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I n  August 1939 ~he problem of 

new type o f  c o n t r o l ,  kno~rn &s~i~the 

inch  o u t l e t s  i ~  Shasta Dma was &amigne ~o 

Subsequent  t o o t i n g  p r o v e d  the  + inadequacy o 

& comprehens ive  program o f  s t u d i e s  o ~ ' a  

l a b o r a t o r y  to  a sca 

o u t l e t  house  a t  ~ou 

deeign w&s evolved 

eluding the adverse pressure conditlonsl of~ 

The valves discusued Lin ~hl ', 
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problem of  the i n v e s t i g a t i o n  of  t h e  ~Tdrau l i c  c h a r a c t e r i s t i c s ,  The 

scope  o f  the  l a ~ o r a t o r 7  s t u d i e s  was o ircumscribe~ 

the7  be made to  determine  a d e s i g n  o f  tube  v a l v e  

s a t i s f a c t o r i l y  a t  a l l  openings  w i t h  a e r a t i o n ,  f ne~_~_Q_e_Ly~Z . ~ d  wi th  

a e u ~ f i c i e n t l y  h igh  c o e f f i c i e n t  ~ 

p o r t i o n  o f  the condu i t  would f l m  

i n s u r e  a g a i n s t  damage by p i t t i n g  ~ ~ 

t h a t  a t  no p o i n t  in the p r o t o t y p e  v a l v e  and~ condo: 

sure be leee than .25 feet 

model o f  the  o r i g i n a l  tube v a l v e  d e s i g n  proved e o n e l u e i v e l y l  that' a 

valve discharging into a closed oondult nne /adoquatei~ 

air relief for eperatlon at partial epenlr~ 

d e s i g n  cou ld  not  be r e v i s e d  to  p e r f o r ~  | a t i e f a c t o r i l y  a t  an~ opening .  

A hey d e s i g n  of  v a l v e ,  e h a ~ c t e r i s e d  by ite~ l o n g  I l i a  8hape.-and 

r e f e r r e d  to  l o o s e l y - a s  the  ' S h a s t a ,  Tube - d 

specifically f o r  o p e r a t i o n  i n  a c l o s e d  vhen 

fully opened had a diecharge coefflclent hlgh enough to fill ~ the 

conduit under preesure. De~ite extenelve developlent of air Feller 

nearo.ree, a valve of this type located in the lowertler ~nder 

maximum head would be inoperati~ 

range of  opening because o f  the  'ee 

conduc ive  to  c a v i t a t i o n  eroe ion~  

322 f e e t  the  i n o p e r a t i v e  range reduc~d~to~eeRo '7 p e r o e n t T o r  a ~ • ~ 

head o f  22E f e e t  which corresponds  t o  the  head on the  i n t e ~ e d i a t e  

tier of valves for maximum ~eeervoir surface ~elevatlon. 

Model t e s t s  on a ~ - t n o h  d i a n e t e r  v a l v e  (1  t o  ~ . 1  s c a l e ) o f ~  -- 

Shaeta  Tube Yalve type were conducted  in  the  A r i z o n a  valve~heuee'~at  

Boulder  Dam and the r e s u l t s  c o n f i z ~ e d  t h o s e  e b ~ f ~ n e d  l h  ~ t e s t a  ~ 

m~de v t t h  the ~ - t n o h  diameter valve (I to 17 eca~e)in.: the Denver 

laboratory. The quantit~ o~ air require~ to relieve ~e negative 

, i ~  "r i .... k." 
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pree mutes created -by: the. condition -of '~ ',valve.dlmcharglng/•'in~o.ia 

c o n d u i t  was measured:inboth ... 

r e q u i r e d  t o  a 

c r i t e r i o n  . t ~  

I+L / 'i'+• +' 
in  the  i n t e r e s t  ~cf qulet.~ope] 

A n o t h e r  n e r i e t  o f  ~+teste 

v a l v e  a n d . a  n e e d l e  +valve ,  whl 

model  s t u d y  f o r  f r e e  d i l c h a r ~  

p r o v e d  t h a t ,  w i t h  . a i r  r e I l e f  prov ided~-at  ~a"point  , : im~edi&tel~  ~ , ~ . + -  

e~ream from e i t h e r  o f  t h  

o p e n i ~ s ,  from .the s t a n d  

f o r  f r e e  d i s c h a r g e . o p e r a  

t h e s e  v a l v e s  -~tn a c 6 ~ n i  

o f  the+TalTee  f o r  suppl:~ 

relief piping. The n~xt  

valve was a p p r o x t m a t e l ~  

tube  v a l v e - s o  t h e  s i z e  o f  t h e ' a i r  +~'lmPly!:] 

all t h r e e  verve d e s i g n S .  

The p o s s i b i l i t i e s - o f  d a m ~ e ,  :to~%he~p, + 

c o n d u i t  dewns~ream.+from the-.,~ on 

amount of ~air ~m~m~Id !w~th ~the +.,vaAve 

at times m~y Lr~h.+as h~hr~aS ~) ,air..':' 

n o t  i n v e s t i g a t e d  :~n -the ~ e t u d i e s  : d e s c r i b e d  

+ ": i 

3 

" ii '? 

-+ 

a c c e l e r a t e d  c o r r o s i o n  w h i c h  ma~, , ~: 

d e f i n i t e  f a c t o r  i n  any c o n e i d e r a t . l o n ~ . o f  TI !i ? 

c l o s e d  m a t a l - l ~ a e d  oondui+ts .and .~a . o ~ c k ( o f  f ~ e l ~  oondl%i.one :fromgttme . .i +~ 

3. + ; + b .  •+ .  +th+ + 

the--detalled.deslgn of ~he :~102-1nch+outlete .+f, +i: J + " ~ r " 

Shasta Dame, equlpmnt, aria+ noaeli ~had ..been i~oi~gnea +and iaetallea.~aa. ++ ~ ': +;:": ~ 

t h e  Denver  l a b o r a ~ l o ~  t o  l l~:+extlmt ~Sl&t :vhen t h e  problem o f  ,the: . ~  +;: 

:•r•,.+ .... z ~:. . • _~:_!  ~ . . ~ , / : . : i  :+~ . . . . .  !yell/• 
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' S ~ 8 ~  t ~ e  r.V~VO '°V~ a s a i ~ e d , . . . ; I t  w~s neoees&ry. ',to ~.conetx~wt 

model el %he valve!to :oo~rplete:'&~mo'del o~ i:one ~:outlet..~In~the :?I, 

:at Shasta D~m. ;Sinee ~l.:pae~Wloue ~e~erlmn~m ~J~d,~ e n~m ~e 

diameter of, ~ Inches ~or ,,the ~,mod~I/:i:Con it ~ :~l~e,,,~l, ~ef khe~! 

. . . .  : ' '' "' " '  - ~';":; '"~roee~oi~ 7 - '""~:~i~: ~ . . . . . . . . .  ie!i~: ..... 

a b l e  speed. . ; . : (X}-horsepewer : m o t o r . . . . : ~  ,~,Aestred ~ , ~  ~W~s,,:o , ~  

~piezomete~s-lnstaZled at .:Intervale ~e~ ~:~:;:ib 

/: 

leads-.in the .valve to a~!,,~ank ~of! 
• :'..:i ..... ~. 

f e r  t h e  open .manometer ,  .-were , ~  

and subatmespherAc :pree~o e, ~wel 

?: ; .  morn . ~ i f f e r o n ~ i a l  gauge'~de 
" ~ . . . . .  • ~::~ ~ i., -!~':~: 

D l s c h ~ e e  yore ;mosaume&:~¥~a i:;ii 

nJd~ ~:~tth ,~ : t l - i n c h  anemometer  :m 

A ,  -the  .te,t.  , ,ossia i.e  

, ,  .- .At ::boche .incre~etn~)~y ~ i 

~..~ .~o. make ~t~ase ~.ooai'~z~ation -.test~ 
M 

. -= " ~ the, Arizona e~on w~-l-:vslv, 

.: - • +Outlet  :.,con~u£-t. a t  !.~StS::~em++Wa: 

a 0:~equil~ 

i il i ! 

~ > :,; " .i-/"i.~ " 
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5.1. t~ae..ne~el 

l s ~ s e r  , e ~  e f  

. -um~l  w h i l e  'lhe 

dlanetex" p i p e .  ]~o~ ,  the:/a'e 

'the p lat form ~ t h r o u ~  a ~ ,~d  

tn~h .pip ' 

o f  I~ f ~  

a~tnat  

dteoha~ge :d~a~J:~ -~e teeti;i 

:1,1' 31~ f e e t  ef  ::~O-,toOb: : : 

model 

Valve 

.so .tMat,he ~.:~ea~ 

7 ¸ ¸ . ' '%  ~ *~  , - ' .  , ~ . .  

e 

: 0118  

~ :  ¢ .  g 
::,". ' - '  '.~ ' .7 '  - ~ "  a" ' :  

. - .. 7 { ~  

aemlamila~te:.-th~ 

I @ @ :  . 

~reelable red'iron in .head, the -.~la~h reave l~":to ~be operate~at 

j' . -~ i I i n t o  a . ¢ l o s e ~  .eon~h~!t, the need le . .oou ld  no,~ : ,behe ld-mtead~  and. ~endod,.. . . . .  - .  : ~ .:!~ i~ 

.7 " L -i :~ 
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~o slam shut. Three bypass lines with valves were •welded .into the 

2 ~ - i n c h  r i .~er  in  an a t t e = p t  ~ o  l o w e r ' t h e  h e a ~  b y ~ i v e r t i n g  , p ~ ~ - O f  ~:'~ 

supplying the model through an ang 0~:~ 

. ~ u l l r e s e r v o  paradox~ates~A-~ an~.A-~. These manlf0~ds w~re under . . . . .  its 

pressure when the g~tes..we~e openedwith 

valves closed. A further 

t i p  on the needle, e con~ 

energy dissipator in plac 

and constricting ring formedin effect 

o~ the ~-Inch needle v~lve and mai~" " 

" @ • 

that it held auy setting. The dis 

5-inch and two p~.irs of 6-1nch g~,t 

a ~-Inch ce~tr~l collecting pipe. 

is shown on ~lgure ~. Details of 

5" This arrangement gave, satlsfac 

model testlng. :To 

model s tudy  w&s ~d~ 

Neasuremente  OJ 

a n d : a  p t t o t  tube i n  

n o | z l e s  i n  each  o~ .I 

. / -  

• . % .  . , . . 

;!; , .~ ~' -Wi lTS shapes  and d a t a .  :~ 

~',, .::s . . l e t t e r  i d e n t i f y i n g  t h e  s h s p e  o f  ~t~e.:~ge l i p .  

if"" " , t h e , a b s e n c e  of' ~s l e t . ~ o r ,  ~ e  i n n e r  

,.:.:.: ~ i ex~opt ton  o f  gho lettes"-(,T)~vhieh &ppo~ro :In ~ht8 p ~ c e  t~ * 

1 - .  
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,If - STUDIES OF V~IATIOI+S+'OF ORIGINAL :+~SIGt+ : 
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"5" 

the :inltial ,feet, + a~• :I :'17 model :~of 

t h e  ~oonduit  t u b e  :valve "was "/InsOle 

a p ~ a F a t u l  w i t h  a -le~h :iOf ,io0ndul,t:, '. 

o f  o u t l e t s  a t  i - ~ h a s t a ~ ! I ~  

oem~arativel~ 

o h ~ b ~ r  and ++to pr, 

t h e  . ~ o n c r o t e  of  :.ti 

The :wemzlte  •from , t h i s  ~:tntttaI!~ 
. . . . .  - ~ !  

frame.  ]Plgu~o 7 IhOWs .+.the ! ~ p r e s s u r e  

DZ' 

++::!:- 

+ r + r :+ ./.~ 

+ + enter. ++.++ ;+0o ,+5 + -1.5 ~feet, . + 

+. maximum he&de on: : the +lower "L~+ t 
+ :  . . . .  , 

a t .  all :+ve~.ve +© 

• d u i t  +at ithe d o w n s t r e a m  +end + 

i .i! . ,in .:.v~oh ~he ~,model. ,vai~e iwa 

::/~: - -: . h~; : the : e x t e n t  ++anL.;~n.t 

..w~Iv+e::~opon!~ .t h 

~ii?i ! + ~,+r.u+~fro,+~t~,+ +-,;1,+~:+o1+~ 
+ 

+*Ithou~h t h ~ e  +~t+st ::;p~O 
+. .. 

:'+.:not o n l y  ; e x c e e d  .the assume~ a l l  owa~ 

or - + ~  + f o o t  +or-.-+++o+ ++~+ +t~e++++r~+~+i+ • + 

:?Iimi~t 

. , , /  r • .  ~ . . . .  
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a d d i t i o n a l  t e s t s  were  made i n  a n e f f o r t  t o  d e v i s e  a ~  

which would operate without air relief, 

tlonal evideno 

ings could net 

described briefly to serve as a matter of re( 

6. 

a oparent 

shape of the free Jet from the valve an 

below the valve. The use of a venturi- 

preach, so  c o n s t r u c t i o n  was s t a r t e d  on ,the 

~ch new teu + . . e .  . . . . . . . . . . .  - 

+hs +cond,..,.i+ 

L 

@ 

on t h e  mode l ,  a s  shown i n  f i g u r e  ~B. 

ment b e o a u s e  t h e  v a l v e  s e a t i n g  s u r f a c e  

c o u l d  n o t  b e  made,  b u t  t he  d a t a  o b t a i n  

o f  f u t u r e  t e s t | .  The o b s e r v e d  p r e s e u r  

raised at ~ and I00 perce 

inmedla~ely u p s t r e a m  f r o m  

the Jet to fill the nozzle. 

7 .  Ve t u t t i  t t v ~ c d i  t e  b v v ~ Te t -: ~ . ,~ :+  

The i n s t a l l a t i o n  o f  t h e  ~ - i n c h  v e n t u r i  t h r o a t  i n  an a t erupt t o  o b t ~ i n  ~ii ~ ~ 

a c o i n c i d e n c e  b e t w e e n  t h e  J e t  a n d  

a s  shown b y  t h e  p r e s s u r e  g r a d i e n t s  

m a r i o n  i t  f u r n i s h e d .  The  s u b a t m o e p h e r i c  p r e s s u r e s  e x ~ e n d e d  o v e r  

l e t t e r  l e n g t h  o f  c o n d u i t ,  and  t h e i r  i n t e n s i t y  w a s  n o t  d e c r e a s e d .  I ~ 

T h i s  was t o  b e  e x p e c t e d  inasmuch  a s ,  a c c o r d i ~  t o  B e r n o u l l i l e  T h e o r m  .... ~ + 

f o r  a g i v e n  d i s c h a r g e  i n  a h o r i z o n t a l  o o n d ~ i ~ ,  t h e  a r e a  o f  c r o s s -  ~ i'!i~i 

s e c t i o n  i s  d e c r e a s e d ,  t h e  v e l o o i t ¥  i s  i n e r e a s e d ,  a n d  t h e  p r e s s u r e  do -  

c r e a s e d .  
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~ .  For any given oriflce,~the jet urofile, thr~Oug h'the von~ 

contracta, i9 indepenlent of ~the head. 

valve, means that the contracted section ....... 

marti~ul~r valve opening. A change of th 

the orifice dlameter'and produce ~n entlr 

Since  the  h~A-inch t h r o a t  i n  t e s t  3 of  a pure 

guess, and test 3 showed the low oressures ini~th e conduit to be,due 

to the high velocities, in test h the:&ownstream sodof the te~t valve 

WaS removed at the  p o i n t  o f  curvat~ . 6A, tooex ~ 

R ~ :  s ~ "  a m  end of v "ve t o  de ermin s h ~ .  of__lS_~ 

jet. From those 

:h 
mlt measurement of the actual shape of the 

measurements, a new throat was designed, ha 

a bell-mouth, a~ described by rot~tlon 

= 1 about  the  0 e n t e r  !Lue of  the  c o n d u i t .  
r 

comparison of the  p r o f i l e  d e s c r i b e &  by the  e l l i p s e w f t h •  the/~m^ . . . . . .  

p r o f i l e  i s  shown in  f i g u r e  6D. The p r o f i l e  of  

at full opening of the valve since ~he •first st, t@ 

obtain a valve which would functlon properly 
~ed 

~rofile was measured withe model head of •263 . . . . .  

hea~ as the h~gher head produced a more stable Jet. 

9- Ten ~r throat w th in e e bel -v iv Tet . 

The pressure gradient for the new nozzle was materially higher than pre- 

viously o b t a i n e d  ( f i g u r e  ~ ) ,  The r e a s o n  t h e  g r a d i e n t  drops below 

a tmosphe r i c  p r e s s u r e  ~ t  a n  opening  o f  100 p e r c e n t  iB ~ e  to  the  e r r o r  i 

in ~etermlnlng the actual contour of the jet. However, thls 

indicate that progress was being ~de and, furthermore, that all 

poss~billtlee of using the or~in~l valve .h~d been exhausted.. The 

c o n c l u s i o n  w&s to  de s ign  a l o n g e r  and more s t r e a m l i n e d  va lve .  

Time b e i n g  an i m p o r t a n t  f a c t o r ,  ~he problem of the  new d e s i g n  wee 

~ i v e n  to  the  p h o t o e l a s t i c  l abor~ to rY f o r  s tudy in  the  e l e c t r i c - a ~ a l o ~  

~p l~r~ tua  where changes c o u l d  be.me, d e .  more e a s i l y  t han  on, . the. h~dr&~.-•. 

lle ~odel. 81~ ~ t h i s  i n v e e ~ i ~ t i o n  neceee~ril~ c o n s i d e r e d  on ly  a 

• . - | 

r 



lO0 percent valve " • 

flew of an ~ A..~ 

the result 

a r e  de~crl 

i0. 

~ .  ~ o  f o r c e  t h e  

filler piece was p r o p o s e  

a t  t h e  d o w n e t r e a m , o n ~  o f  

~z~ vanes. The p r e e l m r e  

t h e  pzeeanares on t h e  l i ~  . . . . . . . . . . . . . . . .  .... . 

B 

m 

D 
D 

II. 

two lg~tnch va~Ivesin the rive ~© • 

~rlant-Ma~era canal outlets. ,n 

these outlets, it was proposed t0 d~selgn a 

rlal and less complicated comtrol mechanism 

valve. The ~be valve being etudle~ for c 

~sta Dam was euggeste~, only in this C~se the valves would be at the 

downstream end of the cond~itsan~ weul~ ~iech~rge in 

Inatea~ of into the conduit; hence ~hey are referre~ ..~ 

charge tube valves. It was propoee~ that two of the river Outlets 

and two of the Fri~ut-~er n easel outlets he,tube valves, and the other 

two in each case ~e needle valves. The e~Jectlon to ~ueing the tube 

valve throu~hou~ was the ob~ectlonable spray at openlnge of less than 

20 percent. Xt will probably be necessary to operate in t~t range 

n e e d l e  

t o  s e c u r e  a d e q u a t e  r e g u l a t i o n .  
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Since there were no standard deslgns available, model studies 

were made to  d e t e r m i n e  w h e t h e r a n y  a d v e r s e  p r e s s u r e s  would  o c c u r  

wh ich  would  c a u s e  c a v i t a t i o n , a n d  p i t t i n g ,  and t o d e t e r m i n e  the  d i s -  

c h a r g e  c a p a c i t y  i n  t e r m s o f  c o e f f i c i e n  t e s t i n g s ,  

the original Shasta tube valve model w infigure 

~G, by casting a solder.insert in th~ 

be s u i t a b l e  f o r  r e g u l a t i o n  ~ t  smal 

s p r a y  c a u s e d  by t h e  d i s i n t e g r a t i o ~  

pressures on t h e  lip of 

p e r c e n t  o p e n i n g  were  e x t  

figure ~, ms~in~ the des ~s~re~ 

• occurrence. The curvatu: 

age  b e t w e e n  t h e  l i p  o f  t h e  t u b e  and  t h e  body of t h e  ~ 

d i v e r g e n c e  which  p r o d u c e d  t h e  ~severe 8 u b a t m o s p h e r i c  p r e s s u r e s  a t  

m e t e r  11 on the  l i p .  

At large openings, a solid. 0 / 

c l o s e d ,  t h e  d i a m e t e r  of the  ~ e t  l y  
. . . .  ~ i  ~ ~ : , ~  , ~  . • 

I~ ~ercent, a single jet no longer formed. Instead~ ith'e ic0ne of water/. 

m I 

6 

ment o r  i n  o u t l e t s  where  t h e  s p r a y  may be  ~ca r r i e~  

saturate the confinin~ ground, as in the _case of 

Friant'Eern canals. 

The coefficient ~of disch,~rge in t he  e :: 

C = 0.51 in this test. This coefficient is based on the area of ~he 

conduit one diameter upstream from the upper flange of the valve, and 

Sub|equent tests on the free discharge tube valves, which are 

described in another report,* led to an improved design whloh was 
m 

t 
~draullc Laboratory l~epor~ No. ~vd. 163 
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l a t e r  t e s t e d  a~ ~ v ~ l T e  in  a c o n d u i t  w i t h  t h e  r e s u l t s  ~ e e c r i l ~ e d  i n  

c h a p t e r  VII  o f  tht'e  r e p o r t .  
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IZI - RI~CTILIC-~LO~Y STUDIES 

1 2 .  ~ : o e e  r a n a l o  - s t u d i e s .  ~ h e  ~ u r p o s e  o f  t h e s e  s t ~ e s  

w&s to  a n a l y z e ,  by the  e l e c t r i o - a n a l o g F  method, s e v e r a l  

v a l v e  d e s i g n s  and .to select in the s h o r t e s t  u o s s i b l e ~ t i m e ~ t h e  b e s t ~ o f  

several proposed modificatlons; :~': " ~ ' 

A c h a r a c t e r i s t i c  f e a t u r e  of.~ v a l v e s ,  i n  gene'ra,l,: i s  theJ "i 

to  c a v i t a t e .  I t  has b e e n l f c u n d  tha  

a re  h igh  and the  p r e s s u r e  d r o p s  b e l  

a b s o l u t e  ~ero.  In  the  e l e c t r i c  a n a l o g y ,  flOW o f  i ii 

electricity through a salt solution furnishes ~ relatively ns 

of predetermining velocities and pressur t 

that should prove to be relatively tree of low ~ressure are ~: '~ 

t e s t e d  by a hydraulic model. ~' ~ - i  ~ " ~ 

13. Deecri~ti~aratus. In the struc~,~ ~o~-~ ~ the .,~ 

symmetry of the valve about the center line~ all i 

containing the center line of the valve. Th .... 

this reason, the same in all sectors bounded by 

raining the center line. In the model shown in 

shape was effected by buildin~ the model on ,a s ,i'i!ii 

The valve shape was c o n s t r u c t e d i o f  mode , . . . .  

to the proper curvature of the inside o: " ~r~ 

solution was brought to a feathe 

of  ;he  lectrodes were i or the mode1 

an applied electric potential difference caused current to flow t~ou~h 

t ~  s e c t o r - e h e p e d  s a l t  so lut ion.n  The electric p o t e n t i e . l  d i m i n i s h e d  ; /!~ 

uniformly between the electrodes. The relative potential a~ auF point ~ 

was c o n v e n i e n t l y  de t e rmined  b~ a W h e a t s t o n e  b r idge ,  I n  the  Wheats tone ~~/i 

Bridge used in this ane.lysis, the conventional ~lide-wlrs arrangement ~-~ 

was replaced by twenty series~connected fixed resistors ~roug:~ht to a ,~ii 

multiple-pole selector switch. By means of this bridge, settings for 

equipotentlal lines of five percent potential increments were readily 

23 
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obtained. 

The scanning =echanism shown in ~ figure i0 provides a means of 

moving the probing point to all points on the surface el 
• ~ . . .  . . 

l y r e .  The two gr~du~t 

p l o t t i n g  of the  coor~i 

l i c  the  pot nti  a t  i s  by  • 

Theorem equal to  the mum of the e l e  

the  v e l o c i t y  hea~. In  t h i s  stud~. 

h o r i z o n t a l ,  and the  vertical d~eta~ ~d 

valve was s~ll ~u comparison with . . . . . . .  ab - - -  

the va lve ,  the e l e v a t i o n  cosr~onent w~s ne 

to sere. Although the lines of/equ~l pot In the electric 

Sp&cin6, ~n(l shape a r e . t d e n t i c e ' l v t t h  those  that: Would Occu~ i in / t he  

h~drau l i c  s t r u c t u r e .  In the ' h ~ r ~ u l i c  t h e  p ressures •  a t  ~ 

eaeh end of the valve and the tot .  d~, 

the t o t a l  p o ~ e n t i a l  a t  each end c 

a~alogy, the~,~lectrod~e are ~l~ce 

~he valve where the total potential is kn~ . 

lines (Lebermtne the potential ~ 

The pres~ur~  head  ~ be 

the velocity hea~ free t~e total ~otential as given by the l£nes of~ 

p o r t i o n a l  to ~he p o t e n ~ t a l  g r a d i e n t ,  o r  i n v e r s e l y  p r o p o r t i o n a l  to the  

d i s t ance  between e q u i p o t e n t i a l  l~nes .  The cons tan t  of  p r o p o r t i o n a l i t y  

i s  eb t~ lne~  by measuring the spacing of  the  oqui l~otent ia l  l i n e s  i ~  ~ 

t~e ¢ t re~ght  p ipe  p o r t i o n  of the mo~el &t e~ch end of the va lve  p r e l ~ z .  

1~. ~d~a_~l~c o ~ a a t i o n s  &soumod i n  o l e o t r l o  analogy.  Y l~ t ree  

~0 ~ h r m ~  I~  chow e~Tht ob~pee that  were toste~ br  the e l e c t r i c  
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analogy in the layouts shown on the top of the drawings. The 

dimensions in parentheses refer to the prototype, whereas the other 

refer to the hydraulic model~, which, in those cases 

e been constructed, have been to a 1.17 scale. In the 

both the equipotential lines and lines of equal pres 

From the equinotential lines as given, ar~, pressure system may be con- 

structed dependin~ upon the boundary conditions c 

sure8 at the end of the valves, The pressure net 

are those that would probably exist in 

ed in a complete assembly of pipe, valv 

sures are those that would accompany a reservoir head 

the hydraulic model. With this head, it has been ras~ed that tests 

l, 3, h, 6, 7, ~nd ~, would discharge a~ 

per second. This is the discharge that • 

hydraulic model of test i, In the narr¢ 

discharge of 3.91 cubic feet per second has been used, and in test 

5 in which the upstream pipe diameter has been the pro- 

totype from 102 inches to 120 inche n estimated 

to be h.~ 3 cubic feet per second. .."~.rges 

would be seventeen to the five halv , and the 

pressures would be seventeen flues as great a8 +.hose by the 

solid cont 

16. ~ou@h 

lh the minimum pressures in feet of head in thehydraullc model are 
P 

as follows: 

. . . . .  Imum'" : Minimttm up- : Min down- 
Test : stream pressure : stream pressure 

j i . • • 

1 : 0 : 2 

2 : 3 : -9 
3 : ~ , 6 

6 : 9-5 ' 
: S : 5 

I ' 5 : 6 
8 : 6 : 6 

Z 
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I n  ~ e s t  1,  t h e  r e l a t i v e l y  low p r e s s u r e s  can  be  a t t r i b u t e d  to  t he  

short radli in the valve shell. In test 2, thelnegative pressure is 

a direct result of the narrow throat. The cro~s-sectionalareaiiat 

the throat is one-hnlf that of the re~t of ~the system. This doubles 

the average velocity across this eectlonand pro 

velocity head four times as gre~t;as would~ether 

instance, the negative preesurelof~nine feet o f  ~ . . . . . . . .  

• @ 

Q 

D 

i 

one h u n d r e d  and  t w e n t y  f e e t  b e l o w  a b s o l u t e  zer¢ 

t h e  r e m a i n d e r  o f  t h e  t e s t s ,  t h e r e  a r e n o  r e g i o ~  

p r e s s u r e s ,  and f o r  this r e a s o n  they a~e all ! re~ 

encies to cavitate. It must be ~ornein mind I 

are for the condition of 

low pressures which might 

tion of shapes one and two, all the' 

llcally good designs. Structurally 

s 

n o t  indicativeof 

three, e le. would the hea io, t and  ost e  =sive-It 

teete~ to show that a shape could be found thatwould o~erate efficlent- 

ly under wide-open conditions. The wide v~ 

upstream point of the needle has little ef~ 

Unless the space within the needle point Is needed for structural pur- 

poses, it could be efficiently replaced by a blunt-nose needle, similar 

to the blunt-nosed leading edges of airfoils. 

The analogy of electric to h~draulic flow is quite close but not 

exact. For example, there can be no tendency for vortex action in 

electric flow. In the h~draulic structure there will exist a s~able 

vortex or "water needle" within the tube. Its angular velocity will 

probably be such as to lower the pressure within the tube and to prevent 

flow around the sharp edge of the tube. This eliminates the low-pres- 

sure zone indicated for all tests in this region by the electric analogy. 

With this exception, the pressures obtained by the electric analogy 

should agree closely with those obtained in hydraulic models. 
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IV -PRELIMINARY STUDIES OFSELECTED DESIGN 

17- Measurement of e t _ ~ ~  

investigation includedelght 

first was the same as used in 

also in the electrlc-analogY 

discarded because of subatmos~ ...... = ..... 

was n o t  s a t i s f a c t o r y b e c a u s e  o f  t h e  i n c r e a s e  o f  d/am 

to 120 inches at the upstream end which 

rially the ~ize of the bellmouth outlet~ ~the ez 

coaster gate. Tests 3, ~h, and 6 were discarded because ~of 

diameter of the valve body necessitating an increase in th, 

the operating cb~mber. Test 7 was undesirable due to the L 

length of the valve. $O,Jo~liemititni~h,e the~! uii~i n'tes~ g 

was chosen for further,de I . hy, i,, • 

The upstream ~section, body, tube, and control mechanism for ~the 

-zalve model, based on the elec 

omitted 
assembled for testis, as sho~ ........ *~--- 

and the valve operated as a free-discharge a the e~pe 

of the Jet to determine the ~rofile of the nozzle, 

18. Elli tical nozzle ou let wl h diameter of • Inche• ~ 

~_~_I. The actu~l profile ~of the jet obtained in test 

@ 

- 1 and a downstream diameter of 5.937 

The reduced diameter was used to avoid removing material from the 

nozzle which would be needed for subsequent studies. A compsxison 

of the sector of the ellipse and the actual profile is shown in 

figure 153. 

With the nozzle discharging freely into the atmosphere, the 

nozzle did not flow full so no attempt was made to meas~tre the pres- 

sures. Although the ellipse selected was ~ slightly inside the me~oo- 

ured profile, its curvature differed sufficiently to explain the 
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failure of the nozzle to flow full. If the valve coul&have been 

forces to flow full, there would h~ve been negative ~ressures on:~.the.... 

nozzle. Thi~ pos~ibillty would be off 

woul~ be obtained if the conduit were pee 

in the nozzle would have increased the 
t 

of the prototype nozzle, so 
mt 

arc o f  a circular curve with 

@ 
D 

I00 percent opening ,  extremely :seve 

at smaller openings. The tube llp 

~reseuree a t  the  sm "~ ~ '~  .~nin~s. ~nie was 

con~Itlone were sa t  o p e ~  

20. ~ of tubell and in re ~. 

a valve in which conditions were aoc~ 

of i00 percent. 

_^..~ ~.a4u.. With 
! 

in fact, from 85 to i00 percent open: . . . . . . . . . .  

vision of the tube llp t o  eliminate the sere re Xew~pressures~°n it, 

zn SA, , rnd so, the  tube l i p  ,,i ple 

a ra&lUS of  5 Inches. ~ n e p e c t i o n  of a e 

that as the valve Is closed, the water p 

body is diverging which would create low 

f l o w .  The low p r e s s u r e s  on ,the nozz le  s 

sldered serious inasmuch as they ooul~ be rell a 

factor which had not been intro~uce~L Into the:. r o o n -  
ecte@~ 

s i d e r a t i o n e  p r e d o m i n a t e d ,  whereas. ,n°  such  im~roveme~. 

in  the  c o n d i t i o n  of low p r e s s u r e s  on : the l i p  b e c a u s e  t h e  a r e a  c o u l d  

net be directly relieved. 
Applying t h e  same l o g i c  ae use& on the  ~ o z z l e ,  ~he ~1.be r l ip  WaS 

she~ged to  conform to  the  c o n t o u r  o f  the  ~e t  l~y a r e v e r s e  cu rve ,  l a  

t e s t  SD, t he  l~p was r e v i s e d  by i n t r o d u c i n g  a r e v e r s e  c u r v e ,  as  shown 

in  f i g u r e  150. Tes t  8D c o n s i s t e d  of e ~ s e r v a t i o n e  of  t he  p r e s s u r e s  o n  

t he  l i p  onlT,  an~ the  r e ~ l t s  a r e  no t  i n c l u d e d -  S imi la~  r e s u l t s  were  
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ob~alned in ~est BE. Briefly, the pressures on thelip were practical- 

1,7 all positive, which indicated that the change~wa~ an impx 

The pressures in the nozzle at part!op ntilltoo low. • 

At this point in the program, it nirable to combine 

the improvements attained and introduce air to relieve :the !ew-pre ~ 

sures ~t wartla].openlngs. A new.castlng~(fig ure 

0 ~ ,  were:combined, " which the downstream ~ortion of the b d~ 

and on which two air boxea were nrovided to introduce 

air into the nozzle. In ,, (I 

the radius in the nozzle 

the reverse curve was used on thetube li~, hence: ' • " 

lip E from its use in test S~, (3 the 

vanes in the body of the valve was increased to ~P~--- 

of air conduits into the tube interior; and (h) theintermediate 

section and nozzle were combined as one ~casting.: The lchangelln radius 

from 7-930 to 8.000 inches wasmade for ps; 

radius of 7.930 woul 

m~de the nozzle a duplicate of thatused study 
i 

~o. e~. ! 
The det&iled pressure ~l~easurements ° 

that the pressures on the nozzle were negative for . :ent ~ii 

openings. As the pressures for $5 and . . . . .  i00 percent openings.lu~d ~been - I 

gC, it was necessary to determlne whethe r t h e  change I positive for test 

tO n e g a t i v e  p r e s s u r e s  was  due to  the r e v e r s e  curve  o n , h e  tube l i p ,  :. / 
t h e - 8 - i n c h  r a d i u s  n o s z l e ,  or  the  i n c r e a s e d  t h i c k n e s s  of  :s ide v a n e s .  I ~ 

The O l i p  was i n e t ~ l l e d  in  the  t e s t  v a l v e  ( . t e s t  ~ )  to  d e t e r m i n e  i f  i~he 

p r e s s u r e  g r a d i e n t  would c o i n c i d e  w i t h  t he  one measured  p r i o r  t o  t he  
4~ 

chauge o f  the  n o z z l e  r a d i u s  and s u p p o r t i n g  vanes .  The p r e s s u r e  gradient 

agraed with that measured in test  8C, so the adverse conditions on the ~ i 
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nozzle could be charged to llp E. 

21. Li~ O installed.and li~sures decreased- A ~econd lip 

(figure 17B), known as the G lip from itz use in test 8G, was In- 

~talled in which the llp was a c a radius of 1.25 

inches and a tangent. It was a ~nthe simple curve 

of test 8C and the reverse curve ~essures were 

~aln critical. ~s ~ h o ~  i~  f i ~ r ~  16, but t~e ~ress~re, ~on the l i p  

were higher at I00 percent openln~ than for li~ E in test ~E. : The 

conditicns to maintain positive pressures on t ,~cause~ 

eubatmespheric pressures en the valve nozzle, and vice versa. 
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V - DETAILED STUDIES LEADING T0•FINAL I~ESIGN ~:~ 

22. G li~stalled, e.~fsot:gf holes Checked (Test SCAI~. 

Conditions at full opening were assumed t o  be aatlsfactory "and atten- 

t i o n  was  d i r e c t e d  t o w a r d  i m p r o v i n g  c o n d i t i o n ~  a t  p a r t i a l " o p e n , . n g  .by 

admitting air to relieve the negative pressures which prevailed. 

Since the pressure varied from positive to negatlve~over %he nozzle 

~nd the exact loc~tlon li~rlc~lt to ~te=i.., 

it was decided that air holes driiled thro~h the 

no,~le into ~he double, an~l~r ~Ir c~mber, caned the ~ir bo~, whi~ 

surrounds the nozzle caatlng as shown in figure:lTC.: .The:air,~b6x was 

divided into two separate chambers, each of whlch~hadlfo~r supply : :_ 

lines, scheme A, figure 20, to:prevent circulationwhen.one chamber 

t g 

i I 

drilling 2h equally spaced holes, 3/16-inch in dis.meter, inrow (d) 

ae shown in figure 17C and testing with the air-supply lines shut off. 

The tests indicated~no change= from:~test'SC. 

throughout the range of valve opening, so we 

23. Air admitted through~holes innozzleJ 

tLrough 2~ hole~ in row b :test SCA2 

shown in figure 17C and the pr or: 

meters 17 to 22 were m~teriall~ 

ime 

critical range for piezo- 

perceE a s  

@ 

"i :ii: 

shown in figure 18. The pressures shown in figure 

figures were determined with a model head,of 19 fee @s 

to the maximum head on the lower tier or 322 feet~ prototype. This ~ • 

openir~ was selected s,s the basis of comparison for several of'the 

following revisions because it had low, although perhaps not the low- 

est pressures, before air was a(~litted. 

In an effort to enlarge on the improvement in the preceding test, 

2h more holes were added in row (b) (test 8CA3). The slight increase 

in pressure as shown in figurc 18 indicated that no significant 
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i m p r o v e m e n t  c o u l d  be  e x p e c t e d  f rom a n  i n c r e a s e  i n , h e  n u m b e r  o f  h o l e s  

i n  t h i s  row.  'i~ 

A seoond row.~of ho les.  ,(~test8~A ):,roy (a,):in f i6q~e 17C-was 

d ~ i l l e ~  a n d  a i r  was a d m i t t e d  t h r o u g h  t h i s / n ~  row with* t h e  f u r t h e r  

mmall increase in pressure, shown in 

To exhaust the possibilities o f  thim row (a),: 2~ h o l l e s v e r e  ' 

(test 8CA~) but no significant increase in pressure oocu r red ,  ,,see 

f:f~m.re IS. 

Although it has been stated previously ,th~tthe low preseuremen 

lip O could not be dlrsctlFrelievedby aeration, since it is i~ 

practical to admltalr to the tube . l i p ,  an Im 1 preest~rewas 

e x p e c t e d  a s  a r e s u l t  o f  an~- i m c r e a s e  i n  p r e s s u r e  on t h e n o z z l e  rOr :i~" 

side the tube. With the amount of  aers t~e 

lip pressures increased considerably az 

A third row of ~ holes, row (c! 

the upstream chamber of the air box 

figure 18 indicate no,appreciable effects due to presence ,of air 

holes. When air was admitted to row (c) in i 

were materially increased and  the W~ 

pressures on the tube lip, as shown in fi~r 

of pressures on the nozzle this d~sigm was ~ez'y promisiagbut since 

row (c) of holes was located upstres~ from ~he valve se~t andwould. 

therefore, be under full reservoir pressure at closure, it would be 

necessary to install an automatlc relief valve which would shut off 

the upstream air chamber when the pressures became positive at row 

(c) or extend the air-supply piping from this portion of the alr box 

to maximum reservoir elevation. 

24. Air a~mitted to tube interior. When the valve was dis- 

smntled to drill holes in the nozzle in one of the previous tests, 
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holes were drilled through the tube supporting ribs into the tube 

interior in the manner sho~vn in figure 20, scheme A) becaube,llt-wa| 

a n t i c i p a t e d  t h a t  i n  due c o u r s e  a i r  would hal be  a d m i t t e d  to  the  

tube  i n t e r i o r .  Al though  the p r e v i o u s  t e s t  had s a t i s f a c t o r y  

pressures, row (c) of holes was locatedabove the seat which was 

o b ~ e e t l o n a b l e  as alread~v e x p l a i n e d .  In  to  a v o i d  the u s e  

of  row (c)  a i r  was a d m i t t e d  to  t h e  t u b e  i n t e r i o r  t h r o u g h  h o l e s  in  t he  

r i b s ,  t e s t  ~CAS. The n o z z l e  p r e s s u r e s  w e r e / i n c r e a s e &  o v e r  t h o s e  o f  

~OA~ as shown in figure 18 which showl pros, 

mutes at ~0 percent valve opening. I' gurel8 that 

although aerating the tube interior did raise the ~rE was 

not as effective as admitting air .to row (c)i . The 

s i t u a t i o n  i s  r e v e r s e d  in  t h e c a s e  of  the  l i p  p r e s s u r e s  whic l~were  

h i g h e r  f o r  t e s t  gGA~ than  f o r  t e s t  8GAT. ~ 

Although it was not appreciated at the time, this valve,.SGA~, . . . .  

was a r e a s o n a b l y  s a t i s f a c t o r y  dee ign~and a few a d d i t i o n a l  r emarks~a re  

p e r t i n e n t .  The d a t a  t aken  on t h i s  v a l v e  were v e r y  meager because  t he  

t e s t  was i n t e n d e d  to  show on ly  the  e f f e c t  of  a e r a t i n g  the  tube  i n t e r i o r  

for use later in the testing program. For this reason it is impossible 

to  d e s c r i b e  d e f i n i t e l y  the  pe r fo rmance  of  the deslgn at all open ings .  

However, an estimate can be made by using test 80A5 as an index~of 

pressure variation with valve opening since the only difference be- 

tween tests 8CA5 and BOAS was that in the latter the tube supply was 

open. A plot of the pressures at the two piezometers i~ and 1 ~inst 

valve opening for 8CA5 and 8CA8 is shown in figure 18. It is evi~en% 

from the curves that the data taken in test 8CAg which consisted of ~ 

tests at hO and ~0 percent openings represent the mlnimumpressures 

and if the shape of the remainder of the curve is assumed to fellow 

test 8CA5, the arbitrary limit of negative pressures in model terms 

of -1.5 feet of water is exceeded for only some 15 percent of the 

total travel as shown in figure~22. This design is, therefore, re- 

commended for f u r t h e r  s t u d y  a t  some f u t u r e  d a t e .  
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To complete this particular phase of the study the upstre~un air 

c.hamber was opened (test 8CA 9) and air was thereby admitted through 

row c. All air inlets~ were ~ " " "  ~ , e =s  were increased 

back up to those of test 8CA7 

25 . Lim chan~ed to E, air rerlio ~,throu~h nozzle and tube. It 

was fixed definitely at this point that further ~ development be concen- 

trated p rinclpallylupon the valve with the E lip installed because the 

necessity of u~ing row c of holes to relieve the negative pressures on 

W the tube lip made the C llp unacceptable, ith only the downstream 

air chamber open, the pressures at 60 percent owenln~ (test ~EAI) were 

too low as shown in figure 19 A, and more air 

will be noted that the basis of comparlsc 

percent to 60 percent~opening because of 

data at the larger op~ning. The 

19 are divided into groups but on 

pair of groups to provide continuity. 

from ~O 

o f  test 

guys 

ach 

When the upstream air chamber was opened (test SEA2)it was 

evident th~.t this portion of the v~lve was under pressure sO no test 

was made. 

When air was admitted to the tube interior (~te~t SF~A 3) the pres- 

sures were raised considerably as shown In figure 19 A. 

(Test SJ~AJ). A digression waa made at this point to test a S~ 

called jet-centerlng device which was designed to stabilize the edd~ 

inside the tube and poszlbly produce higher pressures. The nattu'e of 

the device is shown in the various positions tested in figure 17D. 

Since no significant change ~n pressures could be detected, test data 

are not shown for this design. 

26. Equalizin~ ~roove installed at row b. A groove, 1/16-inch 

in width end located 1/16-1nch dowustreo.m from the seat, (test ~SEA3G1) 

was machined around the nozzle in the manner shown in £igure 17E. 

This groove was sujplied through the existir~ row of holes, row (b). 
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It was reasoned that the groove would act as an equalizer and would 

supply air in a continuous llne rather t~n Just at the positions of 

the holes. The cha~e in pressure due t, 

When the groove was widened to 3/32. 

in figure 17E° there was no increase in 

the capacity of the holes "hod. To 

verify that the low pressures were a function of the curvature of the 

valve boundaries rather than the siphonic action o±" the deflecting ...... 

elbow at the end of the conduit, the urevious test was re; Ith 

the conduit detached from the valve. The pressures agreedwith those 

in the previous test indicating that the low pressures were definite~ ~' 

a _*unction of the bcundary..curvature. 

The lip C was reinstalled (test 5GATG2) supposition that 

with thla lip the pre~sure~ at ~the groove Would be lewered and more 

air would be pumped but the test results indic~.te that the~e was no 

improvement. ~, 

(Test SHA2G2 and G3). While attention Was again focused on the 

C lip an attempt wa~ made to improve ~the oondltlon of flow lip pres- 

s es by re=ovin  the portio  subject to the  ressureS. Zlp • 

was removed as shown in £igure 17B and desl 

° 

Q 

I 

disintegrated badly s o  the design was abandoned. 

27. FttwSher development of E lip design. The E lip was re- 

installed and the 3/16-inch diameter holes were replaced by double 

their num~oer of 3/32-inch diameter holes because the latter size 

would be more practical in the prototype, see figure 17F. The four 

supply lines to the air box scheme A were replaced by two risers of 

eauivslent area - ~cheme B, figure 20. The test results (test 8~h) 

iudicated that the pressures v~re not chn.nged by any significant amount 

95 
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at a valve opening of 60 percent. The design of the nozzle was 

simplified by eliminating the upstream alrboxas shownin figure 

17~. At openings below 60 percent the groove hada detrimental effeo%. 

Visual observations reveale~ that water flowe~ through the~groove into 

the air chamber from whence it returns to the aozzle through~the air 

supply holes thus effectively reducing he amount of air teller' ~or 

this reason the groove was abandoned. Although in all previous tests 

with air relief the quantity of air invoZ 

from a consideration of pressure conditic 

point where direct measurements of the ~ 

eaear# to provide data fo 

The arrangement of piping 

shown in figure 20< Meas 

~erlng air are .~ 

i of air flowing 

were made for co~r@arison with later tests. 

re laced holes, anholes enlarged 

The groove of the previous test wa 

96 holes of O.!O4-1nch diameter. 

5/32-1nob dlameterto O.104-inch ~4-~eter. 

little effect on ,the pressures, zlmila~ 

row ef 

ged from 

of 

tes%s SEA)4 and 5"EA~ is shown by a comparlson of air discharges in • 

figure 27. It was concluded tl~t the possibilities of air relief by 

means of holes had been thozough~v exhausted.. 

29. Farther slmoliflcati0 n of alr-box su~i~ (Test ~A6)' The 

two zu~ply limes feeding the air box were replaced by one llne of 

greater cross-sectlonal area and the attachment to the air box wa~ 

accomplished by a transition as shown in scheme C figure 20. The 

adequacy of the ~ingle supp!y llne was demonstratodby the uniformity 

of the ores~ure around the periphery of the air box. Another feature 

of the problem was hlgh-lighted when ~'more or less routine change 

was made in the model set-up. ~ne transpar6nt conduit, including the 

deflecting elbow and terminal cone, D_~d become warped so it was re- 

placed by a bras~ ccndult with the elbow and cone made of sheet metal. 

JD 



@ 

Q 

m 

~ Q 

• $ 

T h i s  change  r e s u l t e d  i n  a d e c r e a s e  i n  p r e s s u r e  a t  t h e  end o f . t h e  v a l v e  

of approximately one foot model at I00 percent opening. Due to this 

decrease at the end of the valve some of the ipreasures in the valve 

were negative at lO0 percent opening. An investlgation revealed that 

the small end of the sheet metal cone, whlch was made to thelproper 

size, was 0.01-inch larger in diameter than ths transparent cone 

which it replace~. ~he tr~sp~rent cone whlch w~s Z~brlca~ed of ai 

cellulose plastic fund obviously shrunk by ~ this amount, 

of the cone wa:~ to create back pressure at i00 ~ercent o 

exit diameter is very critical as indicatedby 

parent that in the prototype the dimensions of this cone w~ll have to 

be held to fairly close tolerances. 

3 0 • ~ n t  of slot to re, lace holee~t EEAS~. A differ- 

ent method for supplying air to the nozzle was next undertaken since 

the use of holes had been thoroughly explcited. The downstream air 

~ox or ~nlfold was revlsea as sho~n i~ figure l~O. ~ ~iot was ma~ 

chined with an area equivalent to ~the former iholeG atanangle of 30 

degrees from the vertical as shown iz 

were lowered by an appreciable amount 

discharge of air was decreased ~s shown i.. f~gtue 2~ ~e reason for 

the decrease in pressure is apparent from a c of'~he ,loC~-- 

tlon of the slot and the holesi!which it r ;he s 

the presst~re gradient. Comparing the slot and the five rows o 

in test ~5, it will be noted that one of the rows was upstream from 

the slot and two of them were downstream. Referring to figure 19A it 

can be seen that the elimination of the air relief provided by the row 

upstream from the slot lowered the pressure at this point and the 

effect was reflected upstream. Also the absence of the two downstream 

rews lowered the pressure considerably at the end of the valve. Ap- 

parently this last effect was due to the sharpness of ~he downstream 

corner of the slot which created a contraction of the air stream. 

1,8 
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In an effort to relieve the pressures ~ at the e n d  of the valve the " 

downstream corner of the slot ~,e~ rounded for test ~EASg .... by removing 

the portion m~rked 2 as shown in figure 17H. The pressures were re- 

lieved down.~tream from the slot but the pressures u not 

ma teriP.11y improved. 

The slot was next extended upstream by removing portion marked 3 

in fibre 17H in an attempt to regain some of the advantages~whlch 

were lost when' the upstre~m row of holes were plugged, (test 

The pressures were raised by a significant amount, as shown 

19A, and were nov Just as satisfactory as those of test SEA 5 

at lOO percent valve opening revealed that therewere negative pres- 

sures because the conduit was not 

31. Increase in tube travel. 

cent opening was increased by leng 

inches to 3.706 inches, (test ~-ASI 

slightly as shown in figure 19P but were still negative. 

The travel was further increased from 3.706 inches ~ t 

inches (test EEASll). The latter flgure was derived by p 

pressure~ at plezometers I 

the curves until they indl 

which this occurred was the deslred opening. Wlth a tray 

inches all pressures were positive at I00 uercent opening 

figure 193. Because of the change In total travel of the )e the 

percentage openings cannot be directly comparea bu~ comparlmons cau ~, 

be made on the basis of equal dlstauces from the ~losed position which 

does not change wlth tube travel. 

32. ~enla.r~E_e~. In the previous series of te~ts the 

tube air supply, which was always open, had a constant area. Now this 

area was increased (test gEAS12) as shown in figure 20, scheme C. 

The pressures wer~ ralsea somewhat as shown in figure 19G but the only 

significant increase occurred at the downstream end of the valvc~ The 

chs.n~e was due t o  t h e  f a c t  t h a t  t h e  i n c r e a s e  i n  p r e s s u r e  tns~L~e t h e  

z9 
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tube allowed the Jet to contract more and this allowed more air to 

flew between the outer surface of the Jet and the valve boundary. 

This contention is borne out by the increase in air discharge• shown 

in figure 27. 
33. • Deri   ZZASla 

was selected as a tentative fihal design andrather complete data 
ft .... 

were taken. The si~niflc~nce~! ~°f the pressure measurements will be 

~iscussed in connection with the comparison of the results of the 

2e-inch and 6-1nch models but the variation of the minimum pressure 

with valve opening i~ shown in figure 22. The permissible pressure 

was arbitrarily set at -2~.5 feet of water urototype. . which corresponds 

to -1.5 feet in the I to 1T model. The range of , rom ~ to 

93 percent for which the permlssiblenegativepressurevas exceede~ 

is indicated in figure 21. 

For purposes of comparison with l~ter designs the coefficlent of 

dlsckarge of this design was determined in two ways. For a valve in 

the lower tier operating under full head the conduit downstream from 

the valve flowed full and the complete outlet could be treated as a 

unit. Under these conditions two different coefficients of! discharge 

can be derived for the same pipe area and discharge byusing two dif- 

ferent heads. First, there is the coefficient based on the head from 

the reservoir level to the elev~ elbow ~. This 

............ . ^ A  . ~ is based on 

The 

value of O T for design SEAS12 was O.69~ where 

conduit area ~2gH tto~;aA ; 

This coefficient applies only when the conduit downstream from the 

valve flows full and the siphon head of the discharge elbow is ef- 

fective. A second coefficient which is probably more versatile for 

comparative purposes is one based on the head drop across the valve 

only. Such a coefficient is an index of the performance of the valve 

5O 
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since ~he ei~ect of the d~wnetrean e~t ie~ ellnlnate~bF1~ez~ri~ 

the head to the proesure ~eens~eani~om ~he valve, ~tJ eeei~lelen~ 

will be deelgna~edae Gvte IndAeate that i t  expreoeoe the posTo15m.loe 

of the valve only. The val~o of ~ylfer design KEASI2 w ~£0 

coefficient may be rega~od also ~: 

The da~a requlre~ for design noeb~sn 

wore obtai=e~ in t.o ~0~.. fir,. ~,--,=Ing the tor~,, ,.~..,. 
opera te  the EO-inch model under  p ro to typ~  h e a d a n d e o c o n d ~ y , b ~  

i n t e g r a t i n g  over ~he a r e a e f  the tube ~ho p r e s s u r e s  moasu~e~ im 5dao 

~- lnoh model. The respite of the first ne~hod are questionable e~ a~e, "-  

~0 

premise that the difference in the ~ , r o  meaeurenentslveuld be zequal ~o 

the ~ ~e 

t ~ t  th 

torque 

opening cycle it was obvious that the frictional ferceevere ~he con- 

trolling or pre~ominat ing  ones and t h a t  t h e i r  va r i a t i on~  

.a..no.~ to complet.~ .~.~ ~o ~o~=L.~c forc*,i i ~ ,~." 
f r i c t i o n a l  f o r c e s  in  the ~o~el b e a r n o d e f t n i t e  

pro to tTpe which ~,  

ope ra t ing  f o r c e s  leuld be n a ~ f r o m ~ t h e  

torque measurements. 

The second method ofe~aluatlng t h o f o r o e s e n c o u n t e r e d  

ope ra t ion  of  the va lve  c o n s i s t e d  of i n t e g r a t i n g  t h e p r e e s ~ e e m e a e u ~ o a  

in  the ~ - inch  model. To t h e f o r c e s  thus  ob ta ined  would be addenda  

estimate of the friction forces which OplOose motion oft he tube; The 

eeti~u~te of f r i c t i o n  f o r c e s  i s  not  t r e a t e d  in  t h i s r e p o r t  which  dea l s  

onl~vlth the ~draulic forces. The unbalanced force on the~ube le 

that caused by the difference in preemaree en the lip of the ~ubeaud 

aAreo t i ea  ~ 
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ito projected area which is subject to the pressure prevaili~ In the 

interior ef the tube. ~ach force was treated separately ~d the no% 

f o r c e  of  t he  u n b a l a n c e d  l o a d  which+~us t  be overcom ) c r a t i n g  

mechanism was obtained by adding the two forces ve Thl 

measured piezometric pressures c P 

p r o t o t y p e  terms f o r  a he :~ 

in  the  lower  t i e r .  The p£ezOmete r  l o c a t i o n  f o r  eaeh  

of several valve openings was multi )- 

type radius and the product was pl¢ r~ 

under this curve was integrated gr~ give 

the total thrust for each opening, 

since all the measured pressures we~- : ....... 

the back of the tube on the projection of :the lip are_ 

by assuming that the pressure measured at plezometer No 

located inside the tube prevailed over the • 

variation with valve opening of the two for_ __ thrust ca 

the v~Ive which acts to open the vslve are shown .in figure 22 for, a 

valve in the lower tier. The force on the back 0f the ~ 

over most of the range of openings] 

was negative for all openings •where TM~ 1~- 

balanced thrust reached a maximum w 

opening of 50 percent as shown in f 

Measurements of air diecharg~ were e gnbut ~ 

they will be discussed subsequently in cc irmation 

tests when the performance of the 20-1nch model is compared with that 

of the 6-1nch model. 

3h. New lip Y substituted forE. It was ~indicated in ~AS12 that 

for valve openings less than five percent there were very low ureesures 

at piezometer 19 A as shown in figure 21. When the tube is in this 

position the passage formed by the tube lip and the nozzle is diverging 

e~d critically low pressures arc set up in its minimum section ae in 
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ing  the  c e n t e r  of  the 8 - i n c h  l i p  r a d i u s  ,'as " h r ~  ; ~ ;~ ~ ~ e ~ 1 ~  ~ ~ C' : ~ ~ ~ " 

the llp and nozzle ~d' the .new ilpl.w~S'!~;::i!;: 

s i g u a t e d  'F" ,tes the "i~ pressures . 

at five percent , 

negative pressur, 

openlng. Anothe: 

ing action which would occur when the -valveiwaa 

35. LiD "~" reinstal 

A rather consJ 

developments c 

with ~he 20- e 

row of  piezomE 

row "A" because the latter row showed indicati¢ 

to one of the supporting ribs. The pi 

similarly in each row 1~ut the rows .wet 

dinal planes. A more complete discussion of thi~ ~change.~and its 

effects will be taken upunder the heading of':conflrmatiOn ~tss~s 

it is mentioned at this:~point only because bOrth r~s will refers 

in the following data 

36. Do.nstream Lve:,of•~test :~ ~ 

removed because it was preventing the/f :re Ls~e Of alrfrom the-air: 

the air s ace. roundlng ,di  

the valve. A choking~ effect was indicated by :th~ 

sure between these two points in test gEASl2. R, 

it can be seen that the situation was materially relieved as t n d i c a t e ~  

by the substantial increase in the quantity of air p~ssing through t3u~ 

air box. The amount passing to the tube interior decreased because 

the additional relief provided through the air box allowed the j e t  ~to 

e d  - t o  • 

i /" . 
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c l o s e  at; a p o i n t  c l o s e r  t o  t h e  v a l v e  a n d  t h i s : d e c r e a s e ¢ l ' t h e  ~a i r  r e -  - 

~ r e m e n t  o f  t h e  J e t  t n t e r i o r ~ / i ~  

o~efflcient of .dlscharge, ~ .  ~s  • 
ii 

68.5 p e r ~ e n t  In~t i t  lmpoz'ved ! ~  

o p e n i n g s .  I n  t e s t  S ~ A S i i ,  t h e  ~shap.e of:~t~ 

tO ~l~ndrlcai ~ t  openln~ 

Fe~alne& its conical sha~ 

h a d  p r a c t i c a l l y  no e f f e c t  o n ] : t h o  t 

&e |hewn, ~in .figure .2~ .which !are :b~ 

p i e z o m e t e r e .  ~,/.i' 

~7. 
Of the val 

exDl~ined 

t h e  n o z z l e  

ceef~icien 

t i m e  a r ~  c 

at partial openings •because :~he pressure ~at the ,po~t~i 

v e u l a  ~ ~'crce~ :I;o t h a t  of  . ~ e  ~i~, ~o~ v i ~ h i ~  r e ' l o c k e  

p r e s s u r e  ~ t  p o i n t s  ~upstr.~a~. The n o z z l e  : t h e r e f o r  

seine r e c o r d  o f  t h e  amount o~ ~ u t - o f f  v e r s u s  ~ l n c r e a s e  

.... ~ , i ~ , i ?  ~::~ ~,i ~ ! i  

i n  : p r e s s u r e  ~ue to  ~each ~change a r e  8hewn 

l ~ r o v e s a e n t  i n  p r e s s u r e  c o n t i t ~ o n e  i~ha~ ~b, 

b e e n  ~one a~ t h e  s a c r i f i c e  ~Of: ~eome"dieoh 

.~e&~LlStlon was  e x t e  , ...... .::. ;~*~-~;. '~°~: 

1~. ~ ;O. J ~ ~ b~ u J t ~ ~ e  h e & d a c r o e s  ~he v a l v e ,  :In ' ~ o b ~ n ~ . . ~ h e : h  ~ :::,: 

:: ! ~  i/: J! / = • • ~ / : i~  •~¸¸ : ~i: • ~ ••• •~ L I •: •~ •i!  ::~ ~ii•~•~••i~ ~!i~:~! 



~ , ' : : ' . . " : ' ~ : ' : ,  ? ' , , ' , : ' . . " . . , " " "  ' " "  . -  :":'"? . '  " "  . . . .  . . :  . . . . . .  : " ' - ' " : - " L - : -  ' '  ' " - "  : _ _  - .',, " F I 6 U A E  2 3  : 

i,:.i/-:~ _.,,,.,...I,.,-...:; ...... ':.: .... ,;.. ,:.. ,.. . . . .  , . :..._.- . . . .  . ;, .~, .:.. . .',. ':,,.... ' . 

. . . . . .  ' " . . . . . . . . . . . . . . . . . .  ~ , ~  , . . . . .  "" "'~.0 ' . . ~ , Z  . . . . . .  ~ . ~ .  ~,,.*..;~ , , ~ . . . .  ~, . . . . . . . . . .  ~ . 

• , ' , "  .,: : • ~ )  • .; , "  - , ~ -  . ~ . . : , ~ ,  • . , . ' ~  - ' ,  . ,  ~; ~ . 0  ~ ' : . I ~ , ~  " ~  . . . . .  . " : ' .  . . : ,  " : .  : ~  

" " " . . . . . . . . . .  ' ~ " "  ' )  ~ " ' . . . . . . .  I . . . .  " " )  ~ ' ' " " ' ' 

, '  . . . . . .  ' :  ",.  ~ " ' ' " " "  ' ~ " ' "  : i"-  ' " " '  - - -~ '  "~" -:~ ~ " ' "  ' ' " ' : ' '  ' . . . . .  ' :  " ( ~  " ~ ' ~  

• " " ' " " ? ' . . . .  i . : ' ,  . :  . . . . . . .  . )  . , : , . : , ~ , ' . ' ~  ; . . . . . . . . . .  '. ~ .  , "  . . . . . .  ' ' ~  . • . " ' ' ' : ; " '  • ' ' ~ ' I ~ . . . . . . . . . . . .  ' - , ~  0 m " 

• '. '" - . , } . . . . . . . .  ' _ ._ " I  _ , . , " . . . . . .  , . . . . .  I ~ , ' . ' O , . - - . " '  

• " ' " ........... ~ ' • <' " I" I ' " ., ,'7"~" . ', S-'" .... ' I~ cO - 

' . . . . .  ' " . . . . .  I i i  . . . . . .  I I ' I L- " : ' ' " = :';>..." .. .,' ' .' :- ' , ._" " " _. '- . ~ ..... ~0~, ...... - '-., -+- ~ .... 

. , .  ' , ""  ' , , " -, , . : ,  :' " ~'F > ; F  , i :  I ,  ' : '  "~; . . . . . . .  ~ 0 ' ] " ~  ~ '  "" " : 

" ' °  -: '  ' ' ' :  ~ : -  " ' " ? ' 7 -  . . . . . .  ~ ' ~  , I -  - ~ * - ~  " ' < ~ : "  " ~ = I "  ' / I ~ ' L ~  " ' '  
• v ~. : ~  " . ~ , ,. , , ~  , ' L  ~ ' ,  '~ ~:'.; - ' : ~  , , ,  *:, ' " ,  ' , , t h  , . ' ,  ' ,  .# ',L ; ,  ~ -  , , ' % '  

- . " : ,  . . ' . . , , . " . '  ' I . . ~  : '  , i ~ ~ .~  : : ~ '  : I , )  ' ~. " .  ,,.'.',' ~ ":: ? ".., ILl " - \ " ' "  

~:-',,:- ..:..:""~.. ~ . ~  "" ''-" "" ' ~" : '"( " ' .... , .: . " :  ' ">~ ~ I .... :':' :'I ~ ~ ~  :?';'' "~' !: " I .... ~.~. :' ~::: ..7;, - (::' < :.:S:," .~] 

; . ' . , " ' "  . I o ~- , ~ ~ o : T :  , , ' ) . ~ . . ,  . ~  . - . - . ,  o -  ~.<.i ; , : ,  : .  ' :  : . ,  

. . . . . . .  . . . . .  ) . . . .  ~, I ; ~ '. , --., ::". m.. ':'~ .... - " " " "  ~ "~ ' -~  ' ' • ' ' : '  ' 0 ' , , , .  ~ , , , ;  . t.L1 , . , - : .  , , , ~  ~ " 

," , , >o  ~ I , ,  . . . . .  , " : ' l,,k,I , ' <  ' • , :  I . ~  ' :  , : : , .  , t . ) . J  ' ( , . . . 0  * , ~ 

.-':'::" . , .  ,':. , . " . ,  , ' :  :~,.., > oc i .  '~', , ~ "  : - ,  : - : ! ,  .. ' ~ , , , , u  o i ' . . . i ,  ::~ ' .  ~ ~. . .~ " > ~ o .  ~ . ! h , ,  > , , ,  .. . . . . . .  . , . .  c o  , . : . : _  . ~  . o  ". 

" • ; ' '{, : ' ~ : ( J ~  " : 0 )  ~ , o  eL) ~' , " -  

. . . .  • : . I ..... • ( . - ' ' , ; ' ' .' ........ "o ' 0~ c. .... ,- " . , ' ) , , • • ", . . . . . .  ., . . . .  , . ' ~ ,  - -~) • 

' .  . . . .  ' . . . .  I '  . . . . .  ~ . . . .  : I " . . . . . .  ) . . . . . .  I . . . . .  o . , -  , . o  " ~  o 

. , . ;% : " .  ' . ' :  ~ ' "  ' ; . I .  ' ; ' ' " :Y~ I ' '  ' " " ' : " ' " ~ ' ' . . . . .  ~ - ~ ' -  . . . . .  !::' 
, . , =  , " . . . ' , , , = , ~ . . . . .  = ~ = = i . . . .  , r . / = ~ , + 0 " : ?  

. : : ~ -  . 

' !G 

f . t ; L , . . . ~  3 " : / ~ .  

, • ) ~ ~!., ).\ k. i ; i !  ; ~ . '  ',: I,. . . . .  .-~';:/,~ .~ . - .:...~ .... ~.-... ...... 

.~ "'~ ' '" '~ '" " ~i iiil ! .......... " :! ~'~' ~. -' ' ....: ',- I ~i"Jl/"~ "I,~. ~.~ ~'~:"o .~: ~,~: ~o~,~,.~>" ' ~':::: 

• .~', ,:"'~ '- . .: . . . .  ! .'l .'.- - - "L~ ~ ' 

i': ~ : : '": " ' ~ ~ " .... • ~ :)< >" "' "" 

~~  ,, . . . .  . . . . . .  -~ ,,i ! I _" 

.:~:" )";..~.. -. '~ o ...... -~-;' ">:..(~;,"-:'~' ' ",',0 ;- .,-i;-~-.,; ~ ...... - " !;-."~- 2o..: /T', '":.!,~.. :.. ,'F : :": .> :-": '"'!~ .' ::'. ~ 



":i, 

across the valve the pressure headat the end of the valve was 

assumed to ~be e q u a l  to t h e p r e : m s u r e + h + a &  m e a s u r e d  ++ i n  ] t h e ~ a i r .  b o x .  . " 

For a~F c~ 

t h e  coeff! 

range for 

~£ASI2 is 

opening i., 

a s  e~lained previou~ ratio 

• he inoperative range 

o!oening. The portion of the curves ~belo~ 

~he ~s~el and have been plotted only to al~ 

T h i s  deei~-,  w a s  not tested Inthe i n t e r m e d i a t e  a n & ! ~ e r  

s o  t h e  ope ra t i ng"  r a n g e s  c a n n o t  be  d e t e r m i n e d  ~ " ~ ' ~' '~rom t h e  model  t 

directly although they can beapproximated £ r o m _ ~ t e s t s  ~SI12 

It is proposed that ithe safe omeratiz 

be determined in the prototype by me~ 

one v~ive of each tier. For purpomel 

ranges for the intermediate ~nd~uppe~ 

esti~te~ to be from ~5 to gO percenl 

~iwe r a n g e  for ~the latter. 

D12.  

~he v a r i a t i o n  o f  d i s c h a r g e  :wi th  

v a l v e ,  100 p e r o e n t - o p e n  i n  e a c h  t i e r  

o b t a i n e d  f r o m  t h e  model  d a t a  i n  : , t h e ~ f o l l o v i n g  m~nm ~/~ _6 .... 

i t  was d e t e r m i n e d  t h a t  ~ f o r  a v a l v e  in ,  t h e  l ~ e r  t i e :  "" i n  

t h e  c o n d u i t  d o ~ m s t r e a ~  f r o m  t h e ~ v a l v e  d r o ~ p e d  t o  ze: s e t - ~  ~ ~. ~ . . . . . . .  

v o i ~  l e v e l  was r e d u c e d  t o  20 p e r c e n t  o f  i t s  maximum ~/the ~ I 

re e oir level  a  .evel =oi=..ponai,  to .leva ion :g06.2 f et, 

p r o t o t y p e .  ¥ o r  r e s e r v o i r  l e v e l s  ~ Z ~ e r  t han  e l e v a t i o n  ~iBO6.:2~which w i l l  " ~.. 

b e  d e s i g n a t e d  a s  c o n d i t i o n  1 t he  d i s c h a r g e  v a e  c o m p u t e d  b y : u s i n g  ,the 

c o e f f i c i e n t  C v w i t h  t he  h e a d  measure& f rom t h e  centeTr l i n e  e f  t h e  
• . L  

~:-~:~: vaAye  t o  t h e  r e J e r v o i r  l e v e l .  F o r  r e s e r v o i r  l e v e l s  •&bore 806~2,  , : :.,,: ~- 
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c a l l e d  con=Lt t ton ~ ,  ~e . .  ooe - - -  

from the ~eeaz~reir  ;~e~el  to  

valves ~ the upper  and i n t e r m e d i a t  ~ 

a t  all re~ez~roir l~vell d u e  ! to ~the 

valve so the eom~ut~.tion~,of ~ 

~n~ velve~ in the lower 

be r e q u i r e d  to o p e r a t e  ~u~er 

v o i r  f a i l s .  The v~--ciation ir 

ent  reaez~roir surface e l e v a t ~  

guidance of the  field o p e r a t e  

p ~ e d / o t e d  values o f  

valve in  ¢he ,lo~er t i e r  under  

26. The portlem o: the total 

e~eo shown and the  p o r t i o n  pa 

ed by eub~z-~et io= from the  t o  

charge for the intermediate and lowert~ers are 

maximum water ,surface elevation of .I065' 

The va~lues of maximum d f o r t h e  i 

Thi= method Z ie lds~ the  values ;;of 00) 16( 

Of a i r  f o r  the in terme&iste  tier•~d'(2~O0 i 2~)i~:: 

du~e~ f o r  ~he intermediate aria .upper tieri 

are smaller. The amount o~ reduction cam 

ma~imum air 

ad for the 

¢, 

" j . .  

i 

~I~ ~ c o ~ _  . . . . .  

i. 

sl=e pipe which will h~ve eq'~al ~velocitT"¢ d alr . ~ - : ~  

al l .soi rEe,  r'~or equal ve!Oc~ti@s the  ' d i e - - s t e t s  ~ e t ~  h&ve the: r a t i 0 o f  : ~, ~ .i;ii~! 

" • " r • 6 !  
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In d e s i g n i n g  th 

i n  t h e  a i r  b o x  mus t  el°valid+ 

23 .0  f e e t  of  wmter+for ++the 

and s l i g h t  v a c u u .  

3B. An~le ~ 

from the  ~ r e v i o u s  

The p o r t i o ~  marked 

o f  ~ S 1 5  was m a i n t a i n e d  ~for a 

was ~chined to an ~ngle of~O 

Tests were ,run at ~ openlngs.~ of 1 

parlsen,made with ~EA515. ~o ,dlf~erence ~In 

as shown ~lu figure 23. 

i~Ing ~the +,~==xlmun 

+Ich +t~+ 

, ' ~ . ' . r  ¸ "'~ 

/ r  

: i "i~i 

i ¸ 

r 

, ,  r k  

" /  
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earlier t e s t ~  

~elleve ~lew 

air was o requ~ 

anger t h i s  : 

i~All epenlng 

o~ air were~ 

s e q u e n t  ~tests 

viode,noti~enly a h 

but  - ~ s o  .-a b a s i s  f 

s ~  v h a n  i t  was e 

a t ~ o  s ~ h e r i c :  p r o s s u r e e .  ' The ~ u s e  ~, o f  ~the :/,mea|ured!~ 

I s t t  e r  .sezlso,l,w&s: ~ o e s i l ; "  " 

tween the  , : ~ I t u d e  ~:of 

a i ~  pumped b y  :the valve. 

. ~ e  purpos  • . In  ,, a d m i t t i n g  air-~ 

if any cha~ge~in deelgn~resul~ted~in~an 

was alva~s a n  Isrprovement ~iln 

valve. ~hls statement ~is per~ 

lio~ is necessary because the 

from the air'box differed from thole~ef 

• interier. 
o _ 

The m~gnitude of the ,vacuu~ ~In~theli:spa~e 

, J P  

~ -~et  a n i  t h i s  shape  i n  turn  d e p e n d s  o n , . t h e  d i f f e r e n c e  i n  p r e s s u r e  

64 
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J 

f ,  sub,- . . . . .  ~ : 

a f u n c t i o n  o f ~ t h e  qu~ntity,,~ .. 

b o x  •which -= in~ turn  i e  e q u a l  ~ o f  

w a t e r  as  ~-it e x p a n d s - t o  i f l l l ~ h e  eondult,,~a~ 

the  oil, me e f  t h e  t u b e  i n t e r i o r  t h e ~ q u a n t i ~ ]  

o f  the  p r e s s u r e  w i t h i n , t h e  t u b e ~ b e c a u s e ~ t h e ~ a i r  b e i n g  punrped,-~epends 

,en t h e  shape  e f  the  h o l l o w - c o n e  w h i c h  c o ~ p r ~ s e a  t h e  i n t e r l e r . i ! e f  the  
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J 

between the !interlorand the 

ship was demonstrated.ty arbi 

tube interior which resulted ~' 

On the other hand a constriction 

not affect its.alr demand lto 

In t h e  case:~of, . .8~ASl~,t  

i n t e r d e p e n d e n t  t h a n  t h i s  : r a t h e r  i d e a l i z e d  . d e s c r i p t i o n : w o u I d  i i n d i c a t e ,  

. . . .  ~ . .i:~:i ~ n.~!the~air:~ox~? Thin  was due t o , t h e  f a c t  . . . .  

d u i t  downs t ream f rom t h e  d~:,~y the~,~sx~erior ,~:eurfaoe 

o f  t h e  J e t .  There  was i n s u f f i c i e n t  'clear~Ce~between~the~valTe,~con- '~~ :~ ~ 

t o u r  and  t h e  J e t  downst ream f r o m ~ t h e  a t  

shape  o f  t h e  J e t .  such~ae  t h a t  p r o d u c e d  

tube or the alr~box supply, produced ~a ~ 

pressure and air discharge through the ~ 

the area of the passage through which~ilthis~air mus~be~:~supplled. 

In the ~recedlng discussion the~:amount ;of alri:be~i 

u n i t  o T ' t i m e  h~s"been~ r e f e r r e d  • to  a t h e  d ...... ~Theo., 

L I 

D 

sente only a partial fulfillment of the~ac~ 

o f  t h e  n e g a t i v e  p r e s s u r e s  a r e - ~  g o o d i : i n d e x  

s u p p l y  and  demand. : There  ~rrast I . . . .  

s u p p l y  t h e  p o t e n t i a l  f o r  moving 

sures exceed ~his mlnimu= value 

4 3. Air dlschar~es 'for pr, 

The changes in air discharge wlth~progressive changes: ini~valve~ desi~a 

are shown in figure 2y. All Talues of alr~!dlscl~rge~!are glveni~in~imodll ~- 

terms in order to avold:the complications introduced by :the phenomenon 

of  c r i t i c a l  p r e s s u r e .  T h i z .  phenomenon s t a t e d  ~suoo inc t l~v . i s  t h a t  ~. when 

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

c o n d i t i o n s ,  a maximum w e i g h t  d i s c h a r g e  i s  a t t a i n e ~  when : the  d i f f e r e n t i a l  

r e a c h e s  .~ v a l u e  e q u a l  to  a p p r o x i m a t e l y  o ~ e - h a l f  a t m o s p h e r i c  p r e s s u r e .  

65 
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Q. 

Zn~ the  2( 

countered  

a i r  i n l e t s  

i n c r e a s e d  

the  sa~e p r o p o r t i o n .  The r e a s o n  f o r  t ~ s c O n d i t i o n  

c l e a r a n c e  between the v ~  

When t h i s  c o n d i t i o n  vas  

downetrea~ !~ret ion  o f  th  

q u a n t i t y  e f  aAr w a s  m a t e  

the  p r e s s u r e  below the  v a l v e  was l n c r e a e  

a s l i g h t  v a c m ~  a t  ; a l l  re-  

were the d e c r e a s e  in  t h e  

i n c r e a s e  i n  p r e s s u r e  t n e l  

The n e g a t i v e  p r e e s ~  

effective were so small ~: 

coul~L be obtained~by in~ 

q u i t e  small  and, wcu ldno"  

m ~ l l  p o r t i o n  o f  t h e  t o t ~  

e ~md t h e  , ~' 

~!!i ̧I i~i~ ¸¸ ~/ i  

imterior, as shown In/flt 

the tube Interier can be 

" changing the pressure int.~ . . . . . . . . . .  

~ 3 .  ~ n t i  ~ o t o t  e r t . l n  a a k i ~ a  , 

,reconmendation : for  ~the si~zes o2 ~he ~ a i r  ~ieuppl~ i l i n e s  f o r  t h e  p r o t o -  

type  b~ ecal ing~up:  the~- . ede l  : reml l t s  i t  i s  n e e e e ~  to  c o n s i d e r  :,the k' i ~ /  

aria it is sUf~Iclent at this point tomerely orate tha~ they .were 

neglected in coaling up aedel ~rom~ltn. 
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i+++~#++ 

dlech 

the 

l n t e a d o ~  f o r  , ~ s l v e  :dee' i t~  83~S12 :~the ~£r  :~boX !£e ~+~ 

temlned to beai'l~-£nch ' + •  +he'++++ d.ia~e'ter !pipe.  i f  or  ,++~he ++ 
• , / /  

~ . + ~  ~tm.o+.+ p ~ + e .  ~+o+ ,++t~e ~ t + . + . +  + +++ ++++i . + + 

+t+ +~. +++.+., m e l i ' ~  m . ~ + ~ + + . + . ~  

soe..1.ed to proto+~'pe ++era. + ,  +xuned. In+(imb.+ol.ie:~+/: 

ee~puted :.~Ir .:dieeha~ge wa~ . ° u e e S ,  l~..,.v&e+obtained 
- ' i i '+ ,  ' ~ : . ~ '  ++ ++' i i  - ~ ~ i i  ? :,~ 

,~oefflelent +for the air helee late +~he.+no+zle ++.of++ 

i~ a d~op ~In hea~..of 

criblcal ~proea~Are ~to • 

wae cone ~der&bl:r ~h~ghe 

~the p i p e  ~ else, 3~Ineh 

g e n e ~ o u e l y  p ~ o p o r t i o n e  

p r o p o r t i o n  o f  t h e  t o t e  

l e s s  ~man for+!.deetgn +8 

to  c a l f  2 0  .pmecen~ ~ of'.the~:~ 

v e l o c i t i e s  . f ez  ~83r~512 +eonp 

~'rO~ + ~o&el n e a l u r e w e n t e ,  ~II~ 

p e r  e e c o n d ~ - m ~ L ~  trip, the  . 

m m  Lu the!2o.~£noh p i p e s .  

the  a i r  box ~eu~pl)- g h o u l d  .,be +me 

~tubo amppl~v~ehoul.d++be'+ i n o r e u o 5  

~he .lamber .-e~Lnge ~could r' be : ~,de+ 

l+ ++I~ ++.~+~t+.on . + a s + ~ a  +o ore 
ooaputo~  ~itn +the c a n e  nanner~weul+t~be 2 6 6  ~fee~ 5 r a n ,  i n  

,~tho -36-~Lnoh.pipe ~and ,55,0  ! . feet  per  eeoonK ,in . . . . . .  

++ , ~ i ' + i  
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m u p p l y  c o u l d  b e  : ,reRuced.  , I f  o n e  2 0 - i n c h / d i a m e t e r  ~p'~pe~iw , 

• . , , v ~ u e  ~ ~,ror~-~,~o~ i p i ~ , ~ e ~ i  Or~ velocity ',in !it'would be twice '~,the 

". /k 

Q 

aecon~L. Therefore, ~one 2G*inch pipe~0~would!Jbe,~ad 

would be necessary. ~;:i 

All e e t i n ~ t e s - f o r  p r o t o t y ~  size 

i n  t h e  l o w e r  t i e r  f o r  maximum h e a d , . o f / 3 2 3  ~ f e e t .  

w o r s t  ~ c o n d i t i o n  ~l l~ibe i 

t h e  i n t e r m e d i a t e  
- . .... ~,i: .: :~!" i": :~ ~ 

The d r o p  i n  p r e s s u r e  f r o m  : t h a t / o f  ......... ~tm0 

.be  r e q u i r e d  t o  s u p p l y  rei lef~'~:t  

p i p i n g  was  c o m p u t e d : f  

l o w e r  t i e r  : o p e r a t i n g  u n d e r  maximum b e a d , a t  the~ 0 ~ 

m a x i m u m  a i r  ~ d i z c h a r g e .  A s  s u m i n g ,  a n  : a t m 0 e p h e r e  ~o 

e ~ l  to o : o ~ p o ~  ~er c ~ i c  foot  '~he~ i ,v~o~  

t ~  ~ p ~ y  pi~in~ add,~u~ ~t~ ~a ~dro~ ,~ ~o~,i~1i' 

alr'boxand O.S foot of water ~:~o :'the~tub~e ilinterl I: 

the air box may, ~therefore. be exoected ~to!reaCh 

2 . 0  f e e t  o f  w a t e r ,  i~The~iva lue  Of : th~s  ~v~ouum ,obt 

the negative preseuremeasured 

,~ins £de 

sp 

~ k " . k •  

water• The difference In the 

smaller frictional loss in the~prototy 

number. The operating characteristics 

baee~ upon an air ba~ pressure of -~ 

the model measurements. The fact , tha t  ~the ~r 

higher by ~approximately one foot ~of ~w~ter ~ri;i 

will operate as a small factor of ,safe"ty. 

7O 

k . i ~ ¸̧ :̧5 
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VII- STUDL,S , ~ ' ~ 

/,6. Pureose of studies. The development: • o~ 

. ted b~ ~the cri~ valve to this point h~s been airec ~ Y, , 

ficient of discharge which'was maintained~at;the 

of 0.70 or better. It was ~deeided,-that 
• ; ' ' ope'd ~bY:~se ' two valve designs whxch~..ha,~ .been devel 

operation ~s free discharge valves at Fr i~ti D~m~ 

Drol i L ~ u ~  " uu ~ 

, ~•:~:i!: i 

I 

@. 

I '~' • 

were two .types developed, one ~ neea~e .v~%'=, 

with discharge coeffiicient s ' of: O' 5! 'S~ad ;•5i, ;: 

47. Model scale an@ an~aratus, Both val 

fi&~re 29 and it will be 

im~h diameter inlet, ~the( 

less th.%n 6 inches. The : 

necessitated a~sm2-11er col 

d~it used in the previous 

equating the diameter at 

meter of the nee(ile valve 

would flow full ~t thi~ o,~.~ ............ -- 

1:20 which makes the diameter:of:the modei.~icc. 

the latter scale ~r~.t£ 

condult, its ~length ~ 

bow which,were sized ~ ........ ~ ...... 7-7-7 

values bY 1.8 percent. The excess inlength of con~dit;~ 

as the addltlonul friction loss~ intr~°duced bY ~the ,extra 

small. The excessln the 6~ameter at~the :end.of the '~-co 

. Hydraulic Laboratory Repo rt inc. Hyd. 163. 
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++negl acted +Serous • me +.ba~'++ress~re. o+e~.to~ ::+~o~ ~he k ~ l + ~ + ~ r  +' (: 
ver~ sensitive ,~o +chang, . . . . . . . .  

`̀ + 

+ .  ++ ~ '  + + i + , + • • 

the model as +constructed, the~back pree, 

accc • r e ' + t O m +  

but 

llc act ion and ~ ' ~ n s t r e ~  r ;i~ iVi 

,and vas falre~ into  ::the'.conduit : t o : ~ : e  

~rellef a~r a S  r ~ . 

ancies  a lread~ 

t~ that of the eet  

shown :in" f i g u r e  ~30;~ ~ ~ o  permit  

The ~'r!~ut tube valve  wa test 

was realized +:that ~:~he 

. ,+~ + 

+ " . ~ i  

r +  

)+!i?+, 

opening .because o f . t h e  l o w e r . ~ - ~ s ~ e  ~coexz 

onl~ a llmlted~:number of tests:vere~m~q 

to :placln~ the valves ++In :a conduit iltest Y~I~. 

were ~mA~e for  valve openings ;of ~100+, SO, 601 

+ ,t.+,: 
f e r e n t  m m + ~ ~ t n + + 0 f ~ e '  ,~mPi&~)le-.s~eed ~mo+m 

:+this s e r i e s ,  t e s t . . ~ e r e  exam for,+vai~e:•ol)eai' 

-In. which, Only: :+he +-head :.on tile ++valve, ,.O~,solmm 

a i r  -box p r e s s u r e s  .vere meas~tr . . . .  

J 

eLoc. c i r .  

; r 

+ . 
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lO0-Percent open 

~D g 

30-Percent  olden, ~ax~uue air demand 

FRIANT NEEDLE VALVE XNSTALLED IN CONDUIT 
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tested at six settings of the oump motor for openln~s 

30, ~5, ~o, ~o, ~o, 70, ~o, ~9o percent. ~he tu~e 

at the same settings and,valve openings with:additien=A ~=.~. ~ ~Qu~-. 

Ing8 o f  I~ and I00 percent. 

To simplify comparisone ~with ~the previous te~ts the :i 

valve will be referred to ~s test F-N~and the Frlant 'tube 

be referred to as F-T. 

The needle v~ive operated eatisfact6rily at 

I00 and 90 Percent the conduit fiiie~Wlth a 

a i r  box. The pressure in 

an~ for all smaller openi= 

the water Jet pumpe.~:air !i: 

vmlve boundaries were peal 

thau t h o s e  f o r  f r e e  ~ i s c h a  

percent because the valve ~ 

With the exception:of 

of the valve t h e r e  was no d i Z f e r e n c e t ,  

a t t r i b u t a b l e  ~o  ~ o p e r a t i o n  i n  ~a ~ c o n d ~ i t .  

the  model  c o n d u i t  w i t h  f i t s  

w o u l d  be r a t h e r  d i f f i c u l t  

o o n d ~ t i o a s ,  • ~ r e e  ~ ~ I s c h a r g  

• t f f  i c u l t y  the  c ompari son  wee 

her which is ,now ,developed. 

the valve, that is t~e ~ 

the  resultant pressure 

f o r  free ~iecharge an~ 

etrated that the drop in ~pres~ure between,any • 

h A , - ~ h X  _ c o n e ~ n t  ~- ~ 11! ~ 
", j%., 
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Xf .O~at (C)  ~ils ~tsken ,~ust/.~downs~ke~ !~.om.~-t, h e ~ U a  ;!of 

paA'tial v&eu~,~In ~ghe ,oona~it ,~aa 

be : inc luded in  ..the ,dAnensioni oss +l~,t, loa.~ri~'hsre~+te~+~SeS 

. . . . .  . • 

meter one &iane~er upe trean  :~from ~the.~rV~.To, " ~ . ~ , |  

t h i s  p i e s e n e t e  

~ken at  s pie 

valve where ~h 

flow is a nlal 

t~one of .theee 

Val~es of the ~ ne~ 

: : ?  ~1 ~ ~ii'~ir!~i/i~r' + 

+ ++ 

, ~ iwi l l  

+ ,+ ,  . 

1 

n o  

+ , +  

e~Itioal son, 

a oendni~ in f~ 

agreement a~ 50 ~ 

at~O0 percent. 

aa~ ~b 

of  f r e  

open:L~ ._-  

ag~eeaent .preves 

condui~ has no e f  

on& p o i n t  by the . . . . . .  

suppl~ ing  the r e l i e f  a~r.  

is deslgned ~o have no+nega 

dA~ionm, the lowest prenu~e when the .valve Is pl 

r i l l  be the vacuwa ,at,  the ~begtnning o f  ithe oond~: ~i1=~o which~the ? '~ve  : 

is ~Isoha~glng. 

The aagnltude of the vacuus !belew ~he Talve Is some oesrplex 

f u n n t i o n  o f  r e s i s t a n c e  of  t h e  ,-oond.u~t, .the .~|~nner .of ~adRitt ing .a i~ ,  

~ho q u a l i t y  of  ~.~he r a t e r  Je.t,  and +,he va lve  o p e n i n g , . / X n : t e s t  "~-M .~,i ~i. 

+ 
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a~&stable i ! a t + ~ l  epealag|. L*~ ~ 

vaziowa valve ~; opeaing s ~ ~naer 

cha~gevas~plotted~agatnet!h~*for 

v a  

bes ide  ~+,vere ~, 

W ~  

v h i o h  v o u l ~  "have i, been,~ obtained ~i,lf +++he + 
+ + i ,  +,:+ i 

tO ~+Lthe sa,lie :e( 

~he t e s t  oreou~ 

i s  t o o  l w  b e ~  . . . . . . . . . . . . . .  

sealed-up *, results v i t h ~ + t e s  te ++ ~3ULSl2i ~ ~ $ I  

oozr!oart s on ~is ~', 

valve opening bee 

eat types ef valve 

of rater vlth valv 

| h e w n  i n  

~he  

strlc~e~ 

+ +  i+? + ! I + + ~ '  "r I:~: ;'j~+~L + : ::: ~ ;i+'r :?i: r ' r + L ::' ;;:; ' 
+ . + -  + ~ L ; + + +  ~ . t + i + ~  , + + ,  + 

at the i© 

t h a t  . t h e  r e s t  8tanee+.~ez :.:ne ¢on~ux:~,.~vas ~*.~oo . A ~  

rater dleobarge fer,~, ,than-in 

~ e  c u r v e s  h a v e - t h e  

vith o p e n i n g  u n t i l , :  

w h i c h  d e p e n d s  .on : t~ 

creases until +It fJ 

f i c i e n t  ++to f i l l . . t h e ,  e e n d u i t ,  l f~+the ¢ o n l u i , e : : ~ d ~ b e e n ~ ; l i m l l a r  ~ i i *  " 

curve f o r  ~test+iF-l~ can ~be ~: shifted~!Sow~ .~to, a ~ e e  ,,with i83ASlS ~:at ~thl,+ . ~: 

p o i n t .  ~The amount  of + d o v n v a r t ~ : s h l f t  : I n - t h e  r e s t  ef ?~he ~ ou~e~:.vou~d 

b e  ' d i f f i c u l t  :.to d e t e r m i n e  :but l t ~ v o u l t  ~be ~expeeted ~to + d e e r e ~ e e ~ w l t h  

t~aoreaelag_ a i r  d e ~ a n d  and t o  pr La~.lall~ d i s a p p e a r ,  a t  a r a t e r  d i e ~ h a r ~ e  

r 7~ 

+ • . + • 
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of 2.5 c.f.~, because in both curves it appears ~tM, at /for dAscharges 

less than 2.5 c.f.s, the zquality~oflthe Jet is ~the ~cQntrollln~!factor 

whereas for dlscharges~;greater than 2.5 c.f.s. ~the conduit assumes 

c o n t r o l .  I t ~ wl . . . . . . . . . . . .  

was mabs tamt ia :  

r e d  a t  an  ~ open: 

f e e t  f o r  a heat 

of ~.I feet in 

h a v e  to  be inc~ 

piping b u t  thll 

i n  t h e  p r o t o t y ]  

s i n o e  t h e  a i r  

To comple~ 

~iec~es the relative sizes , 

the size of the F-N model w, 

. t hough  %he b a c k  p r e s s u r e  v a  

l e e s  t h a n  80 p e r c e n t .  

t o  a s i z e  such t h a t  i t  

~A,$16 u n d e r  t h e  same 

t h e  discharge coefficle 

for free dlscharge,c0ndltlonl 

determined in previous ~=t~diee ~as 0.59i~ i~The fz 

(C v) for 8~A515 was not measured but its ~value~ 

head the inlet diameters must~-~be ~Inver;ely.~loro; 

r o o t  of t h e  r a t i o  o f  ~ r e e  :.dise.,harge c o e f f i C t  i - 

dla~neter of:~:SEASI~ is 6' inches: 

voaZa be ~.72/O:.59 x 6,O0= 6.163 ~ino~ee. a l l  

: t he  v a l v e  =ue t ;%e  i n c r e a s e d  ;by ,~he r a t i o  6 ' 6 3 1 6 ; 0 0  where  6 ; o o ~ i n o h e l  

i s  the~d ia ie ter  o f  ~them0del f o r  ;;test ~Y.N._ The/mee~le] valvei~ w.,.~,. " 
these new r ~ n s i o n ,  ls~eoipare&~fer:st=e wita~:iS~ASlS~ia f l ~  ~33. 

The re, orlon in diameter from 6.63 ~e' 6,00 ~Inchee ~te, connect vl~h 

t be-scsle~ 
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the nlze ef ~he oon~ait ~pstrea= from the 

ae e h o v a i a  flgure~33. L. 

M 9. T~.~TubeY*-ve i. 

tube valve, test T-T. fai~le~ ~LtO firi'l 

ins because ~ref its 

F - N ~ d e s ~  except at  openings ibeioW;3~ 

rouc~h, see f t ~ t ' e  

t h i e  va lve  ~for f r  

ont~he b a s l e  cf~, t~ 

~he 8greenont ehe 

MO percent ,  prove 

l o v e r i z ~  the end 

The a i r  diechs~rge : . 1 ~  

of  a i r  d£aoharge versushead,and ~ 

as i n  t e s t  F-N. The r e s u l t s  are 

that a i r  diechargee for  Y-N andY. 

d ischarges  above 2 . 0 0  c . f . e .  
i ¸ /~i :~ 

4~ 

.e 

t~at  for  openinge lee8  t h a n ~  

pressure i n e i d e  the ~ube becl 

for  F-T was undoubtedly due ~1 

s t a b l e  at  openings below 2 5 perceht~ ~Tl 

vlth valve opening Is sho~n for~co~arls 

figure 32. The ,values of &It discharge 

preeeure a t  2 5 percent  opening f o r e  he~ 

which correnponde to O.MO x 17 

feet .  

o~bl~Lned~.~n .the same manner a8 those f o r  the needle yalve.  S i n c e  the . . . . . . .  
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50.  ne ,z. 

t e s t s  for predic 

pose ~he 20-inch v~Ive was ~re 

; aJ1oe, of t h e ,  2C~'Inoh >+valve +was ++corn ~:~'vr~ 
llcted-~from +the'.~inch~-modei"+test,s.: :'i..~hi"s 

~ e c a u s e  the comple~ItieS.+introaucla 

l "  .of the two f u. e~as 

Some r e c e n t  ~ex! +ide+ 
. . . . .  : ~ - +  . ~  ~ T +  . .  

t e s t  c o n d l t l o n s  w e ~  'too+i~limi%ed ,.+o":~e~1 

' 0  

? .  +~ ++ 

ln~ ee tablishing, a .program 

& s e t t i n ~  w h e r e  h i g h  i h e a d s  ':,were ~ ava i l&~l ,  
i :  '~i+T ~'-" / 

~ t i n g  the  •model~:~t + ~ . . . . .  '+ exaggerated..heads vet, 

flew i n  closediconduitew~ere~no~+free!:wa 

-.been w e l l  + e s t a b l i . h e d ~ t h a t ! ~ t h e  ~ i p r O ~ e l , ~  

eue.J~ a ~ . s e  i n o l u ~  ,col  

vhe r e  Rey~o ids :numbe r:i~ 

tm~e 
~Is . u  

+mel;e]P~ 

:~ . . . .  Till  i 
im~mber repres 

|e ~two l~ambers O~r 

felled :llm!!~taa4~ou81¥ a a ~  i t  I s  ..ne~ 
+ 

- i:~ + 
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D 

•k:~ 

f 

• . @  

adept t~e usual :,expedtent ,~.of 

If :possible, .of establishing 

relationshi .  h.:  Jor :oori 
based on the ~roude ~relation~ 

equal tc 

were mad 

~eymolds 

_DT@I~e 

able at 

scaled h 

t a k e n  a t  

t h e  . r e s t :  

~re s slate 

-taken m o r e  : ~0 supply general iiz~ 

.of alr-water flow than :to-.serv, 

si~m ef the ~,valvecenly, a .small,! 

this report. , 

(~I " 

• ,:/o.: . j 

T 

51. Com~aris, on. of hydraulic measuzemen t 

merits for the ~two models have i been fuiiylildiec 

sldered necessary-~to~add a ~  

.... the difference in:air density 

Colorado, which is situated some 5 

moderatelydry ~ atmosphere, The 

Dam ~in ~the Arizoma valve house which ~is :situated at an:elev~tion of i: 

800 feet above sea level. Due~mo~tly t " . . . .  : " o ~tne dlfference/In ~elevatio~ 

the speciflc~weight o f : a i r  a t  iDenverwas 110-062-as eomo~red wi th  

0,075 at Boulder Dam. This range of~specific weight, is large:enough 

to include any likely difference between model: stud protot.wpe" 

Some of the dlfficulties encountere~ ~In~the tests of the 20-inch 

model were discussed along.with ithe description of the testlng.arr~mge. 

ments for this model. Additional dlff~culties will be briefly sketched 

ii!/i  ̧ r 86 



p" • 

~ a  

i n i t i a l  t e s t s  aI" 

.of  t h e : B o u r d o n e l  

t o  a check o f  

the garages wex 

by a different 

with the on ly  exc 

became t o o  i~long f 

by u s i n g  a Croeb~ 

a.mercury column 

A c o n s i d e r a  

was devlsed ~whic 

350 feet to the 

c o u l d  be u s e d  i n  

the l a t e r  t e s~e  

uurpose .  However .ear~ 

an extension oft] te:,~ 

tests indicated ~very, Ires ~wou£a-~oc( 

u n d e r  p r o t o t y p e  ~ c o n d i  

llef by means of holes dril, led through :the~ino.¢zle. ,/!crltic~!::~ureseure . . . . .  , .  

]mas been :defined ,previ'ously :as th, " • 

of air reaches a :~xi~. Whenev, 

nlte change in reglmen.takes plac, 

models is invalidated.. Other v.~desx,._le'-~ -~feat~u-~,.~--of:ides~gns~,vith ' 

air relief by means ~of holes :as brought out :In these teete.were~(!) 

the presence of veryiiiOw~pressures between: the air relief:iholes ',and 

(2)  the occurence  a t  s o m e  ~Talve~openings o f ~ a  condi ,~ i~ i lwhere  a i r  

e n t e r e d  some h o l e s  w h l l e  o t h e r s  were:~under p r e s s u r e  a n d  d i s c h a r g e d  

water  i n t o  the  a i r  ~ chamber. These u n d e s i ~ b l e  f e A t u r e s  p which mere 

brought out  by the  h i g h  head t e s t s ,  l e d  t o  the  deve l  opment ~ o f  the  

a i r  s l o t  type  o f  a i r  r e l i e f .  Further  development  o f  t h i s  type In ~the 

6-inch model led to desl~n 8EASI2 which was adopted as  a heels for 
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t h e  d e t a i l e d : c o n f i ~ t i o n ' : t e s t 8  ~ ...... ~" ..... "'~"" ~ ":: • " 

.:.The tests -which:,wll 

~-Inoh model stua~ were 

w i t h  the ~AS].,?. Shape .f~ 

. i ,  ¸ ~ • - , , .  • .~ 

J 

been d e t e r a i n e d ~ i n l p r e v i o u 8  tee ts , ' th~  ~ 

the  p i e z o m e t e r s  in~:the c r i t i c a l  : ~/'':~' 

%ributton and ~ a i r  d e ~ d ! ~ W e r e ~ i ~ d e  i, a t  v a l v e  ~:openi~B ~o~:10 ~ p e ~ n t  ~ r ~. 

the mod~l u n d e r  the  p r o t o t y p e  h e a ~  were ~unsuccess~uli~exceplt~i~at~!ithe/~,~, • 

mmLller o p e n i n g s ,  due , to  :the i o e s i ' i n  the  ~energy~:/di~ai~tOr;. ~ ~,The ~:,i ..... : 

l a r g e r  openings  w e r e  o p e r a t e d  under ~:the : i m x i ~ h e ~ d s  a t t a i n a b l e  - 

which i n  the ~ c a s e  o f  ~ openings  ~ above ,: 80 ' ;percentwe:  . e s s  • 
, / / 

than p r o t o t y p e  head. 

I t  became a p p a r e n t  r a f t e r  a:, f ~  p r e l i m i n a r y  % s e t s  i~th~t ~ the~a ir  

supply  l i n e s  h a d  too much r e s i s t ,  

the  presmzre ine ide~:the  ~.tube ~at 

oerrespondin~  ~ c o n d i t l o n  ~in ~the 6- 

e x c e s s  r s s i s t a n o e  w a s ' f o u n d  to:,be the des~ 

tweem the c i r c u l a r  a i r - ~ i p i n g :  and ,ithe h e l l  

the  p r o t o t ~ o e ,  were~ too  s h a r p  and c r e a t e d : ~ u i ~ o b s t r u c t i o n  whither, r a i s e d  r 

the.reslstance.of ~the supply +line. rl;iiSince :the " J:cri-tl- - :~: 

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

i n s i t ~  the tube ~ : .~s n e c e s s a r y  , to  d e t e r ~ i n e  __~ ibe t~een  

the p r e s s u r e  a t  each" l~iezometer  and::the Loressure ~ ins ide  ,the ~tu~e. 

~.IS was accomplished b y  dismantling ' t h e  a i r  p i~in~ progressive]~v and 

measuring p r e s s u r e s  a f t e r  e a o h , : c h a ~ e  wlth a ~ p r o x i m ~ t e l ~  the same 

head.  ~ .ventu~ l ly  the a i r  p i p i z ~  was s t r i p o e d  down to-~the t r a n s i t i o n s  

- a n d s  flow n o s s l e  folio~ed be,a 3-inch g a t e  valve was a t t a c h e d . ~ o  

~8 



W 

each  t ran,~ i t i on t~e '- . . . . . . . .  • . . . .  

The t e s t  r e s u :  

e a s y  ~md t h e  r e s u l t  

s c a l e d  up f r o m  ~the 

was t r e a t e d  a s ' a  so 

o f  i to  ~ . ~ .  F o r  

measUred  p r e s s u r e  d_ . . . . .  ,,,. 

a t  p i e s o m e t e r  2~-was u s e d a ,  

.was n e g l e c t e d .  :+From t h e  ee~ 

model  one o r  more . ,vere~ ~8lec  

a t  P i e z o m e t v r  2~ :which was  :,8 

s u r e  m e a s u r e d / i n  +the 6 - t n c h i :  

t h e  coar$ar f son  a n d  to  e l lmi -~  

w e i g h t  o f  t h e  a i r  f o r  : the  sty, 

and  ' m e a s u r e d  p r e s s u r e s  were,+ On.++i~ 
' ",'++i " " 

~ g r e e u e n t  .was , a t i  s f a c  t o r y  : , for  ~openlngs :Up i to  '~0 :.pete 

open~a~ to  lO0.percent ~•+here:+.was..i&n +~PPreel~ble_idJ, ec, 

Ip for Pi+zometers :17A t h r o u g h : . I ~ A .  :':~:.': : ':::::i 

In-th, 
oe t +  , ,or  

:were no t  :cons:Ldered s ~ f t c i e n t : F  +:serious-!tO~:!ac~ 

~m~ in test results. '.~he ~:inch.;+v~ive.~iVu ,/-:: 
i:e~ 

i t  was found ~.tlm t .- the p tezometere  .... 
~were ;lOoa%ed ~ 

e~ the  r i b s  w h e r e a s  i n  : the  ~ 2 ~ i n c  h i~model,ithe +.+Pi 

:: a l d w ~ 7  ,-between : r i b s .  :Thi+e.?loeatfon 

7+ 

+.oloee~, 

? 

4" 

..:-an :at tem~ t ito ,..keep "~e pleseaeters., i :to:the-icenter i!llne i:'is' :? " '~+ ':/! ~" ': '.::. ~}, :,. i~:~:~,~: : ::~)~ 

loose ib le  ~nd ~:eince +one ;of,+:+t~e+ r i b s  ,was. on t~e~cen te r  -±llne .the l e |  

i - ' " , . . . . . .  • + -~ib 
~n the p ezometer~:openi~gs:nev~piesometere w e z . e ~ ,  dmtl.led mi~w.a~:,b~.. -- i"i 

,5 
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ei~h~¢':'in t h e  ~ O - i n c h  model 

p i e s e ~ e t e r s .  + labe l ed  SEAS1 

s u l t s  ,,for t h e  2 0 - i n c h  v a l v  

t ' 

due to  the  p r o x i m i t y  +0f ~.th. 

+parison .of+BSEAS12. 8~SAS12 

e ~ I m l n a t e d  but  +there w&s +stil+l+a,:+certaln ++~; 

+rib 

1 

'+,L~ 

L i . D  

to  ~ h e  d i f f e r e n c e  i n  contour  of  t h e  ~two :..v~ 

d i f f e r e n c e  ,would +be more p r o n o u n c e d  ,at '~th~ 

i n d i c a t e d  in  the ! p l o t s ,  :due to t h e  h i ~ h c r  

open ing  was +lt • c o n s i d e r e d  . s e r i o u s  enough 

~<Inoh valve for ~+a more positive Check, ~ 

+It will be noted in figure ~51~t~there was soml 

for plezometers 20D to 22, :~inclusive .iwhloh +rQ~hed a 

I00 percent openln~. ~While ~here ~, ~- - 

22 the agreeaent at 28, onl~ :~plp, 

close. Xn addition there was a:sh~ 

from 20D to 2~ whlch Indlcates/+th~1 

The ~dlfference in pressures~at an~ 

ed by ~he juorp can be ~readily acco~ 

loaatlon of the jump. This:~explanatlon i ,eat 

and"90 p e r c e n t  o p e n i n g s  .,where the  :,Jump, a rlr ~e 

in Ioressure, occurred at tream end+of the valve. + 

i ~ s  s m a l l e r  than ~0 p e r c e n t ,  t h e  -Jump moved~out  :of.~the ~ v ~ v e  i n t o  

the conduit. :-- + 

When the 2 0 - i n c h - m o d e l  was checked  over  f o r  p o s s i b l e  s o u r c e .  +of 

the d i s a ~ e e m e n t  between the  r e s u l t s  from the two models  i t  w~s+.found 

t h a t  8 h e  d i s c h a r ~ e  cone a t  the  end o f  ~the c o n d u i t  was s o m e w h a t , u n d e r s i z e .  

+ . .  

J 
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t 

~4  e. 

~ s  va ,  :~ue to  :he =e' 
ilr • • 

section of the end of~t 

whloh decrea|ed Its ~area. This distortion was detec 

diaReter: ef the end settled. ~A co~utation of th ~i 

area shoved %hat there was ~a 

an excess b a c k . p r e s s u r e  of~ap di: 

o f  63 i f e e t . ~  ' A ~ a i n  a .  in  l ~ e  . . . . . . .  ~ i i  

meta l  a e r i e - : . s  s u b s t i t u t e d  f o r  t h e  s h e e n  p las • t i c  icons': i the  • i ~ r l ~ i  I~ 

once of the sizing of :this con, ed. ~ or 

p o s e :  o f  comparison i the  r o o n d i t i o n s ,  ~ a s  ~measured :in ~ h e ~ 2 0 - ~ i n c ~  

were d u p l i c a t e d  in  the 6 - i n c h  n ithe ,end ,of~ . . . . . . .  

6 - i n c h  model o u t l e t  u n t i l  the  ~p ~ 

obtained~ This  ,was dons a t  oni~ ~ :  

p e r c e n t ,  f o r . w h i c h , t h e  cendui t , zAowea  :UA~A, 0e 

openings  the  ~ e f f e c t  o f  b a c k  p r e s s u r e  from %he ~id no t  !~:I , 

e x t e n d  to  the  v a l v e .  The  ~preoaure id iatr~but  , - ~  . . . .  . . . . .  " ,d ~i// '~ 

~0 p e r c e n t  shown :in f i g u r e  5~  were  ~measured~ ': 

Another  f a c t o r  i n v o l v e d  ~in the c o : p a r i s ,  

r e g i o n  from 20D t o  2 2  was demonSrtrated when ve • 

COntour was removed f o r  ~test".~Sl~ :as shown 

effects of this ,change on-the flow of air it 

test ~mASl2-the ~et was,,flewin~ more or less in contact ~with the . ~,- . ., 

~oundary in this re~icn. An~ airrelief for the-space ,surrounding ....... 

the Jet of water  downstream-from the  v a l v e  must et~ther p a s s  lbetween ~:: 

the Jet exterior and the valve contour or b~ ~icked~up":by :.,~he J t ..... . .... ' ' 

pzoper  by reason  o f  the roughness  o f  i t s  s u r f a c e - d u e  to t u r b u l e n c e .  ~ " :~ 

The pressure in the region from ~2D to _22 was ~ .function of turbu- ~ 

l e ~ c e ,  which was no t  : i m i l a r  in  /;he two •models.  There fore ,  the d i s -  

agreement of  presouree In this re4=ion was understandable and since 

the differences were minor no f u r t h e r  investigation was made. 
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In order to c o m p l e t e  t h e  c ' ~ a r i s c n  o f  t h e  two models~a ~ t s c u ~  

e l o n  i s  n e c e s s a r y  c o n c e r n i ~  t~  '~ 

i n  

the  6 - i n c h  model i t  was n e c e s s s  

f c r c .  the j e t   ainst 

be obta ined•  !If ~h i s  was not  d I'~' ~ ~ ~ 

20@ i n d i c a t e d ~ o n ~  t h e  p r e s s u r e  

r e ~ i o n  was d e c e l e r a t i n g  and wou 

' e .  r o r ~ e ~  to  ~o s o .  I n  t h e  case  o ~ / t h e  2 ~ i n c h  mode~ i~  ~811not  " /~ 

necessary to force the Jet toremaln in Contact with the bounds, ii-, 

~he h i ~ h e r  degree  o f  t u r b u l e n c e  in 

model t o g e t h e r  w i t h  the h igher  Reyn " i , '~ 
the  v a l v e  p r e v e n t e d  the 8 e p a r a t i o n ~ a c t t o n  as e x p e r i e n c e d  in tl~o: 

a ~ a l l e r  m o d e l .  The phenomena of  s e p a r a t i o n  and i t z  p r e v e n t i o n  ~ 

s e t t i n g  up a t u r b u l e n t  boundary la~Ferlare t r e a t e d  in  t e x t ~  i:. oeke 

o f  f l u i d  mechanics .  At a rew:openingsiln":~the model  i t  was i~ -  

possible to remedy th, 

There i s  no doubt t h e  ; / i i  

Rey~aolds number, whici 

assimilate the condit: 

o c c u r .  

52. ors 

11 

in  the  comparat ive  a i r  s t u d i e s  the spec l f ic~ i  

w e i g h t  of  the a i r  f o r  the  tv..o modelS,  A p r e d i c t i o n  

this ~ifference would seem to offer no-insurmountabl 

if it is assumed th~.t the relief air can find its:way unobstructed-to 

the re, ions of low pressure. The Jet of water at an~ given valve 

• opening together with the action in :~he conduit into which it is dim- 

charging has the capacity for pumping a definite quantity of air ex- 

pressed in terms of the pressure in the conduit. If the atmospheric 

conditions were somehow changed so that for er~mple the specific 

w e i g h t  o f  the a i r  wa~ i n c r e a s e d  the f b l l o w i n g  e f f e c t s  would be 
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expected. The Jet of waterweuld a 

quantit~of air &m before ~ut 

g~ea~er d.rop"in 

r e q u i r e d .  The 

mad eventually 

entlal pressure 

q u i r e d  quantity 

would be  l o w e r  

gage pressures 

a solute pre.ure would tend to 

The experimental verification 

-because in the  case.o f  the 

le. 

~ictlone' w 

i f o r  ~ .the 

s t u d i e s  t he  c o n d i t i o n  of  t~ a c c e s s  f o r  the~ a i r  was no t  

s e n t .  For t h i s  r e a s o n  any ~attempt t o  e v a l u a t e  t h e  e f f e c t  o f  change 

i n  a i r  d e n s i t y  f rom ~he c o n f i r ~ t i o n  t e s t s  would  be d i f f i c u l t  : and 'o f  

q u e s t i o n a b l e  v a l u e .  The  c o n f i r m a t i o n  t e s t s ,  

t h a t  the  m o d e l  r e u u l t s  can be c o n v e r t e d  t o  p 

In~ similitude relationships with some measure of ~conflde~Oe, 

As described Dreviousl3 of air 

i n t e r i o r  in  ~the 20- inch  v a r i o u s  i iUounts  o f  r e "  

slstanoe in the 

for different reslstances is shown 

square root of the drop in pressure 

~ube). The slope of the line is an 

air supply lines. The air discharge used in this plot 

.to be ~he quantity at-the pressure of piezometer ! 

ference in pressure from atmospheric was so small ~n all cases ex- 

cept where the tube sourly was entlrei~closed that atmosuheric 

pressure was substituted with a very small error. The air discharge 

shown in figure 36 does not i,.clude the quantity of air taken by the 

air box which was found to be very small. The air discb-~rge t~.rough 

the air box was so small in fact that a ~-inch diameter intake orifice 

~ , ~ . - . 4  
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£n the '7.O,--inch diameter . . . .  

mu'e drop lea'~e e n o u ~  fo, 

through the  a£r 'box wa8 .enl~. a ~ma11 

d e s i g n  .~ ,ASI~,  I t  ~,s acc  

d ~ s c u e s i o n .  

The a i r  demand ~or 

ms7 be o b t a i n e d  :from/;he 

pemi~ the  p r e s s u r e s  r a 8 

plezoaeter No. 27 was .ad~ 

fo~med to the preeeu~e  sc 

son ,  which ha8 been dtac~ 

o t  t h e  . f low . ~  a t r  ~n~o :the ~ube i n  ~the ;,~-:t,uc 

the  L~- tnoh  m~del ,  .~bie ous~o was o b t ~ ; i n e d f  

, ~  ~ ~ 'o l lov im~ p r o c e e e ,  I n  ' :+' ~ -  

+ ,+ . m 0 8 ~ 8  :I~ 

• ,me i+o= ++ ,,,,mm.++,i 

+,at the  oen~er  'llme ~ef the aAr b o x  ~s~.: 

pea~ of  ~he 1;ot;#.1 flow :'of' r,a~r. ~lle~ 

m~ol~sble. The ' ' ....... ~ .~ port,on o~ ~e i~o 

~',~e o~s'r~p~nd.:Ln~ ~+fleve~as m~nre 4 

~ t i o  t o  .obt~£n -the d e s £ r ~ - ~ I o ~  .-tZ 

i'::e~4mim~ I'~-ppr..oe~0htn~ : 80. perotmb 

v a l u e s  or  a i r - ~ w ,  t o  t h ,  ,~w 
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shown i n  f i g u r e  . s c a t t e r s &  

l i n e ,  was .drawn 

because they wer~ assumed t 

this llne with the~llnes represenl _ 

~he air discharge! to/:ta° ~ube .which~wouli 

reglmen were duplicated in thi 

any condition was i'obtalned b~ 

total flows as derived ureviou~ 

total air disch~rges which are 

which would have been obtained if thealr,l 

had been similar to model. 

these values the measurements of total flow 

O-- e scaled up by the ratio ~)2mr ials°:~ shown inlf 

=Jr.'box 

of this report a consideration of 

volvlng two separate~phases.andof 

mental methods led to the con 

the results of the two models 

does indicate, however, t~%t~ 

on the basis of~Froudes slmi[ 

leon 

o f  c e r t a i n t y .  Some t e s t s  w e r e  run  t o  f u r n i s h  

upper outlet but tne~ were no~ completed becau 

make the como~rison on-the s ~':~ ~ . . basi .... of the lower 

under a much higher head. 

The results of the tests with the revlsed design, SF~%SIS, were 

scaled to crototype dimensions and the results are shown in flgure ~26. 

The distribution of the total flo~ betw~en the air box and the tube ": 
r. 

interior .... ~.~ measured in hhe same m~ruuer as test 891~S12~but the results 

are more reliable because the increased flo:~' ~throu.~h.~the air box mode 

the differential of the pltot tube much greater. 
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proper.,~ e~ 

the -alr..~ 

presente,  

Boulder 

the ~-int__ 

~ e r a t e d / a t  ~:rednced . and. @levated i.pres-s~es.ii:bUt":thi 

magnitude of ~ the . :effects ,  Of ~a Change ,ini~dens , ~ / C ~  ,b 

inches ef ~Inches o f:lerc~.~:The 

pressure required ~,~to >supplF ~the ~neceesary <qttan 
"' ii 

this quantity.to be ,-constant for a~_~ 

be proportional ,~,to the,specifiC ws~ht whlchi!i~ !~ilii 

t tonal  to _theatmospheric 

2~/2~ = l.lh\whlch means 

would %e lh percen~.hlghe 

ing to the higher  ~tmosph 

th i s  negat ive  pressure,ha 

water for a..valve ~peratl ........ 

difference in denslty ~ will', then ,l~e 0 

prototype. However, the:hlgher atmo 

to the higher,,s~ecific~vei~ht,more~t~iof~sets,the,~increaseddlffeF- 

e n t i a l  requiredi n s i t y  f lu id .~ ,~Theab~oiUte  

pressure w i l l ! b e  the sum ef  the~two~ef fec t s .  :The e f f e c , t , o f  a 

change in d e n s i t y  of the -a i r  where considered with,the~change in  

atmospheric pressurezcanbe safely:neglected for all practlcal put- - 
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poses. 
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