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UNITED ST.ATES 
~ ' P A R T ~ T  (OF. ~THE INT ERIOR 

BUREAU O F  ' I ~ C I A M A T I O N  ::~ " 

B r a n c h  o f  D e s i g n  a n d  C o n s t r u o t i o n  . ,.~008" 
Engineering an~ Geological Control ~" ~ 
and Re,earch Division -.. ~ ' .. ~(Compiled !by, :~-. ~M,~:.!iQaylo~i: !::~!::".: ::- 

October 20, ,1922 ~ ' ::. -: ~./: :/!Revi mas~ :. !:: : i:..::/ 

Subject1 .Test ofbalaneedmeedle:vslves._ -~Shoshone:~D: " .:: : ::'.:: " : i:". :: i: " :-: ~: :: 
• '30, 1922. " .. : ~:.:/~: ::"::: ":~ ::~-i . 

This technical.memorandum, ialthough-~'Wrlt~en ~.pr!or :to ...... ithe i.establiSh,: ". ...:.~ 

ment of fhe Hydraulic " - ~ " ~  '~" ~ " ' ~ ' ~Laboratory ~of ~the ~un~'ted ~. States .:.Bureau :of iReelama~ion ,~ 

eont~Ins the report of ~hydraILlic ~mo~el-::studies ~:and:~has~been:.~Used :.as ~a .... ;% .,', 

reference from ~time ~to ;time :by:~members ~of "~.the.!Hydraulic iLaboratory.i,:staff " 

in connection with similar studies :ion >.vilves '.". !iTherefore, :~it ..:is :~inel',~ed ~ . 

in the reports of the Hydraulic ;Laborato~ :and :~is igiven.: a :!f.ile.:num~r~"-" : .... ... : ~;~::: 

i, The 36-1nch~needle ~.~ d .... : : 

222, is a part:of the!per~, e ~..:. 

installed fin the .sumaer ~ of ,i c, 
• :. "i ~ , ' ~ " ~ a ~" ':: : ...... ". - " ' ~:. below the dam durins :the:winter when .the ~in:.:irrlgati6n.~oUtiets ,can : • . : 

n o ~  conveniently be :.operated. ~Thls ~valve.,..wa~. !teshed.-Oetober%29~ ~to ' .... . 

determine the effectiveness of~.the ~::Controlling ::devices, ~.the :coefficient: 

of discharge, and:the losses iin .~..the::.pens%oek,~,,which:~deli~ers ..~-~the~::Water::.to .:: 

the power plant and. ::the valve. "- ' : :: :~ ' <: :"- ~. ' " " • 

2. The 4-1nch .-experimental ~,valve, .:.shown .: on.: drawLugs >X-E-226 ~and .. 

22V, was designed to. determine ,~the ,:effect of ~.the~shape/of :i the,needle/and ! :' 
. , . .  . 

nozzle tip. on the coefficients~of .~he ~valve ~iin ~.an ~:effO~ ito"~-obtslu ~':better 

~dlscharge coefficients th,m ~:previ~sly:.~:Obtained:~with~ithe.sim~lar:i~vaiv, s I' 

at Shoshone a n d  :.Pathfinder -Dams .  "i :ThIB:.Y~lwe .was•~.tested:,at ~Shoshone  ~.Dam • 

O c t o b e r  2 8  t o  3 0 ,  1 9 2 2 .  ~ ' " . . . . .  . . . . .  " ~ ' . . . . .  ~: . . . .  ~ :":: 

::.Valve 
3. The 36-inch valve ~is ~similar ~in :operation ~to~:~the ,iPathfinder 

needle valve, and the ~!original ~Ensign :,valves. iIt ~eonsists-of.:a.,dlffer- 

.ential,plunger moving in~.a olose.fitting.cyiinder'!in which ~the:pressure 
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is regulated to control the motion of --the ~ plunger , \The-cylinder~is 
' . • . ' .. 

fixed centrally in the valve body~ casting, ~ a jspace T~between ~the .'inner and 

outer shells forming the water passage, iThe~control~mechanismJis Of 

new design, located outsidethe valve, as will ~be ~seen~in ~draw.ing,26-E-143. 

The motion of the plunger, is communicated •by means ~'ofz~two rac~s' ~and 

pinions to a control valve which automatically ~malnt~ins ~the !plunger ~in 

any desired position when the control ~vslve~is once-set~by~means~of~th e ....... 

handwheel. One of the splitters~containsla!smalL0rifice~an~d~iaSvsive . i~. ? 

to admit closlng pressure o ~the cylinder~when ~the plunger ~is ~in ~Its wide- 

open position against the rear.seat, whlch~cutsi6ff,~le~age'~int0~the ~! 

cylinder. This pitot counection~can also-be~used~to pick~upvel0city ~ 

head and increase the pressure in~ithe cylinder to accelerate thei~cioslng 

motion of the plunger. Baffle.plates,L~(part ~% of drawing 26-E-143)~were ~- 

prodded the to the cha ber  0 plck Up  -eloCitY head 
for continuing the openlng motion~after~a conslderable~,velecityihad'been 

established at this point. These!plates•were ~found !to'be. no~t'i~essential 

to the operation of the•valve and i~were ~removed. L~It~was also ~found~ 

unnecessary t~~use the pitot Lconnectlon in'~the isplitte:i, !~although ~the 

valve can be closed more quickly~:with~.this ~.connec%ionii!~pen~i~:.No~means ,~. 

of applying pressure nor vaCuum~,from~an~external source were~provided 

and none .are necessary. As :shown ~ on drawing~26-E-154,:iths ~valve'~*idis_ 

charges downward at an angle~of ~13-I/2 degrees %hrough~a ~ rock tunnel~into 

the river. This plan was adoptedln order~toturn~the~jet away ~from 

the power plant and to prevent; spray by discharging~un~er water.~! ~One 

of the attached photographsshows the dlsturban et ~at 

the outlet and tunnel, ,and while ~this disturb~_nce~is severe ithe ~spray ~ 

is almost entlrely elimln~t~d. ~ •• •i •~ ••• i • • i • ~ . .... - ~ 

4. In testing the operating fftmctions ~ of ~the ,;valve, ~the-~pl~nger ~ 

was moved throughout it.s, full stroke several ~times ~to determine !.the 

facility of control, and then~was allowed to ~ come toe-rest ~at ~various 

points in the stroke, pressures in the water discharge and operating 

cylinder being noted for. each definite position. From these pressures 

and the known dimensions of the valve, the forces acting on the plunger 
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were calculated and th~ reaults are,'shown !in %he :curve,on ,-,-=~ang 

26-E-231. With the valve wide op~n,~@ressures were taken atjvarious 

points along the valve, as :~dicated on ::drawing ;•26~'~ " il 

5. The plunger seats practically~tight, ,leakin ee~or . 

before attempting to operate ~%he i contro~ 

valve in the control pipe be •left :open. ~ ,. ~i~i 

closed when the plunger is off ,~the "for~ i,, 

to the pressure in the cylinder would:~ . 

compressing the spring on the contr01,vslVe ~stem and g • ~.~ 

pinion on the -outside ~rack. This shearing ~ pin, is: pr6vided: 

to protect the control ~echanism against ~damage, and shearing of ~the ~pin i ~ 

is the only difficulty which will result ~from~improper manipulation 0~ ~ :~ 

the mechanism. If the pin is sheared the':valve ~may;be =losed ~by~closing 

the stop valve tightly and opening the ~itot ,valve ~ ~if~necessary. ~ ' iil/:i:~ 
6. The leakage past the ~ibull ring, "upon ~which~!~the,operation clothe . 

' ., - ,. 

valve depends~ was measured at .each,end of~the~!travel off, the :plunger. 

ith the plunger near ~the forward end of its stroke, ~the;le~age was~ 

264 gallons per minute under a ;difference iof pressure of~!ill?/feet. ;i/At 

the other end of the ~s~,,roke thele~ge::amounte'd to~92 gallons per • ~ 

minute with a difference~of pressure of;,51/feet iThis'!leakage ~is,large 

compared with the 58-inch ' valves at ?Pathfinder ~Dam, ",in ~which •:the" i ,correspond, ~ 

ing leakage, after adding a 9/16-inch hole ~to increase~it ~ amounted '!to 

75 or 80 gallons per minute under a,difference in pressure of~60 ~feet ~. i 

7. The discharge of ~%he valvewas determined by.measuring the ~low 

at the r~.ting station~ about two miles below:the dam, before the vulve 

was opened and again after the ~valve had been running wide open for a 

sufficient length of time for the flow to become constant. The results o f  

these measurements were as follows: 

3 
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1921 
i~auAuzA ~ ~ ~ 

After valve was opened 1.79 
Before " " " ~l.OO 

1922 ~ourrent 
~__.~ _ Meter 

.370,0~.~-~ '375.4 
435~0 =397,3 Capacities i • 

The weather was stormy and ~the measure~:ents were sub j e:~t 'to some 

• rror from this cause. ~ Compa~ ~h~th0Seobtaihed~with 

~imllar valves at Pathfinder, -'it ~that~theicurrent-meter 

feet. ~i ~-:I~ I " ..... ~ ~ ~ ~i~ 

8. From the pressure ireadings~'i~t ~i.the ~valve !~d tthe~,measure'd idis-~ 

charge, the discharge coefficient~csn he,determined. N6imeas~ements~of 

the size of the Jet were ~possible, ;:sndi:in:.orderi;to~dete~e.the ~/,~ :, " 

coefficient o contraction, .velocity-coefficlent, :andi~:reaction.:of.~the 

J et, it is necessary .to estimate "..the -losseS -' in ~itheii~.v~Vei Li:The,:~averag e 

velocity through the Pathflnder valves wa~ if:the 

loss 20 feet. The average velocity!~thro~ about: 

30 feet per second,and the loss " - ~ -~ ' .... .~ .....:. "i. ~ ..... ~ .'..: ~. i s ~ es ~imat ed: @t.~ li~ feet. ~. ~This ~, gives:a " 

velocity coefficient of 95 percent:and.~,a.contraction~coefficilent.;bf/.~ :;~:: : ~....- 

6~.8 percent based on the gross area of~the Zzle~ ~Using ...these :-'.~~: .... -;~ ~~. 
" ~ ;~ " . i~ ~. , .i!~.,.~..~ . . ~'?~ 

estimated coefficients the actual velocity at~heomlnimum sectioni~0f - ~;~":"-~' 

the jet is 81.6 feet per second, ~ud thelreactionlof the;je~i!(cal~ted 

from the formula: Reaction - 3 F1 cos A) is 37,'550~pounds. Inlthe 

abo e formula, F3 Is the reaction oflthe ijeti~leaving the~needle ~WE/G, i ~ ~ 

FI is the reaction of th e stream at the~poolnt!!;~where:~iti;enters on the .~'~,~ 

face of the needle, and A~is the angle ;ibetween lithe :entering stream:and 

the axis of the valve, 45 degrees L in ~his case. On,curve ~sheet L2~E,231 

are given curves showing the forces!acting on the piunger, .-'computed from 

the pressure readings and the known areas of ~the ~plunger. ~The difference 

between curves C and E represents the reaction of the ~jet at various points 

of the stroke. From these :curves the;reaction at full discharge :is 

slightly over 40,000 pounds. This is a fairly close check:-.considering 

that is was necessary ~o assume the losses through °the valve in order to 

4 
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determine the maximum Jet velocity-whl ch .is dire~ly propo~'ionii 2to .~, : ::. ': 

the reaction of the Jet.. In-these ,computations ~no '-~llcwance :was made•i':. : 
= L. 

for the weight of "the ":plunger . . The .angle,which the ~ Lye..! 

makes with the horizontal ,ia very nearly"the 'affgle::o_ _. 

plunger and its guides So %he • effect :of :Eravity prac~ically •offsets 

the friction in closing th6•~valve. : .... ' . : .-'~• 

9. Thecoefficients of the ,v~_Ive, based ,on.:.the.!;gross:"Carea :of ::the 

nozzle and the to@l head at the:~upstream:-ifl;~-nge.~of~%he ,.~alve, 'areas ,:/ ..... • .... ~ ~ .,~ .:..~ • 

follows: 
• . . • O 

~-. -"i •~ •~••~•~•• • i •-• • •:• -i : ~ 

Discharge coefflcie~ " •65 ;3% ':-' 
Estimator,velocity ¢ i~:~,95.0% - ~" ii ~- . ~..:!~. " 
Estimated contraction coefficient i :~68 ~8% " : '~ '~ ~.i.~: • . % ,~.:. 

c 

While the valve was .wide-open, ~discharging !397second-feet, i0. 

pressure readings were taken at-the various ~points ,along ,~the .penstoCk 

to dete~nmine the losses, Only~:one emergency~valve~wasiOpeni~,at~the .time. -~: 

The losses along the penstock were as i!~follows,:~ii-~ :i~!~/~ i:i !~ii!: ~ '~:ii:~/:~: i ~ 

Above emergency .valve • ' ~.6!ft.: !~,. ": 
Below " " " . ::i'.53 • 6 .i-i:~:~,.i~ii, i.. ' : .' ......... 
At .No. 2 turbine ,. : ..... •:.53.0i~ii," i:: ••,• ,<~: 
At manhole below -turbines ~ , ,56.9. ~:.~: ,~ . ,.,,~!,: 

11. The test of t ..... ~ 

in~: the discharge, determining the head at :the ~inlet jflsl~ge, ,taking 

pressuresat various points on the:nozzle, and.~making.accurate ~measure- 

ments of the jet. Tests were made 0nly for.the wide'open:~position 

of the valve, as the maximum discharge:is the.:~.only,!point.i~.Of..~ch . i 

importance in a regulating outlet for :irrigation ilreservoirs. .. 

12. The valve wa~ set up ':between :the :power,plant ,and ithe :!~pass 

valve house, and connected with the manhole in No. 1 turbine in :the 

plant. In this way the gate .valve on the turbine was available for 

shutting off the water:to change tips ~and examine the experimental 

valve. The Jet was directed into the iron barrel backed up by the 

rocks and the discharge was collected into a .testing ~lume, as shown 

5 
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~,~ ~ ~. ~..~o+o~a~. The flume was built cf timber:and-lined with - " . i n  t h e  
'~'>:= " " " : : '":""' " .... ' "  h "  :'-" .... "' : ":~ roofing paper to eliminate leakages far-as. ,possible..: Spray..from .t e..., ...... _ ..,-~.:..,~ 

discharge was collected and returned :to.-the .flume ':.by 'canvas.~p!,aced, . .... : .~'i-~, :.i.;:. 

around the iron barrel i The w~ter :passedl.over~a :sha~crestegi~weir . :  '!-: 

without end contractions at the : l o w e r  ~ e n d  .i o f  . , t he  : f l u m e .  ~iiAn accurslte 

h o o k  g a g e  w a s  p l a c e d  , i n s i d e  t h e  f l u m e - D . 6  : f e e t  a b o v ; . t h e " , c r e s t : " ~ , - : - ~ e :  , 

length of the weir was 6,02 :fee~). and' the:i:~crest '~was:l;2 feet above .the 

, "  ~ - . . T , , , .  = ~ . .  , L - . .  = , :  • 

s e c o n d ' f o o t  l eakage  ! in  t h e  f l ume  ;when ; i t  >was . f i l l e d  ' :w i t h  : w a t e r ,  =Aud ; in ; .  ~ . .  

order to compensate for 'this :leakage a!stream~o f;iwater~'~was ituraed into , 

the flume through ahose amd adjusted untili<a ~siight £1ow over the :, i:~; ,i ~ 

weir was obtained with the test valve .closed. ~,In lib is :way the effect ~, :-:;'=" 

of leakage was entirely eliminated up .to ~he ;~rest of the ~we 'i~r, and the 

i n c r e a s e  o f  leakage due  t o  raising o f  the ~water .~~,~i~i~.thei~f,lume~.idur~Ug ~'~ rl "'lJ~'~ ' ~ ~ 

t h e  t e s t  was a t  l e a s t  p a r t i a l l y  compensa ted . :  =/The=re~dings~are ~be l ieved ' i  . -, ;~; 

to be accurate to 1/lO s e c o n d  ;~i. !, ":i...:i ' ~:,!:i." • ~i.:. : / :; . .";:/i < : :,;;! ':' - 

13. The three different , . m on!idra~ngs: X - ~ 2 2 ~  ~':Ian:c1:;227:: ; :  :~/ ~'<'"~! 
~ . - .  , - ,~!  . 

were , t e s t e d .  No 2. n o z z l e  w a s  des igned  , t0  : a p p r o x i m a t e : i t t i e : i l v e l o c i t y  
.... " " ': ' ": ' ." " ' "~;': "':~' "' ~1 " ''~!:'''':' ::'~'! .... c u r v e  i n  . t h e  5 8 - i n : c h  v a l v e s  at Pathfinder ,Dam, ~ e x c e p t . t h a t : , a , s h a r p : , . e  ge..>. 

was left just below the valve seat'..No:.~-:,.,1,~noz le ~̀ 

a more sudden~acceleration of :the water :n'ear.~.theJ~ ii ._"...i. 

was designed to give a slower acceleration,;snd moz 

direction through the nozzle. The r a d i a ~ ! r i b s ,  pr¢ 

nozzle were chipped off after the firsttest ~tino:per'cep~ible~: :I!I:-:- " '~ . ,  

difeerence in discharge o r  appearance : o f  j e t ' i  

was measured by means of ~the calipez ~ bars shown on drawing X-E-227., ,~i 

the use of ~vhich is well illustrv.ted in the photograph, The valve 

was controlled by a 3/4-inch globe valve and a pitot valve was provided ..... ~'~:, 

to st~%rt the piston from the full-open position. 

14. No. 1 nozzle. With.the pltot v~.lve closed and ?4 pounds 

pressure in the pipe, the piston started open with 24 pounds pressure 

in the cylinder. Water ' first made its appes.rance at the seat .in the 

6 
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form of thousands of fine 'stre~Jms msny of .wHich "did~not_foliow-the ~ ~ ~ 

needle but shot. out~ more.nearly :~oa~ailel ~ with ~t he~ axis ~of ~the .~.valve .... -. ".: 

As the plunger opened slightly ~cameJilarger.i~nd %he"Jet ~: 

became very rough, some off,the 'filaments :.crossing~:near'~the"top.:~:of.!ithe i - 

valve. The Jet .became appro~.ximat, 

diameter, but was still quiteiroud ......... ...... 

considerable spray .cfos¢, ?to the nozzle, i!Tile.:~ul~i~er:~tarted cloS~g 'i~.~ ~ - 

with 42 pounds pressure ~n th'~ ~pf,e"~and ~32 .... ounds ressure - " ~: ~ "~": " • ., ~, ~ , .. p .... p .:in,the.:i .-- 

cylinder, ~nd closed without i, shock. ~ ~Wit~- ~he .:pitot '~wlvel :ope~,-"J%he ~ 

plunger opened and closed:with seal !i '~ 

more rapidly, coming to its sea 
z- 

15. No. 2 nozzle. With :7 ae .... .~ 

piston started open with •:27' pou 

were practic.~.lly no. fine. strea~ ~zzle, 

and the j~t was smooth .~nd clea ___ ~Of :~ 

the plunger. The tip oi" the-!nee~le:.could!be ,t ithr6ugh~the 

16 No. 3 nozzle The~ plunger.started,:.o "en-with'~ • o d 
• - • ,. . ..... • .... : P 5 pun s pressure 

in the pipe and ~& pounds :fin .the piston, and starts ,closed ~wlth !39~:.potmd~s 
qf ~ •. 

in the pipe and 26'pounds in .the piston, (The~.ap ms .... ~.~ 

quite similar to that ofNo, in, ~ e 

valve was partially open, ~but i:~.the:~j°:et :remained)-,: 

to approximately one-inch in diamet~er. ~ ~ :~~'?~ ' ~ -~ 

17. The shape of the .jeZsl..fr0m~the ~three •nozzles are .sh0~-~0~ " 

drawing X-E-2?O, and .the ~coefficients/and :pressure 

points in the valve are given:.on ~drawing-X-F-231..-~The ~discharge " 

coefficients of the nozzles are..as follows~ ~ 

~No. 1 . '""~ 

No. 2 62% 

No. 3 74% 

,Wo. 2 nozzle gives She .cleanest Jet, h,t has the ~10#est discharge 

coefficient. The high discharge .coefficien~ ~ is of more importance in 

7 
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36-inch valve dischargin~ 397 second-feet 
Disturbance at lower end of tunnel. 

~..-~,~.:  ~ . . ~ , ~ ; ~  ~,~ . . . . .  , . ~ . ~ ,  , . . . .  • ~ , _ ~, . ~ i N L ~ - .  ~ 

Testing plant for 4-inch valve. 
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