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-PREFACE 

~:~The hydraulic ~ mo~el :,studies :, mad e ~!in <c onnec~ion °:~Ith 'iChe 

development ~ of !~his 'energy 

were : made :iin ~the ~ power and 

laboratory ~ under ~ the ~direc~ion ~ 

~'~thls ~report, : 

itHe ,: h~Ira~±c ; ;" 

. Z Horrzsb~, , ; e ~ i n e e = .  'iThe 

. d e v e l o p m e n t  ':o£ . t h e  d e s i g n  :~is ~.~ he ~work ~ Of  ~.G. J~. ;Hor~sby ,  .r .enginee~,, .;  " 

~ s s i s t e ~  '=:bY~ H a r o l d  ~ D. B r i l e y ,  ~Junior  : .engineer. ,  ' ~ h o i ! ~ s o ,  had ~:cha~e . 

of the ::construction and ~tes¢ing :0~ ~the '~e:i. 

These :studies ~were ~made ~under ~the !general ~ supervision :df : 

• J. L., Savage ,, c~ief ~ designir~ ~-enEineer, ~a~j~ ,'Ar~h~r iRuettgers, ~:serLicr 

• engineer. ~AII :engineering ~work ~:o£ ~he !Bureau ~o~ ~Rec3~matlon :!Is ~er 

t h e  ~: direction ~;o f i H. '~;F,,. :Walte~ ,' dchief ~e~ineer ~ rand :'all ~,ac,~i~Igles ,'.:i0~: 

• , "21 

• ! : c o ~ a . 1 ~ s e l o n ~ ;  . i, . :.,~ 
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ilNTRODUCTION 

,' I #  

" ;  ,2' ~ . " " " " ' ,  : " - " . "  i - 

ulatiug .. mechanism ~.which. will.~..suddenly .. am~ • ffectlvely .~ function .~ ~f: 

.:a~d ,;~when for~,~:~aZ~ ~ r e ~ o n  ~the.'~:. ~ i c k e t  ~:~gates :on t t h e  ~ u r . b i n e  :.should ~:close ,  • 

due : to ::mechanlcal-:ori1"~i ):,~fa~l~e. ;,.That 

• . , and. ruggei~:enough ~to :~,wlths~m~i 

: t h e  ~shock,:o'f :2a ~sudden , :operat ing  : c o n d i t i o n  ~amd ,::con%inued ~us e ~:as ~:a 

~separate ":: 

, : ' cr i t er ion .  , :.~ 

:~absorbers .~as ~descrlbed .~In-!~t~c hnlc al:memo randmm ~!No ~~:57.8, 'i.,t he ~.N~..~se ~' : 

,,.was tto ~studytthe ~.~rfornmnce,:of;machlnes :~,alre~dy ~in~o~ra~ion,:~:at i~ ~:~ ~:! ..... 

:Boulder,Dam 'and~:de~Ise~ime~ms cof ~COzTectlng ,:certain :obJectlom~ble ::'~ " " 

'ffeatures. :~.The.cenerg ~ ~:bY~i ~, :.:.~.: 

~,~wo , ,~:dffferent ~manufac turer  

:i,that !~he ~dlssiPation.~.of .,ien 
-.i::, ~ i ~ /, 

"~the :.J et aand ~ ,avoiding ,,:~energ 

~The ,. 

. -. 

2 " : ,  

i 

" i  " ~ "' ~ • • :"k " ' 



~: ~.':: . . 

.~.., . ,~ 
~'absorber~-::.which ~.would 

~ earller~::~designs. ".Wi~ 

lli::. .. _ , r e d ! i : f o ~ - : i i n s t a l :  

, ~:: hart  ~ ~,v~bration~.werei le 

,~. difficult ,¥to ::~duc • ,%0 '~ole~ble ',values, •.. 

;~An ~:energy~:,absorber .., model,:embodying ~-/ 

~and :,.~sted',in ,.the 

~,2;. ,.:Scow 

v w ~  ~ v  . . . .  

• . , ••,. ~ •• ...... -. •,. ,~- ~ :•:..,: .. - .• ,.- . . .,. ,: .:..:,•~i •.:i~, ~:. !. 
-v ~, ~'~ ~- .~ . .. ~ , , .-. • ~. . .mr.. • , . . . .  . , ' • • • • . ' ":••• ' e" ' • " ~ploying ,,.air. a t .  a tmospher ic : .pressure  :~,to ~ h e l p  ~:prevent : , cav i ta t io  n; ~:iVlb~a- -.' ~' 

~ . : t l o n ,  :~.sald!: to . - . : s t a b i l i z e  ~.".the :~ ' -~ low' t , th~ 'ough<~. the  :~.v~1.~re; .. - : : . . .  ~ ~ :" .  ~ ; .  

" : : : 3 ,  .~he : ~ e s . u l t s  : : o b ~ l . o ~ d ~  - . . .  _ : : , . : . .  

~,the ~model :.and J f i e l d  ~-,te s t  s i.on ~: t h e : ~ y p e s  ,=of ~en~ 

: :  : , i n~ ' - . t ' h i s :  r e  

~.dr&wn. , (i 

• i i s  neces sary - , t o  ~ prov ide  .:!two ~!ia 

~j..'--,~... i ,:. '.':, ~aer.ate.~the,,~ext~rior~=of~.the-iJet~:~a 

~:i::,.i,:;::: . : ~ . : i , . .  .- .... , .  : . . : :  . - ~  . " : : . : . .  !: i!.2: " . :...:.: . . . . . . . .  ~ . . . :  ...-,,. 

" • L 

::i-::: • .... : i 
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. + " M  

~ <  , ,  

" t  " + + " • • + + ' ' +  ~other ito :aerate• ~ he :iinterxor ~6f ~the ~J et ~through 

:.the pilot ~':~alve ~Stem. ~i (2) ~That :~the.i~Simpl !i ~I 

-:rotating ~mo~ion " " ' . . . .  . . . .  , , i n d u c e d , , . , i n  ~th.e ~,~ate r , b y  ! . t h e / ~ s e m i s c r o ~ l . - ~ e ,  , , v a l v e - - :  , . . . .  : 
/ ~: -~ " ~ ~ - . • ~ .... , . , " . ,'.:: ,, : ',,i: I ~ :~, . + " 

~.!U : ' 

! i !~ .+  " r 

i + 

unl :, musg ~:b9 ~:of ~:a.: su~f, lcient ::size:::S 0 ~as :+nOt ! ~ t o  :restrlct,(.the :~low : ,  i 

' ~ t ~ s  : caus in~san . i~ inc~ease  5in !.Ahe ;ielocity. .i:: :: : .  i~.i .i: I 
. [ , e L ~  " '  

,.which :~are; p r e s e n t e d  :!in ~.~his ~r~ .~- 
• - . ~ , j L  

,suitable ~:.energy : ,absorber~has  ::,| 

-nectlon with :',large ~.turbines c.operating ~:u~der .!:~Igh ~he~ds;., ' ~: ::  :~ " 

MODEL'~TESTS, " ::i: :? '- 

+' !  

:iing :the : . f l o w  , o f  

- , , + + , -  

:as ~:.one e f f e  
/ 

:kno  

:Of-:its., o w n .  ~accord , : i f  : , ~ i t  ~ . c o ~  - + ' ' 

ithe >orlflce..~ . ~ I n i ~ o r d e r  . i ~ o  ;ac 

:struct 15he ,valve !:body :iin ~the if otto of ~a ~scroll. ~i:The ~rotar 

:it ~, .pe~ : ~ i t h e  ~.or~fzc.e ,  ,:TI~ ,:cone 

rotary. :Tm6.~xon ias ~i~ ~i~%e~ ~ 

? 

• , 



or~i~ic e ;into ~the :~11ower ~:bo~y ;:Of ~he :~aBsorbe~. 

~5°: 

of r',the '~eher~y ~absorbe~ 

.laboratory ~,wS_ich. is ,~ic 

.used ~fo~ 

!i 

e l  

i 

~ .~ . c~  

' "L ,,,, 

< / . /  ; , 

e2 ~ 
,¢  

~th~,ou~h ~an 

.~a ~recircula~in~ ~ S y s t ~ ,  ~With i~he i!~low ~control led 

L e 

~! located ~ e l o w  t h e ~ a ~ w a t e r  ~ b ~ , .  marts  

:of ~an ~or~.~ice iiloca' 

~.on ;!.,this .'.or:~.:Lce'~was ~imeasu~ed :.by a~ g l a s s  

-i 'tu~ ,,Which ~w~s ~ mounted 

~.ply~illne was.~ measured . . 

mercury  U ~ t u b e .  , .The ~ n e g a ~ i ~ e  i v a l u e s i ~ w i t h i n  ~ . ~  : 

:measured ~by.. use .:or n, 

~terial ; : : ~ a b l e  ~ f o r  ;:later,~study~andi:~stra~ion, ~ i a i c O ~ p i e t e - , ~ r e c o r d  - ''ri 

• + ,  + . : 

. . . .  + w ~ c h . +  • +++ " . +  + ++ ' ,  -+ a • '  +.due ++to ~+he ~:scale ++r tlo,,. 
_ 

'.that ~of~the ~proto~3~peo .!~ cd:unens . 

~t f l i s  :-model ,:.does ~no.~ ~apply:~to. ,a-~ ,specif ic  c a s e  l ~,~s ~genera l  

d e s i g n  . . . .  :Re ferences~ -as  ~ t o  ~head -:e i ther ..~ 

~£ormula ~ r e f e r  ~ . to - . s ta t i c  ,:he~d,~.only. ~The 

:~bme~ ~ ~ s . ~ s ~  ~ r ~ a ~ ~ ,  on ~ . ~  : ~ e ~  s ~ e ~  ~ ~ ~ n ~  :i ~ 

. . . . .  

• ! 
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+++charge 
+ 

: ~ , +. 

+, ;'~+" 

i++~ , .  

- + . .  • " ++ 

L 
+ + -  

i!,#;; 

~ ,  + 

- .:,Z+: +: 
- , , ~ , ~ , #  : , , ° + t ~  L,. 

iO:f +::~Lis. 

t,'/i 

<(+ 

J h o u s i ~ _ _  ~+' +f . . . .  ~+ + " + ' -  +. ' '+  ' : ' ..... • " " . . . . . .  % ' " '  " + w a s  +o  ~ . t h e  . . , s h a p e  ~,+o~' ; a  ~ s e m i m c r o t l  ~ a s  : s h o ~ m ~ :  o n  : + h e  +dma%~Az~ 

, ~ e r ~ o r  ~ - o p e r a t i n g  ~ m e c h a n ~ s m .  

( (c)  :!ReC e i v e r  ~ bo~l~ . - ~ l .  

• ? •  ; iZ". + 

, . . , ~ + #  (: . . . .  , + + 

• + " .... " ,-~+T • + ++': +:+: " " "+ ; i++ : Double;bowl,':type he :++recei~, i': 

(f:~e ;2)+;i,~as ;;:a ~ ' : d o u b l e  ~bowl : ° 

.: o f  c c ~ c u l a r  i b o w l s ,  ~ .~he  : s ~ l e r ; ~ s t ~  ,~on': t~;op ~ o Z  +.'.%he : : l a r ~ e ~ ,  : 

~whic h-, was }in :t~ r+co~ected ,.~ o ~the ,.'v~ic~..,oa~t ~of +~he T~is-+ 

~='+- + ge~passage cns~+ . + -t/ L ~ , 

; : s e c o n d  

.+tested.+~wasialso ;~formed ~.:o f i~pyra~in, iihad ~,the ~.sam~ 

. : .and ~ o c c u p i e d  ~ : t h e  :++same =place ~in%%he i m O d . 6 i ~ : a s < i ~ h i  

: - ~DISCUSSION~IOF ?~LTS 

!6. 

• + 

- ,/i 3 

~ . to  : b e  : n m d e  , o n i t h l s  < : d e v . e l o l ~ e n t  ++.were+ d > : L ~ e c t e d  

~, +~ belaw :,+the +,main~Valve ::seat. ' 'iThe , - d e ~ a i l s  ~Of <this <design .ias4.shown con. 

. .  +-i-+'.I. ~.~ ~ . . . 

+ i . . . . . . .  • " x  

+ 

. i'+ 
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• : ! t o u r  ~:of 

/ . /  
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7 . , ;  

!:%hat :.the 

~ficient 

~I.n ,:omier 

k , -  

. .- i ; :  ¸ " : .. ~ - - ;  : : . .  

charge ~be or ~' else ~:be 

'~Ison,. of :~;%he;~sul~s :::obt a~ed"Jlwi%h "ithe 'i:bot%om ~!In ~these,~.two 

~ : e a ~ t a t i  

~area i-of ~low,~pressures ~:co~ 

~es?~e~be ~:~r~tt~ ~to 

~ n o t :  

~ t h e  

C , -  

i!:!~!~i -.¸ !:.~! ~ . 
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discharge.was ~very ~.~irregula~, ~varying ifrom ~.0A 55 ~-to ~!I.'12 'iin ~.value.. 

It ~s ~:,ev£dent ?that !.this ~rs~uge .!is ",::iundeslrable, ?:but ~it :iindicates ~.that 

iili• 

i ~ . 

.i 

centralized, .!It ~also ,.~showed ~;that ~the:~i~0blem.~was i~to ~ i :a~eq~te ly i :aera~e 

~ t h i s  :~'area : o f  ~low~ p r e s s ~ e ,  ,~stabii4,ze i%he ~: c o e f f i c i e n t ,  .~mnd ~.~design ! a 

suitable ~r ecelver", bowl '~%o ~Inish ~.the ~:proc ess ~ o'f ~energy ~issipation ~so i" 

~In ,~antiCipation~that ~,it ~ would,.be ~poss ib le  '~to .:centraLize ~t~is 

a~ea coT ~i ~lOw ppressure !cby ~.the !~p~.o~r ~/design ~and t thus  :ire~.ieve ~t~is.~ ~dve ~se 

~:condition .by ~ the ~admission.::Of ~~at~ospheric ~air., ~%wo ~.possible c~ir..'~en- 

!.trance . .~lves."h~d !been~Nrovfd~ ~in tthe ~!desiEn ~.o~'~" :'....~he .... ~ s ~ s c r o l l - t y p e  ~' . . . . . . .  ~ " 

• :of ~ rellef ~.valve..~Air~vent ~,~alve :No, .~l~was ~ ~ed~as:~.anii~ar ~.vent 

located _slightly'~:below ~the.~r~ivalve .seat.:attthe ~p0int ~where tthe ,~en- ~i~ 

!largement :!into ~the :receiver ~bowl~:,began. 'iThe ~ purpose cO~f ~thls ,:!alr ~,vent 

/is ~,,to ~aerate ~the ~exterior i~of ~the ~Jet v:as ::it :~leaves ~e: m~ i~valve ~and 

~:.thus '~%o .~ reduce ~the ::pc sslb~.~t~ ~of ,: c a v i t a t i o n  i! %helisHell 

.~of ~the receiver ~ bowl.. ~ In ~parallel ~.with :this ,-another ~:s;4~ ± .... ~ " 

~-pheric pressure ~throughtthe i:pilot.~,~valve :and .:thei~main:~valve.~%ott-he :~in'. 
• - _ ~ .  ~: . . . . . . . . .  ~ . . . . .  

~.%erior .of ~.the ..~Jet; ':,The ~'~main, 2: PU ~r~ ose '.: of :!.t~Lis .:-air ~is tto :~-r~uce ::possible 

• c a v i t a t i o n  ~:and v i b r a t i o n  :,to t the  i~main.~valve. ~ and i to : ~ i r ~ c e  ~.the i ; d i f f u s i o n  

' L • 

-of-~.the ~.main J Jet ,~.which, ~in ~Its ~breaking-up ~proces 'i, 

-be .::accomplished :was 1~ica%ed?,By,,.vJamal i~obsezwa~ions :~.~hen ~.the ~.~wo ~alr ,' : 

~WeX~e ~ o ~ n ~  ~ 8  ,on ~he~ m o d e l . . D b s e ~ , e d  ~v isua l~v  ~the 

• /,. • ,L;- 



,first ~thouEht .was ~:,that '~the ~energy~absorber~model' was ~now ~a :quie,t, 

smooth-acting ,~c~ine as :~st :d~ :the noise ~,of~ cave,tarPon ~and, ~evi- 

dence "of ~:vibration :were gone.. ',The :admit,ted ~a:Ir -~.was ~m~ :freel~ , 

with ',the wa,ter ,and :all ;seemedlto ~be :as ~planned ~,unt;i~ ,<closer :Ins~ction 

i",', "" ,. 

\" / 

L~ 

and ~that the~!flow ~iin,~,the ~rece±ver ~bowl ,was ~n0tiibe~ ~as ~anticlpat-" 

ed. :Nevertheless, ~ata"whlch ~corresponded ~to :i:identical :.condltions ~as 

tested ~ without :air ~,were .~ obtaine~ :and ~ confirmed ithe i~eusPic'ions ~a~ouSed 

l a t e r  ~v i sua l  ,observat ions . ,  T h i s  ,:~ata : i u ~ i c a t e d  :~a ' reduct ion  }~n 

:az~ ~thus .~reduced~the : e S f e c t i v e  ihead, ,~The ~ c o e £ f i c : i e n t  i.was ~also ' : ' l o W e d  ' .  ' " ' 

~but ~the :range ~was" ~not fected.:r ,08.~in .: '"~ :"~ 

value. ;A graphical)~cc~ison ,:of ~/discharge ~coeff~ic-ients ~:~s ~:sh0wn )on- 

: ' f i g u r e  '~r ." ~ S ~  e . :one:of :,the ~:design , c r i t e r i a  ' ~reg~red  .... ia 'ilun~orm~/~d .~.: :i~.-:. .i:i 

: c o n s i s t e n t  ~ c o e f f i c i e n t ,  ~!this d e s i g  n ~of ~receiver , : ibowl  :,was ~ :abandoned ~ : .  , :i!:!i 

~after ~a s t u d y : o f  [ the .above 'ment ioned  ~facts. ' : " :::-i 

7 .  !Free-~low '!tes~s on :semlscro~-ty~e ,:~valve ;After-~the. ~ ;: i'i 

r;" previous~ ::~desc rib ed ~,te s~s had 

• .receiver ~:,bowl ,.,was ' in  ~;ez~o~, 'j 'i 

were ,~corr.ec,tly ~designed ~.that !~ i 

~,The !previous ties,is l~had .:a~lso uble .i 

"bowl :was ~ 0 o  :!~.la,t :~cl.  ~:i ~he ~anE~e .,.of d ~ s c h a r g e  ~-from i 
. . . .  ; ~ ' ,  i , ~  ~ ' 

the-'..,valve ?.the model-~z~,s :dismantled. :~The ~ p i p ~  ~.am.,.z~ngement.lw~s ,.changed.,:. :~:~'!i 
and :.the :,,valve:, ",,wlghout !the~~rest iof the ~model, :,,was-:Ibcate~:o~r:~f, he i', " . ~:::/~i,,j 

,.,pump-sump. 'The :,, 

. . . .  - .  -. :!~i 
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the : i~low/,from",,the ~valve s e a t  

:.the, d e s i g n  ":of '!.,%he . 5 t ~ l t e r i o r  "0~ ~k~e ' , v ~ v e ~  

:and :a ~:change'made:.iin~!the¢~ve~,:ch~er. .... an~' ,~anothez "~ ' .... 

As before~, %he.~.~O-degree ~si~gle-bowl ~recelver • ed " valve i.bo~7. . . . .  ~ . . . .  " ............ 

ed. ~rlth ':the .,two .ile~gths ~6f-', ~Zlush, ~£~at- 

'to the valve. Under':.She'~s~e ~ . . . . .  " ' k " ' . . . .  "~ 4 ' = '' '' r :'' "' , :opera%in~ ~ : c o n d i t i o n s  ~.tJ~% : e x i s t e d  : b e / o r e  

2 and - i f i g u r e  ~;7). =.Thls ~:~si 

i b u t  a s : ' b e f c r e ,  % h e . i , ~ a ~ u ~ c ,  

was-: qult e.~':sma~l -for Ja~:i:chan~ 

ues !have b e ~ " ~  plOtted 

di~ions~.O~ .:cavitation, .~vibration, i ~  : i ~ o w . ~ e ~ s ' t ~  ~betow.~the  ~,~val.~e:i~seat. 

air ~being 

:-as b e f o r e . . H e r e  ~: " . . . . . . . . . . .  : :~': ~ ': " . ~%he ,odi. scharge ~was~clably ::.inc~eas..ed ..as. shown <on :, :~.~ . . . .  : .~ 

:~figure .,,. :.The ~.discharge ~coef£icient .., ~reacbing ~a : ~ , ~ ~  - 

, o f  ,0.92 b~:~i~,var~ing~down %0 -0.55 ~due to a c • ,in,head. ,This ~variance 

.~ o ~,m~.ch ~zu tpor tance  . , ~ e n  %,he ~ d a t a  2 a r e ' ~ e x a m i a e d  < a ~ . ~ p r a c ~ i c a ~ ' l ~ l y  ~ 

~%he :same : coeffiC e 

• tthe .:first ~%ime ~.that ~it~:iis-~:~osaibie '~ " e ' " ~ : .~to.~efine -.thes ~lues bY ~one . ~ l~ te  .~ ~ .  

• ~ ' z e r e a ,  e i, b e  f o r e  i t  ! ,has l:bee~ ! . n e c e s s a r y  ~,¢o : :use i~fou~  i ~ e s .  : : ~ . , g i s u ~ I I ~ i t h e  : :: 
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d e ~ c e  ~'of',-the •""nolse,*of " cAvitA~%iori ,, When' su~ridlen~ ~a"" "L ~ :~ .~ 

.... to' enter ,: the ~:valve,:chamber. * ' " ....... ' r ' r  : ~ : : :.The ~noticeable - ' surging ~'Xn_o~,, .:ha~ :!.'also • 

,.been .practically ~, eliminated. . . . .  

The :recessed ~' bOttom~was ~Also ..... 

,37-' ~0) ,,the.~. discharge .~a~ain ;: fouud .,to :~'agre e ~'~ith ':%he : 

~;for ':tests .!'2~32, ~i,The~coe'ffl~ients "-~sre':'.of :course ~: oT ~-practicall~ ~:the r' '+" 

-: ~ ''~ueL':"~d :~e ~.shown ~'graphlcally~i'on :Tigure 710, ~:be~- : reNresented 

~by~.tbe=same__ .i line____. : , :  .-.. • 

..... i, The ~ .~ ,.~ . ~ . . ..... .  last ..t st .(.AlaAA): was ,made " ' " : o n  :%he :recessed'ibott~m-?~ith :.:: 

:: air ?:being .:.~admit~ed '~hrough.~ tb~ =,valve :~:.bedyi :The -~discha .rge ,~was ~und 

.:!:~o~-*have:!~a~creased i:s~htlyi~over.,~.the~i:.t~ ! : b o t t O m  ' " ' 

.:~uder the:;same,.:operating conditions,~andi~-to}:havej:.incbeased~:).c0ns~.der~ -: 

:.ably:over--the 'original :r..~ive,,:desi~n, when ~:the '~:same ::conditions :6~ 2dlS- 

. ,.c hart e -.~ st ed. . The i~d is c harge .~! co effiC lent ,~.wa s,increas ed :~sllghtly ' . • '~ 

::over,,the:flush ,, ~ : - • .... ': ~ ~ The~.coeffi~ie~s .um~ 

:.the-various, heads :.were:.prac~icai!y ~'dentical ,:valve,~open- 

'.),ing, !in ifact, ~theyi~re ~::re~resented-on,~.the~f~.~.aS~ione;~line...., ~,Visual, 1 

. . . . . . .  ' **' ~!: - :criteria s~a ?)set i~up. ;: . . . . .  '~:'~:, 

ficient •~: a~d ~flow :: characteristic. Of -~ ~the ~reCess~ 

/i ly ~rth !the i~incr.eased ~excavation,~. ~and ,:~.const~ction ~! Cost ....... ~over ~he :~flush 

i~,.at-bottom~type?', ~Naturally~:no :specifiC ~:economic/value,can !be ;placed 

..on : either ~ type :so ~:as ~.to ~~determine ~.~hether',!or~no~ i~t~.would ~!be .,/~ssible 

to ~ maintain ~.apprcximately i,the ~.i.same ~,~,~values :.:and/:conditions ~. of  .,'flo~r :.as • 



:? 

! 

found in ;the rec essed-bottom . : t y p e  ~ b y  using the ~same type ~ of i~bo~tom 

but :moving ~it up ~into the flush ~posi~ion was suggested :and a full, set 

of tests were run with~the curved bottom ~in ~this iposS . 

,~ FINAL; S~DIES 

i0. iTests-'J~5"~;2 ..... ~Cu rved .~bo t t om :~ f lush  ~with ! b o t t o m  ~of . d 4 , . .  

,~charge, paslage. This ,type ~was 'also •.tested •without iair ,being admitted 

to ~,the ~valve ~and. !the ~data are ~shown ~,on ::~able ,;2 ~te:sts ~5-~8),~, ~Graphi- 

~cally !these i'data ,are ,.shown .on flgure ;!11 ~and show, as~ did ~tes.ts ~37-~0, 

a slight increase/in both disc'harge ~ and ,:coefficient ,~over~the itests ~on 

the :flush .flat.bottom ~ t y p e ,  ~ ,With ~these ,lavorable.~data ~, fur~her/~tests 

.were ,run under !the ,same conditions ~with ~alr /heine 

(tests ~9-52). The measured discharge ~iand,coefficients ;are shown :on 

table 2, ~while on figure~ 11 !these values are ,'again ~represented ~.by :~a 

simgle line which, .~it,,will ~ be ~,noted, ~f~lls ~'almSst :midway ~,:of ~the ~two 
/; 

lines on figure i0 which represent >identical . . c o n d i t i o n s  ibut ~wlth dif- 

ferent types of 'bottoms. :Previous tests '~ha~ indicate~ ~that ;~it,might 

be possible ito design a ~itype which' would f . . . . . .  • ; u n c t i o n  ;almost :as ~ef£ectively 

as the deeprecessed bottom ~and ~even better ithan i the iflush flat,bottom 

type, and these tests carried :out ~those :convictions igiving ~ve~ ~con- 

stant results with ~the exception ~of ~the ~,,lowi~head ~,which is~a ~rare <case 

and can be neglected. ~Alsodue to ~some unknown !~inequalit~, ~these ~two 

points~ m~y ~ be :in error ~although they were ~ checked :both ~numerically 

and on the model.. 

Visually t " • his ~ype appeared as :gcod,~if ~not ~b~%~er than the 

recessed-bottom type; that is, ~%he air ~and water seemed ~well mixed 

:25 
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