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~ 0 ~  TO CHIEF DESIGNIq{O .,.,,~,~,~,~'~n~'::~ 
" - (!!.- G.  DePloy, J r . )  

Subject, Hydraulic model study o f  th@ ooncrollin~ works for the 
Shoshone Canyon conduit, Shoshone project, Wyomin C. 

I. Introduction. The Shoshone :Dam, located in northern Wyo- 
.-ulna, ei~:ht miles southwest of Cody on the Shoshone PAver, was 
built by the Bureau of Reclamation from 1905 to 1910. Thls .cbn- 
struction has supplied electric po~mr and irri~ation 'to %he ••.area 
northeast of Cody, with the irrigation being li~.~Ited, zomewhat, to 
the less elevated lands adljaoent to :the Shoshone River :(:figures 1 
and 2). In more recent years it has been considered desi,rable to 
furnish water to the higher co~try north and ,east of C0dy. This 
will be made possible by the present constl~action, of the ~Shoshone 
Canyon conduit wh ich  will deliver w~ter .fron the :Shoshone Reservoir 
to ~.the Hear~ Mountain-canal ~(fi~ure ~l).. A division works at the 
end of the Shoshone Canyon cor~iuit will divide the water between 
%he Heart ;Mountain canal and •the Oregon Basin supply .canal, the 
latter being e future development to extend %o ~the south of Cody 
(n ur. z). 

Zn order :to regulate the ,supply of w~ter ~to the Shoshone 'Ca.- 
;yon conduit, there will be provided .undercr, ound near the right 
abutment of the dam, a .oontrol lin~ :works v~_th a ma.xlmum.disoharge 
of !1,200 second-feet :under a :head of :approximately i150 feet. The 
recommended design of the ,controllin~ works has its inlet in ~the 
s~ep .bank oLf theires~rvoir, with .the flow 
point to the controlling works ~proper in a 
crete-lined tmmael (secti0n ~A-A, :Tizure S). At the ,entrance to 
the ~bottom~of .the controll~ ~rks,:a,:%ransition is made to,~a short 
length of rectangular sectlon. 6"-0" Jby '7,-8". provided with an 
~auxiliary slide care at the downstream end. The flow then enters 
.a type of .scroll case divided into six passages ~(fi~ure ,.~) ~ud 
passes into a gate chamber. The -flow :from ::the ~scroll ease is regu, 
fated in the ~te chamber by e 10-foot diameter cylinder care (sec~- 
tlon A-~, figure 3; flgt~res 5 and 6)@ ~As the :~Iow leaves :~he scroll 
c~se, it passes under and upwards ~ h r o u g h  the cylinder gate and en- 
ters .a IG-by 21-foot chamber provided with tv~ concrete baffles 
developed :from the model study (section A-A. fi~zure 3)~.. At the top 

%. . •~ 



' - -  - i 

, o f  :this chamber :the flow enters a:transition a n d ' f i n a l l y  proceeds 
i n t o  the Shoshone 'Cenyon conduit. 

When 'it !,is considered that the ihigh velocity 'Jets ,issuing from 
the scroll ~ease impinge on each ohher, it is evident ~that ~on~lder- 
able turbulence will oscur. ~This 'turbulemoe, furthermore, must be • 
prevented from sontinuin~ to th~ top of the ~stillin~ oh~ber,, canoe 
it i~ ~re.quired that the water surface and the flow be free 'from tur- 

~buleno~ and, w a ~ s  ~as . i t  e n t e r s  t h e  ~Shoshone, Oe.z~"on ooudu~t .  To ,~o- 
oompliah thi~ ~it ~is evident that some me~s, must ~:bo p~ovided ;for 
dlssipet~n~ a large part of the ~energy of :flow as ~it rises in ~the 
stilling chamber. Sines it .was not possible:du~ing the design of  
the eontrellL~ worms to acourately~prediot the flow behavior orto 
deters~ne ~at should ,be placed, in the s~illing oh~tber ~for dissi- 
p~tlng-the energy of the flow, ilt was necessary t o  .solve the proble~ 
b y . m e a n s - o f , a , h y d r a u l i o  model ~study, A c c o r d i n g l y ,  t h i s  r e p o r t  
t~eats the .study ads of :~the oom%rollin~ ~works :~th particular re- " 
ferenoe to ~e stillin~ chamber, oylLnder ~ate, ~d'tra~sition %o 
the Shoshone C a n y o n . c o n d u i t . .  . 

• The, design of ~the Shoshone Canyon conduit, controllingworks, 
.and ~ l s  ~ s  made,under the ~eneral s ~ e r v i s i o n  of~H. R. 
~MeBirney, senior engineer, and C, P, Verier, engineer. The cylin- 
der gate and its appurtensmmes were~ designed ,mx~er the general ~di- 
reeti0~ of We C. Beatt~, senior ;emgineer, and .P. A" ~Kim~ie, ,emgi- 
neer .e  

2. _Simili.tude 'between model and prototype. !In most model 
studies of .hydraulic str~ures' ,the ~ravltati~l : (weight) .forces 
are of more-.impoz~s~oe than ~the ~-lscous, .or surface t ens ion  forces. 
Be~a~e of this ~he relation 'be~weem the:flow ~eharaoteristios of_a 
moael  ~ and p r o t o t y p e  ,may ~be de t e rmined~By  ~.Froude.'~s ~ .or i~er ion,  ~ Vz/& j ,  
where V -'veloeit-y~ a =:any linear dimemmion~ mad ~g = g 
acceleration due ~o gravity:which is consideredto be the same :for 
model and prototype. 

F r o m F r o u d e ' s  c r i t e r i o n  we can  deve lop  .~the f~ndamonta l  : r e l a -  
t i o n s  between model,and prototype v e l o e i ~ ,  discharge, and-other 
oharacteristios~which-form the basis .of similitude -in ~hydraUlis 
model studies. For example, if o,~denote the prototype terms by 
the subscript, p, and .the model 'terms by the subscript, m, it is 
possible to  ~ite: 

(1) gP g~n " to** o-~,....Ho.........°. 
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and since we may consider gP =go' we obtain: 

,.L2_... 
v 2 % 

~t 

(z) Q@O@°°O@O0°09O°O@°OO°°oI@°@@@@°°° 

Now let the ~ratio ~ in equation (2) be the ratio of linear di- 
a • 

mensions (scale ratio~ between model and prototype, the: 

' ~  
n " ~  ............o.......~................ (3) 

hence from equation (2): 

V 2 

or 1/2 V~ () v~. = (n) " "'"'....-.--.--..-.......... ~• 4 

Equation (4) represent s the fundamental relation between model 
and :prototype velocities iba~ed on the ~oude criterion, v~ioh takes 
into consideration only the gravitational forces s~d ils indcnende:r~ 
of the fluid used in the model, In,a similar manner it can be showa 
from equation (.!) and the relation :Q- A~. ,V, **that the discharge of .... 
the model and prototype are related as follows: 

5/2 o 
Qp = (~ )  o~ - " - - . . . . . - - . . . . . . . . . . . . . . . . .  (6) 

Althouo~h only ~ravitational forces are usually considered to 
be the important forces in a modelstudy of a :hydraulic structure, 
consideration must sometimes ~be ~iven tO the effect of~viscous .... 
forces. This requires that a definite ,relation >be maintained be- 
~ween.the~!~inematie viscosity of themodel and prototype fluids, i 

ne ~nema~.io v i s c o s i t y l i  s def ined:as  v = ~ ,  ~vhere , .  i s  t , . ~  i 
absolute VlSCOslty (coefficient of .visooslty)P, and p i~the d~- 

i 
sit7 of the fluid. L ln the ~LT system the kinematic viscosity!has Lz 
the dimension -J~._, so i~ can be ~itten in,model and prototype ! 

terms that: 

~L 2 
Vm" ~ - ~ -  -.....-..--....-................... (s) 



~-. ,' , "7 , ' : 

: .I.L~ • 

.! 

i'., . 

and 
~L 2 

v =_2- .................................... ~(~) 
P -Tp 

i~o'w .from equations (o) ard (4): 

L m n ~@ L 

p m 

and Tp = (n) m ""'""'""""""'"":"" 

Divid~_u~ ~oquation ,i(17) by oqua~ ion (6) and substitutin~'~ ~,~quatli'ons (8) 
and (9), we obtain: 

v m • ~ r p "  ~:~--T- " z~ L[~ 

V 

• --~'= (n) 3tz  ................•..••.....•..•,.•... ( lo)  
E~ 

Equation .(,i0) is .the..fundamental relation 'be~.veen ~he ~kinematic 
,wiscosities ~ of ~the~ model : and .prototYPe flUids. : . It :is":£.~.~ediat ely 
• apparent that:if the ' ~ v o  fluidS.arc ~,thc ,s~ae ~tho ,scale :ratio n .be- 
:comes • .unity , thus ruskin S it. :imposs~ible -.to :have ~ exact sl~.~1.lltude" '~",-~_ ~ 
a-reduced :smale model is fused. Therefore, ~i'f.a model s~udy-:is .made 
~in :which the ~luld of the model and;the prototype are the s~:~e. ~ it 
~is iimpossiole to talce into ~ considerat ion ,both ~ravi~ational 1.and 
viscous for~es: :~ rigorous ciT~ilitude i s 'lacLd_n~. ii 

i Since the model stilly of~ithe contro!lin~ wo~-Pz ~was made ?~th ~a 
I:12 scale ratio !In~whieh~Lthe model .au.d orototD~c ~J~iuids vmr6 ~both 
water. ~itis quite e~:identithat s~,~litude r e i a % i ~ r . ~  to v, iseol~s 
forces :,V;!II oe .~possible. Th~s I S .unfortunate .b~cause,.any des!gn 
of :st~lling chamber •obtained from ~o model :nu,~t be.based -on off co- 
hive en~r~/ di.ssipation, which, ~in ,turn, ii.s.r.elated~.,tO fluld turbu- 
lence and.~therefore .to =viscosity. 

Ccnside~"then, the..relstion established in,equat:ion (IQ)_, ~and 
since the :prototype fluid can only bc ~at ez, conoider ~~at .the~.ode! 
.fluxd. shall have been ;in .~tho,:tests., on °the -.controllin~ wor~s-~o !per- 
mit :siruili~ude. ' Ass~e :the .v~at or iin ~:.the ~p,~otot~e.to .be .~at 'i5 ° C. 
maid at sea levell 'o~then,,ths kinematic-:visoositylis :vp ~= 0,01145 

stokes• ~For a scale ratio.of i.I~, ~'~ obtain from equation (IO)~, 
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0,011~5 = . 

"~ V m ~g " --~ "m 3/2 r "0 ~ 0 ~ 7 ~  ~ stokes 

Obviously, any model ,!fluid havinG.. tl~is viscosity, even if:a~il~ble, 
woul'd ~ not be a...practical ::one :for .model testa. 

is a matter, of iinterest .it can :also ~be .:sHo~n v~at ithe ~'pro~o%ype 
fluid should~be :if :the : model- ,. and i.Pr0totype ~erformauce is '~to:be 
simil~.. From~equatmon" (10)conslderin~ :the:moddl;~lui~d to'be water, 
we o brain: • 

,/ 

i> - 

t~bulent flow in ~-the model ~i s 
the eddies ~will:be necessarily 
~ablin~ greater, dissipation~ of .:, 

Olymerine s. t.:~!26 .5 o ~C, i has -.a ..kinematic '.vi scosity: wi" .'3; 80; ihence, 
:the pz~0to~ype :fiui'd should be highly'.visoous, but:this condition:i~,- . 
; o bviously 'impos sible ,~.to saris f~j, ' 

o 

From this .: brief ;analysi.s .:it i may be ..seen ~that for the. mode 1 
study of the controlli:ng ~works it "is ~impossible:~to 'have e~ot .simi- 
-litude rel~tive :to ~v~scosity !bet~en~ model.~and prototype.~ °~:'~Gravlta- 
~tionml ..and-!~rlseo~s. fo~!~es cannot -.be :oonsi~ored..~togcther,-em~ ~.onl " 
the flow.~:ohara~%er.iStm~s due :to :gr~it,~t i0nal forces :based on " Y 
~c.oude' s criterion c a n  ibe :maintained in:~rigorous simi'litude. : ~It 
mAy'elso :be~ievident theft .since ~the model i:£:luid ~as~water., the'ipro- 
retype. ~fluld should ::be ~a'highly visoous.,-one if fhe .nrototype !i s %o 
perform.!:.in: a -~uer similar :to '~the "model. Because of .t his t he re.:is 
reason.to :believe "that ~the turbulence !in":the ~.protot~?e = may ~..be.imore- 
severe .~.thmn-%he '.~t~.bulenoe observed ~in ~..the model. .:Ac ~a ,rd.sult. ~.the 
-.water :.sur£aoe ~at ~:hhe ~:%o~i~ ' o f .the :- prototype stilling chamber :may ibe 
'rougher :~th~_u ,that ;indima'~ed " by::the.: model.. " : -. ~. " ..... ~ 

On-!..the other hand, ~her.e.~are ~reasons %0 :believe th~.t!~i~o ~i)roto~y~e 
will. operate ::. sat Isfactorily ~regardless :of..the :lack 
litude. ,/~It is thought,, .~for e~ : of,~comolete :slm~- 

:true, :it is :reasonable ~.to ~assume that ithe smoothness "-7----"~-- : 
" " of. %no .~ c r e t e -  ~ 

type .water s~rfaee a~ :the top,of the ~j~stillin~ !ich~ber.w~l~i~.bo near- 
... !ly similar '.to .th~ of'.~the model. '"~ ,- 

~@ 

::,~ The ~hYdrau!i.0. 'j~p :i s also i a :phenomenon ~based on ..energy. dissi- 
pation~by :turbulence andeddies; and :it :is ~knov~a bY com~a zi son ,,t hat 

~.~. .-hydraulic :j~p stillln~ pools designed .'fTom .model ,studies opel~a~e 
:~ satisfactorily ~in the prototlrpe,_ .Sinoe_ ~the ~ model/e~.d .orototy~e 
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a~reement ;is ~ood in '..this ~.oase,, :s~oept for spray.iin ~the ~:prototype) 
it Ts" reasonable ~,to, as.~uae .tha~ ~"other ~tur.bulent phonemes,will 
show o~o0d ;agreement i.if :the ~ravity ."forces, and ~not ~the...viseous i!fOrces 
pl~y~the~ most ~i~portemt ,~uar%. " 

" L  - 

T e c h n i o a l " ~ I n s t i t u ~ c e  ',s~d ,:.of ~.the ~-Fl~i~, M e o ~ i c  s ~ I n s ~ i t u ~ e  . ,o!  < T o ~ o u s e ,  
France, ~<stated :on i pa~e ~1429 ',in an.. ar.~icle .'in '.Le: Genie.: Civil ~' ' ' 

""We are acc uainted with :the.role 'played in ;hydraulio •:in- 
,st~llations of,energy- dissipation, ,the .use or~'hieh,zequires 
" that there ~be dissipated, at once, ~in turbulence ~and~ eddies 
In s.s:'l~i~ed a.~spaee,aspossible~:the,exoess ener~:of~a • 
~ili'qu~d flowin~ ,:at:'a, hi~hvolooity or ~us~ino# :f~,om ia system 
:under  pressure," 

,The.-e n~ineer .loan soarcely ~ stablish. ~he ~he oretioal ele- 
ments :for"~he i determination oi ;thi~ phenomenon. -AccOrding.ly) 

. ' . t h e s t u d y  .by .me d e l  s : c o n s t  i.~Utes., the~imethod m e  s t  ~ e n e r a l l y  .- 
' used'for detemin" -::the dimensions " ~  i n "  e . . . . .  . .. .~n~ . . . . .  for seeln~!.the -'., 
,~une tioning :.o f ~ i t .  ;:!In • t h i s  , r  e g ~ r d  )"i;it,,was . i n t  e r e ~ i ~  :!to,; .~,  
~.Camlohe i ,.,~nd : to" .u§):~.~-~o o r ~ a r i n  8 ":re.se~urchim~de ,: on ,-an.iindu~ > ..... 
- . t r i ~ l  _ I n s ~ a l l a t i o n ~ t o ,  a...model ~spe.oi~!y..;cons~ruOted~:for-,%he 
p u r p o s e ,  t o ,  see- if, this .,motho'd :~is justified; -and,-in ~Par~iou- 
lar, ~to i! see !if i the application !~of the i mrs ~ of; similitude ~f%W- 
'hi sh . q~it~tive ;. re s~It s::. suff'~ oi ontly-appro aohed ~" 

/ g i m i l  itude :, applies b l e -  %o~ energy d, is,sip~ion 
. ,  . . . , . . . . . . . .  -- _ J ,1 i m i i . . 

oats ;~ that.., i ~er iithe.se ,:conditlons, if~ ~he ~vi s, 
!i in~ ~ an ~:app reOiabl e ~'y.,: ~ it S ~ in~ Iuenee. _make s .i~th, 
rigorous"slmilitude '<; : 0ssible. Furthermorh = ~! ]a~' ~ 
similitude c o n o e r n - < i n c o m . o ~ e s s i b  e- '  " - : • ' •, " , " " • . ~ : . . . ;  . . .  , , . . . I : . n ~ d s = a n d . , ) ~ e y . - d o n o ~ . < t a k e  

> m e ~ i o n l n g . . o f  •. energy::-di.s:sipati'on;~insta~lations ~ ' ~ o + , ; e ~ m e n t s •  

: m e ~ :  o f  - a i r  :;Which<ere : c a p a b l e  i~-Of  - : d i s , ~ b l n  8 ",the ..: s im~lltude." 

, ,  - -  n l  n n mm , 

i~l"L'Etude Sur 
F ~ p e r i e n o e s  
Dlssip ation, 

i b a s i n  

i n d i -  

Rupture  ~.De .~ C h a r g e .  
d e l  'S t  udy  <o f ,  ~ne .rgy .  _ 

. _ . . . . .  : .  . . . .  ~ |  ilpp;,'4Zg-~43S.. ,, 

i 
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,' Role o f. yi-sco S it y. 

Actually:the viscoslty-'e~Peot is not to be feared, be- 
cause the tumultuous Character of %he flow corresponds to~an 
agitation of~extreme tm'bulence, p~r~in~.- ~into Olav !the energy 
-losses :by• impact ~and .Changes. of ..kineticYenergs~ on iuhe i0thor- 
hand, the ~simple !sli,npin~:of "liquid particles one on ~mother 
plays ~an ientirely negli~,ible, rOl~ ~s .:We ,~nd."l,,[. ~C~.nich@l 
have sho~ :in previous studmos, the losses of head :vary~as 
.~̂ the ........ square :~::of '_, the..-veloeity. ......., and. are prae~ically independent ,of ~. 

i , •- ~ i i 
In: any -event, 'it 1i s neoe s sary ~to ~ depend ~ on:'~he ~ be st ~model. at- ~ 

~- ranzement and assttae that arrangement ~will be the •best one :for %he ~i 
p~ototype..As a necessary precaution, me reover, i:~.the model :was 
• 'tested for heads 'in excess of the desi~n head. • 

t _!~5. The model. The:model of the original ~design ofithe con- 
'~ ro~ling ~rks was ibuilt toga ~soale of ~ii~:12/(figure" 7.),. The con- 
- duit ~leadin~%o :.the ~nontrolling work~ ~was -raade ..of shee~-metal, 
with piezometers being ~instaIled just u~stream ;from the%ransition ' 

- to ~le scroll, ease%o ~measure -the:head on :the.model. The scroll ~- 

i ease at the bottom of %he .stilling chamber was:cut into ~a lar/~ . . . .  . ~i 
block of cypress, ~made into%wo~ sections, with the joint :Ocourrin~ :~J 
at %he -center :~:line • of ~:.th e :so roll i ( section: L~D, : fl gure '~7; ~upper ~blook ! 

• shown on :~figure ~9A)/, 'The 'cylinder gate, ~ i e h  ~ts !into(the gate 
• chamber of :,the .sor~ll ,case, vas~made..~:of.'light,~a~e ' galvamneal with " 

• a lifSingmeohamlsm/at~ache, d ." - il 
-: abled ..the <cylinder ,.gate ::t0 :,be 
.. th e ,~seroll. ease !.to '.regulate. t} 

.still.~n~ ~-c,hamber: were made o f pyralin..,to :permit ~ obsermat:ion ~of ~he ~ 
:. flow. At ,:.the ~:top .-of ,the ~stilling ~:Ohamber...a shoot,metal-t~ansition 

was installed am~~a ~,sufficien.t :length ~of i.tunnel, -open at ::.the ~tQ~: 
'. for :obser~a.tion.~purp o sos, ~as ~ a~ded-Ire :represent :the:::Shoshone :~Oan- 
" yon : conduit. 

The:dimensions giVeni:on most.Of _the-modei~dra~,iln=s are ~in f e e t  

~..::i: an'd-inches-ln ter~s~-of.the model.~ ~Prototype,:dimensi0ns are readi:!y . 
;obtained ~fram %hess, since ~:one in~h on ithe •model equals , - o n e  :foot :on 

!:~.~ : " t h e . P r o t o ~ y ~ "  _ • 

:~ '4,::~P~erformanc~i of original desi~. ~The model .of the original 
~i~' de$i .gn ,L . clea~ly ~ de~on~%rated ~that~l:ittYe 'ene, rg~/~di ssi:ua~ion...occ urred., 
.... resulting !in .excessive turbulence ~:exte~di-mg ~o th:e ~top.:of ~tl,e .st~ll- 
.~ rang. c hambe~. ~For • the :.maximum .:all sOh~ge ::and: :. for _,,var i ous. heads, !the 
!i! water ,..shot.npwards .in the model .st~l!~in~ chamber '.:in.large spouts ~i 

i 

'~ '~ '~:~:":  :" " : .  ' : '~  " :.",:""."..'~; : -~<~, ' . ;3 :~ '~ ' . - ; ,  ' . i :  ..? • ' , . ' . .~  • ' ~ " .~  '"~"~: " - " ' .  ,- . i  : : " . "  . L "  . . . . .  :. ':".,".~.', ~ : :  . > / . : :  : • • , , . ; -  , ' -  . ' ' ' • : . . .  : ' - "  . ." 
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" ~  : ~,pi'lle~ ~:over :,~;he i'!l:Im ~ ~oh~mbe~~wall s. ~ T h i s  :o on-. ' 
~:~;...;:~~° .c l i f ton  +was dUe t o  :.%h~ olemoe .de~iOped ~ above •••the , 
,~ :'~te +oh~ber~of'.tbe .dot011 oase ~U !%h' :i'ssU~,:,:Je%e-:Impl~e~::on 
ii;:<i +: ~eaoh :o'+~h~rll ~a~-i~i.:%h ::, e ,  %hiS,:.%u~b~e~e .: 

+'~""' • :;:for ~l+l :operatln~+.+oone+ X'. Thls:.:PPeVS~,l:d + 

++': +hm-,+es.+up :%b :::me +mlmm +,of i::I;~.00 .-seoond-fem,, .or for.~p~z~i~l mate 
.... + - + ~ o p e ~  ,+and +ve~i'ous d+isehar~es .  ++ . " 

_ . " i  Y++ " + + , ' -  • " + ' + 

+. 

+ . 
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/ease +eho~d ~b¢:pl, eve~tee ~ ~PP~. xeaob.4~g <the '.top o f  the s t~ l l~ug . . . .  
.obambe~, S~ame ~hez'o :~ms.~nothi~ -to prevent .this :d.ist-arbamme f~om 
~:eom~i~ui~, ,Upwaml, ~t .-.w~s %houg~t+:'that if :.the ~ate ;chamber.:of ~he 
soroll ~-ease.+~ ~esl~, the ~ad~ed:spaoe.~wouldpermi~ more+ ener~ 
dls eip~iome ~ i+~A% :.%he. seine ~%ime, It :~was believed th at 'if ipar% of ~ ' x e  

~'flow '~6uld b e  '~ repose . d ~ d / i n t o  !~hls ohsmber :and t h e n  i a l l ~ d  %o 
Pa88+i~a~oug~holos p l a o e d - i n  ;the so~l oase ~iers. h ~,.h.~..~ " 
w o u l d  ~bo.:,,~s%rib~asd ; : :o~r ,a ::~eater. area• :~instea~ ~o£ ~beir~ ~conoen- 
-t~ated.:in i m~d ~bove;:%he/ga~e-:oh~mber,. :'Aocordin~!y. +a • perforated 
p l a t e  ~ .,plmoea ; a t  the.~%op of.thei~ " 
wi%h .'adduCable de~h was added bole '- 
~u~ditlon, :ho les  were-d~illed tb_rough 
i n t o  %he p o t  :.below. 

, • ,~hls !desi~,dld :,,not prove ~auoee; 
%s :flo~rlm~ ..~hroozh +the,~holes In~he per~forated-plate. and in ~he 

so r o l l  .ease 'piers .shot ,upward ~ o - t h e  ~s~u-f'aoe ,or-~he. sbil,l•in~,.~h~nber 

IA~ wac ?nmtioeds 9e~ioularl~, ithat +ifor ..all ~o~er~tin~conditions r~he 

- - Oould ~have been :plMed .in:the .So,OIl .~ase :p'ie~s ~bis desi~1 1~i~ht + 
• have Op.erated.be%ter, ~but ~dditlonal~.holes :Irate imposcible ~b~cause 

~'8®"~.Bo~m~le : s t u ~ .  :~Wh¢~ .ohemgee %o-the gate chamber did not " 
prodk, oe ~'at ' . israo%ory~results ,  ~: t h e  rues'l; ?.app~.ent prooedur.e :to £of 
'I~ ~%~+S t o  rplaOe perfora%ed iHorizonte/::5;~lea .in %he .s~ii.lin~. 
-oh~mbeFe !Forcing i%he ;flow.~o. pass ..~hro~h meu~, holes would e.vldont- 
!Y ~ueethe excessive %urbulenoe azisin~ from :%he ~teicheu~ber . • 

':8 
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"The procedure .~in:testing the :baffle - • " " 
bs.ffle at vazi cue .: elavatlons above %he : 
and. observing .the ~:flowl.cond.i%lons at ~th~ 

and discharges. Because the::'flow:di~tributlon was exeee~ ,jl um- 
: - b a l a n c e d ,  m a n y ~ t : c o e s  ~of : b a f ~ . i e - , , ~ , , . ; . ~ L , ~  , . ,  . . . . . .  ~g '  y .  'i:.: . 
spread .unif . :. ,.. _ , _  ~_. . ~ _gu~ . D).in order,.to 
o h ~ b e r ,  e ,r~.l~--~ee:b,O--~l~In-g a. % "~}i: :.wa, er : s u r f a c e  :0  f ~ h e  ? s t f ~ " ! i ~ . g  <e. 

a o . - ~ r ~  =es~em :ror.heaSs in ;excess of ,those ia~- 
itielpated .',in "the prototype, due ito ' t h e  a f o r e m e n t i o n e ~  lack ~ 
sir~ilitude, There w , .- . . ..... . . . . !of).exaet 

, as ixttle ~zfTerenee, :however, 'in .th~ Performance 
: of a ~given :baffle :between normal and ~exoess ~hea~. ~!In ~aot, more 

~mrbulence was note~ ,at .the :top .: o f :..the s~lill~ng chamber ;~or ;f~tl,l 
gate Ol~ning and lower heads ,titan for~Otlz~r ,-combinations of'par.ti~ 
o p e n i n g  a n d  e x o . e s s  'head. " " 

A~ter a :baffle :had been sa%isfactoril.y developed on :~ze model 
of the original !design to eliminate exoessive boiling ~at the water 
SurTaoe of %he stilling-ohember, it "#ms soeci~ied that in "e~e~ +o 
mllmv the.eylinder gate to be removal. In seoti ~ o 
he • ~. ,,. , ,, - ' ' . . o n ~  for re ai le 4 . 6  .4 . ., . . . . .  • . .p rs,.a. 

b y ,  - 0  .should be plaoe~ _in th~ 'baffle at the upstre~ 

~r~ oz ~,exten - ' ,. ..... . - o- dded, 
. .....__ a e a  .over ,th e .gate.,:ohamber" .~s axesult ~ " . 
o~ ~ n e  ~ u r b u ~ e n t  ' f l o w . e s o a n ~ d  - : + . h . - ~ , . k  , ~ , ~ _  _ ~  _ ~ .  ~.. _ - "  a ~ m a J o r i ~ . .  

A ̧  

,., -. 

z,, 

- ~ - . , gang =' oEt~ of the exeav and-the aooes '. ....... .: :, ' - : . : . . ation 
, , . s ~ t ~ a n e . l : r a o r e  near : • ' ' : " . , -  • 

A-A, figure 3). ly ~ t o  .the same ,:elevation (section 

7 • .... • | " " The larger sti~lli~ chamber :oon~aining a baffle, operated aore 
sati sfaoto~i!y~than ,',,the -smaller ,chmmber..vt!th a:.baffie. " T}zis is ' 

_ _ .  . . . .  ~ ,  .~, , , . .  :.a~ -* . d r i n k i n g ,  , . g l a s s ,  : : in  t h i s  ~ o a s e  i t h e " ~ f l o w  s ~ i , l , l e  .. on= o1 % n o  g : A a s s ' v / . i t | l  ~ e x o e s , . . ~ - ~  ~ : - * - - , :  . . . .  

were to glow d ~ r d  :£into e "je$ ' 
turbul c.nc e. ~o u!d -::be .r.~reatl~ POt' cfihe 

9 
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i!~i ~-., original,: wa s a .for u~;ei' ~-lar r~: 
~:' " ~ holes i'had to :be '. added and their arra~g~en~ 
..... ""desired ~ smoot~hnes s. of..water :~surface. In .'.:add 
~:. ' , . ~  in; the ibaffle. ~ although removed ~ ,:.o~e: 

: . ? x o e s s l v e  , b o i l i n ~ . . , a t  '~,~he;,w~'ter s u r f a c e .  " ,: : ' ~- - ~.i 
t • . .  

~ l ~ h o u ~ h .  on,ly~ 
~tions,~ in %h~ stilling ~ohamber ~.: of the ~ original :desi'~n, .~the .flatter, 
-,oh~ber.~.~!Iowed .~paoe. for.t~o: b~ffles~ ...'one abeve the o%~e'r (fi uree 

/ e o n d i ~  i o n s  ,~ . k E x t e n S i v e  i::~e s t  s were . - .made  ~ u n t  i l / . t h e  ~p r o p e r ,  s ~ z e  : ' a ~ :  :: . 

~ , s p a e ~  o f i ' , h o ~ e s . ~ d ,  p o s i , t i o n : . d f  b a f f l e s : . p r e v i d O d . : - a : . ~ i ~ i ~  i ~ s ~ t a O e  ~ '~ 

~.pi?eee... ~ n ;  ~9 :~ ;~a te  .~ope~Lug. :of . . the;  U p p a r ; : . b ~ f l e  ~ ( . s e e ~ t o n ; O ~ , .  . ; f i g u r e  . ;~ 

- ; b a f f l e s  ~ i n ~ ! ~ h e . , , ; ~ i l l i ~ g  ' . e h a b e ~ ,  ' t ~  ~ l I 1  :!.be. n o ~ e d < ~ h a t  ~%he ; f l e w .  .. . : 

. . . R e e ~ : ~ . . ~ - ~ a t  e x a e %  , . ; s ~ t l i t u d e ' : w a s  :~o~i; pos s~:bZe: tn  % h i s  "~ i 
,:~ .~udy, ;~,s~d ~oO~sidering. tha~ : . the  ~ : f l o w ! ' d i s t r i , ~ o ~  ~im ~th;e'~ ~'ill~ . 

• ! : T h e ~ , ~ s s l z ~ a  : o b t a i n e d  :&a' t h e  ;;model.!'fOr.. m a x ~  :. " 

| .  

• ~ . . r } ' ~  • - - ~ . .  . • , . . .. "~ • > ! " '~":" • . . - • ~ - .  
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" - 4:A~o~ ~e~)h~les,:c~ open~gs, o.N?N:th,e!baffles~in/..tliis 
,:,study ~, .~re -:s qu~e :~:.:~ ~.r~0t~ = ;. ~. i.n: plan), '.t h ere ;i s ':.no.: reaso n -.~o . 
: b61ie~e!.thattthese ishaplS :~'ar e ~,the %be sg i.; Cite ular ~ he le s ~wo Ul'd, prob- 

"In~l~d; '~ The .-holes ~'.~" the '  b s ~ f l c  S ,.~d a!~ 80 =:be ;made With!~tl~e. ; 
'.!openJ_ng .::d i99r~Ing !. upward',, .-; '~ feet, ,-'a".~fle ";0f eHi s type was 

.. ~l~r.~t~e ,;suoeessxve~enlargements e~hd. oon~ract~ons,as the ~Io :r~-ses 

7,...~"~n~e_in~. sor~ll ,:ease :~assa~es.and~cyl~der ~ate.. ~fter 

, ;.the '.,head.~Te:qUired :!tO pass;: the: max~m~m~;disch~rge.:.Of ~'I ,~00 ,.SecOnd " : !i 
: fe st. was greater %hen could, po s Sibly ~be. obtained ;.in ...the L" uro~otype. , ,~.., 

• L.To ;reduCe' the;,.h:eadi ~o ~ha% ' Which :could ..be. obtained, :the"pas sa~es '~' ~";,~ 
:a~d'po~s of~e seroll~oase:,~re increased~o ~'-G" .,~;::3''4"- _ 
- (figures,"4 ;,~nd :I!). ";Pr~v~ously~"the 

.- ,.i 7),, ,, ~.,a:r'e~t ion',in,,.the S ize ,,'~Of .t !., 

i%he~ design of 'the ;g&te; hsd.: no% ~:been ~ fully;completed, :,and ~! the ,lone 

ablei &t the, t ~e.. The chem~e i:of cylinder • gate ~ did ne~ ~affec~ !~ t~£e " 
perfer ,m,  eunLee.of the. baffles. ~;See paragraph 9~for~e discussion,;of . 

-:-re s%s o n  ~the :;cyllmder; g ~,te 

• 8. !~Tramii%ion~!s~udy> ;,Upon .:c~nlet~on; of!~the r baffile s~Udy, 
t th.e ~mnoe%}m~Ws-Of i~h-e,~w~ter :~u~face, atthe ".top ;of' the :stilling , 
=chmuber,~perm~ced~ a ~.st~dy,~,:to ~be-m~de ~of the ~tr~sition t,o i~e :She- .~ .- 

: shone._Ganyon:.eondu~, ~The ori~ina~'~ranSi%ion~v,~s ~inter~ed~o pro- 
duoe, ~inearly ~..hor~.zen~al :,~Wat e r ,.surface, ~mhieh-was. ~ade i.. po s sible .by 
-~plaoln~ ! a: ~ir. in i~he ~fleor: o f ,the ~r~si~ion ~to .~,ain~ain ..a con- 
_~s%a~tl area :-(figure ,7), -.This design., .-however, ~dld ~not perfom, -aS 
~dee ired?becmuse ~the ;relatively high,,veloclties entering the tr~n- 
Sl t ion  fro~-i~e,;.et!lli~ o ~ b ~  ', "!%ggether- ~}i.. &he S5 o~ne ss of 
the ~ transition, ~ produced a ~standxn~,. v~v in the "t sanel dov~stre,nm 
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from.the end : o f  .+++the ++tramaitiom, Thls<+;oaua+d+ a ~+~i~i 

• =xgt~e ~ 1 1 ) .  By & s s ' ~  • a ~ a ~ e r  ~. s u r f a c e  ~for -'che~ ~ , d i s e h ~ .  ~ 
'~ ~nd {~knowi~ ++~he +++ e l e v a t i o n :  of:! ~he +: energy ~gradion~ + a t ~ e a c h  end ~: o f  ' ~ . e  
: ~ r a ~  ~o~, :+i~ w~+. ~+ i~e=+, ~o ~ ,  ~ b ~ ,  ~ a~ ~ ~ O u .  ~ ~ ~ i o n ~ , ~ . o  ~+~ ~e~e r ~ e  
+ t h e + : v e l o o i ~ + - h e a d ,  ' , m l o + i ~ y ;  +.~d +Tinally"::the +area :.to p r o d u c e  r+~e+ d +  

:' emAy,~_:ma~,Z :..~v~s. develop~:~.in i.~he t~el,-,~ioh + would ibe <too smell 

+ - . 

9,  !!~P~Ssure,,  ~ n  ~ y l i n d e r  "~at.e, D u r i n ~ " ~ h e ~ t e s t s  :.~O~-!+'che :mbdel 

e aaa  .-oeen ¢namgea :+ ' t~Pa~pJX 773+. +.a+mrat~11~ -So~d~ +,~e~ ~ 
,.+.the region of :the.:.gate+++ .o~ber. This ..sOld .o~as +p.s~+ti'oularlyi~proml- 
~ent ~hen +the model!,~s :.:i.e~'~%~l ' , ~ e r : % ~  ~ h i ~ e r / h e ~ S ,  and .+smaller 

y ~ a t e  0 p e ~ + s .  !The + * ' e a ~ ] ~ m o e  ++f +:+his ,+ so~m~cl ~ tO-i.the ii::ee~ere ~,~tt-bZiug 
,~.ob~ained-: in p i p ~  : f l b w  d ~ o p ~ , i  oavita~ion :oaused,,+ some :ieoz~ern ~and 

. • . • . ,+ . • . . . .  
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no cavitation would occur for~normal.heads and gate openings. On 
the other hand,-ooneern.was felt over'the ores~ures that might be 
developed ~hen~the gate is~raised~but~one or two inches. Inthis 
re~ard, : it would },ave been~diffioult to:+.make, acctu-ate test~ on the 
model for such small f, ate openings. Further tests wsre then con- 
tlnued for 20-, and 40-percent gate openings in the belief that the " 
best design-so +obtained would .also be satisgaetor~j for smaller gate 
openings. 

To eliminate the tendency for +eavitation~to OCC~r~t small gate 
openings, +the+ divergence +of the 'bo~tmu lip+with-the bottom shoulder 
of the gate chnmber was decreased to one degree ~(test 2, figure :12). 
Again t'hel pressures ~re all positive., al~hou~h s~uewhat ~reate~ ~+.hm~ 
ne pressures on the gate In'test~:l (see :.table, ~test+2). i+This .was 

probably due to~the lip being, rotated+downward into t)~e flow:~to re- 
duce ~.the divergence. 

JTest 3 Ms t henmade  to see ~hat  effectthere would be on the - ~ 
pressures if a ~surface in the diver~in~:sectlon-were removed. This ~ 
~,~s a@oampllahed b~ removlng:the bottom.shoulder of. the g~te chamber i! 
% esc ~, ,1"igure+IZ) o The pressures~o~i~ed were-all positive and 

, were greater,%hs~ those of-the preoeding~tests (see :~table, :test, 3) :% 
This ' ,. !de sign +would. probably have +d eveloped i higher +pres sure s : for +gate 
opens+of six inches or+,:less, ~.but it was objected'to+because of 
s t ruc tu ra l  l i m i t a t i o n s  r equ i r in~  a~bottau shoulder i n , t h e  gate 
ohsmber, ~ t o h  ~had :been removed ~ in  t h i s  %eat ,  

From .these tests it.was evident that++.no ne~atlve +pressures ' 
~ d + : r O O e ~  fOr~ m o r " A ~  operating oondltlc~s, whether che +dl:vergenoe 
was if lye degrees ,(test l,/figure 12) off,whether it was only~one de- 
gree + (test:,Z, : f igure  I~.).; b u r : t o  e l iminate+ any tendemcy f o r l e a v l t a -  
.~on~.to++ooe.~. : ! a t - .ve ry{mal l  gate openlnss , • the diversenoe :between 

• i%p+or.~ne,.ga~e and~the:bottcu.~uou!der!of.:%he gate chamber.was 
redt~ed~+t@+.one'degree. In . the .:model, the angle+of tHe+lip was 
placed+eat ++29. degrees (test +.2, +~flgure +12), a~ the i.slope, of +:the :.bet%ore 
shoulder++:o'f-~ the + ~ate chamber was :plaeed 'at..~0 ? degree s+ ' By !some': mls- 
understanding, :the final design of+the ~a~e :~as made with!the shale 

t ~'+ +'of he.Yllp:~at:P~5 .degrees.and the-shoulder of the.gate<oh~mber,.~.was 
chen~ed :.%o !26 de~r~e s (figure 8)~.. The,~.:diver~e~e o f ~:.one :.degree was 
the s~ae ~ in both oases, hov~ver, • and. ~it :il s not believed that %hi s r'*' 

differenee ~.ll souse +a~y::undesir.able ++results. ', 

The :deoi sion .tO use ~a: d iver~enoe, of ,:+@me .:degree-, Was made~ a fter i 
the model ~-had +been ~ removed ~. from. the laboratory, +:,:so ..the final <desi~ i 

~ the..m~.del show~-the .cylinder gate . to .have ~a+!.diver~ence, of five ~ 
gross '.i ~fi&~re ,II).. ~LU ::,this +'regard, ~ the ,:oalAbratioa ~o f .the i.:eylim~ ~I 

Lder. ga t e ,  w i l l  . ~ p l y  only a p p r o x i m a t e l y . t o  , the  +prototype+ (paragraph 10) ,e ii 

+i3 :+ 



Another problem:of importance in the design of the cylinder 
gate was to keep thc projected ares of!~the lip of the ~ate~upstream 
from the point of seat to a minimum. -,If ithis area ~isi, large the 
full'head aotino~ on %his area produces ~a iarge uplil~t ~ioh must 
be taken care of in the/design of the gate stems. Test 4was there-" 
for ~made. on a gate designed ~to ~reduoe this ~uplift. This de si~n va~s 
unsatisfactory because some ne~ative~pressuros developed on the lip 
of the lmodel gate for 20 percent gate Openin~ ~(see %able. test 14). 
In general, :the pressures were lower on ~the ~lip and l~i~her else- 
where thma :pressures obtained on the preceding ~ates. ,This was 
~probably ~due to ~e/increase in divergence toi:2 ~ 50', and also to 
the extension of the bottmn of the port to the inside edge of the 
gate ~mhich~reduoed thedischarge area (section P-F test 4, figure 
12). This allowed the issuing jets to immedia~.ely impi~e~on each 
other without being first deflected downward , as accomplished by 
the other gates tested. 

Test 5, using a sate with a horizontal lip and reducing ~the 
uplift, !but re~laoing a~50-degree bottom shoUlder-in the ~ate 
chamber, ~as made to increase the discharge area under bhe lip of 
the gate. Sin~e the diver~encewas ~reatly increased ~in this ~de- 
sign, some of the pressures on the lip of:the ~ate were negative, 
as anticipated (see ~table, test S). However, ithe head to pass the 
~maxi~um disc-barge for each gate openlng tested ~s greatly reduced. 

Since tests ~ ~end 8 showed t e n d e n c i e s  :for~negative pressures 
to develop for 20- and 4e-percent gate openings, ~snd ~¼since the up- 
lift on the ~ate selected ~(figure 8) was,not,excessively ~lar~e o no 
~e~dibional tests were mad~ on the cylinder gate. 

A study of these tests on the cylinder zate ,r :evesls the fol~low- 
ing general 'conclusions: 

• (1) ",The J e t s  i s s u i n g  from t h e  po r t s  of  t he  s o ~ o l l  case .should~be 
~iv~n ~a downward direction at the bottom of the gate. <Horizontal 
impinzement may increase the head requiredto pass a given dis- 
,charge; 

i(2)The diver~enoe  between Thebo t tom of ~the gate  and the  s lop-  
i ~  shoulder  i n  ;.~he ~.gate chamber should be. kept  ~to ,~,a~ miuinn~I 

(S) Tlle gate seat should be eloseto ,the~ou%.~Ide .surface of the e 
gate to, reduce- uplift~ 

('.4) T h e  ~lip a t  the  itbottom o f  the  .~oylinder gate :. s l~uld slope down- 
ward i n t o ~ t h e  f low to~ieliminate~.any~tendeney f o r , n e g a t i v e  p r e s s u r e s  
%o deve lop;  

14 
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(5) The pressure due to '.the flow . i s  ~reater on the ~outsi~e ~than 
on the :inside surf~ee of the gate; 

(6) The ~eneral reduction, Of~pressure on">the, gate ~su~fs~es ioppo.. 
site ~ differ~t .per.is around the ~ate .chamber indicates ~une~l 
fl~v distributi~-in the i:pa~s ~es .of .the ..scroll ease; 

(7) Pressures on the inside ran'face of the gate Just ~above ~the 
lip are, in general, ~ slightly less than :.the 'static .:head ~abeve '%his 
point 

'I0. Calibra tien ,of mgdel. The .model~.w~s eal'.ibra~ed withthe " 
cy!ind:r gate :sho~.cm figure "II .and .!figurei12, rlteS~G i~l i~ ~t~ 
scroll !case . gate ehs~be r , ' /As  explained .in paragraph ',8# :~he iflnal 
des ign .o f  the  ~prototype ga te ,  :which wa~ made a f t e r  :~he model~had 
been removed from the ~laboratory, had an :angle . o f  divergence .at .the 
flip of the gate of. one degree (fi~re 6)I; v~ereas, ,~the Tinal :design , 
o£ the gate In the model .h~.a diverge~e Of flv~~de~ees !('fi~ 
~:.II). As a :result ef this. difference, the calibration .o~s ~,'shmr~ 
on figure 13 will ,apply only approxinmtely.~to the prototype, 

• F i g u r e  i ~  gives ,  f o r  ~ i o u ~  gate  openings ,  the~dimoharge ~ 
through %h~..control l in~ works versus ~he pres~ead !i~/f~et of 
~ter at s~tion~l+99®69 (elde~elevation~ fi~e ll), ~iFigure 13B 
gives ~pproximate ~rese~voir elevations versus ~essure~heads ~at 
a~atlmx I+~9.69, the reservoir,elevations being :approxima~e:..because 
bf .the ~me~essi~ in obtaining themto :assume losses ~!f~ s~a~i~ 
1+99 ,89  .~ the rese~v~ir~ 

LIe _S3muary~of .tests and the flma~ deslgn. To create ~effe@-. 
tlve e~er~ disslpation a~d to,reduce, th'e excessive ~.tur~le~ ~In 
"the at~llin~ chamber of :the controlli~ works, the sti'lli~ e~ber 
was :er.lar~ed -and two ~baffles were pla~ed in it above .the. cyliz~er 
gate cipher. The model of th6-erig.inal.deoi~, sho~ on~.fi~Are 7~ 
was developed from &he:deal,s given on figure 8 :to ~the final de- 
signee sho~wa on figure lle Figure 9 shows the modelln ~ labo- 
ratory, and t2~e effectiveness of the ~final~ design of the stilli~g 
chs~ber maybe seen on figure I0. When~the.e~illing ~chamber had 
been satlsfactorily evolved, improvements ~mre made on the ~transi- ~ 
: i o n  between ~ e  l isp of the stilling chamber and~S~sho~ !~nyQn " 
i_u=~u~° .~Y on anE~ng .the i lensth ,.and ~shape :Of ,the -'~t1~ulsitlon, ~,tand- 
A~ wmvu~ ~were el~mxna~ea ,~ the !%~nel downstream ;/em.n~we ~i~.~. 
7and ~Ii), '" --~-- '°"~--~" 

Pressures ~'e measured on the cylinder gate to determine if 
there 1ottld be amy tendency for ~ne~atlve pressures ~to &evelop on 
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the ~ ~lIp, ~i ~o, ee~bllsh the !optimum d i v ~ r ~ o e  between %he 
llp ~nd .~he .~t%o~ .sh4~l~ ~,.~ .the ~.sa%e./oh~er, '.~e..results ,of 
these ~S, ~ 'b~o. eee~i'-o/n ~fig~ .12~ ~WA~. ~eneraX- eonol usi~m T~nn 
the~e '~e~U:o~llned in p~ragra~h. 9, ~he irim~ desl ~a ~of .the .cylin- 
der gate  l~hown on.~igu~e .5, ~d.~e. pre~ot~e scroll ease and 
cylinder ~.%e","~s-r~MBs~bI~M~ i n  the fabr'i~a%tnK :shops maybe s e e n  i n  

~ e  de~aAls .are m on  fib.urns $ ,  4 ,  'amd. 
5,:~i%~ aA~'t$omsl imforma~ion g i~ra in spec i f i ca t i ons  Nd, .788~ ~ 
"$Moshene-:Oanyen ~ t  Controlling Works ~d'T~-_wle. " 

A calibration ~as made in ~.the model of  ~ cylinder gate shown 
on fi~ 1,1 a~.~ fly, ire .l~,'.~te~% i, ~As sta~ed in paragraph lO, 
~his Ee~ .rQpr~ee~ed one d i f f e ~  ~rcm the gate of the final ~d~- 
sig~ ~ that' .%his ,eeC~ib~ation' ~' (figure :13)will .apply Only approxl,- 
matel.y.. 

1~, .  JCenolusions, ~/~mu~h,i% wasnecessary t o  ~ l ~ , o e r t a t ~  
h ~ , t t l i o  ~ o b l ~ s '  per~aizMtr~ to  :~e  des ign of  %he o o n t r o l l i n ~  works 
with-the sad of ~a models%udy, it ,may be ~it~ue that the ,prototype. ,be- 
.havlor~11_he ~ :dL~/ferent from ~h~t indicated :h M the model. Yfllen 
only  g r l ~ t m t i e n a l  fOx'oes are impor tant ,  . i t  i s  reasonably c e r t a i n  
~at -the mo~el and i:l~ototype beh.e~Aor:~ll" be si~il~., In thls 
S%~ .,~;hc~e~r, v~so.ous forces, e/s 0 .pl~ya. pax~, and, as discussed 
in para~-aph 2, Ir rme same/fl~tld is used..:in:the ~model an~ the pro- 
totype., :and..~if graVi ta t iomal  amd viscous forces e r e - c o n s i d e r e d  ,to- 
~e~her, :exae~ .elmill%ude Is im~osslble/.. :Nevertheless, for tlw 
reasons~pr~r lous~y.d iscusse~ in par~raph.~2# t h e r e  .is reasenable, a s -  
S ~  '.~h~ rthC prototype .~l!l operate satia~a~orily. - . 

-libels believed tha~ ~t~s :~e of centrollAn~ ~rks is unique in 
~ts c~e Of,a  ~ of eo~ll ease, c y l i n d e r  gate, .and baffled s%iil" 
r '~  o h ~ b e r  %0 cmmduc~ ~ r~de r a . h ~  :head i n t o  a t u n n e l ,  Pe r -  
ha~S the stilli~ eha~er-~muld have operated satisfactorily ~ i t h -  
out baffles if the chamber wore much deeper, bu~ this depth .would 
have been exee~slve, Jud-oin~ fr~ the manner in which the water shot 
upwards An .the stillln~ chamber of:the oriEin~ I design. The ~effeo- 
%ivenesS of ~the fin~/ design depends, therefor% on the b~ffles, 

The problems in the design-of the oyllnder ~ate ~re much more 
difficult in the seleetien of mete/ to be used a~d %he method of 
~rieatimn ~ .~e ~the .~d rau l . i c  p ~ b l e ~ s .  The problem of 
.vibrati~ '.~si',be,!.ie.ved to be solved 'byrd%he use of .rubber ba.okin~ on  

gate ~Sl~des, Cavitation of the bolero lip ie not e~peote~-~.. 
e~use of the :,use of a ~ angle of divergemoe.~be%ween .the lip 
of the ~ate and the slepiz~ shou/der at the bc~tem of the ~.ate e h m ~ e r .  
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