
app~ams and vertical suppo~ assemb~ of FIG. 7.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Re~nce w~l now be made in detail to the present
p~ed embodiment of ~e ~vent~ an example of which
is Hlus~ated in the accompan~ng drawings, wher~n like
num~Ns ~dic~e ~e same clemens ~roughout the views.

Referring now to the drawings, FIGS. 1 and 2 show a
fiquid rotor assembly gen~N~ de~gn~ed by the ~nce
num~N 10, having a sub~embly 20 that contains a
rotating hub 22 and set of blades 24, ~ong w~h an intake
chamb~ 15 having an opeNng 14. As seen on FIG. 2, the
fiquid rotor assemb~ 10 N mtN~ submerged wi~ a liquid
&.g., w~er) which is generally depi~ed by the ~tter "W",
and the d~ection of ~avel of the fiquid as it enm~ the
chamb~ through opening 14 N ind~amd ~ the ~rows 16.
This fiquid direction co~esponds to the direction of the
current, which is indicated at the arrow 40.

As seen on FIG. 1, ~e ~mke chamber 15 has a side w~l
12, an intake opening 14 and a second ~de w~l 18. On FIG.
2, the intake chamber 15 is seen to ~sch~ge its fiquid
conten~ Nong ~e p~h of the ~row 42, wh~h flows through
an inl~ opening 32 ~ a hol~w cylinder 30 with side wafls
(such as at 38) that acts as the hou~ng for the fiquid rotor
sub-assemb~ 20. A~milar opening ~ the ~nce numer~
34 in the hol~w c~d~ 30 acts as the outlet of the fiquid
rotor sub-assemb~ 20.

The Hquid rotor app~ams 10 wifl p~ferab~ be sub-
merged ~ w~ th~ has a constant motio~ such as in the
case of a canal, stream, or rNer. The fiqu~ flow would en~r
intake chamber 15 at the ~rows 16, then be somewh~
increased in vdocity due to the shape of the side wafls 12
and 18 of ~mke chamb~ 15 befo~ ~e l~u~ enm~ the ~t
32 Nong the a~ow 42. Once the Hquid flows through in~t
32, the fiquid w~l ~rike the surhce of the rotatable blades
24, which each have a curved profile wi~ a concave surhce
26 and a convex surface 28. The Hquid wifl ~rike the
concave surhce 26 ~eby propefl~g ~e blades in a
clockwise dire~ion as seen on FIG. 2. The fiquid w~l
continue m follow the ~rows 36 wh~e push~g aga~ ~e
blades 24, ~e~by moving them in a clockwise dkection
until the l~u~ ~aches outlet 34, which N another opeNng
in the c~dric~ hou~ng 30 through which the fiquid w~l
discharge ~ong the ~rows 44.

The Hquid rotor s ub-assemb~ 20 comprises a rot~g hub
22, a set of curved blades 24, and a h~w cyfindrical
hou~ng 30 having in~t and outlet openings 32 and 34,
~spectively. Bhdes 24 pre~bly a~ semi~i~cul~ ~ p~o-
file Os seen ~om ~r Nde~ as ~ FIG. 2) which gives them
a "C"4ype shape in appearance, and each blade 24 has a
~ngimdin~ a~s depi~ed by ~e ~nce numer~ 25. TNs
~ngimdin~ axis 25 is substantiafly in p~allel with the axis
of rotation O.e., the cenmfl~ of rotating hub 22.

The rotating hub 22 will preferab~ be conne~ed m some
~pe of ou~ut shaft (not shown), which will be ~mH~ to 
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omp~ shaft 328 depicted on FIGS. 7 and 8. As ~ated above,
the fiquid vdocity w~l somewh~ increase as ~ travels
through the con~ricfing shape of the intake chamb~ 15,
b~ween ~e times that the liquid travels a~ng ~e a~ows 16

5 u~fl ~ ~r~es ~ the ~mw 42. T~s will h~p ~ in~ea~ ~e
e~Nency of ~e l~u~ mmr appar~us 10, and to increase ~s
power omp~.

Anoth~ ~amre that w~l ~nd ~ ~e~e e~Nency of the
~quid rotor app~ams 10 ~ the locations of the in~t 32 and

~0 outlet 34 as comp~ed to the rotational travel of the blades
24. As the HqNd enters at the inlet 32, ~ w~l contact the
mmtab~ blades 24 ~r over 180 degrees of thek rotational
~avd be~ ~acNng tke outlet 34. JhN ~su~s ~at most
of the power behind the flowing Hquid w~l be imparted ~

~5 ~e mmtab~ blades 24 ~r a long duration of their rotational
~avel. The ~ha~e opeNng 34 N phced near the very
b~mm of the c~dric~ houNng 30 so as to not greatly
~rfe~ wi~ ~her liq~d flowing within the body of waler
W, and Mso is ~aced so ~ m e~eNhfly p~veN ~e o~Nde

~0 Hquid ~om eNering at the ~h~ge opeNng 34.
The m~eri~s used ~r afl portions of the ~quid rotor

~pp~ams 10 p~b~ a~ m be impervious m m~ or mh~
~rm of co~o~o~ whale ~ ~e same time bNng m~eriMs
¯ at a~ e~y m con~m~ and ~mNe. Jhe mtatab~ hub 22

:5 and blades 24 pre~Ny ~e made of a ~gN-wNgN mamriN,
such as phstic, so as to pin,de the lea~ amouN of inertia
m r~ationM movemeN. Of court, m~ m~hN couN be
u~d ~r ~e same componems. In ~e pre~ed embo~meN,
the blades 24 are cons~umed of PVC m~h~ and compri~

3o a ~m~circul~ ~ction of a PVC pipe, and are a~ached to the
mmtab~ hub 22 ~ong a sub~antiN~ ~near edge of cylin-
dric~ PVC p~e ~ction by an adh~Ne m~i~l. Nam~fl~
o~er ~rms of ~mchmem and other con~m~n m~eriMs
could be used to bu~d the HqNd m~r app~atus 10, witho~

35 departing ~om ~e princ~s of ~e p~m ~vention.
On FIG. 3, an a~ernative embodimeN liqu~ mmr app~

rams 100 ~ prodded h wNch ~s outlet 34 does not dump
~quid directly back in~ the infin~e vo~me of the ~am,
rive~ or canM, but instead directs the Hq~d into an exhau~

4o chamb~ 50 which expands in area as the Hquid ~flows
down~am Mong ~e ~mws 46. It is p~r~d ~ ~e ~ea
of ~e opeNng of ~ke chamber 15, d~n~ed by "A1" be
sub~antially equ~ m ~e a~a at ~e ~h~ge open~g of~e
exhaust chamb~ 50, ~ the area deNgn~ed as "Aa’. In this

45 manne~ the total ~quid rotor app~us 100 will have a
venmri4ype shape, and will incur a m~imN back-pressure
due to the cons~iction and then expanNon of the areas
through wh~h the Hq~d flows as ~ passes through rotor
app~ams 100.

5o As in the ~quid rotor app~ams 10 depicted on FIGS. 1
and 2, the app~ams 100 of FIG. 3 has a g~ e~Nency
by cau~ng the ~qNd to travel through a large portion of the
mmtion~ ~avd of ~e Nades 24 b~ween the inlet 32 and the
outlet 34 of the ~quid rotor sub~emb~ 2~ In hct, while

55 uNng an exhau~ chamb~ 50, ~e outl~ opeNng 34 could be
~cated even ~rther clockwise ~ong tie ~avel of tie ~quid
movemem Nong ~mws 36, ~e~by pmv~g a g~
e~c~nc~ ThN wouN be po~N~ Nnce the exhaust chamb~
50 would promm the outlet opeNng 34 ~om ~mr~nce

6o w~h the outside HqNd current 40. There would be a certain
~ade-off when a~empt~g to move the outlet opeNng 34
~r~ a~ng the mmtion~ ~avd of ~e bhdes 2~ Nnce the
~qu~ wouN have m change ~m~n by ov~ 90 degrees as
~ travels Nong the arrow 44 and enters the smN~r cross-

65 section area of the exhau~ chamb~ 50. The configuration
shown on FIG. 3 N pmbab~ the optimum arrangemem with
~spe~ to e~c~nc~
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~ will be undemtood th~ the venturi shape provided by
the ~kt and dNcharge chamb~s could be mottled wRhout
depa~g ~om the pr~dples of the present invention.
Moreover, ~ will be undem~od th~ the predse locations of
the inkt and outer of the houNng for the fquid rotor
assembly could be mottled wRhout departing ~om the
princ~ks of Me present invention.

A second embodiment genially deNgn~ed by Me m~>
ence number 200 of a l~uid rotor app~ams N depimed on
FIG. 4 in wNch Me entke app~ams N made buoyam so th~
R w~l floa on the surface of Me l~u~ bod> On FIG. ~ a
c~dric~ hub 210 comprises an oumr hou~ng 206, a
centerline shaft 212, and an interior chamber 208. This entire
hub sub-assemb~ 210 rotates ~ the clockwise direction on
FIG. 4, as indicated by the ~rows 202.

The chamb~ 208 wifl pre~bly be rifled w~h a gaseous
compound such as Mr so th~ Me entire l~u~ rotor app~ams
200 w~l flo~ ~ appro~m~dy the cen~rfne of the shaft
212. ThN N a accompfshed by proving an akqkht end
plate 204 6ee FIGS. 6, 7, and 8) th~ will se~ the chamber
208 on both ~des of the water rotor apparatus 200. By filling
the chamber wRh the proper quanti~ and compound of a
gas, the prop~ buoyancy will be achkved so th~ the fquid
rotor app~aus 200 will flo~ ~ the body of water designated
by the letter "W" on FIG. 4.

The fquid body on which the fquid roar app~ams 200
N to be placed w~l pm~bly have continuous cu~ent, as
~dic~ed by the arrow 240, so that the blades of the fquid
rotor app~ams wifl be forced to rotate because of this
cu~ent. The app~ams 200 will, therefore, be mo~ useful in
a canM, ~mam, or rNer which Mw~ys flows ~ a Mn~e
d~ection. Since the fquid rotor app~ams 200 is made
buoyam, Rs bNdes will ex~nd above the w~er wine through
about 50% of the b~des’ rmationN ~avel, and the dkection
of the a~ may oppose the rotation of these bNde~ as for
exampk, when the wind N in the d~ection depicted by Me
a~ow 242 for the body of ak deNgnamd by the lett~ "A".

In order to present a smMkr sur~ce area as a target
aga~ wNch the wind wifl impa~, the b~des of the fquid
rotor app~ams 200 are hinged ~ thek connecting point m
the ou~r cyfndrical sur~ce of Me hub 210. On FIG. 4, each
of the six blades is shown in Rs two extreme position~ in
soEd fnes for sRuations where the blades 224 are in a
position to present a lower surface area profile to the
d~ection of the win~ and a second position in dashed fnes
for the blades 214 when ~ ~ek portion where the dkection
of Me liqu~ current wifl propel the blades to romm the fquid
rotor assembly 2~0. The m~mnce number deNgnations 214
and 224 represent the two ~ffemnt poNfions for the same
phys~M bhde in each of Me Nx blade poNtions dep~md on
FIG. 4. Each blade has a concave and convex surface, and
for the blades 214 depimed in dashed fne~ the concave
surhce N at 216 and the convex surhce N at 218. For the
bhdes 224 dep~md in ~ek ~w surface ~ea profile position,
the concave surhce is depicted at 226 and the convex
surhce ~ 228.

Blades 224 Ond 214) preferably are sem~dmul~ in
profile Os seen ~om thek Ndes, as in FIG. 4) which gNes
them a "C’~pe shape in appe~ance, and each blade 224
and 214 has a ~ngimdin~ axN depimed by the m~mnce
num~Ms 225 and 215, mspective~ ~ee FIG. 6). The
~ngimdin~ axes 225 and 215 ~e sub~antiM~ in p~allel
w~h Me axis of rotation 0~., the ceN~fn~ of rotating hub
210.

Each of the curved blades N ~ched to a hinge 230 ~ong
a sub~antiM~ fne~ edge of cyfndr~M PVC p~e section

making up the blade, of which hinges 23~ in Me pm~ed
embodiment, have a pair of flanges tha w~l act as the
hinges’ ~mchment pNms. One of Me flange~ ~ m~mnce
numerd 236, a~aches the hinge to the ou~r surface of the

5 c~dr~ hou~ng 206. The other flange N depicted as
m~mnce num~N 232 when the blade N in Rs Mwer sur~ce
~ea profile position a 22~ and lhN same h~ge N gNen lhe
m~mnce numerN 234 when i~ co~espond~g b~de N in Rs
"dasheg’ position 214.

~0 Many ~ffemnt m~eriMs could be used to consguct the

fquid rotor app~ams 20~ although ~1 ma~ should be
impervious m ru~ or other ~pe of co~o~on when immemed
~ water (or other operating liquid) for Mng durat~ns. ThN
N p~ticu~fly impormm for the hinges 230, because ~ey

~5 mu~ mmMn relative ~ee to oper~e so that the blades can be

moved ~om thek one extreme position ~ 224 to thdr
oppoNm ex~eme poNtion ~ 214 w~hout any undue ~tion.
In the pm~ed embo~mem, the curved blades are con-
~ru~ed of a portion of a PVC p~e, wHch N (ut ~m two

:0 hNves ~ong Rs cen~fline axis, each hAf becoming one of

the blades depicted on FIG. 4.

FIG. ~ ~s Me fquid rotor app~ams 2~0 w~h lhe
blades in thek ~pic~ ope~ting posR~ns when the w~er (or
o~ liquid) curtain dim~n 240 N ~ Me same dimm~n as

25 the wind dkecfion 242. In this ~mation, the subm~ged

blades 214 will be forced into thek "l~uid driven posR~’
by force of the fquid w~er moving in the dkection 240.
When ~N occum, Me romfiond movement of Me blades will
cause the entire fquid rotor assemb~ 200 to rotate in the

3o clockwise dkection as viewed on FIG. ~. Howeve~ once the

blades become ~ee of the fquid water &.g., Mong the left
Mde of FIG. ~), then the force of gravity and the wind
dkection 242 will cause the blades to move into thek lower
wind reN~ance profile position 224. If the wind N ~rong

35 enough, the blades w~l mmNn in thek lower sur~ce area

profile position 224 until ~ey am aga~ submerged ~ong the
rigN hand ~de of FIG. ~. Once they re-enter the fquid
w~e~ the blades w~l be forced into the~ fquid-driven
posR~ns 214.

4o
FIG. 6 N a pempective vkw deputing the fquid rotor

app~ams 200 of FIG. ~. The blades are in thek same
posR~ns as ~lus~ated in FIG. ~, and some of Me con~ruc-
tion ~amms of the app~ams 200 are more dearly discern-
Nle on FIG. 6.45

FIGS. 7 and 8 ~m the fquid rotor app~ams 200 as
R is mounted in a set of vertical supports that retain the
fpp~ams 200 wRNn a ~ngle verticd p~ne as R moves up
and down w~h Me k~el of Me fquid w~ W. On FIG. 7,

50 R can be seen th~ two ve~icM supports 310 and 320 are
con~ru~ed so as to be in p~allel w~h one ano~e~ and
wh~h protrude ~om Me body of air "A", through the body
of fquid water "W% and into Me earth ~ m~mnce numerM
302. Two rotatabk half-shafts ~ m~mnce numerals 316 and

55 326 are used to mount the fquid rotor app~us 200
b~ween the ve~d suppo~s 310 and 320. The mechanic~
output of the rotor appar~us 200 N provided through the
hd~shafl 326, through i~ be~g 324 6ee FIG. 8), and into
an ou~ut shaft 328. The mechaNcal drive ¢om~ues ~rough

6o a unN~sM jdm 33~ Men through a pivmabk shaft assem-
b~ 336, through another unNersal joint 34~ and into a find
output shaft 342 which N used to drNe an elec~ical gen-
error (n~ shown) th~ pre~mbly N mounted on the shore.

As the liqu~ rotor apparatus 200 rises and fall~ due to the
65 chan~ng level of the fquid water "W", the an~e of the

pN~abk shaft assemb~ 336 will change wi~ mspe~ m lhe
horizomd plane. In view of ~N ~m, Me shaft assembly 336
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p~rably comprises two separ~e sha~s 332 and 334 wh~h
wifl contain internal and external spfne so that the total
~ngth of the sha~ assembly 336 can vary as the ang~ of the
sha~ changes w~h respe~ to the horizontal plane. In this
manne~ the liquid rotor app~us 200 can ~main positioned
in a fixed ~c~ion w~h ~spe~ to the horizontal dNtance to
the electrical gener~o~ which would also be mounted at a
fixed horizontal position w~h respe~ to the earth.

On FIG. 8, the bearings 314 and 324 can be v~wed, and
wh~h recdve the hN~sha~s 316 and 326. In addition,
vertic~ ~o~ 312 and 322 in thor respective vertic~ sup-
po~s 310 and 320 can be viewe~ and these ~o~ ~low the
bearings 314 and 324 to ~ide up and down w~hin the
vertical phne, the~by allowing the fquid rotor apparatus
200 to ~mNn in a fixed hor~ontN pos~n whi~ verticafly
floating up and down as the fquid ~vel rises and falls.

The m~eriNs used for the ve~N suppo~ sha~ and
universal joints should ~1 be se~cmd having phys~N prop-
e~ies so as to be ~hfively imperv~us to rust or other
corrosion when immersed in w~er for long durations. This
N pa~uhr important for the sliding bearing and ~ot
combinations 312,314, and 322,344. This N ~so important
for the universal joints 330 and 340.

A hrge varify of mamriaN could be used to con~ru~ the
featu~s depicted in the fquid rotor apparatus 200, and ~s
assod~ed ve~N suppo~s and ou~ut sha~ assembles,
w~hout departing ~om the prinNples of the present inven-
tion. h will be unde~tood th~ other blade shape configu-
rations could be used Nong w~h the hinged connection
poin~ m the cylindr~ hub 210 without departing from the
princ~s of the p~sent invention.

The foregoing ~escript~n of a p~ed embodiment of
the invention has been presented for purposes of Hlu~r~n
and descript~n, h N not in~nded to be exhaustive or to fm~
the invention to the preNse form dNclosed. Obv~us modi-
fications or variations are posNble in Hight of the above
maching~ The embodiment was chosen and described in
order to be~ ~lu~ram the princ~s of the invention and ~s
pra~ appfcation to the~by enab~ one of ordinary skill
in the a~ to be~ ufifze the invention in various embodi-
men~ and w~h various modific~ns as are su~ed to the
p~ficuhr use contempl~ed, h N inmnded th~ the scope of
the invention be defined by the dNms appended hereto.

I dNm:
1. A submerged fquid rolor app~u~ comprising: a

rot~ab~ central hub having a cylindr~N surface; a plurNity
of curved blades a~ached to an outer surface of said central
hub such th~ sNd blades exhN~ a romtion~ ~avd in

10
by over 180 degree~ and an intake chamber in communi-
c~n w~h sNd in~ sNd intake chamber having an intake
opening of an area th~ N l~ger than an area of sNd inl~,
wher~n s~d .’n~t a~s as a dNcharge opening for said intake

5 chamber; and wher~n sNd intake opening and sNd outlet
are each in d~ communic~ion w~h a fquid medium.

2. The submerged fquid rotor apparatus as recked in
claim 10, wher~n said blades are driven by a fquid that
enters ~om sNd liquid medium through said intake chamber

~0 and said inl~, then ex~s through said outlet into said fquid
medium.

3. The submerged fquid rotor apparatus as recked in
claim 2, wher~n said fquid comprises wate~

4. The submerged fquid rotor apparatus as recked in

~5 claim 1, wher~n each of said plurality of curved blades
comprises a portion of a cylindr~M wafl of a hoflow cyfnder
such that the ~ngitudinN axN of each of said blades is
sub~antially paralM w~h an axis of rotation of said central
hub, whe~in the phy~cN ~mchment of each of said blades

~0 to said hub comprises a sub~antially fnear edge of said
portion of sNd cylindr~N wall of said hollow cylinde~

5. A fquid rotor app~atu~ comprising: a rotatable central
hub having a cylindr~ surface; a plurMity of curved bl~ des
a~ached to an ou~r surface of sNd cen~N hub, whe~in each

~5 of said plurafty of curved blades comprNes a portion of a
cylindr~ w~ll of a hollow cylinder such ~h~ the ~ngitu-
dinal axis of each of said blades is sub~antiNly p~allel with
an axN of rotation of sNd cen~N hub, wher~n the phyNc~
~mchment of each of said blades to said hub comprises a

3o sub~antially fnear edge of sNd portion of s~d cyfndric~
w~l of sNd hol~w cyfnde~ and a sub~antiafly cylindric~
housing with Nrcular end wNN th~ su~ounds said rotatab~
cen~N hub and curved bhde~ said houNng having an in~t
and an outl~, said inl~ and outlet being spaced apart ~ong

35 the rotational ~avel of said blades by over 180 degree~ an
intake chamber in communication with sNd inl~, said intake
chamber having an intake opening of an area th~ N hrger
than an area of said inleL wher~n said inlet acts as a
discharge opening for said intake chamber;

4o whe~in said liquid rotor apparatus N entirely submerged
in a fquid medium, said intake opening ~nd sNd outer
each b~ng in dkect communic~n w~h said fquid
medium, and wher~n aH of said blades exhib~ a
rotational ~avel in accordance w~h rotational move-

45 ment of said hub.
6. The submerged fquid rotor apparatus as recked in

claim 5, wherein sNd blades a~ driven by a fquid that enters
~om sNd fquid medium through sNd intake chamber and
said inle~ then ex~s through said outlet into said fquid

accordance w~h rotational movement of said hub; a sub- 50 medium.
stantiafly cyfndrical houNng w~h circular end walls that 7. The submerged fquid rotor apparatus as recked in
surrounds said rotatable cen~al hub and curved blades, said claim 6, wherein said fquid comprises wate~
housing having an inlet and an outle~ said inlet and outlet
being spaced apart along the rotational ~avel of said blades * * * * *
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(57) ABSTRACT

A waterwheel turbine for apphcafion in hydropower plants
is provided. This turbine exploi~ primarily the head of the
watercourse for energy recover> The cells of the water-
wheel turbine are each provided with a pair of mechanicafly
linked flaps for con~olling the inflow of water as well as
venting of ai~ Special control devices perm~ these instal-
lations to be operated at high efficienc>

9 Claim~ 4 Drawing Sheets



U.S. Patent Ap~ 3, 2001 Sheet 1 of 4 US ~21~113 B1

2

FIG. I



U.S. Patent Ap~ 3, 2001 Sheet 2 of 4 US ~21~113 B1

6 3
2

4

7
FIG.2



U.S. Patent Ap~ 3, 2001 She~ 3 of 4 US ~21~113 B1

FIG.3.1

FIG.3.2 ~

FIG.3.3



U.S. Patent Ap~ 3, 2001 Sheet 4 of 4 US ~21~113 B1

FIG.5

FIG.6



US 6,210,113 B1
1

WATER WHEEL TURBINE FOR WATER
POWER STATIONS

FIELD OF INVENTION

The invention concerns a wa~wheeL or rather a w~- 5
wheel m~e, ~r hydropower ~an~ uti~z~g ~e head of a
w~cour~. This w~erwheel turbine is characterized by a
horizontal wheel shaft and a numb~ of cefls u~rm~
spaced wdbto-w~l around the periph~y of the wheal.
These cells am dosed off ~ each Mde, and am prov~ed w~h ~0
ope~ngs ~r fill~g and ~scha~e of wae~

BACKGROUND OF THE INVENTION

Waterwhee~ have been known ~nce antiqui~ and have
served prindpafly ~r generating mecha~cd powe~ With ~5
¯ e widespread ~troduction of comm~d~ p~ms, ~ par-
tic~ ~r gen~ating e~ridty, wamr m~es have l~gdy
dN~aced ~e waterwhed. ConsequenflG ~e efforts devoid
in the pa~ decades to N~h~ ~chnicM devdopmeN and
improvemem of the p~rmance of waterwheels have been ~
c~mspon~n~y smM1.

Whem~ by definit~ waterwheels gMn mechaNcM
enemy ~om ~e po~nfiM e~e~y of ~e w~eG ~ w~wheel
m~es"wet ~he kinetic~e pmemhlenergy ofene~Ythe flowing ~ awS’Me~°-- ~S2bx~o~d~e~r~ed 25

appropri~dy ~rmed buckets, ~ cell walls. Within the class
of turbomacNnery, tke waterwhed ~ine N ca~go, ized ~
an impMse m~e.

Pro~ng an ove~w of the pm~N ~atus of thN tech-
3O

nobgy N the book: Bau yon Wasserkrafianlagen by K
6n~eh~, published by C. E Mfiil~r Vefla~ ~kd com-
p~ revNed edit~n, 199~ comNNng ~anNng docu-
men~ ~r practicM applications. Starting on Page 197, one
chap~r dean w~h waterwheels. It de~rN~ thek advan- 35
~ges ov~ m~, such ~ comp~ativdy stra~N~rw~d
subsurhce works and bw-cost, cuban&cover con~ruction
mchNques. At ~e ~me time, ~e d~tions of examp~s
of cons~ucted phms proem, as a genially acceNed dis-
advaNage inherent to this class of de~ce~ the prema~m 4o
omflow of morn or ~ Mgnfficam w~er vdumes ~om ~e
amoum or~N~ emering each ceK be~re ~ a~ains ~s
subme~ed ~vd.

The usu~ g~ph~ mpm~mafion of ~e effidenc~ ~, of
a waterwhed as a Nnm~n of the quofiem, QjQ, where Q~ 45
is the norm~ rated flow and Q the ac~al flow, makes this
dea~ as in this the ma~mum effidency N Mways less than
unity (100%), and mmNns unchanged over wide variations
of the degree of fill~g of the cefls.

In the pa~, them has been no lack of proposes ~r 50
improving the cefl geometry of waterwheels, ~ waterwhed
mrNnes, in particular wRh deNgns ~r m~im~g water
~ ~om a cefl beam ~ h~ ful~ trav~d ~e w~ kead.
The~ were concen~aed on a projem~n of ~e dNcha~e lip
of ~e cell opeNng, ~ wall ~ on call deigns Nr wNch ~e 55
~rmN cemer of gravity of ~e wamr tilting the cefl a~ains a
~vd wNch N as low as posNNe bene~h ~ of the inflow
and ~h~ge opeNng. But ~ ~N conne~n, R N known to
the spechfi~ that as the ~n~h of a cell increases in the
radial ~mction, the directly usable head bmween the head- 6o
rece and ~e tailrace N reduced by an amoum approximady
doub~ ~N cefl ~menNon. Hen(e, ~cm~g ~N ~men~on
~ the co~ of on~ pa~hfly filled cdN always mpr~ems a
dNadvantageous compromi~ m~ed to the ~eomficafly
exploimNe water energ> 65

DE 3621312 A1 d~e~ ~r examp~, a wa~wheel
whose cup-shaped cefls are so ~rmed that the tongue

2
projecting far from a cell wall according to invention,
prevents lhe cups emptying too early.

For the task of better exploiting minor water rese,ves with
low volumetric flow and low head, DE 3938748 C2 pro-
poses a solution in which premature discharge of water from
a call is prevented by a pneumatic sealing system for the
cells, In this, sealing of the open cells against stationary
exlernal 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 lhe actual water inflow rate to the
plant per unit of time and the actual available head. Alter-
natively formulated, the task is lo fill lhe 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 lhe
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 connecled 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, dosing off the cells would appear at first sight to be the
obvious design choice. However, in combination with the
simultaneous and indispensable mquimment to fill and
empty the cells within very sho~t 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 lhis
case.

By means of the feature according to the invention--that
is mechanical linkage of water shut-off flap and eir flap--
this problem c~n be solved surprisingly effectivdy for ~he
waterwhed turbine by a suitable flap conlrol device. The
high degree of cell filling within the sho~t lime 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 conlrol device is to provide for
the’r opening by mechanical means against the force of a
compression or tension spring, by a roller rigidly mounted at
the oulside 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 lhis
way successivdy opening the flaps of each cell to a set
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angle, and then allowing them to dose agNn. The doMng
action N supported, or made posMb~, by spring force.

The flaps could ju~ as easily be opened and doseG for
examp~ by means of mrsionally-Maded springs in the flap
hinges.

The ~ation~y con~ol device for op~a~g Me flaps could
be instafled in the hydropow~ plant ou~ide of the w~er-
wheel turbine.

It N pan~uNfly advantageous, howeveG to mount the
control device ~nary within the rotating unit.

By mounting the control dement on the wheel shaft and
fixing it ~ position by ~chment of a comp~ativdy heavy
pendu~m we~ht und~ the shaft, thN mqukement is very
effemNe~ met. Such a so~tion p~mRs pmcNe flap a~ua-
fion un~fluenced by mNfive movements b~ween Me wheel
and Rs su~ound~gs. AdditionaflG thN sha~ mounting
means that the cam can be positioned in any radial dkection
as seen ~om the wheel shaft.

But thN posMbility of positioNng the cam at various
angles fulfills a first pr~equNite for allowing Me waterwheel
turbine m be app~ed ~ccord~g m Me invention not only in
overshot but ~so in m~dle~h~ and even, if needed in
undershot op~ation.

A second condRion for effemNe appl~a~n to these
various types of operat~n is the po~N~Ry for a~usting
a~uation of the flaps wRh mg~d to timing and maximum
flep opeNn~ To suit the ~pe of op~ation, cams w~h
differing profiles and curvatures may be employeG or the
dNtance b~ween the cam and the ~ansmNMon dements
rigidly a~ached to the flaps can be varied.

The conventionN wat~wheel derives ~s torque prim~y
~om Me po~ntiM energy of the wa~ With the w~wheel
turbine accor~ng m Me ~vent~ an appmdab~ propon~n
of Me power N prov~ed by the kinetic energy of Me flowing
w~e~ The contribut~n of ~N kin~ energy N sub~ant~fly
increased in the solution of a w~erwhed turbine accord~g
to the invent~n if, in p~ce of pure overshot incident flow,
the water is made to impinge the cell under pressure This
may be implementeG for example, by directing the w~ m
the turb~e in a closed channel under appropriae pm~um as
~min~ flow for discharge through a wide jm exit.

Because in its intended op~ation the completdy closed
celN w~l open comp~Ndy mpid~ oNy ju~ before ~ey
a~ain thek Mwest point in the rotationM path, as the water
flows out, R imparts a reaction impulse to the wamrwheeg
making an appmdab~ con~ibution to the total ~rque

In comparison w~h the severe water losses some way
ahead of Me bottom dead center and the fai~m m expbR Me
ma~n impulse of w~er ~sch~ge as ~ Me cu~ent M~e of
the an, this MgNfies an energy gMn ~om two sourceK

Depend~g on cell wafl geome~y and the dkection of
~flow of the wang Mso when fill~g Me cefls an appmdable
proportion of Me torque could be contributed by the impact
of Me w~er on the ceA wafl.

DeMgns of Me waterwheel ~rbine accord~g to Me ~ven-
fion we ~mRed neRh~ by geome~y nor the m~N used.
Co~oMon resNtant metal plates could ju~ ~s easily be used
as a deMgn in the form of a c~dricM shefl with covers
wdded onto each end.

A ~amre of ~1 ~nov~Ne deMgns N the wMbm-wNl
occupancy of a p~h~N annuls of the w~wheel turb~e
with w~eG which means there are no dead interstitial
segments ~miting the ~anspor~b~ w~er vo~mes, or where
cells are not located with imme~dy a~acent wall~ to
obtMn the same ~ansponab~ w~er vdume h~h~ cefl wafls

4
in the radial d~ection would be needed. Higher cells in the
radi~ direction mea~ as stated in connemion wRh the state
of the an, a gmaer reduction of the useab~ head--the
potenti~ height--in comparison to the total water head.

5 As is known ~om conventional waterwhed~ it is ~so

posNb~ ~ subdivide the cefls of the innov~ive w~erwheel
turbines across thek width~ so that, for examp~, with too
fi~ flow and a co~espondingly reduced inflow channel
width, one compartment of a cefl can be filled comp~mly,

~0 instead of only partiNly filling the cefls across their entire

width, wh~h would resu~ in reduced effic~nc>
But means m v~y the degree of filling of the cefls could

aNo be deigned and used for con~olling the running speed
of the novd turbine. The degree of filling could fikewNe be

~5 v~d by moving the flap opening point by shifting the cam,

or by changing out the control dements.

Whereas conventional waterwheds wRh open cefls in
accordance wRh the ~ate of the ~t exper~nce no difficu~s
in ~arting lhe wheel runnin~ as the overflow ~om the

2O
~pmo~ filled cells fill in turn the next Mwe~ cefls, unt~ a
suffident torque bu~ds up to overcome the static ~tion
b~ween wheel sha~ and bearing, this princ~ cannot be
appfied ~ the waterwhed turbine according to the invention.

25
In~ead, each cefl waA immedi~dy a~acent ~ a neighbo>
ing cefl N provided with a suRably dimen~oned hole, which
during normN romtion~ operat~n has no measurab~ influ-
ence on the effidenc> but at ~artup of the wheal will fifl a
suffident number of cefls succesNvely to generae the nec-

3o essary bmakaway torque.
The deigns of the invention as described above have

been rimmed to pure mechanic~ solutions, as far as the
motions of the flaps and thek control &vice were concerned.
For con~ol of the flap~ wRh or w~hout ~ansmNNon by way

35 of a cam, aNo dectromagneti~ pneuma~ and hydraufic
con~ol e~ments (ould be u~ed.

All deNgns according to the invention taken together
exhNR the following advantages:

short ceA filling times
4o high degree of filling of cefls

water retained in cells as Mng as posNb~ up to emptying

exploration of the impulse energy of the waer when cefls
fifl

45 exploration of reaction impulse energy of the wamr when
cells empty

optimN utifization of water head

quiet running and tit~e none gener~ed during cefls
emptying of celN

s0 no cav~a~n from low flow rams

no wafl ff~tion and turbulence losses

very high effidencE also a partial load
long serv~e life with virtuMly no m~ntenance

55 can be in~graed unobtrusivdy into the Nndscape.
A rough ca~ulation indica~s tha the effidency of this

waterwhed turbine in overshot operation is some 98%, thus
substantially exceeding the known values for Kapla~
Pe~on, Francis and dke~ flow turbines. ConventionM

60 waterwheeN can a~Nn only substantiafly lower effidendes.
Howevea even in middl~shot and undemhot operatio~ the
advantage of the a~uaab~Ry of the shu>off and air flaps
proves ~s worth. In the ~a-named operation case, wRh
conventional celN and bucket geometrie~ subs~ntiM brak-

65 ing losses occur during immem~n in the wate~
The torque generaed by the waerwhed turbine is taken

offffom the wheel shaft, eRher via geabox and ~a~smNMon
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dements m mechan~afly drNe mfch~> cr via ¢oupkd
ekmfid~ gener~om.

By appl~ng new ~chnoM~es, such as con~ofled ~e-
quency convermm as cu~ent or voltage conve~ers in two- or
four-quadrant op~ation, "gearless" ekc~Ry generation
equipment may be provide~ ~rough wh~h a Ngh economic
vMue mu~ be asNgned m plants exploiting hydropower
accord~g to the invention 6mall and micro hydropower
p~nt~. Such concep~ are appropr~m for solving mda~s
problems of ekctricity generation by low~peed
waterwhed~ as we~ as probkms of m~ching rotational
speed m synchronous speed~ p~alld network operation and
island operat~n at stable ~equenc>

The w~erwhed turbine’s quietness of running and
absence of the appmdabk none gener~ed by convenfionM
waterwheds as ~ey discharge ~om a ~rge hdght on ~e one
hand, and ~om the mechanic~ ~ansmN~on ekments on ~e
o~e~ permR gearless dec~Ry generat~n even in areas
wh~h are sensRive under environment~ policy aspems.

Increasing environmental awareness, for ~stance ~ con-
nection w~h COe discharges, ex~nds the appl~ability of
waterwhed turbines according to the invention also into the
range of m~ro hydropow~ plants. The endeavor to apply
mnewabk en~gies ~ preference ~ other forms likewNe
favom its application.

DESCRIPTION OF THE DRAWINGS

In ~e following, the ~vent~n wifl be des~Ned in gre~er
deta~ on the basis of the figure~ which ~lustrate a deNgn
exampk.

FIG. 1 shows a schem~ of the ~nov~Ne waterwhed
turbine in ~de devafion in Rs pm~ed ov~shot de,gin

FIG. 2 shows a dma~ of FIG. 1 in section.

FIGS. 3.1-33 shows in a sequence of schem~s the
three basic operating condRions of a waterwhed turbine
accord~g to the ~venfion, spedficafly Rs cefl~ as depend
~ FIG. 1, wRh dosed cd~ during the rotation phase, as well
as cefls as ~ey open and dose during the filling and
emptying phases.

FIG. 4 shows in a deta~ of FIG. 1 the flap closure
mechaNsm of a ce~.

HG. ~ shows a segment of a wa~wheel ntrb~e like in
FIG. 1, but in m~N~shot operat~n.

HG. 6 shows a segment of a wa~wheel ntrb~e like in
FIG. 1, but in undershot operat~n.

The figures show ~e pm~rred deign of ~e waterwheel
turbine in overshot operat~n (FIG. 1), but also in m~dle-
shot (FIG. ~) and in undershot (FIG. 6) operat~n. From 
figures, the various pm~rmd exten~ of w~er flap opeNng
can be seen, in each case to su~ the type of operat~n.

DETAILED DESCRIPTION OF THE
INVENTION

A l~wdght hol~w wheel shaft (1) suppo~s the hub 
the waterwhed turbine and the lair N connoted through
spokes m ~e two wheel rims (9), serving m suppo~ ~e cells
(2), and ~ the same time provi~ng the end ~mRs of the
closed cells.

A cell N rifled wi~ wa~r by way of the shutoff flap (3)
hdd open in ~e correct position, which ~ turn is connected
mechaNcafly via a rod (4) with an air flap (~). ThN pair 
flaps is acntaed by a rofler (7). This roller serves 
~ansmNNon dement for ~e control command~ generated
by the rofler ~avem~g the ~ce of a profiled cam (8), 
impart ~e open~g and doNng mot~ns ~ the pair of flaps.

6
FIG. 32 ~ms the cont~uous~ changing flap poN-

tion as the cefls fill, and FIG. 3.3 the sRuation as the cefls
empt>

Mounting of the cefls wRh no gaps bmween them and the
5 succes~ve posR~ns of the cefl shu>off flaps perm~ a Ngh

degree of ce~ fill~g.

FIG. 4 shows in accordance w~h a preferred de~g~ how
the cells can be adequ~e~ se~ed by squ~e b~ sections (10)
aUached to the shutoff flap (11) and ~e fixed cell wM1 (12).

10
The pair of flaps open agNn~ the force of the ~nNon

spring 6, as shown particul~ dearly in FIG. 2.

During rotation away ~om thek fill~g point~ the cefls
mmNn dose~ as shown in FIG. 3.1, until ju~ before the

~5 bottom dead cente~ ~ey are made to empty w~h the same
con~ol mechanism as used for fill~g

The ak flap (5) of each cell serves both for ak release
during fill~g and m admit air during emptying.

This effemNe call vent~g ~rangement can be ensured by
~ raking measures known in ~e ~t when desiring call wNl

and flaps, for examp~ by mount~g flow baffles ~ the cell.

The high effic~ncy of the Hlus~ated w~erwhed turbine
~ expMiting the pomnti~ energy of the wa~ N appmdab~
supp~menmd by ad~tionally ut~g ~e impuNe energy of

25 the water as it enters and leaves the cells. Of decisive

importance for ~N N th~ the open~g and cMs~g po~ of
the cells be pmdse~ controfled as the wheel rotates. This
can only be done w~h cdN th~ can be closed.

Problems of blocking the imp~ng water jm by the next
30

call as are known ~om wheals w~h fixed bucke~, fike the
Pe~on wheeg do not arise wRh ~e waterwhed ntrb~e, as
¯ N c~n be eliminated by a~u~g ~e approach angle of the
shut-off flap.

35 The cam forms a pa~ of the complem con~ol device,
which N mounted ~ation~y on ~e wheel shaft. ThN device
is thus a component of the installation which retains Rs
spatiN location. Whereas one of the two required cams N
always arranged in the emptying section, the other one

40 needed for controlling admNNon of the water can be
mounted in any position ~dially around the wheel by
a~usting the associated location dement mhtNe to the
~ation~y pendu~m w~gN as requked, and connecting ~N
dement to the w~ght w~h a detachable h~ene~ The

45 doub~nded ~rows marked in FIG. 1 on the location
dements for the cam indicate that these p~mit fine poN-
tioning of the cam~ and thus aNo fine a~u~ment of flap
morons.

To ensure self-~art~g of the waterwhed ~rbine, a ho~ N
50 bored ~rough ~e w~l of each cell (13). ThN aflows, ~arting

~om fill~g of ~e cell in ~e filling poNtion, successNe ~ow
fill~g of the prece~ng cells, until the breakaway torque
needed for ~art~g wheel mot~n is gentle&

What N dNmed N:
55 1. A waterwhed ntrb~e for hydropower phnts u~ng a

head of wae~ wRh a horizontal turbine shaft and a plurality
of w~bm-w~l ~sposed cells dosed at their end face~ said
cdN accept~g and ~sch~g~g wamr ~rough cell opeNng~
each call open~g having a doNng flap, characterized in that

60 ~e cMN~g fl~p N mechanically connemed by a finkage m ~n
Nr flap ~erving the purpose of ventilation and Nr admNs~n,
and in that the waterwhed turbine has a ~ation~y control
device and mechanicN ~ansmN~on dements for ~e Nmul-
mneous opening and cMNng of ~e dos~g flap and air flap.

65 2. A wa~wheel ntrb~e accord~g m dNm 1, wher~n the
con~ol device N mounted in a ~ationary mann~ on the
ntrbine shaft.



US 6,210,113 B1

3. Awa~wheel m~e accoN~g m claim 1, whem~ Me
con~ol device has e~mems by means of wNch the flaps of
the cell are opened and cb~d ~ ~ffemnt, pmdm~m~aNe
radial directions wRh m~mnce to the m~e shaft.

4. Aw~wheel m~e acco~g m claim 1, whem~ Me 5
con~ol device has ~ansmNs~n e~mems by means of wNch
~dN~uN paks of flaps am com~uouMy opened and dosed
w~h’n a pmdet~mined ~al-angle ~nge wi~ m~mnce m
the turbine shaft.

~. Aw~wheel m~e acco~g m claim 4, whem~ Me ~0
~ansmNMon demems are a rofle~ N~Ny connecmd to a
flap, and a ~a~naU cam plate, the rofler rol~ng over the
cam sur~ce of Me cam plate.

6. Aw~wheel m~e acco~g m claim 1, whem~ Me
con~ol device has clemens by means of wNch the maxi- ~5
mum opeNng width of a pair of flaps N variab~ a~u~ab~.

7. A waterwMd maine ~coN~g to claim 1, wh~dn
aUached to the flap ~ a mechaNc~ ~fing by means of
wNch Me d~ pair of flaps N opened ag~n~ the ~rce of
Me spring.

8. Aw~wh~l m~e ~g m d~m 1, wh~dn Me
con~ol device comp~s hydrauficafly or pneumaticafly
co~mfl~ demems ~r opeNng and doNng ~duM
pairs of fl@s.

9. Awa~wh~l m~e ~N~g m dNm 1, wh~dn Me
componems ~eof are deNgned ~r Me admN~on of w~
also a Ngh~ w~m.
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ABSTRACT

A hydro ~ine has a hou~ng with a cyhndr~ chamb~

and opposed end walls with I~M~ spaced smM~r rect-
angM~ ~ and N~rM~ spaced larg~ ~anguNr oufl~s

~rmed ~ upper and ~w~ po~ns of ~e chamb~ Mde wall
in h~omM~ opposed relation. Smear ~ang~ inlet

ducts a~o~ the inlet, and l~ger ~ang~ outlet ducts
adjNn the outlets. A cyhndfical runn~ su~ound~g a power

~ke-off shaft N mtataMy enclosed in the chamb~ and h~ a
central cyhndfical hub dN~ed into N~raHy spaced hub

port~ns wi~ a fir~ and ~cond plurMity of dmum~m~Hy
spaced peripheral blades ex~n~ng angularly omw~d from

each hub portio~ the flint p~h~ of b~des berg dmum-
~nfiM~ offset from the second. Arcuate ~rM~ spaced
upper and lower flow p~sageways of ~ctangul~ cross

section defined between the central hub port~ns and cir-
cum~m~l ~gmems of the chamb~ side wall extend

b~ween the upper inlets and outlets and lower inlets and
outlet, ~spe~N~ The runner and shaft are rotated by
conducting an ~comp~sMMe fiqu~ through each or
selected ones of the inlet ducts and ~h~g~g ~ ~mugh ~e
~spe~Ne outlet duct~ The offset blades divide the rectan-
gM~ flow p~sageways into unequM v~um~ such that the
v~ume and head pr~su~ of the ~coming fiq~d is alter-
n~y gre~ or ~ on one side of the mnn~ ~an ~e ~h~
side to facilitate rotation and ~scha~e of the hquid.
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1

HYDRO TURBINE

BACKGROUND OF THE INVENTION

1. Field of the Invention

Th~ invention relates general~ m fluid impMse mA~,
and more p~ticuhrly to a hydro maine having a runner
wiM 1~ spaced d~um~m~lly offs~ bhdes ~nd
inlets and outlets of mctangul~ cross section that a~er the
fluid flow characteristics and increase effic~nc~

2. Brief Desertion of Me Prior Art
A numb~ of ~ffe~m ~pes of mA~es have been

deigned to cover the broad range of hydmpower s~e
condemns ~und around the worN. The primly ~pes of
hy~oe~c~ mA~ used ~r generat~g hydme~ric
power are commoMy classified as "impMse" or ~ea~ff’
~pes. Cusmm~N certain ~pes of mA~es are used ~r
spedfic head pressures.

Turbines used ~r ~w m me,urn head pr~su~ appfica-
tions are usuM~ of Me ~action ~pe and include Frands and
fixed and variab~ p~ch (Kaph~ pmpell~ mA~es. The
runn~ or mA~e "wheeF of a ~ ction turb~e N completdy
subm~d ~ w~e~

Turbines used ~r Ngh head pr~su~ ap~ns are
general~ of Me impul~ type. ImpM~ mA~es ~c~de Me
Pelton, Turgo and cro~flow (Mitchell-Bank0 designs. Most
convenfion~ impNse mA~es are deNgned ~r a spedfic
ho~epowe~ RPM, and water pressure.

A convem~n~ impMse mA~e N a fixed-blade turbine
having a runner w~h curved blades mtataNy ~sposed in a
pmmctive ca~n~ The runner of an impM~ mA~e s~ns ~
the a~ and is driven by Ngh~peed j~s of w~e~ Water is
m~ed m Me mA~e through "needle vaNe~ wHch ~nd
je~ of w~ into the ~Aine blades to ~m Me ~A~e, and
the caNng mem~ controls sphsNng. If water flow is
dec~ed ~ a convention~ impulse mA~e, Me mA~e wifl
loose effidenc~

The main characteristic of a "~ossflow" maine (also
cM~d a Mimhell-BanN mA~ N M~ ~ h~ a dmm~haped
~unn~ w~h a ~ri~ of cu~ed bhdes and Me runner ~haft N
¯ spo~d horizonmfl~ uN~e Pe~on and Tu~o mA~es
wNch can have e~her hofizont~ or vertic~ shaft orientation.
In Me ~o~flow mA~e a ~angM~ nozz~ dkec~ a broad
~anguhr w~ jet onto the fill ~n~h of the mnne~ The
wamr j~ strik~ Me bhdes once flowing ~om Me p~h~y
to the center impart~g mo~ of ~s kinetic energ~ and then
flows o~w~d ~om Me cenmr impa~g a smM1 amoum of
energy be~re ~aving the mA~e.

Harlo~ U.S. Pat. No. 4~79~69 discloses a ~o~-flow
mA~e macNne that ex~acts energy ~om a mo~ng fluid.
The flu~ comprNes both fiq~ds and gase~ F~id N gNded
into the m~r by in~t gNde means and then flows through
a fi~t ro~ through the ~r~ through the second rom~
Mmugh Me e~ ~nd Mmugh Me ~ffuser ~ ex~ Me mac~ne
~ ambieN pressure. Toque N applied ~ Me o~p~ sh~ft due
to the change in angul~ momentum of the fluid across the

D~e~ U.S. Pat. No. ~368~92 discloses a water turbine
~r open ~mam use ~atur~g a ve~a~axN ~o~-flow
mA~e in wh~h cycficafl~mh~g b~des are supposed
~om one end oMy to perm~ the suppo~g ~ru~ure and
power generat~n gear to be supposed out of the wate~ In
p~ed embo~mem~ Me~ N ~dependem pitch contrM of
the turbine blades to make the blades ~sponNve to the
instantaneous flow in their vicin~ies.

O~be~er et al, U.S. Pat. No. 4~7~506 discloses a
horizoNM~nflow, v~tic~-o~flow ~o~-flow mA~e hav-

2
~g a caMn~ a runne~ a horizom~ ~t and a vertic~ outl~.
The inlet is divided by a ~vomd ~de vane to ~rm a p~
of inlet passages. A h~oNN~ exmnding admNNon pas-
sage N connected to the caNng at the inlet side M~eog and

5 a ve~afly e~end~g dNch~ge passage N ~rmed as a draft
robe and connecmd to the caNng ~ the outlet thereo~ The
in~t and the gNde vane are a~anged such M~ Me ~t flow
to the runner N ~ed downw~d ~ an an~e of abo~ 40°0
w~h re~e~ to the ~ri~N~ and the outlet flow from the

~0 m~ N ~mcmd ~b~tiN~ ~N~ ~ Me ~t M~e
we a p~ of M~ @~ ~ e~h~ s~e ~ Me mnn~ ~
in an ~e~ cm~ ~on ~n~g m the cross section
of the draft robe. Both of these Nde @aces are vented to the
~mo@h~e by a ~n~e ve~ng vAve so tha the suction

~5 pressure in the &~ t~e does not exceed a pmd~m~ed
value.

Mffi~ ~ ~ U£. P~. 4N6&~0 ~ a ~&omk~
mAo-m~N~ h~ng a m~r memb~ movaNe m~tNe m a
~ation~y houNng memb~ w~h a ring~h@~ or annu~r

2o seal ~n both of these memb~s which serves to seal

pm~urized water ~om an external space or m~on. One of
both of these memb~s possesses a se~ng ~r~ce agNn~
which there is pm~ed a ~ ~@ of the ~ wNch is
inserted into the other membe~

25 S~ U.S. Pat. No. 5~56~85 discloses a po~ve
dNNacemem fluid motor ha~ng a chamb~ and a rotor
h~ng stiff blades which at the~ outer ends are prodded
~ ~s of d~m~ m~ ~d m Me ~e
side of the blades in relation to the direction of ro~tiom The

3o ~ngs are deflec~d by a wM1 pa~ in the chamb~ when

pasNng ~n the outlet and in~t of the chambe~

The ~m ~e~ ~ d~d ~ Me pri~ ~ ~
gene~ and these p~eNs ~ p~ticMa~ by a hy&o turbine

35 h~ng a hou~ng w~h a c~dric~ chamb~ and opposed
eM wMN ~M I~M~ ~ed smM~r ~m~gM~ ~ ~d
~mrafly spaced ~g~ ~mangM~ outl~s ~rmed in upper
and ~w~ po~ns of Me chamb~ Nde wM1 ~ horizonmfly
~d M~. ~ mmn~ inlet ducts a~o~ the

40 ~e~, and ~er ~1~ outl~ du~s a~o~ the outlet.
A cyfin&~M runner s~mun~ng a power m~ff shaft N
mt~ enclosed in the chamb~ and has a cen~al c~n-
drical hub divided into I~M~ ~aced h~ po~o~ w~h a
fi~t and ~cond p~rM~y of ckcum~N~fly spaced p~h-
eral blades e~end~g angularly ~d ~om each h~
p~n, Me ~ p~a~y of b~s ~g Nmum~N~
o~et ~om the second. Ar~ate ~mrafly spaced upper and
~wer flow p~geways of ~mangM~ ~0~ section defined
b~w~n Me ~N~ h~ ~0~ ~d dmum~mN~ ~g-
men~ of the chamb~ Nde wM1 exmnd ~n the upper50
~e~ ~d ~ ~d ~wer ~ ~d o~e~, ~~
The runner and shaft are m~ ~ ~n~ an ~com-
p~N~ HqNd ~ough each or selected ones of the inlet
duc~ and ~h~g~g ~ t~ Me ~ec~e outlet duc~.
The o~et blades dNide the ~mn~ flow p~geways55
into une~ vo~m~ ~ch th~ the v~ume and head pres-
sure of the ~com~g fiqNd is a~nam~ gm~ or less on
one side of the runner than the other side to face,ate rotation
~d ~e ~ Me HqNd.

60 ~M~ ~ ~E INVEN~ON

a ~&o mA~e M~ ~fl ~ ~ ~b~tiM~ Me same
effidency over a range of W~ heads.

65 It N ~r o~e~ of MN i~n m pm~ a hy&o
mA~ ~ ~ ~ ~ ~ ~M s~s ~d w~
p~s ~ ~Nng effidenc~
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ABSTRACT

An underwater m~ine ~ngemem ~ h~dn d~e& The
w~er d~ven m~ine comp~s a houNng having a sha~
mourned ~r rotation about an axis therein. The sha~
~c~des a p~rNRy of fl~h~ a~anged m &Ne rotation of the
sha~. Mourned onto the hou~ng N a Nnnd having a mouth
gm~ in ~ze than the hou~ng and a dNcha~e of ~m~
size as the hou~nD Thus, water e~e~ng the Nnnel is
con~ed be~re bring passed onto the hou~n~ ~emby
~cm~g Me ~e w~h w~ch Me ~afl ~ rm~eG ~emby
~cm~g Me amoum of enemy pmdu~&
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1
HYDRO TURBINE

U.S. P~. No. &219~03 ~aches an underwa~ power
p~nt which ~c~des declric~ gener~om and machine
rooms w~hin the device. Clearl> a device such as this is 5
Mmp~ mo ~rge for use ~ ~mams or rNem and N suilable
only for use in ocean cu~ents.

BACKGROUND OF THE INVENTION

There are a numb~ of devices taugN ~ the prior aa for
converting energy ~om the flow of a fluid ~uch as ak or
w~eo to electrical energ>

For examp~, U.S. Pa. No. &41Z417 roaches a turbine
a~anged m be anchored on the surface of a body of w~ for
converting "wave energy’ to elec~ical energ> The device
includes a shaft having a helical flight dispMced
¯ ere~oun~ The fligN N not enclosed and the waves
pasMng ~ong the flight causes the shaft to rotate, ~emby
generating e~ric~ pow~. U.S. P~. No. 4~49N47 ~aches
a Mm~ floating ~rbine th~ flo~s on and N exposed to a
body of w~e~

U.S. Pat. No. &66&418 teaches a turbine ~rangement
~c~ding vanes for concen~ating ~e w~d.

One difficulty faced by devices such as these is that the
flow ~nM~ of the flui~ wh~her wind or wave, N Nghly
v~b~ and dependent upon we~h~ condit~ns. Tha N, in
cond~ions wh~dn there is H~le or no win~ the above-
descrNed device would not produce much powe~ wh~eas a
~rong wind could ~ad to conditions which would damage
the device. As such, these devices are impractical, as the
amount of e~rical pow~ gentled ~ a gNen time ~
highly variab~ and unpm~mab~. ThN N not the case w~h
underwater current, wh~h ~e generally more con~ant b~h
in mrms of intensRy and dkection, making underwater
currents more suRab~ as pmenti~ sources for elecgical
powe~

U.S. Pa. No. &219~03 roaches an und~wa~ power
p~nt which N ~c~des e~mrical gen~aom and machine
rooms w~hin the device. Clearl> a device such as this is
~mp~ mo ~rge for use ~ ~mams or rNem and N suilable
only for use in ocean cu~ents.

U.S. P~. No. 4~25~20 roaches a turbine for use ~ w~er
or Nr which ~dudes a "flexN~ fluid cu~ent coHe~oF’ for
~cmaNng the flow cf a fluid, the dexice berg arranged for
use in eRher Nr or w~e~ ~ N of nora th~ the coflector
descrNed N composed of fabri~

2
e~ ~ ~e ~am~ of ~e houNn~ whem~ ~e ~ha~e
of the Nn~l N mounted onto the entry end of the houNng
such that the water ent~ng the Nn~l ~ the mouth passes
¯rough ~e hou~ng and contac~ the blade mean~ ~emby
rot~ng the shaft and ~n~ e~ricM powe~

The gen~or may be ~ behind the ex~ end of
the hou~ng m~tNe to the mouth of the Nn~L

The ~amm~ of the mouth may be @prox~a~ 50%
gm~ than the ~am~ of the ~h~ge.

~0 The w~ &Nen m~e may ~c~de fi~ mounted on ~

upper surface and a lower ~r~ce of the houNng ~r pre-
ve~ng ~ng of the w~er driven m~e.

The fins may be mounted on the houNng pro~mM to the
exR end of the houNnD

15
The water drNen m~e may include buoyancy means

mounted on the w~er driven m~e.
The buoyancy means may be mounted wren the fins.
There may be three blade means or two blade means.

2o The water driven m~e may include tether means
mount~ w~n ~e ~n~l ~r ~aN~z~g ~e w~er &N~
m~e.

One embo~ment of the invention wffi now be des~ed
in ~~ wRh the accompan~ng &~gs in w~ch:

BRIEF DESC~P~ON OF THE ~~

FIG. 1 is a side ~ew ~ cross-section of the turbine.
FIG. 2 ~ a cros>section~ v~w Mong fine 2~ in FIG.

1.
~0 FIG. 3 ~ a ~ont ~ew of an ~mm~Ne ~ment ~ ~e

~g~.

FIG. 4 is a ~de view in cross-section of an a~ernative
~ment ~ the turbine.

In the &a~s ~k characters of m~mnce indicate
~s c~e@~ p~s ~ ~ ~mnt ~.

DESC~P~ON OF THE PREFERRED
EMBO~MEN~

Re~ to the &~ a water driven turbine 1 ~r
~ ~g ~ ~derw~ ~nt ~o ~ ~w~ ~

prises a hou~ng 10, a ~nnd 12 and a generaor 34.
As ~own ~ FIG. 1, ~e hous~g 10 ~ mb~a~ opemended

~d ~ ~mw~g ~ ~r ~rf~e 14, ~ omer ~
16, a shaft 18, an entry end 22 and an exR end 24. The shaft

4s 18 ~ mounted ~ ~ ~ 10 such tha the shaft 18
rota~ w~n the hou~ng 10 about an ax~ ~ ro~ as
d~ed bdo~ TM ~afl ~ ~c~d~ ~g~s 20 w~
e~d ~ont the shaft 18 ~ong ~e kng~ of the shaft 18. It

Clearl~ a device that is arranged for generating electrical
power ~om underwater currents that can also be used in 50
~reams 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 55
cu~ent comprising: a holMw tubul~ open ended houNn~
sNd houNng having an envy end for accepting the w~er and
an ex~ end for m~asing the w~eg a shaft mounted wRhin
lhe houNn~ said ~haft arranged m ro~ within the houNng
about an axN of rotatio~ connection means on the shaft for 60
operably linking the shaft m a generator such th~ rotation of
the shaft gener~es elecgical power; blade means arranged
about the shaft, s~d bhde means extending Nong a ~ngth
of the shaft; and a funnd mounted onto the envy end of the
hou~n~ sMd funnel having a mouth and a dNch~ge, s~d 65
mouth having a diam~er gre~er than the diam~er of the
hou~n~ said dNcharge having a diam~er approxim~dy

~ of nora tha ~e may be seve~l flkh~ 20 a~anged about
the shaft, depending upon conditions and the inmnded use.
For exampk, FIGS. 1 and 2 show an embodiment of the
~vention wherdn ~e ~e two flights whereas FIG. 3
shows an embodiment having ~me flights. As will be
app~ent to one knowledgeabk in the a~s, the three flight
shaft will have a ~rger surface area than the two flight shaft.
In lhe embo~ment shown ~ HG. 1, ~e rig,s 20 extend
around the shaft 18 in a he~cM or tw~md ~ngement.
Specific~ly, the flights 20 ~e ~ruck by a flow of w~er
pas~ng through the hou~ng 10 which in drives rotation of
the shaft 18, as descried beMw. Howeve~ ~ ~ of no~ th~
other su~abk ~rangemen~ of flights 20 known in the ~t
may Mso be used. h ~ of nora tha the shaft 18 may be
mounted w~hin the houMng 10 in a hub such tha the shaft
18 can rotate ~eely. The hub ~ mounted m the hou~ng by
a plur~y of kgs, the kgs bring arranged so as m m~im~e
¯ ek inmr~mnce wRh w~er flow through the waer driven
mrbine 1.
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The funnel 12 N composed of a rigid maerhl and

comprNes a mouth 26 and a disch~ge 28. h N of nora th~
lhe mouth 26 N a~anged m be of a greaer diammer than the
discharge 28 for increafng lhe veMcRy and inerti~ force in
the flow of w~er as R passes through the funnel 12 com-
p~ed to the cu~ent as descrNed below. Furthermore, as can
be seen in FIG. 1, the decrease in diammer between the
mouth 26 and the discharge 28 N gradu~, so that waer N not
forced out of the water driven turbine 1, as water diverted
away ~om the w~er driven turbine I cannot be used to drive
lhe shaft 18 and N .’n effe~ wasted energ> Furthermore, as
can be seen in FIG. 1, the mouth 26 includes a lip 27 th~ N
of a fixed diammer and acts to retain incoming water flow,
as descrNed below. Specific~ly, in lhe embodiment shown
in FIG. 1, the diammer of the mouth 26 is approxim~dy
50% gm~er than tha of the discharge 28. As a resu~ of this
arrangement, the surface area at the mouth 26 of the funnel
12 is gm~er than the surface area at the dNch~ge 28.
Fu~hermor~ as shown in FIG. 1, the disch~ge 28 N of a
fmHar diammer as the entry end 22 of the housing 10. ~ N
of nora tha other ratios may aNo be ntil~ed, according m the
condRions in which the waer driven turbine 1 N 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 waerwa> Specificafl> the tether means 30
comprNes fide cables 36 and top and bottom cables 38
which are mounted to the ~ont face of lhe ~p 27, as shown
in FIG. 1. The cables 38 are connemed to a suppo~ ~ructure
(not shown) for securing and ~abilizing the w~er &iven
turbine 1 in the underwater current, as descrN~d beMw. In
addition, in the embodiment shown in FIG. 1, the water
driven turbine 1 includes fins 32 for fu~her ~abilizing the
poft~n of the w~er 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 bdow the shaft
18, proxim~ to the exR end 22. Thus, as a resu~ of the
mthering means 30 and the fin 32, the wamr driven turbine
1 will not rotate, twist or turn when exposed to the water
current, meaning that maximum effickncy N retained. That
N, the wamr driven turbine 1 remains positioned wRhin the
w~er flow such lh~ lhe maximum flow cf waer N ~im~ed
through the wamr driven turbine 1. As will be appred~ed by
one knowledgeabk in the art, other tether means 30 or fins
32 ~ other locations ~ong the w~er driven turbine 1 may
also be used for ~abfl~ing the water driven turbine 1.

As can be seen in FIG. 1, the shaft 18 N operably ~nked
to the generaor 34. The details of the gener~or are not
shown as these will be wefl known to one knowledgeabk in
the a~. h is of note that in the embodiment shown in FIG.
1, the shaft 18 N connecmd dkecfly m the generaor 34 and
the generaor 34 N mounted to the housing 10 behind the ex~
end 22. Spedficafl> the generator 34 N mounted m the ex~
end 22 of the houfng 10 by suppo~ b~s such th~ the shaft
18 N connected to the gener~or in a strNght ~ne. In other
embodiment~ the generaor 34 may be ?ocamd ~ a di~ance
to the water driven turbine 1. It is of note that in some
embodiments the gener~or 34 may be posR~ned in a
non-line~ arrangement rehtive to the shaft 18 ufng means
known in the art.

h N of nora lh~ .’n ~he embodiment shown in FIG. 1, the
fins 32 include buoyancy means 40 w~hin the fins 32 for
counm>aming the w~ght of the gener~or 34. That N, as
discussed abov~ the fins 32 are mounmd proxim~ m the exit
end 22 and therefore proxim~ to the generaor 34, for
counmr-b~ancing the weight of the gener~or 34. As a iesu~
of this a~angement, the w~er driven turbine 1 does not fi~
when in use.

4
For use, the funnd 12 N mounted onto the houfng 10

such th~ the entry end 22 of the houfng 10 contac~ the
discharge 28 of the funnd 12. The wa~ driven turbine 1 N
then Mw~ed into the body of w~e~ beMw ~e surhce of the

5 body of w~er and the w~er driven turbine 1 N portioned
such tha ~e w~er cu~ent flows through the waer drNen
turbine 1 as described beMw. Spedficafl> the water drNen
turbine 1 is positioned such that the current in the body of
w~er ~mms the flow cf wa~ direm~ into lhe mouth 26 of

~0 ~e funnel 12. It N of nora th~ the shaft 18 N operably finked
m ~e gen~aor 34, as described be~w.

In use, as discussed above, ~e wa~ driven turbine 1 is
posR~ned such that the current in the body of water directs
w~er m flow ~m the mouth 26 of the funnd 12 ~ the lip

~5 27. As discussed above, ~e diamemr of the mouth 26 of the
funnd 12 N gre~er ~an ~e diamemr of ~e dNcharge 28 of
¯ e funnel. As a msu~ of ~N ~ngement, ~e vdocRy and
~ertid fome of the wa~ ~ow ~creases as R passes ~rough
¯ e funnd 12 ~om the mouth 26 to the dNch~ge 28. In thN

~0 manne~ the inertial force and veMcity of the water is
increased relative to the water flow caused by the nam~l
cu~ent in the body of wate~ As nomd above, the lip 27 N of
a fixed diammer and ac~ to prevent backflow of the water
once R enters the funnel 12. Fu~h~more, once water enters

~5 the funnd 12, ~ mu~ ex~ through the exR end 24 of the
hous~g 10 and the funnd 12. Thu~ ~e flow ofwa~ passes
through the houfng 10 ~ the entry end 22 and exRs the
houfng 10 through the exR end 24. As the w~er passes
through the houfng 10, the w~er ~rikes the flights 20,

3o ~emby driv~g rotation of the shaft 18. Rotation of the shaft
18 ~ mrn genoa, s e~ctricN pow~ ~ ~e generator 34. It
N of nora tha the flights 20 are fi~ed wRhin the houfng 10
for maximum surhce ~ea and minimum de~ance wRhin
the houfng 10 so tha the shaft 18 rotates fredy wRhin the

35 houfng 10. Tha is, the flights 20 are arranged to have
ma~mum surface ~ea and ~e arranged about ~e shaft 18
m maxim~e contain wRh ~e flow of w~e~ so th~ e~fic al
power generat~n N morn effident. SpecificNly, once lhe
flow cf w~er entem ~e wa~ drNen mrb~e L R mu~ pass

4o over the fligNs 20. Fu~h~mor~ the funnel 12 increases the
vdocity cf ~e flow of w~er and passes the flow of w~er
directly m the houfng 10 wRhont allowing waer to flow
back out of the funnel and escape, as discussed above.

In en NmrnaNe embodiment, ~e wa~ driven turbine 1
45 ~c~des a cone 42 mounted m the houfng 10 and exmn~ng

pa~ the exR end 24, as shown in FIG. 4. SpecificNly, the
cone 42 is connected to and extends outw~dly and tea>
w~dly ~om a position on the houfng 10 past ~e e~t end
24. Fu~hermor~ the cone 42 may be connecmd to the

5o houfng a posR~ns proxim~ m the exR end 24, as shown
in FIG. 4. ~ is also of note that the cone 42 increases in
diamm~ whi~ e~end~g m~w~Ny ~om ~he houfng 10,
such that the cone 42 is most n~row at the point that is
mounted to the houfng 10 and mo~ wide ~ the dNml end

55 of the cone 42 relative to the housing 10. As a resuR of this
~rangement, w~er exiting avoids the turbu~nce and
ms~a~ing effect which would result ~om contact with the
flow of water pasfng ou~ide the device at the immediae
exit, and the expanded vo~me avaHab~ m ~e e~ting wamr

6o w~l enhance the veMcity of flow ~roughont the dev~e by
efimina~g some back pressure. Fu~he~ the cone w~l
increase the veMd~ of flow of ~e water pasfng outside of
¯ e cone, wh~h ~ mrn wifl have a pull~g effem on ~e w~er
exR ~om in,de the cone, enhandng ~s veMcity of flow.

65 Thu~ the abov~des~Ned water driven turbine 1 is
arranged for conve~g underwater currents to electrical
powe~ Fu~hermore, ~e des~n N such ~a the wamr drNen
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turbine 1 can be used in bodies of water such as hkes,
s~eams and rivem, wh~e prior aN w~ driven turb~es are
not suRab~ or imp~ctical. SpecificNly, the wa~r c’rNen
turbine is arranged to increase veMcity in a natural water
flow and m direct the w~er over a plurality of fligh~. Wa~r
pass~g over the flights drNes rotation of a sha~ which N in
turn finked to a gen~o~ resulting in the produ~n of
e~mric~ powe~

Wh~e the pm~ed embodiments of the invention have
been descrNed above, it will be recognized and undemmod
that various morticians may be made ~d~ and the
appended dNms ~e intended to cover afl such modific~ns
which may fafl wRhin the spirit and scope of the invention.

What is d~med is:
1. A w~er driven turb~e for conve~g ~e energy of an

underwater current comprising:
a hdMw tubul~ open ended hous~ sa~ hous~g having

an entry end for accepting the w~er and an ex~ end for
m~aNng the waer;

a sha~ mounted within the housing, said sha~ ~mnged m
rotate wRhin the hou~ng about an axis of rotat~

connection means on the sha~ for ope~b~ finking the
sha~ to a gener~or such that rotation of the sha~
gene~s dec~ pow~;

blade means arranged about the shaft, said blade means
e~end~g ~ong a ~ngth of the shaft;

a funnd mounted onto the entry end of the hou~n~ s~d
funnel having a mouth and a discharge, said mouth
having a diam~er gm~er than the diam~er of the
hou~nN sNd dNch~ge having a diammer appro~-
mam~ equ~ to the diammer of the houNnN and

tether means mounted on the funnel for ~abifiNng the
water drNen turb~e;

wherdn the discharge of ~e funnel N mounted onto ~e
entry end of ~e houNng such ~ ~e w~ en~ring ~e
funnel a the mouth passes through the houNng and
contac~ the blade mean~ thereby rot~g ~e sha~ and
generating e~ctrical powe~

2. The w~er drNen turb~e accor~ng to dMm 1 wh~dn
the gener~or N positioned behind the exit end of the houMng
mhtNe to the mouth of the funnel

3. The w~er drNen turb~e accor~ng to dMm I wh~dn
the diam~er of the mouth is approxim~e~ twice the diam-
eter of the disch~ge.

4. The wa~ drNen turbine accord~g m claim 1 ~c~d~g
fins mounted on an upper surface and a lower surhce of ~e
houMng for pmvent~g twisting of ~e w~er drNen turbine.

5. The w~er drNen turb~e accor~ng to dNm 4 wh~dn
the fins ~e mounted on the hous~g pro~mM to the exit end
of the houMnD

6. The wa~ drNen turbine accord~g m claim 5 ~c~d~g
buoyancy means mounted on the w~ driven turbine.

7. The w~er drNen turb~e accor~ng to dMm 6 wh~dn
the buoyancy means are mounted wRNn the fins.

8. The w~er drNen turb~e accor~ng to dMm I wh~dn
there are three blade means.

9. The w~er drNen turb~e accor~ng to dMm I wh~dn
there are two blade mean~

10. The wamr driven turbine accord~g m dNm I wh~dn
¯ e funnel inc~des a lip of fixed diamm~ a~acent ~ ~e
mouth for preventing backflow.

11. The wa~ drNen turbine accord~g m dNm I inc~d-
~g a cone mounted to the houMn~ sNd cone ex~n~ng
marward~ beyond the exR end.

12. The water drNen turbine accor~ng to claim 12,
wh~dn the diam~ of the cone increases as the cone
extends marwardly.

6
13. Aw~ driven tu~ine ~r converting the enemy ~ an

~derw~r ~t comprN~g:
a hdMw tubN~ open ended houNnN ~ houNng ha~ng

~ e~y ~d ~r ac~g ~e w~ and an e~t end ~r
5 m~a~ng the w~er;

a sha~ mounted wRNn ~e houNn~ sNd sha~ ~mnged m
rota~ w~Nn the houNng ~out an axis of m~

connection means on the sha~ ~r ope~b~ ~nMng the
sha~ to a gen~or such that rotation of the sha~

~0 gen~es electrical pow~;

blade means ~d about the sha~ said blade means
e~end~g Mong a ~n~h of ~e sha~ ~d

a funnel mounted onto ~ e~y ~d ~ the hou~n~ said
funnel ha~ng a month, a dNch~ge and a ~p of fixed

~5 ~amm~ p~e~ ~om ~e moth ~r preventing
~c~o~ sa~ mou~ ha~ng a ~amm~ ~e~ ~ ~e
¯ am~ of ~e ho~g, ~ dNcha~e ha~ng a diam-
eter ~pmx~a~ e~ to the ~am~ of the hous-
~g;

2o wh~n the dNcha~e of the funnel N mounted onto the
e~y ~d ~ ~ houNng ~ch ~ ~e w~ en~ring the
funnel ~ the mouth passes ~ough the houNng and
contacts the bhde mean~ ~emby m~ting ~e sha~ and
~n~ electrical powe~

~5 14. The water driven tu~ine ~coN~g to claim 13
~c~ng tet~r me~s mounted w~Nn ~e funnel ~r sta-
bbing ¯ e w~ drNen tu~e.

15. The water driven tu~ine ~coN~g to claim 13
wh~dn ~e ~ N poNfioned beh~d ~e exR end of the

3o hou~ng relative to the mouth of the fun~l.

16. The water driven tu~ine ~coN~g to claim 13
wh~dn ~em N pmv~ed buoy~cy me~s a~ent ~e e~t
end of the hou~ng.

17. The water driven tu~ine ~coN~g to claim 13
35 wh~dn the gen~or is ~ at the exit end of the

hou~ng and wh~dn there N prodded buoyancy means
s~p~ti~ the exR end of the hou~ng and tether means
s~p~ti~ the e~y ~d of the hou~ng.

18. Aw~ driven tu~ine ~r converting the enemy ~ an
40 ~derw~r ~t comprN~g:

a hdMw tubM~ open ended houNn~ ~ houNng ha~ng
~ e~y ~d ~r ac~N~g ~e w~ and an e~t end ~r
m~a~ng the w~er;

a sha~ mounted wRNn ~e houNn~ sNd sha~ ~mnged m
45 rota~ w~Nn the houNng ~out an axis of m~

connection means on the sha~ ~r ope~b~ finMng the
sha~ to a gen~or such that rotation of the sha~
gen~es e~ric~ powe~ ~e genem~r bring ~c~ed

50 a~ent the exit end of the hou~n~
blade means ~d about the sha~ said blade means

e~end~g dong a kn~h of ~e sha~
a funnel mounted onto ~ e~y ~d ~ the hou~n~ said

funnel ha~ng a mouth and a dNcha~e, said mouth

55 ha~ng a ~am~ gm~ than the ~am~ of the
houNn~ sNd ~h~ge h~ng a ~am~ @Wo~-
m~e~ e~M m the ~am~ of the houNnN

tether means supposed a~ent the funnel at the entry
end of the hou~ng ~r ~g the waer drNen

60 tu~e; and
buoyancy means a~ent the exR end of the hou~ng ~r

~ppo~ng the gen~aog
wh~dn the d~cha~e of the funnel ~ mounted onto the

e~y ~d ~ ~ hou~ng ~ch ~ ~e w~ en~ring the
65 funnel ~ the mouth passes ~ough the hou~ng and

contacts the bhde mean~ ~emby minting ~e sha~ and
~n~ electrical powe~
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19. The water drNen maine accor~ng to claim 18 20. The water d~ven maine ~coN~g to claim 18
wh~dn there are prodded fins ~ppo~ed on the houNng wh~dn the ~ther means are ~pported on the Nnnd.
a~em the ex~ end of the houNn~ the buoyancy means
bdng~ppo~edwRNn~efi~. * * * * *
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ABSTRACT

The invention concerns a Pe~on turb~e wheal compris~g a
rim (D and several buckms (2) distributed at the 
p~h~> characterised in that it comp~s at least a ~ng-
shaped flange ~, ~ ~ with the rim and provided with
hous~gs (7) Nr receiving the buck.s. The flange N capab~
of abm~g at least pa~ of the efforts ~ansm~d by the
buckets (2) to the ~m (1) and ~rms a peripheral str~ 
external radial zones of the hou~ngs (7). The ~ansmNNon
of the efforts ~om the buck.s (2) to the wheel rim (2) 
carried out wRhom generating too cons~ab~ a concen-
tration zone of mechaNc~ stresses.

10 Claim~ 3 Drawing Sheets
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1
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
Pelton4ype turbine equ~ped wiM such a wheal.

2. Biief Desertion of Me Related Art
Pehon turbines a~ convenfionafly used for transform~g

the kinetic energy of a flu~, such as the w~ of a wa~ff~L
into mechan~ energy Such ~ansform~n ~ effe~ed by
rotating the turb~e wheel under the effect of a ~nge~l
effo~ exe~ed, on bucke~ ~sposed on the p~hery of a
wheel ~m, by a j~ of w~er emerging ~om one or mo~
inje~or noz~es ~rNumd around the whe~.

The effort created on each bucket is ~ansm~d to the
wheel rim through an ~ea of ~mchmeN of Me buck~ on Me
wheel ~m. ThN ~ea cf a~achment, defined by Me geometri-
cM in~rsection of the buck~ w~h the ~m, N su~e~ed to
cons~ab~ mechan/c~ stresses. In effect, each bucket may
be mechan~M~ modefized as a beam fixed on one ~de oNN
w~h the resu~ that ~ undergoes a considerable ben~ng
strain due to the effort of the jet. In add~ h~h vNratory
s~esses are applied to the bucket and there is a danger of
resonance of the bucket or the ~m.

In known device~ p~ticuNrly of EP-A-0 3~6 (81 or of
EP-A-0 522 336, attemp~ have been made to overcome
these drawbacks by reinforcing the area of ~mchment of Me
buck,s on Me whe~ ~m. This ~ads m ~ru~ures which are
completed and Merefo~ expenNve, and of reduced reH-
abil~ In add~ each bucket ~mNns a~ached to the ~m
by one ~de, w~h the resu~ that the nature of the prob~ms
encounmred N n~ fundamentafly changed.

FR-A-704 875 roaches making the buck,s of a turbine
abut on one another by means of ~ngs mounted on the~
p~h~ The ~rNution of the effo~s N not optimum and
~ms must be int~posed b~ween a~acent buckets, bNng
mouNed with the g~e~ care, which ~sults in a non-
homogeneous di~rNution of the efforts.

SUMMARY OF THE INVENTION

~ ~ a pa~ul~ o~e~ of the present invention to ove~
come these problems by propos~g a turbine whe~ of P~mn
~pe in which the bucke~ are connected to the whe~ ~m so
that the mechanicM s~esses are not concen~ated in an area
of ~tachment of the bucket to the ~m and the dang~s of
resonance of the wheel are subsmntiN~ ~duced thanks to
an optimalized dN~Nut~n of efforts.

In that spirit, the invention relates to a whe~ of Me above
~pe, which composes ~ ~ast one annul~ disk ~ w~h Me
wheel ~m and provided w~h houNngs for ~ceiving the
buck~ This disk is adapted to absorb at least pa~ of the
effo~s ~ansm~md by the buck,s to the ~m and forms a
p~h~M band at the level of the outer radial areas of the
hous~gs.

Thanks to the ~vention, the dNk which N on one p~ce
and surrounds the buckets, makes ~ possN~ to suppo~
Mem, near the ~m, in an ~mrmedi~e area and in an outer
radial area, w~h the resu~ that each bucket is m~nt~ned
effic~nfly ~ i~ inne~ outer and central radial areas and that
the effort to wh~h ~ N su~e~ed, due ~ the existence of the
jet of fluid driving the turb~e, has for ~s effe~ m app~ ~
on the dNk. ThN effort is in that case n~ concentrated solely
~ one ~ea of ~chmeN cf Me buck~ ~ the wheel ~m, but
di~rNuted over the whole of the disk. In other word~ the

2
~ngenfiM e~ crewed on a buck~ N ~ansm~d to the
dN~ The buret and th~ pa~ of the di~ ~ppo~ng the
buck~ may be mechaNcafly modeled as a beam on ~o
~ and even a beam being on ~s ~n~ the fi~t

5 being berg mw~ds the wheel ~m, wh~e the second
being N con~itu~d by the ~ band of the di~.
Such a ~r~n of the e~ ~s a reduction of the
~resses exe~ed on the mechaNcM compone~ wh~h
ma~s ~ po~N~ m e~e p~s of ~er ~c~s.

~0 ~king ~e ~go~g ~m ~um, a tu~e w~el
~c~d~g m Me ~nfi~ m~ be m~e ~ m~ ~m~e
m~l or be a mixed ~m~e. For examp~, ceaNn
p~ ~ch ~ Me wh~l ~m or Me ~ ~e m~e of m~N,
wh~e other p~ce~ such as the bu~ are made of com-

~5 po~e synMetic m~k A wh~l ~m or a di~ made of
compoNm p~cs m~l may also be associated w~h
m~ ~c~.

In add~n, the presence of the outer ~ band of
the ~s~ which creates a com~N~ of m~mr outside the

~0 wheel makes ~ po~N~ substantiafly to re~ce the vibra-

tory ~m~es exe~ed on Me b~. ~ e~ the ~
band comrNums to dN~N~g these stresses on the di~r-
e~ ~e~, ~M Me ~ M~ Me e~ ~ m~e
of each buck~ N no ~ng~ M~ of a beam fi~ed ~ one end

25 oNN as in the devices of of the p~ a~ b~ that of a beam

fi~ed on one s~e and bea~ng on or fi~ed on the other Nde.
~fl~ ~ ~s b~n ~r~y ~und M~ Me w~e~e of

Me ~ak mak~ ~ p~sN~ ve~ ~mntiN~ ~ ~0~ Me
a~a~c ~~s ~ Me wh~l of the invention. In3o e~, the di~ makes ~ posMble to ~m~ the so-cafled

"ventilatof’ e~ct of the wheel d~ng m~ i.e. the
~dmM~n of Me ~ b~w~n Me ~& ~ Me w~d ~d
the ~aces ~n two ~e~fi~ ~&e~ due to the
movemem of ro~tion. Such reduction of the ~ Nr

35
movemems w~h ~e~ ~ ~e ~&~s w~ ~ ~ be
~a~G by ~0~ m~, ~ ~t ~% of Me b~ki~
~rce &e to the ventilation of the wheel in the ~e of
dis~ In this waG the i~n also enables the ~eN of a
Pehon tu~e wheal m be ~b~fiN~ ~.

~ m a ~ advama~o~ a~e~ of Me i~e~,
Me w~el ~mp~es ~0 ~s ~o~d on dM~ ~e of o~
or more ~e~or nozzles of the tu~e. This aspe~ of the
invention makes ~ po~N~ m ~ose the di~s ~e
each bowl or scoop of the ~c~ when the ~&~s are
doubt, as N conventionafly the case in Pehon tu~. In
th~ case, the di~s may be prodded to be ~b~fiafly
~gned on the me,an axes of the scoops of the buck~K

Accor~ng to another adva~eous aspect of the

50 ~nfio~ Me dNk ~ ~s ~e pmv~ed ~M ~o~s ~
adapmd to ~b~tiN~ fiH the ~ace separating ~0 a~a-
cent ~c~ of the wheal. Thanks to thN a~e~ of the
~venfio~ the spokes w~em a ~ffidem cros~secfion to
abso~ the mechaNcM ~resses ~ansm~d by the b~.

55 M~G the fact that Mey s~aN~fly fiH the space
~p~ating two ~&~s makes ~ po~N~ m ~t~ Me
reduction of the ’~e~o~ e~ct.

~ m a fi~t embo~mem ~ Me ~venfion, Me ~
or dis~ ~are in the ~rm of a ~ ~ng, means ~r

6o ~m~ m~ ~ ~ e~h ~ on ~ wh~l Nm b~g
prodded near an inner edge of the or each dN~

~ m a ~cond embo~mem of Me i~e~o~ Me
disk or disks N/are ~rmed in one ~ece w~h ~ ~ p~ of
the wheel ~m. Thanks to thN aspe~ of the invention,

65 ~ans~r of Me e~as of Me ~ mw~ds Me wh~l Nm N
o~m~d. In ad~tion, ~mb~ of Me tu~e wheal m~
be ~d~ed. In that case, the wheel ~m may be prodded
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m ~ ~rmed by two hN~fim~ e~h h~rim ~mnd~g
ra~y mw~ds the outside by a di~.

Acco~g to another advam~eous aspect of the
~vem~ ~p~ w~r ~e embod~em, the buck,s
are mmov~ fixed on the di~ or di~s and~r the wheel 5
~m. TNs a~e~ ~ ~e i~n gu~am~s a good ~me>
~on~ ~y of the wheal d~ng use and an effidem
~ans~r of the e~s ~om the ~c~ ~w~ds the wheel
~m. In addR~ the ~e~ of m~enance on the
~s or the di~s are fac~ated. ~0

~g to another a@e~, the buckt may be p~m>
ne~y fixed on the di~ or dis~ an~or the wheel rim.

~e invention dso rehms to a Pe~onqype m~ine com-
priNng a wheel as d~Ned h~dnbe~m. Such a turbine

15
may be ma~hcmmd m~e econom~a~y than the ~or a~
ones Nnce ~ is po~Nk to ~t~ the ~mens~Nng of
¯ e ~ by ~Mng into account the fact that the mechaNcM
sgesses are be~er distributed ov~ ~e wheal. In ad~tion, ~e
~eM of ~N m~e N ~pm~d by m&~on of the venti-
lator e~ct.

~e ~vem~n will be more ma~y underwood and other
a&am~ ~emof w~ appe~ morn de~y ~om ~e ~l-
M~ng d~tion of two embo~mems of a m~e wh~l
in accordance w~h ~s pr~dNe, ~ven soMy by way of :5
exampk and made wRh m~mnce to the accompany~g
&a~ in wNch:

BRIEF DESCRIPTION OF THE ~~

FIG. 1 is a p~ pem~c~e view of a Pe~on turbine 3o
wheel acc~d~g to the invention.

FIG. 2 N a section Nong Ene HqI of FIG. 1.
FIG. 3 N a section Nong Ene ~--~ of FIG. 2, and

HG. 4 ~ a ~ew ~m~ m HG. 2 ~r a m~e wh~l ~
accordance wRh a ~cond embo~mem of the invention. 35

DESCRIPTION OF THE PREFERRED
EMBODIMENT

~g now m ~e &~, ~ m~e w~el ~own
~ NG. 1 ~mpri~s a w~el ~m 1 ~d ~c~ 2, e~N~n
~ ~m~r ~ ~e ~amNe ~ow~ ~rNumd on ~e W~D
ery of the ~m 1. Each bucket compri~s two scoops 3
~p~ed by a cen~d edge 4 in~nded to be ~ed
~e one or more water or steam ~em~ nozzles ~ot 45
~ow~. T~ ~m 1 N pmv~ed m be moum~ on a movemem
~ans~r sha~ 0~e~ not ~ow~.

In order to render ~e &a~ de~e~ oNy one buckm has
been shown in FIG. 1.

In accordance wRh the ~veN~ two dis~ ~ and 6 in 50
annu~r ~rm are mourned on the ~m 1 and comrNme to
ma~g ~e bu~e~ 2 ~ m~e~ m ~ rim. T~ ~s
~ and 6 are m~e~vdy Wo~&d w~h houNngs 7 and 8 in
w~ ~e ~ps 3 of ~e b~ 2 ~e m~ec~e~ ~d.
The houNngs 7 and 8 may be m~Nned or ob~ined by 55
moM~ng in the dNks ~ and 6. Each of the di~s ~ and 6
passes ra~y and ~y of the ~&~s 2, w~h the
resu~ ~ ~o ~mi~s bands 9 and 10 are m~e~vdy
defined in the outer ~ areas of the di~s ~ and 6.
These continuous bands 9 and 10 conne~ ~okes 11 and 12 6o
m~ec~e~ beMn~ng to dN~ ~ and 6. Each hou~ng 7 of
the d~k ~ ~ &~ by ~o a~em ~ok~ H ~ng pa~
of ~e ~ ~ ~d by ~e b~d 9, w~e e~h ~ 8 of d~
6 N defined by ~o a~em ~o~s 12 ~g pa~ of the
dNk 6 and by the band 1~. 65

~ ~N waN e~h b~t 2 N ~ppo~ b~h by ~e w~el
~m 1 and by the two dN~ ~ and 6 wh~h each ~rm a

4
one-p~ce annuhr ring around the rim 1, with the resu~ th~
the efforts of thrust ~ visN~ in FIG. 3 and ~ansm~md to a
buckm 2 by the jet of waer or ~eam, am di~rNumd in
effo~s F’ in the spokes 11 or 12 of the disks 5 or 6 from
which they ~e ~ansm~md to the tim 1. Pa~ of these effo~s
may also ~ansR via the area of ~tachment of the bucke~ on
the rim as in the known devices. Thanks to thN dN~Nution,
the area of amchment of the buckms 2 on the wheal rim 1
is not a critical mechanic~ stress area.

Assembly of the bucke~ and the dNks on the wheel rim
1 N more dearly app~ent in HGS. 2 and 3. XX’ N lhe axis
of the cen~N edge 4 of a buck~ 2. The buckm 2 comprises
two tabs 15 and 16 adapmd to be disposed on eRher side of
an outer radi~ part 17 of lhe tim 1. The dements 15 m 17
am respectivdy provided with a cen~N bore 15a, 16a or 17a
for receiving a Mcking screw 18. The disks 5 and 6 are
provided to be disposed on eRher Mde of the rim 1 and of
tabs 15 and 16 and comprise, near the~ respective inner
edges 5a and 6a, bores 5b and 6b provided to be digned with
bores 15a, 16a and 17a, wRh the resu~ that the screw 18
succesNvdy ~averses the disk 5, the tab 15, the radi~ part
1~ the tab 16 and the disk 6. In this wa> disks 5 and 6 and
buckm 2 are removably mounted on the wheal rim 1.

The efforts F due ~ ~he waer or ~eam jm transm~md ~
the different bucke~ 2 do not Uans~ soMy via the tabs 15
and 16 of each bucket 2, but are di~rNumd over the
per~hery of the tim 1, thanks to the dNks 5 and 6 and, in
p~ticuh~ to bands 9 and 10.

In order to improve the rigidity of the assembly, and as is
more p~ticuhfly apparent in FIG. 3, area 17 of the rim 1
may be provided to be made by removing m~erhl wRh
mspem to the nomin~ width of the rim 1 which N conserved
in the space 19 separating two continuous areas 17.

h will be undemmod th~ the geometry of the spokes 11
and 12 N adapmd to the outer shape of the buckm~ with the
resu~ that the la~er are immobifized inside the houNngs 7
and 8 by cooperation of shapes, this presenting the addi-
tion~ advantage th~ the spokes 11 and 12 sub~anth~y fill
the space separating two a~acent buckms of the wheal, with
the resu~ that the aerodynamic separation of the inner
volume 20 defined bmween the two dNks 5 and 6 w~h
mspem to the outside of these disks N optimalized. In other
word~ the gansverse ckculation of ak through the inner
volume 20 N fimRed.

It wi~ be nomd lha lhe disks 5 and 6 am substanthlly
aligned on the median axes AA’ and BB’ of the scoops 3 of
the buck,s 2. ThN induces the spokes II and 12 of the dNks
5 and 6 to be spaced apa~ from the bottom of the scoops 3
by a dNtance dI and from the edges of the scoops by a
distance d~, distances suffident in order not to disturb the
flow of w~er or ~eam tow~ds the outside of the volume 20.
The fact that distance d~ is sub~antia~y smear than dis-
mnce d~ co~esponds to the fact th~ the spokes 11 and 12
sub~antially fill lhe space separating two a~acent bucke~.

As is more dearly apparent in FIG. 3, each bucket 2 is
also rendered fast wRh the disk 6 thanks to a Mcking screw
21 housed in a bore 22 in the dNk 6 and adapmd m engage
in a rear boss 23 of the bucket 2. An identic~ con~ruction
N provided a lhe ~vd cf disk 5. T[e ~c, ew 21 improves the
immob~a~n of the buck~ 2 w~h respem to the dNk 5.

In ~he second embodiment shown in HG. 4, dements
~m~ to those of the embodiment of FIGS. 1 to 3 bear
identical m~mnces increased by 50. In this embodimeng the
wheel rim 51 N formed by two hN~rims 51a and 51b
adapmd m be assembled togethe~ for examp~ by means of
screws 51~
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Re h~tim 51a ~m~s ~ tow~& Me omN& by
a one~ ting 55 ~g ~ ~hr ~ w~ Nn~n
N ~em~N ~ ~ of ~sk 5 ~ Me we~o~ embo~mem. The
ting or dNk 55 exmnds ~ to the ou~ide of a buckm 52
p~d ~h ~o ~s ~ ~d ~ a ~ ~ ~. 5
S~fl> Me M~r~ 51b em~& ~ a r~g or ~1~ dNk
56 adaNed to ~ppo~ the ~&ms 52. The tings 55 and 56
are prodded ~ ~ ~, ~ ~r m~N~g the buck.s
~, w~e ~s b~& 59 ~d 6~, m~emNdy bd~g-
~g to d~ 55 and 56, define hou~ngs 57 and 58 in thdr ~0
outer radial pa~.

~ demems 51a and 55 on the one hand, 51b and 56 on
the other h~ we ~rmed in one p~ce, ~ansmN~on of Me
e~s ~n di~s 55 and 56 and the wheal tim 51 N
opfimM. 15

A Pe~on m~e wheal ~coN~g to th~ second embo~-
ment N ~mMed by ~nNng the h~tims 51a and 51b
tow~ds each offieh wN~ buck.s 52 are ~mrNmed ~y
in a po~on close to their final ~ this maMng it
po~N~ to wedge a shank or tongue 52a of e~h bu&et ~ 20
bmw~n Me hdgtims 51a ~d 51g ~ ~pmv~g Me
~ of~ b~k~ ~ ~h m~ to ~ ~ed tim 51.
A ~mw 51c a~am~e~s~ passes ~mugh Me shank 52a
~ ~ ~ckt ~.

~g to a variant of the invention ~ ~ow~, the
wh~l tim 51 ~d Me ~s 55 ~d 56 m~ be Wo~d to be
~rmed in one pkce. In other word~ the hMGtims 51a and
51b are in that case j~ned in one ~ece, obtained by
mo~ng and~r m~h~g. 30

Re e~ of ~pm~m~ of ~ ~m~n of ~ ~b~
d~ed w~h m~mn~ ~ Me embo~mem ~ HGS. 1 to 3
~ ~so obt~ned w~h Me de~ce of the second embo~mem.

~g into account the m~tiv~y low level of stresses
unde~one by the buck,s and the tim of a m~e wheel 35
~co~g to the ~vention, ~ may be en~ged to make
these pkces and the d~ of mMetiMs w~ch, ~ to no~
were not env~aged ~r th~ ~pe of de~. In pa~ Me
u~ of ~mpo~ m~ poshly m~m~ ~ ~ m~
be en~ged, certain p~ces ~1 b~ng able to be made of 40
m~M.

~ the ~s ~n be manu~cmmd ~dependenfly of Me
wh~l tim and d~k~ ~ey may be wo~ded to be coMed w~h
an anfi-abra~on or anti-croton pmdu~ be~re berg
~m~ed. In p~ti~ the ~chn~M ~ng of ~p~- 45
can~’ P~m ~p~n E~A~ 543 753 may be ~p~.

A m~e w~ ~c~d~g to Me i~n ~ ~m~ed
from a wheel tim, one or ~o ~sk~ and from ~s or
~ ~ m~memems. ~e ~mm ~mponems
may be ~mbkd by Me mea~ ~s~ed ~d ~own ~ Me 50
~g~es or by any other appropti~e means ~ch as, in
p~ ~e~n of shapes, wed~ng, hoop~g,
we~, ~M~, ~h~e boning.

Re invention has been mpm~med w~h ~ck~ mmo~55
a~y mourned on the wheel tim and the d~k. h ~ Mso
po~k to pmv~e ~r these buck,s to be mourned p~m~
~m~ on Me wh~l tim ~d~r Me ~, ~ p~fi~r weM~,
soldered or bonded ~ ~. S~fl~ a one~ wheel
obtained by mo~ng may be pmdu~ this wheel corn- 60
pti~ng a tim, one or two d~ and buck~

What is rimmed is:
1. ~ a m~e wh~l of Me Pe~on ~pe, ~dud~g a wh~l

tim and a p~y of ~s spaced ~out a p~h~y of
the tim, the impmvemem compr~ at lea~ one annular

6
dNk in the form of a continuous ring secured to the tim so
as to extend radially outwardly with respect to the tim, said
at least one annular disk having a plurality of spaced
openings provided w~hin an outer portion thereof spaced
inwardly of an outer peripherd edge and radially outwardly
of the tim for receiving the plurality of bucke~, said at ~ast
one annular dNk exmnding radially outwardly relative to
sNd plurNRy of buckets such that said plurality of buckets
are posNoned w~hin said spaced openings so that forces
directed therelo are ~ansmRmd along a full ~ngth of each of
sNd plurafity of buckets lo said at ~a~ one annular disk such
that said at least one annular disk is adapted to absorb and
~ansmR forces on said plurNRy of buckets to said tim, and
said ~ngth being taken along a plane of said at lea~ one
annular disk; wherein said outer peripheral edge of said at
~ast one annular dNk 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 w~h one
another to the tim for supporting said plurality of bucket~

3. The turbine wheel according to claim 2, wherein each
of said plurality of buckets includes two scoop& said two
annular dNks being sub~antiNly 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
in~graHN connected at the~ 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 L wherein said
at lea~ one annular dNk N in a form of a perforated ring, and
means for removably mounting said at lea~ one annular disk
on the tim being provided in a vicinity of an inner edge of
said at least one annular disk.

6. The turbine wheel according to claim L wherein said
at ~a~ one annular dNk N formed in one p~ce w~h the tim.

7. The turbine wheel according to claim 6, wherein the
wheel tim N formed by two par~ as half-rims adapted to be
assembled together.

8. The turbine wheel according to claim L 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 bucke~ are permanently mounted on said at least
one annular disk.

10. A Pelton-type turbine comprNing a turbine wheel
including a wheel tim, and a plurality of buckets spaced
about the periphery of said rim at least one annular disk in
the form of a continuous ting secured to the tim and having
a plurality of spaced openings provided w~hin an outer
portion thereof spaced inwardly of an outer peripheral edge
for receiving the plurality of buckets, said at least one
annular disk exmnding radially outwardly relative to said
plurality of buckels such lh~ s~id plurality of bucke~ are
positioned w~hin said spaced openings so that forces
dkected thereto are ~ansm~md along a full ~ngth of said
plurality of bucke~ to said at least one annular disk and such
that said at least one annular disk is adapted to absorb and
~ansm~ forces on said plurN~y of buckets to the tim, and
said ~ngth being taken along a plane of said at lea~ one
annular disk; wherein said outer peripheral edge of said at
~ast one annular dNk forms a continuous annular portion of
said at least one annular disk.
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WATER POWER GENERATION SYSTEM

This continuation-in-part appfication ddms priority to
the U.S. non-provN~nd appl~a~n Se~ No. 09/45Z73&
find Dec. 1, 1999, now U.S. P~. No. ~191A96 wh~h in
turn ddms the benefit of provN~nd appl~a~n Se~ No.
60/110~19, filed on Dec. 1, 1998, the con~n~ of each th~
appleton are hereby incorporated by m~mnce.

BACKGROUND OF THE INVENTION

The present invention relates to waer turbines generally,
used to convert w~er kinetic energy into mechan~d energN
and more specificafl N verticaPaxN turbines. Although ~om
some pempectives ~ N a different prob~m, the invention
maN perhaps suvpriNngly, present understandings wh~h can
also apply to the field of wind power generation and vice
versa. The present invention may specifically be related to
turbine sy~ems used in power generation ~om such
resources as wind or moving or running wate~ Although the
present invention may be desc~bed herd~ in accordance
w~h cendn embodiment, with regard to the conversion of
wind energN R should be understood that the disclosed
concep~ of turbine systems and power generation may aNo
be app~cab~ to olher fluidic msource~ such as moving or
running w~e~ even though the two fidds can be conMdered
very different in the art ~om some perspemives.

Verticd-axN turbines are typ~ally of a long axis type,
allowing l~ge columns of dr to be harnessed. These devices
differ from horizontal-axis (propelleQ type windmflN wkich
typ~afly pivot about a vertical axN in order th~ they may
face directly into a wind. The present invention more
specificafly relates to venicaPaxis turbines deigned to be
empMyed as a cost effemive a~ernate power source in any
wind cond~ion.

Wind as a source of energy N a concept that has been
promomd for some time. According to one source, there is
evidence which shows th~ windmills were in use in Baby-
lon and in China as early as 2000 B.C. The U.S. P~ent and
Trademark Office has granted p~ents on windmill devices
d~ing back to the early to mid 1800’s. DespRe the continued
research and devebpment in this age old ~chnobgN unt~
the present invention, no windmill or wind turbine dev~e
has successfully appropr~ly addressed some of the most
important prob~ms whkh have seemingly made lhe h~-
nesMng of wind not econom~dly feasib~. Wh~e wind N
unquestionably a Nrge po~ntid source of energN estima~d
to be about 5 kW per acre in the Unimd Smm~ its variab~Ry
in velocRy has made ~ an unreliable source. Many devices
such as U.S. P~. Nos. 4850792 to Yeoman, 4~35N58 to
Diggs and 2AOG268 to Terhune have relied on the ab~Ry of
concen~ating low to moderae winds for produdng power.
Other~ like those shown in U.S. P~. Nos. G83~610 to
Bond and 4~75~00 to Oman, md. (a ho~zon~baxN
turbine), have accomplished the h~nesMng variab~ wind
speeds by uMng modem variable speed governorK No
device cu~ently known to the present inventors N capable of
adequamly harnesMng low and high-winds for power pro-
duction. High winds am ch~amerizeG for purposes of
discussion as cu~en~ having average vdocR~s above 45
m~.k, or having gu~s gre~er than 60 m~&. Many dev~es
are designed to fold and/or feather in winds roaching cendn
level~ Such devices are Hlusgated in U.S. Pat. Nos. ~818,
181 to KodriG G63~637 to Traudt, and 3,94~909 to Yeng~.
These ~chniques, while intended to pro~ the ~ructural
in~grity of the windmill, decrease a device’s ability to
produce powe~ Other~ such as PaL No. 5~91~26 to Stdey

2
and Elde~ attempt to harness Ngh winds emanating ~om
any direction for power production but low to moder~e
winds have been unab~ to produce adequae torque for
continual reliabk power gen~ation. Until ~e present ~ven-

5 tion v~ble w~ds have been an untapped source of energy
by those sk~led in the relevant art.

In the past, wind drNen power gen~ors of all sorts have
a~emp~d to h~ness ~e (n~gy present in ~e w~d. Some
have concentrated their efforts in the low to module wind

~0 range and suffer periodic damage ~om the occas~nd Ngh
wind while others work wall in the moder~e to high wind
range wRh E~k or no success ~ haruesNng Mw speed wind.
No prior a~ has effemNdy drawn useable power ~om the
sEght breeze afl ~e wry to gale force winds. P~haps one of

~5 ~e bkge~ reasons for ~e ~ck of dl w~d turbines has to do
wilh the ~ru~urd ~grily oflyp~d wind device~ By
deign many are lightwekN, ~adequ~dy supporte~ and
made ~om insuffident maerids. A number of these devices
am comprised of a multitude of movir g parls, suCh as rotom,

2o ~om, vanes, sNdd~ and the like. These pans not only
compromNe the ~mgri~ of ~he macNn~ but also require
continuous mdntenance, repair and~r top,cement. For
such a device, which may produce only a ~w kiMwa~ of
powe~ the cos~ soon begin to outwekh the benefit~

25 Another concept wide~ used is to build large multi~tory
wind turbines capabk of produc~g a or near the megawatt
level. Two such devices are shown in U.S. Pat. Nos. 3,902,
072 to Quin~ and 3~9&621 to Bogie. It N beEeved th~
these devices would co~ close to $100 million to bu~d and

3o several hundred thousand to mdntdn each yea~ Another
exampk N the 1.25 MW gen~aor in~alled near Rutlan~
Vermont. ThN N beEeved to be the large~ w~dmill ever
bu~t in the United State~ having two mdn blades each 175
~et in diamete~ ~hN facility operated intermittently

35 b~ween 1941 and 1945, during the war yearn when moM
msoumes w~e berg used for war efforts. In 1945 one of the
bNdes broke due to ma~ial fakue and was never repaired,
presumably due to a lack of cost effidenc> Sim~ to the
smdkr unRs, these l~ge devices become co~ prohN~Ne on

~ a much l~g~ scale. The present invent~n soNes ~N second
probkm by pmsent~g a Mw co~, Mw mdntenance, tom
effident wind turbine. Wh~e certain aspens of the deNgn
have been know~ un~l the present invention the proper
combin~n of ekment~ new and old, has not been

~ achieved to provide a commercially viable product.
Variabk wind veMcity N nob of coume, the on~ ob~ade

~ haruesNng kinetic energy ~om the wind. Wind dkection
has been another area of ~udy and deveMpment. Wind
curm~ts ~e typ~ally unpmdictabk, and due to topographN

50 upper dr disturbance~ chan~ng wether pa~ern~ or sea-
sonal variation~ ~ey r~dy blow in the same direction for
any sub~antid kn~h of time. For this mason effective wind
machines mu~ be capable of immediady accommodating
wkds ~om a full 360 degree~ Some dev~es have ammpted

55 to accompEsh this god wi~ pNoting sNdds, and ~atom or
wind ~mm~g vanes. U.S. P~. Nos. &474~29 to KinseN
5~494 to Smvens ~ d., ~e Yeng~ patent, and many o~er
devices ~lustrate such an approach. As mentioned
pmviouslN addR~nd moving pans usually degam ~om a

6o machine’s cost effe~Neness. Wh~e not in the field of the
present invention horizonmbaxN machines typ~ally pNot
the entire rotor assemb~ so that R may ~ce upwind. Still
o~ deNgns kave the rotor assemb~ open 0h~ N, no wind
dkecting vanes or ~om am utiEzed) so th~ winds ~om any

65 horizontal dkection may impart rotation upon the rotor
assembl> ThN leaves the rotor compl~dy open to the
harshness and de~ru~Ne ab~ities of the wind. Once agdn
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¯ e present ~vention soNes ~N probkm by proving 360
degrees of wind mceptio~ in dl types of wind cond~ion~

The present invention, in ~s various embodiment~ mc-
ogNzes and addresses these and other probkms and ove>
comes many limitations encountered by those sk~led in the 5
a~. Many devices and procedures have ~ugN the use of
fol~ng or ~a~ering in Ngh wind conditions, and ~us have
been unable to realize the po~ntid power of high w~ds.
Other~ such as ~e Stdey and Elder p~ent have attemp~d
to address the damaging characteristics of Ngh winds by ~0
s~esNng ~rn~urM ~grRy and dumb~ity m the point of
sacfifidng the abil~y m produce adequ~e torque ~ ~he Mw
to moder~e wind speed range. ~ N not econom~N~ ~a-
s~k m buiM a wind turbine ~ can oNy produce mechaN-
cd power during periods of high wind. The entke range of ~5
wind con~tions mu~ be ful~ utiEzed for a wind mrb~e m
be commerdd~ viabk. Problems such as high co~ and Ngh
mMntenance of mo~ wind energy ~cilities exist ~ the fieM,
but such probkms have not been adequ~e~ addressed by
those skilled in the art. While high vdocity wind is a wefl 2o
known natural occu~ence wRh hkh kinetic energ> ~s va~e
in the fidd of v~ticM-axis w~d mrb~es has not oNy been
knomd m some extent, ~ has oflen been Moked upon as a
d~riment. The prior ~t has ~ught away ~om lhe present
invention by s~esNng rotor ~mchment and ~or curvature. 25
R~her than supplying a sy~em which affords only an
~crementN in,ease ~ performance ov~ the prior a~, ~e
present invention uti~zes mchn~ues wh~h were not pmvi-
ou~y considered in order to achieve what may p~haps be
kaps ~ performance comp~ed m ~e prior ~t. Fur~e~ ~e 3o
present invention has achkved a morn fufl utiEzafion of a
pmv~us~ untapped pmdous nam~l resource, the win&

The present invention also provides, in various
embodiment, sys~ms which allow for other fluidic
resources to be uti~zed ~ ~chniques ~ may n~ have been 35
pmv~us~ conMdered. The present invention fu~her dN-
closes sy~ems and techNques for the converNon of energy
~om fluidic soumes such as moving or runn~g wam~ Pr~r
attemp~ m h~ness wae~ for exampk, as a source of kinetic

40energy may have suffered ~om common issues related to
fluid~ energy converNon as identified above. The concepts
and ~chn~ues of ~e present invention, ~erefom, provide
turbine sy~ems and ~chNques which may not only be
d~ected to sources of energy such as w~e~ but which may 45
fu~her address ~adequades of pa~ efforts.

SUMMARY OF INVENglON

The present ~vention disdose~ in some embodiment~ a
wind turbine to opine in dl wind condR~ns, such as 50
vdoc~ks up to 130 mph, and ~equenfly changing wind
d~ecfions. The device provides a m~abk and effe~Ne
means for dkecting ak currents into and out of the rotor cage
assembl> R~her than supplying a sy~em which affords
on~ an incmmentN increase ~ performance and deNgn over 55
¯ e prior art, the present invention utilizes comb~ations and
~chniques wh~h w~e not pmvious~ conMdered to achieve
an increase in performance unp~allekd by the prior art.
This ~vent~n serves m operale with a minimum number of
movabk pa~s and sy~em~ ~ optimize pomnti~ power 6o
production by allowing energy ~om high winds to be
harnessed as well as low and moder~e winds, and to
optimize Mr cu~ent ~take and exhau~ by proving imme-
diate accommod~ns to winds ~om any gNen dkection.

In additional embo~ment~ the present invention dis- 65
closes a fluid turbo% and in some embodiments a water
turbine, ope~bk in various moving or running fluid~

4
conditions, and in some embodiments waer conditions,
such as Mow ~ medium ~ fa~ w~er cu~en~ and ~equenfly
changing water currant dimm~n. Accordingly, the invention
serves to operae wRh a minimum number of pa~s and
system~ ~ optimi~ e po~ntid power production by allowing
energy ~om fa~ or swift moving water cu~en~ or other
fluid to be harnessed, as wall as Mow m medium or modera~
cu~en~, and m optim~e wamr cu~ent intake and exhau~ by
providing immedi~e accommod~ions to waer cu~ent ~om
any given dkection.

In generM mrm~ the invention involves v~us embodi-
ments of a verticabaxN wind turbine. Many of the dements
of this device achieve several different oNemives which,
when combine~ act to achieve the ment~ned increases in
performance. In the preferred embodiment, the invention
discloses ~ation~y stators for more effe~ivdy dkecting
curren~ into the rotor cage assembly to impart a higher
rotationM veMcity and grea~r ~rque upon the turbine shaft
through some torque generating dements such as the rotor
blades. In addR~ the ~ationary ~a~m provide a ~rnctural
in~grity necessary for operation during high wind condi-
tions. ThN aspem Mso prevents the dNrnption of rotation by
shidding the rotors ~om winds counter-directional to their
rotten which may occur as the wind shifts. The invention,
in addRionM embodiment~ may fu~her involve the above
descrNed concep~ and features for verticabaxN waer tu>
bine.

Important> the invention breaks ~om severn time hon-
ored ~adNons in harnessing wind and water energ> By
mcogn~ing and ufifiNng the po~ntid energy of M1 winds
and water cu~en~, and by deMgning an app~us wRh
resNtance to the de~rn~iveness of these winds and water
cu~en~ during Mandard operation the present invention
achieves ~s goMs.

Accordingl> lhe present invention provides an omni-
wind, verticabaxis turbine. The stated invention acts to
convert wind cu~en~ in~ mechanicM energy wh~h er ergy
may then be ~ans~ed ~om a turbine or the like to be used
to dkecfly act upon a water pump, or to drive an electrical
gener~or (or more genericafly an energy-util~ing device)
for use as an a~ernate power source. The turbine may be
equ~ped wRh any number of rotors and stators which
inmract wRh the varhble wind currants during operat~n. In
addR~n, a minimum number of moving pa~s N used ~
increase reliability, m decrease mMntenance, and to decrease
production costs. The invention, in additionM embodiment~
may fu~her involve the above descrNed concep~ and
~atums for verticM-axis w~er turbine.

It ~ ~n o~e~ of the present invention to provide a deign
wh’ch N capable of operation in a variety cf wind condi-
tions. Such condR~ns include, but are not limited to, winds
from any direction which possess a horizontal component,
even where such wind dkection N capab~ of frequent
changer winds reaching veloc~s of 130 m@.k or more,
and winds wRh continuously changing velocR~s. ~ N an
oNem that the present invention be capable of standard
operation during these conditions wRhont any need for
employing folding and feathering mchniques, or a speed
con~ol or braking sy~em. The invention, in addRion~
embodiment~ may fu~her involve the above descried
concep~ and ~aures dkected to p~ticu~r water or other
fluid characteristics for verticM~xis w~er turbine.

It N another o~e~ of the present invention to provide a
deign which N capab~ of immedi~dy accommodating
winds ~om any d~ection having a horizontal component, as
stated earlie~ It is an o~em tha 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 lhe present invention to 5
provide a design which utilizes a minimum of moving parts
for improved reliability. It is an object that necessary main-
lenance and replacement of any parts should be minimized,
and the dur~ bility of the entire apparatus be vastly improved.

10Additionally, it is an object of lhe 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.
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BRIEF DESCRIPTION OF DRAWINGS

Drawing 1 is a perspective view of an embodiment of the
invention from the side.

Drawing 1Ais a perspective of the Few invention from the 20
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. 25
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. 3o

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. 35

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. 40

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The following descriptions and referenced drawings are 45
for selected preferred embodiments of the present in~ention.
Naturally, changes may be made to the disclosed embodi-
menls 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 5o
lhe present invention may be embodied in many different
ways. HG. 1 fnd 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) 
bottom rotor cage plate (4) then drive an energy-transfer 55
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 inckes but will vary proportionally with the size of the
unit built. Furthermore, in accordance with preferred 6o
embodiments of lhe present invention, from 2 lo 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 
downward diagonal thrust can be accommodated by the 65
rotor blades (2) through use of an open stator cage cover (10)
that renders the turbine (8) at least partially topless and

6
increases effiNency by up to an estim~ed 20% over any
p~or air. Wind attempting to enler lhe turbine (8) again~ the
p~va~ing wind di~n and hence agNn~ the dkection of
the roto~ N defle~ed by top shield (6). Top shield (6) has 
cen~al pivoting point and an ou~r mrminus and moves
about the open top of turbine (8) by use of a cenmr bearing
(I~A) side bearings (I~B) and bearing race (I~C). 
movement of the top sh~ld (6) to a downwind position 
aided by the top shield vane (7). FIG. 1B depi~s a second
embodiment of the p~sent invention whe~in top shield (6)
is not provided w~h a vane. The top shield (6) creates 
area on the downwind side of the turbine (8) that is of low
turbidity and increases the invention’s ability to exhaust
wind pas~ng through the machine. The top shMd (6) does
not ~ any time hinder the accommod~ion of productive
winds ~om any d~ection.

The abo~e descrNed ~ures of an embodiment of lhe
present invention may fu~her be appHcab~ ~ other fluid
resource~ such as w~e~ and in pa~ulaq water turbines.
The present invention, in a~ernative embodiment~ may
provide a fluid turbine sy~em directed to particul~ fluid
cu~en~, and in some embodiment~ water current. The
above descr~tion of the present inventio~ the~fore, equally
appfies lo sy~ems for fluid curing, and in pa~ular, wamr
currents.

FIG. 2 and 2A show the rotor cage (1) wh~h may be 
a doub~ wall deNgn cons~uc~d of a lightweight composite
m~er~l as N commonly used in the akcra~ and boating
indulges. Tot~ ~gidity and ~ructural inmg~ty 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 
be~er compress and dkect a~ or other fluid into the rotor
cage. Areve~e angle on lhe bottom rotor cage pl~e (4) m~y
accomplNh the same task but w~h an upw~d thrust.

Only the top and bosom rotor cage plies may be a~ached
to the sha~. ThN unique aspem can aid in the invention’s
abil~y to readily accep~ utilize and exhau~ wind or other
fluid. Structural integr~y and ~gidity may be enhanced by
the rotor blades being a~ached in two places rather than
directly to the sha~ as in p~vious a~. The present invention
also provides particular embodiments dire~ed to fluid
cu~en~, and in some embodiment~ water current. The
above descr~tion equally applies to sy~ems for fluid
cu~en~, and in particular, water cu~ents.

FIG. 3 shows the ~yout of the rotor blades (1) w~h
~spe~ to each other as wefl as to the sha~ (2). SpeNal note
should be taken of the space (3) between the sha~ (2) ~nd 
inside edge of the rotor blades (1). ThN space N a sub~antial
component of one embodiment ef lhe invention in a number
of ways. First, by al~wing some of the N~ w~e~ or other
fluid to flow through the cenmr of the machin~ the air or
water impa~s the blade on the downwind side of the
invention adding to thru~ and Nding in the exhau~ cycle.
The space b~ween the sha~ and rotor can also achieve
g~er torque by pushing the kinetic energy of the wind or
water current to be exe~ed fu~her away ~om the center
point O.e., the shaft). The flat surfaces of the rotor blades
aflow wind or water cu~ent to impart ~s force and be
immediately deflec~d. A curved or cupped surface (as
descrNed in previous ~0 may allow air or w~er to coflect
in the curvatu~ ~nd cush~n the force of subsequent winds.
The Nyont cf the rolor cage in the p~ed embodiment N
shown but ~ mu~ be mentioned th~ changes may be made
to the ~yout without deputing ~om the broad aspe~ of the
present invention. Of course, the present invention may
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provide pan~ul~ embodiments dkecmd to fluid cu~en~,
and in some embodiment~ water currents The above
descr~tion of the p~sent invention equally appfies to sys-
tems for fluid cu~en~, and in particula~ water current.

The deflected ~ water or other fluid ~om the rotor
blades N also able to find i~ way through the space between
the sha~ and the rotor blades to aid in the invention’s ability
to exhau~. The space b~ween the rotor blades and the sha~
in ~he prefer~d embodiment vary propon~n~y with the
size of the un~ bu~t.

In FIG. 4, 4A and 4B, the stator blades (g) are arranged
around the ~rcumference of the rotor cage in equidi~ant
pairs. In the prefer~d embodiment 8 blades are shown but
more or ~wer blades could be used w~hout sub~ant~fly
departing ~om the broad aspe~ of the present invention.
Unfike previous art, wh~h had curved ~or b~des ~ has
been found that strNght stators that are offs~ ~om the center
point ~lows air to enter the turbine with less turbidity and
thus more force. When an attempt N made to bend or change
the d~e~ion of Nr cumen~ (as p~vious a~ has done w~h
curved ~or b~de~, or as in fluid~ cur~nts generMly, such
as water cu~ent~ the force of the wind may be greatly
diminNhed. S~ght ~or~ wh~e dkecting air into the
invent~ can have a minim~ effe~ on the loss of kinetic
energ~ The wind turbine has been deigned to accept ~1
avNlab~ winds regard~ss of thNr speed and thus has no
need for a ~or deign th~ would dampen or ~ssen the
force of the wind. The stator blades may be con~ru~ed of
the same lightwNght compoNm as the rotor cage and are of
a doub~ wM1 deign. The width of the doub~ wMN
enhances s~ucturN ~ab~y and ~gidity wh~e the ~su~ant
stator blades are lightwNght and are easily shaped and
erected. Of course, the present invention may provide pab
ticul~ embodiments dire~ed m fluid cu~en~, and .’n some
embodiment~ w~er cu~en~. The above descr~tion of the
present invention equally applies to sy~ems for fluid
cu~en~, and in pan~ular, wamr cu~ents.

The overN1 weight of the components can be an integr~
part of the invention. Wh~e mass ~, weigh0 can be used
to dampen or deaden vNratio~ the new invent~n oper~es
so smoothly lh~ lightweight m~er~N will not jeopardize
~ructural inmg~ty and w~l ~low the turbine to be placed
~op existing buildings or in environmentNly sensNve ~e~s
or areas where large erection equ~ment would have no
access, or in accordance w~h some embodiments of the
present invent~ Nther pan,fly or compl~y submerged.

FIG. g depi~s the afignment of the ~or cage cove~ ThN
N the pan of the invention th~ M~ws the turbine to be
virtually topless w~h ~g~d to incoming currents of ak or
wate~ Once properly a~ached to the stator blade~ the
turbine N s~ucturNly sound and N ready to w~h~and w~h
reg~d to wind turbine embodiment, winds in e~cess of 100
m@.N Air curren~ approaching the rotor cage that have a
Mighfly downward lhru~ pass through the open top
(between the bearing race~ and impa~ the rotor blades
creating rotation. Previous art was able to accommod~e
wind cu~en~ th~ moved ho~zon~fly onlN and thus, were
ab~ to accommod~e only a portion of the wind th~ can be
handed by the new invention. Of coupe, the p~sent inven-
tion may provide p~ticu~r embodiments dire~ed ~ fluid
cu~en~, ~nd in some embodiment~ w~er curvets. The
above descr~tion of the p~sent invention regarding cu~ent
speed and dkection equally appfies to sy~ems for fluid
cu~en~, and in pan~ular, wamr cu~ents.

The ~ator cage cover may be con~ru~ed of ~gid ~eel
w~h concen~ic braces to ensure ~ructural ~ability. On the

top side of the concen~ic braces are bearing races to
accommod~e lhe top shieN bearings

FIGS. 6 and 7 show the top shield and top shield vane
(also cons~ucted of figNwNght composite. The top shield

5 may be lamin~ed for strength wh~e the vane can be a

doub~ wafl deNgn to cre~e enough drag to rot~e the top
shMd to a downwind position. FIG. 1B depi~s a second,
a~ernative embodiment wh~Nn the vane mchn~ue N not
~corpor~e~ such embodiment usab~ for any fluid curreN.

~0 Once the sh~ld ~ in prop~ positio~ w~d or w~ w~h

a downward thrust N also M~wed to enter the w~d or w~er
turbine. (Modeling done to d~e shows th~ the open top
embodiment increases p~formance by up to about 20%.)
The top sh~ p~veNs confl~ting winds or w~er~ or lhe

~5 curvet thereo~ and in ~ome embodiments down cu~en~,

~om eNering ~e invention ~om ~e downwind Nde ~
would inmr~ w~h rotation or exhausting. The space
between the top sh~N and the rotor cage can create a space
of calm ak or water that may improve the invention’s

~0 exhausting chara~e~stics and th~ has a dampen~g ~atu~.

The ~ont ~de or upwind or up cur~nt Nde of the top shield
N slightly convex on the ho~zont~ p~ne and may prevent
¯ e top sh~N ~om buffeting during p~ds of bigh winds or
~st water cu~ents. The center bearing (I~A) of the top

~5 shield (6) can allow the mechaNsm to pNot easily wh~e

wheeN or bearings (I~B) ~sting on the concen~ bearing
~ces (I~C) may carry ~e wNght cf ~e top shieN. The wind
or w~er vane or ta~ of the top shield (7) can aid in the top
sbi~d’s abili~ to move ~to a position opposing ~e wind or

3O w~er cu~ent and may enhance the shield’s ~ability du~ng
operat~

It is important to note that the p~v~u~y des~Ned
~vention may be applicab~ to fluid systems generally, a~d
~ some embodiment, N di~ed to w~er Imbue sy~ems.

35
All of the disclosure presented herein should be considered
enabling disc~su~ not only for w~d turbines and syslems
¯ ereoL but of sy~ems and mchNques for any fluid med~m,
and in some embo~ment~ to water and water current.

4o As can be easily understood ~om the fo~go~g, the basic
concep~ of the present invention may be embodied in a
varie~ of ways. ~ invoNes both the h~nesNng of kinetic
energy mchNques as wefl as devices to accomplNh the
approp~e h~ne~g of energ~ In thN application, the

45 h~nesNng ~chniques are disclosed as pan of the ~sults
shown to be achieved by the va~ous devices desc~bed,
~c~ng turb~e sysmm~ and as ~eps wbich a~ inherent to
utilization. They we simp~ the natu~l ~sult of utifiz~g ~e
devices as intended and descrNed. In addition, wh~e some

5o devices are ~sc~sed, ~ should be understood that these not
oNy accompfish cenNn me~ods but aNo can be vaned in a
number of ways. Impormnfl~ ~s to ~1 of ~e forego~ N1
of these face~ should be unde~tood to be encompassed by
this disc~su~.

55 It should Mso be unde~tood th~ a varie~ of changes may
be made w~hout departing ~om the essence of the inven-
tion. Such changes are aNo impl~ inc~ded in the
desertion. They still ~fl wi~ ~e scope of ~N invention.
A broad disclosure encompas~ng both the explicit

6o embodimen~ show~ the g~ varie~ of impfic~ a~erna-
tive embo~ment~ and the broad m~hods or processes and
¯ e like ~e encompassed ky this disc~su~.

Funbe~ each of the v~us e~ments of ~e ~vent~n and
dNms may aNo be achieved in a varify of mann,s This

65 dNclosure should be understood to encompass each such
v~tion, be ~ a vaNation of an embodiment of any appa-
ratus embodiment, a m~hod or process embodiment, or
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even merdy a v~htion of any ekment of these. P~ticulafl>
R should be understood that as the disclosure relates to
dements of the invent~ lhe woids for each dement may
be expressed by equivNent apparatus mrms or mmhod
terms--even ff only the funm~n or msu~ N the same. Such
equivaknt, broade~ or even more generic mrms should be
conMdered to be encompassed in the description of each
dement or action. Such mrms can be substitumd where
desked to make exp~cit the imp~dtly broad coverage to
wh~h thN invention N entRkd. As but one exampk, ~
should be underwood th~ ~1 actions may be expressed as a
means for raking that action or as an dement which causes
tha action. Similarly, each phy~c~ dement dNclosed
should be understood to encompass a dNclosure of the
action which that phyNcN dement lacerates. Reg~ding
this last aspem, as but one exampk, the disclosure of a
"shid#’ should be undemtood to encompass discMsum of
the act of "shielding"--whether exp~dfly discussed or
not--an~ convemd> were there effemivdy dNclosure of
the act of "shiddin~’, such a disclosure should be under-
stood to encompass dNclosure of a "shid#’ and even a
"means for shielding". Such changes and Nmrnaive mrms
am m be undemtood to be exp~dfly included in the descr~-
tion.

Any p~ent~ publ~a~n~ or other references mentioned
in thN appl~a~n for paent are hereby incorporated by
reference. In addR~ as to each term used ~ should be
undemmod th~ un~ss ~s ufiEzafion in thN app~cafion N
inconN~ent wRh such interpretation, common dim~n~y
definNons should be undemtood as incorporated for each
mrm and A1 definR~n~ a~ernative mrm~ and synonyms
such as contained in the Random House Webster’s
Unabridged Dictionar> second ed~ion are hereby incorpo-
rated by m~mnce. Finall> all references ~sted in the
inform~n ~ement filed w~h the appl~a~n are hereby
incovpor~ed by m~mnce, howeve~ as ~ each of the above,
m the ex~nt lh~ such informa~n cr ~ements incovpo-
raed by reference might be conNdemd inconN~ent w~h the
paenting cf thNAhese invention(s) such ~ements 
expres~y not to be considered as made by the applianCe.

Thu~ the appl~an~ should be underwood to have
suppo~ to claim at lea~: 0 each of the turbine devices as
herein disclosed and descrNe~ ii) the related m~hods
dNclosed and descrNe~ ~0 Nmila~ equivMent, and even
impl~R vari~ns of each of these dev~es and m~hod~ iv)
those ~mrnaive deNgns which accomp~sh each of the
fun~ns shown as are disclosed and described, v) those
a~ernative deNgns and mmhods which accomp~sh each of
lhe funm~ns shown as are imp~cit to ~ccomp~sh tha wkich
N dNclosed and described, v0 each ~ature, component, and
~ep shown as sep~ae and independent inventions, vi 0 the
applications enhanced by the various sysmms or components
dNdose~ vii 0 lhe resulting produ~s produced by such
sy~ems or component~ and ix) mmhods and app~auses
sub~anthHy as descrNed her~nkefore and w~h mferen¢e to
any of the accompanying exampk~ and x) the various
combin~ions and permutations of each of the dements
dNdosed. Fu~he~ ff or when use~ the use of the ~ansNonal
phrase "compriNn~’ N used to mNntNn the "openmn#’
dNms her~ according to traditional claim interpretation.
Thus, unless the context requires otherwise, R should be
undemtood tha the mrm "comprise" or variations such as
"comprises" or "comprising", are intended to imply the
incluNon cf a ~ed dement or ~ep or group of dements or
~eps but not the excluNon of any other dement or ~ep or
group of ekments or ~ep~ Such mrms should be interpmmd
in their mo~ expanNve form so as to afford the applicant the
broade~ coverage kgally permissNk.
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I d~m:
1. A vertically rotating water turb~e, comprising:
a. a wa~r-c~g b~se wi~ a b~m surface defiNng

an area and amp sur~ce defining an area whe~ sa~
5 area of said bottom sur~ce is larg~ than said area of

sa~ mp surhce and whem~ sNd mp surface comprises
an energya~ns~r demem and wher~n sNd w~er-
colk~g base comprNes an upw~d tapered base
having an angle to smoothly direct water cu~emN

b. a ve~M~ rotating shaft w~h a mp end and a bottom
end whem~ sNd b~mm end N mechan~N~ conne~ed
to said energy-~ans~r ekmem;

c. an energy-urging device msponsNe to said shaft
through sa~ energyamns~r demem of lhe ~p sur~ce
of said base;

15
d. a round top pl~e a~ached in the vidN~ of the mp end

of sNd vertica~y rotating shaft;
e. a round bottom pl~e th~ defines a ~am~er and N

a~ached to s~d vertica~y rotating shaft ~ a location
above the ~p sur~ce of said base;

2O
~ a plu~lity of vertica~y oriented torque generating

dements hav~g out~ edges and inner edges wh~h we
located ckcum~mntiN~ around said ve~N~ rotat-
~g shaft between sNd round mp pl~e and sNd round
bottom pl~e and are a~ached to said round mp plate
and sNd round bosom plato ~ thek ends ~ form a cage
assemb~;

g. a plurality of vertica~y orienmd fl~ w~er dkecting
dements arranged ckcum~mntially around sNd cage

3o assemb~ and a~acent to said outer edges of said
vertica~y oriented fl~ torque generating e~me~

h. an open cover comprN~g concen~ braces compriNng
t~o s.de bearing~ and

i. a ~p shkM hav~g a cemral pNoting pNm and an cu~r
35 terminus above said ~de bearings of said open cove~

2. Avertically rotating water turbine as described in dNm
wh~n said an~e to smoothly direct water currents is
b~ween 20° to 45°.

3. Avertically rotating water turbine as described in dNm
~ 2 wher~n sNd mp surhce of sa~ base comprises a squ~e

surhce, wh~n said bottom surface of said base comprises
8 corners and wher~n said base comprises a spend spad~
geome~y that has phn~ surfaces connecting said bottom
surhce m sNd mp surhce.

~ 4. Avertically rotating water turbine as described in dNm
1 wh~n sNd vertica~y rotating shaft N msponNve to sNd
cage assembly and passNdy rotates.

5. Avertically rotating water turbine as described in dNm
1 wher~n each of sNd plurMity of ve~M~ orien~d ~rque

5o gene~ting demen~ N sok~ ~mched to sNd round mp pl~e
and said round bottom plate at ~s ends to form said cage
assembl~

6. Avertically rotating water turbine as described in dNm
5 wher~n each of said torque generating dements has at

55 least three diffemm~ oriented sur~ces.
7. Avertically rotating water turbine as described in dNm

6 wh~n each a~acent pair of said differently oriented
surhces comprises an angle wher~n sNd angle N ~bout
147°.

6o 8. Avertically rotating water turbine as described in dNm
7 wher~n sa~ plurality of said torque gen~ating demems
comprNes ~om 2 to 5 torque generating dements.

9. Avertically rotating water turbine as described in dNm
8 wh~n sa~ torque gen~g demen~ am ~ee ~om said

65 v~tica~y rotating shaft wher~n each of sNd inner edges of
sNd torque gen~ating dements and sNd vertica~y rotating
shaft form a ~ee space.
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10. A ve~Nly rotating water turbine as described in
dNm 9 wherdn said ~ee space comprises an exhau~ space.

11. A vertically rotating water turbine as descrNed in
claim 9 wherdn said torque generating dements comprise
rotor blades.

12. A ve~Nly rotating water turbine as described in
claim 11 wherdn each of said rotor blades is about #8" in
hdght.

13. A ve~Nly rotating water turbine as described in
claim 12 wherein sNd rotor b~des immediady accommo-
d~e dl w~er conditions ~om the full 360 degrees

14. A ve~Nly rotating water turbine as described in
dNm 13 wherein said cage assembly comprNes a rotor cage
assembly wherdn said top round plate N a top rotor cage
plate and s~d bottom round pl~e N a bottom rotor cage
plate.

15. A ve~Nly rotating water turbine as described in
claim 14 wherdn said rotor blades are capable of imparting
rotation force upon sad ve~Nly rotating shaft indkecfly
through said rotor cage assembly guring per~ds of suffident
water cu~ents.

16. A ve~Nly rotating water turbine as described in
claim 15 wherdn said rotor cage assembly is capabk of
responding to a change in cu~ent d~ection.

17. A ve~Nly rotating water turbine as described in
claim 16 wherdn said rotor blades have a double wall
deign.

18. A ve~Nly rotating water turbine as described in
claim 1 wherdn said fiat water dkeming dements are
a~ached to said base in equidistance pairs.

19. A ve~Nly rotating water turbine as described in
dNm 18 wherein said fla waer dimming ekments comprNe
at least two pairs.

20. A ve~Nly rotating water turbine as described in
dNm 19 wherein said fla waer dimming ekments comprNe
at least four pairs.

21. A ve~Nly rotating water turbine as described in
dMm 20 wherein each pair of said fl~ water direm dements
am ckcumferenfidly arranged on said base ~nd comprNe a
w~er cu~ent pathway with an entrance opening larger than
an exit opening towed said rotor blades

22. A ve~Nly rotating water turbine as described in
d~m 20 wherein said fl~ w~er dimming e~ments compr~e
~ation~y stator blades

23. A ve~Mly rotating water turbine as described in
claim 22 wherdn said stator blades comprise fiat vertical
surfaces that have a minimM coeffident of ~tion when
wa~r cu~ents pass through them.

24. A ve~Mly rotating water turbine as described in
claim 23 wherdn said stator blades each face a spedfic
d~ection to suffidenfly accommod~e water current ~om
th~ spedfic direction.

25. A ve~Mly rotating water turbine as described in
claim 24 wherdn sNd ~aor bNdes comprNe doub~ w~N.

26. A ve~Mly rotating water turbine as described in
claim 1 wherdn said open cover comprises an open stator
cage cove~

27. A ve~Mly rotating water turbine as described in
claim 26 wherdn said open stator cage cover comprises
concen~ic bearing races th~ have a center bearing and two
circu~r ~de bearings

28. A ve~Mly rotating water turbine as described in
claim 1 wherdn said top shield comprises a lamin~ed top
shield.

29. A ve~Mly rotating water turbine as described in
dNm 24 and fu~her compriNng a calm waer surface wh~h
forms a c~m w~er area above a ~a~ a portion of said cage
assembl>
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3~. A vertica~y rotating water turbine as described in

claim 29 wherein said calm water surface comprNes a
convex surface on ~s up cu~ent ~de and a concave surface
on Rs downcu~ent ~de, wherein sa~d downcu~ent Nde

5 forms said calm water area above said cage assembly.
31. A vertica~y rotating water turbine as described in

claim 29 or 3~ wherein sNd calm waer a,ea comprises ~n
exhaust area.

32. A vertica~y rotating water turbine as described in
~0 claim 31 wherein sNd top shield covers less than about one

thkd of said open cover area above said open cove~
33. A vertica~y rotating water turbine as described in

claim 32 wherein said central pivoting point of said top
shield is responNve to said central bearing of said open

~5 cove~ wherein said oumr mrminus N responsive to said oumr
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 sh~ld enhances waer harness and

~0 wherein said top shield (omprises a vane.
35. A vertica~y rotating water turbine as described in

claim 34 wherein said vane creams enough drag force to
rotae sNd top sh~ld to a downcu~ent poNtion in response
to waer dkections and comprises doub~ walN.

~5 36. A vertica~y rotating water turbine as described in
claim 1 wherein said water turbine comprNes a long axis
vertical turbine that N an omnicu~ent turbine.

37. A vertica~y rotating water turbine as described in
claims 1, 6, 12, 19, 25, 28, 36 wherein each of said elements

3o comprNes a lightweight mamriN.
38. A method of harnesNng kinetic energy ~om wamr

cu~en~, comprNing the ~eps o~

a. providing a base on which a water turbine is set and in
which an energy uti~zing device is located;

35 b. providing a torque generating device on said base

wherein said torque generating device comprises
torque generating element~ a top plae, a bottom plate
and a ve~;c~ shaft;

4o c. providing a kinetic energy cascade pathway wherein
kinetic energy ~om waer cu~en~ is ~ansfe~ed ~om
said torque generating elements to said shaft via said
top and bottom platen

d. dkecting water currents ~om slow to fast cu~en~

45 regardless of dkection onto said torque generating
element~

e. compressing said wamr cu~en~ by graduNly narrow-
ing their pathways toward said torque generating ele-
ments to generate compressed water cu~en~;

50 E co~ecting said compressed water cu~en~;

g. moving said torque generating elements around said
shaft wRh said waer cu~en~;

h. generating a torque force using sNd kinetic energy;

55 i. convening said torque force into mechanical energy;
j. driving sNd energy utiEzing device w~h said mechani-

cal energy; and

k. smoothly exhausting said water currents.
39. A method of harnesNng kinetic energy ~om wamr

6o currents as described in claim 38 wherein said ~ep of
providing abase comprises the ~ep of improving ~ructural
inmgrity of said water turbine by Headily a~aching said
water turbine to said base.

40. A method of harnesNng kinetic energy ~om wamr
65 curren~ as described in claim 38 and fu~her compriNng the

~ep of creating a ~ee water pasNng area in said water
turbine.
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41. A mmhod of h~nesNng kinetic energy from w~er
currents as descrNed in claim 38 wherdn said Xep of
providing a kinm~ energy cascade p~hway composes the
Xep of utiliNng a waer dkecting base.

42. A mmhod of h~nesNng kinetic energy from w~er
currents as descrNed in claim 41 wherNn said Xep of
providing a torque generating dev~e composes the Xep of
utifizing curved toJque generating dements.

43. A mmhod of h~nesNng kinetic energy from w~er
currents as descrNed in claim 41 wherNn said Xep of
providing a torque generating dev~e composes the Xep of
utifizing angled toique generating dements.

44. A mmhod of h~nesNng kinetic energy from w~er
currents as descrNed in claim 43 wherdn said Xep of
providing a kinm~ energy cascade p~hway composes the
Xep of minim~ing number of moving pa~s in sMd w~er
turbine.

45. A mmhod of h~nesNng kinetic energy from w~er
currents as descrNed in claim 44 wherdn said Xep of
mmrm~m" g" " " said number of moving pa~s in said water
turbine comprNes the stop of minim~ing the number of sNd
angled torque generating dements.

46. A mmhod of h~nesNng kinetic energy from w~er
currents as descrNed in claim 45 wherdn said Xep of
providing a torque generaing device on said base composes
lhe Xep of ~mching sNd torque generating dements to sNd
top plate and said bottom plate ~ lhek e~ds.

47. A mmhod of h~nesNng kinetic energy from w~er
currents as descrNed in claim 46 wherdn said Xep of
providing a torque generaing device on said base composes
the Xep of a~aching said torque generating dements soldy
to said top plae and said bottom plate at their ends.

48. A mmhod of h~nesNng kinetic energy from w~er
currents as descrNed in claim 47 wherNn said Xep of
providing a torque generating dev~e composes the Xep of
effic~nfly ut~ing w~er kinetic energy to gener~e s~d
torque force.

49. A m~hod of h~nesNng kinetic energy ~om w~er
currents as descrNed in claim 48 wherNn said Xep of
effic~nfly ut~ing w~er kinetic energy to gener~e s~d
torque force comprises the Xep of accommodating water
cu~ents ~om lhe fu~ 360 degrees.

5~. A m~hod of h~nesNng kinetic energy ~om w~er
currents as descrNed in claim 49 wherNn said Xep of
effic~nfly ut~ing w~er kinetic energy to gener~e s~d
torque foJce composes lhe Xep of accommodating ~1 w~er
condNons ~om ~ow to medium to fax w~er conditions.

51. A m~hod of h~nesNng kinetic energy ~om w~er
currents as descrNed in claim 5~ wherNn said Xep of
accommodating comprNes the Xep of ~duNng weight of
said water turbine by cons~ucting said water turbine w~h
fightwNght m~er~N.

52. A m~hod of h~nesNng kinetic energy ~om water
currents as descrNed in dNms 38, 41, 44, and 46 wherNn
said Xep of providing a kinetic energy cascade p~hway
comprNes the Xep of combining said torque generating
e~ment~ said top plate, said bosom pl~e and said vertical
sha~ in a way th~ said torque force N ~ansfe~ed ~om said
torque generating dements to said vertical sha~ indkecfly
via said top plate and said bottom plate.

53. A m~hod of h~nesNng kinetic energy ~om water
currents as descrNed in claim 38 wherNn said Xep of
dkecting wamr cur~n~ ~om ~ow to fax cu~en~ ~g~dless
of direction onto said torque generating demen~ composes
the Xep of defining pathways of sNd w~er cu~en~.

54. A m~hod of h~nesNng kinetic energy ~om w~er
currents as descrNed in claim 53 wherNn said Xep of
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compresNng said water currents comprNes the Xep of
concen~aing s~ength of s~id kinetic energy

55. A method of harnesNng kinetic energy from water
currents as described in claim 54 wherein said Xep of

5 moving said torque generating elements composes the Xep
of imparting high rot~iond velocity upon said vertical shaft.

56. A method of harnesNng kinetic energy from water
currents as described in claim 54 wherein said Xep of
moving said torque generating elements composes the Xep
of optimizing a rotaing velocity of s~id vertical shaft.
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57. A method of harnesNng kinetic energy from water

currents as described in claim 56 wherein said Xep of
converting said torque force into mechanical energy com-
poses the Xep of ~ansferring said torque force from said
vertical shaft to said energy ut~izing device.

~5 58. A method of harnesMng kinetic energy from water
currents as described in claim 38 wherein said Xep of
effic~nfly co~ecting said water kinetic energy w~h said
torque gene,afing elements comprNes lhe Xep of effic~nfly
col~cting kinetic energy from waer cu~en~ from above

2o sNd w~er turbine.
59. A method of harnesNng kinetic energy from water

currents as described in claim 58 wherein said Xep of
effic~nfly co~ecting kinetic energy from water cu~en~
above said w~er turbine composes the Xep of opening said

25 waler turbine fiom its top.
60. A method of harnesNng kinetic energy from water

currents as described in claim 54 wherein said Xep of
effic~nfly co~ecting kinetic energy from water cu~en~
above said water turbine comprNes the Xep of preventing

3o
counm~preva~ing waer cu~en~ from imparting upon sa3d
torque generating element~

61. A method of harnesNng kinetic energy from water
currents as described in claim 60 wherein said Xep of
preventing counmr-prevNfing wamr cu~en~ from imparting
upon sa3d torque generating e~ments comprises lhe Xep of

35 shielding at lea~ a partial opening area of said waer turbine.

62. A method of harnesNng kinetic energy from water
currents as described in claim 61 wherein said Xep of
shielding at lea~t a partiM opening area of said water turbine
comprNes the Xep of providing a calm water area on a

4o downcu~ent side with standard stab~Ry.
63. A method of harnesNng kinetic energy from water

currents as described in claim 62 wherein said Xep of
preventing counmr-prevNfing wamr cu~en~ from imparting
upon sa3d torque generating e~ments comprises lhe Xep of

45 shielding a downcu~ent area above said water turbine.
64. A method of harnesNng kinetic energy from water

currents as described in claim 38 wherein said Xep of
smoothly exhausting said waer cu~ents comprNes the Xep
of building a flee water cu~ent escape passway

50 65. A method of harnesMng kinetic energy from water
currents as described in claim 64 wherein said Xep of
smoothly exhausting said waer cu~ents comprNes the Xep
of conXructing a c~m a~ea wRh Xandard Xability.

66. A vertica~y rotating waer turbin~ comprising:

55 a. a base w~h 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 s~id top surface composes ~n
energyqransfer element and wherein sa3d base corn-

60 prises an upward tapered base having an angle to
smoothly direct water cu~entN

b. a ve~icMly rotating shaft wRh a top end and a bottom
end wherein sNd bottom end N mechanicNly connected
to said energy-~ansfer e~ment;

65 c. an energy-ut~izing device responsive to said shaft
through said energyqransfer element of lhe top surface
of said base;
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d. a round top plate a~ached to s~d ve~icNly rotating
shaft;

e. a round bottom plate that defines a diameter and N
a~ached to said ve~icNly rotating shaft;

g a plurality of ve~icNly o~enmd flat torque generating
elements having outer edges and inner edges which are
locNized circumferentiaHy around sNd vertically rota~
ing shaft at a space between said round top pl~e and
said bottom plato and are a~ached therein to said round
top plate and said bottom plate ~ their ~nds to form a
cage assembly;

g. a plurality of verticNly oriented flat water dkecting
elements arranged ckcumferentia~y around said cage
assembly and adjacent to said out edges of said ve~
cally o~ented flat torque generating e~ment~

h. an open cover comp~Nng concen~ic braceN and

i. a dampening top ~h~id above said open cover having a
cen~N pivoting point and a convex ~ont ~de surface
w~h an outer mrminus above said concen~ic braces
above said open cove~

67. A ve~icNly rotating water turbine as desc~bed in
claim 66 wherein s~d dampening top shMd fu~her com-
poses a shield of exhau~ing water again~ counter-
prevNfing water cu~ents.

68. A ve~icNly rotating water turbine as desc~bed in
claim 66 fu~her comp~Nng a top shield vane wherein said
dampening top shield N responsive lo said top shield vane.

69. A method of harnessing kinetic energy wamr cu~en~,
said method comp~Nng the ~eps o~

a. e~abfishing a base on which a water turbine N set and
in which an energy ut~izing device N located;

b. creating a torque generating device on said base
wherein said torque generating device composes
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torque gen~ating dement~ a round top pl~e, a round
bottom plate and a vertic~ shaft;

c. cm~g a kinetic energy cascade p~hway whem~ sa~
kin~ energy is ~ans~ed ~om said torque gen~-

5 ~g dements to said shaft via said top and b~tom
pl~e~

d. ~m~g w~ cu~en~ ~om Mow to med~m to faM
cu~en~ mgardk~ of dkection onto said torque gen-

t0 ~ating ekmentN

e. ~m~nM~ compmsNng said w~ curren~ by gradu-
ally n~rowing ~ek p~hways towed sa~ torque gen-
~ating demems to gentle compressed w~er cu~
rents;

~5 ~ creating a top sbidd having an tp cu~ent sur~ce;

g. dampening sNd torque gen~ating dements w~h sa~
top shield to accommod~e Ngh water force;

h. colk~g said compm~ed water cu~en~;
:0 i. kinetica~ vertica~y and axhlly imputing sNd torque

generating e~men~ around a shaft with water currents;

j. gen~ating a torque force us~g sa~ kinetic energy;

k. converting said torque force into mechaNc~ energy;

:5 1. driving sNd energy uti~z~g device w~h said mechaN-
cal energy; and

m. smo~Ny exhausting w~e~
70. A m~hod of h~nesNng kinetic energy ~om w~er

current conditions as des~Ned ~ dNm 69 wher~n sNd ~ep
3o of ~eating a top shield having an up cu~ent surface com-

prises the ~ep of creating a c~m w~er area w~h ~andard
~abilit~
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(57) ABSTRACT

The present invention 10 discloses a wheeMike member 30
consisting of a central circular body member 18 having a
plurality of spokes 22 radioing ~om its outside perimemr
that a~ach to the inside perimeter of an outer circular body
member 24. On the outside perimeter of the outer ckcular
body member a plurality of hinges 26 with paddles 16 are
a~ached thereto that can only open to a pre-determined
angle "A" ~om the wheel 30 that ensures water current 14
is caught by the paddles on only one fide of the wheel which
causes the wheel to rotate in only one d~ection. The kinetic
energy stored in the wheel 30 while rotating is harnessed
through a drive sha~ 34 connected to the central circular
body member 18 that connects to a gener~or 36 placed
perpendicular to the central circular body member 18. To
keep the generator 36 and drive shaft 34 in place a plurality
of suppo~ members 40, with cross-member suppo~ couplers
48 are disposed into the bed 42 of the river or ocean that the
device 10 is being used in.

1 Claim, 15 Drawing Sheets
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BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates generally to a water wheel

and, more specificaHN to a w~er wheal th~ gNns ~s power
and momentum through wamr currant acting upon a plurN-
~y of paddles a~ached to hinges th~ open to a pre dem~
mined angle th~ are a~ached to the oumr perim~er of a
wheel The wheal consists of a central ckcul~ body member
w~h a plura~ty of spokes radiating fore ~s ou~ide perim-
eter that a~ach to the inside perimemr of an outer drcu~r
body member. On the outside perim~er of the outer drcu~r
body member a plurality of hinges with paddles are a~ached
that can only open m a pre demrmined angle fore the wheel
that ensures water current is caught by the paddles on only
one side of the whe~ which causes ~ to rotate. The kinetic
energy stored in the wheel wh~e rotating is harnessed
through a drive shaft conne~ed m the cen~ drcu~r body
member th~ conners m a gener~or placed perpendicul~ to
the cen~al circular body member. To keep the generator and
drive shaft in place a plurN~y of suppo~ member~ w~h
coupk~ for the drive shaft, are dug into the bed of the river
or ocean that the device is used in.

2. Descript~n of the Prior Art

There are other water whe~ devices deNgned for energy
production but wh~e these w~er whets may be su~ab~ for
the purposes for which they were de~gne~ they would not
be as su~abk for the purposes of the present invention, as
herNnafler descrNed.

SUMMARY OF THE PRESENT INVEN2ION

The present invention discMses a wheel-like member
consNting of a cen~ drcu~r body member having a
plurality of spokes radioing fore ~s ou~ide perimemr th~
a~ach to the inside perimemr of an outer circular body
membe~ On the outN~e perim~er of the outer drcu~r body
member a plurality of hinges w~h paddles are a~ached
thereto that can only open to a pro-determined angle "A"
fore the whe~ th~ ensures water cu~ent N caught by the
paddles on only one side of the wheel which causes the
wheel to rotate in only one d~ection. The kin~ energy
stored in the wheel wh~e rotating is harnessed through a
drive shaft connected to the cen~al circular body member
th~ conners to a gener~or placed perpendicular to the
cen~al c~cular body membe~ To keep the gener~or and
drive shaft in place a plurN~y of suppo~ member~ w~h
cross-member suppo~ couplers we disposed into the bed of
the river or ocean that the device N bNng used in.

Aprim~y oNe~ of the present invention N to provide a
w~er wheal th~ may be used in an environment w~h
mult~k mamr cu~ents.

Another o~em of the present invention is to provide a
w~er whe~ with a plurality of paddks with hinges a~ached
~ .’ts oulside perim~er th~ only open ~ a pmd~ermined
angle fore lhe wheel

Yet another o~e~ of lhe present invention N to provide a
w~er whe~ th~ does not harm the w~dli~ or block cu~ent
greatly where ~ N used.

Still yet another oNe~ of the present invention is to
provide a water wheel that when paddles are closed may
direct water into open paddles.

Yet another o~e~ of lhe present invention N to provide a
water wheel w~h a drive shaft and gener~or that produces
powe~

2
~ ~s of ~ pr~m ~on ~ ~ ~

¯ e d~tion pm~e&.

The pm~ ~vention ovemom~ the sh~om~gs of the
pri~ ~ by pro~ a wa~r w~el ~ w~n ~e~ed ~

5 current can mmm and produce power by usage of a p~y

of padN~ w~h Nnges tha open to a pmdemrm~ed an~e
from ~e wMd, m ~a wamr ~em c~ ~ ~m~ed ~m and
c~gN by the open padN~. The proem invention also
pm~d~ a w~ wh~l ~a c~ ~ ~ ~ ~ e~k~m~t

~0 wRh m~e and Nmmating cu~en~ wRhom bMcMng

w~ ~ h~ng ~e en~mnmem and wBNi~.

The ~mgNng and other one.s and advantages wB1
appe~ fom the descriN~n ~ ~Ho~ In the d~tion
m~mnce N made to the accompany~g &a~s, which

~5 ~rm a pa~ hereog and in wh~h N shown by way of

B~tion ~edfic embo~mems in wh~h the invention
may be pra~d. These embo~mems w~l be des~Ned in
~ffidem deta~ to enable those sM~ed ~ ~e a~ to prance
the ~ve~ and ~ N ~ be undem~od tha other embo~-

2o men~ may be utilized and th~ ~mc~ml changes may be

made wRho~ depa~g fom the scope of the i~n. In
the accompan~ng &a~ like m~mnce characters des-
~n~e the same or ~mH~ pa~s t~ougho~ the sever~
~ew~

The ~ &~d &~n ~ ~e~m, ~t m be
taken in a H~fing sense, and the scope of the pr~e~
invention N be~ defined by the ~n&d dMm~

BRIEF DESC~P~ON OF THE ~~
3O

In oN~ ~ ~e ~vention may be more M~ under~oo~
R wffi now be described, by way of exam~% w~h m~mnce
to the accompany~g &~ ~ wNch:

FIG. 1 ~ a p~e~Ne v~w of the pr~e~ invention.
35 FIG. 2 N a ~p view of the pr~e~ invention.

FIG. 3 N an Nommric v~w of the proem invention.

FIG. 4 N a ~p view of the pr~e~ invention.

FIG. 5 N a ~p view of the pr~e~ invention.
4o FIG. 6 N a ~p view of the pr~e~ invention.

FIG. 7 N a ~p view of the pr~e~ invention.

FIG. 8 N a ~p view of the pr~e~ invention.

FIG. 9 N a Mde ~ew of ~e proem i~n.

45 FIG. 10 is an Nome~ view of ~e pm~m invention.

FIG. 11 N a per~five ~ew of the proem invention.

FIG. 12 is an Nome~ view of ~e pm~m invention.

FIG. 13 is a side view of the pm~m ~vem~n.

50 FIG. 14 is an expMded view of the pm~m ~vention.
FIG. 15 N a ~p v~w of the pr~e~ invention.

LIST OF REFERENCE ~M~S

~th mg~d to m~mnce ~m~Ms used, the ~
55 numbering N used ~mugho~ the &a~s.

10 pm~m i~n
~ p~

14 ~ wa~
16 padNe

60 18 cen~N body memb~
20 connection means
22 ~o~s
24 oumr body memb~
26 Nnge

65 2~ ~op memb~
30 wheel
32 ob~ruction



3
34 drive shaft
36 gen~or
38 ~ame
40 suppo~ ~gs
42 bed
44 water line
46 crane ~op
48 cross suppo~ memb~
50 debris deflector

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The ~llowing ~ussion de~rib~ ~ detail one embo~-
mere of the invention and ~verN variations of that embo~-
ment. ThN dNcusMon should not be conHmeG howeve~ as
fimifing the invention ~ those particul~ embo~mems.
Practitioners skilled ~ tke at will ~cogNze numerous o~
embodiments ~ well. For a defin~n of the complete scope
of the invention, the reader N d~ected to the appended
d~ms.

FIG. 1 N a p~spemNe view of the presem invention
showing the preen invention 10 in use in a large-scale
power phm or the l~e 12 w~h a plura~y of the devices
bNng generafly horizonmfly ~spo~d and opiating in a
rNer 14 or other body of flowing waten

HG. 2 N amp ~ew of ~e p~m invem~n showing ~e
presem invention 10 having a p~ of padNes 16 w~h
which to capm~ the energy ~om ~e w~ cu~eN. Shown
therein is a central ckcular body memb~ 18 which ~rms a
hu~l~e ce~l memb~ ha~ng a means ~r mmtab~ con-
nection 20 cen~M~ ~sposed therein ha~ng a p~y of
spok~ 22 ~g ~ally ~e~om m an o~e~ whed-
~ke, ckcuh~ rin~l~e body memb~ 24 wNch may ~so be
~ed to hereinafter as a wheel 3~ It can be seen th~ the
paneN 16 ha~ng means ~r connection or Nnges 26 dN-
posed about the oumr p~h~y of the oumr ckcuhr body
memb~ 24.

FIG. 3 is an Nome~ view of the proem invention
showing the proem invention 10 ha~ng a Hopper memb~
28 to prevem the padNe 16 ~om opeNng more than the
p~d~mined ~n~e. Hinge memb~ 26 N Nso shown.

HG. 4 N amp ~ew of ~e p~m inveN~n showing ~e
presem invention 10 ha~ng a cen~N dmM~ body memb~
18 fixeNy a~ached to an outer circul~ body memb~ 24 by
mult~ spokes 22. Also shown N a plurality of Nnges 26
surmun~ng the ou~ide perim~ of oumr memb~ 24 ~r
~tachmem of mult~ padNes 16 thereto. A cen~al con-
nection memb~ 20 is also shown. Angle "A" indicates the
ma~mum angM~ opeNng of ~e padd~s 16 wi~ ~spe~ m
the tangent ~ne of outer memb~ 24.

FIG. 5 N amp ~ew of the p~m ~vention 10 showing
the padNe 16 open to "A" degrees be~re enga~ng the
padNe opeNng de~m~ or Hop 28. It N be~eved th~ the
p~ed embo~mem ~n~e "A" ~ ~bom 30 de~ees ~r
optim~ performance berg in the range of 25-35 degree~
howeve~ ~ N believed that other an~es could aNo be
succ~sful~ uti~zed.

HG. 6 N amp ~ew of ~e p~m inveN~n showing ~e
presto invention 10 ~ operation with the current 14 coming
~om a ~rw~d dkection. Also shown are the padNes 16
opeNng to a p~demrm~ed an~e to c~ch or capture the
cu~ent 14 on one ~de of wheal 30 while on the oppoMng
side the padNes are closed to deflect the cu~ent. Other
demems p~v~u~y ~sc~d ~e Mso ~howm

FIG. 7 N amp ~ew of the p~m ~vention 10 showing
¯ e presem invention ~ operat~n w~h ~e cu~ent 14

US ~49%939 B2
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co~ng in the revere dkection. Also shown N the wheal 30
n~ chang~g ~s dkection of rotation but instead ~n~g
m the change ~ ~t dkection by h~ng the padN~ 16
open on the ~e ~de of oumr memb~ 24. Other

5 e~men~ p~v~u~y disclosed are also shown.

FIG. 8 N amp v~w of the p~N invention ~o~ the
p~m ~vention 10 in ~e~n ~h a p~y of devices
10 phced on the Ndes of exNting obs~uctions 32 ~ w~
flows 14 around. Other demems p~v~us~ disclosed are

~0 also show~

~G. 9 ~ a M~ ~ew of ~e pm~m i~em~n ~o~ ~e
~m ~e~ ~ ha~ a dri~ ~ ~ ~ a ~n~a~
36 conne~ed a hs oppo~ng ~de Kom the wheal 3~ ~
harness the kinetic ~e~y ~odu~d by ~e wh~l 3~ w~

15 ~ m~s. ~o ~ ~ a generafly u~g~ Han~ng ~ame

memb~ 38 h~ng s~po~ memb~s or ~ 4~ w~ch ~e
mourned by ~g~ into the bed 42 of the river or the
H~ ~h~ ~o~ the water Hne 44 of the water bod~
Also shown is a crane ~op 46 ~r H~ng the ~em

20 invention. Other demems pm~ous~ disclosed are also

shown.

FIG. 1~ ~ an Nommric ~ew of the N~em invention 1~
~o~ the w~em invention ha~ng a gen~or 36
moum~ on ~e mp po~on of ~e w~d 3~. O~ demems
pm~ous~ disclosed are also shown.

FIG. 11 k a p~emNe ~ew of the w~em invention 1~
~o~ the dev~es 1~ in use in a l~ge scale pow~ p~m
or the ~ 12 w~h a p~N~ of devices 1~ op~a~g ~ a

3o river or ~h~ body of flo~ng w~er 14.
FIG. 12 N an Nommric ~ew of the N~em invention 1~

~o~ ~e ~em i~n ~ng a p~ ~ ~ppo~
cross memb~s or co~m 48 to hold the drive shaft 34
He~y wN~ ~ ~e~%n. O~er demems Ne~ous~ ~s-

35 closed are also shown.

FIG. 13 N a side view of the N~em i~n ~o~
the w~em i~n 10 ha~ng a drive shaft 34 w~h a
~ 36 connec~d a Rs oppoMng Nde ~om ~e wh~l
30 to harness the kinetic energy pmdu~d by the wheel 30

~ w~ ~ m~s. O~er e~mems pmv~ d~do~d ~e M~
shown.

FIG. 14 is an expMded view of the w~em invention
~o~ the w~em invention 10 wRh dl of ~s m~n
Hmcmml ~mponems expMded ~m ~ek ~dN~uM e~-
ments ~ pmv~u~y disclosed.

HG. 15 N amp %ew of ~e pm~m ~on ~o~ ~e
pm~m ~vem~n 10 h~ng an addition of a debris deflector
50 ~a m~ be u~d m pmvem &m~e m ~e w~el 30 ~a

50 m~ o~ d~ m &~ &b~. Offi~ clemens pmv~u~y
disclosed are also showm

I d~m:
1. An appaams %r a water wheel %r use in a flo~ng

body of wae~ ~m~g:

55 ~ a w~eL ~ w~d bd~ ~a~ ~ wheal bring
~n~y horizon~fly ~e~

~ a ~ ~ ~mb~ dNp~ed ~m~ of s~d wheal;

~ a shaft upon wNch sNd wheel m~

~ a flint means %r connecting s~d wheal m s~d sha~
6O

~ an outer body memb~ ~ed about said ~ ~
membeE

0 a second means %r connecting s~d om~ body memb~
to said central body membeE

65 ~ means %r a pMa~y of padN~ ~ed on the
perime~r of s~d ou~r body memb~ whereby energy
Kom the ~ ~ ~ water is mp~
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~ means ~r mounting the a~paratus ~ a flowing body of
w~er whereby ~e app~ams N ~cure~ supposed;

~ a Nnge ~r connecting sNd padN~ to sNd oumr body
membe~ ~ Nnge bNng ~o~d on ~e o~ perip~
e~ of ~ o~ body memb~; 5

j) a ~op berg ~osed on sa~ Nnge so that said pad~
open m a fixed ma~mum de~ee m~tNe m a mngem
~ne of sNd o~ body membe~

~ means ~r a gen~or ~osed on sNd sha~ whe~by ~0
e~c~y N gentled by the rotation of said wheel by
the body of w~e~

~ means ~r deflecting debris dNposed pmximam to said
wh~l whe~by coNa~ w~h debts ~ ~e w~ body N
pmven~ and 15

m) a crane Mop berg ~osed on said mp end of said
~ame membe~ whem~ ~ cereal body memb~ ~ a
hub, said hub having an ap~ture ~erein, said ape~e
receives sdd sha~, said fir~ means ~r conne~g said
wheel to said sha~ ~h~ comp~s said sha~ con-

6
~ ~ ~ h~ by ~ s~ @~e, ~d ~ N
¯ @~ed pe~end~ to said wheal, said outer body
memb~ is a ring ~@~ed ~out said cengal body
membe~ sNd second means ~r connecting sNd oumr
body memb~ m sMd ~mrd body memb~ NaMr
compiles a p~NRy of spoke~ said means ~r a
p~y of p~N~ N~r ~mpfi~s s~d p~N~
berg ~r~y pe~en~cM~ m sMd omer body
membe~ sNd padN~ open to an an~e of about 30
&~s relative to a ~ngem fine of said outer body
membe~ ~ means ~r m~ ~r ~ a
~n~y upfigN ~ng ~ame memb~ ha~ng ~e
@p~ ~@~ed ~ s~ ~e m~b~ h~
an ~per end and a lower end, said lower end of said
~ame memb~ ~g ~ed ~o ~e ~d ~ ~e ~@
of w~e~ ~ ~ame ~ ~r ~ ~ ~t
one suppoa~g cross membe~
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1
HYDROELECTRIC GENERATOR

BACKGROUND OF THE INVENTION

1. Field of the Invention 5
The present invention relates to ekmridty generating

devices and more p~ticu~fly pertNns to a new hydro-
ek~fic gener~or for produdng d~c~fiy in areas cf flow-
ing wate~

2. Descript~n of the Prior Art
10

The use of ekmridty generating dev~es N known in the
prior art. U.S. Pat. No. 3N44~52 descrNes a device for
producing decently ~om lhe motion of wfves. Another
type of ekc~y generating dev~es N U.S. P~. No.
~13~644 which utiEzes the ocean’s surf to produce elec-
tricity.

~5

Wh~e these devices fulfill the~ respective, p~ticuNr
o~e~ives and ~qui~ments, the need remNns for a device
wh~h N poaab~ and can be positioned in any area where
water flow can be used for produ~ng e~ridty. ~0

SUMMARY OF THE INVENTION

The p~sent invent~n mee~ the needs p~sented ~bove by
uNng a barge type flotation dev~e to mount gener~o~ on
to produce ~ec~y where needed.

To this, the present invention generally comprises a ~5
flo~tion device. An e~ric gener~or N mounted on the
flotation dev~e. Apaddle wheel N rommbly mounted to the
flotation dev~e. The paddle wheel N mechan~N coup~d to
the ~ec~ gener~o~ The flo~ion device is anchored in an

3o
area of flowing water such that a cu~ent rotates the paddle
wheel and e~ctridty is produced.

There has thus been outlined, rather broadlN the more
impo~ant features of the invention in order that the detailed
descr~tion thereof th~ follows may be be~er under~oo~ 35
and in order that the present con~ibution to the art may be
beaer appreN~ed. There are addition~ featu~s of the
invention th~ will be desc~bed herNnafler and which w~l
form the suNe~ m~mr of the dNms appended hereto.

The o~e~s of the invention, ~ong w~h the va~ous 4o
featu~s of novelty which characterize the invention, are
pointed out w~h p~ticularity in the dNms annexed to and
forming a pa~ of this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be beaer unde~tood and o~e~s other 45
than those s~ fo~h above w~l become app~ent when
con~der~ion N given to the fol~wing dem~ed descr~tion
thereog Such descr~tion makes ~nce to the annexed
drawings wherein:

50
FIG. 1 ~ a schematic pe~pemive view of a new hydro-

elec~ic gener~or according to the present invention.
~IG. 2 N a sc[em~ perspemive view of lhe present

invention.
FIG. 3 N a schem~ top view of the present invention. 55
FIG. 4 is a schem~ Mde view of the p~sent invention.
FIG. 5 N a schem~ cros~section~ v~w token ~ong

line 5--5 of lke present invention.
FIG. 6 N a schem~ cros~section~ v~w token ~ong

line 6--6 of lke present invention. 60
FIG. 7 N a schem~ view of the p~sent invention.
FIG. 8 N a schem~ view of the p~sent invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT 65

With ~nce now to the drawings, and in p~ticu~r to
FIGS. 1 through 8 thereoL a new hydro~ctr~ gener~or

2
embody~g ~e princ~s and concep~ of ~e preen ~ven-
tion and general~ deNgn~ed by the ~nce num~N 10
wtll be desc~bed.

As best ~lustrated ~ FIGS. 1 through ~ t[e hy&oe~ctr~
gener~or 10 genially compri~s proving a flotation
dev~e 12 ha~ng a b~tom wN1 14, a top w~l 16 and a
p~h~N wall 18 e~en~ng between ~e top 16 and b~tom
14 wMN.

Each of a pair of elec~ic gen~o~ 20 ~r produNng
e~ricfiy N moused on the top w~l 16 of the flotation
dev~e 12. The generato~ 20 are conventionN gen~o~.

Each of a pair of padNe whets 22 N rot~ab~ mounted
to the peripheral w~l 18 of the flotation device 12. The
padNe whets 22 are positioned on opposite sides of the
floatation device 12. Each of the padNe whets 22 is
mourned on lone of a pair of aM~ 24. Each of a pair of behs
25 N poNtioned on and extends between one of the ax~s 24
and one of the gen~o~ 20. The gen~o~ 20 produce
e~ric~y when the padNe wheeN 22 turn the ax~s.

Each of a pair of gears 26 N positioned on one of the axles
24. Each of a pair of demn~ 28 N mechan~afly coup~d to
one of the gea~ 26 such th~ the ax~s 24 are rotation~ in
oNy one d~ection.

The floatation device 12 is positioned in water 30 in an
area nee~ng e~riNty. The w~er 30 needs to be mo~ng
w~ such th~ a cu~ent N produced. The flo~ion dev~e
12 N ancho~d ~ ~e w~ 3~ The cu~em cauls ~e padNe
wheeN to rotate. When the padre wheeN 22 rotate, the
gen~o~ 20 create e~riNty. Re~ys 32 are set up ~r
~ans~g the ~ec~y produced over di~ances. Towers
34 may be bu~t to accommod~e ~r cliffs ~ other changes
in ~evation~

With ~spe~ to the above descriN~n ~en, ~ N to be
reafized th~ the optimum ~menMonN ~lationships ~r the
p~ of~e inve~n, to ~c~de v~tions ~ ~e, m~,
shape, ~rm, Nnm~n and mann~ of operat~ ~mb~
and use, are deemed ~adily app~eN and obvious to one
sMfled in the aa, and N1 eqNva~m relationsh~s to those
~m~d ~ ~e &aw~gs and descrNed ~ the speNfication
are inmnded to be encomp~d by ~e preseN invention.

Th~e~, ~e ~go~g N co~s~e~d ~ ~mtive on~
of the princ~les of the invention. Fu~he~ Nnce num~ous
morticians and changes wifl ~a~ occur to those skied
~ ~e art, ~ N not de,red to ~m~ the invention to the exa~
cons~uction and op~ation shown and described, and
acc~d~N ~1 su~ab~ morticians and equN~eNs m~y
be resoled to, falfing wfiNn the scope of the invention.

I dNm:
1. A po~zb~ hydro-electr~ gen~ dev~e compris~g:
a flotation dev~e ha~ng a bottom wall, a top w~l and a

peripheral wafl e~end~g b~ween sNd top and b~tom
walls;

a pair of e~mric gen~o~ ~r produdng ~ec~N e~ch
of said electric gen~o~ berg mourned on said top
wN1 of sNd flotation de~ce;

a pair of padNe wheeN, each of ~ padd~ wheeN bNng
rommb~ mouNed to sNd periphe~l wN1 of sNd flota-
tion de~ce, s~d padNe whets bNng pos~ned on
opposite ~des of said floatation de~ce, each of said
padd~ whets berg mourned on an aMe, each of a pair
of belts being positioned on and extending between one
of said axles and one of sNd gen~o~, wh~e~ said
gen~o~ produce ~ec~y when ~ padd~ whets
turn said aMeN

a pair of ge~ each of said gears being positioned on one
of said aMe~ each of a pair of demNs berg mechaN-
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cally coup~d to one of said gears such that said axles
am rotation~ in oNy one dkection; and

wh~dn sNd flotation dev~e N anchored in an area of
flowing water such that a current rotates said padNe
wh~ and d~c~y ~ pmdu~&

2. A m~hod of pmdudng e~mrid~ comwN~g ~e ~eps
o~

pmv~g a flotation dev~e ha~ng a bmmm wall, amp
w~l and a peripheral wNl exmn~ng between ~ mp
and b~m walls;

pmv~g a pair of declric gen~om ~r ~odudng
e~ridty, each of said elec~ic gen~om berg
mourned on sNd mp wall of sNd flotation de~;

pmv~g a pair of padNe wheels, e~h of sNd padNe
when berg rot~ab~ moused m ~ peripheral wdl
of sMd floaation de~, sMd padNe wheals bdng
posR~ned on opposite Mdes of sMd floaation de~,

4
each of sNd padNe wheals berg mourned on an aMe,
each of a pair of be~s berg poNfioned on and exmnd-
~g b~ween one of sMd axks and one of sMd
gen~o~, wh~n s~d gen~o~ produce d~c~y

5 when s~d padre wheals mm s~d a~;

pmv~g a pair of gear~ each of said gears bring
positioned on one of ~ a~, each of a pair of detains
berg mechan~M~ coup~d to one of said gears such

~0 that said axles are rotational in o~y one dkection; and

poNtion~g said floatation device in an area of waer;

anchoring sMd floaation de~ce; and

rotating said padNe wheel w~h a current of w~ such

~5 ~ a cu~ent rotates sNd padNe wheals and dec~Ry
N produce&
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(57) ABSTRACT

The invention concerns a mmhod which conM~s in: pre-
pos~n~N in a houMng (7) of a flange (5), a buckm 
supported by paa (2a) of ~s outer sur~ce (2a) ag~n~ 
edge (71) of the houNng (7) proving a space (E) between
¯ e convex sur~ce (23B) of the outer radial part (2B) of 
buckm (2) and sNd edge (TD; produc~g an articulaed
linkage (15) of the bucket (2) on the rim (D and~r the flange
(~) on the inside (2A) of ~e buck~ (2); exerting on the 
radial part (2B) of the buckm (2) a first cahbrated force 
bring R closer to the edge (71); de~rmining the distance (e)
b~ween sa~ outer radid part (2B) and sNd edge (TD under
said force; ~acken~g said force; a~ang~g, bmween said
oumr radiN pa~ (2B) and sNd edge (71), a wedge 
having a thickness sub~antiN~ equ~ to said distance (e);
and exert~g on the oumr radiN pa~ (2B) of the bucket 
second force (FO to bringing ~ closer to the edge and
maiming said second force (FO which has an imensRy
not less than that of the first force.
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METHOD FOR AS~MBHNG A PELTON
TURBINE WHEEL

The invention ~hms to a m~hod for assembfing a Pe~on
turbine wheel to a bucket for such a wheel and to a wheel 5
equipped with such a buck~.

Pe~on turbines we convent~nafly used for transforming
the kinetic energy of a fluid, such as the w~er of a wamrfML
into mechan~ energy Such ~ansform~ion N effe~ed by
rotating the turbine wheel under the effect of a ~ngenthl ~0
force exerm~ on buck,s arranged on the periphery of a rim,
by a jet of w~er emerging ~om o~e er mo~ inje~ors
di~rNuted ~ound the wheek

International Patent Application WO-A-99/49213 dis-
closes u~ng two annuhr flanges fa~ w~h the rim for ~5
supporting the bucke~ of a Pe~on turbine wheel wh~h
~lows an optimalized di~rNution of the forces undergone
by the buck~ the mechanic~ s~esses in th~ case no ~nger
bNng concen~ated in a zone of fa~ening of the bucket on
lhe rim. In this known dev~e, each bucket N in abutment, by ~0
a convex surfac~ agNn~ radial arms of the flanges and
immobifized with respect to each flange thanks to a ~cking
screw.

The buckets of such a turbine wheel undergo a l~ge
number of impacts due to the je~ of driving fluid coming :5
~om the inje~or~ The effect of these impa~s is to apply
each bucket alternamly cn the radiN arms ~gNn~ which ~ N
in abutment, which results in an a~ernate stressing of the
m~erhN con~uting the bucke~ and the flanges. In
addition, the surface abutment of the buck,s on the flanges 3o
necess~es a precNe a~u~ment of lhe otter dimenMons of
each buck~ and of the co~esponding houNngs provided in
the flange~ Such an a~u~ment does not N~w interchange-
abil~y of the buck~ wHch accordingly renders manufac-
ture and m~ntenance of such a wheel complex. 35

h N a more particul~ o~e~ of the invention m overcome
these drawbacks by proposing a m~hod for assembfing a
wheel ~s known ~om WO-A-99/49213, wHch makes ~
possN~ m avoid lh~ ~he impa~s of lhe je~ of driving fluid
gener~e a~ernHe fatigue and/or ~ressing of the bucket w~h 4o
respe~ to the rim or to the flanges.

This m~hod consists in:
pre-positioning, in a houMng of a flange, a bucket sup-

ported by a pa~ of ~s outer convex surface agMn~ an
edge of thN hou~n~ providing a space between the 45
convex surface of the outer radial pa~ of thN bucket
and thN edge;

produdng an ~ticulamd finkage of this buck~ on the rim
and/or the flange on the in,de of the buckeg

5O
exerting on the ou~r radi~ pa~ of the buck~ a fi~t

cMNra~d force to bring it closer to the flange;

de~rmining the distance b~ween this outer radial pa~
and thN edge under thN cMNra~d force;

~ackening this ca~brated force; 55
~ranging, b~ween this outer radi~ part ~nd thN edge, a

wedge having a th~kness subsmntiNly equ~ to the
dNtance ment~ned above, and

exerting on thN outer radi~ part and maintaining a second
force to bring it closer to the edge, this second force 6o
having an in~nNty gre~er than or equ~ to that of the
first force.

Thanks to the inventio~ the buck~ mounted on the wheel
N subjected to a pr~ress formed by the second cafibr~ed
force which has the effect of immobifizing ~ firmly w~h
respe~ to the flange and of compensating, w~h the wedge,
the spa~ng existing between the outer radial pa~ of the

buck~ and the flange. After establishment of the pre-stres~
the wedge makes ~ posNble to "fi~eF’ the dynamic forces
exe~ed on the buckeL p~ticuhrly at the level of ~s outer
radi~ part. The use of a wedge, of th~kness demrmined as
a function of the exam geome~y of the buck~ and of the
flange and of the reaction of the buck~ to the fir~ ca~br~ed
force of bringing dose~ makes ~ possN~ to envisage an
in~rchangeabfl~y of the bucke~, only the thickness of each
wedge having to be a~u~ed precNdy to the geometry of the
surrounding pa~s.

According to a fir~ advantageous aspe~ of lhe invention,
the m~hod conCHs in exerting the ca~br~ed forces by
means of a ~cking screw received in a hou~ng m~de in lhe
flange and pene~ating in a rapping made in the outer radial
pa~ of the bucket. The ca~br~ed force may thus be exe~ed
by means of a torque wrench or any other con~ofled
tightening means and have a considerable intens~ p~ticu-
larly in the case of a wheal of hrge diam~e~

According to another advantageous aspect of the
inventio~ the afore-ment~ned fi~t and second ca~br~ed
forces for bringing closer are sub~antiNly of the same
inmnNty. Thus, when the wheal N in mounted configuration,
each bucket N in abutment agNnst the co~esponding wedge
under the effe~ of the cafibrated force used for demrmining
the thickness of this wedge. ThN assembly makes ~ possN~
to obtain a constant force in the locking screws by filtering
the a~ernate forces due to the impa~s of the j~s of fluid.

The invention also relates to a turbine wheel bucket
c~rying out the m~hod as described her~nbefore an~ more
spedficaflN to a buck~ comprNing a b~concave surface for
flow of a fluid for driving the wheel and a convex surface
adapmd to cooper~e w~h at least one annular flange fast
w~h a rim of the wheek ThN bucket N characterized in that
~s convex surface forms ~ ~a~ one abutment zone locked
ag~n~ the flange and at least one zone distant ~om the
flange in an outer radial pa~ of the buckeL this zone distant
~om the flange b~ng adapmd to be brought closer to a pa~
of the flange locked opposite by a calNramd force.

According to advan~geous but non-obligatory aspens of
the invention, thN buck~ incorporates one or more of the
following characteristics:

The convex surface of the buck~ ~so forms a zone dNtant
~om the flange in an inner radiN pa~ of the buck~.
Thus, the localized abutment zone on the face N formed
soMy in a central pa~ of this convex surface, which
N~ws a certain dNplacement of the buck~ in a radial
d~ection.

The buck~ comprises, at the level of the outer radi~ part
and/or the inner radhl pa~ of ~s concave surface, ~
~a~ one guide adapmd to give to the flow of the
afore-ment~ned fluid a divergent component wHch N
accentu~ed w~h respe~ to a median edge of the
bucket. This guide makes ~ posNb~ to avoid the fluid
in the coupe of flow striking a radhl arm of the flange
disposed opposite the concave surface of the bucket.
This guide may be provided to be ~dapted to ~ire~ ~he
flow up to the level of a recess made in a radiM ~m of
the flange disposed opposite thN concave surface. ThN
guide N adwnmgeou~y formed by a rN exmnding,
~om an outer radial end zone of the buckeL in the
d~ection of an inner radi~ part of the buck~, thN fib
bordering the ou~r noah of the buckek

FinallN the invention relates to a Pe~on turbine wheel
wh~h comprises a rim, ~ ~st one annular flange, fast with
the rim and provided w~h hou~ngs for receiving buckets,

65 and ~ ~a~ one bucket as described her~nbefore.
Such a wkeel advantageously comprise~ for lhN kucket

or for each buckeL a wedge disposed b~ween the afore-
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ment~ned dN~nt zone and Me flange, the buck~ or each of
Me bucke~ bring su~emed m a calibraed fome of br~g~g
this distant zone and the flange close~

According to another advantageous aspect of the
~vem~ the or each flange is provided w~h recesses for
flow of the fluid d~ving the turbine ~om the concave sur~ce
of each bucket, Me recesses berg formed on an outer N~ml
sur~ce of the flange.

The ~vent~n w~l be more readily underwood and other
advamages thereof w~l appear more dearly in the fight of
the following desc~pt~n of two embo~mems of a Pe~on
turbine wheal ~ accordance w~h ~s p~ndp~, ~ven sddy
by way of example and made wRh m~mnce to the accom-
pany~g drawing~ ~ w~ch:

FIG. 1 is a view ~ partiN perspemive of a Pe~on turbine
wheel accord~g to the invention.

FIG. 2 N a section Nong Hne H--II in FIG. 1.
HG. 3 N a section ~ong line III--IH in FIG. 2 during a

first ~ep of assemb~ of the wheel of FIG. 1, a plu~lity of
buckms bdng shown.

FIG. 4 N a view ~m~ m FIG. 3 during a second ~ep of
the mmhod of assembly.

FIG. ~ is a view Nm~ to FIG. 3 du~ng a third ~ep of
the mmhod of assembly.

FIG. 6 N a view ~ p~tiN pempective of the buckm of Me
wheel of FIGS. 1 to 8.

HG. 7 N a ~iew ~m~ m HG. 6 for a bucket accor~ng
to a second embodiment of the invention.

The turbine wheal shown in FIGS. 1 m 6 compr~es a ~m
I and bucke~ 2, e~hteen ~ number in Me examp~ show~
di~rNuted on the pe~phery of the ~m 1. Each bucket
comFrNes two ladles or bowN 3 sep~ed by a median edge
4 in~nded to be arranged opposite one or more waer or
vapour inje~ors (not shown). The ~m 1 ~ provided m 
mourned on a sha~ for ~ans~r~ng the movement 0ikewise
not shown).

In order to render the drawing de~e~ only one buckm has
been shown in FIG. 1.

Two ~ng~haped flanges ~ and 6 are mounted on the ~m
1 ~nd coN~bute ~ hoM~g Me buck,s 2 wRh mspe~ ~ thN
~m. The flanges ~ and 6 are mspective~ provided w~h
hou~ngs 7 and 8 ~ wNch Me bowN 3 of the bucke~ 2 may
be inse~ed. Two bands 9 and 1~ of continuous mamr are
mspective~ formed in the outer peripheral zones of the
flanges ~ and 6. These bands 9 and 1~ join mdi~ ~ms 11 and
12 formed by the flanges ~ and 6, mspective~ between
a~acem hou~ngs 7 and 8.

Each buckm 2 N mourned on the ~m 1 and the flanges 2
thanks to a pin 18 in~afled as a so-called "compound’
assembly and appearing morn dearly in FIG. 2. ThN pin
comprNes a slightly conic~ princ~d body 18A inse~ed in
a split sleeve 18B, Rseff imroduced in co~espond~g bores
in flanges ~ and 6 and the ~m 1. A Mcking screw 18C
coop~ates with a washer 18D for tighmn~g the p~ 18 in
position.

Each buckm 2 defines two concave sur~ces 21 and 22
bmween which exmnds the edge 4 ~ong a rad~l axN X-X’
fo~m~g axN of symmmry of the bucket 2. The buckm 2 also
defines two convex surfaces 23 and 24 together forming the
outer sur~ce of each bowl 3. Each bucket 2 comprNes an
inner ~ part 2A~ Me ~vd of which R N connecmd w~h
the ~m 1 and the flanges ~ and 6 by the pin 1~. Each bucket
2 also comprNes an outer radial pa~ 2B located in the
v~Ry of Me bands 9 and 1~ when Me wheal N in mourned
configura~n and ~ which there N defined an outer notch 2~
allowing Me injection of Me jm cf w~er ~ the bucket 2.

23A and 23B mspe~Ndy deno~ the inner and ou~r
radial pa~s of the surface 23.

4
~ is more de~y visible in FIGS. 3 to g, a heel or

p~e~ pa~ 23C w~e~s beyond the sur~ce 23 w~h
~spe~ m pa~s 23A and 23B, the he~ 23C ~g ~ in
an ~mrme~e zone of the ~ 2.

5 The geome~y of the ~rf~e 24 ~ ~m~ to that of the
s~ 23 and also comp~s a w~e~ pa~ or heel.

Each houNng 7 N defined by a ~e edge 71 and a
s~~ m~e~ e~e ~ be~e~ wN~ N ~d a
bowl 3 of a bu&et 2, the s~ 23 of thN bowl gNng

~0 aMngs~e Me edge 71. S~fl> e~h hou~ng 8 recdves the
bowl 3 of the bu&~ 2 locked on the ~ of axN ~’ in
FIG. 2.

~ N more p~ticMafly vNN~ ~ FIG. 3, the geommu of
Me edge 71 and of Me surface 23 N ~ch ~a Me ~r~ 23

~ N in abmmem agNn~ the edge 71 soMy at the level of Rs
cen~al zone or heel 23C, two spaces E and E’ bdng
~m~ ~ ~n ~ p~ 23A and the edge 71,
on the one han~ ~d ~n the pa~ 23B and the edge 71
on the other hand.

~0 D~ng the ~ep of ~mb~ of the wheel shown in FIG.
3, each ~ 2 ~ ~ ~ Me c~on~ng hous~
7 and 8 and the p~ 15 ~ inse~ed in the c~e~ b~s
of Me ~s of the tim and the fl~ ~o~ t~hmNng
thN p~, so that an articulated finkage N produ~d of each

25 buck~ on the tim and the flange~
The~ N Men ~ed ~ a houNng 51 wo~ded ~ Me band

9 of the flange 5, a screw 52 whose shank ~ave~es the
hou~ng 51 and may be inse~ed in a tapp~g 23D prodded
in the pa~ 23B of the s~h~ 23. The screw 52 is then

3o ~wed w~h a torque w~nch or other con~ofled t~hmNng
means such as a pr~ss jack or a he~ng p~e, so as to
obtain a cNN~md ~rce ~r ~g~g closer the pa~ 2B of
Me ~c~t 2 and the edge 71 of the hou~ng 7. One pro~e~
in the same way con~m~g the second bowl of the buret

35 2.
One N then in the po~on of FIG. 4 wh~e a cafibr~ed

~rce F1 ~ exe~ed on the pa~ 2B by the screw 52 and the
e~N~eN screw prodded in the second flange 6. In this
~r~o~ the d~nce e e~ng ~n the pa~ 23B

4o of the s~ 23 and the edge 71 of the houNng 7 N
me.urn& Th~ d~n~ e m~ be ~m ~om ~e ~
to the o~r t~ ~m ~m ~ m~m~ tolerances
of the ~m, the flanges and the bucket~ The eq~va~
dNtance ~n the outer pa~ of the ~rf~e 24 and the

45 ~e edge of the hou~ng 8 N mea~md.
~ pm~, ~ the buck.s 2 am poNtioned ~ Me hous~gs

7 and 8 and M1 the ~mws 52 and equNNem are progres-
sNdy fighmned in ~cM orde~ in order to Nace aH the
buckms under p~s ~ ~r brining dos~ ~ek ~-

50 ~e ~ ~ p~s 2B w~ ~e~ ~ Me fl~s 5 ~d 6
in order to entre an ov~dl symm~u. The di~ances e are
¯ ~ mea~m~ ~ ~e ~an~s depend ~ paa~N~ on Me
dN~ibution of ~rces in the flanges 5 and 6.

When the dN~nces e h~e been d~r~ wedg~ 53
55 are ~sNone~ of wh~h each has a ~c~s equM to the

dNmnce e ~n a buck~ and the flange as defined
~e~e. Th~ ~ h~ Mo~d ~ ~s ~, i.e.
released the ~rce Fa, each of the wedg~ 53 N poNtioned
b~w~n the bu&et 2 and the edge 71 ~ eq~vde~ of the

6o hou~ng 7 or 8 in wh~h R N inse~ed and ~r wh~h the
wedge 53 h~ b~n ~sNoned. ~ ~h~ wo~ e~h wedge 53
N ~mnded ~r a co~ ~ ~ a ~m 2 and a houMng
7or8.

When the wedge 53 is in pNce, the ~mws 52 and
65 e~Na~m am t~ened ~a~, ~ a ~l~mmd ~e Fz of

~nN~ gm~ than or equM to th~ of the ~rce F1 used
pm~o~ The om~ ~ p~ 2B of e~h ~ 2 ~ ~
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subjected to a force F2 for bringing closer this pan w~h
~spe~ to the edge 71 or equNa~N of the hou~n~

As the force F2 is at least as intense as the force F1, one
N sure th~ the part 23B of the surface 23 N in firm abutment
aga~ the wedge 53 which N ~seff ~ firm abutment agNnst 5
the edge 71 of the hou~ng 7 or equN~eN. Each bucket N
¯ us su~e~ed ~ a pre-st~ss Fa wNch appfies ~ effic~nfly
agNn~ the flange, in pivoting about the axN of the pin 15.
Each bucket 2 N th~efo~ firm~ mNNNned ~ poNtion and
does not rNk osc~hfing under ~e effe~ of ~e impacts of the ~0
fluid Nsuing ~om ~e inje~o~.

The pins 15 are then fighmned so that the articulated
finkage crewed ~ thor ~vel N locked.

At the end of assembly, the bucket 2 may be modd~ed
fike a beam ~ficul~ed mw~ds the p~ and in abutment on ~5
the cen~ zones 23c and equNa~N while ~ N su~e~ed m
a force of appleton agNn~ the edge 71.

As N more p~ficuhrly visN~ ~ FIG. & each bucket 2 N
subjected ~ a force of ~acfion R by the flange 5 or 6 and
m the force F~ the force Fa having an ~mnN~ equ~ m ~e ~
section of the scow 52 mu~fied by ~e force of t~Nen~g.

In the case of a screw of type M16 tightened m 200 MP~
the force Fa has a va~e defined as foflows:

F2=144 mm2x200 MPa=28 800 N 25

The mngenti~ component F’a of the force F2 N equN m
F~=Faxcos (~) where ~ N the an~e of the force Fa w~h
~spe~ m the reaction R. Assuming ~ to be equN m 30°, one
obtain~

30

F~=24 940 ~

At equilibrium, the pr~ss exe~ed by the force of
~am~n R on the bucket 2 wNch ~su~s ~om ~e c ompo~ ent
F’a may be exp~ed as a funm~n of the distances dI and 35
da defined ~spectivdy between the pin 15 and a point of
appleton of the ~action R and between the p~ 15 and the
point of appleton of the force F2 such that

~=f’~xd~/d~.

Furth~more, the rome of the impam exe~ed by ~e j~ on
each bucket 2 may be d~ermined by cNculation and ~
suffices to choose the force of fighmn~g of the scows 52
and equiva~nt and the ratio da/dI for the force R to be
p~manenfly greamr than or equ~ m the force undergone by 45
the bucket under the effect of the impam ment~ned above.
A safety coeffident of the ord~ of 1.5 maN for examp~, be
used.

Thu~ each bucket N firmly mNntNned in position w~h
respect to ~s environment and the m~er~l constituting ~ N 5o
not s~essed in fatigue by the impa~s that ~ undergoes.

The m~hod of the invention N effi~eN as ~ng as the
force Fa N gre~er in va~e than the force Fa, which makes
~ po~N~ ~ ensu~ th~ each kucket 2 N effe~Ne~ applied
ag~n~ the a~acent wedge 53 or equiv~ent. 55

According to an advaNageous variant of the ~vention,
the forces F1 and Fa may be sub~aNhfly equal, in which
case ~e scows 52 ~nd equiva~nt ~e not su~e~ed m a Ngh
e~ng~ticn force whi~ each bucket N effic~N~ ma~m~ed
in position. 6o

The ~ th~ a space E N provided b~ween the part 23A
of the surhce 23 and the edge 71 ensues th~ the sy~em
formed by a bucket 2 and a flange 5 or 6 N No~atic.

As N more particularly vNN~ ~ FIGS. 2 and 6, the outer
radial parts 21B and 22B of the concave surfaces 21 and 22 65
are each provided w~h a rN 21C or 22C a~acent the nomh
25. The fun~n of ~ese rNs N m devi~e ~e flow of w~er

6
~p~sented by arrow F3 in FIG. 2 rewards the outMde of lhe
space E" defined between the flanges 5 and 6.

In order to avoid the flow of w~er devi~ed by the fibs
21C and 22C ~riking the ~ilinear edges 72 and equiva~nt
of the hou~ngs 7 and 8, these edges are provide~ on the
outer faces 5A and 6A of the flanges 5 and 6, with recesses,
73 for the edges of hou~ngs 7 and 83 for the edges of
housings 8. Thanks m these recesses 73 and 83, the flow of
w~er F3 may be evacu~ed w~hout generating a force of
braking of the wheel which might occur ~ the w~er flowing
over the surfaces 21 and 22 ~ruck the edges 72 and
equiv~ent of the hou~ngs 7 and 8.

As N more pa~ul~ly viNble in FIG. 6, the rN 21c has
a depth and a thickness which decrease on moving away
~om the edge 21D of the surface 21.

As shown in FIG. Z the fun~n of the rib 21c may also
be ob~ined by a concave zone 121C provided in the oumr
radi~ part 121B of the concave surface 121 of a kuck~ in
accordance w~h a second embodiment.

Towards the inner part 21A or 22A of the surfaces 21 and
22, the l~mr are provided with a fining 21E or 22E making
~ possN~ also to divert the flow F3 rewards the outside of
the flanges 5 and 6, without inmr~nce w~h the re~inear
edges of the houNngs 7 and 8.

As before, recesses 74 and 84 may be provided on the
flanges 5 and 6, ~ the ~vd of the edges of the hou~ngs 7
and 8, m avoid an interference between the flow F3 and these
edge~ In a variant, the Hnings 21E and 22E exmnd up to
outside the flanges 7 and 8, w~h the resu~ that ~ is not
necessary to provide recesses in the inner pans of the arms
11 and 12.

The invention has been descrNed w~h a turbine wheel
comprNing a rim and two flanges added on thN rim. h N Nso
appficab~ to the case of the rim b~ng formed by two
hN~rims each inmgrating an annular part forming flange, as
descrNed in the second embodiment of WO-A-99/49213
and, mo~ generallN to any turbine wheel (ompriNng a rim
and ~ ~a~ one flange.

What N dNmed N:
1. M~hod for assembling a turbine wheel of Pe~on type

4o comprNing a tim (1), a plurality of buck,s (2) di~rNuted

over the per~hery of thN rim and ~ ~a~ one annul~ flange
(~, 6) fast w~h said ~m and provided wRh houNngs (7, 
for receiving said buckets, charac~rized in that it consists in:

pre-positioning, in a hou~ng (7) of s~d flange, a bucket
(2) suppoged by a pan (23C) of ~s ou~r convex
surface (~) ag~n~ an edge (71) of s~d hou~n~
providing a space (E~ b~ween the convex surface
(~) of the outer radi~ part (~) of said bucket 
said edge (71);

produ~ng an articul~ed finkage of s~d buck~ (2) on the
rim and/or said flange (5) on the inside (2A) of 
buck~;

exerting on s~d outer radial part (2B) of said bucket a first
cafibrated force (F~) to bring it closer to said flange;

de~rmining l~e di~ance (e) between this ou~r radi~ part
(2B) and this edge (71) under said force 

Mackening said force (Fa);
a~anging, b~ween said outer radial pan (2B) and said

edge (71), a wedge (g3) having a th~kness subMan-
tially equ~ to said distance (e), and

exerting on sNd outer radi~ part (2B), and mNntNning 
second force (FO to bring ~ closer to said edge (71),
said second force (FO having an inmnNty gm~er than
or equM to that of said first force (F0.

2. M~hod according to claim 1, characterized in that it
consNts in exe~ing said calibrated forces (Fa, FO by means
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of a ~cking s~ew 0~ m~Ned in a hou~ng OD made ~
sNd flange ~, ~ and pen~rafing in a ~p~ng ~3D) made
in the outer radial part ~B) of said bucket (2).

3. M~hod accor~ng m dNm 1, characterized in that said
fi~t and ~cond c~Nr~ed ~m~ (Fa, FO ~r br~ng c~r
~e sub~aN~fly of ~e ~me ~mnNty.

4. Pe~on m~ine wheel bucket compriNng a b~concave
s~ce ~1, 2~ ~r flow (F3) of a fluid ~r dri~ng ~ wh~l
and a convex s~hce ~3, 2~ adaNed to cooper~e w~h at
lea~ one annular flange ~, ~ fast w~h a rim (1) of said
whee~ characterized in that said convex surface ~ ~rms
at least one ab~mem zone ~3C) located agNn~ said flange
~, ~ and ~ ~a~ one zone ~3B) ~am ~om ~ flange 
an om~ ~M part ~B) of sNd bucket (2), said zone ~3B)
distant ~om said flange berg adapmd to be bmugN closer
to a pa~ of ~e flange locked opposite, by a c~Nr~ed ~me
(Fa, ~2).

5. Bucket accoN~g to dNm ~ characterized in that said
convex surh~ ~3, 2~ ~rms a zone ~3A) distant ~om s~d
flange ~, ~ in a radial pa~ ~A) inside said bucket (2).

6. Bucket acco~g to claim 4, characterized in that ~
comprises, at the level of the outer radial pa~ ~lB22B)
and/or ~e ~n~ ~ part ~IA, 22A) of its concave surface
~12~, ~ ~t one g~de ~lC22C21E22E) adaNed m
gNe ~e flow (F3) of ~ find a ~ve~em componem
accentuated w~h ~spe~ to the me,an edge 9~ of said
buckm (2).

7. Bucket according to claim 6, characterized in that said
guide (21C, 22C, 21E, 22E) is adapmd to d~ect said flow
(F3) up to the level of a recess (73, 7~ 83, 84) made 
radial arm (11, 12) of said flange (~, 6) disposed opposite

5 said concave surface (21, 22).
8. Bucket according to claim 7, characterized in that said

guide N formed by a rib (21C22C) exmnding, ~om an outer
radial end zone (2B) of said bucket (2), in the direction 
an inner radiN part (2A) of sNd buckm, thN rN bordering 
ou~r noah (2~) of sMd buck~.

10
9. Pe~on turbine wheal comprNing a rim (1) and ~ ~a~

one annular flange (~,6) fa~ wilh said rim and provided with
housings (7,8) for receiving buckets, characterized in that 
comprNes at least one bucket (2) according to claim 

1~. Turbine wheel according to claim 9, characterized in
~5 that R comprise~ for said buckm (2) or each of sNd bucke~,

a wedge (~3) dNposed between said dNtant zone (23B) 
sNd flange (~, 6), sNd buck~ or each of sNd buck,s bdng
subjected m a cNNramd force (FO for bringing said dNmnt
zone and said flange close~

20 11. Turbine wheal according m dNm 1¢ characterized in
that said or each flange (~,6) is provided w~h recesses
(73a4~84) for flow cf the fluid driving the turbine ~om
the concave surface (2122) of each bucket (2), said recesses
bdng formed on an outer lateral surface (8A,6A) of said

25 flange (&6).
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(57) ABSTRACT

A low head water turbine comp~ng a runner having a
c~dr~ outer sur~ce and a plu~lity of Mmfl~ blades
simfl~ pivo~b~ secured Mong their inner sides to the
outer surface of the runner so as ~ pNot in the direction of
rotation of the runner between a closed position lying
a~aceN the outer sur~ce of the runner and an open position
at an an~e thereto. A houNng having end walls and a
rounded side wall extending therebetwee~ comp~mly
encases ~e runner and ~s blade~ The runner N eccentfica~y
mounted to end walls of the houMng for rotation about a
horizontal axis so ~ ~e cyhndfic~ out~ surface is spaced
closer to an upper portion of the houNng side wall and
~ah~ ~om a ~wer portion. Aw~ inl~ opeNng is located
in a ~we~ forw~d portion of ~e houNng, be~w ~e axis of
rotation of the runny. A w~ outer open~g N located in a
~we~ ~arw~d portion of the houNng. During operat~n of
the mrb~e, ~e blades will be contrived by the Mde wM1 of
the houMng and ~e~by moved ~ the closed position as ~ey
approach and pass the upper portion of the houMng side
wall, and will move to the open position under force of
gravit~ water and centrifugN force acting on them as ~ey
move below the axis of rotation of the runner to the lower
position, all the time the houMng side wall acting on the
outer sides of the blades.

10 Claim~ 5 Drawing Sheets
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1
LOW HEAD WATER TURBINE

FIELD OF THE INVENTION

The present invention relates to an improvement in low
head w~ turb~es, and morn part~ulw~ ~ mrb~es which
can capture energy ~om heads of water ~om about ~x
memo, down m about one mem~ for use, for exampl~ in
generating ekc~

BACKGROUND OF THE INVENTION

Trad~naflN low head water turbines have been of an
open type, as exemp~fied for exampk by convention~
w~er wheel, and have had ex~eme~ ~w efficknc~ TNs
has meam, for exampk, th~ se~ions of smafl rN~s hav~g
a low head or dro~ have been unsu~abk for generation of
hydro ek~fic powe~ Conventional pow~ gen~ation m~
b~es such as Francis turb~es, Kap~n turb~es and Peleton
turbines ~a~tionN~ require Ngh heads of w~ m gentle
¯ e wamr pm~um and veloc~y required m move the turbine
blades. Such wrangemen~ have necess~ated large dams,
cons~uction of flumes and the like, nece~N often,
massNe capON expen~ture.

The present invention N in~nded m provide a mcre
effident con~ru~n of mrb~e wN¢h can ke economically
cons~ucmd, and which w~l oper~e ~ Ngher effidencN
making ~ su~able for low head elec~ic power generat~n
applications.

SUMMARY OF THE INVENTION

In ac~ ordance w~h ~e p~sem ~vem~n ~em ~ prov~ed
a low head water turbine comprN~g a runner having a
c~d~c~ outer surface extend~g between opposite ends
and a p~mfi~ of Nm~w blades hav~g ~n~ and ott~ Mdes
e~end~g to the ends. The blades are evenly spaced about
the surface of ~e runn~ and extend ~ ~e ends of the runne~
The blades are simiNrly pivotab~ secured aMng ~dr inner
sides to the out~ sur~ce of the runn~ so as to pNot in the
direction of rotation of the runner between a dosed position
lying a~acem the oumr sur~ce of the runner and an open
position ~ an an~e thereto. A houNng having end walls and
a rounded ~de w~l ex~nding ~ebetwee~ completdy
encases the runner and ~s bNde~ End w~N of the houNng
are proxim~ to the ends of the runne~ The runner is
ecceN~cafly mounted to the end wdN of the houNng for
rotation about a ho~zontd axN so th~ the cyfind~cM ou~r
sur~ce of the runn~ N spaced closer to an upp~ port~n of
the hou~ng side wall and farther ~om a lower port~n. A
w~er ~t opening N locked in a Mwe~ forwwd portion of
¯ e hous~g, beMw the axN of rotation of ~e runne~ Aw~er
outlet opeNng N locked in a ~we~ mwwwd portion of the
hou~ng. The blades are con~rumed and posR~ned so ~at,
durkg op~ation of ~e turbine, the bNdes will be c on~cled
by the Mde w~l of the houNng and ~emby moved to the
closed posR~n as ~ey approach and pass ~e upp~ portion
of the hou~ng ~de wall, and will move to ~e open position
under centrifug~ force and the force of gravity and water
acting on ~em as they move beMw the axN of ro~tion of the
runner to said lower position, afl the time the hou~ng side
wa~ acting on the outer sides of the blades.

The turbine of the present invention, in ~ has proven
~ opem~ ~ about 85 p~cent effidenc> an effidency wh~h
N far high~ than convention~ low head w~er turb~es.
Unfike conventional low head turbines which must be
cons~ucted on a site~pedfic baN~ the turbine of ~e present
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and size. A p~rMRy of Nmflw turbines may be placed in a
~mam in series or pw~el ~sNon to gentle addRional
powe~

5
BRIEF DESC~P~ON OF THE ~~

These and other o~ems and advantages of the invention
will become ~pwem upon ma~ng the MM~ng de~fled

~0 d~tion and upon m~ng to the &~gs in wNch:
FIG. 1 N a ~hema~ ~ew of a water turbine acc~ng

~ ~e pm~m ~vention ~ a ~w head ~am w~n~mem;

FIG. 2 N a ~hem~ Nde v~% ~ ~ction, of the turbine
~c~d~g ~ ~e pr~e~ i~e~;

~ HG. 3 N a ~Mm~ p~emNe p~ qew of ~e
runner of the tu~ine of FIG. 2;

FIG. 4 N a section v~w ~ong the fine ~4 of FIG. 2
~o~ the up ~mam, enhance to ~a tu~e;

FIG. ~ N a section v~w ~ong the fine ~--~ of FIG. 2
~o~ ~e down ~mam e~t of ~e tu~e of ~e proem
~ventio~

FIG. 6 N a schem~ Nde section ~ew of an a~ernative
embo~mem ~ runn~ ~r a tu~e ~N~g m ~e proem

25 invention.
W~ ~ ~n ~ ~ d~Ned ~ ~n ~h

its ~lustrated embo~mem~ it will be understood that it is
nm ~mn&d m Hm~ ~e ~venfion m ~ch embo~mem~ On
the comer> R N intended to cover afl ~naN~ mo~fi-

30 cations and e~N~ems ~ m~ be ~c~ded wRNn the s~
and scope of the invention as defined by the ~wn&d
d~ms.

~D DESCR~TION OF THE
PREFERRED EMBODIMENTS

In the ~ &~ Nm~w ~atums in the draw-
~gs have been gNen Nm~w m~mnce ~m~s.

~ng to FIGS. 1 and 2 there is ~lustrated a low head
tu~e ~ acc~d~g to the proem invention m~
w~er ~put ~om a ~mam ~.

~e ~ comprN~ a runner (~ ha~ng a c~d~c~
outer sur~ce ~ e~end~g b~w~n ~e ends (1~. 
p~y of Nm~w~ shaped and sized blades 0~, ha~ng

4~ inner ~d~ O~ and oumr Nd~ O~ e~ ~n ends
O~ we spaced every ~out me surface ~ of runner ~ as
H~r~e~ and e~end bmw~n the ends O~ of runner (~.

of a Mw ~fion p~sfic. The inner Ndes O~ of blades O~

~0 are pNmM~ secured at pNo~ ~ m the outer surface ~
of runner (~, in ~ch a mann~ tha the b~des can pNm in
the dke~ion of rotation of the runne~ ~n a dosed
po~on ~ng a~em the outer surface ~ of the runner

~ means ~ in the ~rm of a ~nN res~ient cushion or
counter weans ~ot ~us~ae~, may be associated wRh
each blade O~ and c~&~ outer ~r~ce ~ so as to
n~m~y urge the blades to open ~

A ~uN~ ~, h~g e~ wMN ~ ~d a ro~&d N&
60 w~l ~, wh~h may be ~ dr~r or kmgNw~ rounded

~e ~ ~o~ ~m~ ~mp~m~ enm~s runn~ ~, wRh
the end wdN ~ of the houNng bdng pro~m~ m the ends

O~ of me run~r (~. Runn~ (~ ~ eccen~> moume¢
as can be seen in FIG. 2, to hou~ng end walls ~, ~

65 the hou~ng ~r rotation about a ho~zontal axis so ~ in
~e~ runner ~ N ~aced closer to an upper p~n
O~ of the houMng Mde w~ ~ and ~r ~om a lower
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portion (32) of th~ houMng Mde wML A w~er inlm (34) 
provided in houMng MdewNl (28) as H~raed (FIG. 
~smfd of berg a Mngle l~ge openin~ ~kt (34) N formed
by a plurality of slots (36) which thus act fike a grating
which can suppo~ blades (12), as will be described
subsequenfl> during operation of the device. Slo~ (36) may
be formed as H~m~d so that the area thereof increases
progm~Ne~ ~om ~p ~ b~m of inkt (34) so as to permR
progm~Ne~ gm~ ~flow of w~er ~om the ~p ~ bottom,

~t4h~ho 2~]2d~ ~ 7nC;i2 ~e ~n ]nP t~a.1 ~ ,~2t~ rl ~2~, °P e N nfo grw a rd

portion of Mde waA (28) of houMng (24), bebw the axN 
rotation A of the runne~ although the opeNng may a~o
extend above that axN.

A wamr outlet opening (38) N provided in a ~we~
marw~d port~n of Mde wAl (28) of houMng (24) 
~m~d (FIG. ~), outer (38) similarly formed by a 
rality of spaced slo~ (40) in the side wall (28) of houMng
(24).

In the a~ernafive embo~ment ~d ~ FIG. 6, blades
(12) am secu~d ~ ~e runner in diametric~ opposite pairs
and mechanic~ finks (42) are provided between arms (44)
connec~d to the diam~ficafly opposed paks of blades (12),
in such a manner that movemem of one blade (12) from open
~ closed position, in each such pair, causes movemem of ~e
diametrically opposed bhde from dosed ~ open position. In
this waN opening of blades (12) ~ fac~ated.

In operat~ because of the eccentr~ally mounted runner
(~ w~n hou~ng (24), as wa~r from iHet (34) 
ag~n~ opening bhdes (12) in ~e ~we~ forward (upstream)
portion of hou~ng (24), runner (6) is moved about axis 
a clockwise mot~ Blades (12), w~h the~ out~ s~es (or
str~s (18) a~ached ~e~to) berg cons~d by the inner
sur~ces of ~de wafl (28) of hou~ng (24), are moved 
closed pos~n as ~ey approach and pass ~e upp~ portion
(30) of hou~ng ~de w~l (24) and are moved to 
position under centrifug~ fore and the force of gravi~ and
wamr ~nd action of Hnks (42) and arms (44) or counter-
we~hts (not illus~aed) if ~ey are present), as the blades
move bdow the axN of rotation A to the ~w~ portion (32)
of houNng (24).

Because the flow of wa~ into hou~ng (24) through in~t
opening (34) N dkec~d a the blades in the ~wer portion 
hou~ng (24), and because there N 1Rt~ oppormnRy for
w~er ~ escape b~ween the ends of ~e blades and the ends
of the hou~n~ and between the outer edges of the blades
and the correspon~ng inner sur~ce of the side wall of the
hou~ng in the lower portion of the houNn~ most of the
water flowing into the hou~ng is able to effe~Ndy and
efficiently be~ again~ blades (12) in ~eir open position 
¯ N ~w~ section of the houNng, ~eby cauNng rotation of
runner (6). It N e~enfiN~ ~e eccentric mounting of runner
(~ wRhin hou~ng (24), and the pNoting bNde~ necesN-
tared by the eccentric mounting of runn~ (6) which ~ads 
the increased effidency of operat~n of this turbine.

In some ~rangemen~ of turb~e (2), a flow of w~er may
have to be brougN ~to ~t opeNngs (34) by way of a p~e
(46) (FIG. 

A plu~fity of turbines (2) as described may be p~ced 
a waterway ~ e~her down a~am ~erie~ or ~de~y-side
(paafle~ arrangement. The ser~s and paalld a~ngemems
are su~ab~ for ~ffe~nt appficafions and provide diffe~nt
advamages, depen~ng upon the charac~fisfics of a particu-
lar a~am location.

Convention~ means of converting the mechanic~ energy
from the rotation of the runner (6) to electrical energy may
be comb~ed w~h ~e turbine for produ~n of decency

4
Thu~ it is apparent that there has been provided in

accordance with the invention a low head water turbine
device that fully satisfies the object~ aims and advantages
set forth above. Whik the invention has been described in

5 conjunction w~h Hlustrated embodiments thereoL ~ is evi-
dent that many altern~ives, modifications and variations
will be apparent to those ski fled in the a~ in fight of the
foregoing description. Accordingly, ~ N in~nded to embrace
afl such altern~ives, modifications and variations as fM1

~0 w~hin the spir~ and broad scope of the invention.
What we claim as our invention:
1. A low head water turbine comprising:
(a) a runner having a cyfindrical oumr surface exmnding

between opposite erds;
(b) a plurality of Nm~ar blades having inner and oumr

~des ex~nding to the end~ the blades evenly spaced
about the surface of the runner and ex~nding to the
ends of the runne~ the blades similarly pivotably
secured Mong their inner Ndes to the outer surface of
the runner so as to pivot in the d~ection of rotation of
the runner between, dosed position lying a~acent the
outer surface of the runner and an open position at an
angle thereto;

(c) a houNng having end wNN and a rounded side wN1
extending therebetween, comp~ly encasing the run-
ner and i~ blade~ the end walN of the hou~ng being
proximM to the ends of the runne~ the runner eccen-
trically mounted to the end wafls of the houNng for
rotation about a horizontal axis so that the cylindrical

3o outer surface of the runner is spaced closer to an upper
portion of the houNng Nde wall and farther from a
lower portion thereog

(d) a water inlet opening located in a lowe~ forward
portion of the houNng and below the axis of rotation of

35 the runner; and
(e) a wamr outer opening locaed in a lowe~ rearward

portion of the hou~ng;
the blades con~rucmd and posNoned so tha, during opera-
~on of the turbine, the blades wifl be con~ricted by the Nde

4o wall of the hou~ng and thereby moved to the closed position
as they approach and pass sNd upper portion of the houNng
side wall, and wi~ 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

45 to said lower position, all the time the hou~ng side wall
acting on the outer sides of the blades.

2. A turbine according to claim 1, wherein the blades are
curved Nong a transverse axis so as, when in the closed
position, to conform to the surface of the runne~

50 3. A turbine according to claim 1, wherein the inlet
opening N formed by series of spaced ~o~ in the wall of the
hou~n~

4. A turbine according to claim 3, wherein the total area
of the spaced slots progresNvely increases from top to

55 bottom of the inlet opening so as to permR progresNvely
gre~er inflow of water from top to bottom of said inlet
opening.

5. A turbine according to claim 3, wherein the outer
opening N formed by a series of spaced ~ots in the wafl of

6o the hou~ng.
6. A turbine according to claim 4, wherein the outer

opening N formed by a series of spaced ~ots in the wafl of
the hou~ng.

7. A turbine according to claim 1, wherein elongaed
65 flexible strips are secured to the outer ~des of the blade~

during operation so as to reduce passage of water between
the ou~r sides of the blades and the hou~ng wa~.
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8. A turbine accord~g m claim ~ where~ the str~s are
made of a ~w ~ficn plasti~

9. A turbine accord~g to claim 1, where~ the blades are
secured to the runner in diame~N~ opposed pairs and
Hnkage means are provided b~ween the diametrically
opposed pairs, whereby movement of one bhde progres-
sNdy ~om the open to the dosed position causes come-

6
~ond~g wogm~Ne movemem of ~e ~ame~Hy
opposed blade ~om the closed to the ~ position.

10. A tu~e ~N~g m dNm 1, wh~dn ~e b~&s ~e
prodded wRh mea~ m N~ ~em rewards the ~ position.
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The o~amemM deMgn ~r a padre wheal, ~ shown
and described.

DES~I~ON

FIG. 1 is a ~ont ~ve ~ew of a padre whed
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FIG. 2 ~ a rear devm~nM ~ew thereo~
FIG. 3 is a ~de dev~onM ~ew thereo~ the oppose
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FIG. $ is a rear perspecffve ~ew of a second embo~-
ment of the padre whe~; and,
FIG. 6 ~ a ~de devafionM ~ew ~ ~ the oppo~te
~de devm~nM ~ew b~ng a ~rror ~age of thin
shown.
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