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Il ‘Five-Inch Model iInferior=Type Needlo

G‘ener&l Pesesene . .l‘.__.‘.“.“'.”]'l .o :
‘Oripirsl ‘42-degres ‘needleiwith original mozzle

43-degree neadle with:sharp-edged mozzle ievs
O<degree meedle with;roind-edged :nozzle

‘30~degree :neodle with gharp=edged nozzle .o
_dagree, 22-minute nésdle with:sharp-edged

seioeene

d:00221€ ve
<of rtwo mozzles:




oLl
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"15~16a-_fj-']‘ ion







5. Open. tube with round-edged nozzle in peration
3 Open ‘tube’ vr:.'th,sharp-adged'no z2le: in -ope

0 . Valve of propose_d design in-operatio:

- Comperison. . :

e f_jPit'tlng L ‘the 84~1nch_ esper-Alcova, walv
bt Sectlona ) " ube Wit




Fe e Dy @HYDREULIQ;MODEL smUDIEs
j', >FOR THE ‘DESIGYN ‘OF-VALVES FOR CUTLET WORKS

Hn‘rtat1on depends upoh”
It 'bas been: establlshe
'.‘ﬁthat to,insure POSltlvuww:;}u__“

 7Lj1nf1ect16h‘and shouid have a‘sharp edgeag Th1s kaeps:the
-gfm1n1mnm section: at_the outlet ‘section cf he’ alve_andvallows
'.;4free accqss of amr*to?thefgat' :

SN he‘seatln point .on ‘the needle must be on' th
" cone portion.- ‘That 'is, the ‘bese dimmeter of the;ngedle

U rmastbe s sllghtly large than hexoutl't_diameter of the
*MQnozzle. S ‘ : ‘

IV TROMU.CTION

; The flrst balanoedﬁva ves
'jwere movm -as - "Ensign" valves“
a8 control valves t01regulateﬂ

. vaive and the condult buffared fromﬁcavltatlon.

g J,gdltlon, subqequent slu1 e‘outlet 1nstallatlons‘ ,
:through the :dam with neédle valves ~acedfat the devmstrean: ends
'»where theyecould dlscharge?;'eely"lnto the air. &nd allow the water




o The f;rst neédle valves used were”re1at1vely‘1arge for. 8. gavan»
»capacmty, hut with ‘the: eVOlut;on:of the water passage’ des1gvﬁthe d
size and weight «of the ‘valves we ,gr'arly;reducedu‘igﬂ_

- velve, Knovm s the "inﬁernal_ fypé;

| '.next}change in design cameh_lth the davelopment ”f the{.“‘
_type velve which. is ulso hown 1n flgure - )
}able portlon of the needle” ;

“‘wall outlefs.f

- those.in “the- tunnel plug,;_fv_;”“
hes: been encountared. AT '
-50-foot dlameter”tunna

 1nter1or type &nd have been Smen
._feet.

“to'determlne thefeffeéts of changés
. the nozzle._i ' ciel 3
‘athe valve, v1bratlon characﬁ

S ' gthe wate passages could be designed to
‘:ﬂgmalntaln p081tivejp essu es.at’; 8l i ‘

Slnce thel Om V ‘ ‘ : :
-‘_report, the: basis for' de31gnating3valve size’ and.coefficienx of ai
“.charge has’ been changed from the walve: outlet size to the- nominal

'ﬁjafpipe 8izee Although &his" change in a51s‘cpuld be rathér sxmply

-accomplished, the. dnitial system is od dn this report b

o the prerlmental results were tabulated before the acoeptanceﬁof theT:.

rnewer system.‘




o ,_‘ffs'ig;n oi‘ the)valve
: and the,lnozzla

L ) Testsmere run‘ln the’
‘.if‘eet and t:on'bnmed B:t Boulder D_

the laboratory the flow

T & Yof! dlscharge a use
of | the actu&l dlscharn-e - :

‘-,same 'bo-bal ~head through an pem%g‘ 'n.th??a area
"-,_gnozzle outlet :




:-'l»"t_';for thls i the “'th:.ckening o "bhe bounda.ry ;‘l‘a.ye
-.;.froundad 11pf;=_ £ the nozzle. 3

ter of:- the Ln;zzlg is &c'bually _on‘ly'_:, "'
_gubstimtlon ds it ~ :




;_-m“AFlgure'Sgshows tha”boeff;clent of d1 charge“of this

- :for various ‘heads.: ‘It ‘is.noted that ‘the jeoefficient i
#3ia1lyconstant “throughout”the ‘entire : irango ‘in:

- tksrmich; smooi:her‘than the 'Jat of “the -o¥ig

j@plates 4 and 5. Pl i

. éxt tested with 'bhe i
‘ 1gure 2.

U .shown or figure T8,
<tha-b -of the, ora.ginal valw
F the ;;e'bgwas m)general :abatit ithe |same a3 that
alve. '‘The jet: appeared o ‘be’ Jroughes' at.a:
opening. As ithe: angle '

wur : isch' "'ge measurements ét Boulder ‘
abe coei‘fxc:.an-b.:-__ alls ifa ‘

ore withithe . cone-’typev tip, -and
he eone-tvpe 'b:v.; _ Ay

- Nopreasures ware recorded -on this needle.




Boulder Dam




_ ﬁfter the closed-tjpeﬁtube wa
*51gn of tube was.: altered With e
5

~f F0n flgure 9.&:
¥ ‘8-1 lyu

A thlrd tube th

‘_]xan effort to malnta1n
As zmpractlcable
-,the tube wculd e




on figure ll.y;‘ LA

= Ih:l.s valve produced
‘*the furl range ‘of ‘head,
‘obaerved ion’ ’che naedl
' .jfigure 12. :

.The': coeffxoie ‘
=around 65 percenm, as«'

‘,::J.-J.; |

‘at Boulder ‘Dam,
stream from the vo.lve. “The:
_\1ng of nozzles. orvnaedles :

the results ‘are strictlyfcomparative. g
(1) “the" orlginal walve, /(2) the d2-degree. ;
edged ‘nozzle, (%) ‘the :36-degree, 22 -minu-l_wg'.‘;:needle wi‘bh the :shar
?d ed nozzle, (”)}the open bube ; with the‘sh puedged*no' '
5 :

‘ﬁhat ﬁhe intensity of viﬁratlo
“greater than tha+ of tha :other

‘iatlcs-; j-y“




'.-'_days at 20 percent'.'offm_
;needle revaaled ;
'20a..” That ‘ther

the needle di




7 fp1ttinp izﬁthe nozzle After%a careful study ‘ 3 i
Wconcluded,that the pitting‘is due tojlmpe factlons inithat portion*“

ur \ pit
type values. ;The pratotype operatlng hsads-were 50 7100,1
5 alve openings’anﬂ” ead ar

_ ewpre_sur Ve the: 32\
: ’ﬁrototype“are“lewe : hnn B2 feetaq watej ’
‘pressures :are impossible, .|
31dered as: perfeot VACUUmS . ﬁU 3o
No'el anﬂPt“e”pr'totyge»'

plotting “the wthe 1pr.

~pointse. ‘The’ owupressure*a as iin;the modsl )
" ‘the nozzle are 1located aﬁproximatel .ithe ‘same a the jreas”being
f(affected by‘oav1tati ‘ T : v




‘_.%_'15. éz-degree needle

The pressures on‘-,_\ , ‘

-:shown on’figures: 24 a:qd“25 The
. “4i8Buinches. There were but ver
: «needlea.ndnc* 28

_inch mode ';«r,produoed _n&‘ 't::’l_ve‘w ‘at
/.percent : of‘;ff.'ully ‘open “the tests ‘of iboth: .
“thatithe’ prassureb were _mor consisten “when: the' sharp-edge

TR was; used.

_ A serias of tests:
,'v.»valves with s}mrp-adgedrnozzles.

o .tal model and the prc*hoﬁ'pe} o‘n;'b ugree -at ;the ”orwerfvalve open-

results egroe. wi'bh those predicted ifromithe

‘ Nhen the 30-degra' 1e6d
. ithe pressure conditions were:. dofimtel ,
'-r;’_on 'I:he needla and: ‘the nozzle were.: found-.;to ‘be pos:. 1ve ’chrough u:

_ the: through upiezometa!xf ho_lea
would shov.r in the photographs. A% 10




‘percent of full V&lVGJOPPnlnF the axr\tendnd”tOeFather;ln the valve
:body:causing a: chan* in suctlon)at that point, so'the 'air Qupply
- was: shut offe P whak - clegr”stremm-- :

o leave
‘»smallcr valve%

~ manometers: 1thhe‘ aboratdryianﬂﬁ sof

‘gagesrat: theram The: marginyof;error Lsr probably well”

“torfour: peroant whzl he accuracy or comparative nurpases'wuuld
be much o10aer-

‘ ,~edged nozzle-wasnused iThe,
o give_the saqe\dxscharge a“th valve




‘;ﬂV1sed d631gn. :Basad;upcnrthisflllustration‘ nd?thetraaults of*the
. 'model. ‘tests, it 1s.belleved that ith gn; ]
'“needle valve’wfl ‘ :

. __’.,V:noted ‘that. “the tube val
V;SAof*the orlbinal design

= ‘ato aceommcdate 8 relatively Large ‘mimber 0T ‘plezometers, ‘Pressures:
-T;Jobserved .on ‘and - nroundﬁthqrrib indicate*that the rlbs wnuld not

“ ;;portion; that*is
"wibe ullghtl'*'"
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'TO REVISED "INTERIOR" TYPE NEEDLE VALVE -




O NEEDLE<VALVE. TESTS -
Interlor-Type Needle-Valve Body
‘Orlglnal 420 Needle. ol
‘Cone -30° Nesdle with Alternate TlpS-
‘Cone 369-221 ‘Needle, "'
Tube: Valve-(Closed Type).-
‘Tube 'Valve (Open Type),
Round-Edged Nozzle Inserh.‘
Sherp~Edged Nozzle Insert,

NEEDLE-VALVE TEST
Proposed Shasta Needle-Valve Design




100% OPEN P.H.-17.98 Q=4.12

o NEEILE-VALVE TESTS =
Original 42° Neadle with Round-edged Nozzle




50% OPEN P.H.-56,20 Q-4.75

__ NEEDLE-VALVE T=STS
Original 42° Needle with Round-edged Nozzle




0% OPEN P.H.~28.80 Q~3.78

NEEDLE-VALVE TESTS -
Original 42° Needle with Sharpwsdged Nozzle




50% OPEN P.H.-56.80 Q-3.96

_ NEEDLE-VALVE TESTS :
Original 42° ‘Neadle_ with Shoarp-edged Nozzle




100% OPEN P.H.-20.53 Q3,87 <

.. NEEIE-VALVE TESTE = = -
309 Needle (Alternate tip) with Round-Edged Nozzle




| .50% OPEN P.H.-57.93 Q-3.80

NEEDLE-VALVE TESTS
3090 Needle (Alternate ‘tip)-with ‘Round-Edged "Nozzl







50% . OPEN ‘P.H.-79.75 Qu3.21

_ NEEDLE-VALVE TESTS o
339 ‘Needls (Alzernate tip) \With Sharp-Edged Nozzle




50% OPEN P.H.-39.80 Q-2.47

'30° NEEDLE with +tip removed

50% OPEN P.H.=39.25 Q-2.46
NEEDLE-—VALVE TESTS




'100% OPEN  P,E.-27,42 Qmd,0Q0

NEEDLE-VALVE TESTS ‘
Cone ,36°—_22_' Needle with Sharp-Edged Nozzle




50% OPEN P.H.-66.05 Q-3.85

- NEEDLE-VALVE TESTS R
Cone 369-22' Needle. With Sharp-Edged Nozzle




i

100% OPEN P.H.-17.13 Q=4.09

NEEDLE-VALVE TESTS
Closed Tube with Round-edged _qu_zlg




50% OPEN P,H.-61.30 Q-4.43

- NEEDLE-VALVE TESTS




100% OPEN 'P.H.-~17.70 Q4,09

NEEDLE-VALVE TESTS - ‘
Open’ Tube with Round-edged‘No‘zzle‘




50% OPEN P.H.-31.87 Q-3.10

'50% OPEN P.H.~50,00 Q-7.89 -

NEEDLE-VALVE- TESTS
Open Tube -with Round-edged Nozzle




100% OPEN P.H.-22,52 Q-3,76

'NEETLE-VALVE TESTS X
(pen Tube with‘Sha_rpl-edged ‘Nozzle 3




=57.93 Q-3.82;

NEEDLE-VALVE ‘TESTS
Cpen Tube with Sharp-edged Mozz




7&%-OPEN  P.H.-29,04

-=25.36 Q~4.30

NEEDLE-VALVE . TESTS
- Proposed Valve Design




50% OPEN P,.H,=63.89 'Q-4,

NEEDLE-VALVE TESTS
Proposed Valve Design
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Close~up of Pitted Area
84-INCH CASPSR ALCOVA VALVE




NEEDLE-VALVE TESTS
‘ - 1/8 Sectional Model
Closed~type Tube with Round-edged Nozzle
Prototype Head - 100 ft.




100% OPEN

- "NEEDLE-VALVE TESTS -
1/8 Secticnal Model
Closed-type Tube with Round-edged Mozzle
Prototype Head - 100 Tt.




