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The need , for  w a t e r  ,in . e x c e s s  o f  t ~ e  n a t u r a l  s tream f l o w  i:: dry~ , 

seasons was created during the faster part of the 'nineteau~h and 

the oarly part of the ~entleth centuries by the foundln~ of citles 

and the 'dev,Jiopment of l~u~ds along ~he streams of the Unlted~ States. 

).~ny storage reservoirs, where water could be imp~ounded durin~ t. ~ 

freshet-flow and released to augment the natural flow:~In the low- 

, ! / 
water season, were provided to meet this need. 

As the height of the dR,ms forming ,these reservoirs inc~i~sed 

~d ~e conservution of the ilmpounded water became more important, 

the problem of con~rolling tlie ,rate'of outflow increased 

co.n~)lexJ ty. Non-regulating gates and ~alves ~were placed in par- 
i ~ ~ " ..... " 

a!lel in some instances 'to scqulre~closer reguiatlon, but ~hls 

practice often proved unsatisfactc 

not as close as required or the installation was ~oo costly ~to ~ 

operate or main~aln, factors ~which prompted ~thedevelo.~ment of~ / 

control valves for high-head ou$1ets, irst of~ these 

new valves, used extensively by the Bu~ an~tion in~h~ 

. J 

outlet structures of dams constructed in,She ~early part of the 
. ~' 

present century, was the Ensign balanced 're!re, n~ed after ::! ~ 

O. H. Ensign, a prominent .engineer ~:mhol contributed ~n~ch ,to its 

development. 

. . . .  7 

By strict defln~iou, a balanced valve is one inwhlch the 

hydraulic thrust on the regulating plunger is capable of belng 

balanced at all openings of the valve by pressures from the 

f l u i d  be ing  d i s c h a r g e d ,  m~king i t  n e c e s s a r y  o n l y  ~to o v e r ° c o ~  

the  f r i c t i o n  bet~eem t h e  s t a t i o n a r y  



: l  

d ~ f f e r e n t  de.see ~of r ~ u ~ a ~ i o n ,  ~. iFr~m'~,tbis.~definl~ton.it  ' l s  . 

e v i d e n t  t h a t  the :.te~ Wba.3.aneed 

p a r t i c u l a r  t y p e ,  math.as. ' a , o ~ l i n d e r ,  ,Kate, :~ 

~deflne ra . ~ ,, , 

n e e d l e  or  hollow,Jet~1~alve, but  slgniflos a~, 

A valve is aons 

prossul~o s fronl 

t h e  ' ~ l i c  :~hrust ~on t h e  s h u t - o l ~ f  p l u n g e r ,  M a n y - v a l v e s  a r e  .:of 

t h i s  ~typo. - :,i~ " 

The Rnslgn valve .has been considered a ,be:~ncod ,re:re ,by:. 

s t r i c t  d e f i n i ~ i o n .  : ~a::bod~, ~made .~up 

o f  a stationar~ buL: ,ring- Oyl~uder of Aroni':.Wi!~h "V-guldes/for ' : ~~ 

supporting a slldln~ ~. oyllnd~leal. ' p~ungar, • "~a :.,,hollOw .,oy~udrloa~" : , ,, 

p l u n k e r  o f  s t e e l  havlng a.bull rim~ at ': ~ 

and .b~onze sea~-rlng at-the::o~her; a 
:: ..... /, i,~i .~ ~ 

with ribs ..~o support ~the ?.body ,~of :the valve and ia bror 

r i n g  to :.prevent l e a k , s  when :the -p lunger / : l s  ~iin:~,~he 

and .a: ~t,  ee~l. ~ o r  ~:concrete ~ : ~ c h a r g e  .:condui~ " 

Uettally.~the valve ..is mounted on the .. " :~:~ 

w i t h  t h e  ~ h r o a t  :embedded •ln~ c o n c r e t e  a n d .  t h e . d i s c h a r g e  . condui t  . . . . . . .  :..-. 

e x t e m d i n ~ ! ~  ~ h e  downstream s i d e ,  b u t  may be e n c a s e d ,  receiving :: J~i:i~",: 

water  f r c ~ , a  . l a r g e  :p ipe  o r  t u n n e l .  In  ~e i~her . . case  the  w a t e r  

s~vroundlng ~the ~ v a l v e . f l o w s  between  the support .ribs, past the 

seat, s~pport .and ~Ing rlngs, onto the needle tip surface- 

where it Is~dlrectedaxlaL~y-:tlLrough the throat .into .She dis- 
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aesr!ypittlng.tt ...... action damaging the outlets severely; explalns!~why :[-!i:~ 

. .  e,~ap~s to c0~Teet, the !condition failed ~and malntenanee . . : . :  . " 

costs re:zalned high; tells h~w :and why,the ~roblem~rematned 
/ 

unsolved tmttl recen~lywhen two of the valves rscelved:ex~eu- - . 

sire d~mge by . ,  .,- , - . :[[i cavl~a~ion, a2ter ,, ,eration; :rela~es':.. :. > 
,j 

.:o": ~i:e prob!es~:oT, correcting ~he "condi~ions ' . .... -:-:'- :. ...... " '5,/, induc . • ~ .  . . . . .  :': 

~io:~ bec~:e assigned to the laboratory. - ~ ¢ h ~  

to~y inves~i,:a~ions which :vere made . , :  . 

e~,resea~in~ a ighth . s e c t o r  through the valve, using:, ir . . . .  : :  

i'iui,: . . . . . . . . .  "~. . . . .  and .ou~ - : . . .  ' ~ .:,.~-,,,~>,'~ .~..l ~;:en on a eom~leZe "=oriel o 4"-t'~e va ve } ~~ .: " ~" ~" 

let conduit, us!ns ~';ater as :~helflow mediu~m; coa.~ares ~d : ::;i 

...... ~,~uo ~.~e s of both i..,e=ui~a~xohs; e:cg_lalns nhy:.. 

it ' ; u =  nos ~ ,0  ~ '~ : .  ~., ' ,  . .:i - ~ ~, .......... ~,o :ne~<~ i~qedin~e us( .-~ 

. . . . . . .  ~e, land, deo~,.Ibe.~ ~ne i 

o . . : - . : . j -  

b y  ~,~. ., a u  s h e  z- i n  z i:,:-~ h ' . :d. i '~u.~ i c  ", :-.b.> , -  - " ' ~ u o ~ ¢  " . . . .  o f  ; . h e  ~z~a~,-oa4;~ .:e.o_ " " ")ii::? 

qq% 

. . . . . . . . . . . . . . . . . .  a .  :..-u..,. \ a b o ~ k . -  ::'i~!~' 

. . . . . . . . . . . . . .  ; e e ~ ' . , ' ~  , - '  ; , ~  in D e n v e r ,  C io" :" , -  " .... . . . . . .  " " ~  O. .O.,.,O : ~ . e  " 

. '  ~,!~ 

" ' e;, ~eS~,,.:'b.iD - -~ ~ " 
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work of the Bureau is directed by~S.:O.. ~er,?Ohlef'~m~tneer 

and :':. R. Young, Assistant Dhief:En~ineer.,?~he ac%ivi%iles!!of i' 
- . , j 

the Bureau are dlreeted by'H. W. Bas~hore; :Commlssione~:: ir 

The author is indebted %o' the Bureau of Re 

granting per~aission %0 use ~the meterial obtained ~iin these 

e~:~orimen=s for a graduate'thesis and also ~for ~he lllus re. 

tlvo figures. 

The statement s and opinions advanced:in ~thls :thes~s are- 

to 0e understood as individual expressi0ns~of~the<authori~'~d : .... 

as such do not necessarily repr~ 
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Ball;, 'Jmmes Weil!ey rIM,S2, Civil E~gineeriug) 
L 

Hy~'aulie and.1~rodymamic Experiments to E~Iminate Cavitation 

in t~he Balanced O u t l e t  ' Con t.roi'ii Va!~re8 ;a t  ,. =%~hosho: ,Dam 

; :  J 

A comprehenai~e study of ~he:pvessure d.fgtributlon ~In 

aez~dynamlc and hydraulic models of the En~ 

in 'the .outlets of the Shos~mne D~ :in ?lyoml 

tc .ascertain the source oi" 

pitting oi  ~: the valve needle 

redesi~ o~'.cer~ain parts ~uld elimlna~e ~he eavitati6n: 

ex~sion. 

.The aerodyn~c model s e r v e d . a s  an e x p e d i e n t : t e  ascertain 

She~feaslbility.of changes eons~t~ered ~necessary i~o attain ' 

satisfactory cendi ~ions, while 't~e hydraulic model~verifled 

the results from ~the air ~es~s ~d ~r~ished:ir~fozmation 

beneficial to the interore~a~ion of the air ~de l  da~a. ~ 

Tests on the hydraulic : - - 

distribution in the outlets 

which ~ade possible~a progr~ ~_ 

.~'ange~o£ ol~enin~;s to minizize the cave_ration. 

the urgency of conserving strat egic.~war :~teria! oreven~ed 

the ..~archase of ~ ~ne cast~n~s required in the redegi~ 

• . . > . .  

" 2 J  " i :  

! r [ '  

~ , . . .  i ~ 

~ X  . . . .  

~nstallaZ~on. From th e ex~)oril~e~}Zs t~ ~D~s shoal t[~a= the " 

cavi~ation~to ,~he valvs needles cou!d~~ot be c!izina~ed byl, 

~'i,~inor. chanzes ~to ~he existing.desi~%n :~'-~,~,~ ~ ~;~-~=_~ =h~ action . 

c~u!d be conflne~ :to a w~ry ~.~.ail ..... e ~, ...... "~- 

The,~e!~ina:ion~ of cavita:Ion In. th~ v~ive t:~ro~s~- by 

~',~ i~i I 
:~ ̧ :,'i~' ;; ~:! 

i~rooer aeration ..us i.~di~ated also. 

C,°,i. 
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• .. ;,-,:i : :NTRODU~:O,+ 

-+ +~t}~ctu_res ,Usi_na the Balaneed.-0utlet '.Valve 
+ . - . /• /;!' 

Several hi~-pressur~ outlet-,structures, des~:9:ed in(+the~.+,e, 

part of t.~e ~,~entieth century, ~ulo 

for flow rewalation. 

" h 
J 

Arro-;a-o ck, ~le~han¢ )Butte, 

¢ions (fi~re,l). Thc:st:-. 

all except the Shoshone .an/: +the E: 

valves were placed, on ~tho +upstream: facesof the 
<: 

were LSubJec+~ed to :A~ll reservolr+head. At::SElephant!~ut~eD~m~the 

" 4 , .  ~ +L" " ' " " v~l~es.were p2aced in wells near+the upstrem~ face -of.:~ + ~'m:d[ + + m 

~i th the wet er reaching ~m :throuc~ ' pas.~ages :, fro: 

while at Shoshone Damthey ~ere plac~ .:t~el 

left. end of the dam. Except for :the:~o.inch~valve~ 

Butte Dmn, 811 were of :the .58-inch •size. !+Flow ::from ,~a~ va~.~ + 

dlscharged into conduits do~,~strea~. 

comdults-.varled -in the dlfferen$, ~truc 

, %  - 

-: .,:-./ 

• + 

• were dl ssimilar, • the  .:Installatlons 

p o ~ . ~ s s  s i ~ l ~  : o p e r a t ~ g - ~ a h a r e c t e z  . , . . . . .  . . . . . . . . . . . .  :+ ~, 

i,.~d-: ~i.~":difl .:.usually ,i:i 
" " : " " + 

~,~re ily verc~ ~ :able n xlesl ~:ii:~!i ;oZ..a: +~a .e ::..by.,, s.:i gn, while :' . 

. : . . : '  " .... b - ' °: 

and diseharge:. :c°n~i~sibY ........ !am~:deatructIye. .;. -:pi~ting :adt±on, -were . . - : i: [ 

- • :::..::. ,., ::.):. 
o a~ug~-C 0 , ,  ,_ ++ • 

~ ' - . ,  . +  ' : -  . + - :  . + +  .+ . : ( . . + ~ : : . ~ + ~ : ~ ,  ' . :  , .  . : ~ / : ,  . , ~ " + .  , . .., , . + +  , : . ; .  t .  ~ + : ~, .+ ' ,  . . : ' ~ + , ' : : ~ . ~  
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- -  -- i m a ' / "  
Operating Dif~icultles__ at :the Balanced,Valve Installations ,'. , ...... ,.~, ~- 

A report I on the ,,various installations-, published in ,iI92~, 
, ~ - .  ~ , .: : -~ -~  

describes the outlet ,structures ~in de~ail :and recounts the,di~f~ :, 
/ 

cultlee experienced at :e~h, It directsattentlon tothe ~aerlous~ 

hess of the damages resdlttng from the operation:of::~he outlet 

and discusses measures taken to repair or eliminate them. : . . . .  i 

The ~aJor difficulties e n c o u n t e r e d  in}all these~srtructtLre~, :i:: i.' 

na~mely, the pit~in~ of the ~valve needles end ,dlscharge,~nd~Aitg i : : !  

are discussed in detall In ,the report,-which, onpage 8, ! ~  ~: : : -'.~ 

Izes them as follows: ~ 

....I ost oZ d i Z f i c u l t i e s  wi h : e outlets :bu t 
Bureau of Reclamation can be attrlbuted ~to ~:the e f f e c t  : : o f  ~ , v a ~ l m  
in the conduits below 
damage to the conduits 
although under extreme 
seriously damaged . . . .  i ;~ , ~ 

"In valves and conduits carryl; 
an irregular pitting or cavitatlon ~ 
observed. This appears~firs~ as a 
but if allowed to continue, ~the mat, 

as 'though attacked by chemical action." 

The report contains •only limited discussion of the ~Shoshone 

installation since it was one of the 

type val~e aad had not been required to release 'large ~usu~tlties~ .... 

under hi@h heads for prolonged :periods; thus ~he desrtructlve 

a c g i o n  h a d  n o t  d e v e l o p e d  t o ~ h e  c r i t i c e ~ . . s t a l g e ,  i. H ~ w e v e r ,  . t h e  ' 

nature and ex-ten~ oi" the damage to ~his s~ructure duriag subse- 

quent seasonal operation are clearly depicted by ~the ~follo1~ 

excerpts concerning the other Lustallations. 

.1 

- Referenc~s are listed innumerle'al-order of o'ccu'~Tenc'e in ~t'he 

bibliography in ~he appendix. 

•/ 
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O n  page 5 9 , - e x t r a o ~ s  f r o m ~ a  p r o J e c t : - r e p o z ,  t ~ c o n e e r n i n g  tile- .... >:./ 

inspection of :the 5~-inch balanced-valve installs%ion at ~he : 

Rcosevelt Dam, are, in pezt: ........ 

"We found the tire ,steel seats of the valves inbad ,,shape,, -i ,~ 
ar~ ~he first section :of ~he discharge .pipe, ~ich is bolted to 
the grillage/fre~ne, is also deteriorating very fast. :... ~The 
seats and pipes are going the :same way,rapidly. ~The sea~s ;:are . . / 
in bad :shape. In some places •they-are cut so ~hat ~the ,retaining -.--. 

On page 60, quotations concerning the inspection of ~he 

Roosevelt outlets state: 

Smooth-on, leaving a satlsfa( 
pipe. The inspection showed 
condition the firs~ " " 

ing under such ah~ ~have worn 
away, and the metal Where :~he 
pipes discharge inl .Tarthes~ : 
from the vent in the~north sidei has~commenced!~cut,tlng i:Into:'~the 
concrete lining of :the :tunnel very seriously.." : " ~ ~~ " '~ 

:ill 
On pages 89 and 90, ~.%he demage '.by ~ope:ratlon ~of,.~he ,~,inch 

balanced valves at the ~Pathflnder Dam in 19 

\ 

depict ed as follows: :;:i:: 

"...At the end o f .  ~he season several yards ~ o f  concrete . ~: 
were gone from the concrete conduits of~ 
.... The damage to the concrete ~condu~ts 
of them ass rather ~han::an abrasion, as the c o n c r e t e  s u r f a c e s  ~ . 
were Jagged and r o u g h . . . . . A t  ',the :'close of ,the .season:of 1913 ~ 

it was not considere~ necessary to make .any ex~ensl~ve :repel.re, . ..... ~i:,; 

~ne only work done 'being to plug up ~he !holes :In ~the .concrete - : : ~ 
conduit wi~h:a rich concrete and -fill:the :p~t~ed:place~ I t .  ithe ' " ~ . 

cast-iron linings with .S~oo~h.on... , ,  After .a few ~LTsope~%lon ~ i 
of the balanced valves [1914)the patches ~n the ,concrete con. 
d u i t s  b e g a n  t o  ~ o u t ,  and  :by .~he end  o f  t h e  . s e a s o n  t h e r e  were-  '.' 
large holes in '~he conduits, the damage being .m~aoh  greater ~han 
in the previous season, probably due to :the inereased~use ;:of 
the outlet. The.d~.~age to ~he case-iron c o n d u i t  linings h a d  '~ 
also increased. There ~'~ore holes en~ire!y-through the l~.inoh :.. 



r 

~ell in rm~ny 91aces, and the]i~Surface~ipresented a spongy::ap~e~rauce. 
This d~,lage w a s  believed ito becaused ,by ~he~Toz~ation ~ of',a~vacuum ~. 

around the Jet l'ssuin~ from :the ~alves," , . .  

~ / . r  . 

valves at Arrowrock Dam is described on page ll2'in the /:i[i ~ 

manner: ...... : ~ ~ . ,.~ .:~ 

" Annual inspections ,of th outlets have been~:~ade :since ~ ~ :' ' @ , e  @ • • . 

the valves r~ere firs ~s,was • 

ve~-,~n. "~.:eSl°~;-all~ at_ofEirs~l ~. . com~uit s : :~ ~ , ,~ii 

and the concrete " : i  ,,~!~ 

~o be considerab~ 
the peculiar, yo,~ ':~;:;~" 

other outlet s oE 

7~n!le the ~ ~., ecoin~ e~-~:t tact z 

~o~.one Dam, ~h,~o port=ay v_vi~A13 

onco'~utare~ ct this pro~ect since the 

-day 

• ,majority of present/hymenal 

. . .  

the early part of the pre~ ~ !on. " i !~~ 

the foreBoing excerpts are s~ill 

As ~ms the case then. the most practical r~: ) " ~ ~ 

the discharge conduits is considered ~o be the introduction of, 

air L~:tediately below ~he ,tog-slating devices. The admission of ~i!!!.~ 

air to ~he discharge conduit v~s e~gs!o:yed in many inst~Lnces dUrimE !i, ,,L,~,! 

the first f e w  years of opez~tzo~, bu~, in view of air requir~,~ent ' ~ .  

tests made in recent years on both nodel ~ud p1~ototype .stzactures~ 
° - 

it is doubtful if the"air ~,~ply in ~st cases was adequlte. The 

location of the air inlets to the con,duits is often r~ore ,.~,orta=u~t :,!~, ~ 

t!~n ~h8 size. Th~s improper location mi~t !raTe beeu one o£ t~e 
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, . o ~ , , , e e n  . . e  . , o  . . . .  ~,. . , .  ~ i , e  p a r e z ¢  : " ~ ' : t e r i a ! s  ~ s ~ n o n e  t o o  :" : .  , i : ~  

tel! able ,*~d there w,,-.~ ul:,:ay~ the :da,n{ier that the :oa¢ches wottl~ :[be 

"o~. ~ , ~  . . . . . . . .  : ~ u ~ ,  . . . . l l o , ; i n ~  , , n o ,  a.~ e,:;&,~, , o  b e c o [ r , e  , u l t t e u  . . . . .  t o  a . . : ~ ' e a t e r  _ a ~ h  , . . ,  , ~ . : " ) : , , , " . . .  

. ' e , : : :  : ' s  couP.:, ~e ~'zde: :' 
t" " " 

4~ : r : ~ x . L .  os .~or~c ,~ces::urcs, ouZ ~:,e czuse tZ~s no~ co~:~.p!e~eiy tu~der- 

"¢:,,-~,I ~t first rue . Ittl,.;.~ ~S belie~e~ 

%( 

~ . . . . . . . .  . . . . . . . . . .  9 : = ¢ i  ty 

" ~ " ' ;  : hc~ = ! ! [ : e  . :  - ,  , a  . . . .  ~ • • ~; . . . .  - ( " . c : ~ < :  

- ....... e ....... Altho [~hio!~inlo n ~ary \ 

- ' ; O " C ~ : ' ~ "  in,~Z ~hO ; '~ : ,"  . . . . . . .  , ~" r id : , :  ' 

. . . . . . . .  . u  . . . . .  ,, o e . ' . . ! e v e  it ~o 5e ~ : ~ . . e  direct: !'em:l~ " "  ~ ,', ~... . 0 ~  lOr~es pro- <-~ 

} -.',,~ by ::~ coll.u,:,s9 n . . . . . . .  - " - . .  euv!~'.~tlOn Ca\~_'i - -' - - ~ . e s  as they puss from:a ' 

. . . . . . . . .  c~ "jre~tcr ,~reszure. T C. u~ 4 / 

v , ' , " ~ 5 " "  50 t'e . . . .  ~'" ~ ' ~ -  " " " 

/. 

l'c ,:.~!rod hy oatchin;- 

@ 

:'o:~r ~-i::ch <,n:}os and an [~-ixch duct below each va!ve [fig-ure.:3)i. 

uo. sLt ~u ~d tv,o inches in <Li~.~eZer at e. downstream,, end. 

,,- ::rked i..~..-,.~, ...... ~-~.~-" ~.~." - z:;e in~em=iZv~ . o~'" the noise accomp,anz,-ing the 

• . . .,a.e~ -. ~, ~.., ,~-.. the e.rpe~'~nent ',~s considered 

u-u~ccessful. The 8-itch ven~s were closed ",.ti~'~:. wooden ,-I-: 
z--~6"S 

w:~e:- ~.~ve~!~a~lons d~sciosed t.h~= 50 be tie =ain source of the 

",)i!:( I ~- 

° 

% 
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Increase~] noise. Beca,.~e of ~ : l ; h e  a~,~rent failure of the vent , . . . .  • 

~ys~e~, reso.'~ , ' . , ~  made to ~he ori/~nal,mat}~od"of maintenance 

..... ' the w:~].v,~s used as l!ttle:as ~osslble,.being closed-e~en- 

ti'.~Du <'~ a r~otch in the ~spillway cr~st. ~It ~as rea!fzed ,that 

~_e ~i~ti~ ~'~'as serious and that ~ecairs bythe usual method 

w,~re i . . . .  de.:~-~e, however, 

:':az :~ot apparent at tae time. Other valve~ 

tlon has been eliminated are mnong :recent develommen~s.' 
":, / x 

The ~evelopment of lands do, stream/and recen~ re,quests 

to control floods to ~reven~ drayage to crops along the river ~ :~ 

neceszi~a~ed ~=e reiease of more :2~er Zhrough flue ouZlet 

,.~,.-jc~ D~lm~e ~o the outlet structure ~as increased ::severely 

by ~nese requirer~nts and the orobl~n of~,m~in~enzuce~,b~oame , ~ ~i 

critical, so much so that an inspec%ion o~ structure 

was requested by the pro~ect engineer at the end of~he~1942 I ~ 

season, after ~2~e valves had operated at near full:~capaci~y 

over an extended period to:regulate flood flow. /l~resPonse~te ,:~ 

this request an inspection was made in.October 1942,~ ~ ~In~d~L i !i~ 

d~,~mges {figures 4,5 and6) were reporSe das foll~s:~ ' ~ ~!i 

"The concrete for several feet downstream~from~e ~metaL 
lining in each conduit has been severely, eroded~ an ~, 
majority of the t~enty-four 2-inchpipes ~embedded ~In 
duit during the~revlslon:in 1931 have~ 
away in ~he eroded~areas. The:leakage _ ~m~ <~' 
kn ~he closedposltlon is ~abnormal, indlcatlng':~the ~sea% ,~"/ 
packlmg-ls mlss~mg,and e leakage through:the needle face ~on 
the  w e s t - v a l v e " h a s ~ i n c r e a s  ed i n  s i z e  s i n c e t t , ~ a s n o ~ e e d " l n  . 
December 1941. 
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"In the east valve conduit, seven of the twenty-four 2-inch 
pipes are still intact, the remainder~bcing torn out as shown in 
figures 4 and 5. The concrete Is stripped out from 6 to i0 feet 
downstream from the metal liner on the left side:(~figure 4),10 
feet on the bottom, and 3 to 6 feet on the rfght side. ~!n the 
bottom, the maximum depth of eroslonwas ll inches~bslow the 
orlginal invert. The 8-1nch plpe in the!crown, whlchwas plugged 
since the trials on its effectiveness in 1931, is still intact 
but the concrete is torn from around it. ~he~semisteel conduit 
liner below the valve is severely pitted due to cavltation!as 
shown in figure 4. The severity of the pitting can be judged by 
a study of figure 5. 

"The east valve closes satisfactorily, but~there is an < 
extensive pitted area on the sealingrlng at the invert. The ~; 
face of the needle has pitted areason/whlch several kinds of 
metal have been tried, such as Wilson 17, Airconickel, 25-12 
stainless steel an~i~obart cast iron. :!None:hasbeen satisfactory. 
Figures 5 and ~ show the extensive v~l~ing on the face of the 
needle. The areas of greatest pitting were directly below and 
above the respective v~lve guides. In thoseareas only:5/4of 
an inch of the original two inches ofilparent metalremains. 

"The conduit downstream from the~west valve is not as 
extensively eroded as the east valve but it is more severe in 
spots. Twelve of the twenty-four 2-inch pipes are still intact, 
the others being ripped from their embedment. Figure 5 i shows 
the remains of these pipes and a hole~in the concrete approxi- 
mately 15 inches deep. In this conduit, the plug in the outlet 
of the 8-incL air pipe had been torn out." ~ 

In view of the findings of this inspection and similar 

previous occurrences at this and other installations,o:hydraulic 

model tests were believed to be the only practlcable means of 

solving the problem, and a comprehensive test progreua was 

Instigated immedia~elyto enable repairs before the start of 

the 1943 irrigation season. 

O 
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Scope, of Tests 

The x~in purpose of cons~ructin~ a model of.the Shoshone 

outlet v~ive was to evolve a means of mlnlmizlng or eliminating 

the severe damage co the outlet s~cture, ther~eby reducing the 

unreasonably high seasonal maintenance costs e~ud removing the 

debugger of a possible la.lure in the water release system. This 

problenu involved an extensive study of the pressure diszrlbuzion 

in ~e valves ~.:d dl scharge conduits, first, on a 1 zo 6 scale 

aez~dyn~:.ic .~ndel represe:~ting a one-eighth sector through a 

valve and dlsc~:arge conduit, to expedite'the redesig~ so that 

purchase of the necessary materials might be made in zlme for 

completing repairs before the 1943 irrigation season; mud then 

on a i ~o 8 2/3 scale hydraulic :~del of one valve and discharge 

co~:dult to verify the air .model teszs, s~udy refineamncs in 

desig~, and determine the adequacy of the aeration system in 

both the original ~Id the proposed designs. In addition, 

studies concerning the actuating pressures for the valve 

plunger were made. After it was found ir~possible ~o obtain 

materials for the new needle tips and air intake z~anifolds 

required for the proposed ch~uges, d~e ~o restrictions by the 

War Production Board, tests were conducted Co ascertain valve" 

openlng ranges of safe operation to minimize damage by limited 

operation until materials become available. Also, a studywas 

instigated to ascertain the possibility of obtaining acceptable 

conditions by making minor alterations to ~he existing 

structure. The model studies included tests to dete1.-mlne 
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the reliability of usin~ a~r.as a flu£d~In~ead~oT:,water:e~d 
1 

lave st igati on s to ascertain i~ml tations ~and i dlsadvantages of"~,t~e 

aerodynamic model. In °~nnectlonwlta~these tests, .-an exa~natlon 

was made of hydraul£c and ae amlc~equa~io a rt n :~the 

erl~r iz~-'oduced when uslng~the.:slmpler,:hydraulic:equatlon:~,in 

dete~ining the flow of air through+ an+ orifl ce. According ' : t o ,  

Dr. C. Keller, complete invesclgation of hydraulic machlnes is 

Possible through: aerodynamlc~testlng. :Dr. Keller's worksT:~,were 

used as a ;~ide throughout the model:study. 

Su~mmr~ of Results , 

satisfacto~I solution to the prob!~.n Of ir"~e ~- 
itho 

severe suea~.:osDncric Pr~ssurcs,on the v~ve needles and d~scharge : 

conduit walls to prevent the. occurrence::0j :-:the cavitation ~: .... " : " :  

~ : h e n o .  : e n o n ,  t h e r e b y -  e l f x ~ . . i n a t  i n g  ~- . . . . .  ~ . . . .  : 
~he destr~ctive'pftttngactlon -. , :::):~ 

to t~.ese parts of ~ne stz~cture,, was.obtai~ed~.throu the:mo~el:=o ,.~2;i! 

st udi es ~b sequently ~d e sc rib ed. . ~ilill ~; 

i~ae model tests, indlcated-that !either df t~. methods mlg~t;be 

  pZoyea to  ive  tls aoto  o  ratlon, included : :i 
changes In-the valve needles and aix---~p~ly__= system % r ~ r ~ d  \ 

the purchase ' "  • • J~:i 
o z  heavy i~tal castings, "~ile .the o~her involved.lthe ,--~'~~ 

stre~_linlng of the seallng:edge of the exlsting;plunger, :remo~Ll: 

of a portion of the bronze ~sealtng rlmg.by-.chi~i~Ing and~ nd , 

re~1ov~ of the throat llner, and -r~evamping. the al r- supoly ~ ,~:-~i~ 

Aeration equivalent .to three l~*inch ducts was found to:.be~ade- : :: 

quate in this 
arran~,ea~, but.ellghtly mere area ~as recommended "~:~ 

as a factor of safety~:because o f  the l~mtted In~ormatlon available / 

on the alr requirement in hlgh-velocity flow. ';i!~~ ~ 

j". 

! 
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T h e  model 'r.te St S ~ahowed : t h a t  t h e  ,. e x i  s~ing~:.prototype-'~vent 

system was inadequate to prevent cavitation for all ex@ept~a , v e r y  

~nall range of valve opening. Insufficient air was/supplled;at 

openings between ~3~and 70 percent, and some ~ of the i~-inch vent 

Iolpes on the invert and crown became ;!ineffective ; at . openings 

above 8S oorcent ,- due to~/e'ddles ;forming ;immediately downstream 

from the V-guides. These conditions:precluded safe/operation : /o f  ~ .  

the  installation at  r ~ g e S  of valve openln~ other t k ~  '~ 70 . tO:SS 

percent. 

LJodel studiesi~bf tire existing field, design lndicated ~tha~ 

the pitting of the prototy~pe valve needles has been i the result .... 

of operating a~ valve ,openings~between;14and~25Jpercent ~a~d ~ ~ 

that damage to ~ the conduits resulted between Z3:a~d: 70 i;~percent. , ' /. 

valve openlng, h~doubt the damage to ~he conduLt at ':!these • ~- 

openings rendered the air-supply systemlneffec~ive~and " '!ii 

aggravated ~he destructive action for larger valve openinga. ,'. ~ i;-~.i~!~ ~ 

Disclmr~e coefficients and capacity curves, ~ich ~ll~se~ /++i 

.... i determlne the flow.:being released by the ou~le~iw~rks before ~ : " '-~,,.: 

~d after the outlets have been revised, were pre~ 

model data. 

The u s e  o f  a n  a e r o d y n a m i c  m o d e l  C o n s t r u c t e d  o f ; m o l d i n g /  

p l a s t e r  p r o v e d  ~ a n  e x t r e m e l y  u s e f u l ~ e x p e d i e n t  i n .  d e t e ~  , t h e  

f e a s i b i l i t y  o f  t h e  p r o p o s e d  r e d e s i ~ . ~ .  T h e . t e s t s  on a e r o ~ T n e n i c  

m o d e l s  o f  t h e  S h o s h o n e  v a l v e  and  on ~ o ~ h e r  s m a l l  v a l v e s ,  

u s i n g  a i r  and w a t e r  a s  f l o w  m e d i a ,  : i n d i c a t e d ~ t h c t  ~ i t  i s  p o s s i b l e  

t o  o b t a i n  r e l i a b l e  p r e s s u r e  ~nd c a l i b r a t i o n ~  d a t a  f r o m  a i r  : m d e l a  

~ i/! 

p r o v i d i r ~  t h e  , ~ e s t s  a r e  ~ c o n d u c t e d  @ a r e f u l l y  e n d  p r o p e r ,  

-. ~., ~,/:,~..5 
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i n ~ e r p r e t a t t o n , ~ o f  :the r e s u l t s  i-s ,made. 

Z n v ~ s t i g a t ~ o n  o f  ~hydlmulic and ?them-mod~l~c  ,:equa~%ons ,: f o r  

oomputLu~ ,*he q u a n t i t y  -o't:.~i~r,i~di scharg,lng :~l~om. an~ o rlflce dis- 

c l o s e d  r ~ a ~  k ~he ~hnpler~ h y d r a u l i c  used'  ~vi~ou% 

i n t r o d u c i n g  n o t i c e a b l e  rerrors o l i ly  when ~the :~pressure~ lal 

" <. , . .  

.+ • . 
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: t~Iot ion.  due.~tO~ 

p r e ~ r e s  ~ 

In~ polnt-:o~ the  :prO~t~l~. e . Inaay ~,.~ 

prototype .'transfer ~:axp~sLton- ": 

[e  ? v a l ~  ,! do ', not ,  e ~ ,  

," ~p 

whore ~Pp. ~a.nd i~P,,,~.e.t-e 

However, : i t  : t~e  . t o a l e d  ,:,value,~at ~. 

vapor p~essure, ~h:l .~h ~,eond~io~ ~i 

oe~a~ on ;;t.he ~pro~typo~:,:~A~ .~!b!inot 

• :}i 

than  :. t ) ~  

p o s s i b l y  i;the ~p~essu~o ,:wh~eh,~ eont~A~s 

i ¸¸ • 

ii iiil i: ii 

, ! '7 

pressure} is ;enroneous, ,,~peA~leularl¥ ~If ~he ~:~ 

widely separated polnts ~aad boZh ~ ~not ~.o~e ~ sanB ~ealAZT. ...... 

Press~tres :obtained -in : the  ~ . u ~  : ~ n e r  ::for :an~ ipo£n¢ -In :the , p ~ -  

re type  ~.other :than :the o o n t r o ! ;  or  l o w e s ~  p ~  W l : 3 ~ .  ' . ~ h e , t " e ~ f o m :  ' ' > i i i :  

be too low, ,~ud.~the pe~oon.t~ot e ~ o r w l ~ l l ! b e  .p~opox~u~n~ :to ~ o ,  ' -  

d e v i a t i o n  :of  :~h~ :mocked ~p=oeeu~o ,~from i.~ho : w ~  : ~ .  When- 

tiLtS c o n d i t i o n  ~Ob~Lu~, ~anot~or ,,~ethod:mast >be , 4 ~ o ~ e d  ~to,. 

e v a l u a t e  t h e  p~oto~ypo :~"el~ax~m. . . . .  . . 

r * . ' ~  



If the 

pr~sm~res at '.~;her?:S&~e :'relative ?location and,~the boundary ~ntou~ :: " - 

up.~ream ~rom:thl.s point '.is's'o~ioi'entZy :etre~ined..~o-pz, eclude ";i:. ::, :":",:'i: :: .~: 

any cl'za~e :in the Shape ~:of::::the ::stream'tub"es due :to ,.chan~eS:::in : 

head, that is, :the,.coefflcient o£ dischargei " ::i 

r~,~ins constant, the ratio ~of ithe 'difference :in~:head 

points in this region 

control pressure ),~is ~ 

v/here the scaled model " pressures are ~above::ths " : ~ p o r , ~ r e s ~ : : . - . o f  : '  ,- 

f f t r ~  ,.: . ,o, 

acte~st ies-o~ :~h~ 

cate~ by the :modeZ. ,, :. 

Since .~he 

issulng ~To~ .,a 

p r e s s u r e s - a t  ~ e ~  -": :i:".: 

model end p r o t o . ~ p e : : ~ f ' ~ i o l ; i o n  :-be~au~:of:'~,t~ 
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"The 

Ismssuresi more-:olosely 

s t r u o t u r e ;  .~ttms it:~was ,: .Inp.lo~ 

r e s u l t e d  :between , ~ h e : : h ~ r a u L t o .  and ~.~he ~:-aer 

proposed-.~edeslgn 

a~trlbuted i~pa~tZy ':,~o di~Te~enl 

.flow, med~a .from the 

of :the aerod~namio~model, .were: 
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. , . -  . • . , .  , 
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Air. Versus " ' " " ,, ,/at er. as ':a: :~est :~ I~ 
.~:: . . . .  " -:,  . ~  ~~, :..::... ~, : , , 7: -,,L : : -~  

aerodyn~ic :~dels :'~o agree ,~  

wi th t.~mt 

previous So those.~o~ 

ascertain ~~nethor ~he 

flow medlum,or . b y  us~ 

~omplete m~del8 

the tes~ 

lesul1~ from f t i e  "lall#r,. . : /  :~.::. : .. 

, ~ . I . 1  ~val~es ( f t t i u r ' e . ' . 7 ) ~ , v o n e  a ~ t - ; i n c h :  

was sufficient + t o ; ; g t ~ e . : ~ a b l e  :mea~e~!i,,::!~i 

w i  th -air, -then' ~:w~th water,. ! ":,,:/:~"-:":::~!~ 

I ', v! 

h~Iraullc data ~m'both 
L-, + .. ,. 

-i 

coeffic ients for: :each-~alve ::w~ 

• . . . . . .  f , :  

for :the 

B e ~ e r  

- L + 

In ~he 

-S, 

outlets. 

-of s~l~u~at 
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c o n s i d e r e d  ~'..exms~Lle~At ~.1~h~ ~%he 

" " = ', ', ,r;:.:', 

~meCew , o f  ,~the. :valve "!(fJ~Z~..TA) 

: h e a d .  , .~mug,  b.. t h e  

e e ~ a o ~ y  : o f  -abe  a i r  : b l o w ~  .ihad b e e n  - s u f f i c i e m ~ : ~ o  :ob.~ain/~%he.:~::i ' : i :  . ::. ' .::::,~ 

!:~/':' .'l~e firS%!'~at%e~pts ~o :eomP~ ~he":aerod~namic :and ' , ~ h e . / ~ U  

d a ~ a  f r o m , , : , ~ h e / 5 . i n c h  o110w~.3 s t  v a l v e  '.were 

:!ii:~/ 

/ 

k / ~ . . :  

~he oa tar  ~]ge of:.J;i~eneedle, we:~e consld~ra'Olyriln ~xcess o:1" i~hose 

n~ ~er~ ~ AI~ invest1~t ssure ~~ o b ~ I n e d  b y - u s i  ~ " " e r  • " 

do~mn~ream p o ~ o n . o ~ f  
e d g e .  i" ~he !neecL].e ,  - 

w~ere 'aPpr~iable " : ~  " pressures. ":~ ? " ~* 

di~eemen~ was a ~ r i b u t e d  to improper measur~n~nt oi" the head on ,- 

p r e s s u r e  i n  : ~ h i ~  r ~ i . o n : w a s  a ~ t  ~ ! u o l  ~ o  ~h~ p r e s s u r e  ~ b o v e  . iii~i.i. !'~: ~ 

. • }!i i 



atmosphere recS~ed by t ~ ) p ~ e z o m e  m: 

, U p s t r e a z :  f r o a  ,gh, 

thus the head ob~iaine~.fS; 

correct ' w L l u e  ~hanithetr;ifOr the 

on the v~ive was taker ns t o  

diameter'ups~rea:,~ ~ o  one !.~ediatel_ 

. . . . .  , . " :>',i ; ..... 'i;,,-., 

' n~rer , t l W  '.,' 

?~,.@.,<~he .needle, vcry 6ood e~ree;,~n ~ ~..re~ited ~.b.etwee~ 

m~.e' t h e ' , ~ l I c  t e s t s  ( r i g a r e  7 B ) , . . ' . ~ e s o ' : . t e s ~  . 

; "';~/~"" ";"- ~ c a r e  must be exerci sea in ~conducting 

,-~ Ol stributionl 

/ -  

the,ae or: " 

DPm~ !of .the 
Z " , ~" 
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be~.~een tests uslnc air and those using water asa 

valve openings on tl~o,a 

present field dosi~ (£1£ure 8B} mlgJ~ 

,l~ae presm~res fo# tke pr, 

could be predicted eccurately 

removir~ the ~ondul~.  In-addi~i~ 

c ont ro I i~med 

appreciable chenge';in ~,the Strea 

i'aotors (figure 8A). 
I. 

~en, ,  aex~e~ic ; tests f o r  t~he re( les i~ l  of 

works were ,instigated, :it was .realized ,~hat.,~ 

of the air discharge through a 

required durin~ the studM. Thl 

complex thermodynamic ..equation 

,~reover, the information would be u sei~al in .future aerod@~ne~O :~te~ 

A c~mprehenslve comparison was made of 'the ,two equa~iona, based .@~ 

both the upstream and'~$~e do~stremm p~ssLtrea. 
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formed as the v~Ive'~ear~ ~the 

condition," the Con~imfO~2s ,curve 

• .~ ,. 

" 'L '" 

~amge., ..."°. 

,::easure,nent s inclui~Ing ~hose ,do~mstream-',l 

"~.  ~. , :  ~ " .  , '  ':: , , , . . . . , , . ,  . 

,s, ,were 
.~.:. ~ .~" 

m~ba~=o s.pherlc , for c pen!rigs of 'les 
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corroborat .e  the resultsi:Jbly"i 
. - , ] ' ,  

:nod el b efo re ~he: pl arts Were 

t e sting wa s 'compsa~ti v~ly n~ 
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aerod3m~mic tests lat.rprove~l :%o::'lJ~e.!a .alu~bl, 'eXge~ >" :;:,,~L~,:: .... 

As the parts of the aez~gynshii~ :~md~l.wez .:y~i~: 

.the model was ~altere6 to 

tion syste": 

(figure lOB). The .~odel wasnot= aerate~,:, as: .~he i.~roto% 

pressures were tu~nown. ?.~oreover, ~ wou!d:ha~ been 
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aerate proi~erly th.e ae~dNzar~Ic :~odel to represaut these presmtres',,:. 

!~ad  gh:oir 'eorr~.ct n~i.tu~le been ;Imov~, , ~ hig&.v,l ~ty air ~e~ 

trrlr,~7orts ~he '.~r~unding; ~Lr 

::~u..c size am! velocity; :thus consii 

iz~dv.~ tozts £1~ic .... ~a lo. 

oeen the ca~'~e bad pro~e. 

.... b3 the hydraulic model. 

~le pressures in the out!e~ were as 

subatr~spheri c on the ,outer e ;: 

conduit .dovmstr~am.: The pressures ~(~i~ 

pressure factors baseti/on the head above 

and e.xpressod'/as .percer~ta~es. ,of ~l~Ls,..~L~ 

m~b sequentiy  from t~le:A":.~ O ; 8  ~, 

the prototype Pressures could~ 

,)z~cedu~e. :Examine;ion disclo 

those obt~ine~~.i~ I h3rdra~i~: ~;  

exeee   thee 

pressures ~ere ~ecc .~t 

" ' " ~" ~ ' ~ '  ~'" ~ Y~i ~!,.~ ',~;:'b~ 

hydraulic  t e s t s  . Be%-~er !'e~e~e~t!,'~ 

between ~ h e .  aer~d~raamic and t~e/~c•-.~.~e~t,s.:N 

z:i-~o~w-se~n a u used. ~ '  " ..... 
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• War P~0duct ion  Boa~d. the deo~.e~on was made to  repair the outlets 

in the usual manner and continue ,the test pro~-A~en to a~ertaln the 

~ a o i b i l i t y  o f  minor e l t e ~ t i o n s  r e q u i r i n ~  a minimum:of ~ t r a t e ~ i c  

m a t e r i e l s .  

~ b _ ~ t i o n  o~' ~A~3posed:,l~d. en i~n  O u t l e t  

" " L  ~ o t o t y p e  d i s c h a ~ g e  c u r v e s  ( ~ u r e  1 6 )  f o r  a s ~ e  valv~ 

o p e m t i n ~  at  diA~ferent  o p e n i n g s  end  f o r  one v a l v e  f u l l y  open and 

t h e  o t h e r  a t  v a r i o u s  openings  was prepared from model  c a l i b r e t i o n  

d a ~ ,  ~ ' ~  c u r v e s  chow a s u b s t a n t i a l  r e d u c t i o n - I ~  c a p a c i t y  from 

the p l ~ m n t  field Ins~n~atlon--that ~for,one 'r~,~'Ve at the maxlamun 
.... o 

head b e i n ~ ' a p  , ! ~ o x l ~ a t e l y  1 ,120  s e c o n d - f e , ~ :  a x ~ d u c t l c ~  o f  about  

Hoon~t-~eet i~ee ~s a n a A ~ ) .  ,~ ~ ~ 

losses i~ the reser~olr to the valves were confuted for 

~"i! (~OS}  m ob~laino~ ~:Ln : t h l s ' . n a n z ~  r ~ p r e s a n t e d  ~ h e  a ~ l ~ b l e  

head a t  the va~wos ~or the  g iven  . r e~kwmir  e l e w a t i o n  and v a r i o u s  

. . q u ~ i e s  o f  mater  l ~ k ~ l ~  ~ o ~  ~he ~ m e ~ .  P l o t t e d  8K81~.Wi; 

m h S z p ,  ~ t ~  ] . o s N o  are  ~ mine ~ x ~ e . ~ , l e u  .of  reservo:J,r ~e3.eva- 

~ ~  ,~:om o o e ~ o l ~ e  bm~K~ ion t ~ , ~ c ~ . ~  ~sa~ on ~ e  val~ee, 

~a~ion is .'~hat: abo~n* by :~he ~ln~e~eec t ion  

ss ~.~o~ ~he ~ vation Io ~ ,r e!e . 

~ e  ~® ~Uent i~  o~ wa~er ' b ~  z~.oaHd when ~ e  

k ~  
~ o o ~ J ~ r , b l s v a t l o n  and the W~ve ~ e . ~  ~own~ m~er the  
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graph oh the loss curve for the:kno~n:reservolr level, f o : L l o w , . a l o ~  

this c~rve tmtil it intersects ,the discharge curve :for the ~glVe~ 

valve opening and read the discharge scala .vertleally below this 

intersection. The outlet di~'charge forints=stile te:::~~Ir'~e- ' 
/ 

rations ;my be found by i~terpolaticn. 

Comparison of the discharge coefflcien~s (figure "18) r~ 

slightly more capacity for the air model -than for ,thei, lh~L~a~ie ~ - "~ ~ 
• .., ,. 

model. The reason for this difference was',not asce~-~a:Lu~i  ~ ' : ~ ' : : : , ;  . 

mlr~ht have been the result of ~rrors ~inher~t :.i~ 

assembling the V-shapes used in the aerodynsmic~r pera- 

tlon of the aerodynamic model at'Jsmeller:Re~olds numbers-::/~i~ '~rel 

elaborate model than that'used in the air st~d~ 

correct shapes and no doubt would have reded !in 

. . . . .  !I 

, . ,  i *  ~' ~.~-.. 

: 

' 2 :  

: i ! ~ i  i ¸̧  

¸ 

H~vdraulic Operation of the ValvePlunger o2 
, , i - - -  - -  

The pressures ~emding to open the :modei ~valve were ~ceater ,than 

the clearance-gap pressure over wash of !the r B~Xr~ace ~-~:Of ~the 
• ...... • ~ 

needle tip; thus for certain o p ~ s ~ h e f o r c e  e x  e r t e d ~ O n 4 ~ h ~ b a e k : '  

end of the plunger by th~s pressure was ~Ina~'fl ~it 

(figures i~ and I~A). This unfavorable ~pzessure ~dis~rlbu~ion 

existed o v e r  ~ h e  ~ :or vaIve ,ei~A~ i~!95~to:?10o pero~:- , ,d  . . . .  

p r e c l u d e d  s u c c e s s f u l  c l o s i n g  o f  t h e  v a l v e  b y  t h e  c i ~ ~  . . . .  " . . . .  

p r e s s u r e  at  t h e s e  o p e n i ~ s ,  T h i s  c o n d i t i o n , ' ~ h t c h , w a s  a l ~ o  o b ~ a ~ e ~ l  

from the aerodynamic tests, no doubt explains the diffleulty experl- 

enced by the project in" closing the prototype val-~s when they~~ 

operated near the wide-open position. 
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Study of Pxlessure.e ~ the  Present-0u~let ~ s  .~!!at%o.n ~ 

As soon as i,t was learned that materials for the.new needle tips., 

and air-lntake manifolds of the~proposed redesign ,:could not  be pur- 

chased, an extensive test program was initiated to investigate: ' . 

(i) the pressure conditions in the field design:to ascertaln the 

possibility of mlnim~zing the pitting resulti~ from cavitation by 

limiting operation of the valves ~to noncritical openings, and 

(2) to a~tempt ~o discover a method foreliminating the destructive :~lr L'~ 

action in the present structure bymlnor modlfic~ 

ing the purchase o f  s t r a t e g i c  w a r  m a t e r i a l s .  Tests  f o r  eompei~e~m 

wi th  these ob ta ined  from the aerodynemlc mode l :were  a lso  m a d e . '  " ~ : ~" 

There were two low-pressure  'zc . . . .  • ~ ~ -  Shoabome o u t l e ~  .model. 

where the pressures at oertaln val~ when t~ 

the prototype reached the va~or pressure ~ of water, 'about . . . . . . . .  

of water. The pressures in these regions i(zonee ~u~i~, ,f~gur@l~): " 

were taken a s  c~iteria in egta, b l i s h i n g  t h e . n o n c r i t i c a l  r a n g e ~ o f  . 

openings for the prototype valve ~. ..Sino e !twas desl,~ :to do~ermlne r" "~'~ ~' "~ 

t h e  e x l s t e n e e  o f  e a v i t a t l o n  p r e s s u r e s  .by t h e s e  t e s t s  end n o t  ,.the 

pressure distribution in the valve ~or~.ithe looatlon ~ne~-~~d~m~,e :~:~: 

would result from the collapse of the icawltles, the.~t~r of : ~ ~: ' .. '" -: i':!:~i i 

model data to . . ~ .'.': -~ ':.i :; 

outlined previously were~used and the pressure dlst ': 

field conditions investigated. 

I t  was i n t e n d e d  t o  u s e  p r o t o t y p e  m e a ~ r e m e n t s  made i n  ,1931 

the  c o n t r o l  p r e s s u ~ s  f o r  t h e  mode&-in ~ e d i e t i n g  .~he . m t n l m ~  

p r e ~ s  i n  mona A o f  t h e  prot@~ype .  ~ .~wever,  "~ , W ~ . s ~  ~o ~ h e  

' p z o ~ o t ~ ,  ~he 
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