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Denver, Colorado e CQmpiled by: . Fred Lacher .
Saptamber 12, 1944 s L _:_ Reviawed by: E._Warnook

Subject: Model studies. for the devalopmont of tho hollow-jet vnlve —u  :
knderson Ranch: Dam. - Boise Projoot Idaho.- - :

IHTRODUCTION

1. General., The water conservatian and irrigation domnnda of ;'
the Bureau of Reclamation projests have. roquired accurate. rogulation
of flow either from the reservoirs to: the various- irrigation: projactsa
or for releass downstream to another reservoir, . The: valve in earliest
use for this purpose was the balanced Ensign type which wae. insta“od
at Arrowrock and Shoshons dams and other: of the: onrlier dams. ‘This*
valvy was very bulky, and cansidor&ble trouble was’ oxparionoed‘with

ite operation (laboratory report No, 136). The Ensign valve was: auper- i : :mH

seded by the needls valve whieh, after: considerable: adjustment AR
found to operate satisfaetorily. Howuvar, the valve wag . expenaive. und
its eocefficient of discharge was low, ‘In'*the aalroh for a’less oostly
¥slve, the tube valve was developad. J1ts: douign a1 similar toa i
‘needle valve with the major part of’ the .downstream ‘end of ‘the noodle
removed, This arrangement was laeezs sxpensive than the ‘needle: valva.
but the coefficient of discharge was gtill low; and it 'had the added

disadvantage of not produoing L ctabla jet at amnll YAIve oponings.;,,i =“fV

Further search for a more nuitabla reguluting valve with high

heada produced s preliminary design for the . mo-oalled hollow-jet valve,  f

which was submitted to the hydrnulic hborutory for tuting 1n 1940. L

. mnPdss orvuovnus'runxss :

2. Scope of tasta. “The purposo of tho nndal tests wag to in-_".
vestigate the faasibllity of .the .proposed design, The investigation
inecluded a study of the valve operating mechanimm, -the preasure dis-
tribution on critioal portions of the valve, a comprehensive calibre-
tion of the design, and & study to determine m suitable looation for '
the balanoing ports in tho neasdliae,




%« Summary of reuultu{'7Preiiuresuon;tha-valyecbddyiand“tha;héedléi’fl:f
of the final design of Iigure 4 were positive for all valve:openimgs, -~ .\ @
Although thay decrsased and became amall 1t;sumd;pqinﬁsfng;théﬁnqbdld :
approached the closed position, none becgmq‘ﬁegativdifﬁnd.itjipjgot{ e
anticipated that mmy trouble ‘due to-chiitatibnniillgﬁejeipariencbdrtith”*‘
this valve, Disoharge coefficients and capacity curves for the fipal® '
design (figures 4, 5, lhdf&)wshun,¢0nhiderhbléQimphbvemgﬁt,oie}ﬁthéﬁfdk RO
mer pesdle and tube valve’designs,5_Theicoeffxdiént‘dffﬁhe;holldifjet“f,“7
valve, based on the inlét_didmater,\vak,Oéagsgqt~ﬁnxim&u:opbningfauﬂ'hf :
compared to O«SBS‘fDr‘thd{Friint-Dam:nqédIa'QAIVes,ﬁandwOQSZﬁfurjth§~*fla‘
tube walves, By'incro&bipg,thq nq¢d1dﬂtrarel]of:thathAIo&:jetfvglfeupd}{
105.5 percent of thg_dopign~trgvol;ﬁit_y&ugpdléiblé;togoﬁtaﬁnf£«¢oéffig[:
cient of 0.724 without'maturiglly;;rrpqtingftha,prghhyré_distributiunj .
(figure 5), (o a cost basis, at the headworks of the Friant-Xern Canal: =
it was found possible to effect a saving of mpproximately:one hundred
thousand dollars by replacing'thé;tﬁp_ndedlp@?deegfdhdjthp“xtbﬁtpbb;;s:'{
valves with hollow-jet valves of thefgéﬁsJdiathtgégéapqﬁity};@ndﬁgtnthﬁ‘;
same time to have valves which would operate’ eatisfactorily over mny =
rangs of head or opening, e T i iy

. THE INVESTIGATION -

4, Deseription of the-mddal;j,The;inlstjdi!ﬁdtdt[bffthe@hyﬂr@ulicj*~
models was & Inches in all«caseug.fhllfbéttkf@ffthb;igl?éqiefé{bféﬁ;é?: o
cagtings carefully machined’ to obnfcrniﬁy[oféshipéiinﬂ;prbpperiniéh:f‘

The operating mechanism of the”first_valygs?g;s;hydfguljé;“?fhéfllﬁéff' i
models were opergtod‘nnohnnipallyi{]Piggppgtgrjprgéa@rbSaiefe taken ‘in

practically all of the models, . Theglo¢§ti§n§]pf1§hécﬁip;o&etbf5¢afa;]T* L
shown on drtringa-of“the_mpdelyvnlve[ahdfqréTdéﬁignated[byﬂg*di?él@TAndf;«.f
a number. R a ‘-wf”“V“Wf;”fjgf‘@ R e R e

To expedite the testing and-provideVanfiﬁqxpanSitﬁﬁmeins;dfﬁdgtéfé”__~
mining the practieadllity of‘gbme~“fathe;auggettag{deaigﬁg,;ghgsgtbdy;gfj-w_
namic model was constrqcted‘to’prov1ddvfdfﬁté#tingjthbjlz;iqchtdi&mﬂtgr157"
valve segments, Thie uodél.conaistod-bf{aﬂleﬁgthﬁof{6913¢hIdiiﬁétﬁfi‘Lfﬁ.y
metal pipe; a tranuition,from'G-inch;di@moterrtp{gfﬁ5édqgkdqf6+inqh3;'; S
radius circular segment; & 456degreejV§sh;pqdﬁch#npel¥*ithLéné?;iﬂefof"";"
fiber wood and the other. of transparent plastic; and 45-degree plasgtic
sectors of the valve body and the needle (figurs 24), . The segments, " =
except for the needle, were fitted end bolted to the sides of the V- _
shaped channel., The needle wsa-nade*ndjustabls';ndfiahdcont;ollad;by'if"

& rod paesing through a hole in the end of the V-shaped ‘channel, ,The =
Joints were wade mirtight by Placing fillets of wolding clay along . the
seams inside the model, Air wag. supplied by a 4~inch positive dis-
placement blower. ' ' R

Piszomaters wore installed by drilling emall holes into the model
segmonts and inserting small copper tubes for attachment to & water

<
o




munametar.'“The‘cohnedtions'betwdén’thé*plidtaﬁ and the éqppdf'fubqng_"‘”

were made airtight by -placing plaster mortar around them,

6. Initial tests, The preliminary design of figurs 1A was'a 6=~ -
inoh bronrs model having e hydraulically operated needle, Tests with
this model indicated that the operating mschanism for the needle was =~ '
satisfaotory and that aocourate sottings of the nsedle could be obtained == -
with the aid of an ipdieater, = . oo e o

The coeffloient of discharge, based on the inlet diameter amd =~ . -
mximum opening was 0,607, which was considered too small in view of |
results obtained with the neadle valves, To inorease the cosfficient .
of discharge, the needle travel was inoreased from 2,00 to 2,25 inchess =
Thie inoreased the coefficient to 0.6Z1 and the plezometric preasures
did not indicate any negative pressures: on. either the needle or the .
valve body. The ccefficient of discharge wms' then inereased to 0.692 :
by increasing the body radius, While this coefficient was more satisms =~
factory, pistometric pressures on the needle indicated severs negative
proasures and the needle was again changed as shown on figure I\, re- =
vision ¢, The revision reduced tne:coefficient tc 0,629 and ‘sliminated '
the negative pressures, This design was not appreciably better than
the first resvision of the original design, and it appeared that'a .com-
plets revision of design was necessary to obtain satisfactory pressurs

conditions and a guitable coeffioient of discharge, .

6. Tests to determine mccuracy of ssrodynamic modsls, To compare = -
the results of a 46-dagree sesctional model as shown on figure 24 with = - -
the results obtained withvthe;hYdrnulic m6d91;[&ﬁplﬁhtdh_iégménfﬁbffiﬂ[“‘
section of valve 1, figure 2B, ias»obnstrudted~aﬁd“téiﬁediﬁjihgfhif:ia;;v
8 fluld, The results of thess tests indicated a coefficient of dim- S
oharge of 0,716 as compared to 0,678 obtained with the hydraulic model, =~

As no attempt waa-nada?to:odmpensaté-férithe'gbséncéﬁijvnhépgin[tha?“~”'
&ir model, the results obtainedavera-qqnsidqrgq&;uffipientlyyaccp;ateyg‘tg_gWy
for preliminary testing,und~tork}ias.oontinuadlwithwthis typq¢of{npdé1”f[\_'“i

to develop a design ror t¢kting;Ln'a hgdraQ;1e]m§qd;;g _ ;._‘ o

Te Anrqunnuic‘teltsslhadihg;toﬂtho;dbsignldfwvﬁlva“2,:jlngvigw#"”
of the preoceding tests, this npdal‘Wl:.constructodiwith~an;oxithf‘V.;
smaller body diameter and with.a emller nesdie having more curvature
8t the downstream end than thoss used in previous models (figurs 2¢). = -
The results from serodynamic tests indicated the coefficient:of dis~
charge to be 0,877 without a vane and 0.642 when the vane was in place.

The pietomatric pressures wore ‘positive at'all valve openings.

It appsared that oonsiderable aavings in cost could be effected.
in the demign of the valve if the hydraulic operating mschanism were
replaced by a balanced chamber and ports in the nesdle located so
that the unbalanced pressure on the needls would be minimizred for all
valve openinge. The locations of these ports were obtained by




integrating the mulured piczometrio prauuru on tha noodlo tor

various valve open.'mgu ‘between the cloged and- the’ funy opea- po:itiah."_" o

The thrust on the -needle: thus. ‘obtained was plottod ‘against: ﬂl'n‘ ) pex
ing, Trom the pieznetric pregsuros it wes possidble to sel 3 -loo
tion for an opening imto the balanving . ohlahar whers the ba ing.
thrust at various nlve openings ‘did not vlry gre&tly fran the. ocﬂlo L

thrust. A loaation ns found whioh limited ‘the - unbo.ltnoodi‘;thr _‘t‘,’ to

approximtely plus or minus: 10 peroont of tho nnxinun hoa on’t tho

The thrust ‘on tho
ag followss

,4;:‘

 Eloments of reeie
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p e mnurod piezomtrio pro_uuro, E

4= longth along surfto " ”_f-'noodla.

r = .redius to pionomtar,‘” ST

Zrrp dl - tottl thrust on tho inurc-ent dl. y |
2 Rrpd?d eos 9 - thrult, ar. nm nru in x-diroctionu-_‘;
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(50 the total thrust refuses to
R
v ° -




To evaluste this integrll 1t was. neceusnr_y to. kncm poasa funotion ey
of r; but, as this whs not known, the integrntion‘wts dons graphieally, -

s The value pr wAE plottsd against T the area under the ourvn vas .v‘--:
planimetesred to dbtain Vs r;adr; and that value was multiplied by 2'n,"
’ o

to obtain the total thruat on the naodla for ¥ partioulnr po!ition- i ISR
This operation was repeutod for severll pcsitions of tha needli‘flnd theqt
results were plotted, _ Sl i : b

To find the best looatiun for. the bnlanoing port it was nece aary &
to plot piezometric preseure against valve opening for each piezamstarfA;ﬁ
on the needls, and from '‘these curves & preasure was ohosen which; when' -
multiplisd by the projected Area of the balanoing chamber. in the R-. “V"“
plane, resulted in a:balancing thrust that roughly approxizated the Y
nesdle thrust, The plezometrio prezsures for dotermining this looation _
were obtained from the terodynlmic model Ind ‘wers lntar verified in LR
hydreulic model of valve 2.' : . BRI S

gydraulio_pariormnnca of valve 2 1he G-ihoh nbdbl of - vnlve 2
was aonstruated ARocording to flgure 1B, . The hydrlulio ‘control. on the :
needle of the previous ‘design was replaced by B sorew mechanism ard &0
belancing ohamber, With this arrangement. the valve opened nnd clfued PR
eluily'vithout tny indioation qf vibration or binding at anv ra Lva open-j_
inge SRR S N B B o

The coefficient of disch&rgo obtainsd with thin vnlveuat full opon-vﬁp
ing was 0,642, which ocompared favorably with 'that obtained from the sams
design in the merodymamic model, All pressures on ‘this valve. wers pomi-
tive excopt et plezometsr 8 which wag alightly nagutive at 10 psrcent of
full valve opening. This negative pressure was not: uerioua, and ‘Irom &
pressure viewpoint, the valve whg comsidered satisfactory. ' The dit-“TW p
charge coefficient was lower than wns considersd obtaimble with this' = -
type of valve and still huve latisfletory pressuro dlstrinut1on in tho o)
“179- . ety B -

This design &nd the Previoua valve design wers auch that at any
time the needle or the interior of the valve needed uervicing. it'would
have been necessary to remove the sleeve at the upstream end of the
valve and remove the meedle from that end., This would" mve’ involved &
considerable amount of time and expense, It was apparant thnt the
servicing of the valve could be done more rapidly and more eaeily if the?
needle were removed from the downstream end of the wvalve, Acoordingly, -
the valve wae redesigned sns shown cu figure 1C. ' o

- 9, Valve 3 with special hydraulis control, This valve was con-
siderably larger in dismeter but shorter thin the previous valves, It
also contained & so-called epirs] hydraulic control for astuating the
needle, The spirsl was turnmed by & menually operated ge&r &rrangement.

)
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The rotation. of the hallaw npiral hhlft varisd the opening to the ports '
in the hydraulic chamber, thua varying the ‘pressure in the: ohambor3-: ':f
. which caused the valve. Oithur to open: or olo-e an daaired. ‘The contrsl A

of the valve travel with] ‘this apparatus wag: aati-ftotory At the apirll"*
was not turned too rapidly, The rapid: rotntion ‘of *the :sp siral did‘not
allow time for the pressure in the hydr&ulic chamber to: build up-to 'its
propar value and stabilize; hence, temporary eontrol of 'the needl
lost, All that was necessary to rogalin. oontrol was to’ ‘retard: the
of rotation of the spiral, amd it yas- again posaible to‘aet the
at any desired: position without diffioulty.- o

The eoefficiont or dischurge for thin vnlve wag 0.674.1 Objootion—“.ﬁ, ]
sble subatmospheric pressures on the: ‘body in the" gion near “the ontrnnoe";"’”
caused abandonment of this particular: arrangumant,igklso. from the: &ero-‘“'“
dynemic tests of the revisions to'this design, shown on figure 2D, 4t
appeared impossible to obtain design duvoid of noggtive preasuroa 1n '

a valve so 1imited in lengtho-- T ce ﬁ\

10, Valve 4. As the- intnrior parta of vakve 2. indicated natis-._’g"'
factory performance, it appeared possible’ ta obtain a sultable -de,
by combining thiz part of the valve with: a ntw and larger body,\”c B
shown on figure 1D, This: ‘sombira tion wag not’ sntiaftotory, ‘aslow aub-,
atwospheric pressures pravailed at piezomator D. Tha coofficiant of

disohargs was 0,740,

11, &eradynamic tests to. detsrmine A doaign for valve 5. Préé‘ FAREES
vious tests bad indioated that the negative pressures:on:the . valvu bodyﬁ"i .
were partially due to.the. sharp rldius at: thefcntrnnoeo- By inuransing Lol
this radius, s shown on figure 22, the, nogative pressurea-on the body .
were elimimmted if the needle- travel was limited to 4 inches, Prassure
conditions on neetle 1, figure 2E, were: satiafactory exoept at piegom- " . . M
eter 22 where obj~stionable. negntive praasurau ure obtnined "Thi"wls[7fg o
also true of needles 2.and 3. L S RS

After conaidorabla atudy as: to the cluue of the low@pransuras, to
pietomater 22, neadls 4 was evolved.- Tetts vith this needls- 1ndicatod
positive pressures on both the nsedle sand: the: valve: ‘body . for all; valve U
openingss The pressures on pie:cmeter 22. continually decrcllad as the
valre closed, and at _some . posstionu the " prelsure wae naarly ltmo:pheric

12, Valve b = &nderson Rnnch B.r With the informstion obtainad from ¢
. the previous studies, A new G-lnch hydraulic model wae. construotod N
(figure 1E). With this deaign it was alsc poaainle to:-remove the nesdlie
froa the downstream end of the valve, To provide for thia without mak-
ing the diametsr of the downatream part of the valve large, it was
necessary to resduce the oleartnoe beb'een the ‘inner napps of ‘the jet-and -
the needle housing.

Prelinimmry teste with this design IhO'Qd.thlt-Qt valve openings

6




of between 97\and,100§perca§tfth6fjetﬁfil;ﬁdgthé;qpq@iﬁg«ltjthq dij-__,
chArgs end of the valve, causing ths jet to eollapss and ‘destroy itself.
At the name timo,'théﬁprdasurgu?1ps!d§{thefvilydfdbdté@ib@%#dna;difably i
below atmospheric pkodaurés_:Perf‘:maﬁceaéthhe;+§I¥gi4tﬁ
was satisfactory, The jet was well defined at all valve.openin

the oorresponding : pressures were all positive exespt for piston

which wag slightly negative over most of ‘the opdrating:ra CThe
difficulty due to the jet £illing the downstresm opening was elimirated -
by reducing the outside diamster bfxdoiﬁstrqamﬁenﬁ;ofithé{nébdlefhpqaing;
ocne-eighth inch, R SO e R e e T T

Further tasting w1thfthiaﬂdeaighffﬁiaiiﬁﬁ critiéﬁiiéﬁbiiﬁdfﬁﬁefiq7‘f:"fﬁi;
pressures on the four largs vanos'formingathe~ponnectionﬁbetidon;thd}“Z!,"“ i

valve body and the needlq;hbusingshffheﬁbt$thaft}pen wasialtered as £

shown on figure 5. Continued;testyhgluf:tho{designlshoﬁodEthstqthd@sub-‘5

atmoepheric pressures on the vane had been relieved. The coefficfent of = .

diacharpe wts,OgeBS'ss*cohmnréd_to_O.S?&ﬁobtlinﬂd*iithjthﬂ‘iaﬁwid¢§isﬂ; S R

in the agrodynamic model, - S e G;;_.‘Jfffﬁ’a‘f:[‘-+=  S
‘inper:mappe of the jet and the valve -

wag oonsidpred_tob'ihlllwfbtxihféfy,ﬁthq.di&ﬁoterﬂbf;thévbbdyﬂﬁikfﬁni

larged to 9.5 inches and the vanes were altered to fit the pew dismeter

(figure 3). The tests lithithiq_valv@:ahahgdgh*ﬁaiiqﬁm;nqgQﬁlvé'pr§§7f"

sure on the needle at plezomster 2§fof++15:feet;of&watatmfoffﬁ?sctiefﬁ :

head of 500 feet and a mximum nogative pressurs on the vano of <lded N

feet for the smme scale. Other pressures in the valve remined positive. =~

The coefficient of discharge increased 006695, . U

As the cleafanoé'b9€~oéh‘fh§}1nherﬁ

This dezign was oonsidered satisfactory for the Anderson Ranch =
installation where the valve inlet diﬁuaté:‘iillgbétfa.lnchos, gEbw$@"
ever, it was not pougibzeﬂto_design«a.gimixafng1te;quz¢ﬁ1n¢h~didmgiars ;
becauss of the meshanical difficulty: in:obtaining enough space for the .
bolts whioh hold the prototype parts in place and ‘at the same time = =
maintain sufficisnt'olearance‘betweehfthe~innef"naﬁpbﬁofcthQJJétfﬁjﬂf,_ -
the needle houeing, R L e T T R e

13. The final design. Becsuse of the mechanical difficultiss &

68 previous design, the dismeter.of .
the valve body was incraeazed to 9.75.inchéso~aThe?interior_p@¥t§§6f -
the vaive remained the same except the vanss, which were extended to -
fit the new diameter, ' P T

encountered in small valves of the-

Asg before,'all pressures on th@ vgive‘ware;pbqitive;sxcébt at -
plezome ter 24 which decreased from —15 to =20 feet of water.for 6 son jed
head of 500 feet, This ch&nge-incregaad,the‘coeffioiont‘of.diqéh&rge:tq

Ce703,

The negative preasures on the needle were completely eliminated by
changing the seating area of the needls from & curve to.a tangent at 40

7




degrees with-t&a-centar'line7éﬂ‘thegvﬂl?e;‘+1n.thewhbdglfﬁthé}ﬁéddla'"- g
sefted on the downstream edge of this tangent.. This was not considered .
practical in the prototype; so the seating portion of the meedle was .
iltered to conform to .that shown in'figure:4. . No great differesmce in -
Pressure is expected with this change “ic the vAlve geat, although it .

was mot tested in the model. The jet emitting from the velve at varie = =

ous openings 1is showh1on figure*7;ifA-frbﬁtijiﬁﬁf?fwthagﬁodalﬂ%ﬁifagig7
shosm on figure 8, S L e e T e e

The design a5 shown on figure 4 is final unless future tests ona '
24-inch model to be tosted at Bouldpr_bnm"undérghighTbé@dﬂ;ndiGAFejthgj‘f

necessity for further changes, |

14, FPreparation of tha‘dthfdn‘ﬁTSQSGré;and'diséh;f'd:charicﬁar;ffj
tetics. All of the information Pgrtin°ntft°7d°5iEningi!”ﬁEiioqua£'j-uﬁi_
valve of any size is shown on figure 4; The dimensions shown on: the ..

section through the valve hava‘been'raduépd;tb-a‘ﬁnit*iplet‘di@hg&bq;fl,fj
To determine the dimensione of m valve with a-spscified inlet dismetesr, -

88y 100 inches, multiply all of the dimensions shown by 100 and the -

result will be the dimensions of the particular valve in inches, ~If = '

the dimensions are ‘desired 1nffeqﬁ;ﬁthegcb:r§¢t‘rdéultfcanybef§6;§i§odj‘“
by multiplying the.dimensiond“aharn‘byfthahaﬁ901figd-inlptjdi!mete: in
Teet, o - e e T e T T e

In figure 4B the prossure factor F is plotted agaimst peroent of

full valve opening, The pressure.factor Ms been defined seithe ratic ;.

of the measured piezometer pressure to the total head: (static head: plus.
velocity he&d);one_inlet}dipmatsrgupqtrddﬁ:f:pﬁgthgQvg}yégﬁg?hi§lpro-g;:
cedure reduces F to a dimbhtionlésBFnumbbr;fhaking:itgpoiﬁgblqytoﬂt/?‘ .

obtain the pressure at uny.point'énﬁthqﬁkalte;py;e@l@dt;ﬁgrfgoﬁ;the;“M, e

curves the correct yalue‘of.FV{hnd:hﬁlt;pljingtitﬁby%thdﬁtgtn}}dégign}1'g&
heud on the valve onafdiametet‘upct:bam}ftom*théfiﬁleto ﬁAé5an;ai;pple;‘”‘
to find ths preasure-at_pie:ometer?T@whehfthegdaaignﬁheﬁdfinﬁzoofféét_

of water and the valve is 50 percent open, follow the 50-percent line == '-
until it interseots curve 7 mnd read the value of “the pressure fastor = = -

at the left which, in this case, is 0.127. rmulf;piylZQO?timés*b}xa?k“ﬁ‘ff

and the reaulting_praaaure'15125J4;£eétjqf.igt9f. ;mj:J,_

The coaffigientQOf—diSGhargegéurve.Bajed on1tﬁeyﬁréﬁﬁ6£ﬁthé?{nlat”ﬁ~"

diameter is algo shown on figure 43. When the totil head aveilabls at
the valyve iz known, it ie pdcsiblb;iwith°th6-!id bf;thia.curté,Vto  R
determine the proper inlet dismeter for a particular discharge. This - -
curve was obtained by messuring the dischirge and the head on tha valve
for various openings between the closed and the open positions and sub-

stituting in the formals . : e s ‘




n:through dower

of opuﬁings‘und-dqwﬁstrotmﬁfor;ths[rpnqin¢irfb£¢the$vulvégttqis;.ff;}”r.
The chunge in direction occurs betweorn 30 and 40 percemt of fuil
valve opening, R T R O T
- From the nomographs of figﬁres;Sgahdgq}thpr¢lsdhnrgq;Qf;th§372-Lf[-
inch Anderscn Rench Dam valves can be determined for & wide.range of .
heads and the dqupletefrangewof;yalfé{bpgpigggjmTh hart of figure
5 is baged on the total head oue diameter upatremm from the valve,
wheress that in‘figure;s'husabuonjbaaod;qhﬁaqtqnlagagbfpiﬁosﬁtpfnk:[gﬁ‘
the same point, iTo:qbtiinﬁtho_dinchqrgejtronﬁthoiq*qhﬁrti;fdfiﬁ s s
otrai ght line batween the cbserved hjgdvtﬁdﬁval?é,pbpit;onoﬁjThqaditwf}\
ceharge is given by the interseation of this line with th center = -
ses le, T R R S s

An assembly drawing of the 24-inch hollos : 040 be'
with headas up toT575'feet;jat:adulderfngm;, ‘shown . on figure.9 L
Upon completion of the ‘teste the walve will be’installed permar ently
at Jackson Guleh Dam’ - Manicos ‘project, .Colorado, where' the maximsm
head will be 116 featy . . i ‘ '

15. Conolusions, ‘Thet posifiiéib&d;sp?é?ﬁﬁi}1§ ‘h “;qh” Ii§f_; C
parts of the valve oxoept the ‘large vanss:is indicated by the results
obtAined from the hydraulicfmodelq; SR s R L S

The jet emitting from the valve vau5i§11?&efin§ﬂ:‘*Th§r§¥;i§iﬁbﬁfi"
objeotionable spray, ‘ c e o FU

This valve should not be used for discharging .under water or .
into a olosed conduit without special provieions for .merating the
inside of the jet, Tests were not made along these lines, and it is -
Questionable whether aatiafactory operation could be obtained under
these sonditions. oo ' : S




There are no liniting rangos of'hoad or opaning through'which
this valve oannot be operated° ‘

The coeffioient of dischnrge of this valve can be raisod to
0.724 by increraing tba needle travel 5.6 percent, ‘without' eauling
negative pressures on olthar the vnlva body 0 'he noodloe‘,Q,WH. n




“‘,f. Sha

Lr—v-ﬂ} \\

fd

-

pon' tn of ribs f:l.‘eu :

‘Shaded arey indicates

Rad, on bodty inieased.

Shuded areo indicates

e ‘portion-of dody removed,
A andporﬁon m" ribs mled

§ 42535

~F

: Camour or ;
#* reedle chongod:
,Shaded a'ea md:cch

e ~—*—--—~-_--~- L ouTER NeEDLE Ramus TENGTHENED

: . psws:o 10, v LVE
AVALVEI- ) e )

A Lwawa *'I

:n:u-\:r‘ P

Fremoray: - =3
mv——v—--m«,

HYDRAULIC, 'c'aumoil.‘. e
FOR VALVE -

‘NoTE -Pmarrrrcrs aré”
rnorkr‘ thus el el

) ﬂ'-u: :ams" o% vERT
CVALVE

Foun 'mas CNVERTI A Ho:.':.;'
o vALvE (2

} KoUR BIAS .
W VERT K HEEL, W

ELEVATIONS or RIBS

LTINS TOWERN CENTER A€ vaLvE

o

D. vALVE &
ALTERSIN BANSe A
HOLLOW=-JET VALVE STUDIES
DETAILS OF 6-INCH HYDRAULIC MODELS

EXIT DIA, n_sicqsasén aE

Confour of needie:"
changed . Shade 1 -
sareq mdicates. .

OUTER NEEDLE RAWUE{

‘REPLACED, BY TANGLNT.

)
s

IEE7S Dag

L e

oY

5
ey

CALDERELS Ravis P

DE e VAL

BOM ArTe NS e

£




v <& Ga.galwwon - - =~ Transparent pyrolin -~ - 24 50, golv. iron . Thermometar .

: 4" Di shorp-edged i .3 1h, Galv. diemond ay - 28 Ga. galv iron, !
; cireulor urifice S exponded matol fafh H " eurved fU 459

with flonge faps, . % turbulator o “orc on 6", rao':usd

NEEDLE

Tronsition from 6'184g = 7+ L GiVolve o P g
-+ g segment of Iz'fIDp;pe - 'ASSE.MPLY Tom L g

emeeem

VA VE 2
: PIEIOMETER LQC‘TIDHS
-BODY

D:stun:e downsrrqcm frnm :
. o XX k
B L00": c-ou a-lss‘. .

E4C.06% .

) NEEDLE :
" Qistonce out. from cmfer

"~ hng ofovelve -

2100% 3-;75,..-:::'5,”-
5 e-a_sa‘ 705 50% 8-638"

79"'
X B. vALVE |

WP JUTER k‘ﬂ"lu", AND TRAVEL OF NEEDLE
AND OER!T A LV BADY NCRIZASE

. Acraf;‘b'n veats :

) VALVE. 37
PIEZOMETER LOCATIONS -
Digtance duw'rsiresm from
ling X+
onremm. a00Y
. 08T eI z:m:,p 28T
SIDE VIEW. OF f1g - -RistEaliia-T

, ‘BoDY 2 -
,.—:: ot 1553“31233 103141
o S . G hOT . IR S
T oobe ”ﬁemd‘gimm L L e VE 27 -0 i SCALE DF INCHES
BOTTOM VIEW OF RIS D goresind ,“3__- SRR S L s
S £ I 6*3.“ Bas® g
- aoﬁruw .'MD - e

. oBDY & -
057 o Gencl o eilipse,
72007 892877903757 0
584 1- 780"

T ' i~ S v
{' z"’, ,.ijf’; R L SIS Y. ) Y maleasasf'
i T £ 2 T C BODY & < e T v«mdnee#uqisk :
Qrigrra! nee - verheo! raced. . B : : . SRR R Uil Tyt : !
X B8NS s ope reedle e
NEEDLES AND QRIGINAL BODY

NOTES
Valve & pet tested i
v modtel
Presameters vie mark.
eu th.  ¢A 0B, 83,
eiﬁ,f?«,‘ ) s -'EC{?'-;i"; 270"
% s Fant of contecs o ! - :
neecle o bl SIDE ..EW OF RIB .

BOTTOM VIEW OF R.'B

X CVALVESE
TS M R PIEZOMETER LOCATIONS
- 21565 0 mve'- P e T e wnt Jistonce dowrl:'.g‘!rmn fro line X=X,

a v

3007 .b-aﬂ 08876 zms‘
$.0065,8:246T ra %267 uaar'f'
31T, 3600 teid 112 )
Distance ou! from & of volve

. -ORIGINAL NEEDLE
5 058", ibe 1.95 .'7 37518478,
£uit075 8% 21595 iTaBar 2’!-6[;9' . NEED.LE &4

NEEDLE 2

510557 1541857 1123 157154675 19e
5383 2hes ss "-m BN THEI N

NE E
WEHS TS 2‘31 ?lrég"ﬂu-ﬂﬂ?.’&ézﬂ'
st :'fssohemq . HOLLOWS-JET VALVE STUDIES
B Tgas 80 0 pe 260 e DETAILS OF I12INCH AIR MODELS
B2 224 it 5138220
B00Y-AND NEEDLE |

E.VALVE & ' [ANDERSON RANCH &)




FlGURE 3

NS s
e

Q517"

0.192"» - <* =0, 8034029&@-1 92
0190">7 <
0.210"=

4 VANES 45° FROM VERT.€ . . ' 4VANES ON. VERT. & HORIZ. &

SE"TIGN THRU VANES

HOLL.OW JE.T VALVE STUDIES
ANDERSON RANCH VALVE D"

DETAILS OF :6~INCH HYDRAULIC MODEL




1 ConrrOI

P LS

b
|
ot
i

I-'L: -29?7 vl-.4"057 -—JHRO""

Ao Dy
Bul el
U850

““Prezometers i T T R S

ALY Der N e e

CREpE TRl /'«:.g 295 - b
. A SECTION THRU. VALVE CTTE s FOURVANEST T EGUE VRRES
Nates il dimer sions rehims fo1 vt inict tiometer, T O VERT THORIZ. 45 v "5' Firott "EA’?"

Manruim uniscunced Pheust in weunds 025 WH 4 eife
area n 5q. 17 of bolanciny r'rum'wer hf-&?.' :

160,

SCHAQGE ~-

ir
. Q

5

~- PLESSURE FACTOR,F

-~ CUEFFICIENT. OF D

~Eed

f’a
op -
f':

- b

P.’erémfv 1 ¥ ! ;
I Tai B0 gl T R
\PER{:ENT' n: FULL w.u._rsom-:mm !

2 =3$§J&a§r;mﬁa‘:ﬁ%.assﬂmmm ‘”%
: - HOLIOM=JET ‘VALVE .Fon Auoznszm »:mu
Pasgaums &N& WBACTERISTK;S DET mz ﬂmp

ﬂ!-.l)




o
o
[=d
o

HHEHHI

T T AT ol

I;JIE?:II:JHI
N

a

lef[nli[.:

e w3

188 8.

T

ROM VALVE INCET

 TOTAL HEAD IN FEET.ONE DIAMETER UPSTREAM FF

S
S
>
=
O
&
e
=
<
&
&
[+ %
=}
o
1Y)
-
L
p--
=
(=]
LJ
=
o
Q
.
57
x
-
o
-
=
-
n
=
Y]
14
w
i
=

% FULL YALVE QPENING
DISCHARGE G.F.S. Q=CA\EGh -

1
Q
Af3gh

i]lln.ill”ilm
N -
o
=]

IIIHJHJLIPHI

;:}l](!lllul]:

COEFFIGIENT OF DISCHARGE — G=

lNDERsuN HANC‘M oAM

72 HOLLOW JET.. VALVE
. ALIGNMENT CHART OF ‘EQUATION ° Qs CA2gh
FOR DETERMINING DISGHARGE .WMEN THE POSITION GF THE | NEEDLE
AND TOTAL HEAD ONE DA UPSTREAM ARE. KNOWN,




% FULL .VALVE CPENING -

ERAFLLIL
w
(=3
o
[+]

>
w
o
o

“llu]

[ 4K

w
-
o
Q

*GAGE PRESSURE 49.95 INGHES UPSTREAM FROM VALVE .-

Q=CAvZgh~ WHERE h

e I‘A.r'do:nsuu ..na'nlc}-q‘_.mu‘ PR 2
) 72" HOLLOW JET -VALVE -
ALIGNMENT. CHART FOR DETERNINING

' DISCHARGE WHEN PERGENT OF VALVE OPENING
AND GAGE.PRESSUKE ARE KNOWN,

M FROM VALVE

96 INGHES UPSTREA

3 GAGE PRESSURE 49

i ot o e




De 7Valve 10 percent of rull opening,
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Downstream end of valve,

6~INCH HOILOW~JET VALVE
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