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Subject: Model studies for the development of the holl~-Jet valve - 
~nderson Ranch Dam - Boise Project, Idaho. 

INTRODUCTIOW 

i. General. The water conservatian a~ irrigation demands of 
the Bureau o~ Reclamation projects have re%uired accurate regulation 
of flow either from the reservoirs to the various irrlgation projects 
or for release downstream to another reservoir. The valve in earliest 
use for this purpose was the ballnced Ensign type which was :instal° ~1. ed 
a t  Ar rcwrock  and Shoshone dams and  o t h e r  of  t he  e a r l i e r  dams.  Th i s  
valve was very bulky, and eonslderable trouble was experienced with 
its operation (laboratory report No. 135). The Ensign valve was super- 
seded by the needle valve which, after considerable ad~ustment,:was 
found to operate satisfactorily. However, ~the val~ mslve, ~Rnd 
its coefficient of discharge was low. In the e s a r c  ,as.costly 
v~Ive, the tube valve was developed, Its design was similar to a 
needle valve with the major part of the downstream end of the needle 
removed. This arrangement was less expensive than the needle valve, 

"/ 

PURPOSE ~ MODEL STUDIES 

2. Scope of tests. The purpose of the model tests was to ~u- 
vestigate the feasibility of ~the proposed design. The investigation 
included a study of the valve operating mechanism, the pressure dis- 
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  o f  t h e  v a l v e ,  a e o ~ r e h e n s l v e  c a l i b r a -  
t i o n  of the design, and a study to determine a suitable location for 
t h e  b a l a n c i n g  p o r t s  i n  t h e  n e e d l e .  



~. Summary of  r e s u l t s ,  P r e s s u r e s  , o n . t h e  v a l v e  body.and t h e  n e e d l e  
of the final design of figure 4 were positive for all 
Althou~h they decreased and became small at-some point 
approached t h e  closed position, none became negatived'and it :Is:not 
a n t i c i p a t e d  t h a t  any t r o u b l e  due t o  c a v i t a t i o n w i l ]  
this valve. Discharge coefficients and capacity ct 
design (figures 4,  5, and 61 show considerable improvement over-:the,for- 
mer needle and tube valve designee The i coeff~cient of the hollow-Jet 
va lve,  based^on the inlet d iame te r ,  was 00696 a t  maxt~zm.:opening as 
compared to u.ooo z-or zne Fr ianZ Damneedle va lves,  ~.!and O~52.for .itbe 
tube valves. By increasing the needle travel of the hollow-Jet valve %0 
106.5 percent of the design travel, it was possible to obtain a coeffl- 
cient of 0.724 without materially affecting the pressure distribution 
(figure 5 ) .  On a cost basis, at the headworks of the Friant-Kern Canal 
it was found possible to effect a saving of " ne hundred 
thousand dollars by replacing the .two needl two tube 
valves with hollow-Jet valves .of the same d th~ 
same time to have v a l v e s  which would operate s 
range of heed or opening. 

THE INVESTIGA TIG~ 

4. Description of the model. The inletdiameter of the hydraulic 
models was 6 Inches in all caseso All parts of%he valvewere bronze 
c a s t i n g s  c a r e f u l l y  machined to co~fc 
The operat ing mechanism of the. f i r s t  
models were  operated meohanloally. Pier-meter:pressures were taken in 
practically all of the modelso The ~locations of the piezometers are 
shown on drawings, of the model valve and are designated by a circle and 
a number.  

To expedite the testin~ and provide/an inexpensive means of deter- 
mining the practicability of some of the suggested designs, an aerody- 
namic model was constructed to provide for testin~ the 12-inch diameter 
valve segments. This model consisted of,a length of 6-inch diameter 
metal pipe; a transition f rom 6-inch ee 6 - i n c h  
radius clroular seE~ent s a 45-de~ree one side of 
fiber wood and the other of transparent plastlcj and 45-degree.plastic 
s e c t o r s  of  t he  v a l v e  body and the  n e e d i e  ( f i g u r e  2A). The segment s ,  
except for the needle, were fitted and bolted to the sides of the V- 
shaped channel° The needle was made adjustable and was controlled: by 
a rod passing through a hole in the end of the V-shaped channel. The 
Joints were uade airtight by placin~ fillets of molding clay alon E the 
seams inside the model. Air was supplied by a 4-imch positive dis- 
placement bl~er. 

Piezometers were  installed by drilling small holes into the model 
se~aents and ineertin~ hall copper tubes for attachment to a water 



manometer." The connections between the plaster and the copper tubes 
were ~de airtight by placing plaster mortar around them. 

5. I n i t i a l  t e s t s .  The p r e l i m i n a r y  d e s i g n  of  f i g u r e  1A was a S- 
i n c h  bronze mo~el having  a h y d r a u l i c a l l y  o p e r a t e d  n e e d l e .  Tes t s  w i t h  
this model indicated that the operatin E ~ohanism for the needle~s 
s a t i s f a c t o r y  and t h a t  a c c u r a t e  s e t t i n g s  of  t he  n e e d l e  could be o b t a i n e d  
with the aid of an indieatoro 

The c o e f f i c i e n t  of  d i s c h a r g e ,  based on the  i n l e t  d i a m e t e r  and  
maximum opening  was 0o607, which was c o n s i d e r e d  too smal l  i n  view of  
results obtained with the needle valveso To inoreaae~the coefficient 
of dlsoharge, the needle travel was increased from 2eOOto 2o25 inches. 
This increased the coefficient ~o 00621 and the piez~etric pressures 
did not indicate any negative pressures on either the needle or the 
valve body. T h e  ooefflcient of diechargewas then increased to 0.692 
by i n o r e a l i n g  the  body r a d i u s .  While t h i s  c o e f f i c i e n t  was more s a t i s -  
f a c t o r y ,  piesometrio pressures on the needle,indicated severe negatlve 
pressures and the needle was again changed as shown on figure IA, re- 
vision 4. The revisiau reduced the coefflcient tc 0o629 and eliminated 
the negative preaeureso This design was notLappreciably better than 
the first revision of the original des com- 
plete revision of design was necessary ~ ~_ saute 
c o n d i t i o n s  and a s u i t a b l e  c o e f f i c i e n t  of d i soha rgeo  

8. Teats to determine accur a~ of aerodynamic models° To compare 
the  r e s u l t s  o f  a 4 5 - d e g r e e  s e c t i o n a l  m o d e l  as s h o w n  o n  f i g u r e  ~ w i t h  
the results obtained with the hydraulic model, a plaster a 
section of valve I, figure 2B, was constructed and tested 
a fluid. The results of these tests indicated a coefficient of dis- 
oherF, e of 0.716 as compared to 0.678 ~ obtained with the hydraulic model. 
As no attempt was made to oompcn~te for the absence of vanes in the 
air model, the  results obtainedwere considered sufficiently accurate 
for preliminary testing and work was continued wlththis type of model 
t o  d e v e l o p  a d e s i g n  f o r  t e s t i n g  in a h y d r a u l i c  m o d e l .  

7. Aerodynamic t e s t s  l e a d i n g  t o  t h e  d e s i g n  of  ~a lve  2 .  In v iew 
of  the  p r e c e d i n g  t e s t s ,  t h i s  mc4el was c o n s ' t r u c t e d  w i t h  an i e x i t ~ o f  
mmaller body diameter and with a smaller needle having more curvature 
a% the downstream end than those used in previous models (figure 2C). 
The results from aerodymamlo tests indicated the coefficient of dis- 
charge to be 0oS77 without a vane and 0.642 when the vane was in place. 
The piezometrlc pressures were  p o s i t i v e  a t  all v a l v e  openingso 

It appeared that considerable savin~s in cost could be affected 
in the design of the v~Ive if the hydraulic operating mechanism were 
r e p l a c e d  by a b a l a n c e d  chamber and p o r t e  in  the  n e e d l e  l o c a t e d  so 
t h a t  the  unba lanced  p r e s s u r e  on t h e  need l e  would be minlmi~ed f o r  a l l  
walve  openingso The l o c a t i o n s  of  t h e s e  p o r t s  were  o b t a i n e d  by 
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To evaluate this integral it ~s+necessary L ~ k~ ~ p ~ S ~ function 
of rll  but, as this ~s ~ot known° the integration was done graphlcal~y. 
The value pr was plotted agalnst r~ the area under the curve was 

planimetered to obtain / r pdr ! a~d that value ~s multiplied by 2 
o 

to obtain the to~al thrust on the ~edle 
This operation was repeated for several ~ ~ the 
results were plottede 

To find the best location . . . . . . . .  
to plot pieloaetrlc pressure e 
o n  the needle° and from+:~hese 
multiplied by the projected area of the balancing chamber in,he R- 
plane, resulted i= a balancing thrust that roughly approximated the 
needle thrusts The piezometrio pressures for determininEthis location 
were obtained from the aerody~a~o model and were laterlverified in a 
hydraulic model of v~Ive 2. 

8. I~raulic perl'ormJnce of valve 2~ The 6-inch model of v~ive 2 ~ 
was constructed-a~ocordi~:to figure IB° The hpdraullc control on the 
needle of the previous design w~s replaced by a screw mechanism a~d p. 
balancing ohambero With this ~rrangement the v~!ve opened and cl~sed 
easily without any indication of vibration or bindin~ at any=valve open- 
ir.Ee ~+ 

The coefficient of discharge obtained with this valve at full open- 
ing was 0.642. which compared favorably with that obtained from the sam 
design in the aerodynamic model° All pressures on thil valve were posi- 
tive except at piezometer 8 which was slightly nsEative at I0 pero+ent of 
full valve openly. This negative pressure was not serious, and ~rom a 
pressure viewpoint, the v~Ive was c~sidered satisfactory. The dis- 
charge coefficient w a s  lower than wal considered obta~ble with this 
type of valve and still have satisfactory pressure distribution in the 
valve • 

This design and the previous valve design were such that at any 
time the needle or the interior of the v~Ive needed servicing, it would 
hsve been necessary to remove the sleeve at the upstream end Of the 
valve and remove the ~eedle from that end. This would have :involved a 
considerable amount of time and expense. It was apparent thJt the 
servioi~ of the v~ive could be done more rapidly and mor~ easily if the 
needle were removed from the downstream sad of the v~ivee Accordingly, 
the valve w~s redeslgned as shown c~. figure IC. 

90 V a l v e  ,~ . .wi th  special h y d r a u l l o  c o n t r o l .  T h i s  v ~ l v e  w a s  c o n -  
s i d e r a b l y  l~rger in diameter but shorter than the previous valves. It 
also contained a so-called spiral b~draulic control for actuating the 
needleo The spiral was turned by a manually operated gear arra~emnt. 

5 
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The rotation of the hollow~splral ,haft v~ried the~openlng to he ports 
in the hydraulic chamber, thus warying:thelpressure in ~the chamber 
w h i c h  c a u s e d  t h e  v a l v e  e i t h e r  t o  open  o r  c l o  e l  

i ~ a of the valve travel wlth~:this pparatus w a s  I 
was not turned too rapidly. The rapid rotat 
allow time for the pressure in the hydraulic chamber ~to~build up to~Ats 
proper value and stabillze, hence, tomporary control'of !~the needle:'~S '~ 
l o s t e  A l l  t h a t  was  n e c e s s a r y  to  r e g a i n  c o n t r o l  w a s  t o  r e t a r d  t h e  speed/~ 
o f  r o t a t i o n  o f  .the s p i r a l ,  a n d  i t  was  a g a i n  p o s s i b l e o t o  s e t  t h e  ~ e d l e  
a t  any  desired position without difficulty. 

The coefficient of discharge for thia:valvewas~ O. 
able subatmospheric pressures on t2 
caused abandonment of this partiou: 
dynamic tests of the revisions to • 
appeared impossible to obtain a de 
a valve so  limited in lengthO 

potion- 
the ~ ant tahoe 

oathS sere- ~: 
re 2D, it 
e s s u r e s  , i n  

I0. Valve 4. As .the interior parts of valve~2 indicated satis- 
factory p e r f o r m a n c e 0  it a p p e a r e d . p o s s i  
by c o m b i n i n g  t h i s  p a r t  o f  t h e  v a l v e w i  
shown on figure ID° This combination' 
atmospheric pressures prevailed at pie 
discharge was 0e740. 

ii. Aerodynamic tests to determine a des gn for,lvalve ~ 5. Pre- 
vious tests ha'd indicated that the negative- pre's's't~res ion'the valve'-body 
were partially due to the sharp radius ~at~thei~entranceo By ~inore~sing 
this radius, as shown on figure 2E~ the z assures on >the,~ibody 
were eliminated if the needle travel,was 4 incheso ~ Pressure 
conditions on nee~le i, figure 2E, Leaom- 
eter 22 where ob~ ~ ~tionable, negativ . _ ~Is was 
also true of needles 2 and ~o 

~fter considerable study as to the cause of 
piezoaeter 22, needle 4 was evolved. Tests with d 
positive pressures on both the needle and the~ 
openlngse The pressures on piezometer .22 cent 

a~osp~x'iO • v ~ l v e  c l o s e d ~  and a t  some p o s i t i o n s  t h e  p r e s s u r e  was  n e a r l y  

12.  V a l v e  6 - A n d e r s o n  Ranch B. Wi th  t h e  i ~ o ~ a t i o n  o b t a i n e d  ~from 
the previous s~udies', a n'ew 6-Inch hydraulic model was constructed 
(figure IE). With this design itwas also possible to:_remove the needle 
from the downstream end of the valves To provide for this .ithout mak- 
Ing the diameter of the dornstream part of.the valve large, it was 
n e c e s s a r y  t o  r e d u c e  t h e  c l e a r a n c e  b e t w e e n  t h e  i n n e r  nappe of  the J e t  and 
t h e  needle h o u s i n g ,  

P r e l i m i n a r y  t e s t s  w i t h  t h i s  d e s i g n  showed " t h a t  a t  v a l v e  o p e ~ l D g s  

~ • 
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below atmospheric pres~ureo Parr- - - " - " ' - ' - ~ - ~ ' ; " ' ~ - "  
was eatisfactoryo The jet ImLs we 
the oorrespondin~ pressures were 
whleh was slightly negative .over 
d i f f i c u l t y  due t o  t he  Jet f i l l i n g  
by reducing the outside diameter 
one-elghth incho 

ings 
Lnd 
24 

Lted 
a ing 

Further testing with this design revealed critical submtmolpheric 
pressures on the f ou r -  large v ~ e s  forming the ~connecticn between ,~the. 
valve body and the needle housing° /!~e of the vanes washalters, 
shown on figure 3. Continuedtesting of thedesign showed that 
a t m o s p h e r i c  p r e s s u r e s  cn the  vane had been  r e l i e v e d .  The coeff~ 
dlae~rge was 0o685 as compared to 0.674 obtained with the same design 
i n  the  ae rodynamic  model .  

S 

Ae the clear.nee between the Inner nappe of the Jet and the valve 
was considered too small for safety, the diameter of the body.s en- 
larged to 9.5 inches and the vanes were altered to fit themew diameter 
(figure 3). The tests with this valve showed~a negative pres- 
sure on the needle at piezometer ~4 of--15 feet for a scale 
head of 500 feet and a maximum ne~tive pressure on the vane~cf -~14.4 
feet for the same scale. Other pressures ~in the ~valve~ remained positlve. " 
The coefficient of discharge increased to 0o695o 

This design was considered satisfactory for the Anderson Ranch 
installation where th~ valve inlet diameter will be 72 inches. How- 
ever. it was not possible to design a similar valve of Z4-inch diameter 
because of the mechanlcal difficulty in cbtainlng enough space for the 
bolts which hold the prototype parts in place and at ~he same time 
maintain sufficient clearance between the inner nappe~ of the Jet :and 
the needle housing° 

13o The final design. Because of the mechanical difficulties 
encountered in smal'l valves of the previous design, the diameter of 
the valve body was increased to 9.75 incheso The interior parts o£ " 
the valve remained the same except the vanes, which were extended to 
fit the new diametero 

As before, all pressures on the valve were positive except at 
plezometer 24 which decreased from--15 to--20 feet of" water for a 6oaled 
head of 500 feet° This chan~e increased the coefficient of discharge to 
0.70~. 

The negative pressures on the needle were completely elimlnated by 
changing the seating area of the needle from a curve to a tangent at 40 



degrees with the center line of the~valvee In the model.~the needle 
seated on the downstream edge of this tangent° ~ not considercd~ 
practical in the prototype! so the seating pot ~e!'~needle,was 
• Itered to conform to th~.t shown in flgure 41 No Kreat:di'fference/in 
pressure is expected with this change in,the 
was not tested in the model. ~ The jet emlttin 

cue openings is shown on figure 7. A front Vlewlof the model valve ~is 
shown cn figure 8o 

The design as shown on figure 4 is final:.unless future tests one 
24-inch model to be tested at Boulder Dam under high head indioate~the 
necessity for f u r t h e r  changeso 

14. P r e p a r a t i o n  o f  t h ~  da ta ,  o n  p r e s s u r e  and d i s o h a r ~ e  ~ c h a r a c t e r -  
is~Ics. A'i'l of'"the information pertinent to designlng a }~ollow-Jet 
~----~'v~-e of any size is shown on f'Igure 4 o The dlmensions shown on the 
section through the valve hmve been reduced to a unit inlet diameter• 
To determine the dimensions of ia valve with a specified inlet diameter. 
say I00 Inches, multiply all of %he dimensions ~hown by I00 and the' - 
result will be the dimensions of the particular valve in incheso I f  
t he  d i m e n s i o n s  a r e ~ d e s i r e d  i n  f e e t ,  t h e .  c o r r e c t  r e s u l t  c a n  b e  o b t a i n e d  
by multip~ving the dimensions shown by.the :specified inlet :diameter in 
facto 

In  f i g u r e  4B t h e  p r e s s u r e  f a c t o r  F i s  p l o t t e d  a . ~ a i n s t . p e r o e n t  o f  
full valve opening= The pressure factor has ..... been defined, a's. the ratio 
of the measured piezometer pressure to the total head (static head plus 
velocity head) one inlet diameter upstream from t ro- 
cedure reduces F to a dimensionless number, maki 
obtain the pressure at any point on the 
curves the correct value of F and mult: gn 
head on the valve one diameterLupstream _ _Jple: 
to find the pressure at plezcmeter 7when the desi s,:,2OO/feet- 
of water and the valve i a 50 percent open, follow rcent llne- 
~ntll it intersects curve 7 and read-the.value ofithe pressure factor 
at the left which, in this case, is 0.127. t~It!ply,:2OOtlmes 0o127 
and the r e s u l t i n g  p ressu re i s  25o4 feet  of water.  

The coefflcient-of.dl scharge .curv e based on the area of the inlet 
diameter is also shown on flgure 4B, When the tot~l head available at 
t h e  v a l v e  i s  known,  i t  i s  p o s s i b l e ,  l r i t h  t h e  . a i d  of  t h i s  c u r v e •  t o  
d e t e r m i n e  t h e  p r o p e r  i n l e t  d i a m e t e r . f o r  a p ~ r t i o u l a r  d i s c h a r g e ,  Thla  
c u r v e  was  o O t a i n e d  by  m e a s u r i n g  t h e  d i s c h a r g e  ar~  t h e  head on t h e  v a l v e  
for various openings between the closed and the open positions and sub- 
stituting in the formula 

8 
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where  

C - 

C is the ~e~'ficlent of dlseharge, 
4 ~ 

Q is the measured discharge, 

A is the inlet area, and 

H is the fntal ~.~ .... A4.-~,-- ..__ 

The maximum u n b a l a n c e d  t h r u s t  
t e r m i n e d  in a ~ a n n e r  s i m i l a r - t o  tha  
found to be 6.995H times :the e f fee  
in squa re  feet. This ~foroe wlll ac 
o f  o p ~ I n ~ s  and downstream f o r  t h e  
The change i n  d i r e c t i o n  o c c u r s  be tween  ~0 and 
v a l v e  o p e n i n g .  

ra8 de- 
It was 

chamber 
re r  r&nge 

O' 

.From the homographs of f i g  eeharge of the 72- 
inch Anderson Ranch Dam valves ~r a wldera~e of 
heads and the conplete range of ~ " gure 
5 i s  based  on the t o t a l  head one 
whereas  that i n  figure 6 has been  ba re. 
the same polnto To obtain the disc}, ~ a 
atralght line between the observed ~ _..edia- 

o rge Iv given the : n t e r s e c t i o n  or t h i s   l:.e  e-:, ter 
8aa l e .  

An assembly  drawln~ 0 f  the  2 4 - i n c h  
with heads up to 575 feet, at Boulder Da 
Upon completion of the tests the ~!valve w 
at Jaekeon Gulch Dam - Manses project, O 
head will be 116 feet° 

i~. .Conclusions. That positive pressures willexlst on all 
parts of the valve except the large vanes is indicated~bytho results 
o b t a i n e d  from the hydraulic models 

at 

The Jet emitting from the valve vas well defined. Therewas no 
obJectionable spray. 

This v a l v e  should no t  be used  f o r  d i s o h a r ~ i n g  under  Water  o r  
i n t o  a c l o s e d  c o n d u i t  w i t h o u t  s p e c i a l  p r o v i s i o n s  f o r  , a e r a t i n g  the  
Inslde of the Jeto Tests were not made along these lines, eu~d At £8 
q u e s t i o n a b l e  w h e t h e r  s a t i s f a c t o r y  o p e r a t i o n  cou ld  be o b t a i n e d  u ~ e r  
these eondltlon8° 

9 



There are  n o  l i m l t i z ~  raz~eJ  of' .~sad'  o~ Opaning t h r o u g h w h i e h  
this valve eannot be operatedo 

The o o e f f t c t e n t  o~ d i s c h a r g e  o f  t h i s  va lv ,  
0 °724  by l a e r s a s i ~  t h e  neq 
n e g a t i v e  p r e s s u r e s  on e i th~  

Jtng  

10 
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72" HOLLOW JET VALVE 
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FOR DETERMINING D I S C H A R G E  W H E N  T H E  P O S I T I O N  OF  T H E  N E E D L E  

A N D  T O T A L  H E A D  O N E  D I A .  U P S T R E A M  A R E  K N O W N .  
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FIGURE 7 

A. Valve fully openo 

B. Valve 50 percent of full opening. 

C. Valve 25 percent of full opening. 

D. Valve i0 percent of full opening. 



r 

FIGURE 8 

Dow~s~re~n end of valve, 

6-INCH HOLLOW-JET VALVE 
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