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1. I n t r o d u c t i o n .  On June 23, 1944, t h e  Bureau of P~olo=ati:on r e -  

ceived • letter from S. Morgan Smith Company transmitting a deslgn of 

a 72-1rich Eolll-Bunger valve fitted with a hood to confine the Jet, 

A 6- inch  hydrau l i c  model w u  o ~ s t r u o t s d  according to  t h i s  des ign  ~ : 

tested in the hydraulic laboratory. The results of those tests were 

presented  i n  Hydraulic Laboratory Report  No. 156, • copy o f  which  Wu 

sen~ to  S. Mor~an 8a i t h  Company on November 3 0 . 1 9 4 4 .  

I n  a l e t t e r  o f  January 2,  1945, t o  the  Bureau o f  ~eo le=a t i on  f ro= 

S. Morgan Smith Company. i t  was s t a t e d  t h a t , ' " A  thorough check-up by  o u r  

Engineering Department shows t h a t  • r eg re t t ab l e -  e r r o r  had occurred on 

our par t  when we furn i shed  Mr., Warlock .with d e t a i l s  o f  t h e  hood for  a 

72- inch  va lve  on June 23 ,  1944. About t h e  on l y  excuse we can o f f e r  f o r  

this mistake is the rush of  ~n~rtl~ contracts and the shortage o f  mira- 
4 

power in our Design Department. The dimension of 104-inohes for the 

inside dieter of the hood uhieh I furnished Mr. Warnoek should have 

been 1 l Y - i n o b e s .  which would c h a ~ e  the 6 - i n c h  model hood from 8.667 

inches as shown to  9 .75 - inches . "  

The l e t t e r  s t a t e d  f u r t h e r  "We r e a l i z e  t he se  changed dimensions 



up. We would be u i l l i a g  and ezpee t  to  pay For these  a d d i t i o n a l  t e s t s . u  

Based on the  correspondence b a d e n  the C i ty  of  ~ a t t l e .  the 8 .  

Morgan Smith Company. and the Bureau o f  R e o l s a s t i o n .  a l l  o t  

ino luded in  appendix A. the t e s t s  have been reoondue ted  Wlthl the va lve  

a l t e r e d  to  eanform to the  new dimensions f~ rn i shed  by the manufao ture r  

and the costs charged to the City of Seatt le 's aoeount su i tab ly  earmarked 

so t h a t  the  C i ty  of S e a t t l e  san be re imbursed  by the 8. Morgan Smi th  

Company, 

would g r e a t l y  a f£eo t  the e o e f f i o t e n t  oF ,d i sehazKe,  p r e e s u n  £ a e t o r  

eurves and unbalanoed t h r u s t  s h a f t  shown on f i gu re s  5.  6 end 7 i n  the  

Bureau.s  r e p o r t  and we b e l i e v e  t h a t  a new v a l v e  hood sad s ea l  p l a t o  

should be made and t e s t s  r eoondue t ed  so t h a t  the  r e e o r d  san be 

2. The model~ ~he 6-1neh bronse model va lve  of the  prev ious  t e s t s  • 

was revszped, Figure 1, to oonform w i t h  the dtuwaston8 turaished by l e t -  

ter  from 8. Morgan Smith Company dated ~ r e h  2 ,  1945 (appendix A). The 

changes involved loceeni~g the ribs and ~ovi~ the sons forward to pro- 

vide more elearance betwse= the valve body and the 8eat, reaaehining 

the  downstream face  of  the  sons .  deoreas ing  the  base  d iamete r  of  the  

eone. ohangi~ the angle, diameter, and thickness of the seat ring. and 

making a s o ,  l a t e l y  new hood. The a l t e r a t t o , ~  on the  v a l v e ,  with the  .~. 

excep t i on  Of ~ hood. 1rare nLinor, b e i ~  o a t h s  magnitude of  a f e w  hun-  

dredth8 of  an i n c h .  

~. Resu l t s  of  t e s t a  disohtAr i i n to  t h e  arms8 here  wi th  hood.  

The valve  was as;ambled as shown in  f i g u r e  1 and placed on the t e s t  l i n e  

with 8ultable piezGReter oonneotions, u indicated in the figure by 



numbers ,  t o  a m a n i f o l d  and mereul-y gage  .and then  t e s t e d  w i t h  t h e  v a l v e  

set at various openings bet3men sere and Full-open. position. The r~- 

s u i t s  a r e  s h a m  in  f i g u r e  1C Where t h e  p r e s s u r e  f a s t e r  F and t h e  ~ 

ooeFfielent oF diseharEe 

valve opening. 

have been p l o t t e d  a g a i n s t  p e r c e n t  of F U l l -  

The p r e s s u r e  f a s t e r  F h u  b e e n  de t h e  t a t t o o e r  

the , - , = r e e  piezo  ,r pressure to  the t o t a l  h , , d  ( s t a t i o i ' i h e a d p l u s " v e - . .  

l o e t t y  head)  one i n l e t  d i a m e t e r  u p s t r e l  f rom ~he v a l v e .  This ' : reduea= :Is 

t o  a d i ~ n s i c ~ l e s s  number,  making i t  p o s s i b l e  t o  o b t a i h  t h e  p r e s s u r e  a t  • 

point ou the valve by selecting from the OUl-yes the value of: F end mul- 

tiplying i t  by t h e  t o t a l  head one i n l e t  d t ~ e t e r  u p s t r e a a ,  i s  an e x e a p l e .  

t o  f i n d  t h e  p r e s s u r e  a t  p i o z o n ~ t e r  8 when t h e  t o t a l  head i s  200 £ e e t  o f  

waSer and t h e  g a t e  60 p e r e e n t  open ,  f o l l o w  t h e  60 pe r sona  l i n e  u n t i l  i t  

interseot8 ourve PS, figure I, and read the value of the 

a t  the  l e f t  whieh i n  t h i s  ease  i s  0 .165 .  

the resulting pressure is 3S.O feet of water. Likewise the pressure at 

p i e s o ~ t e r  4 i s  - 4 1 . 0  f e e t  o f  w a t e r .  ~As t h i s  p r e s s u r e  i8  u n a t t a i n a b l e ,  ~ 

t h e  r e s u l t  i n d i o a t e s  t h a t  vapor  p r e s s u r e  o f  w a t e r  o r  t h e  maximum n a g s - :  

t i r e  p r e s s u r e  oox'responding t o  the  e x i s t i n g  a t m o s p h e r i o  o o n d t t t o n s  w i l l  

e x i s t  i n  t h e  p r o t o t y p e  end p i t t i n g  due t o  o a v i t a t i o n  may be e x p e e t e d  w i t h  

heads o f  t h i s  meq~nitude° A o t u a l l y p  t h e  p r e s s u r e  f a s t e r  cu rves  show t h a t  . , 
• 3 ,  . /  : 

the vapor pressure of water will exist at mush lower heads~than 200feet • 

of  w a t e r .  Curves P I .  P2. P3. end P6 show p r e s s u r e  r a s t e r s  b e l o w - 0 , 4 0  

whioh i n d l o a t e  t h a t  the  vapor  p r e s s u r e  o f  w a t e r  will e x i s t  a t  t h e s e  

p o i n t s - w i t h  heads as low u 75 f e e t  o f  water  and gate o p e n t ~ s  batsmen 

8 



60 and 90 p e r c e n t  o f  f u l l - v a l v e  o p e n i n g .  

I t  has been feared t h a t  i f  t h e  sc~-led v a l u e  o f  t h e  p r e s s u r e  a t  any 

point in the valve extends below the vapor pressure of water, it ilia not~ 

p o s s i b l e  t o  p r e d i c t  w i th  a c c u r a c y  the  c o r r e c t  p r e s s u r e  a t  any p o i n t  i n  ~ =r L 

the prototype for the particular head and valve :position in question. 

However, this does not preclude the use of the data ,at any other va, lve 

position or head where none of the scaled results exceeds ~the vapor pres- ..... 

~re of w a ~ e r .  

The coefficient o f  discharge, C, reaches a maximum value o f  0 , 8 9 5  

a t  92 p e r c e n t  o f  f u l l  g a t e  and f a l l s  back  t o  0 . 8 5 0  a t  maximum o p e n i n g .  

The h i g h  c o e f f i c i e n t  o b t a i n e d  a t  p a r t i a l  o p e n i n g s  w a s d u e  t o  t h e  n e g a t i v e  

pressures lhieh prevailed at the valve a~ ' " " he 

sealed negative pressures are beyond the r 

reasonably high heads, the coefficient of 0.895 will not 

p r o t o t y p e  and the  v a l u e  of  0.85 i s  p r o b a b l y  more n e a r l y  t 

f o r  the  p r o t o t y p e .  .. : 

The use of the hood on this valve creates an unbalanced m, 

the valve lhioh acts opposite to the direction of flow. ~ The:magnitude 

of  the  f o r c e  has been computed by i n t e g r a t i n g  t h e  r e s u l  

su re  measurements  in  t ~  v a l v e  and hood ( see  a p p e n d i x  A 

have been r e d u c e d  to  t h e  f o r c e  on a 1 2 - i n c h  v a l v e ,  u n d e r  a 1 - f o o t  head 

to simplify the computation of the thrust on a valve Of any diameter, 

figure 2. The prototype thrust can then be obtained from the formula, 

T - n2Ht, where n " valve diameter in feet, H = total heed in feet 

of water one diameter upstream from the valve, t = a thrust value se- 

lected from figure ~- for a partisular valve position. 

4 



The maximum u n b a l a n c e d  t h r u s t  f o r  a 7 2 - i n c h  v a l v e  ~amounts t o  55 ,800  

pounds  pe r  lO0 f e e t  o f  h e a d ,  T h i s  does n o t  i n c l u d e  t h e  b a l e n o i n ~  e f f e c t  

of the friction drag of the we~er on the boundaries, However, 

small and is estimated to be no more than four percent J~, maximu~ 

thou  s t ,  

The thrust obtsined with this hood is considerably less, ~55~800 

pounds as compared to 94,250 pounds for the hood used in theltests de- 

scribed in HYD-156. The decrease is. due pertly to the increased,nega- ., 

" : r 

tire pressures and partly to the fact thatthe Jet was net turned through 

the entire 45 degrees but left the ve~Ive dive~'~ing at a central 'an~le 

of approxlnmtely 20 degrees. Had thi, Jet emitted parallel~with t~he Valve " 

axis as it did with the smaller hoodl of the previous design, the thrust ~i ::i~ 

would have been larger and the severity of the negative pressures some- 

what decreased. 

4. Re__sults of tests with discharge into the a~o~herelwithout 

hood. As in the previous tests without the hood all pressures on the/ i 

valve were positive. A satisfactory hydraulic performanse of the valve 

may be expected under any head. 

The jet emittin~ from the valve spreads at an angle of approximately .... 

45 degree.~, causing a considerable amount of~apray, and ~fog to form. This - 

would be a disadvantage if the installation were near electrical instal- 

lations or in cold climates where severe icing conditions would be a' 

hazard. 

The maximum coefficient of discharge obtained when tested under 

these conditions was 0.840 at the full-gate position. This was practi- 

cally the ssme value obtained before the valve was altered to the 

dimensions ~nished by the S. Morgan Smith Company on March 2, 1945. 



S. 0~e ra t i on  of the  v a l v e  submerged. These  t e s t s  were no t  r epea ted  

with the a l t e r e d  valTe because the  main f e a t u - e a  of  the  Ta!ve ~ r e  e s s e n -  

t i a l l y  the smne as in the previous tests 

Report No. 156 and similar performance eel 

ness in this report the results of the previous tests are included here. 

The tests were made with the valve submerged sufficiently to keep 

the Jet from breaking the water surface. The/eoefficient~of discharge 

curve .for this type of operation without the hood very nearly coincides 

with the one for free discharge into the atmosphere. 

The pressures obtained with the arra~genwnt indicate negative pres- 

sure on the velve ~ate and seat of such a ~1~nitude that Oavitation eros-  

ion may be expected unless the operation is limited ~o very low heads or ~ 

the ga t e  be opera ted  only b e r g e n  50 and 70 percent  of n i ~ ,  

in which case the head limitation is 200 foot oflwater "~ .... 

side the Jet and downstream from the valve is extrenwl 

able noise and disturbance in the jet c~u be ex~ s source. 

It appears that 20 feet of submergence would be 

Dam to keep the Jet from breaking through the water surface. When sub- 

merged, the Jet, after it left the valve, was not stable. Eddies form- 

ing on either side of the Jet caused it to fluctuate from slde to side 

creating a condition which would cause considerable scour of erosible 

material. The Jet san be stabilized by admitting air to the inner por- 

tion! however, this aeration will not relieve the negative pressures 

on the valve. The fact that the aeration stabilized the Jet indicates 

that the negative pressure existing in the jet interior was the major 

factor oontributing~ to its instability. 

6 



Some t e s t s  were  made  w i t h  t h e  v a l v e  d i s c h a r g  " s u b ~ r  Ing,~ g wi-th t h e  : • 

hood i n  p l a c e ,  as a m a t t e r  of . r e c o r d .  W h e n  : o p e r a t e d  i n  t~his ~manner, %he 

coefficient of discharge was increased due to the increase in sever i~. 

of the negative pressures. The results of this operation have no value 

except aS a ms . t t e r  ~of record. An~ ' p r o t o t y p e  'il~stal',l~ti~n ~of %his ~ki~d .~:'':.' 

is not reco~nended. 

8. Conclusions. As far as could ~be determined 

appears that positive pressures will ~exist on all parts of 

free discharge without the hood attached, It was not poasi 

pressures on the 0.667-inch radius at the downstream:end of the~valve~ 

body, figure lB. It cannot be stated that pc pressures will exist 

on this part of the valve. ...... 

The severity of the negative pressures and ~the instabi,l~ity of the 

Jet ~en the valve is discharging submerged without ~ the i hood makes its 

manner with :the use in this manner questionable. Operation in the same 

hood in place is not recommended. 

The use of the valve ~with the hood in place dischargingl ~into the 

atmosphere is very limited. Between 35 and 85 e 

travel, severe negative pressures and the resu ex- 

pected with total heads exceeding 70 feet of w~ 32 

percent of full gate and st full ~ate it appears that the valve can be 

operated continuously at. any head without cavitation. If the val~es 

at Ross Dam must be operated between ~5 and 95 percent of full &a~e, 

their use with the hood is not reco~ended. 



The maximum c o e f f i c i e n t  'of  discharge':chinned ~ on  the m o d e l  is: 

0.895 with the hood in place. This ooefflcient:was the ~esult of 

negative pressures in the hood and when th 

feet of water it is no~ indicative of the 

of 0.850 obtained at full-valve opening where the~neF ~ 
D 

jo 

were nearly completely relieved, is a more representa~ 

the prototype. ~' 
/I 

The maximum unbalanced thrust for a ?2-inch valve is 55~!~!00 

pounds per i00 feet of head. Amnle ~nrnv~.~n.. e.. *~ ~-L.~., 

! 

be embodied in the prototype. 

The Jet issuing from the valve without i~the hood spreads at an 
/ 

angle between 4K) ~d 45 degrees with the center line of the valve and 

c a u s e s  a oonsi4erable amount of spray and fog ~ ' ~ni, oh ~would, be obJeoti~' 

able if the valve ~re near transformers or other equipment which must 

be kept reasonably dry. Icing conditions in cold climates might also 

be s hazard. 

The use of the hood confines the ~et to sn~_~ .~" ^o~÷~i 

a~le of approximately 20 dogrees. 
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