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n o z z l e s  
works at 
have bee 
d i t i o n  o 
doubt  has been  o p e r a t e d  much more m 
that observed on needle valves at B 
d e s c r i b e d  in  h y d r a u l i c  l a b o r a t o r y : , r  
cause  i s  a t t r i b u t e d  to the unfav, 
oertaln ranges of  opening. The , 
valves As such that the  flcm tends to sepLrate from 
duolng severe negative pressures that result in the 
tion cavities which collapse on the surface of the nozzle near the exit 
to produce the pitting@ The pitting of the needle results fromthe same 
phenomenon, bu t  i t  i s  I n f l u e n c e ,  s o f  the  
f low p a s s a g e  a t  c e r t a i n  opening. ~e t e rndn in~  
t h e  adequacy o f  a proposed modi: .severe 
suba tmoephe r l c  p r e s s u r e s  b e l i e v e d  ~o be .n d e s t r u c t i v e  
..4.~aoti°n.~that ...̂ ~m°delq.__ _ ~tests_ _ _ J wore_ • instigated ~ i n .  . . . . . .  June study 'was made 

~9 ed le s..iand ,tbs 
n 'the - o u t  let 

f a c t o r ,  s 

PURPOSE OF MODEL STUDIES 

20 Scope o f  t e s t s .  The purpose  of  t h e  ~odel  t e s t s  was to i n v e s t i -  
ga te  the ade'quacy Of proposed changes in the Alamogor~o outlet valves to 
prevent dasRge to the needles and the nozzles by cavitation@ The Inves- 
t t g a t i o n  i n c l u d e d  a s t udy  of  t he  p r e s s u r e  d i s t r i b u t i o n  on c r i t i c a l  p o r -  
t i o n s  of the proposed modifioatlon, a comprehensive o~llbratlon of the 
~odifled design, and oomputatlons to establish the outlet oap~eity with 
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one v a l v e  m o d i f i e d  and t h e  o t h e r  re~naired o n l y o  C o n s i d e r a t i o n  was 
giv~ to making the study of the Ala~ogordo valves by usin~ either a 5. 
i n c h  h y d r a u l i o  model  v a l v e  t h a t  was t e s t e d  a t ~ B o u l d e r  Dam i n  19S8 or  a n  
~-I/4-inoh model of the 66oinoh Bartlett valves tested in the Denver 
l~boratory. However. the 5-1noh valve was not available i~aedlately 
and b o t h  v a l v e s  r e q u i r e d  o h a n ~ e e w h  ,-o- 
gram. As a result, it was deoided 
could  be o o n s t r ~ o t e d  and t e s t e d  i n  ,r 
or  n o t  t h e  e o n s t r u o t i o n  o ~ : t h e  i n t r  .* 
air ~odel needle valves i s  essential in p r e s s u r e ~ a n d  oalibratlon=tests 
has been ~eetionable~ therefore tests were~n~de to asoertaln their 
necessity. 

s .  of r e s u l t s .   essurss on the  o,,le a:,  t   eedle 
were posi~; ive '  for all Valve hey deoreased and be- 
e a s e  v e r y  s ~ a l !  a t  some p o t s  oaohed t h e  o l o s e d  
p o s i t i o n ,  none beeame  nega t i ,  on eo. . :prevalent~ i n  t h e  
ori£inal design should not be present in the modified valveo Disoharge 
ooef~Aolents and capacity ourves for the modified design indioated a 
d e o r o a s e  i n  oapLoi t~r  o f  a p p r o x i m a t e l y  1 8 a l / 2  p e r o e n t  d u e  .to :Lthe O~D~O , 
a oharaeterlstio whioh Is ~voldabie when the ~ souroe of oavltation in 
these valves is eli~inatedo 

Discharge ourves based on the data taken from the is5,1/2 seals 
aerodynamic model, and from tests on the 72-inch Boulder valves and a 
5-1noh hydraulie model of the Boulder valves, should prove ueef~l in 
deterLining the amount of water being released from thei~outlet struo- 
turo. 

TSE INVEST IC~TION 

I~i' • 

t o  t h e  54o inoh  n e e d l e  v a l v e s  i n  t h e  o u t l e t  works  a t  Ala~ogordo~D~mo T h e  
model  o o n s i s t e d  o£ a l e n g t h  of 6 - i n c h - d i a m e t e r  m e t a l  p l p e j  a t r a n s i t i o n  
from 6-1neh-dlameter t o  a 45-degree. 6-inch radius, oiroular segmentj a 
4 5 - d e g r e e  V-shaped e h a n n e l w i t h  one s i d e  o f  f i b e r  wood and t h e  o t h e r  o f  
t r a n s p a r e n t  p l a s t i o j  and 450deg ree  p l a s t e r  e a s t e r s  o f  t h e  v a l v e  n e e d l e  
and t h e  n o z z l e  ( f i g u r e  2A). 

The v a l v e  n e e d l e  and t he  n o z z l e  w e r e  shaped  by r e v o l v i n g  l e t a l ,  t em-  
p l a t e s  about fixed easters. A plaster mortar, prepared by sifting dry 
1olding plaster Ante a vessel of water until it was Just covered by the 
water and stirring in a w~nner to prevent entrainment of air. was plaoed 
in V-troughs with sides shaped approxiw~tely to the seotlon profiles of 
the needle and the nozzle~ a~d the templates, centered at the ends. swung 
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b a c k  and f o r t h  a c r o s s  t he  t r o u g h s .  T h e  n e g a e n t e w e r e  shaped  t h r o u g h  a 
process of building up with plaster and scraping off the surplus as it 
obtained its eeto 

The segments, except for the downstream needl 
bolted to the sides of the V-shaped channel. The 
a b l e  and wan ~ o n t r o l l e d  by a rod  pan 
wall. Airtight ~oints were made by i 
a~ong the seams inside the model° Air was eup~ 
inch positive displacement blower. 

nd 
st- 

. 

Piezomsterswere installed by drilling small holes into the model ~ 
ae~enta and inserting small copper tubes for attaohlng to a water manom- 
eter. The connections between the model and the metal tubes were made 
airtight b y  placing plaster mortar around them° 

The needle profile for each 10-percent increment of ~ opening was 
etched on the inside of the transparent wall of the V-shaped channel to 
emable accurate setting of the valve at these openings. 

A water manometer was used to measure the plezometer pressures° 

5. Study of pressure distribution on needle and nozzle of modlfied 
design. ~inoe model studies made previously'on the Boulderm Alcove, and 
Bar'left valves had dleclosod reglons o[ subatmospheric pressure in the 
vicinity of the pitted areas, it was not believed essential to construct 
and test a model o~ th~ pre~ont installation. The proposed n~difioation, 
consisting of rvplaoament of the 42-degree needle tlpwlth :one having an 
angle of S6 ° 22 with the axis of the valve (the s~ as that of the 
p r e s e n t  n o : ~ l e )  and t h e  a l t e r a t i o n ~ o f  t h e  n o z z l e  e x i t  f r o m  t h e  rounded  
to the sharp-edged type, was based on brief tests of slmilar changes to 
t h e  B o u l d e r  d e s i g n  c o n d u c t e d  on a 5 - i n c h  h y d r a u l i c  model  a t  B o u l d e r  Dam 
in 1938. 

When t h e  p r o p o s e d  m o d i f i c a t i o n  was  t e a t e d  and t he  d a t a  t r a n s f e r r e d  
to  p r o t o t y p e  b y  u s i n g  p r e s s u r e  f a c t o r s ,  b a s e d  on t h e  t o t a l  m o d e l  h e a d ,  
e x p r e s s e d  a s  a r a t i o  o f  t h e  head d i f f e r e ~ t i a l  f rom a p i e z o m e t e r  t o ~ t h e  
c o n t r o l  a t  t h e  e x i t  t o  t he  t o t a l  head d i f f e r e n t i a l  f r ~ m a  p o i n t  one 
d i a m e t e r  u p s t r e a m  to  t h e  c o n t r o l ,  t h e  p r e s s u r e s  i n  t h e  r e g i o n  o f  ~the s e a t  
on b o t h  t h e  n e e d l e  and  t h e  n o z z l e  w e r e  f o u n d  t o  b e  p o s i t i v e 6  A l t h o u g h  
the ~gnitude decreased and became very small as the needle approached 
the closed position, the pressures at all points remained positive (fig- 
ure 2B). Cavitation, therefore, should not be present on the ~)dified 
design. 

To a e e e r t ~ . n  t h e  e f f e c t  ~ t h e  s u p p o r t  r i b s  on t h e  p r e e e u r e ~  on  t h e  
n e e d l e  and t h e  n o z z l e  and on the  v a l v e  c a p a c i t y ,  t e s t s  w e r e  made w i t h  
and w i t h o u t  one of  t he  r i b s °  No e f f e c t  was  o b s e r v e d ,  and t h e  r i b  was  
o m i t t e d  f o r  t h e  r e m a i n d e r  of  t h e  t e s t s °  
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Upon completion of the pertinent studies, teats were conducted to 
a e e e r ~ i n  the n e c e s s i t y  f o r  c o n s t r u c t  ips of n e e d l e  
valves for aerodynamic te~ts. The ~tl needle.was re- 
moved,  making i t  a S6 ° 22 cone ( t e , t  
d i d  not influence the pressures or  th sn ~this change 

of the needle extending beyond the end of the nozzL .... ~IIM open, was 
re~vod (teat 4, figure PA)o As this prod 
portion of the valve needle (I inch, measu 
moved (teat 5. figure 2A)o No perceptible 
was c o n c l u d e d  t h a t  c o n s t r u c t i o n  of the'int: 
dynamic models of needle valves is not essential unless pressures on 
them are re~ulred for preparing 

6. (~libration of the modi 
- Lbility :of alr 

t e s t s  i n  c a l i b r a t i n g  ~ d r a u l i c  d e v i c e s ,  w ~ e m c a r e . i s  t a k e n t o ~ : h a v e  con-  
d i t i o n s  representative of the prototype, has~.been verlfied by tests in .. 
the hydraulic laboratory: hence the proof that the'results from~alr 
teats are as reliable a s  those from hydraulic teats wasnot a part of 
t h i s  s t u d y .  

The quantity of air passing through the model was measured by an 

orifice located on the intake of the air blower. The quantity of air 

was computed by using the equation 

where 

t i o n  

Q'CA 

Q is the quantity of air in cubic feet per second, 

C is the orlfloe coefficient (0o60 in the case of an 
intake orifloe ~Itha 8~all head differe~a~:ial)o 

A is the area of the orlfioe inaquare~:feet° 

g is the aoQeler~tion due to gravity~ 

b is the head ~IfferenZial in feet of air. 

The coefficient of the valve was then obtained byusln 6 the equa- 

where 

Q 

C 
T 

A 

CvA / gh t 

is the quantity determined as explained above, 

is the ooeffleient of the valve, 

is the area ct the inlet or outlet of the valve, 
depending upon which it is desired to base the coefflolent, 
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g is the acceleration due to gravity; and 

h t is the total effective head in feet of air one ~ diameter 
upstream from the valve inlet. 

The coefficient was computed for each lO-per ........... ..... 
ing (figure 2C). That for the fully open pc 
diameter, w~s 0.85, which ohecked~favorab~y 
tests on th~ 5-inch nod .... 
In this ease, however, 
was not the case with t 
of the modified design: 
of the needle was chang 
alteration produced no 
of the validity of air mode/ tests ^ 
these data, considering tunnel and 
were used as part of a discharge chart for the Jout 
S). 

7. Preparation of calibration chart for outlet structure. Since 
one of the two v~ives in the Alsmogordo outlet works had incurred little 
damage, duep no doubt, to infre,~uent operation at critical Openings, the 
modification of both valves did not seem justified, particularly since 
it was possible to establish an operating schedule whichwould enable 
regulation of the outflow over the entire r~nge,of discharge without 
cperating the unaltered valve at the most c~ itical Openingse Tests on 
the 5-inch model at Boulder Dam indicated that pressurelconditions were 

isted, the modified valve would be closed ~nd the unaltered with 
approximately 23-percent tool the 
required quantity. Ope rati~ be 
limited to openings of 70 to I00 percent (figure=3), When the demand for 
water increased beyond th~ c~pecity of this valve, the,modlfied d 
would be operated to release the quantity needed until~the full c 
of the structure was reached. 

A discharge chart, reservoir elevation versus discharge, was pre- 
pared for the ~itered valve only, discharging ~t various openlngsi for 
the u~Itered valve only, dlscharging at 70, 80, 90, ~ i00 percent 
open~ifor the unaltered valve fully open~ and ~ the regulating valve 
at various openings. Trashrack, entrance, bend, friction, and contrac- 
tion losses were considered in its preparatlono 

Head l o s s e e  f r o m  the  r e s e r v o i r  to  t h e  v ~ l v e s  w e r e  computed f o r  

various dischargeea and average values for the friction coefficients of 
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the different conduit sizes, K in [ ~ ,  'were :obtained, Using ' ~ 

these, it was possible to write ex ,S:-for %he~to.t~l!head at :the 

bifurcation from the tunnel to the pipes in"terms of ,the pressure ,.gr&dl- 

on% through the pipes and the t w o  v~ives. 

For the modified valve, 

v 2 v2 v2 

I" 

For the unaltered v~Ive, 

2 2 
V V 

U 

where 

i:i~:ii ~ i ' :~ ' ~"I~ • 

- total effective head.at blfu~ 

V p - velocity in 66-inch pipe leac 
consldered, 

)eing 

Kf ,, a friction coefficient assumed constant and 3~u~l to 
the average valuefor the r~nge: of diSch 

C and C u = the discharge coefficients of themodifie 
unaltered valves, respectively, for.the~valve opening 
in question. 

By simplit'ying anti.equating these expressions .n place 

of V for the particular branch considered, a rat: is 
P m u 

obtalned Q being the ~uamtity passing through the modified.. ~Ime and ° 
' m 

Qu that through the unaltered valve~ 

By expressing both quantities in terms of the-total outlet ~ dis- 

charge and substitutimg in the expression for the total head, reservoir 

surface to center llne of the valve, 

H'~l-- ~ -~ 
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V~here 

K I - loss coefficient to end of ,12-foot section .of/~.tunnel, 

V 1 - the velocity in the 12-foot tunnel, 

K 2 - loss coefficient for lO'foot ~section, 

V 2 = velocity in lO-foot section,~and ~ 

h b = total head at bifurcation from either Of ~the two ~ ' 
expressions above, 

the total outlet dl sch~r~e was computed for differmut ~reserv¢ 

tions. These d~ta were used to construct:the Outlet discharge 'iCh~rt, 

(figure $). ~ 

The discharge coefficient for the umaitered ~,valve':was~estl 
usiz~ that obtained from the Boulder v~ive studies having theirs 

of valve travel to outlet diameter as : 
obtained in this m~ner.was .e~uallto that of~ the Boulder ,v~Ive at :97I~2 

percent open, 0°76, or about OoO~ lesa?~tk 
model at Boulder, prototype data 
partial opening as compared with 
ing the 72-inch valves at Boulder ~.D~m, w~ 
partial openinE. It is believed that .an~ 
these data in this mamner is ~negllgible@ 

8o Conclusions. That positive pressures ~will exlst ~th~0ugh out i.the 
modified va'l'~e having e~ual~.needle and - ~6 ° 2 2 '  is-indi- 
cated by the results cbtalned from the With such 
conditions the pitting of the valve avi~tation should 
be elimiz~ted. The m~intenance of I ilth the new 
~6 ° 22' needle tip and the nozzle ~e; p-edge~ type, 
should be a minimum, 

In view of the results obtained ,from ,this study, it was concluded 
that similar valves at other Bureau projects ean!,be altered ~in ~,the: same 
manner to elimi~te damage by cavitation, thereby reducin~ ~hi~h malnte- .. 

l l a n o  e co 8 t e e  

From the tests in which sections of the needle ,tip,was removed, it 
was concluded that the in+~ricate .tlp of aerody~mlcneed le~v~Ive,m°dels 
is net essential in determining the pressure distribution or discharge 
coefficient of the design unless the pressure distribution on the tip is 

needed to establl~h ~a thrust di~ram~ 

Tests with and without the ribs supporting the upstream end of the 
needle i~i-cated that such parts have little effect on the pressures and 
discharge coefficients when o b t a i n e d  by an ~erod~mlc model. 

7 
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The oap~oity of a valve-altered in this ~nner ~s-lubstantlal~ly 
reduced, and conside~tlon :ahoul8 be glveni~this ~faot ~en ,slwuilar 
cha~ee are ml.de,  The ~oapacity , the reser- 
voir surface at elevation 4265, [ ;5~second- 
feet by the charge, or ~bout 18-i/2 percen%o 

The ~Ischarge ¢h~rt prepared £zom th 
of determining the outlet dl aohar,ge when 
outlined in section 7 of this reports 

-# • / • 
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