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Subject:_’Hydraullé‘model-studies‘cf‘thqiSBJinch,balancadi&a;ﬁesitdjdefuff

g ‘termine -an. operating schedule for minimizing demage to:needle
tips and discharga~condﬁit5”durihg”the719H3:ae&Son;q;ShGShone;iu,
Dam - Shoehone project. = e gy Ml

1. Introduction. Nodel studies to ascertain the feasibility of - .
altering tHe Go-inch Balenced valvae in the lower outlet tunnel-at Sho.’

shonc Dam, to prevent pitting by cavitation to. the needles a d.discharge

‘conduits when*the‘valvesrare‘cperated{for;extandedfpéri¢dsﬁgkerb;inatisfgf
gated in 0ctober‘19h2,‘after‘theloutlet>works@had“incurredﬁsevége;dhmage“)‘
while operating during the summer-montha.,?(ReportEof’Q&tober430,119h24 .
from Enginesr J. E.'Warnockato,Chiéf,Engiheq:, "Repair;bfjSﬁ:inghihdl—L‘
anced valves in lower outlet tunnel - Shoshone Dam - .Shoshone projest.n) =
Prelirinary studies were made on a 1:6 :scale model constructed.of ‘molde.
ing plaster, reprasenting:a one-eighthraeCtof.thrbugh:agwavg?ahﬁgdidiV‘:
charge conduit, using air as‘a?teet;medium.'1The;prqppaedxalterationgx S
(design 3, figure 2C) proved practicable,‘but;it>ws§”iﬁpqqsiblehtp;pp;-_‘.'
chase castings“for'the~new;naadla;tips«andaairﬁintakekmanifdlﬂs;'ﬁﬁ!}d‘*a
result, repairs were msde as in previcus;years%tO“perm;tithe;usa;qf;ihei;
velves during the 19L3 season. G e e '

vetal was arcewelded onto the pitted areas of the needle tipe.and. = .- .
ground smooth. The twenty-four 2-inch air pipes were repaired.and the = .-
. pitted areas in the discharge condults patched with & high-grade.con- . -
‘crete. Alsc, the east valve was dismantled, clesned, and -inspected.. . =~

It was realized that these repairs were temporary and ‘that perme= . . .
nent changes would have to be made when materials:become available. ' = = .
However, it .was hoped ‘that damage:during‘thevcomingxséaan*coﬁldgbaiheld»g_,,
to & minimum by‘limiting:tha'operationiof;thejvalvesato~bpahing313het§3 SR
pressures on-thezneedlasVandQinatheﬁcpnduitsgyerﬁ*unIikaly?toxfeSultﬁinT?{‘
‘eavitation. - 4n operatingvscheduleﬁpf%thia%typngthoﬂihfiﬁfprhﬁiGQQ%but.ff o
 1ittle regulatiou,ﬁ:auld.be'importintqfsinceéii;wbuléégnqbleqraldagégqf.;~
water with minimum damage until -such time as mgtﬁrialséfpfithefchnqgss‘ g
bacome available. It Has;believnd'thﬂtctha'fﬁ&!ibllitygqfﬁliﬂited?op-;.f o
. gration could be aeoertainedithroughzhydraulic"modelsiniestigdtionq,gso"f@'
. - plans were made to conduct pertinent-tests:on;tha;&tﬁszfjksealaﬁvtlva,, L
-constrrited when the study of the ‘Shoshone valves waes first instigated.




2. 'The model. The model used for. thase teata consisted ‘ofia -
.high-pr-asure Steel head ‘tank, ‘the 1382/3 model valve, machined from .
brass castings, mentioned above and ‘a section of transparent plastic
pipe (design 1, figure 1A-and By, R R

The model velve was - made gecmetrioally similar to the prototype
to permit & gtudy of its operating- characteriatica when the :;plunger - 3;_
was actuated hyﬂraulicallf, and to investignte methods of increuaing* '
‘the effectivenass.of the actuating mechanism when the valve 'plunger .
neared the open position. ‘Piazometars wers placed in the needle tip
and in . the wall:of the conduit immediataly downatream from the valve . .
for investigating pressure conditions. in- ‘these regions to ascertain oy
over what range of opening the praasures were sufficiantly subatmoa-, .
pheric to induce cavitation. ' : S ,.-‘

The portion of the discharga condult bnynnd the throat liner of
the prototype valve was represented by a length of- ‘treneparent, plastic
pipe which permitted observation of the flow.conditions in the conduit,
Twenty-four 0.23L-inch holes wers provided in the wall or this pipe to E
represent the 2-inch vent pipesz on the prototype. '

3. Transference of model\rewults to protot ‘e.‘ It is. gendfally'
accepled by present- ‘ ' talion in.e hydraulie .
passage occurs only when the pressure- at -some point. within it reaches ,
the vapor pressure of the flowing medium. . In view of this eoncept,
preasures equal to the vapor pressure of wator would ‘have -to -exist in

the outlets at Shoshone Dam befors:damage tc the valve neadles.and. uis¢1xbi '

charge condults would result, Interpretation of the pressurs: data ob=
tained from the 1:6-2/3 model valve was ‘based on thia concapt.Lu '

Whether or not the pressure .at various points in tha prntotype :
can be accurately predicted from the model results depcnds ‘'on-the .cone-

ditions obtaining for various operating schedules :of the prcioiypes If o

'the pressures at all-points within the . prototype ‘are .above the vapor '
pressure of the fiuid the problem is easy and the umual similitdﬂe

- transfer relations are valid. However, :if ithe prassure at any- point
‘becomes e ual to the vapor pressure of the fluid and cavitation ia pras= -

sent, the problem is more. 4nvolved and.accurate svaluation .of : pressures;f

-may'become impossible unless the model -ie.enclosed in a- partial ‘yacuum - -

such that a true -scale existe between the wapor and artificial atmoe~: ..

. pherlc preasures of the model and the natural vapor. and atmcspheric
pressuras at the prototype. _ : :

: I -at the acale heads, .over . certain oparating range the scaled" s
model preasures at -any: point within the .valve do'not extend below the
vapor pressure of the orototype ‘the pressure .at any. carresponding T
point on the prototype may be found by ‘the usval’ model-to-prototype s
tranafer exprasaion, P




where P_ and P_-are prototype and medel pressures reapactively 4n feet
of watoR and: Nmis the model scale. R

Howevar, if the’ scaled values at any point extend below the vnn
por pressure, which condition ‘indicates cavitstion.on the. prototype :
it ie not poseible by this method to predict the correct pressure fcr :
any .point on the prototype othar than ‘that-correspondingto the. lcwast
existing on the mcdel, end poeeibly ‘the .pressure which controls the ,
discharge, as that in zone B of ‘the Shoshone . valve (figure 2). To' auf
sume all pressures with such scaled magnitudes to 'be equal ‘to the va-
por pressure on the prototype (the lowest: obtainable” prototjpe pressure)
is erroneous, particulsrly if the values:are for widely: separated pointe
and ‘both are not of the same intensity.  Prersures obtained 4in the ..
usual manner for any peint in the prototype other ‘than the contrdl- or o
lowest pressure, hill therefore, be ‘too low and the percent of ‘error
will be proportional +to the devlation of the scaled presgeure from- the =
vapor - pressure. When this condition obteine- another method rust be el
ployed to eveluste the . prototype pressuraa._' BRREE '

If the model and prouotype have dafinite controlling preesures
at, the same relative locatlion and ‘the boundary contour upstream from:
this point is sufficiently sireamlined to praclude any .change “in the .
cshape of ihe stream tubes, due ‘to changes in head. that 1is, the coef-
ficient of diecharge in the equat;nn, B :

Q= CA V

remeins constant, the ratio of drop in head. between any twc points 1n '
this reglon, to ine total drop (upstreem to control- prossure) iscon=
stant and may be termed & pressure factor. for predtcting the: prototype' .
values at corresponding locations.:  This method -of predicting proto-’
 type pressures is alsc applicable whors the scaled model- pregsures are .
‘above the vaper pressure of the prototype as exﬂlaLned above, provid.
ing of course that the stream tubes do not change shape when ‘the hsed =
is varied. If the model is to be .used in determining the cuntrcl Pres..
gures, care should be taken to ccnqtruct ‘the model to give the correct
scaled values of ‘these pressures,. This 1e. particularlj'important when‘j, L
the prototvne control . pre=surer are - above the vapor praesure S

Since the pressure . surrounding the “vena conuracta of a wet issu-'“‘i -
ing from & valve influences its discherge rate and hence ‘the presaures_;iﬂ
at -all points within it, the total drop through'a valve. ‘ghould be .yuA
taken as that fror the upstream mide to the vena contracte, - Neglect-
ing the relative difference in model and- prototype friction becausa of
‘the differencs in Reynold's number; the stream tubes will remain gece
‘metrically similar and the same relstion will exist in the prototype

‘ :as in the model. Thus knowing the:control pressure on the prototype .
. and ‘the pressure drop ratios (presaure factors, F) for the points in

¢

k]




question, it is: poaaiblp to- prnuict qulte accurately the preaauras at o
these points by using the exprewsion._: : .

pem e, 4‘

_P‘_ t.

where P_ is the pratot;pe pre=sure An feet of water, for the poinu in
questlo 3 P is the protob;pe oontrol pressure (nepative end equnl to

the fapor pressure of water at the prototvpe when ‘the eoaled valus
equals or excseds the vapor preasure), exprasaed in feet of ‘water: B
bove or below atmosphere as the case may bey T, is the total drop in
feet of water on the prototyps, from the unatraam gide of the velve to
the control pressure; and F is the factor ror the point in question,
cbtained from medel tasts, o , ‘

Though ‘the application of this method to cases whera thn atream
tubes change appreciably with" changes in head, ‘is. inaorraﬁt and the :
model should .be enclased in a partial vacuum’ to ‘give true pressure vale

‘ues, 1t may be used to a limited extent. .In'reglons where the boundary?”f"‘
surface of the mein flow does not change appreciably,uhe vnluas obtaine ... .

ed by this method will be raasonably correct, while those: Obtained fo* P
reglons where the boundary change is considarable as atwpne down,‘;

stream edge of a low-pressure zone whers the main flcw Jcparatea“from
the eolld boundarj, will be Eubatantiallylﬁn error'”-ﬁ' |

As there were two 1aw-pwessure z0nes 1n the Shoahone cuilet mndn~{,
el, where the scaled pressures for certain valve openings extended ‘ba~
low the vapor pressure of water: at the’ prototype structure , ‘about’ ~28

feat of water, the pressures in thess- raegions (zones. A .and B, fignre 2)¢7“"

were taken as criteria in establishing the -eritical range of -opening "
Tor the prototype valve. Since it was degired to determine ‘the exls- .
- tence :of cavitation pressures and not the presqure distribution.in’ tha
“velve or the location where. damage. wnulﬁ reeult from the :collapes. of
the. cavities, the transfer of model date to prototype was not 5O in-.
volved however, both methods outlined above were. used. - 2

At first it was intend-d to-use the prototype pressura measure-‘*:'f"
‘ments made in 1931 as a datum to predict the minimum preasursa in -mone

. A of the prototype. However, when scaled to the prototype “the model

for.the pressures were not in agresment, being mich nearer the vapor
pressure for :all valve openings than tha protctypa ‘measurement.s :indi-

. cated, even with all twenty-four 0.234~inch holes open. 'To asgertain .
‘;whether thie discrepancy was due toia deficisncy of gir resulting from
aeration via these holes instesd of pipas. of -the same diameter and
sceled length, the capacities of the twe systems were compared. Com-
puted discharges, using the same pressure difference, showed ‘the .quane.
. tity of sir from the holaes o ‘be about 1.42 times that for an equal .
. number of - ‘pipes of the same diamsoar, and it was conuludad that the




. iﬂference'waa not due to the: ﬂathod of aeratinr the model. Damage to“*~r~*
the Tield structure alsc indicated more severe progssures- “than thore:" SRR ,;]
tabulated in & report from the Project quperintandent to Chisf Enginaar, T
dated December 11, 1931, for with pressures of this: magn¢tude cavites
tion could not ‘have occurred unlese of course asration was not effes<i, - -
tive upstream from where “the- pines .entered the diqcharge conduit and ‘
the model studies did not indicate. this to be ‘the case. . The, contrnl
prossures for the prototype were therefo*e obteined from’ ‘scaled model
,pres#urew. The minimum pressure 4n zone B for each 10 psrcent- incra;
ment of the plunger travel was ured ‘88 8 basiq for p“edictinp the pro~ G
totyps pressures, The pressure in th*s zone was scaled to prototype bv_:%ﬁ
the:similitude,r 1ationshi~, - S ‘ . -

P + NP .-"

When valuas obtaineﬂ An th.s manner were -ahova. thc‘vapoi préssufeﬁi-“"
for the prototype (aboub 28 foct of wator-gage pressure at’ “hoshono
Dam) they were used directly. When below:this value (ﬁumericalhy ;
lerper) they were assumed tc remain constant ‘at =28 feet of water.. Thef
pressure in zone B for each valve opening obtained. in this manner was.
added to the static head for the corre*pOﬂding ‘valve opening to: obtain
+he total hoad across the valve. The.statle hoad was obt ainsd- 'rom a
head loes— iﬂcharge curve compuuem for the outla tunnel.”-‘..‘

The mdnimm pressure in zone A on tha needle, for aach valve -
opening was “then ob*ained frum the relationwhip, - L

Ta - FD, Py SR R R
L. Model teste and results. _Since the dcrt"uctive action in the
field strﬁEfﬁFE'IﬁHiEEEEE’Tﬁg"?ﬁﬁhtmctpher*c pressures in the ‘diecharge
conduit to be more severs ‘than these mea=ured on the prototyps in 1931,
.and since the model preqsurec near the vente in the’ ‘erawn ¢f the die-
charge condult were not in agreement’ with. ‘these pre:sureL, dtiwas cone.
~sidered necessary tc determine the effact .of dif;areqtédsgreeS;o’ aeras
tion on their magnitude. Pressures in the model were sbserved for four]f&.
degrees of aeration, which were obtained by variying the. number of open‘, -
supply perte (0. 23li-1nch ‘holee) to the discharge conduit. The model .- .
was operated with 2l 17, and 12 of these ports open andwith all of
them closed. As-the supply ports wers approtinatel; 1,42 times as’ ei-,f7~
foctive aa pipes of scaled length, and the same diameter, ‘the aeration -
-of the first: hree arrangemant=‘was equivalent to 3k, 2h and l? 2-inch_”
"pipes. ‘

| Some criterion as to the allawable magnituds of the minimum'prﬂaaf'
- ‘sures in zones A and B, to prevent cavitatlon, had te be adopied 0. 68e
4gb1ish the éritical range of walve opening, A value of =20 feet'of; i
water pgage, was chosen for these studles and the ranges of valve opehe=
' ing subsequently referred to as critical rangas, &re based on this velue.




, - When the modal prassurea in the. ccndui‘o a.nd on the naedle ror
heat's representing approximately J~eaarvoir ‘elevation 5364 and. valve
‘openings from.20 to 100 percent, were" transferred to proto’oype CLl .:: A
.lined “in the previous sestion oi' this ‘memorandum, the results. i.ndi ted .
* thet the pressures in zones A’ and B would reach _tha vapo prasaure

water over . certain rangea of valve\ openin.g. , '

There Was practically no - change An the minimnm preagureu in'mna
A on the needle for the difi'erant. ‘degrees : of ~aeration tested,: Onlyffby}
‘closing the vents completely, or: by reducing the: ‘number: mt.il ‘the Hye: .
drauvlic jump moved upstream to covar the. vent.s was it poaaible ‘to ‘d18=
cern any changein these preasurea‘ .Even 8o, the chaznga was only. slight;-,;
4ncreasing the upper 1imit of the critical range 6f valve opening by -
two percent, making the range from. Ak to 27 parcent instead of 1l to 25
percent, (figure 2).  Severe mbatmesphsric pressures in zona Aon: the

‘prasent prototype design may therefors be: e:rpacted o*ver A rangs ‘of mpan-

 ing from 1h to 25 percent. Roughness-of the ‘surface.in.thie ‘gone might
«extend the critical range, but ‘because of the rapid rate of incrasge in
pressure at the .upper limit ,-my change from thie. source ‘would ‘be nagli- L
.glble. Although the degrees of. aeration tested on the ‘model’; .produced .
no appreciable changs in the. -erditical range or the. mguituda -of 'the" praa-
‘sures in zone A on the needle , it ie poseible that ‘the pressures would "
become -less critical if the aeration was more complete. . The ,nagligible
change observed in these tests, however, make this doubtful, thus ree
.gardless of ‘the degree of aaration in:wone: B, it mey. be inpoaaible to
oparate the valva in this range wit.hout damaga to tha naedle.

The discharge conduit oi’ ‘hhe model did not flow fullruntil .
‘valve plunger had completed approximstely 25 percent of ite travel to= ..
ward the open position. As & result, zone B.was ‘aarated by alr .ﬂow:mg '

.upstream along the crown of ‘the oonduit and the pressures were not Be-_' SE

verely subatmospheric for any- of “the degraes .of .aeration. tested. - How
ever, in all cases,.as the valve approached. 25 percent open. eand ‘the

. flow of eir from downstream was raduced, the pressurés ‘dropp apidl,'

,reaching values that were below ithe vapor pressure when sog tothe
prototype. This conditlon is not possible on the.: rototy'pa ince ik
pressures are ‘1imited by the barometric pressure and vapor ‘tenalon of
- water to about -28 feet .of water gage,. at Shoshone Dam. _Therefors, when
. ;Scaled values were equal to or greater than -EB i‘aet. of uater, they WeTS
. essumed to remain conetant .at that value. W‘nen scaled valuea ware nu~ )
- -;merically less > they were. uﬂed directly AT L

EO When tha ‘meration was equi\mlant to thirby-four 2- :S.noh pipes - th

- model indicated that the preesurs in gone B remained &t the vapor Pres.
. sure for & renge of value opening batween 25 and L7 percent, then began
& gradual riss to about -8 feet of :water at 100 percent open (figure 2}, ..
+ . With aeration .equivalent ‘4o twenty-four 2-inch pipes the range over . - ..
" ‘which the pressure remained at .28 feet of water was extonded to about
“"58 percant from whare 4t rose to approximtely 12 feet of water at 100




fpercent mpan. This range was *urthbr increaaed (to approximataly 76
percent) whan the equivalent. aeration was:roduced to seventeen. 2-inch

pipes anﬂ ‘the pressure at 100 parcent opening ‘reached ‘about ~16: feat ofﬁ7‘ N

water. 'Without aeraticn the presmures. remained criticdl through a
Jrange from 23 to 100 percant opan*« “rom thase rasults: it ‘appears thatf’-;“
the critical range of valve cpening for :zone B-in the; preaent £i81d 6 o
.installation, aerated by | twenty-Lour 2-inch pipes, ‘begadon" =201 et

.of. Water‘gage prensure will be from 23 to 70 percent open._a ;

Thekmodel was nalibrated tu aecertain the dis¢harge:characteru ;g;f;

1Sti¢s of the -balanced-type valve..‘Di*charge coefficients for ‘the varf {?'¢5

1ous openings:were obtained and capacity.curvee:were prepared Far.a
‘single valve, and for both vilves operating qimultamously (figure 3y,

From'these curves it may be. ehown :that the rate of increase in dis.:
charge decreases materially: ae,tbe valve plunger approaches the ‘open

-position. ‘With the reservoir ‘atielevation’'5360; the increase b opeh-~7ﬂ3"

ing the valve from E0 to 90 percent is about 3% ‘percent. of ‘that for

.full opse . Opening -the valve from .90 to lOO'percent givea an;in- 4,3,,
crease of 2% parcent of the total for full ‘opening. Thua, ‘opening:the: . '
‘valve another 10 percent in:the .upper: region increases the'discharge - .
only slightly. That excellent agreement existed: bstween ‘the :model and;;

prototype is evident from a comparisen.of model: and prototype data for,”ﬁk“

both valves operating at 90 percent open (figure 3)

5, Canclusiona. The model study of the: SB-inch balancedwvalves o
in the lowsT GULTST Tunnel.at Shoshone Dem indicates that it:will'be
‘difficult to operate them to.obtain 2ny 'apprecieble: amount ‘of regulam
‘tion during ‘the coming ‘season’ without cauaing -gome damaga to the cutlet
structurs,

Pitting of the needles’ iS’liPely to occur if the’valves are op-
erated between 1k and 25 percent open.*

 Demage ‘to the - conduits'is 1ikelv to result if operation 4 ffff’
‘twaen 23 and’ 70 pe=~cent. open. ' T I R S

Critical valve opening rangeq “for the twu lcw-nressure 2ones fgﬁf”1_3
overlap, thus damage to'some part.of the . outlet atructure nay be ex- RS
. pected between 1l and 70, ‘percent . open. R

, ~ No. damage Bhould | reﬁult to: either the needle tip« or the dis--;
- charge conduits when' the velvoe are operating ‘beyond 70 percent: open,: .
'However, .showld the friction in ‘the downstream portion of the. discharge S
condult be- relatively greater on the, prototype ‘than ‘on-the.model and. -.°
cause ‘the hydraulic Jump to move up*traam ‘over the .2<inch vente.as- the =
walve -plunger approaches the wide open. position ‘the - noncritical oparat» M
 ing renge might be materially reduced. -In view of :thié .danger it seems .
'"ﬁthat the maximum valve opening ehould be limited to 85 parcent.. Tha E

s




increase in discharge is VLrJ small with fnrther inureaae in opening,
Ahis vary little would be gained by operating ‘beyond this'po*nt.'f '
Moreover, &5 the: valve approaches 20 percent open, eddies. rorming down~
stream from the V-guldes cause water :to spout from 3 ‘or’ Lisverits on t'e
crown and invert- of the discharge condult, ‘reducing’ theléfiective i
asration and increasing ‘the - severity of the *ubatmospheric presﬂures.

The valves should: noL Ve - operated in the range where pitting of S
the conduit in the region of the 2:inch air vents cccurs, for damage  4“
4o these vipes would .reduce the aeration ‘and resili in - more severe.
pressura conditions which in ‘turn would hasten deqtruction ‘of ‘the. conw*;
dult walls.. ‘I allowad to cperate . in this manner the- conduit: W&llo S
may become -sufficiently rough ‘to. materia¢ly increase ‘the: friction,:,” E
causing the hydraulic jump to cover uhe 2-inch vents and Produce a,segw
vere destruccive action. ) R o - i

To avoig damage to the Outlet structura, Lhu vaIVEs ahould not ‘
‘be operated in the critical rengs‘for.any. apprec1ab¢e lengthhof time,.'
~but should be opened directly to the. noncritical: range, T0=B5 percent ,
‘open. Any damage to ‘the vent. pipes will cause. the pressures Tt ap- :
proach those obtalnea w1thout aeratlon. I o -

From the results of: this model stud it anﬁearSJthat the aamago?r
.30 the needle during the” 19h2 ‘zeazon occurred during ‘the. ¢ast few.waeka

of ‘operation when the valve opening ranged from 22 to: 1i8 - percerit, :and - 5.;,,

that the pitting of the conduit-walis’ Securred during the .first:-one

‘and one-half months! operation when the :valve operated batween. 46 :and - o
52 percent open. The damage, thua incurraa waterlally rednced.thedefh
fectiveness of the Z-inch:pipes and :severs. =uhatmospher1c ‘pressures .’

walls

The adnission oI suiflciant air at’ the proper locat;on in tha :
diecharge condults of these velves will preclude any-damage by .cavita.
‘tion to ‘the conduit walls. ~A-test im ‘to “be capducted on the: l:ﬁ~2/§
hydraulic model in the near future to~=tnﬂy“the feaelbilitg of -admits
ting a larger quantity of .air ito the velve jets immedistely: dcwratream
.from the seat ring, figure’iD.. The- rewultQ will be ccqtained An a'44,~,}
meworandum, now being prepared coverlng all tewts made in connect"””' .
“with the Shoshone malves.- ‘ : TP

- Thcugh the suhatmospharic pressures 4n the&critlcal zones will
‘.yend t0 2pproach - atmospheric prossure &= the hesd:on the welve decreases-: ;
.8 substential reductioniin’ head would be nBOuseary to diminish apprecia-**-“
bly the.critical valve openlng range. ' ‘

- “*The Bwinch’ venta, which hava ‘been plugged in pravious ysars, would
help materially in relieving the crinxcal conditions, providingﬂthe o

resulted at 90 percent open, hastening the deatrnctlon of the conduit }'{[;-J



i
e

operiing “is red by ireriic,
nolsy,: sepen:ehodld ot raggres
in : tonal iair reaching the




Note: Preometers Lsoer,
4hikys2 0Bt ek jareijocaled

ction fhrd,; control
tekenion horonial €




"1'".1\- L

#erm‘eo‘ by ~.3#’.~ ‘24 and
AT 2:nch p:pes-""' o

I

(PROTOTYPE

S -

)

1
o -

“PRESSURE IN FEET OF WATER

IETE L s
= Zero Pressure, Absalute:
(Approx -28ftof wafer, Gaqe ﬁ::r* E! 5500

o m 40‘ RS
t VALVE OPENlNG N PERCE !

: »----Aerared by 34,2 cq’di?
: tho_uf Aerahon 1

ﬁ"fﬁf‘;"ir -

v 58" BALAN ED iVA ‘
HYDRAULIC MODEL STUDIES ~SCALE a%
; RANGE ~VARIOUS ‘DEGREES D




ir Eu‘ 5364- -

I
f
|
AN
NS
B T° Y
I
|

e R S = =

IN FEET
n

X w
3

Lo
~N
Cn
=)

W
[

[
e ot

RESERVOIR ELEVATION

c.XPLANATION N T
One m.'veopcn i

A A —— Two valves open L]
AN OTwo rofotype: velves:open |
BE &hgzo-wose :J,zj-z.z)

SV ST/ AR
z R o' B o800 ZDDO :
DISCHARGE IN-CUBIC rEET F’ER SECOND oo

DI$CHARGE CURVES

&

- A= Areo afsz cmdu:f
§ = Tafai head on valve

'8,_

H

Y
=1

1

+— ./‘:77_

[+

COEFFICIENT OF DISCHARGE -

t
;
‘J-'?:' o . N . l. . e
W0 .20 30 40 50 - 60 70 . .80 .80 - 100 -

VALVE OPENING IN"PERCENT OF:PLUNGER TRAVEL
COEFFICIENT CUﬁVE

gk

S‘H‘OSHONE DAM-
' 58 INCH BALANCED VALVE
;HYDRAULIC MODEL . STUDIES ~'SCALE [ TO:-8%
mnmmws




