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' INTRODUCTION

lo Damge to nesdle valves at Alamogordc Dam.
noztles of the two Interior, ‘A1 Terentls. ‘needle valv
works at Alamogordo Dem of the - Carlsbad project. in
have been damaged by a pitting ‘action produced by cavita
dition of ons valve 1s not .serious, but. that of .the .cvher
doubt hms besn operated much more, is similar in nat
that observed on needle valves at Boulder, Alccva, and
describad in hydraulic hboratory_'fr"oporj;'_sj‘np'l'_-ig:'_?iiz;_j\'i_ﬁ,;‘_\-‘;gigf’_‘_’
cause is attributed to the unfavorable profile of the water
certain ranges of opening. 'The survature of the norzle sxit these .
vAlves is such that the flow tends Yo sepurate from the boundery, pro-
duoing severe negative prqidu‘rﬂ_.?'j‘,th'a.'t'.'rbnu;l't"\;';in}irithq"l{f"dr:-mgf_tij,‘dxif}'f'qf__,piyi‘i_f,lj— :
tion cavities which collapse on. the surfmce of'the nozzls near. he exit

to produce the piitings The pitting of the needle results from the ‘some
phezomenon, but it is influenced als 0 by the slight divergenoe of the . ..

flow paseage at certain openings,.’ It was for ‘the purpose of .determining -
the adequacy of a proposed modiflcation in the . limimtion of ‘severa
subatnospheric pressurss believed to be the ‘ciuse of thia’ destructive .
action that model teatsgwarqfinatt;atQan1ng4une;1944gyﬁxygﬁatuqy;ids”mkde;

using an serodypamic model cons trusted of plﬁi}:ﬁi‘,ﬁfﬁto'.'i._:';iddvlq__,..;pf-",l:“’.‘.l::d_j‘;' R

6-1/2. The tests on thism ,mdel,'_irh:ichf:f‘-p;_auaﬁta‘q.:fa."*dz:xai’-fii’g’hth sector

of the valve and the downstream portion of the cutlet ‘conduit, ‘were' oom-

pleted July 10, 1944. fhe proposed alterations were found to be satis- . .

factory, :
PURPOSE OF MODEL STUDIES

2, Scope of tests.. The purpoge of the model tests was to investi-~
gate the adequacy of proposed changes in the Alamogordo outlet valves to
prevent demege to the needles and the nozzles by cavitetion, The Lnves-
tigation included a study of the pressure distribution on oritical por-
tions of the proposed modification, a comprehensive ocalibration of the
modified design, and computetions to establish the outlet capacity with




ons valve modified and the other repaired only, ' Consideration was =
glven to making the atudy of the Alamogordo valves by using either a b @
inch hydraulic model valve that was. tested: at:Boulder Dam in 1938 or an.
B-l/&-inch model of the 868-inch Bn.'rtlot"tx‘vq.ljr‘-fu ~tested in ‘z‘,t_h'e'{ncnvdr‘
laboratory. However, the 6-inch valve was not available ‘immediately -~

gram, As a result, it was decided to use an ssro ynamic modsl which -

could be construoted and tested in a :s;on;m&;;& rt.period, ‘Whether

or mot the construotion of the intriocate points on'the needle tips of

air model needle valves is assential in pressure an ‘calibration tests. . . .
has bosn questiomable; ‘thersfore tests wero mide to'ascertain their =~ . °
ueoessity, R R e e e e ST

‘3. Summary of results. Pressures on the nozzls nd the needle . -
vers positive for all valve openings. Although they decreased and be- . =~ -
cAme vory srall at some points-as the needls approached the closed ' '
position, none became negative; thus the.cavitation so prevalent in the . -

original design should not be present ‘in ths modified valve: Discharge
cosfficients and oapacity curves for the modified design indicated a
decrease in capacity of approximately 18+1/2 peroent due to the ‘ohanges,

& characteristioc which is unavoidable when the ‘soursce of savitation in
those valves is eliminated, - et R T e e S G

Disoharge curves based ‘on the data taken from the 1:15-1/2 soale .
asrodynamic model, and from tests on the 72-inch Boulder valves and'a
Seinch hydraulic model of the Boulder valves, should .prove usefulin . .
determining the amount of water being released from the cutlet strue-
tura, - AT e L T

| THE INVESTIGATION .

Desoription of 116-1/2 soale asrodynamio model. A modsl having -

_ «, repreasmting a ons-slghth seotor through the -
valve and a portion of an outlet conduit, -using air asa test medium,
wags employed 1o esoertain the feasibility of the proposed modifications -
to ths S4<inch needle valves in the outlet works at Alamogordo Dam, The .
model oconsisted of a length of 6-inoh-diameter metal.pipe; a transition
Trom S-insh-diameter to.rt45'-dqgree;",'6‘-inch‘:rat_!iua,‘..oircula"i' -aegment; a
45«degres V-shaped channel with one side of fiber wood and the other of
trangparent plastio; and -45-degree plaster sectors of the valve needle
and the nozzle (figure 21), I T T e

The valve needle and the nozzle were shaped by revolving metsl tom-
Plates about fixed centers. A plaster mortar, prepared by sifting dry
molding plaster into a vessel of water until it was juet oovered by the
water and stirring in a manner to prevent entrainment of air, was placed
in Vetroughs with sides sheped approximately to the seotion profiles of
the needle and the nozrles and the templates, centered at the ends, swung
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back and forth across the troughs. ‘The segments were ‘shaped through . i
process of bullding up with plaster and soraping. of f the surplus:as At

obtained its sat,

The segments, except for the dwnstrenmneedla

bolted to the sides of the V-shaped channel, ‘1 \ s ade adjus:
able and was controlled by a rod passing through’ 8lot 'in the ‘plastic -

wall, Airtight joints were mde by plgﬁjagfgifi115£[5E;m¢ﬁ311ngfalaya1 \
along the seams inside the model, “Alir.was supplied to -the model by a. 4= =
inoh positive displacement blower. T T T

Piezoms tere were i’nata.l'lédpby.'dri lling lma.llholau :;‘jix‘;ts themdel e
segunents and inserting small copper tubes for attaching ‘% a:water manom-
stor. The conmections between the model and ‘the: metal tubes ‘were: made

sirtight by placing plaster mortar around them, .

The needle profils for each ‘10~'-peroy'9nf""in'cz‘-‘dm_a'rn_t‘_"o:[‘;“p';:{;ﬁ:_l'zi‘g‘vgqn‘.‘q“"f.' =
etched on the inside of the transparent wall of ‘ths V-shaped channel to-

emable aocurato satting of the valve at these ‘openings, . . ¢

A water menomster waa used to measurs the piezomaturpreasuros.

o8 made previouzly on the Boulder; A cova,:

isclosad regions of subatmospheric pressure in the -

vicinity of the pitted areas, it was not beliaved essential toiconstruct
and test a model of the presont inatallation, The proposed wodifioation,
consisting of replacement of the 42-degree needle tip with one having an
angle of 85° 22  with the axis of tha valve (the same as that of the - .-
present no:zzle) and the alteration of the nozrle exit from the rounded . -
to the sharp-edged type, was based on briaf tests of similar changes to

the Boulder design conducted on & B-inch hydraulic:model at Boulder Dem .
in 1938, : - N e e R e B T e D

When the proposed modification was tested and the data ‘transferred IR
to prototype by using pressure factore, based on the total model head,
expressed as a ratio of the head differential from s pierometer to the
control at the exit to the total head differential from a point one -
diameter upstream to the control, the pressures in thes region of .the seat
on both the needle and the norzle were found to be positive. Although
the magnitude decreassd and becams very smll as the needle approached -
ths closed positionm, the pressures. at all points remsined posivive (Zig-
ure 2B). Cavitation, thersfors, should not be present on the modified
design, _ . S : '

To asoertain the effect of the support riba on the pressures on the
needle and the nortle and on the valve oapnoity, tests were mde with
and without one of the ribs. No effect wag observed, and the rib was
onitted for the remainder of the tasta,
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Upon completion‘af”thé'bertihpnt}jtudféu} t§itsff§r6f@dﬁduétéd*tof
ascertain the necessity for construoting .the 1 tricate tips of needls .

‘valves for asrodynamic te ts, TheWtipkof}the}operatingJnQlee?iuand-f*:

moved, making it a 38° 22 “cpnef(tbntla,griguraiza)gy]Whgnithih?chdngﬁf1;
did not 1nf1uance-the prg;:qrea;px;the}o&p;pity,&thqq;ng,dfgth1§ndbdlp‘*ﬁ
oxtending beyond the ond‘ot‘thevnozzlg;;iithltheﬂyalra;fUIIyTopen,waQ“"

removed (toat‘4,:figurQNZA)° IAsﬁthiaUpfqdnﬁadagogqhgpgé{#ih'ddditibﬁaily

portion of the valve need1e¢(1L;n¢h,ﬁmaasuredwaléﬁg;theﬁﬁlbpe)%iaSﬂra¥${€"

woved (test 5, figure 2a), iwb;poroéptiblﬁ;chdngg;qﬁagre¢9rdpg)ﬂﬁhudéiij}”‘
.peodle tips on meros =

was concluded thst:oongtruction.gfﬁﬁhgﬁintffédké
dynamic models of‘neadEQ\fglvbd;l#;gotheﬁhghﬁial”
them are reguired fqrapreparing.th;ustﬁdiagrims;

unlesa pressures on

8, Calibration of the modified dasign ‘reliability of adr - .
tests in: : h : 8 ‘taken to have
ditions ruprenentgtivofofqthe‘protdtype;Ahdgybgengiﬁrifiqdﬂbyﬂtgitgj;n“:
the hydraulio'labdratory;,henoe,the;prDQf«thatﬂthe?rybulthffrbmwairfj;‘. y
tests are ae roliable ns.thoaa-_from“hydraulidﬂtdstsﬁwié«noti&ip@rt;df :
this study, S e e e T e

The QTG of Air puasizg through the model vas makeirod by an
orifice located on the intake of the air blower, 'The quantity of air
was computed by using_the,equgtibgl‘ BT S B B

Qeor JTEE

where

Ls the quantity of air in cubls feet per second e
C is the.orgrioe~co§friciénty(o;sblin;thé;egia}of;aﬁ‘rf]éf'

intake orifice with a 3”4}15h94¢f@if?vféﬁtiﬂliew*~‘q o

A is the afe& of;fhé_drifiqgfiﬁ;@Qﬁ#faffogélfg;_h_

48 the woosleration dus to gravity, ant’

B 1s the head Mffermntial in'feet of atr, = =

tion ‘ C o

< - cv.a .=’ "E g Et : .

whers . g :
Q 1is tha qnantity;detqrmined ae explained above,
¢ is the coefficient of the valrs,

v

A is the area of the inlet or outlet of the valve,
depending upon which it is desired to base the coefficient,

4

calibrating hydraullc devices, when cars ‘taken 'to have con. .

The coefficlent of the vﬁlvéfins'tﬁén bb&afﬁ§& $jﬂQ§§ﬁg?ﬁh$f@ﬁudeﬂjz:'




g is the aeceleration due to gravity‘”and

ht ig tho total affactive he&d in feet of airlone diametsr
upstream. framAtha valve inlet ;

The coefficient was. oowputed for each 10-percont increment of vulve open-H '-}f

ing (figure 2C). .That for the fully open position, based’ o"tha outlat

diagetaer, was: 0.85, whieh. chacked favcrabky“with ‘the valua ained from;f .

tosts on the 5-inch model with a mozrle und a needle angle of '36% 22
In this osase, howsver, the needls tip'was'a right’ oirculﬂr cbne vhich L
waz not ths case with theé: Al&mogordo modificat ' ‘
of the modified ‘design for the Alamogordo va

of the needle was changed to makelit 'a’oonehaving : ”gla. Th:s]fﬁ":
alteration produced no: ohange; ‘80 -the: ‘Boulder. : derad.’ proof o

of the validity of air model tests:. Diq'hlrge curves were:, pfeparad from
these data, considering tunnsl and’ pipe ‘lozges to the: valveaF, __ 7
ware used ag part of a dlsoharge chnrt for the_outlat struqt ra?(tigure o

7. Preparation of calibration'chdrt fbr ouilht strucfuré._ Since ——
one of the two valves in the Alamogordo:outlet works had incurred: little _‘
dam ge, due, po doubt, to infrequent: operation at: oritical onenings, the” '
modification of both valves. did not - geem Justiiied p&rtlcul;rly since -
it was possible to establish an opsrating’ schedule ‘which would-enable .
regulation of the outflow over the entire. runge of discharge without T
cperating the unaltered valve at the most critical cpeningao Testa on'fs"

the 5-inch model at Boulder Dam-indicated. thnt pressure conditions were.‘ﬁ.  ff

less sovere at large openinga; thus the: schedule of operation -and the.
discharge chart for the outlet structurae ware . prepared on this basia.

With this plan, the modified or regulatory vulve woild be'uaed tg” raleaseﬂ""‘

water until the demand sxceeded 1ts capacity,. When this situation ex-"_
isted, the modified valve would ‘be:closed and’ the unnltsred valve, with.
approximtely 23-percent more capacity,: would be opened o relsaue the
reaquired qu&ntity. Operation of ‘the: unaltered valve wvuld thus be

limited to openings of .70 to 100 peroent (figura 3)s “¥hen the- demand fqrt"'.

water increased veyond the: c&paoity of ‘thig valve,‘the modified design R
would be operated to releaes the quantity nseded until the full capucity §
of the structure wes reached, . PR B A i S

A discharge chart, reservoir elevation versus, dischirge, was pre-fQ-ﬂ
pared for the altered valve only, - dinoharging at various openings; Lor:
the ltered valve only, discharging at 70, BO, 90, and ‘100 percent
opensafor the unaltersd valve fully openy and $F the ‘regulating valve :
at varlous openings. Trashrack, entrance. ‘bend, frictlon, and oontrao- o
tlon losszes were considerod in its preparationo

Bead losses from the reservoir to the vulves wera.éomputéd for

various discharges; and average values for the friotiom coefflolents of




. the diffarent- conduit sizos, Ki in h ‘= K “gm— ware obtainedur Using. 3“

ent through the . pipea and the two valves. *ﬁ";-* o
For the modified valvo,g_.

VE

V
by = k- K

For ths umltér'ed “lve, R

hb - -EE_f¢IKf' ‘g_‘ﬂ

V_ = velooity ii 66-inch pipe laading toﬂths"
P oonsidored - 5 . " Lo
Ky

the diacharga coeffioiente of the modlfied and the
une ltered -valves, respnctlvely, for ‘the vulve onening
in’ queation. - ‘ : :

- By simplifying and equating these expressions,iusing
of Vﬁ for the pa:ticuL&r branch cousidered A ratio of;‘ it o i
obtained, %ﬂ baing the . qpnnt*ty passing tbrough the modified n&lve and ;
Qu that through ‘the- unnltored valveq- S i '

By ozpressing both quantitles in tarms of the total outlat diu-"ﬂﬁr-;
charge and aubstituting An the exprasaion for the total head, reservoir
auriace to cemter line of the valve,

He= K i K, -ralid by,




K, = loss eoefﬁciénﬁ to éﬁd “of lz-foot secticnofmnnal,
' -ithafvelﬁéitﬁ'iﬂFthé i2;f0§§f£@ﬁh§IJ‘ ”T WL
X, = loss coefficient for 10-foot section,
V. = veloolty in 10-foot sectiom, amd T
‘h, = total heﬁ&‘at-h;fﬁiédtiéﬁTrE@m;biyﬁb}fdﬁﬁﬁhaftﬁpr““
expreasions‘?‘b?ve.’:. R i S S

the total outlet disctarge was computed: for aifferent roservoir el

tions. These d_s.ta‘.wer_af ‘used to ."‘cé:_'t"ns‘tx"ﬁ_cﬂ:ﬁ:’_rahe_; out.latdischarg chart,

(figure 3)e

The discharge coefficient ‘for the umaltersd walve was: estimted by’
using that obtained from the Soulder ‘valve studies having th ‘same iratio
of valve travel to. outlet diameter as the Alamogordo ve ve, The value .

obtained in this wanner was-egual to that of _the Boulder-valve'at 97<1/2
parcent open, G.76, or about 0,01 less than that recorded “on’ the Seinch::
model st Boulder. Prototype data, giving the ratio:of :discharge at’

partial opening as compared with that ‘at.full opening, ‘ctteined in operate '

ing the 72-inch valves at Boulder ‘Dam, were used to .osts

blish ‘the flow for -

partial opening, .It.is believed that any error Tesulting from the uss.of ' b

these dats in this manner is megligibles

6. comolusions. Tmt positive pressures will exist throughout the

modified valre having equal: needle and nortle: angles 6° 22' 15 indis

cated by the results cbtaimed from the iserodynamio model . With such . .
conditions the pitting of the valve needls and'mort. v cavitation should " -
be elinmimated, 'The maintenance rof -the Alamogor ‘valve, with the new .. .

260 22’ needle tip and the rorzle .exit ‘changed 1o the gharpeedged type,
thould be a minimum. T L o o i e R

In view of the results ob fa;i.riéd fromthis ntudyit wa.‘s:f")éo'nréludgéd._"?_,‘

that eimilar valves at other Bureau: pr:c‘»_jgdt's_:han_';’zb'ef_a';lte'r'ad;,{:ixi the seme:

panner to elimimte damege by ‘cavitation, ‘thereby’ reducing high mainte- .. |
pance costs, S S T R e L PR e

From the tests -ix‘l--‘ivhi";':h : a_ec'ti‘.chs. of the 4‘;nee“dlze tip was remved,it gl

wag concluded that the irtricate tip of aerqdyﬁaxﬂid"'rnoe'dl‘s‘—#s.‘lvé;mo‘d'élsf R

fs not essential in determining the pressure distribution or discharge SR
coefficient of the design unless ‘the pressure distribution on the tip: is
needed to establish a thrust diagram. = - R

Tests with and without the ribs supporting the upstrean ond of the =
needls indicated that such parts have little effect on the preasures and .
discharge coefficients when obtained by an earodynamic model..

7




The capacity of a- valve altered An this nnnner is;pubstantiully -
reduced, and conaidaration should- be: givon ‘this: faot ‘when ' similar - L
changes are made, The: capacity of “the: Alamogordo valve,uwith ‘the reuer-"
volr surface at ulnvation 4265, 'will be radueed 1rcm+940 td‘
feot by the change, or about 18-1/2 percent'

‘The discharge chart prepared from this-study will:aerve ay: a.msans‘
of determining the outlet. discharge when 0peration of thé
outlined in section 7 of thia reporto i :

65*secnnd-='u5 -
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