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1

problem of the 1nveat1gation of the hydraulic chnractoristiol. !ho -

aeupo of tho laboratory ntud1en was circumscribed by tho roqnanﬂ'fhnt

~ they be nado to. doternino a dollgn of tube valve vhich w111 oporat:

‘that at no point in tha prototypc valv;;andyoondult nhoul the pre

sure be less than 25 fuat belov atmosphoric.

2. Summary und gonglusgonn. fProliuinnry telts on'tho 1te 17
model of the original tube valvo dosign proved conolusively hat a

valve dinchnrging into a cloncd conduit mmat b"providod with:‘doqﬂatw i

air relief for operation at partial upenings‘and“that the origtnal;

design could not. be. revilod to perforn natlsfactorily at sny opcnin;.

A new design or valve.ehartctarisad by 1tt long l11l ahapo and
referred to lossely as thn 'Sha-ta Tuba Valvo'. was devolopod o
specifically tor operation in a clo-ed condnit"”

;%This valvc wh.n

flly openad.had a diachax;o confticient hlgh enough to fill the

condulit under pre::nre. Da-pite extensive davelopnont o'jair rolief

measures, = valve of this typo loaatad 1n‘tha lovor tier unda '

maximum head would be’ 1noporative over nearly ho porcnnt;hf'”tl

range of opening becaune o! thn preucnco of'iubatnosphnric prosnurcl

sonéucive to cavitation arolion.;

322 feet the 1noperutive rango 1- rsduca 'iomo 7 porcont or‘a

head of 222 feet which corrcspands to the haad on ths 1ntoruedlat¢

tier of valves for ma:inun relorvoir lnrfacl alevation. ‘
Model tests on a 20-inch am.t-r va,lvo (1 to 5 1. nca.lo) of .
Shaste Tabe Vulvo typo were condncted 1n tha Lrizona valvo hnnn: t
Boulder Dax and the results confirzed thoss sbtained ii the tests f-’*'
made with the G-inch diameter vnlvo (1 to 17 lcnlo) 1o thn Dcnvor
leboratory. The quuntity of c&r required to gnliavo the ngguttvo




-prouures areatud ‘ny thu condition of valve di-ulurging 1.nto *a

3. &Mz&m During tha cuurn cf nodnl,!’:;#i
thﬂ deta.i].ed dslign cf tl'.w 102-1.nch mtlet- for Gnnd Gauloe and i S
Shasta Dnm. oquipunt and- nodell ad boon tlmigned a.nd 1nﬁt;110d u
‘the Dennr hborntory to.an oxtnt \hat uhcn tho prob]..m of gh, -‘




' ;‘lflotr. Thia tunk was
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"5.1. !hu nodol :'vaa : m-un-a on platfo

dlmotcr plpeo ‘_.z, ol
tho platfom through

are shown .tn figuro h”

Bﬂem én&usaa vera..:'rk
,progru: progrensd to obt&in "t‘ X
'.chargel, Holt of the d.ifi eultie'J ‘e.r )

"f-_-ad-1 heat of 63. 3 foet. m. an_imh
""prociable x-aduction in hea,d. the sh-inoh ulve ha.d. to hn'oporated at k y

vory emall eponinga, aad vith tha lqw prnum- ma.tod by Msoba.rging
-1nto a. cluud con&uﬂ. thu noedle could not bo hold atudy ud tund.od
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e slam‘ahutt Three bypass lincs with valvas wera w‘ ded 4nto the
2h-1nch riqer in an. attempt to lower tha’head by4d ; '
the diacharge

supplying the
paradox . gaten A-E and A-3 These manifold
pressure when the gateu \ere opened with the OEFeape

| valvea closed.. A rurther change was nade by nétalling

-EZQvnlva ahapes and data.r !he nuuher.oorrespondins b 703”'%ff1

31'“"‘ “-) 1‘ the %hird placo. Tho faurth puco s.nue' tu. ‘b; 1.n.,
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ndditional tasts welre. mad.e 1n an- ei‘fort __'I:o ‘d.evise a valve design |

which wau;d operate without air relief  fLach new test_provide addi-
tional evidonoe that tha naed for air raltef st 1 valy oper
o ings could not be. circumvented Some of tho methodn“'

‘depcribed briefly to nervo aa e matter of renord

belew the valve.

The uaa of a venturi—shape 8 oar

conntructed. the dnwnatream oonﬂuit‘wa

on the nodel, :as: shown 1n figura GBTL”

the jet to £111 the nozzle..'

mation 1t furnilhed.

The lubatmoapheric proslurou oxtended ovor a ‘l~fa o

1onger length of condnit and thair 1ntonaity ual not docreasod.;

. Thin was to be expectod inannuch as. according to Bernuulli's Theoron;
e . for s given discharge in & horizontal conduit. the aroa of eroal-

nection is decreased. the velocity 10 1norensod and the prosluro d.-

crensad.
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g. 3den 7 1 of dos am end of valve to datermiﬂe pg f j f‘
i@ﬂ&ﬁ.&l For anv given orifice..the jet nrnfile, throug“tha Vana :‘f:f};“
contracta. is indznan&ant of. the head.; This fact“‘aoplied o S

valve. meanl that the contractad sactlo _wou1d remain const. %
partioular valve opening.‘ e chsng:”f‘_:' e :

the orifice diameter and ﬁrodace an‘entire;y dif:erenzkjet diam te

Since tha hlhlnch throat in test 3'" bee ““HL ;‘ '

guens, and test 3 showed the law uressu_ah Vhyf f” ondui’

to the high velocitien. 1n teat h the downetream ]
was removed at the point of curvature. secticn AFA. figure GA to aerb :
mit measuremant of the actual ahape of the dischazging jat. ;From those
measurementn, a new throat uas denigned having a - {ameter and | -

a bell-mouth, as deacribed by rotation of an ellipee o

= 1 about the uenter u.of the ccnduit.‘;wfsr,

profile is shown in figure 6D.”
at full opening of tne valvo since the first step 1n t

profile was uaasured with & nodnl head of 263 33 peréen
head es the highex head produced a mora stable Jet P
9. Ven ur throat with f=4
The prossure gradient for.the nev no::le vas matnrially nighar than pro— &
viously obtained (figuro 8). Tha realon the gradient dxopa beluw : .
atmospheric pressure et an opening of 100 percont 1e aua to the efror »
in debermining the actual contour of the 3et.‘ Houever. this test dia, k. ji
indicate that progress ves being mads and. furtharloro. that ;1 _ o s
possibilities of uaing the original valve hsd been exhauated.. Tha
conclusion was to dnairn a 1onger and moro utreamlined valve._;;-a;}‘ :
Tine heing an important factor. the problem of the new dssign wal
given to the photoelastic 1aboratorv for study in the oloctric-analogy
  apparatus vhere changon could he mad. more eaaily than on the hydrum—

"ffliurnodel. Singe this investi;atian ncconaarily considnrcd only a o - o




ﬂuilgg_gggg_zglzg_:;. e u“ﬁR”T.
ten. large and two Small Outlatg,“

“riant—Hadera eanal outlets.4 To rednca,the costl of the conﬁrols on

these outlets, it was proposed to dnsign a valve raqniring leus mateQM_,“fif"”

risl and less compltcatad control mechanism than requirod for a nodde'J >

valve. The tube valve being atudied for the conduitccontrolurat

Shasta Dam wase auggested. only 1n this ease the valval would Ye at thef*"

downstream and of the condnits and wuuld discharge 1nto the ”tmo¢pher¢;
1nstoai of into the conduit- hsnce they are referreﬁ to aa frea-diw— .
charge tuhe velvea. It was proposod that two of the river outlet ‘ :
and two of the Friant—xarn o&nal uutlets be tuhe valves, and the othorﬁ;

twe in aach cale be naedle valvea._ The objection to using thc tubo ':,:fiw‘

valve throughout was the objectionable spray at openings of lel: thah

20 percent. It vill probably be nacessary to operato 1n that rango

to secure adeqpate regulation.
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Since there were no standard designs availahle ‘modeljitudign
were made to determine whether any adverus pressuresiw‘ui__o 'ur
which would cauas cavitation and pitting. and to determina the di
charge capaclty 1n termn of coefficients.\l ‘ ‘

_the origlnal Shasta tube valve model waS"

ment or in autlets where the apray'may_:‘: _
saturate the' confining ground as 1n the ca 8 0

Friant-Kern canals.'

The coefficient -of discharge 1n the equation Q GAVEgH was

= 0.51 in this teat. This coefficient is baaed on ‘the area ofxthe i

conduit ene dlameter upstream from tha upper flange of the valve.‘andef‘ v
K= hy+ by | | |

Sublequent teata on ﬁhe freo diacharge tube valves whioh are’

described in anathar report,* led to an 1mproved dssign whioh wae

* Hydraulic Laboratory Heport No. Hyd. 163

21




AN

later ‘tested as & valve in a conduit with the results descrived n -

chapter ViII of this 5?9?01'57 -




111 - mcmmc-mm.ocy' s'rrmms '

12.  gggpgae gf analogx tudies;x The purnose of“these studiea
was to0 analyze, by the alectrio—analOgy method.‘several proposed nﬁe
valve deaigns and to aelect 1 "the ahorteat nosaible timeV o
several Proposad mnd fiuation _ Aetast -

A characteriatic feature bff

to cavitate. It has been round that this orcurs wharaver velocities

teated by 2 hydraulic modal

13. Daacrintion of apparatue i
symmetry of the . alve about the center line' all atream lineswli i

containing the center line of.the valv_(_«

taining the center line.j‘

an applied electric potential difference caused current to<flow through :; 7

tia sector-shaped salt solution.“ The electric potenfial.diminishad
uniformly between ‘the electrodee.: The relative potantial at any point '

was conveniently determinad by & Wheatatone oridge.  In tha Wheatetone.*'
Bridge used in this anelyais. the conventional alidé—wiro arrangament
WES replaced by twenty series*connectad fixad rasistors brouqht to a .
multiple-pole selector switgh. By means . of this bridge, aettings for

equipotential lines of five percent potentisl increments were readily
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cbtalnsd. R .
The scanning mechanism uhown 1n figure 10 provides a me;ns of

moving tha probing point to a‘l,pointl n ths‘surfaca of the elnetro_;,_,.

the velocity head. In this Btudy. sinca t.h‘ '

to pere.’ Although tha 11nee of ouual potantial 1) th

hvdranlic ltructure.‘ In thn nydraulic ltructure._

lines dehnrminn the potentlal at all pointa_'etweenﬁelectrodsl
The preasure hzad nay ba obtsined at aﬁy‘point by subtracting : ‘

the velocity hnad fron the total potential an givan bvﬁihe iihesﬁﬁtz “ﬁ 7jTV
equsl potontial. Thz velocity hsad is raadily obtained'from tha ip#é;‘;kfﬂ 1U
‘ing of the eqpipotsntial 11nen, uinca the velocity 1: diroetlr pro—
pertional: to the pot-ntial gradient, oT invarael; propartional to tha ”* -
distance between equipatential 11nen. The conntant of praportionality
is obtained by meaauring the lpseing of tha eqnipotential lines i’ f'i
ths eirtzght plpe porticn of thn modsl at a;ch ena ot ‘the valve praéor.;
o B : pl.ef 1 . Figuros T

10 thraugh 1M lhov cight shapes that were ta-ted hr tho slectric

. 25 .




anelogy in the layouts shown on tha top of ‘the drawings.: 

dimsnsions in parenthaaes refer to the prototype” wharaas the other :fvf  i

vofer to the hydraulic modela, which, in tho.

besn Oonﬁtructed. have bean to a 1 17 acale(“5

sures at the end of the valves The presaura nets ahown on th rigure':fﬂ"-.ﬁf

the hydraulic modal._ With this hand it has ba__

per second. This is: the discharge that was actual;jﬁmeaa’

hydraulic modal of- test 1 In the narrow—bhroatéda
diaoharge of 3 91 cubic feet per eecond hal baenw"
to be Y. 8} cubic feet per nacond.k In the prototype

pressures would be aeventean times as great as *h [ hown by the

solid contoura.

16. égﬁ;m;s of e;agtgig—ané}_qu_zgggl__i_ ~In ie:ureﬂ 10 thrWGh f-é
14, the minimum preasures in faet of head 1n the hydraulic model aru  f7fﬁ3fE*“

as follows:

Hinimum duwnp 513"“ i
stream preslure

'Minimunﬂpp;ff :
.atrean presgure

2¢ we 4 3 H% ww wr wwgw ew jes. -
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In tvest 1, the relatively low preaaurea can be attributed t0f§he ‘
short radil 1“ the '91’3 ahell. In teat 2 the negativa prassure is:

pressurea, una for - thls reason they are all relat_
encles to cavitate. It muﬂt be horne in mind tha
are for the condition of valveu widsmopen,;

lov prassurea which might exist for partial openings'if:t:“‘

licelly good: designs._ Structurally they are qpite different”‘
three, for example. would be the heaviost and most expensive"

poses, it could be °ff1°1ent1? rep;aced by 2. blunb—nose neadl jtsimilar
to the blunt—nosed 1eading edges of airfoils._ ¥“‘ . :

The analogy of alectric to hydraulic flaw is quita close butnnot

exact. For example,_there can be no tendency for vortex action ln
eleciric flow. In the hydraulic atructure thera vill xiat a stabla
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 fube.. This eliminates the low—pres—
sure zohe 1nd1cétad for all tests in thie reglon by the electric analogy.
With this exception, the pressures obtained by the electric analogy
ghould agree closely with those obtained in hydraullc models.
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IV - PﬂFLIMIHARY STUDIES OF SELLCT D DESIGJ

17. Mensuremant of iet nrofile (Tast &al ;; he electrio..:” :

coaster gate. .

diameter of the va1Va body necessitating an increase

the operating . chamber. Test 7 was undaairable”' ; :, t
length of the valve. 50. by elimination, the ‘shape used
was chasen for: furthar develooment in the hydrﬂulic‘“:i?

assembled for testing. a8 shown i :figurqfw5xi__ﬁ_‘i
and the walve operated as o free—dlacharge valve to
of the jet to- determine the urofile of th
18. B4 tical nozzle. ouulet‘wi
(Test 8B). The actual profile of the jet pbtained 1n‘test SA is
shown in'figure 1§E For taat SB a nbzzié'w ' -

in figure 153 using a sector of the ellig}h t;s 060)2

= 1 and a downstream diameter of 5. 937 1nchea 1nstaad of 6 in hehQ
The reduced diamater wasa used to avoid remcving maberial fromltha
nozzle which would be needed fur aubaequant atudies“ A comparison
of the sector of the ellipae and the actual urofile 19 shown in
figure 1HE. ‘ _ _ S : S .' .

Hith the nozzle discharglng freely 1nto the atmosnhere. tho N

nozzle did not £low full so no attempt was zade to meaaure the ores—
gures. Although the ellipse selected was slightly ineide the mer.s~

wred profile, its curvature aiffered aufficiantly'to explain the
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failure of the nozzle to flow full., 1f the. valve could have heen u*fjﬁ."'

forced +to flow full, there would heve been,negativa nressures
nozzle. This posaihility would bef_ffeet j the bac T
would be obtaine& if the con&uit wur‘” g 3

{n the nozzle vould have 1ncreaeed the difficulty

of the pretotype nozzle._so to‘eimnlify the eone“ﬁ"

erc of a circuler curve with a“radiuu of'7ﬁl3

BC ingtead of" the ellipee (figure ISBIanq ﬁ)

(figure 16) showed that although the pressurea

100 percent opening. extremely eeveré ub:

at amaller openings.- The tube ltp _

preauuree at the smaller openings.f?;1a‘

conditions were eatiefactory at'a”\

a valve in which conditione were accepW”

in fact, from 85 to. 100 percent openina

vislon of the tuhe lip to eliminetr‘the

In tests 8A, SB “and 80. |

a radius of 5 1ncnes ;nspection gection

that as the valve is cioaed, the wate_ﬁpaeéage betweenffhe

body is diverging which weuld creata 1ow preeeure

fiow. The low preaeuree on the nozzle atn ltwf;' ‘
sidered_eerioue 1natmuch a8 they could be relievad=by‘aerstion,,

factor which had not heen intro&uced 1nto the p}:g

giderations predominatod, whereal no such innrovement could'ba expocted;'jh‘ :”

in the condition of low preesuren on the lip beceuac the eroa cauld
not be directly relieve&. ’ , L o LB i =
Applying the aane logie ae usea on thc aozale. the tube 1ip uan
changed te conform to the contour of the jct hy 8 roverae curve..elg; E
test 8D, the 1llp wae revised by 1ntro&ucing a reVerse curve, ag ehown

in figure 15C. Test EAY consieted of observations of the preeaures on
the 1ip omnly, and the resulte are not 1nc1uded. Similay results were

3L
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R

obtained in tast gE. Briefly,‘the presauras on the lip ‘were practiaal—.*:i‘ "‘

ly all nositive. ahich 1ndicahed that tha cnange was an 1mprovemant.”

pures at nartlal openings. A new casting

air into the nczzle. In the new model

lip B from its use in test SE

vanes in the body of ths valve was 1ncreased 3

cal. rTadue
from the valve body to the 6—inch diamete "__u ?i iff
made the nozzls a dnplicate of that used 1n.. ectric
No. 8. i ;" ‘

The detailad preasure Jeasurementa o -t BB
that the presnnren on the nozzle were negative for S_fand 100 pl,c _
openings. AS. the preaaures for 85 and 100 percent openings had.beon
positive for tast 80 it uas naceasarv to determine whether the chango
to nsgative pressures was due to the reverae curvo on. the tube lip.
the S—inch radius noszle, or the 1ncreaaad thickneas of eidn vanes.
The 0 lip was inetalled in the tent valve (taat SF) to ﬂetermino 1f
pressure gradient would colncida with the one measured prior to thm  ¥

change of the noszrle radiua and nnpporting vanes. The preaaure gradient Pragt.

sgreed with that measured in test &G, w0 the.adyerae conditions on the . ffjj”{,
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nozzle oould be charged to 11p E.

o 21. Lin B 1nstall d and 1ip pressures decreaned. f"macnnd lip ﬂ_":..:“ ,#
’ (figure 17B), known as the 0 11u from 1ta use 4n test EG, wae in- ,;__:-f ceel

stalled in which the 1ln WBE a circular arc wi,h a radius of 1 25

inches and a tangent.' It waa a compromi%g batween\'he‘simpla curve,V»




V - DETAILED STUDILS LLADING TO FINAL DESIGN

22, € 1ip rainatalled. affact of holes checked (Test Scﬁll*sﬂ

Gonditiona at full upening were aﬂsumed to ho natinfactory”and‘ tten—

is under pressure and the other‘under a"vacuum Bafore”nny air ‘was

23, Air admitteu throu’h holeﬂ in_nozzle_‘ Air was :

tLrough 24 nolea in row b teat SCAB) wlth the 1ocation‘ ng- siza

openirg was aelectea as. the ba51a of compariaon for'several of tha

following revisions Uecause it had 10&. although perhaps not tha luw—'55" 2 ‘ -

est pressures, before eir was aumittec.‘f"_ " : _
In an effort to enlarge on:the 1mprovement‘1nithe]prgé§ding to§f;j
2l more holes were added in row (V) (test 8CA3). The slighfuincrdase

in pressure as shown in figuré 18 indicoted that no.significanﬁ
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anravemont could be axpectod fron an 1ncreane_1n the_nulbar_of holeug

in thil row. .

Although it has baen statad praviously that the 1nw presaura ol
‘ip O could not be directky relieved by aaration,‘ainco it 19 1p-f;'

practiocal to admit air to the tube lip.;an 1mprovement in pressure wan h

expected a8 & . reault of an} increase in preamlre on the nozzle or in—

side the tube. Witn the amount ‘of aeration provmd *.'m teat SGAE. thoﬁ:

- figure 18 indlcate no appreciable effects dne to praeanw

holea. When alr was admitted to row (c i_;test BCAT th Hp eesure¢ ” i

of pressures on the nozzle this daslgn was vexy promising but ainc.ﬁs

row (¢) of holes waa located upstraam from thaé_alve sejt and wuuld'?

therefore, be under rull reaervoir pressure nt clorufe. it uculd bo

Recessary to install an autamatic ralieA valv\\which would shut off

the upetream air chzmber whan the preaeuzes b-oame poaitive st row ‘”H‘ﬁq
(c) or extend the air—supply pining from this portion ‘of - the air box

to maximum reservoir elgvation. : '

24. Air sdmitted to tube interior. When the vaive was als~

mantled to drill nolss in the nozzle in one of the previous tests,




holes were drilled throuﬁh the tuba nupporting rib- into the tuho 1 |
interiocr in the manner nhown in figure 20. acheme A bec““’ﬂiif 'ai5;  ff”n
anticipated that in- due course alr would have to be admitted to tho‘f,?
tube intericr. Although tha previnua teat (SGAT) had satisfactory -

pressures, Irow (c) Of holes wag locatadﬂabove the neat which vas Sl

objeaetionable as already axplained.m InAan'attempt tbiavoid tha us.,},,:.
of Tow {c) air was_a&mittqd tq.ththuba int 1or through_holes in the ; _; 1__¢

ribn, test SGAS. ‘Tﬁé nbizie'pEéée

situation is revarsad 1n the caue of the lip pressura- which we
higher for test. GGAS than for taat BGA? ‘ e

Although it was not appraciatad at the time;f: 'f
was & reaaonably uatisfactory designf nd a few additional remarks are'.
pertinent. The data ta&en on this valve were very:meager becansa?thc
test wes intended to show only the effect of aerating the tube 1ntarior_tf : .
for use later in the testing program.5 For this reason it is 1m§o“siblo:[f   ’ﬁ
to describe defi“italy the performance of the design at all openings‘ _;ij -7‘f
However, an eetimate can be made‘by using test 80&5 asqan index af”‘ e
pressure variation with valve cnening aince thé ‘ﬁly v"  ' ”' ‘.
tweer tests SCAS and 8CAB was that 1n the 1atter the tube.sunply wai =
open. A plot of the preasures at the two piezometera 18 and 19 againat' .
valve opening for SGA5 and ECAS iﬂ ehomn in figure IS.H It ie evident .hg f
from the curves that the data taken in teat EGAS whicwﬁconsisted of] N
teste at hO and 50 nercewt openings represent the ﬁinimum preasiﬁ9§7“‘“
and 1f the shape of the ramairder of the curve ' is assumed to followﬁ "
test BCAS, the arbdltrary limit of negative preasures 1n model terms:w_
of -1.5 feet of water is exceedad for 011v aome 15 percent of the |
total travel ae ahown‘in figure 22 Thia das*gn 18, therefore. re—

commended for further study at some futnre date.

b




To complete this porticular phase of tha study tha upstream air S
chamber was ouened (test SGA9) and air was’ thereby admittad throuhh
row c. \ rés were |

back up

25,

data at the larger opaning The preasure cc”‘ari
19 are divided into gxoups dut ona ‘test hasn 2]
pair of groups to provide continuity.‘ff,‘-

When the unstream air cnamber was oppned (test SEn2)<it vas

evident thot this portion of the valve waL‘under pzessure scvno teat;.i 7w¥"

was made. . . ‘ :
When air was admitted to tne tube intarior (test SEA}) the pres—
gures were raised considerably ap shown in flgure 19A

(Test 8LAJ) A digression Was maae at thiq point’to

called jet—centaring ievice which was designed to stabilize the eddy ff”f."

inside the tube and Possibl) Droduce higher pre%sures The natuze of :1 T-‘-1¥

the device 1is shown in tne various posibions tested 1n,figure 17D.

Since no aigniflcant change ‘n pressures could be datected test data

are not ahown for this: design

26. Equallzing groove installed at row b. ”A_gfod?e, 1/i5ein6h

in width and located 1/16-1n0h3downst:eamffrqm the seat, (test 8EA3Gl) .

wag moechined around the noztle in the menner shown in figure 17E. .

This groove was gu_.plied through the'existing rov of holes, row (b).
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1t vas reasoned that the groove would act a8 an equalizer an& would

supply air in a continuous linn rather than just at the. positiona of

the holes. The change in prasaura dua to this groove was vary alight.; i
When the groova WAS widened bo 3/32-1nch (test SEA}GE)fas lhown  ‘_fﬂQvfﬁ

in figure ITE thore waa no:. 1ncrease 1n

z functlon of the bcundary curvature;fff S R s
The 1ip € was reinstaLled-ttest 8‘*"G2) h ”aupposition thaig?_;;}-“ﬂhl
with this lip the pre»sure dt the groove wou $J 1lo;ered and moral‘}':': tw
air would be pumped but the tast results indicaL_-that there was no;  “,;"

improvement.

(Test BHA2GZ and 03) While attention was again focusod on che

40 percent. ﬂhen this deaign was cperatad at lof; “"J

disintezrated badly so the design was abandcned..‘r 4 S
eT7. Eg;gggr develooment of lip desigm . The E 1ip was re-

installed and the ,llb-iquh diaméter holes were replaced by double -

their nugber of 3/}¢—inch diameter holes hauauae the latter size S
would be more practical ir the nrototype. sve figure 17?.- Tha four;ffT ”“H
supply lines to the alr box scheme A were. repleced by two risers of'
equivalent area - schems B, figure_zo. The test results. (teat SEAM) 
indicated that the oressures were not changed by ery aignificant amount
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with air relief thﬁ quantity of air irvolve

‘The groove of the previous test waﬂ filled a d-ranlaced by a row 6f73

at a valve opening of 60 percent.‘ The deaign of the nozzle was
agimplified by . eliminating the upatraam air bOT as shown 1n figure

177. At 0pcn11ga below 60 percont the groove had a detrimental effocigg‘ f

this resses the grcove was abandoned. Although inj‘ll previous taats {fﬁff

shown in figure 20 ' Measurements of the qpantities of airiflowing '

were made for comparison with later tests. '"

all holea e”"

96 holes of Q. loh—inuh diameter. All other holes were enlarged from4 7
3/32-inch dismeter. 40 0: loh—idch dlameter.yﬂ ese ¢k a Gary

little effect ‘on the pressures

tests Snﬁh and 8“&3 13 shown by a comparisan of alr‘discharges in ,,f;”7"
figure 27 It was concluded that the possibi’ities of air relief by
means of holes had.beer thoroughly exhnusted._‘ ‘ ' '

£9. Furthar simﬁllficatioﬂ of air—box'supn‘g jTest SEA_l

two euzply lines feediné the air box were replaced by one 1ine of

greater cross—sectianal area- and the attachment to the air bcx was Tf '

accomplished by a transition as shown in scheme C figure O Thn]mr- o

adeguacy of the 31ng1° sunnly liﬂe was demonstratcd by the uniformity‘f:ff'"‘
of the »dressure around tpe nertoherv of the air box.ﬁ Annther feature.”:

of the problem was high-lighted wh#nfa more Or less routine ohange

wag mode in the nodel set-up. The;transparent conduit,’including‘the;‘

deflecting elbow and terminal cone, had becoma warped 8o 1t was re-

placed by & brasz conduit with the elbow and cone made of sheet metal.




This change resulted in a decrease in preebure at ‘the end of the valvu

of epproximately one foot model et 100" pezcent opening. Due toi‘f”
decreasa at the end o* the valve aome of theépreasures in the ralve
were negative nt lOO percent onening. An investigation reveeled that
the small end of tne ‘sheet metel cone. whieh waeemade to the proper_fﬁ:"
size, was 0. Ol—inch 1axger 1n di&metez than T

which it renlaced. The transparent cone which wns‘fabrica ed of
cellulose rlastic had obviouely skrunk by this

of the cone waa to creata back pressure et 100 _

axit diameter is very czitical as indicated by this tes_ T
parent that in uhe prototype tue dimBnBiOﬂS of ‘

be held to fairly close tolerances. ERR e

30. Develonnent of slot 40 replace holae

ent method for 8u¥plying air ta the nozzle was;

in test SBAS, 1t will be noted that one’ of the rowe was upatream“rem;

the siot and two of tnem were downstream Referring o figure 19A itﬁfu"

can be seen uﬂ&t ‘the elimination of the air relief providsd bv tne row‘w

upstiress from *he slot lowered the pressure at this point end th"

effect was reflecte& upstraan. Also the. abaance ‘of the‘two‘downstream ffffif

rows lowered the preesure considerably at the end cf the Valve ,Ap%r e
rarently this last effect was due to the snarpnesa cf ‘the downstream

cornexr ¢f the glot which created a_contrection of the air-stream.-.-'




In en effort to relieve the nresaurea at the end of the valve +he$? ”

downstrean ccrner cf the slot wﬁs rOunded for test SEASE by removing

the portion mnrked ‘ ‘a8 shown in figure 17&., The‘pressures-were re- {3 " 

lieved downstream from the slot but the nreasures  M“qﬁJ
materirlly imnroved. PR E

The slot was next eruended.unstrenm bv w'w

inches to 3.706 inchee. (tes‘t;m 10). ‘,andV
slightly as shown in figure ISF but wer“u

which this occurred was the degired Dpening.h With a travel of‘j 82&;‘,, .

be made on the basia of equal dintances from thdg iosed poaition whichffi.il

does not change with tube travel.fi o Sl .
32. Tabe agpoly enlarged In the previoue leries of tcsts thc

tube air. sunply. which wal alwaya open. had a constant area. how thl{f
area vze incressed (test SEASIE) as shown in figure 20, scheme C.
The pressures wert raised somewhat as shown in figure 190 but tha only '
significant increase occurred at the downstream end of the valv,. ‘The

change was due to the fact that the incre&ae in pressure inside the




tube allowed the jet to contract mora and this allowed more nir to:'

flow between the outar sur‘ace of the Jot and tha Valve boundamy.““

This contention is borne out by the increaqe in air diacharge shown”‘   ff L

in figure 27.

wars taken. The significanc“:
dlscussed in connection with the comnarison:'f th'“ "”'“A”

20-1inch and 6—1nch modnls but the variation of themminimum ‘ressure

with valve oneqing is ahown in figure 22. ,”ha;ﬂrm1aaib1e préssure ;g-'.ff*u

wal arbitrarily set at 25., feet of vater urototyne which corresponda fﬁf_**

to -1.5 Teet. in the 1 to 1? model The range of onenings from hh to
93 percent for which the nerm*ssibln nevabive pressuru waa exceeded

{2 indicated in figura cl

For ourboaes of comparison with 1ater deaigna the coef’icient of~:3_':ﬁ'

discharge of this design was determined 1n two ways For a valva 1n e

the lower tie: oparating under full head,the conduit downatream from Eif,{ .

the valve fldwed ’ul anL the comnlete outlet could be treated as u
unit. Under these conditions two different coefficients of d1 chargal
can be derived fcr the same pipe area and discharge hy using twoiaif—
ferent heads.j First there 1; the coefficient based on tha head fromz
the reservoir level to- the elevation of the discharg' ‘ y
coefficieut will be deairn?ted as CT to denotc tha&.it’ia hased on

the totsl haad inclumirg the siphon head of tho discharge elbow.f?ThﬁV"_ﬂ- .;{f

value of Cp for deeign 83&512 wga 0. 69h where :Jn,m

"conduit area’ 61 A .
This coefficlent apnlies only when the conduit auwnatream “from tha
valve flows full and the siphon ‘head of the discharge elbou is of— ‘
fective. A second coefficlent which is probaaly more versatila fof
comperative purposes is'ono basud on the head drop across the valvo

only. Buch a coefficient is an index of the performance of the valve
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since fshe ef!‘.at of the mwnltrem oondnit 1: .11!1::“1 ‘r mmt“

the head %o the prumo dwnltnu rrul tha ulvo. m: sssffiotient e
¥ill be designated as q, to indicuto thst 1t oxprolcon tha p-etou-a:noﬂféfj

of the valve only '.l'ha va.luo of ﬂ, for duign msxa vn 0. Ths .'!hu' ;;;‘ |
cootﬂcient may bo rega.rd.nd n.llu as tha fru disuhu'go an‘ '. f_. e
The data ruqnired for dnigning the va.ln opmtinc lumtu

vere cbtained in two wm. ﬁrn. by mlnri.ng thn torqu roqnlrod 'h ke
operate the 20-inch. Ilod.al under prototypm haa.d lnd nconaly. 'hy .5[-',",‘ iGN

integrating over the uu-aa nf tha tuba tht prennras numoa 1; m e W

6-inch model. !Ehn remlts of the ﬁr-t nathod aro qnutioublo ;na m.
theroi'oro. not mcludod 1n thh report. 'I'ha torqu reqnu-ea‘to opan.h

the valve was muanured for both tho opening a.nd ololing qnlu on thl j.jy

premige that the d.".fferenoc i.n th‘ ‘two mel u.ram.nt. "mld 'b."‘”"‘
the hvﬂ-roda'na.nic thrust. Tt wu lmawn :t’rom tha :

prototype which will be Operatod hydraulic&lly. no
vpera.ting Iorces required for the prototype could be mnlo from the

. operatiocn o*’ the valve consiatcd of 1ntegra.t1ng tha preuﬁne nmo& |

in the 6-inch mod.ol.- T
estimate of the friction forool which opposo motion cf t.ho tu‘ba. !ht
estisnte of friction forces 1s. not traatad 1n thia report which dull £
only with the hwd.nulic forces !he unbala.ncod forcl on. tho ‘Imbo 1:

that caussd by the differenca in pressures em the lip of the tube amd




measured Piesometric presauree onﬁthe tube 11p wer
prototype terms for a hsad of 322 faet Tr 

in the 1ower tier._ The uressure at ea

under this curve was integrated graphically and'multlpliod by Znto givo ;1-T

the total thrust for each opening.(,This force acte .
gince all the msaaured pressures were. poeitive., Tha for.__ ;‘_f“f&“

the back of the tube on the projection of the 110 area vas obtaincd

they will be discuaaed auhaeuuently in connaction vith the confirmation?{ffVi*

tests uhen the oerformance of the EO-inch mouel 1a compared with'that
of the o—inch model. ,- T L i .

3k, New lip ¥ substituted for E.. It was indlcated in SEASIE that  '

for valve onenings less than~five nercent there wers very low uresaures;  ff

at plegometer 19A as shown,in figure 21 When the tube is in thia

position the passage formed by the tube lip and the- nozzlu is &tverging

and critically low pressures arc set up in its minlmum sectlon £8 1in
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the throat of & venturi tube.: Thilqdivergenca uan‘elinina d
ing the center of the S—inch 1p radiuu'”
the lip and nozzle would uoincidey$' ’
aignatad L) eeat SEA512.P This change
at five percont opening. but t

onaning., Another factor in 1ts;redoction ve

with the 20— and the 6—1nch mdals. As . parﬁ of th

Tow of biezometer holes. row "B“,_“

dinal planaa.l A more completa d151 "w“W .

box to -the air snace surrounding the;Jot 1mmad1ately downetream 'To

the valve. A chokin? effect waa indicatad by the difference in pre

sure ‘between these: two points in test KEAbla. Referring to flguie 27

it can be seen- that tha situation was materially relieved as 1n&io te“ §?r~@ﬁu

by the subatanbial fnerease in the quantity of air passing thraugh“ RN
air box. The amount paasing to the tube 1ﬂterior decreaaed becauao {_51»
the adﬂitional relief nrovidad bhrough the air box allowad the jet tO\

!
i



r.gulation wan oxtended appre"' l"bly L The va.lve cosfﬁnien.t or (L,

. ‘was net dstermined oxpermezitauy Tut 18 vas estimated to have s valus
/ E _‘Qf 0 72 by uning the hoa.d aoroas f.he va.lve-._ Kn obta.ining tha hud
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across the’ Valva the prsssure haad at the xd”f ‘the'vaLvarkas

assumned to. ba aqual to the pressura head msasufed 1n the air box.
For BDY conuideration of this denign for the 'ree diacharg ﬂcon&ition

it was d.atermined thet »for a vam mj the lwer tier th »pres‘sum in
the conduit dnwnatream from the valve dropped te zaro he “the‘ren -
-vnir 18?31 waa re&ucad %o 20 peroont of its maximum 1ev¢1,or when‘th.

'rnaarvair leval reached a level corroayonding to eleva“ion 806 2 feet

i-prototype. For resarvoir’lavals luuer thsn elovatio ﬁ‘OG 2 vhich wi .
be dosignated as condition 1 the dilohargo was computed by uling thoig¢xﬁ T;

.caoffictont c, with the hoad meanured from the centur line of tho

x%‘VGIVQ to the regervoir level. For roucrvcir levals ahave 306 2,
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voir filla. The vgriation in nermiasible;
ent renerroir aurface elevatians waa nomp

guidanea af the fielu operators. as nhown ”n 1gu:

water diluharge at the same
Thin nathod yields the valuewl

duged for the intermediate and upper tiere aince“their“air requiremant

are smaller. omput e e

"slge pipe unich wlxx nave eqaal velocity_conaidering helrednced airxf

- discharge- For eqpal ve10cities the alametars must haye the ratio of
- ‘the square root of the ratio of air: discharges’ ﬁif < which will

ba for the intermediata tier D ~;f_.. ~__‘_r x 36 32 1nchea. and

for . the uppar tiar, D VE.J2572 205 x 30 = 28 1nchaa._?
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In donigning the prototypa air piping the maximnn‘mronsur head.

in the . air box must he'kn*'

parisoen mado with aEASIS
as shown in figure 23




: 1gn vhan it wau conaidcrc

atmospheric pro-'urel-}i?ﬁ u

yalve. This atatumont 1s'perhapu atarli ‘llried
-aion 1w neooulary bocause thc :
”from tha air: box differed fram thono,_

'-1nterior.

The magnitude of the~7acunm 1n

the oase of- the tude 1nt°ri°r the qnantitr of air 1tielf‘1|f; function{sf»\

-of :the prennure within the tdbo because the air being pumped dapends

 .on the shape of . the nollow cane which compriaea the inturior of the

Jat and this ghape in turn depcnd: on -the differenas 1n prasnura

64




between the 1nherior and the erteriorwof the Jet'

of the: jet. There was 1nsuff1ci

gures. exceed: this minimum value some barrier mue

k3. Air. aiucharggs for prng nsive valva changph (BEAh:to;EEA3122..“‘4

The changes in air diacharge vith nrogressive changes in'valve”design f{ S

.-are shown in firure 27 All valuas of alr diucharge aremgiven. nﬂ_odﬂl

. terms’ in order to aroid the complications introﬂuced Lby the phenomenan

of critical pressure._ This phenomenon atated suecinctly 1a that vhen :
air is 'flowing under -a diffarential presaure. meanured from atmospheric
conditions. a. maximum veight: diacharge is attained when the differentisl

‘reachaa e value equal to approximately one-half atmospheric prsuoure.
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the saxe Proporticn. ‘The reaaon for this‘l":w'”‘”“'

il;s..-: ‘
;-umcomnondation for th. si es of the a,ir mpplyflines tor :he proto- AR
. »tnv" by ucaling up the mdel remlts 11: 13 ne&eiaary t.o conaid.or ﬂm—_;/-i:f.l;
.Offﬁotﬂ of . dlrferencos in air d.ensity !’hose effecte will ‘be d.ia—f k =
enesed &8 a- part of the couminon b-hwon tho 6- aml 20-1noh mod » o
and it s snfﬁcimt a.t Ahis pou;t to uarely ltate that they were‘ :

_ _,V,noglootod 4n -oa.ling up mdcl romlta. |
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frw m&ul neamrumntn. bar tho ar
~;por saoond na:im :ln tho 36—1nchv iy
S oum u the: aa-:.neh pipgg, |

15 iha miiuation waa changﬂl oollphtoly and.‘_

_.,gcﬂpund 4n tho sm mcr mm.ld ‘ne 266 toot per unond._ i
: "jz"ﬂ“ 36-inoh PiP‘ "“d 55 0: f’" per ucond in" i.ho o ED—M mp- :;v"i'-..;.‘_-ff-
o 7”" entire ”P“’“V of ‘the. 35-inch Plpo oould. b. uuuud Wit the m.
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aecond. Therefore. ono 20ninch«pip voul

maximum air diucharge Assuming an atmoaphéra of :

‘the air box may.‘tharefore.‘be:
2.0 feet: of water.f? The v

based upon. an air bax pressure of ,.hrfeet £ ater ‘ag :obtained

the model measurementa. The fact that the nrctotype prassura wi

higher by - anproximately one foot on i [}

will onerate as a- small factor of safety, L;ffwfalﬁ



L6 Purcose of qtu51es

svglve to thls roint has heen uirectad‘gy(tﬂ :

- ficient: of discharge. whichf”as malntalnnd“atf h‘ unusuallv hi
of 0.70 or better.. It was 4o erofit
two valve 0631~ns whlch
operat1on as 1ree c‘lsch"rf
these studies were madp witb onP J;?,Lﬁ

desi&ns and bnve been described 'Pevioual

inch diameter :Lnlet the out.l-—t. dis.met :
V:less th&n 6 inches Tnc smalle:f

meter of the needle vnlve at 100‘
would flov full et thia onenina

',Through soma error the dlametar oi the

'1nchas which gives SCcle r_tio ior?_he ccnauit 0
conduit, ita lenbth_ﬂnf the diameter
”‘values by iLs 8 percent.ugjf

lzas the - additianl friction 1038 1ntroduced by the extr‘\ er

isnall.- The excess in the iumeter at thn enﬁ of the condu\

% ydrsulic Laboratory Report No. Hyd. 163. L
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only a 11m1tod numhar of tasta
to: pl.a.ci.ng the ve.lves in A c,on&u

*Loc. cn._ |
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air box. Tha praanure in the a.ir box* “ :

‘the valve. that 15 the pa.l:tern"

Expreased mat.hamatically Jak

iy = h
AT X = constant
by~ hg T




ﬂo\v e 'S nlumm Point (x)‘

qguuunt at 50 n.nd. 20 pcrcent ‘16
at .'!.00 percont., This ny he oxplaino\ by th »fnt

nupplying tho rllicf a..tr.‘ It follc\u fzh

will be the vacmm a.t t.he beginning o! ,tho con&ni‘,u‘ ntn which
is d.inoharging. TS '1 e
. The mgniturie of the vacm ‘Below vha. va.lu :h ‘wome oomplcx i
funotion of resistance of the. condnit, the manner of sdnitting’ nir,:.-;_ .
thl quality of ‘the water Jet, and the n.lvo opaning.;. In telt E—I e
- the on:Lv variables were the valve upcninc and the qua.luw of tho J-t
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‘ ;--n- thun nltiplied by ,tho
vhiuh mmld have 'bnn obtain

-ulve oponing 'bocau_ 7

_point. Tho uount of: d.ownurd -hift 1n tho rost of tha B :
:bo dtrﬂcult to: do‘tamino lmt lt vould 'ba o:pectcd o docruu with :7} » ‘
-;.noruoing ai.r denu.nd and to pruti.a,lly iu.lappoa,r at a. vaf.er dl.scharg- . :

‘_'?8' L







of 2.5 ¢. £. 8. bacause 1.n both curveu 1t appears that for d.ischargea . S
less than 2. 5 c. oo the quality of the Jet 18 he' ccntrolling “factor

vhereas for, diucharges greater than 2 5 c.f. s. the 0 t e
control. It wa.s. therefore.”' assumed ‘thatltha,m::imu.m. +1 ‘discharga" |

less than SO percent. ‘ l'or a tme compariso

‘ gho ulve urusf. 'be increa.sed 'ny tha ratta 6 53/6 00 vhu-e 6.00 i.noh.. , o
in the dimter of the nod.el for telt !—H 'l.‘he uodlo valvo with o
‘ theu new d:u»nsionn 1: conparud. rer uze vith m315 i.n rim. 33
The. roducuon ia: duumtet from. E 63 to 6 .00 mchec Ao, conmct with
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e nhnvn in figuro 33 U
| 1.9 Test 11: !n'be v’ ve. 1n :

" am in teut ]‘-H. 'l‘he relults ara anovn in; figur

stable st 0pen1ngs belcw 25 porcent. The variat

figurn 32. The values of air disch€rzﬂ arﬂusub33°t‘ .‘f

~_head of 323 foet.‘  . ; _ e .
The . dimensions of this valfe;for compariaon with SLASlﬁ‘were”‘”57":

; vnbtainod in the same manner aa tho:o for the needle valve._ Since tho |
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A00-Psrvent open

20-Porcent oper, nearly meximum eir demand

FRIANT TUBE VALVE INbTAlI;E:D IN CONDUIT




accomp1 ished a.s nh0wn 1n ﬁgnre 33 i







uaf air—water flow ’than to serveﬁ

;modorately d:y atmoaphere.: The 20—inch morel‘was§ H
Dam -An | tha Arizona valve house whic,
.SOO feet abova .sea level. _“ : : 3
. the apecific weight of air at Denver wasZOVOGZ a8 comnnred with u 
.’0.075 at: Boulder Daz. This range of snecific weight is lﬂrge enough
" to include any Llikely. diffe“ence betwaen mcdel and brototvbe.- _ :
' Some of the difficulties encountered in the tests of - the 20—inch

-‘model vere dzscussed along with the descrintion of ‘the testing arrango-;=°

- ments for . this model. Additlcnal difficulties will ‘be briefly sketchcd ::T1

86




_nurnose However. fh aarlier tes 

-nite change in regimen taxes plaoe andJsimilituda__etwaen the two

models is 1nvalidated. Other undssirable featux ; of esigns vith
air. rellef by means of holea as brcught out 1n thase testa wera (1)
the presence of very " 1cw presau.res botween the a.ir reliaf holes :and.
(2) the occurence at some valve upenings of ‘8 condit _1 
entered some holas while othera were under nressure and'diuchargad
- ,uater 1nto the air chanber., These undeairablo features. nhich uare
| ‘brought out by ‘the high head tests, led to the doveloonent of thn _f:‘ ¥
alr slot type of air rellef. Purther develcunent of thiﬂ typa 1n the j:‘
‘6-1inch model led to design 8BAS12 which was adopted- as a basia for




corrasponding condiuian 1n the 6~inch nodel., The%s nrce‘ fQ his .

the resistance. of the eupply line. Sincégtha pr :ures in-the’cr:

cal portion of : the' valve were affected by any. Y3 e 1ﬁwthe nressure o
insids the tube .ai. was necessarv to datermine ﬁh relationshin betw-en :
the prsssure. at each piezometer and the oressnre&inside the tube” f 1 .
‘This was aacomplished by : dismantling ‘the air piping nrogressivoly andf"”“
,neacuring preaaures after. each chango with aunroxinately the same

“head. Eventually the air. niping was atripoed down to: the tranaitions

-and a.flow nozzle followed be' s’ “3-4inch gate valve wan attached ‘to

28




each transitidhitc rncilitate changes in; ie”feﬁiﬁfanpg

The test results were correctad*yo

measured praa:ﬁro aiatrihution”"hrough the aritiual one
at plesometer 27 wag uggd as-a ;w ‘ L

2L naglectod.. ?rom th. novoful.test ‘at ;eagh ‘apeni;
model one or: more wera sslected P B A R

at niezometer 27 which was“

the compariaon ana to elininate thiidiacfepanoy botween he
-weight of the air for the two differant modeis._, sn . t}
and ' measured presuures were comparéd 5 hovn o Mfiguh :3
agreenent - was satiafactory ror openings u‘“to‘GO i
opening to 100 percent”there vaa .an’ appreciabi'
ly for piezometera ITA through 19A |

The polsible lources of thi‘ &1acrepancy
-thoraughly 1n tho 20-1nch nudol and v

'ancy in: test reaulta. The 6—1nch val as exnmin(

1t was Tound :that - the pluzomoter-;wero iocatéd”_

°f tha r1bs wheraas 1n ‘the 20~ 1nch mode] ® \plezo r

‘midway botwaen riba. This location 1n :.aiﬁ—inch Vode%?darivc

:“?bﬁan attcnpt to koap the piesonetera aB clo-e to

:posaibis and linca one o fths riha vas on

.natern were. quito clolo to 1t.-;%,£ ‘”‘” !

en tha piezonnter openingu naw hie:onutern wer- drilled midugy'bo—.
.itweoa ‘the . rih- ‘ta. corrclpond with thooo in the ao-inch valve.; Thi'
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piezonetern. abeled SEASlEB
_ aults for the 20—inch valve

.opening was 1t considered serious enough g

 ?5—1noﬂ vslve forga mnre positive check;'

. 5ror piezuneters EDD to 22 incrusif' hich reached a m
100 percent onening._ Whlle there was. niwide”diverjen':

close. ‘In addition there wa-.a?nharp. 1

od hy the Junp can he readily fﬂ L?; Q
‘location of the Jump Thi“”

" Aings amaller than 90 parcent, the Jump moved out of“the valv

' the conduit. _ 0 S
When ‘the 20—1nch ‘model was chacked over for poSsible sources of

‘he disagresment betweon the reaulte trom the two models 1t was faund e

}that ohe dincharge .cone at ‘the end of the conduit vas aomewhat«undnrniaa.wj
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Thil wal du. to.thnjfethodﬂﬁf. racing 1 adﬁi@é}é&ﬁihit:ihi aidss

of 63 faet.- Again an in the case 6:" ﬁh

obtnlned. !hie waa done et only two openia
percent for vhich the conduit flawedkfu

extend to the valve. Thu lrasnure distiibutio zf‘ifif“

,erfects of this changa on the fth nf air 1t was evidxrqlkf ‘ s
| test 8!&312 the Jet was flowing more or less in contactl ;;ffhu:‘“

boundary ‘in this regicn. Any air relief for the sPau ‘ Knmi‘

the Jot of watar downatream from the valve must either pass betueen

the jet oxterior and the V&lVa contour or be picked upfby'the jet ‘
proper by roauon of the roughnesa of its nurface due to turbulenca.‘g;iri?“rg
‘The pressure in the ragion from 22D to 22 was a funrtlon of turbu~=i‘f;;ﬁl

'-Eflonce which was not sinllar in the two models. Therefore. the dia« :

:&greenent of pressures in thie reglon was underatandable and since |

‘the differences were minor mo further investigation was made.




smaller model.. The phenomena of :ejaratio. and lt

of fluid mechan1c$. At a few openin

wveight of the alr for the tto models. A prediction of tw

ir 1t is aasumed thet the reAief air can find its way unobstructed to  f;f ;;“;

the regions of low pressure. The Jet of water at any given valve :

-Qpening together with the actlon in the conduit into whicn At is dia— PR

charging has the capacity for pumning a definite quantity of air ex- .

‘pressed - in terms of the nressure 'in the conduit. If the atmosuheric
conditions were somehow chenged so that for example the apecific

weight of the air wac increased the fbllowing effects would be
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nzpoctud. The Jst of water would nt vmpt

greater drop'in'presauro through thewk _QL
requirad. Tho volunn nf air would expend du

sent. For thiu reason any attempt_

questionable value., The confirmation test””wil‘ be

that the model renults can be oonver

tuha) | The elope of tha line 1s'an ndex uf the'reslstance'of b |
air supply linas. The air discharge used in his plot vas: intendedfM_wﬁ'

.te be the quantity st. the pressure of pieyometer No;“ET hutmthw'dif-k?"””‘ el

ference in preasure from atmospheric was 80 small in all casea ex-gv";'“
cept where the tube sunnly wasg. entirexy closad that atmosnheric  : .:k

pressure was snbstituted with a very small error. The air disqharg;fﬁfri
shown in figure 36 doee not ihglude the quantity of air:takgn Uy the e
elr box which was found to bé very sﬁallz, fhe.air éisch&rge:fhfough |
the air box was so small in fact thet a 3-inch demeter intake orifice

# s
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o

AR DISGHARGE TO TUBE INTERIOR IN G.F.S. AT ATMOSPHERIC PRESSURE

T TOTAL AIR DISCHERGE N CES. AT ATMOSPHERIC PRESSURE

a0
. VALVE OPENING iN, zRGENT _
B coummsow OF -AIR .DEMAND IN.6-INCH : mov
mssasm as.ns@




»1.Jni.nor eff 't
dm 26 d:!:fferancu 1n ur donoltiel and frict!.onal uuu b.

tho EO-inoh lodol.

: !‘hu curu vu o'buinodm\fron‘: the 6-1noh’:‘od.ol
-hy tho following pronous.' ; .

80 the "n.ue dropped
The n.].uu of atr flow to the. tub. Latersor thus obtained £
soaled \gpw o ﬂu eobim mm marun,g %o
l«uﬂn band. oD & eonn.at‘ulu ef I'Nup‘a m:. :




under a much higher

'Theﬁ:ESults of the tests with the revised deainn KEA815,>were

scaled tbiproﬁﬁtype dimﬂnsions and the rnsulta are sbown in figure*asr,_‘f

The diatribution of the totﬁl ‘lon hetwnen tuo air box and the tube

interior was meaqured in Lhe -same manner as test BEAbIE but the results "

are nore -relisble becnuse ‘the 1Pcreased flow sthrou ki, the alr- box mada

the differentinl of the pivo; tube much greater.




 Boulder ]Jan.- 'L‘he aﬁ'ects '_of:~a c;hang
the 6—1nch model by enclos" £11

to the higher: GDECific veight mare%thaniof‘sets the 1ncreased diffar-:"f

ential required for driving the highe: dsnsity flnid. The abloluto o
pressure will' be ‘the sum uf the two effects.J The effect of a
cha.nge Ain denuity of the . air vhere consid.ered with the,; hange in
atmoscheric nressure can be aafely neglected for all practical purb

,'DOUQS.




