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In 1637 the Salt River Water Users® Auuoointion at Phoonix. Ari:oua,
| requested p:ro'rilion for moanurement of diaoharga from tha outlet worka st
Bartlett Dam in the Verde River., These outlets, oonaisting or__tvro ,66- -
inoh needle valves and three 8= by 7-foot 6-inch aliidorgatu, _i@f_e.d@ii-
brated by obtaining discharge data from hydraulic models. Thm'roauita; ‘
inoluded in thiz report, were. trmferred to tho prototypo struoture nc-‘
cording to the laws of hydrasulic sim1litude nnd tha Auaointion was fur-
nished tables and diagrams showing the ralation hot:lman head dinohn.rgo.
and gate or valve opening. R : : ‘ -

During the oelibration of the mdel of one of the Bﬁ-inch needlo ‘
valves, presssure gradients t.hrough tho passages of the valva were obtninod. |
which furnished snother limk in the -tudy of the rolutlon betwoon tb.o cavi~
teting pressuree and the destruotion of mtal in certain regionl of pro=
totype needle valves which Tad requirsd exoouive minbamnoe. - Pilot tasta
oo a B-inch needle valve under heade up to 500 feoot had domnntrlted that
the cavitating pressures md the erosion or pitting could be - oliminatod ‘n;v
changing the profile of the outlet paaugu.. honver, in chn.na:ing the '
profile of the paesuge, tho diaoharge capuoity had been rodueed. Furl:har-
more, the pressure-dischargo data wara not sufficiently oompleta to do- '

sign s speoific valve, - ‘ ' o el '_ _

With the detoiled presauro and di.schlrge muurmnto on: the modcl of |
the Bartlett velve as s besis of comparison, s series ot‘ 15 tests 'ns ndo :
using the information from the 5-1nch valve, A Goaign for the needle valves
at Frisnt Dem wes thus obteined in which tha pressures would no_longer,
ssuse cevitetion snd pitting and {n which the di’ictﬁi—ge c‘apu.siti‘o‘l_‘_woro con-
parsble to the original design of the needle valvuo Those tests are do- -
eoribed im detall in this report. | o

Gonourrently & modifiostion of the needls valve, known as the tube
valve, was studied to obtein detailsd pressure and Adlscharge dats,




The designs of the various valves tested wors preparsd in the mechani-
cal esotion of the Bureau by B, H, Staats, enginder, under the supervision
of P. A. Kinzie and W, C, Boatty, senior angineerl. Tﬁo testing of the.
models was performed by tho personnel of the hydraulic lnboratory.

A)11 laboratories of the Bureau of Reclamation in DOKVer, Golorado,
aro in the Materials, Testing, and Control Division. All douign work il

under the supsrvision of J. L. Savago. Chief Deeigning Englneer. and lll
work of the Bureau is directed by S, O. Harper, Chief Enginoer. ho 8o=
tivities of the Bureau are direoted by John C. Pngo, coumiuaioner. :
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Subjects Hydraulio model studieason noedle and ‘tube valves for Frinnt
Dam and oalibration of naedla velve and sluioe outlets’ nt
Bertlett Dnm. S -

CHAPTER 1 - mmonuc‘non

1, Introduction, Three outlet works vure constructed at Frilnt |
Dams (1) the river outlet, consisting of four ‘110-inch diemeter con-
duite; (2) the FrianteFKern Canal ontlet ‘also consisting of four 110-

inch diameter oonduits; and (3) the Friant-Madera Canal outlat uonsiat-rff

ing of two 9l-inch diemeter conduits. Discharge through thaae conduitaj
will be regulated by valves placed at their exits. Two 110~ by 105- :
inoh needle valves and two 110~ by 102~inch tube valves will be used &t
the river outlet; two 110- by 108-inch needle valvau and two 110= by
102-ineh tube valves at the Frinnt-Kern Canal outlet; and two 9l- by
87-inch needle valves at the Friant-madera Ceanal outlet. The neodlo
valves will be ¢f the interjor differontial type, hydraulio&lly operw
ated (figure 1), while the tube vtlval will be the 1nternu1 tube type,
mechenically operated (figure 2). The needle valves will ba uaed for
regulsation of small discharges beokuse the Jets ¢seuing from~thoee S
valve: are smooth at any opening, while the Jets from the tube valves- 
will “e unstable at openings less than 30 peroent and will form conside
erable spray. At openings greatgr thgn IO percent the jets of the
needle and tube valves will be nearly_identioalo. It_is‘inticipatéd-
that under a meximum head of 248 fest & discharge of 5;900' second-feet
okn be obtained through each of the neqdle valves at ﬁhe‘river outlet
and & dischsarge of 5,200 second-feet through each of the tube vnlveé.
These estimates were obtained from & coefficient of discharge of 0,59
for the needls valves nnd 0.5Z for the tube valves which was besed upon
the area of the conduit end the energy hoad measured ome dxnmeter upe
stream from the valve.
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The outlet sestion of the needie valves for Friant Dam will be differ-=
ent from that of many needle velves used 1in previous inenallationa.- The
Friant needle valve will have. a SQ-degrae nesdle end a 40-degree sharp-sdged
notrle, while the previous nesdle Valvos, such 85 those at Bartlett Dam

had e 42-degree needle and a 36- -degree 22-minute round-edgad nozile. This
new design, developed with the eid of hydraulic model studies, was necassary.
beceuse valves in the field were beling damaged by pittlng due’ to cavitntion. 

In hls memorendum, "Report on inspection trip to study operation of
outlet works, Alcova Dam, hendrick Project Wyuming," dated Novembaer 1s,
1938, Associmte E “nglneer C. W. Thomas included, as: figures 3, 4, and 5 of

hie report, photographs of one of the needle velves in ‘the Aloovn outlet
showing the extent of pitting from cavitation on thet valvs (fi“ﬂrﬁ v)
Photographs of demage by cavitation were also inoluded in the report "Tests
to determine operating chnrncteriatioa of tunnel-plug outlet worka at Bouldor'
Dem, Boulder Canyon Projeet," by the Bonrd of Eng*neers. dsted Fobruary 3,
1938, Later, field reports wers received from several prajecta daacribing -
the performance of needle valves designed by the Buresu of . Rsclnmation.
Concerning cevitetion, thesa reports were similar. When the valvas were op~
erated from 5 to 30 percent open the effects of cavitetion were . aavere. but
when operated 100 percent open, the effects of oavitation wore nagligible.
Pitting oocurred on sn snnulaer section of the nuodlm six to elght inohal
wide, loouted immediately downstream from the H&ﬁt.g Some pitting oecurrod
on the outlst seotion af the nozzle, '

Ceuses of this cavitation were studied originail} Onuﬁ'.-ibéhnﬁddelu
of an Alcove Dam nesdle valve designed so that the outlet 830tion could be
revised easily, This model was tested in the laocratory under hsads up to
7C feet and at Soulder Dem under heeds as 1arge as 500 feet, The tests
ere descrived In deteil in the report, "Hydrsulic quel Studies for the
Design of Valves for Outlet Works,” deted August 1941, by R; G+ Noonan, H.
¥. Martir, and D. J. Hebert, mssoointe ecgineers. Cevitation occurred
in the originel deelgn, and pitting of the valve resulted. Since cavi-
tation occurred in reglons of extreme nogative presesure, three principles
of design were recommended to insure positive pressuree throughout
4
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the valve passage;

"(1) The angle betwsen the nesdls and nozsle must not be
divergent in the direction of the flow. If the needls and ths
noztls profiles are parallel, the pressures are maintained.
However, a convergence from one to thrae deg*eas will give gn
inoremsed faotor of safaty.

(2) The walve nozzle should have no point of infloctian
and should bhave & sharp edge. This keeps the minimm section :
at the outlsat edge of the. valve no;zle and allows free access
of air to the jet. ,

(3) The sealing point of the needle nuut b2 on the cone
portiom; that is, the base dismster of the cons must be slightly
larger than the outlet dimmster of the noz:le. _ .

The needle valves far Frient Dem were nct dasigned directly fram the
results of those reoommandutions because tha coefficient of discharge was
lovered by the changes. Therefors, a series of 15 tests wes mads to study
mors campletely the preassure and diacharge charactaristica of nesdle

valves to obtain through a atep-by—step approach tho desirable design.

The initisl tests of this series were mnde on & 1:8 model of a Bartlett'
Dem 66«inch needle valve which was the same deaign as those being damnged
in the field., These initiel teasts sorved two purpossu; first, to complate
8n existing assignment involving the calibration of the Bartlett Dam needle
velve and slide-gate outlets and secandly, to provido pressure-discharge

measuremsnts as & beais for subuegusnt tests on the . Friant needlo valves.

Since needle valves wers expenslre. due to the 1ntr1caoy of tho opor-
ating mechanism, tube velves were introduced. The tube valve differs from
the needle velve in thet a ‘oylindrical tube replncea thu needlo, ro-ulting
in up appraciable aaving of mnteriol.- The performanco of tnis ‘valve de-
sign waz algo studied in tho tests on & G-inch model at Boulder.Dnm where
1t was found tlat the Jot was unstable at small openings. Additional tests
Were necessary to find the range of regulation giving e stable jet, to make
sure that no cevitation ocourred and to determine the cosfficient of dic~
chargs,

2 Summry of tests, The needle valva and the slide-gate cutlsts at




Bartlett Dam were first studied. 4. 1:8 model of the 86=-inch needlo 'rllvot.
2 1:15 model of the three slide-glte outlets, and a 1;10 model of e eingle
slide gate were calibrated to furnish disoha.rga tnbles and dia.gramu for
use in the field. Pressurs gradients were also obtained on the. nnedlo- .

valve model to serve ma initial tests. on the Friant Dm noodle-valvc utudies. .

Subatmospheric pressures wers obsenrod in the 118 noedla-vnlve modol
et the pame lovation and for the. same openings that pitting by oa.vitation
was ocowring in similer prototype valvel. This: -sugzested that 1f' !. model
Wore designed with positive pressures, it would be cortnin thet no cavita-
tion would ccowr in the Pprototypa, Tharafore. ths 1:8 Bu‘tlatt mdal wae
revised nccording to recommendetione cnbta.ined from previous tecta on the 5+ B
inch needls valve as describsd in seotion 1. The angle betwoen the mcdle
end the nezzle converged 3 degreea and the noule exit hnd & sharp edge,
Positive pressures were obtained, but the dlsoharge wes reducod apyroxi-

mately 15 peroent.

Sinoe the outlet diameter md ‘the profilc were vnriables in sublequent
tests, the coefficient of discharge bassd en the outlet dilneter nould no

longer be used as & basis of compariaon. It was decidod to bale the dia-
charge coefficient of needle valveu, and other ‘ralves, upon tho ‘erea of
the intake conduit and upon the enorgy hend ‘measured one d.amter upstroa.m
from the velve, The 1:8 Bartlett model lmd an expanding; ontrumoo uotion
not auitable for svaluation ot‘ the diacharge coefficlent, Lossu in thia

| expeanding seotion were aluo queationed. Therefore, the oarly ﬁutc wire
repeated with o nonst&nt diamtur oonduit. The cOefﬂoien of the orir-iml
Bartlett valve, 0,61, was ra.vorablo, while t:ha ooeﬂ‘icient of thn roviced
velve, 0.42, was tog low, Twelve udditicml tests were mde on. this ro- _
vlsed valve to inorease the ooofﬁeient as much RE poasible but stj.ll ._n_nin-f"

tain positive pressures,

From these teste a valve having a eoati‘ioiont of 0.48 “Wa.8 soleotod
23 a dagis for the Friant design. This valve was not similar to the pro-
posed Friant design because the intake dismeter, in prototype, was 121-1/2
inches ingteed of 110 inches. Therefore, & model of the proposed Friant

7




valve was constructed to a sonle of 1:18.33, Pressures'én'this 1:18,38
model were, for all practical purposes, the seme as thoso on the selantad
valve, but the discharge coef'ficient, bused on 110 inches insteté of .
121-1/2 inches, was 0,59, However, the actgll‘diuohargo th;ou;h_the tld
valves was proportionatsly the same, demcnatratiﬁg'that3disnhﬁrgé_throﬂgh
the vealve was independent of the intake diamotaf iithin.ruaucnnble‘limita-
tions. It becams apparent that a coefficient of discharge basad upon the
intake diameter could be miglemding unless more information about the vulvas
wore avajlable, To evoid this, the nondnnl pite of the valvel is deuuribed
by including both inlet end exit dinmatoru. and it is believed thet: dﬂftorn
ent types of velves may be compnreu more fairly if thair intake and exit

diameters are the summ,

To expadite the testing program on‘tube‘tnlvés; & pfeli;inary'tqst
was mede by revising a model tubs valve whidh had besn previously tssted
in studies of the Shaste Dam outlets, Although the valvna were similar,
the results of the Shasta tests could not be applied to the Friant studios.
for the Shagte valves ure to be plnced in the conduit near the entrence,
while the Friemt velves are to be placed at the end of the outlet so &5 to-
dischrrge frealy into the atmosphere. Thus different problems had to be

considered for each type of installatlon.-

This preliminery test demonstrated that a tLbe vulve may not be luit-
able for regulation et smmll openings because of a disintegration of the
jet and socompanying sprey. Thls design wes also unantisflatory becauae
negative pressures occurred on the 1lip or the tube whan tha valve e lels
than 50 percent open. ' ‘ ' S

After the preliminary test the new model was built to a desiga which
was based on knowledge gained from tho pfoliﬁinary test.. The principal
dimensions of this new model were made similer to those of the Frisnt needie
vtlves which had been pro%iouuly tested. This new design proved to be ade-~
quate and wae corsidered as & final design for the Friant Dem outlets, As
wes also demonstrated in the preliminary test, eatisfactory regulation at

smell openings, less than 30 percent, was not attsined. FHowever, tll nege-




tive presecures were sliminated snd the coefficient of diachﬂrgo was O, 51.

%, Conoclusions. 'I'hu pranure-diuohurgo muur-mnt on the modlo
valves confirmed the conclusions of previous tests on the B-inch needle
valve that to maintain positive pressures in the wvalve three consideretions -
are nesessary: {1) <the angle betwoen ths needie and the nozrle must not
be diverging; (2) the nostle should have a ha.rp-odged exit; and (3) tho
seetirg point of the needle mset be on the oone portion. '

To !nve & maximum coofi‘ioiant of dinoharge a.nd utill mintain posi-
ive preszures acoording to the criteria above,. the exit’ dimter l.nd the |
nesdle travel should be as lnrgu as possible, Once the ozit dimter epd -
the peedle travel are esteblished by the size ot the v-.ln. the outlet
section cf the valve oontrols the dischargs, -

This outlet section is the short section of the norzle upstream from
its exit forming the frustrux of a cone and'the similar conical. 'sootion' |
on the nesdle downstream {rom its seat, The dischnrge caa be increased
by diverging this section, that is, by mki:ng tha a.ngle of the oonioll :
section of the needle greater than the angla of the conical loction of tha
noztle. However, negative prossm-aa will ruul’c,. A parallol outlet gsc~-
tion - the same angle on the needle end the noule - '111 givo the hr;oct
diecherge coefficient and still llinttin posit‘.vo pruawen. ‘The tectu '
were insufficient to determine the angles of the nnedlo a.nd the noulu
which would give the maximum ocoeffieient. On the Frizmt Dam modle valn
the angle of the needls was 59 degrees and the lngle of 'cba nozsle 60 deow
gees. It was indiceted, however, that the ooefﬂoient '—ould bo lsrgor
if these angles were about 45 degr'a-. Additioual zeedle «valve tutu would'
be requircd to confirm this indication, ' : I

Since the outlet section of the valve controls both_p'ru'nur'u and
di scharge, it is believed thet the body of the valve upstream from the oute
let section can be designed from s atructurel viewpoint, praviding“ the area .’

of passage iz greater than the ares of passege &t the outlet section,

Friotionel losses, even in a orude valve, will be negligible.

Another festure thet is unimportent hydraulioally is the downstream




tip of the nesdle. Ir previous tests on the 5-inch valve at Boulder Dam
1t was demonetrated that the shnpa of the tip had a negligible effeat upon
the discharge and 1ittle effect upon the jet exoept at very small openings.

The tests on the tube velves confirmed the previous conclueions that
the jet was vnsteble et small openings and similar to the naedle vnlvo at
larger openings. These tests were inaufficient to state any other gonoral

sonclusions.

CHAPTER II -« CALIBRATION - OF NETDLE-VALVE
AND SLIDE-GATE OUTLETS AT BARTLETT DAH
$. Proposad peasurement of disohnrge at needlothlvn and olida-gnto

outlets. The pormal flow through the Bartlett Dam is oontrolled by two -
outlet works, One consists of two 66-inch noodle-valva outlets pllood 23
feet and 40 foet, respectivaly, above the river bed (figures 4.and 5), The .
other, consisting of three 8-foot by 7- -foot 6-inch slide gntos, ‘was placed
near the river level for utilizing the bottom storags of the dam (figuren
4 end 6). As the flow through the outleto is ror 1rrigation, some means
of measuring the discherge qunntity was naoossnry. ‘

In & letter to the Chief Engineer datod beruary 18, 1937, tha Gon-‘
struction Engineer at Phoenix, Arizoms, trnnsmittqd a lettpr.fram H. J.
iawgon, General Superintendent qnﬁ Chief Enginmer of the”Stlt River Valley
Water Users' Association, reqﬁesfing thet provision be made in the ocon-

struotion of Bertlett Dmm for a diacharge mansura-nt utation immsdintoly '

downstrean from the outlet worke. The Association was conoarned from a |
standpoint of acourscy end convenianoe of ;ocation so that tha operator at |
the dem could quickly determine the dischnrge from thc renorvoir. In dis-
cuseing the reply to this letter 1t was suggested that the outlets bs rated
and used to meesure the outflow of water, Thia wau‘covnred in-n_momorlndum
by J. E. Warnock to K. B, Keener on March 4, 1937:
" relatively :imple metiod. of measuring the outflaw of
water from Bartlett Dam with & reascnable degree of accuracy
would be to imstell pressure geges in the conduits of both the

nesdle-valve outlets and the slide~gate outlets. A madel of
one needls valve and conduit end a model of one slide~gate out-

10
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outlet can be constructed and operated to ontain & family of
ourves with three weriebles - prsssure head vs. gate or valve
openings ve. discherge quantity. The results of these two
models osn then be transferred to the aotuel outlets, Tt is
believed thaet the result by this mthod will be more apcurate
than the control established in the river downstream and it
will certeinly be more convenient and cheaper, In installing
the geges, & ring pierometer should: be inetelled in each con-
dult to which the peges would be nttached.' A recording gage
can be used which would give s oontinuous- record of the pres-
sureé. The gate or velve opening can be recorded: ‘each time the:
operator ohenges the setting. By 1ntegration the tctnl flow
can be computed over a given period. - :

The piezometer ring should be 1natalled hofore the con-

crete around the conduits is poured. I -have indicated tho'

probable locetion of the pletometere on the drawing 25-D—1019

end 26-D-1020, in your copy of the specificetions. These

should be brought to the surfece seperetely and then connected

into & menifold so thet each piezumater oan be flushed occa-

slonally." _ _ o
This proposal was outlined in a letter from the Chief Engineer to the Con-
struction Engineer on Meroh 6, 1957, end was transmitted to the- Goneral
Superintendent and Chief Engineer of the Selt River Valley Water Userg
Aseociation by & letter dated March 11, 1937, The approval of this plan
by the Associ stion was indicated in e 1etter dated April 10, 19'7 from

the Comnstruction Engineer.

5. Calibration of outlsts by wodels. Thfeé méﬂeis wéfe“ﬁuilt and
salibrated by the hydreulic leboratory in the following order: (1) the
three slide-gate outlets on & scale ratic of 1:15; (2} one. alide-gato
outlet to a acale retio of 1:10; end (2) a model of one af tha 66-inch

needla velvez on a szcale ratio of 1:8.

A reting (table 1) based on a sluiceway pate being Operited at the
completely open position was obtained from tests on‘thé 1i15 mode1 cf
the three slulceway outlets, This table was sent to the Construotion A
Engineer at Phoenix, Arizons, by & letter dated February 1, 198, which

inoluded instructions as follows:




TARLE T
BARTLETT DAY SLUICKEWAY OUTLETS
PATING TABLE
ONE OUTLET - GATE FULLY OrEN

Weter~surface  Discherge Water-surfacs Discharge Weter-surface Discharge
elevation sooond-{eet elevation second-{eet . elevetion second-leat

1610,0 0 1630.5 1,350 - 1650,5 - 2,043
1610.5 14 1631.0 .. 1,372 - 1851.0 . .2,0588
161140 27 1631.5 - 1,33 . 1651.5 . 2,072
1611.5 42 o 1832.0 1,415, 1852,0 © 2,085
1612.0 57 163245 1,435 . 1852.,6 - . 2,098
1612.5 73 1633.0 . 1,456 . 1653,0- 0 - 2,112
1613.0 91 1633.5 © 1,477 1653,5 2,125
1613.5 109 1634.0 1,496 . 1654.0. - 2,137
1614.0 129 183405 . 1,517 . 1654.5 ‘2,150
1614,5. 151 1635.0 - 1,536 - 1655.0 . 2,162
1615.0 176 1635.5 1,565 1655,5 2,174
1615,5 202 1636.0 1,574 . 1658,0 2,186
1618,0 251 1636.5 . 1,592 . 1656.5 2,197
1616.5 282 1637.0 1,610 1857.0 2,208
1817.0 298 1637.5 1,627 - 1857.5 2,221
1617.5 : 337 1638.0 . 1,645 1658.0 2,233
1618.0 385 1638.5 1,663 - 1658,5 2,244
1618,5 441 1639.0 1,680 © '1659.0° . . 2,256
1619.0 517 1639,5 1,688 - 1669.5 - 2,267
1619,5 612 1840.0 1,718 = ©1660.0 © . 2,280
1620,0 680 1640.5 1,733 1880.5 2,292
1620.5 738 1641,0 - © 01,7500 . 1661,0 ! 2,303
1621.0 788 - 1641.5 1,767 . 1681.,8 - . 2,315
1821.5 835 - 1642.0 1,788 . 1662.0 2,828
1622.,0 881 ls42,5 - -1,800 - -l882.5. - . 2,337
1622.5 - 922 1643.0 . . 1,816 . . .1683.0 2,349
1823.0 960 1643.5 - 1,832 . 1663.6 . 2,361
1823.5 995 1644,0 . . - 1,849 = 1664,0 . . 2,372
1624,0 1,027 11644.,5. © 1,866 ... "1664.,5 . . 2,383
1624.,5 1,087 1845,0 1,860 - 1665,0 .. 2,394 . -

1625,0 - 1,085 1645,5 1,896 - 1865.6 . 2,407 7.

- 1625.5 1,111 1646.0 - 01,812 . 1666.0 . 2,417 .
1626,0 1,136 1646.6  © - 1,927 - 1666.5 . 2,428
1626.5 1,161 1647.0 C1,e42 0 L 1BBT7,0 0 - T 2,440
1627,0 1,187 1647.5 1,858 - 1867,5 = 2,452
1627.5 1,212 ©1648,0 1,973 1658,0 ~ 2,46%
1628.0 1,236 1648,5 1,987 1668.6 . 2,474
1628,5 1,260 1649.0 2,001 1668.,0 7 2,485
1629,0 1,284 1649,56 2,016 . 1669.5 2,496 -
1629.6 1,307 1650,0 2,030 ° 1670,0 . 2,507
1630,0 1,328 - . ' z

"~ This teble applicable only to gates completely open.

- Discharge for more than one outlet may be obteined by multiplying values in
this table by the number in operation, ‘




", . . . This table is for m single sluiocewsy opersiing
put the model studies indicsted thet the flow through two or
three sluiceways can be computed by multiplying the discharge
from one gate by the number in operation. The water surface
elevation in this table is that which will be indicated on the
continuous recording gege at the downstream end of the sluice-
wB.y-s'" .

Soon after ths 1:15 medel was bullt, it was anticipated thet the gates
would be opsrated at other pcqitiona than wide open. The lzlﬁfmbdq;_wns
too small to mocurately measure the dischsrge of a single gatb partfa11y
open; 50 the 1:10 model of a single sluiceway was used. The rn£ing:-
(table 2] was prepared from data obteined from the 1:10 model and sent %o
the Construotion Bngineer by letter dated April 29,31959,3w1th'1nstruotiona
as follows; o ' | ' »

WThe discherge relutionship is shomn fqr_eaoh_onthnir foot
between elevation 1616.6 and 1870.0 and for each one foot inmcre- -
ment of gste opening. Discharges for intermmdiate heads and gate '
openings mey be obteined by interpolstion, The water sur face
elevetion in this table is that indioated on the comtinuous record-

ing gege Bt the downstresm end of the outlet for low heads emd on. i
the reservolr gage on the downstresm abutment. for high hesads.

In the studiez of the 1 to 15 model of the three outlets and
the 1:10 model of the single outlet, a region of unatable flow
was found which it will be well to avoid in the operation of the.
ocutlets. This region is the increment of gate opening between
seven feet and full opsn, The behavior of the stream in this re-
glon is uncertain for purposes of messurement,. Furthermore, the
outlete should not be operated at partial gate openings where dis-

sherge values ére omitted in the acoompanying tables,

¥hen & cholce is feasible, it will be more satisfactory for
the purposes of flow measurements to operate at partial gate open-
ings. This condition is dus to the much more positive control
formed by the gates then by the bell-mouth entrences. Thie slso

avoids the unetable region where the change occurs between orifice
flow and open channel flow.," : : :

The 1:8 model of the neadle valve outlet included the needle valve.
and a sultable length of epproach conduit to insure proper velocity dis=~
tribution at the velve and et the piezometers which measured the pressure
head 15-3/16 inches upstream from the upstresas flange of the walve (fig-
ure 7). From the data obteined on the model, & family of curves was de-

is




TARLE II | r -
BARTLETT DAM SLUICEWAY OUTLETS Sheet 1 of 3

RATING TABLE

'ONE OUTLET GATE PARTLY OPEN

Reservoir: Diuhargo in second-foot PR SR -
. elev. in Gate opsning \ ' :
feat X foot 2 feet 3 feet i faa‘t 3 foct 6 i‘eot 7 feet
L 1615.8 82 - - - - - Za_wﬁ
. 1616.0 8s - - - - - =
L 8.5 g8 151 - - - - -
L o 7.0 92 157 - - - - -
' 7.5 85 183 225 - e - -
8.0 97 189 235 - - - -
8.5 100 175 245 307 - - - -
9,0 102 180 265 . ER0 e - -
8.5 108 185 264 332 898 - -
1620.0 108 180 e72 340 416 - -
0.5 110 196 282 357  43%. 504 -
1.0 113 - 201 290 . .~ 3BTO 450 . 527 . -
1.5 118 206 299 3BL . 467 Bag -
2.0 117 210 307 392 - 483 . BTl -
2.6 120 26 318 404 - 498 593 736
5.0 1g2 280 %23 . 415 516 814 762
3.5 125 225 330 425 628 - 833 . T8T
- 4.0 127 230 - 338 436 545 654 812 .
© 4.8 128 235 546 446 558 672 836 - - o .
1625.0 182 240 351 466 572 692 ~ .860 R
5.5 134 245 559 466 B85 - 710 881,
8.0 1568 250 365 - 476 598 - 728 ' 9038
£.5 138 254 572 - 485 610 - 745 928
7.0 140 268 378 4956 . 62% 762 - 043
7.5 143 262 384 . 304 635 . TT8 - 983
8.0 145 267 %91 - 518 - 647 786 - 988 . - M
8.5 147 2T 396 <621 -~ 668 . BlO 1,002 B
9.0 160 275 402 831 670 ° 826 /1,022 .
9.5 162 280 408 638 . 680 838 1,040  ENA
1630,0 164 284 414 . B47 690 8BS 1,081 .
. 0.5 158 288 . 419 556 708 867 1,080
' 1.0 1568 292 4285 - G664 . Ti4 . BBO - 1,100
1.5 180 296 431 B78 . T24 - B9 1,119
2.0 162 ° 300 4% 580 - 7% . 805 1,188
2.5 164 304 441 688 - 745 - 918 1,187
) 3.0 166 808" 447 596 - 756 $%0 1,176
s.5 167 812 452 603 766 945 1,198
4.0 169 316 468 610 776 985 . 1,212
4.5 171 - 320 464 = 617 785 867 - 1,229
1638.0 173 324 469 624 = 796 880, 1,248
. 5.8 178 327 ATS 632 805 892 1,267
6.0 177 330 480 638 8i4 1,003 1,284
6.5 178 334 486 645 825 1,016 1,302
7.0 180 537 490 853 832 1,027 1,%1%




TABLE II | |
BARTLETT DAM SLUICEWAY OUTLETS Sheet 2 of 3

RATING TABLE

ONE OUTLET GATE PARTL?’ oFEN

B Reservoir | Diachnrge in seoond-feet
{ - elev. in Gate opening .
feet 1l foot 2 feet 3 feet 4 foet - b feet 6 feet 7 feet
1637.6 182. 540 495 _sso j\341 1,038 _1 387
: 8.0 184 344 ‘500 - - 667 860 1,050 1,354
8.5 185 %48 §06 674 . B58 1,062 1,370
9,0 187 351 610 681 . 866 1,074 1,386
9.5 190 354 515 688 875 1,085 1,402
1640.0 192 368 . B20. 695 ;.  88% 1,096 1,418
0.5 193 ‘%81 - §25 - 702 . 892 1,108 1,433
1.0 195 364 530 . TOB 900 1,120 1,449
1.5 197 367 534 . 735 908 1,132 1,464
2.0 199 370 539 723 - 915 1,143 1,479
2.5 200 573 - B43 729 922 1,154 1,498
3.0 202 577 . 548 73  9%1 1,165 1,608
3.5 204 380 BB5 - T42 839 1,176 1,623 .
4.0 206 383 667 749 947 1,187 . 1,536
4.5 207 %85 62 - 765 g55 1,199 & 1,550
1645.0 208 | 488 565 - 762 963 1,210 1,564 - N
5.5 210 391 570 768 971 1,220 1,678 1.
6.0 212 393 574 T4 978 1,231 1,680 \ .
6.5 213 g96 ~ 6578 780 987 1,242 1,604
7.0 216 898 583 . 787 995 1,262 1,618
7.5 216 401 587 793 1,005 1,282 1,832
8.0 218 403 692 798 . 1,011 1,272 1,645 .
= 8.5 220 406 596 gos  .1,018 1,282 1,668
: 8.0 22% 408 600 gos 1,026 1,292 1,670
4 9.5 228 411 604 = 818 1,033 1,503 2,583 i
et 1650.0 224 415 08 818 1,040 1,813 1,696 ° s
0.6 226 415 613 ge4 1,048 . 1,323 1,710. v
1.0 227 418 617 ges. 1,066 1,585 1,722
1.5 . 228 420 621 = 834 1,068 1,342 1,736
2.0 230 4283 625 832 1,071 1,352 1,748
- 2.5 2351 426 830 844 1,078 1,362 1,761
2.0 233 428 635 850 1,086 1,371 1,774
3.5 234 4% . 63 .- 865 1,093 1,381 1,788 = _ o
4.0 - 235 433 843 - 869 1,101 1,381 1,799 A
4.5 236 435 646 868 1,108 1,400 1,812 .
. 1856.0 237 437 661 868 1,116 1,410 1,824
5.6 239 440 666 = 878 1,128 1,420 1,836 |
6.0 240 442 669 g78 1,130 1,429 1,849 , .
R 6.6 242 446 663 883 1,137 1,438 1,361 : S
7.0 243 447 667 888 1,144 1,448 1,874
7.6 244 450 671 89z 1,181 = 1,468 1,887
8.0 245 452 875 se7 1,158 1,466 1,888
8.6 247 45¢ 678 po2 1,166 1,476 1,911
B 2.0 248 456 683 907 1,172 1,486 1,923
: 1659.5 250 459 88é g1z 1,178 1,484 1,935 .




TABLE IT -
BARTLETT DAM SLUICEWAY OUTLETS Shest 3 of 8

RATING TABLE
ONE OUTLET GATE PARTLY OFEN

Discharge in sscond-feet _
Gate opening o '
foot 2 :!'ut 3 fut 4 feet & feet: 6 feat 'J’ faet

261 462 680 917 1 186 1,504 1,947
253 46¢ 685 @22 1,182 1,513 1,960 -
254 466 = 697 . 926 1.200 1,622 1,971
2566 488 70} © . 30 1,207 1,632 1,983
268 471 706 935 1,213 1,640 1,995
268 473 708 840 1,219 1,549 © 2,007
259 475 712 944 1,226 1,658 2,018
260 478 716 . 948 1,253 1,667 . 2,028
262 480 718 953 1,289 1,676 2,040
263 483 = 722 967 1,245 1,684 2,062
264 486 725 962 1,262 1,662 - 2,083
266 487 728 - 987 1,268 1,800 2,075
266 4% 781 972 1,265 1,608 2,085
268 492 785 @76 1,270 1,617 2,097 -
269 494 . 738 . 9880 1,276 1,825 2,108
270 497 748 985 1,282 1,632 2,118
272 499 745 990 1,287 1,838 2,130
273 501 749 ‘_‘994_f 1,295 1,647 2,141
275 504 762 998 1,298 1,655 - 2,152
276 506 7866 1,008 1,304 1,862 2,163 -
277 508 768 1,007 1,310 1 qu; 2, 174.

ot
[22]
o8

- - . - » L ] L 3 L3

*

® & % 2 e _ ¢ 4 &

0
6
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
1666.0
6.5
8.0
6.5
T.0
7.5
8.0
8.5
9.0
8.8
0

i
[27]
~3
[*]

Dissharge for more than one outlet may be obtained by ‘multi-
plying values in this t:abf‘_/.a by the number in operation.,
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veloped with three variablea, pressure head vs.‘valva Openings ve. dls-
oharge quantity {(figure 8)., Thege results were trnnsmitted to the field
by e letter dated Merch 23, 1940, with the following inutructiona: :
"By installing a rooqrding pregsure gage on the piezometef‘

outlets from the needle valve conduits, a continuous record of

the pressure will be obtained. The valve opening oan be recorded

eech time the operator changes the setting. By intogrntion,the o

total flow san be computed over a given period."

The determination of discharge through reasurement of'ﬁroumgra he(d
a short distance upstrear from the velve may seem unorthodox to the opers-
tor accustomed to obteining dischﬁfge'through outlefq from the‘wnfqr Sure
face elsvation in the reserveir, However, diacharge‘curfés based upon the
water surface elevetion would not:be aocufute‘bddauae friotibhnl‘lbéses in
the conduit of the prototype can not be duplicated 1n the model with any
degree of preclesion. Even i this were done,. the resultl would be uncer-.
tain beaoause the friction of the prototype oonduit will ohange with. timo,-
dus to rust mcoumuletions, and’ gruwths mey appear gradually in the oon-_
dult. By measuring the pressure head near the vnlva all: uncertainties

ctn be eliminated inasmuch as losses by frintion thrcugh the valres are
negligible. ‘ '

CHAPTER 1II = NEEDLE-VALVE_IESTS :

6., Ugs of 1:8 Sartlett Dam model for inifial.?riant'Dﬁm needle-v&lio
tests. Ae oan be sesn in the M fference betWaan‘the dates of the“first'

letter requesting meens cf mensuring flaw at Bartlett Dam Febru&ry 18
1937, and the finel transmittsal of the rating curves “for. needle valves
March 23, 1940, considerable time elepsed. This was due to.the-problem
of the calibration of the model nesdle valve being subject to postpone-
ment in the froe of more ufgent work . Howavor; wﬁen tﬁo pfoblem of im-
preving the desipgn of the Friant Dem needle valves was assigned to the hy-
drevlie leborstory, the 1:8 Bertlett model wes used for initin) tests
since thls meodel was similar to cother prototype valves ip which andverse

eflfacte of caviteiion were observed. These studies included a detailed

ig
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pressure-dischzrge study covering the entire range of head and velve open~
ings. In this way it was possible to complete the celibretion requestsd
by the field, ohapter II, and at the same time make the initisl Friant
test. ' ) o

Negative pressures in the mode) peralleled cavitation in gimilar pro-.

totype structures. The model pressure gredients indicatqd.g regidn”ot P
nagative preasures on the needle immadiately_belui the seat at vnlvp'open-
ings up to 30 percert, and slso on the curved portion of the rosrle down-
stresm from ite seat. Reports on prototype structures indiceted that the
region of cavitation on needles wae immadiatalj doynltfeam from the seat

and that it was severe up to openinge of 30 pergent but negligible when the
velve was wide open, Cavitétion also occuffpd on.tha curved ﬁortion of '

prototype norzles downstream from the seamt.

To eliminate negative pressures, the needle &nd the nozzls of thie
1:8 Bartlett model were revised mcocording. to recommendations from previous
tests on the 5-inch needle valve, desoribed in the roport "Hydraullc
N¥odel Studies for the Design of Valves for Outlet Works.ﬂ (Hyd -98) vy
K. G, Noonmn, H, M, Martin, and D. J, Hebert, August 1841. The angle bs-
tween the needle and the norzls wes made to converge three degrooa, s ‘
sharp-edged exit wns used, and the seat was on the ncne,portion of the

needle,

Pressuro-discharge monsurennhta.qn this fqricod valféiierogcéﬁpardd
with the original Bartlett Dam model.  The preséure'gradienta'of the rﬁviaedl
valve showed no negative presmires, but the diuoharge wes: only 85 peraent of
that of the original Bartlett Dam. modwl . These two tests w_ra opnsidered
as the initisl tests for the design of tha.Friant Dem nesdle valves and were
desigunted as tests 1 and 2, Their results seemed to dofina two limitttionu,
for their pressure-discharge chersoteristios were opposite. The originll
158 Bartlett valve, test 1, had e fsvorsble dlscherge but developed nega-
tive pressures, while the velve of test 2 had positive preesurse but the
dischergs wes reduced. Tests on the Friarnt Dam needle valves could astart
by using & velve similar toc the one used in test 2. Changes could be made

2l




to the norzle and the needle so that positive pressures obtsined in test

2 would be maintained but the discharge inoreased. These ohanges might
be continued until a point was resched where.a'furthef increass of dis-
sharge would cause negative preéauras. Such & vulve_iould ogtansibly.b§
the ideal design. ’

Although this gensral method for conducting the prelindnary studies
was clear, two factors hed to ‘be decided before the tasting oould procood.
First, it was neocessary to design & model of the‘Friant‘Dnn needle valve - -
to inolude the desirable features of the nnedle valve used in'ﬁoét‘z;“!nd
asecondly, it was necessery to determins & taating”procedura'and decide
upon e point at whioch the mres and the head would be measured for detar-
mining the coeffigient of discharpe. ‘ ‘

7. The model. Since the Bertlett Dam needle-vnlve modal was usad
in the initial tests for the Friant Dnm needle valve. it was suggeated
that this model be adapted for use in the tests whioh were to follow (fig-'
ures 9 and 10). Accordingly, a soale retio of 1 to 12,3 was uatabliuhad
for the Friant model by comparing the 9Qultorinl dianater of the body of
the 1;8 Bartlett model to that of the tentative design of the Friant.
velvee. Upstream from the wquater of the adapted l-to‘le.ﬁ Frient model,
simlarity between this model and the tentative design for the Friant Dem
needle valves did not exist. For example, the 9~ I/B-inoﬁ antrﬁncé din-
moter of the 1 to 12,5 model was equivalent to an ontranoo dinmetor of

121=1/2 inches in the prototype, while tho actual’ entrance dilmster for

the Friant Dam needls valves will be 110 inches, “This is not conuidcred
a serious departure in the testa sinoe the primnry funotion of the tastu
wag to study the offect of different sonditions of the naedla and the -
norele, and it wes contonplatod that ths design‘With the most favurable
pressure-discharge conditions would be duplicated later 1n;g_model hnving: N
the proper epproach conditions, This later model was oqnaffuotod toa
sosle ratio of 1 to 18.33, and duplication tests to check the effeot of
dissimilar entrance conditions between the 1 to 12.3 scale model and the

1l to 18.33 model conoluded the needla-valve tests.
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NEFDLE IN OPEN POSITION

1:12.3 NEEDLE VALVE MODEL




FIGURE 10

NOZZLE REMOVED SHOWING NEEDLE

VALVE DISCUARSING, 100 PERTELT OPEX,
810w 1NG APTACIMENT FOR MEASURING JET PROFI

1:12,3 NEEDLE VALVE MODEL




In adepting the Bartlett Dam model needle velve to be used ss.m
model for the Friant Dem needle velves, B. A. Blllidny. 1n A pemoran-
dum to Senior Engineer W, C. Beatty, Quostionod the loss 1n the expand-
ing entrance section whioh wes part of ‘the Bartlett Dam needle-valve
model {figure 7). In & memorendum to Senior Engineser W, C. Beatty dated
¥erch 14, 1940, J. E. Wurnook-statea.thiu lqss tp ba neglig%hlgf ’

"In my opinion too much amphasis has been pleced on this

fector. To satisfy all interested persons, ipeluding our=

selves, the conduit with thes expunding section is being re=

placed by 8 constent-diameter conduit, and key tests will be

repested to give compareble dat& diroctly lpplionble to the

Frient problem.,™ _

After the constent-diemeter conduit was installed .nhd the key tests
were made, it was shown thet the entrance losses in the expanding en-
trance section were negligible, These tests, reruns of the origingl and -
the revised Bertlett model valve, were desigrated ss testa 1-R and 2-R. _
The 1 to 12,5 model used in the preliminary teuﬁ:_thﬁ;‘conniutud'df 2 cbn4 :.
stant-diamster entrance conduit to which wes attached the'body of th&
velve of the originsl Bartlett Dtm model, . A 5/3-1nch sleeve wes oonatruetod
40 lengthen the body of the vnlve to study the effect of 1ncreasing the

travel of the needls. Ap etiachment was also conetructed to meagure thelj”
jets in the different tests (figure 10) )

The 1 to 18,33 scale model needle valve had ne specinl attachments

beeides plezometer oonneotiona for the measuronnnt of prossure grndienta.

8. Testing procedure &nd meesurement. of coofficient of diachars_.

As the pressure gredients and dlsoharge.coeffio;ants were the importert
objectives, the testing was mainly to determine these faotors for a com=-
plete range of heads end velve openings. The prossﬁre gradients were . |
measured by plezometers locfted along‘the critioal sections of fhb ﬁqedle .
and the norzle. For each test, va?ve'openin;s of 5, 20, 30, EC 75,'lnd'
100 percent were studied. When the velve was 100 peroant open, four runs
were made by setting heads ranging from 2 to 22 fest of water, For all

other valve openings only two runs were made, at heade of approximately

25




8 and 22 feet of wunter. The steps in making each run were to measurs the

valve opening and to set a discharge that gave the desired head. This

discharge was then measured over a $0-degree Venotch weir while pfessuraa

on ths needle onéd the nortls ware reanorded,

In addition to fhﬂSQ datn, jot prpfilés_woru;magstred with the valves
100 perosnt open andiyhe condi tion of the jet"ag noted £t all other open-
ings. ' ‘ |

The coefficient of dlmchurge C 4is the ratio of the actual discharge

of & valve @ to & theorstiocal dlscharpe A VegH in the formuls

Cw= 3 where £ represents an erea thrgugh_whiohithe watsr panses

A £ _ . .
and H the head. Fhile the srea 4 is not rased upon any fixed point in

e valve, it may be that of the vena contracta.of the jet, or the outlet ai-
emater of the valve, or the diametar of the condult to which the valve is
attached. Some differencee in opinion existed as to vhich point wns bast
suited for these st.lies, but it was finslly decided to base the area A
upon the diameter of the conduit to whiuh ths valvo was,attaohed.

Questions also erose as to the bast point fbr nonauring the headg .
The best head to use would be the water surface elevation of the reaervoir,
but it wae not convenient to do tniu in the model studiea.' Also. logsqa
would not be the same in diffe:ent conduits upstream from thoffﬁlvnﬁ._'Thorg-
fors, the head was first measured et the upstream_fl@ngq of the valve and
defined ss the pressure head plus tha.velooity head.. Prgsgu;- é:ddiéntu.
indicated u disturbance at this point, and, to‘avoid”thia disfﬁrbﬁnca;"thé
bead wes finally measwed one diameter upstream fron the upstreln flango‘
of the velve. This definition excluded ths use of an expanding - entrnnoe,
such ms was on the original model of the Bartlett Do nesdle valve (figura
7)., but demanded the constant -diemeter Approach conduit whick was placed
in the model %o eliminate axy possidle losses dus to the oxpanding entrance

sectibn,

9. Desoription of teste, After the first two tests were made, the

expanding entrance section was repleced by the oonstant-diemetaer conduit
and reruns cf these tests, 1-R and 2-%K, were cameidered sas the first teata
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of the Friant program (figure 11). As the test program was to involve
changes in ths outlet section of the revised vaivo. talt 2~R. these changes
were outlined sud the following 15 tests made (figures 11; 12, and 13),

B

Test

1+R Rerun of test 1} oﬁ-ndapted Bartlett Dam needls valve to
eliminate the effeat of expanding entrance section (fig-
ure 11 B), ' L o S o
Rerun of test 2 on adapted Bartlett Dam néedleﬁQalvo-to
eliminate the sffeoct of expanding entrance msotion, o
Similar to test 2R, except body of valve lengthened 3/6
inch to study affect of increassd travel of nasdle, :

Similer to test 2-F, exoept outlet diamster inoremssd
from B.13 inohss to B.30 inches to study effect of ip-"
oreasing outlet dimmeter.: '

‘Similer to test 4, except body of valve-inoreaqed 3/8 imch,

Similar to test 4, oxcept outlet diameter ircreased to
8054 inches, N ‘ :

Similar to test 6, a:oept_body-éf valve inoressed 3/8 indh,

Trisl 1 - Meohanioal ssction.
Trial 2 = Mechanical scotion,

Trianl 3 Mechanioca) gootion. & .
Trial 4 - Meohanical sestion (figure 12),
Trial b loohnnibal soofion. B
Trial & xoohnnioal‘noofion.

Stmilar to test 13, except body of velve inoraiued 3/3'1nch.;
to study effect of travel of nesdls, R Lo :

Duplication test on the 1:18,35 scals model to eliminate
the effeot of the difference in entrance conditions be-
tween the 1 to 12.5 soale model and the tentetive Frisnut

Dam needls-velve design (figuve 13).°

Test 1-R was aimilar to the original 1:8 Bartlett Dem needls valve,
while tests 2<R through 7 studied variations in the revised inlvﬁ'of ﬁﬁst |
2, @5 noted above. Tests 8, 9, and 10, submitted by the mechaniocal sec-
tion, studied changes in the contour of the nozele of & nesdle valve gindlar
te test 2R, Tests 11 ané 12 simuleted the design for the Friapt Dem needle
valves, In this desirn, outlet dismeters of 102 and 106 inshes were pro-
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posed; thus test 11 had an outlet dlameter equivalent to 102 inuh§i §nd'_
test 12 had an outlet diamster equivaldnt to 105 inches, . As the noezle
of test 12 was formed with & oompound curve,  test 13 wns similar to test

12 except the nozzle LLY: mnde with a nimplu ourve.

10, Selection of a velve for Friant Danu Tha teats outlined in sec-

tion 9 served two purposes: (1) to neleot e valve to be used for the de= -
sign of the needle valves st Friant Dem, which was urgent: and (2) later,
when time permitted, to study a few charaotgriutiau of needle valveu-fron
a general analysis of the test duta, | 7 | '

To sslect & velve to be used for the design 6f;tha nesdle valves at
Frient Dem, the results of tests 1 through 14, shown in figures 5 and 6,
were ocompiled as follows: | N o

Discharge B T S
Test Pressures coefficlent - . Remarks

1-R Negative 0,51 Not: sltiafnctory bauause
: negntive pressures. .

2-F Positive 0,425 Fot nntiufnotary ‘because
: low. dischnrgo.

Positive 0.440 fﬂNot sntiufnctory boonuse
- low dischsrgo. ;

Poaitive 0,438 ‘Not satisf&utory beoauae
' ' low discharga.d*

Positive 0.46C - Not aatiaractory because.
R o low diaoharge. S

Pasitive 0,462 Valve 414 DOt seat. 3
Positive 0,482  Valve did not seat. R

Negative | 0474 Not. aatisfnctory because of :
R negntivu pr-nsurua. :

Slight 0,470 Surface irrcgullritien 1n
negative .prototype. might cause’ cavi-
" tation.

Pogitive '. " Not oatiafﬁotory bacnuae of
‘ ‘ ‘low digoharge. '

Positive G Not satisfaotory because of
low diacharge. : '

Positiva Valve selected for further
tests,




Dlacharge .
Tost Presaures coefficient Rem&rks

13 Pasitive 0,480 Parformance as good as test

14 Positive 0.500  Inoressed 1e:ngth of valve not
' econom&cal. :
The oontour of the valve of test 12 waa salected as that for the final_
design of the Frient Dam needle valvo. and the 1 to 18, 35 model of the
final design of the Friant needle valve was conatructed to produce the
proper approach conditions. Pressures on thia velve were, for all practi-
cal purposes, the same as those of ths vnlve-of.tast lE,_and‘tho coqffi-ﬂ

cient of diszcharge wag 0,584.

Although the cocefflcient of the 1 to 18.33 mode1 is larger than the
cosfficient of the 1 to 12.3 model, 1'1:'“3' sha‘v}h fﬁa‘t‘ the mmn' duan-”
tity of water through both valvas was the samu.‘ Figure 13 shawa bath
velves in prototype dimensions. The princip&l differenoe is the 121~ L/Z-
inch imtake dismeter for the vaive of test 12 nnd the 110-inch intuks dit-
moter for the valve of test ib. If the energy head a+ both of these valves:
wure the same, it can be shown that the disohargo Q= CA Vm' will be
the sames for all prnctical purposes, since the: product Cx A is the seme
for both walves., This must be true since the control is at the exit end-

of the wvalve eand losses throubh the velve are negligiole.

11. Memsurement of jet profiles. Throughout the tosta the shape and'
the oondition of the jets were obsarved end the jets of teste ‘2<R through

14 were profiled up to thair vena contracta with the. valvea 100 perceut

open (tabls 3). Observations of jets were made in tha previoua teets of
the 5-inch velve and included &g photographs in the report, "Hydraulic

Model Studes for t'e Design of Valves for 0qt1et Forks,” In thoss toitu
and in tests 1-R to 15, inclusive, it vaé observed that tha jets were mare
801'd and had a better gensrel appearance in valveq'haéing a shnfp-édged
nozzle exit than in valves having a curved nozrle exit, However, this
difference should not be importent in & prototype ouvtlet slthough the sharp-
edged exit might be preferable because it should cause less spray.

The jets of tests 2-R to 14, inclusive, were profiled by the coordi-
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nome ter shown in rigure‘ia. The procedure was to plaoo \he dapth gage at
2 glvon position on the bar which was pnrallal to the lxiu of the ralvo e
and to move the point of the depth gage into the Jot until it touched a
s011d well of water. A white streak then appearod downstream from. the
depth-gage point. Neer the valve exit the woter lurrace was olear ao thnt
precise msasurements ocould be obteined, but several inohan uownatream a
spray began te form which concnsled the astuel boundary of the jet, making
the sbove procedurs necessnxj. AL sbout six inchea dcwnst:qam from thq
nozzle exit the position of the jet boundary began_tb fluctuste, so no g
further measurements could be made, 'Appnranﬁlyfthg vbna_cohtriétd'of‘tha
Jets was mbout eix inches from the nczile exit, Ebwbier,.it wia-imponslhlb‘
to find the eotual locetion, Since the vena oontrlct was in & rogion e
ficult to measure, table & which giveu the Jjet dia.lnator at various dis-
tances from the velve exit should not be applied where & precise determie

netion of the vena contrecta is rgquired. :

12+ Pressure~discharge study. In'idditisn‘fo evolving q‘vhlvo de-

sign for Friant Dam, the se tests were ;nrricicnt'to‘afudy'ibha pressure-
discharge charecteristios of needle valves having a'ih;:p-udsgd nozzle.
exit, The object of this discussion is to state & oriterion for meintein-
ing positive pressures at all points in the velve at‘iny[vaif;'oponing and
then to show how a miximum discharge coefficient mpy be obfﬁinnd within
this pressure eriterion, For clarity, aeveral‘termu”gré'déf;ned; as fol-

iowgy

{a) Control,=«The minimum aree of pessage through the valvo, whero |

velocities ere a maximum eand presanres 8 minimum, is the oontrol. To
meinteln positive pressures through the valve, the control should always
be at the exit of the outlet gactlion of the valve. '

(b) Outlet seotion of the vulve.--Beforo the water discharges from

the valve into the atmosphere, it flows between two conical surfaces be-
cause 8 short section of the nostle immedietely upstream from its exit
formg the frustrum of & cone, and opposite, a seotion of the needle down-

streem from its seet also forms the frustrum of a ocone (figure 14), These
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conss, forming the outlet ssction, are desoribed by thelir angle with the

axis of ths wvalve.

(¢) Angle of the needle, or a.

I — ——————— ——

(d) Angle of ths norzla, or p.

(e) Converging outlet. sootion,--"here a 1s less than B- tha outlet

saction ie converging,
(f) Pnrallel outlat section,--Where a is° equal tO bs the O“tlﬂt pec=.

tion appears to be parallel. Actuelly, the ares of pnssage is convarging

because the direction of flow ia towards the apax of the cones forming the

outlst sectlion.

(g) Diverging outlet section.-JWhere a is graatar than . ﬁ the outlot

section mppears to diverge, end a =~ } i callsd the dogreo of divarganoe.“'

Actuslly, divergence of passage indicaned by ‘@« p may not exiat.‘ Since
the direction of flow betwean the ocones forming tha outlat neotion is to-
ward their mnpex, it is possible that the. passage aren be converging ;;;E;;Eh
a - § sappenrs to be diverging. divargenoe or. convergenoe of pansago will

depend upon the valve opening.

13, Pressure studiea.--To mszntain pouitive preesures in the valvc.

the outlet section must be doaignad to keep the control at tho oxite It

was with this object in view that racommandationa for valva desivn waro

mde after studies on the S-imch valwe at Boulder Dam were completed. Theue
were, briefly, to have s oonverging outlct seotion, . uhnrp-edged nozzle
exit, and tha seat of the needls on the cone portion; With a oonvorging
outlat section, pressures were positive at all valve Openings (toutu 2~R to
7 and 11 to 14, inclusive}. With = purallol outlet section. pressures wors
also positive (test 1D), With e diverging outlet zeotion thay were nega-
tive et openings less than 50 parcent (test B}. With a divergence of 4 ds=-

Zrees, pressures wers negative at openings less than 10 percent (test 9).

It wes apparent that the control would be &t the axit of & converging
outlet section 2nd at the exit of a parsllel section. However, with a di=

varging ssction the control was at tha exit at wlde valve openings but
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upstream from the exit at amall illvu openings, with‘foﬁﬁlting hegﬁfive 3 ‘
pressurss, If a valve were not to ‘be operated at small 0ponings, " diverg—'
ing outlet section could be used. To approximnte the aritioal opening
where pressureschenge from positive to nogntive with furthar closure of

the valve, it is only necessary to oonpare the erea at. the exit with. an-
area a ghort distance upatraam._ Tha factors 1nvolved will ‘be.a, ﬁ, tha,
needle travel, and the outlet diameter, %ith 8 degrees oivergonce. .
test 8, this critioal opening was calculltod to b3 45 peroent, which ngroes'
with the test data, With 4 dograea divergenco, toat 9, the eritical open-'
ing was approximataly 10 parcent. However, at’ such a emall Oponing the .
outlet paacage was so short that the differanoo of nraas waa slight. Ac-

cordingly, negative pressures were not severa,

In addition to the outlet seotion, ns desor15§d 5£he'cﬁrv££ur6 of the .
nee¢dle upetream from the seat also ceused a rwduotion in pressuro and may |
otuse adverse effects if no factor of safety is used in seleoting the dirfor-
ence betwein angles a  and p.  No testc ‘were ‘made to study the effeots
cf this ourvature. As long &s the geat of the needle is on the cons por-
tion and the curvature is similer to the velves tested, i1t should not be.

the oause of trouble,

In connection with prassure studies it is vellfto note tho relation
of pressure i35 head, Figure 12E shows this. relntion to be 1inear° Tustn
of the b-inch velve et Boulder Dam under hoadﬂ of 600 feat uhuw a linoar
relation of pressure to head if all pressures in ths valve are. poaitiva.-
Bowever, if negative pressures ere ‘present it 1s dlffieult to detormine .

the exaot prossure-hnad relationship.

14. Discherge studies, A prass&rg;driterion which salsots a given

divergence or convergence cf the outlet soetion does not ppddify-thu actual
values of a and f, but only their difference, Therefors, it.fdlldih that
the velues of o and E may be seleched 5o asz to give a mnximﬁm gpefficieﬁt.
of discharge, ' P

Ir oomparing the discharge cosfficients based on the inteke diamster
of 9.875 inches (121-1/2 inches prototyps), it should be pointed out that
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the different valves 4id not have the same out1§§ d1nmeter nor the‘aaﬁe"

needle travel, As these féatures‘ddtprmined the siiefof‘the-vnlve,‘;ny :

fair comparison should be based on #alveé‘haviﬁg,thgcénma‘dntiat diame ter

and neadle travel. As the control of the velves was at their exit, it .

follows that the coefficient of dischﬁrge;‘baaed on the iﬁtﬁké dinmetef,

veried directly with tﬁa square of the e“it'diaheter. To'find a rule

which governs chenges of the ooofficient with chenges. of neodle travel,

the curves of figure 15 were plotted. The increased travel of. toats 3,

5, 7, and 14 was obtained by lengthening the ralves of tests 2-R, 4, 6,

end 13. Thus, the respective. tesfs fell on the same curves when . plottediﬂ]

on the needle travel-discharge coeffioient coordinatea of figure 15. ‘ »
Plotted on lagarithmic coordinates, the cosfficient of dischargo ‘was approxv_:' y
imately proportional to the square root of. the needle travul at valva cpan- |
ings greater than 2.6 1nches (60 peroent). Thp d;schprga_qoafiicientu were
corrected to & velve having an outlet’ dinmqter‘of B.SOO_inhhea and uiﬁoedle"
travel of 3,187 inches. | P

Different velues of a, P, a = B, and the coefffoiqnt of discharge
are show ir figurd 16 and in the table belov.‘ As explained above, the.

discherge ccefficients were based on An intuke'diamdter of‘g 875 inohea
and corrected tc the selected naedle travel and. outlet diamator. Tblts
2-R to 7, inclueiva, were reprasented by teat 4, for thoir disohurga uoof-
ficient was the same when corrected to the aelected outlot diameter and
nesdle travel, For the same remson, tests 1 thrqugh 14 waro.rapreuantad
by test 11. T e S
o Divergence = Corrected
Test a, B ‘ a - B, discharge -
¥eo, degrese  degrees degrees . coefficient

4 37 40 -3 0.424

8 45 57 : 8 . 0e874

9 46 41 & T 0.482

10 45 &5 - O -~ - 0,450

11 - R 40 -1 0,439

The valves of tests 8, 9, and 10 of constant a (45 degrees) formad
a straight line (curve A, figure 16). Assuming that a gimilar relation-
ship would exist for other anglea, curves B and C were drawn, The rel-
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lution between o and the ocoefficient of dinoharga for zero divargunoe

was then drewn {ourve D).

The points forming ocurve D were looated by Acsuﬁdng ouries‘B and €
a8 streight lines with the same slope as curve A innsmuoh &n the lattor .
was & straight line, Curve C' shows that 1: ourvos Breand C did: not have._
the seme slope, curve D would still retain tha samo ganarnl shnpa.: To
set & lower limit for curve D it ocan be shown that nu a: and P approach
tero, the discharge coeaffioient also appruachel sero. To datennine an -
upper limit, ss a and P spproach 90 degrouu. tha no:nlo would boogma i
sharp-edged orifice which bas & discharge cosffiolent of 0,60 when un-
obstrunted, B8y mssuming that the obstruct: on caused. by tha needle wbuld
be elight, this walue, 0,60, may be used to lpproximnto the coeffioient _
of a valve mving & - f = 90 degrees. Aa the ralue‘ 0.60 13 bllod upon ‘ 
the exit area while the desired ooeffioient must be baaed upon ths 1nletF
area, in meccordence with the dafinition of the diuoharge noeffioient giv.n
in section 7, the correstion 0.0 _iﬂ;iﬂglg_ = 0,425 was applied whore T
B,300 is the exit dimmster and 9.876(fn Zgo inlet diamotor. The cooffi-:
cient, 0,425, is shown on ocurve Dfor aw 20 d.grte. Curve D is only _
an indicated curve, and its . actutl shnpo must be found through additional
toats, ‘ . L

Curve D is important for it indi cutes that there is a value of a
and § which will glve & neximum ccefficient of diuchlrge for a vnlvo of
rerc divergence, Similar curves can be found ror any divergenco or. oon-
vergence desired, This curve uhowu thnt the valve. aoleoted for the
Frient design does not have an opti mum coeffioient of diccharge, for the
coefficient could he inorsesed by changing the angles of the needle and |
the norzle from 59 and 40 degrees to about 45 degreoa without changing the
eite of the velve, The determimation of optimum values f g and p sug-
gests future needle-vulve tests, as the original object of these tests
wes to develop a valve having positive pressures snd et the seme tims the
highest possidle coefficient of disoharge,

A different approech might lead to the same cobclusione as obteined
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from curve D by detarmining the area of pﬁssugé 8t the ﬁozala'ékit and'
the area of the Jat at its vena contraota as thu values of a and ﬁ '
change, As a and [ increase, the area of paesage at tho exit 1norensen.
tut the ares of the jat st the vena: contracta.docraaseu. Thoro muat be-
some value of & and £ at which'thoaé'opbbsingirnbtdri are balanced.
Bowever, additional tests would be necessary to etudy tha disohﬂrge chlr-

scteristics of the valve from this npproach.

CHAPTER v - TUBE VAuVE TESTS

15. Tube valve models. Both the’ preliminary and the finnl tube i
velve models hed a somle ratio of 1 18. 33 which was astnblished by uoing
a 6-inch approach conduit in the modolu au uomparsd with the llo—inoh

prototype conduits (figure’ 17A)

To have reasonabls similitudo between the model and the prototype,
it was expedient to maasura the energy head one diauater upstream from
the valve to eliminate the difference betwaen the model and- the prototypo
losses in the approach condult and to avoid presaurg disturbanoea oaused
by the valve, This was astablishod by noedle-valve tentn.. It was also'
necessary to have a proper velocity distribution of flow approaching tho
valve, thie belng obtained by uaing a atraight brans pipe 14 reet long for
the approach caondult, :

The model differed from the prototype in that the prototyps conduit

was sloping while that of the modsl was tested in & horlzdntalfﬁbaitibﬁ.
3y measuring the energy head near the va-ve, however, the data obtainod

in these tests ie applicable to moy valve rogardless of the' alinament or
longth of its epproach conduit. :

The testing procedure wae to reoord the pressures and diaohnrgé for
heads ranging from 4 to 30 feet (70 to 550 feet, pfotqtypb), Ahd_for v@lv&i.
openings ranging f'rom 16 to 100 percent. The pressures through the valve
wers obtained from plezomsters located ag shown in figure 174, and the -

discharge was messured over & Ve-notched weir,

16, The preliminary test. Hydrsaulic model studies on needle and
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tube valves for the outlets at Ffiant'Dém and on tube valves for 6utlsts
at Sheats Dam were commenoced at sbout the seme time.';Model‘dtudigs.op .
the tube valves at Shﬁéta Dam dre désbribédkih the'rapbrt'"ﬁydraulié':"‘
Studies for the Desipgn of the Tube Valves in the Outlets in Shnstn Deam" -
by D. J. Hebert, Associnte Engineer. The tube valvea nt Shasta nnd Friunt
dams could not be designed from the aama model studiea baoauae the Shnltt
valves are to be placed in thc conduit near tha entrance, while the Frinnt
valves are to be plaoed at the exit end cf the oonduit.‘ Nevortheless, thn
preliminary test of the. Friant tuba lve waa mnda with 8 Shasta model by
romoving al} of the conduit downatrsam from the valve fo that it would dis-:
csharge freely into the atmosphere. Thg test wes desqribod au_test T‘in_thg
report "Hydraulic Model Studies for the Deaign_o:.tha‘Tﬁbéivalveg_in‘tho'
Outlets in Shasta Dam." e

This Shaste valve had n ourvaed nozzle exit slightlv divarging,'which
cauvrsd negetive pressures on the nozzle nesr the axit. To avoid this con-
dition for the Friant tests, a aharpaedged exit was used which aucoesufully
eliminated the negetive pressures on the nozzle, but it reduced the exit
area 30 percent and lowersd the coefficient of . diachnrge (figure 17}

Although the sharp-edgod exit eliminated negative‘presauras on the
noezis, negative pressures develaped on the lip of the tube at openingu
less than 50 percent (plezomster A ), This 1lip was shaped uo an to cause
8 divergence in the passage between the lip of the. tuoa nnd the nody of the
valve, and this condition wes aasumed to be tha cause: of tha negative prol-‘

sures,

Another function of the preliminary test was to observe the form of

the jet at verious valve openings, At wide openings, & ablié‘jeﬁ‘wns
formed, but‘as the valve'cloaad the diemeter of the_jet_baéameqsmallor
until, at approximately 15 peféent open or less, the jet didihtegrated and
formed oconsiderable spray. Sueh Spray would be undésirabla at most pro-
totype structuwres; so the use of a tube valve snould be limited to lafger
valve openings. The form of the jet appesred to bear a direct relatioen to
the pressures inside the tube, for when & solid jet was being ejected ths
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tube was full of water under prensure._ Al the valve vlosed, the prelturex
inside the tube was reduced. and when the valve was 15 percent opan tho
pressurs became slightly nagat‘ve s0 that the tube filled with nir in~
stead of water, the air apparently cauaing the jet to diuintegrnto.. o

17. The final design. The Friant tube vnlves wura doeignod similar '

to the adjacent nsedle valves in the river and tho Friunt—xorn canal out =

lets, since they ware oonnooted to the namc si:e conduits and oparatod under
ths seme heads. To maintain poaitiva preaaures in the tube vnlve. & uhlrp-

edged nozzle exit was used,’ but 1o divergenoo wag permitted in the ptasago '
between the lip of the tuba and the noz&le suoh L1 ooeurred 1n the prelimi-'
nery test, Ac a result, positive pressures wera reoordod in the valve g |

through the entire renge of heads nnd vnlve openingu. _'

The characteristica of the Jst wore similar to thoae of the prelildnlry
tube valves since the jet oaused sprey at smnll vnlvu opuningn. 1n this osge
openings of less then 30 peroant BB oomparod to 16 peroent in tha prel iminary
teat. The spray oondition was emsier to observe on the finnl design bacauao
the jet formed a more regular pattern with less di-integrltion. At umall
valve openings the tube wes {illed with eir and the proasuro inside was nlightly
negative, as observed during the prelinﬁnn:y tast; but it waa Iurthar cbeerved o
that the jet formed e hollow come with its base at the’ nozzle. At thn apex

of this cone, approximately one diemeter da«nstrcnm, the impaot of the wnter
was unbslanced, causing the jet to flutter and dinintograte into aprly« .

Although the operation of the tube vglve undqr thaae=uqndltiun; g
not desirable at openings of less then SO'perdent“‘1t‘waé?§ﬁtioiplt§d‘thlt
such opsration mey be necessary 1n ¥ emergenoy, in\«hinh ‘cage the negative
pressures inside the tube should be eliminated. It was propused thnt they
be relieved by aeretion, but this wag found to be unnacanaury, sinoo air
broke through the walls of the cone-ghaped part or the jet. ruliosiug tho

negative pressures and making the tube self-serating (pierometer inside the -
tube ), '

A test was conducted to determine the tendency for the tube to vi-
brate. To do this, & loosely fitting tube wag installed and the valve was
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operated st ssveral heads and openinga. Since no vtbrations wofe apparent,
e welght was then added 'co the innide of tho tube to thrcw it of f ball.nou. '

but no vibretions socurred. It wes soncluded th&t the model tube 'raho
wes free from vibration, but it is impos sible from this test to state that :

no vibration will occur in the prototypo tube 'mlve. S

The ocoeffiolent of disuhnrge of the tube valvc of the finll design .
was 0,51, whioh does not compare. too I‘u-ortbly with tho ooof‘f‘lnient of. the ‘
needls velves which was 0,59 (I'igure 178). I i‘uturt deuigne of tuho vnlvot
the ooefficient could be improved by 1noroning tho axit diameter & Copmll
amount and by shortening the lip of the tube, suoh roviui ons hoing nhocked
by model tests, The limit of the letter rovi_ aion wou_ld bs to out o!‘f the
1ip at it® point of see:i. This would have the same offect upon'.inorou‘lng
the travel of tho tube and ias substu.ntiatod from testa which .howod that
the cosfficlent of dimcharge could Ye increased by 1ncraasing the travel of
the needle., A posaible disadvantage of incraasing the cosfficient of dis= <
charge aof the tube velve would be & reduction in. the r#nge of reg\ilntion.‘
This was indicated from compering the prolimim.ry a.nd the filw.l valves, the .
former heving a lower ‘ncefficient but a greater ranga of regulltion. -
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