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PUR POS E 

The object of the valve study was to investigate the hydraulic 
and mechanical characteristics of irrigation-type gate valves, stand- 
ard gate valves, and standard globe valves to determine their suit- 
ability as flow regulators under heads up to about 125 feet of water. 

C ONC L USIONS 

I. Low head irrigation-type valves should not be used at-heads 
in excess of the maximum specified by the manufacturer unless there 
is  a s s u r a n c e  by t e s t s  o r  g u a r a n t e e  that  the s t r u c t u r a l  c h a r a c t e r i s t i c s  
a r e  a d e q u a t e  and the va lve  wi l l  o p e r a t e  s a t i s f a c t o r i l y  at h i g h e r  h e a d s .  
Some v a l v e s  have  l a r g e  f a c t o r s  of s a f e ty  c o m p a r e d  to the m a n u f a c t u r e r ' s  
s p e c i f i c a t i o n s  whi le  o t h e r s  have  s m a l l  f a c t o r s  of s a f e t y .  

2. Z o n e s  of low p r e s s u r e  f o r m  at and ju s t  d o w n s t r e a m  of v a l v e s  
in condu i t s  when they  a r e  o p e r a t e d  ut p a r t i a l  o p e n i n g s .  C a v i t a t i o n ,  
with v i b r a t i o n ,  n o i s e ,  and d a m a g e ,  m a y  o c c u r  in t h e s e  z o n e s  d e p e n d -  
ing upon the d i f f e r e n t i a l  head and back  p r e s s u r e  to w h i c h  the v a l v e s  
a r e  s u b j e c t e d .  

3. The c a v i t a t i o n  c h a r a c t e r i s t i c s  of v a l v e s  a r e  i n f l u e n c e d  s o m e -  
what  by the c o n f i g u r a t i o n  of t h e i r  flow b o u n d a r i e s .  The  flow bound-  
a r i e s  of the l o w - p r e s s u r e  i r r i g a t i o n - t y p e  ga te  v a l v e s ,  u s u a l l y  be ing  
m o r e  i r r e g u l a r  than those  of w a t e r w o r k s  s t a n d a r d  v a l v e s ,  m a k e  t h e m  
m o r e  s u s c e p t i b l e  to l oca l  c a v i t a t i o n .  H o w e v e r ,  the c a v i t a t i o n  t e n d -  
e n c i e s  a r e  not s u f f i c i e n t l y  d i f f e r e n t  f r o m  those  of the w a t e r w o r k s  
s t a n d a r d  v a l v e s  to j u s t i fy  any v.ar ia t ion in c a v i t a t i o n  d e s i g n  c r i t e r i a  
( F i g u r e  6). 



4. None  of  t he  v a l v e s  t e s t e d  a r e  s a t i s f a c t o r y  fo r  r e g u l a t i n g  
f low at h igh  d i f f e r e n t i a l  h e a d s  u n l e s s  s o m e  m e a n s  of p r e v e n t i n g  
c a v i t a t i o n  o r  c a v i t a t i o n - e r o s i o n  is  p r o v i d e d .  C a v i t a t i o n  m a y  be p r e -  
v e n t e d  e i t h e r  by  a d m i t t i n g  a i r  to  t h e  low p r e s s u r e  r e g i o n s  o r  by s u p -  
p l y i n g  s u f f i c i e n t  b a c k  p r e s s u r e  by s u b m e r g i n g  o r  c o n s t r i c t i n g  t h e  
d o w n s t r e a m  c o n d u i t .  C a v i t a t i o n - e r o s i o n  m a y  be  m i n i m i z e d  by u s i n g  
a s p e c i a l  c a v i t a t i o n  r e s i s t a n t  s e c t i o n  of  c o n d u i t  i m m e d i a t e l y  d o w n -  
s t r e a m ,  and p o s s i b l y  e l i m i n a t e d  by c a u s i n g  a v a l v e  to d i s c h a r g e  d i -  
r e c t l y  in to  a m u c h  l a r g e r  c o m p a r t m e n t  in t h e  c o n d u i t  ( s u d d e n  e n -  
l a r g e m e n t ) .  A n e o p r e n e -  o r  r u b b e r - l i n e d  s t e e l  s e c t i o n  i s  an e x a m p l e  
of d o w n s t r e a m  p r o t e c t i o n .  It i s  b e l i e v e d  t h a t  t h i s  t y p e  of  p r o t e c t i o n  
s i l o u l d  be  u s e d  o n l y  f o r  m i l d  c a v i t a t i o n  w h e r e  t h e  c a v i t a t i o n  i n d e x  is  
g r e a t e r  t h a n  1 . 0 .  If p r o t e c t i o n  of t h i s  n a t u r e  is  p r o v i d e d  i m m e d i a t e l y  
d o w n s t r e a m  of a v a l v e  the  c a v i t a t i o n  i n d e x  s h o u l d  n e v e r  be  l e s s  t h a n  
0 . 4  in o r d e r  to  c o n f i n e  the  d a m a g i n g  a c t i o n  to  t h e  l i n e d  s e c t i o n .  A 
v a l u e  l e s s  t h a n  0 . 4  in t he  e q u a t i o n  of (5) b e l o w  w i l l  r e s u l t  in t h e  d a m a g e  

o c c u r r i n g  f a r t h e r  d o w n s t r e a m .  

5.  T h e  m a x i m u m  a l l o w a b l e  p r e s s u r e  d i f f e r e n t i a l  w h i c h  w i l l  no t  
c a u s e  c a v i t a t i o n  in a v a l v e  c a n  be  d e t e r m i n e d  by  u s i n g  t he  c r i t i c a l  
v a l u e  of t he  c a v i t a t i o n  i n d e x  " K i "  f o r  t h e  v a l v e  in t he  r e l a t i o n s h i p  

H 2 _ H v 
K = w h e r e :  

H t - H 2 

K = c a v i t a t i o n  i n d e x  

H 2 = p r e s s u r e  in f e e t  of w a t e r  in p i p e  12 p i p e  d i a m e t e r s  
d i s t a n c e  d o w n s t r e a m  of  t h e  v a l v e  

H v = v a p o r  p r e s s u r e  f o r  l o c a t i o n  of  d i s t r i b u t i o n  s y s t e m  
r e f e r r e d  to  a t m o s p h e r e  ( a b o u t  - 3 3  f e e t  at  s e a  l e v e l )  

H t = t o t a l  h e a d  u p s t r e a m  of  v a l v e  ( v e l o c i t y  h e a d  p l u s  p r e s -  
s u r e  h e a d )  in f e e t  

6.  T h e  c r i t i c a l  c a v i t a t i o n  i n d e x ,  K i, f o r  g a t e  v a l v e s  of b o t h  t h e  
i r r i g a t i o n  and  w a t e r w o r k s  t y p e  i s  g r e a t e r  t h a n  u n i t y .  A v a l u e  of 
K : 2 . 0  s h o u l d  be u s e d  in ti le e q u a t i o n  of  ~5) a b o v e  f o r  d e s i g n  p u r p o s e s  
w h e n  the  d i f f e r e n t i a l  h e a d  e x c e e d s  35 f e e t  and  it  i s  d e s i r e d  to  e l i m i n a t e  
a n y  c h a n c e  of  c a v i t a t i o n - e r o s i o n .  T h i s  v a l u e  w i l l  g i v e  s u f f i c i e n t  b a c k  
p r e s s u r e  to  e ' t m i n a t e  c a v i t a t i o n .  

W h e r e  m i n o r  e r o s i o n  of  the  s u r f a c e s  i m m e d i a t e l y  d o w n s t r e a m  
of  t he  v a l v e  s e a t  w i l l  no t  be  o b j e c t i o n a b l e  a c a v i t a t i o n  i n d e x  a s  s m a l l  
a s  1 . 0  c a n  be  p e r m i t t e d  s i n c e  any  c a v i t a t i o n  a t  t h i s  o r  a s l i g h t l y  g r e a t e r  

i n d e x  v a l u e  w i l l  be  m i l d .  

I 
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For cavitation index values of less than unity the severity 
of cavitation increases as the index value decreases and some means 
of protecting against or eliminating the damage must be provided. 

7. The critical cavitation index obtained for a specific valve 
may be used in evaluating the cavitation characteristics of another 
of the same type placed in a similar setting. 

8. A critical cavitation index of I. 0 was obtained for a 6-inch 
globe valve. 

9. Gate  valves and globe valves are not suitable for releasing 
water under high heads directly into erodable channels, particularly 
at partial openings, because of the widely dispersed and high-veloc- 
ity jets that are discharged. 

10. Hub-end gate valve A does not appear to be suitable for 
high head irrigation distribution systems. 

II .  Hub-end gate valve ]3 appears suitable for irrigation dis- 
tribution systems where the heads range up to 125 feet of water. 

12. The suitability of a commercially-produced valve C for ir- 
rigation systems where heads range up to 125 feet of water could not 
be determined from the test valve because it was made up mainly of 
welded sections of floor plate and contained a leaf from another com- 
mercial valve. 

13. Hub-end gate valve E is not suitable for irrigation distribu- 
tion systems where the head exceeds appreciably that specified by 
the manufacturer. 

14. Hub-end gate valve F is considered suitable only for heads 
specified by the manufacturer. 

15. The (GV-7) gate valve developed by the ]3ureau which is 
shaped to cause separation of the flow from the valve body surfaces 
below the  ga te  s e a t  and p rov ide  a sudden  e n l a r g e m e n t  i m m e d i a t e l y  
d o w n s t r e a m  is m o s t  s a t i s f a c t o r y  w h e r e  it is n e c e s s a r y  to t h r o t t l e  
u n d e r  high h e a d s  ( F i g u r e  17). 

REC OMMENDATIONS 

1. Do not use  low head  i r r i g a t i o n  v a l v e s  at h e a d s  in e x c e s s  of 
the m a x i m u m  s p e c i f i e d  by the m a n u f a c t u r e r  u n l e s s  t h e r e  is a s s u r a n c e  
e i t h e r  by t e s t s  o r  g u a r a n t e e  tha t  the d e s i g n  is a d e q u a t e  and the con -  
s t r u c t i o n  is c o n s i s t e n t l y  s t u r d y .  

3 



2. W h e r e v e r  f e a s i b l e  u s e  the back  p r e s s u r e  below ga te  v a l v e s  
in d i s t r i b u t i o n  s y s t e m s  to p r e v e n t  c a v i t a t i o n .  

3. Use  ven t i ng  to p r e v e n t  c a v i t a t i o n  be low the  v a l v e s  only  w h e n  
it i s  not f e a s i b l e  to supp ly  s u f f i c i e n t  back  p r e s s u r e  to do so and when  
e n t r a i n e d  a i r  w i l l  not  i n t e r f e r e  with the  o p e r a t i o n  of m e t e r s  o r  o t h e r  
e q u i p m e n t  d o w n s t r e  am.  

4. When  n e i t h e r  (2) o r  (3) above a r e  f e a s i b l e ,  p r o v i d e  p r o t e c t i o n  
a g a i n s t  c a v i t a t i o n - e r o s i o n  d o w n s t r e a m  f r o m  the v a l v e  e i t h e r  in the 
f o r m  of a sudden  e n l a r g e m e n t  of the flow p a s s a g e  (us ing  the B u r e a u ' s  
GV-7 va lve ) ,  o r  a c a v i t a t i o n - r e s i s t a n t  l ined  s e c t i o n .  If a c a v i t a t i o n -  
r e s i s t a n t  l ined  s e c t i o n  is  to be u sed  i m m e d i a t e l y  d o w n s t r e a m  of the 
va lve ,  be s u r e  tha t  the  c a v i t a t i o n  index  is  g r e a t e r  than  0 . 4  to conf ine  
the d a m a g i n g  ac t ion  to the l ined  s e c t i o n .  P r e f e r a b l y  the c a v i t a t i o n  
index  for  t h i s  type  of p r o t e c t i o n  shou ld  not  be l e s s  than  1 .0 .  Th i s  
would  a s s u r e  tha t  on ly  m i l d  c a v i t a t i o n  would  o c c u r .  

H 2 - H v 
5. U s e  the  e q u a t i o n  K = Ht _ H2 t o g e t h e r  w i th  da t a  on F i g u r e  16 

to d e t e r m i n e  wha t  m e a s u r e  m u s t  be t a k e n  to m i n i m i z e  o r  e l i m i n a t e  
c a v i t a t i o n  be low v a l v e s  in i r r i g a t i o n  d i s t r i b u t i o n  s y s t e m s .  

6. W h e n e v e r  f e a s i b l e  to do so m a k e  a s t u d y  of the c a v i t a t i o n  
t e n d e n c i e s  of ga te  v a l v e s  i n s t a l l e d  in i r r i g a t i o n  s y s t e m s  w h e r e  the 
h e a d s  c x c e e d  50 feet .  

7. Make  p e r i o d i c  i n s p e c t i o n s  of v a l v e s  in d i s t r i b u t i o n  s y s t e m s  
w h e r e  o p e r a t i o n  is at  c a v i t a t i o n  index  v a l u e s  l e s s  than  2 .0 .  

A C K N O W L E D G E M E N T  

E n g i n e e r s  of the C a n a l s  and of the H y d r a u l i c  L a b o r a t o r y  
B r a n c h e s  c o l l a b o r a t e d  in the s t u d i e s  d i s c u s s e d  in th i s  r e p o r t .  The  
i r r i g a t i o n - t y p e  v a l v e s  u s e d  in t h e s e  s t u d i e s  w e r e  loaned  to the Bu-  
r e a u  by v a r i o u s  va lve  M a n u f a c t u r e r s .  

INTRODUC TION 

As land and w a t e r  r e s o u r c e s  of the w e s t e r n  Uni ted  S ta t e s  
b e c o m e  m o r e  fu l ly  u t i l i z e d ,  c l o s e d  condu i t  d i s t r i b u t i o n  s y s t e m s  a r e  
u sed  m o r e  e x t e n s i v e l y  to c o n s e r v e  the w a t e r  w h i c h  would  be lo s t  by 
c v a p o r a t i o n  and s e e p a g e  in e a r t h e n - d i t c h  s y s t e m s .  T h e s e  c l o s e d  
s y s t e m s  have  g e n e r a l l y  been  d e s i g n e d  to o p e r a t e  at p r e s s u r e s  not  
e x c e e d i n g  50 fee t  of w a t e r ,  but in r e c e n t  y e a r s  have  been  p l anned  fo r  

4 .  
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p r e s s u r e s  m o r e  than double  th is  va lue .  The  use of the h i g h e r  p r e s -  
s u r e s  posed  a p r o b l e m  s i n c e  t h e r e  w e r e  two g e n e r a l  c l a s s e s  of c o m -  
m e r c i a l  v a l v e s  m a n u f a c t u r e d  and the c o s t s  d i f f e r e d  wide ly .  One c l a s s ,  
known as the i r r i g a t i o n  va lve ,  was  g e n e r a l l y  su i t ab le  for  h e a d s  of 
about 50 feet ,  whi le  the second ,  known as the w a t e r w o r k s  s t a n d a r d  
va lve ,  was  for  h e a d s  upward  f r o m  300 fee t .  The cos t  of a s y s t e m  us -  
ing the w a t e r w o r k s  va lve  would be qui te  high c o m p a r e d  to one us ing  
the  i r r i g a t i o n  type,  p a r t i c u l a r l y  when a d i s t r i b u t i o n  s y s t e m  con ta in s  
n u m e r o u s  t u r n o u t s  for  s m a l l  t r a c t s  of l and .  The wide  d i f f e r e n c e  in 
the in i t i a l  cos t  of t h e s e  two types  of v a l v e s  m a d e  it d e s i r a b l e  that  
s o m e  e c o n o m i c a l  m e a n s  of r e g u l a t i o n  be ob ta ined  for  t h e  in~:ermediate  
h e a d s .  It was  b e l i e v e d  that  s o m e  of the  c o m m e r c i a l  i r r i g a t i o n - t y p e  
v a l v e s  would p rov ide  s a t i s f a c t o r y  s e r v i c e  for  heads  up to 125 feet ,  so  
s e v e r a l  va lve  m a n u f a c t u r e r s  w e r e  c o n t a c t e d  for  t e s t  s a m p l e s  which  
could be t e s t e d  to d e t e r m i n e  t h e i r  su i t ab i l i t y  for  the h i g h e r  h e a d s .  

The v a l v e s  had to o p e r a t e  wi thout  v i b r a t i o n ,  c h a t t e r  or  o the r  
u n d e s i r a b l e  c h a r a c t e r i s t i c s  to be su i t ab le  for  t h e s e  h e a d s .  The  v a l v e s  
w e r e  to be c o n s i d e r e d  fo r  f r e e  d i s c h a r g e  and for  use  in l ine ,  thus  the 
l a b o r a t o r y  s tudy c o n c e r n e d  m a i n l y  the d e t e r m i n a t i o n  of capac i ty ,  l e a k -  
age,  head l o s s ,  m e c h a n i c a l  o p e r a t i n g  c h a r a c t e r i s t i c s ,  v i b r a t i o n  and 
cavitation characteristics of the various sample valves. 

A gate valve developed by the Bureau includes features for 
minimizing cavitation tendencies and for preventing excessive water 
hammer by rapid closure. The shaping of the valve body immediately 
downstream of the seat to make a sudden enlargement, as shown in 
Figure 17, reduces the cavitation tendency. The inverted V-notch at 
the bottom of the gate leaf insures against rapid shutoff as the gate 
nears the closed position, thus preventing excessive water hammer. 
The valve has not been tested for cavitation tendencies, but it should 
prove even better than a standard gate valve when used with a sudden 
enlargement to release flows under high heads. 



THE INVESTIGATION 

T e s t  p r o c e d u r e .  The  v a l v e s  w e r e  p l a c e d  in s e t t i n g s  wi th  
s e v e r a l  d i a m e t e r s  l eng th  of pipe  u p s t r e a m  a t t a c h e d  to the  l a b o r a -  
t o r y  supply  s y s t e m  ~tnd s e v e r a l  d i a m e t e r s  l eng th  of pipe a t t a c h e d  
to the d o w n s t r e a m  s i d e s  of the  v a l v e s .  The  back  p r e s s u r e  on the 
t e s t  va lve  w a s  r e g u l a t e d  by a n o t h e r  va lve  in the d o w n s t r e a m  pipe .  
A 4 5 - d e g r e e  down pipe w a s  u s e d  to r e t u r n  the  flow to  the l a b o r a t o r y  
supp ly  s y s t e m  ( F i g u r e  1). The  e n t i r e  d o w n s t r e a m  pipe s e c t i o n  w a s  
r e m o v e d  fo r  f r e e  d i s c h a r g e  t e s t s .  

P i e z o m e t e r s  w e r e  p l a c e d  at v a r i o u s  po in t s  u p s t r e a m  and 
d o w n s t r e a m  of the t e s t  v a l v e s  fo r  i n v e s t i g a t i n g  p r e s s u r e  d i s t r i b u -  
t ion,  d e t e r m i n i n g  the head  and i n d i c a t i n g  the h e a d  l o s s e s .  W a t e r  
w a s  supp l i ed  to the  t e s t  v a l v e s  by two 1 2 - i n c h  c e n t r i f u g a l  p u m p s  in 
s e r i e s  and m e a s u r e d  by v e n t u r i  m e t e r s .  T e s t  da ta  for  a l l  v a l v e s  
w e r e  r e c o r d e d  fo r  v a r i o u s  v a l v e  o p e n i n g s  and d i s c h a r g e s .  The  t e s t  
v a l v e s  i nc luded :  a 10 - inch  h u b - e n d  ga te  va lve ;  a 12 - inch  h u b - e n d  
ga te  va lve ;  an 8 - i n c h  c o n e - e n d  gate  va lve ;  a 10 - inch  W a t e r w o r k s  
s t a n d a r d  ga te  va lve ;  an 8 - i n c h  b e l ] m o u t h  ga te  va lve ;  a 12 - inch  20 ps i  
h u b - e n d  ga te  va lve ;  a 12 - inch  55 ps i  h u b - e n d  ga te  va lve ;  a 6 - i n c h  
s t a n d a r d  w a t e r w o r k s  va lve ;  and a 6 - i n c h  s t a n d a r d  g lobe  v a l v e .  In 
d i s c u s s i n g  the r e s u l t s  of the  t e s t s  on t h e s e  v a l v e s  they  wi l l  be r e -  
f e r r e d  to by the l e t t e r s  A, B, C, D,  e tc .  E x c e p t  in the c a s e  of 
Va lve  D no a t t e m p t  w a s  m a d e  to d u p l i c a t e  an a c t u a l  f ie ld  i n s t a l l a t i o n  
in c o n c r e t e  pipe .  The  v a l v e s  w e r e  e x a m i n e d  for  e a s e  of o p e r a t i n g  
by apply ing  a head  of about  127 fee t  of w a t e r  and a l t e r n a t e l y  open ing  
and c lo s ing  the leaf .  P r e s s u r e s  in the  condu i t  u p s t r e a m ,  down-  
s t r e a m ,  and in s o m e  of the v a l v e s  w e r e  ob t a ined  for  v a r i o u s  d i s -  
c h a r g e s  and o p e n i n g s .  D i s c h a r g e  c o e f f i c i e n t s  for  c l o s e d - c o n d u i t  
and f r e e  f low c o n d i t i o n s  and c a v i t a t i o n  index v a l u e s  w e r e  c o m p u t e d  
f r o m  t h e s e  data .  S e c t i o n s  of c o n c r e t e - l i n e d  pipe w e r e  p l a c e d  at 
v a r i o u s  d i s t a n c e s  d o w n s t r e a m  of Varve  H to d e t e r m i n e  the l o c a t i o n  
of c a v i t a t i o n - e r o s i o n  fo r  v a r i o u s  back  p r e s s u r e  c o n d i t i o n s .  A 
s e c t i o n  of 12 - inch  c o n c r e t e  pipe was  p l a c e d  below a 12 - inch  hub-  
end  gate  va lve  for  one c a v i t a t i o n  tes t .  

V a l v e s  d i s c h a r g i n g  into a t m o s p h e r e .  The  je t  f r o m  the f i r s t  
ga te  v a l v e  t e s t e d  at the end of a p ipe l i ne  w a s  d i s p e r s e d  w i d e l y  at 
p a r t i a l  open ings  ( F i g u r e  2A). T h i s  cond i t i on  was  t yp i ca l  for  all  ga te  
va lves  in s i m i l a r  s e t t i n g s  and p r e c l u d e s  the u se  of ga te  v a l v e s  fo r  
d i s c h a r g i n g  flow d i r e c t l y  into i r r i g a t i o n  d i t c h e s .  The  je t  m u s t  be 
conf ined  and i t s  e n e r g y  d e s t r o y e d  in o r d e r  to p r e v e n t  undue e r o d i n g  
and s a t u r a t i n g  of the g round .  The  j e t  below g lobe  v a l v e s  when  d i s -  
c h a r g i n g  into the a t m o s p h e r e  is  qui te  w i d e l y  d i s p e r s e d  but the d i s -  
p e r s i o n  c h a n g e s  only s l i g h t l y  with head  and opening .  
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Gate V a l v e s  

L e a k a g e  t e s t s .  V a r i o u s  a m o u n t s  of l e a k a g e  w e r e  no ted  
for  the d i f f e r e n t  i r r i g a t i o n - t y p e  v a l v e s  as  t hey  w e r e  t e s t e d  u n d e r  
h e a d s  v a r y i n g  f r o m  15 to 127 fee t .  L e a k a g e  t h r o u g h  Va lve  C was  
e x c e s s i v e  unt i l  the  wedg ing  cam. was  m a c h i n e d  to p e r m i t  c o m p l e t e  
c l o s u r e  of the  leaf .  T h e r e  was  no l e a k a g e  at the  c l o s e d  p o s i t i o n  
a f t e r  the  wedg ing  c a m  was  m a c h i n e d .  

Some l e a k a g e  was  noted for  Va lve  A s h o r t l y  a f t e r  it was  
p l a c e d  u n d e r  t e s t .  E x a m i n a t i o n  of the v a l v e  d i s c l o s e d  tha t  the  
s ea t  and leaf  had been  d a m a g e d  so that  c o m p l e t e  shu tof f  w a s  not 
p o s s i b l e .  T h e r e  was  no l e a k a g e  pas t  V a l v e  B when  it was  c l o s e d  
at any t i m e  d u r i n g  the  t e s t s  and the v a l v e  w a s  opened  and c l o s e d  
u n d e r  h e a d s  of about  125 fee t  n u m e r o u s  t i m e s .  

F r a c t u r e  of the l ea f  of V a l v e  E o c c u r r e d  b e f o r e  o b s e r v a -  
t ions  w e r e  m a d e  c o n c e r n i n g  l e a k a g e .  

No note  was  m a d e  of the  l e a k a g e  fo r  V a l v e s  G and H s i n c e  
" r th is  type  of v a l v e  is  u s u a l l y  s a t l s f a c t o  y fo r  c o m p l e t e  shutoff ,  and 

the v a l v e s  had been  used  in the  l a b o r a t o r y  p r e v i o u s l y .  

M e c h a n i c a l  o p e r a t i o n .  T h e r e  was  a w ide  v a r i a t i o n  in the 
f o r c e  whYc-h had to be app l i ed  to the  h a n d w h e e l s  to o p e r a t e  the  v a r i -  
ous t e s t  v a l v e s .  V e r y  l i t t l e  e f fo r t  was  r e q u i r e d  to o p e r a t e  Va lve  B 
u n d e r  the  t e s t  h e a d s  (15 to 127 fee t ) .  The  v a l v e  o p e r a t e d  e a s i l y  
t h r o u g h o u t  the  t e s t s .  

O p e r a t i o n  of V a l v e  A was  m o r e  d i f f i cu l t  as  the head  in-  
c r e a s e d .  The  h a n d w h e e l  m o v e d  e a s i l y  at low h e a d s  but r e q u i r e d  
c o n s i d e r a b l e  f o r c e  at the  h i g h e r  h e a d s  and s m a l l e r  o p e n i n g s .  Th i s  
i n d i c a t e d  c o n t a c t  of the  s e a t i n g  s u r f a c e s  of the  body and l e a f  wh ich  
was  l a t e r  c o n f i r m e d  by d a m a g e  to the  s ea t  r i n g  and leaf .  D u r i n g  
l i m i t e d  o p e r a t i o n  of the v a l v e  u n d e r  h e a d s  v a r y i n g  f r o m  15 to 127 
fee t  p a r t  of the  s e a t  w a s  s h e a r e d  f r o m  the  l ea f  due  to i n t e r f e r e n c e  
b e t w e e n  the  l ea f  and body s e a t  r i n g s ,  and f o u r  c r a c k s  a p p e a r e d  in 
the  ga t e  l ea f  ( F i g u r e  2B). T h e r e  was  i n s u f f i c i e n t  t h r e a d s  on the  
s t e m  of the  t e s t  v a l v e  to p e r m i t  the v a l v e  to be opened  m o r e  than  91 
p e r c e n t  of the n o m i n a l  l ea f  t r a v e l .  

C o n s i d e r a b l e  f o r c e  w a s  r e q u i r e d  to o p e r a t e  Va lve  C, p a r t i c -  
u l a r l y  at  s m a l l  o p e n i n g s  and high h e a d s .  T h e  fac t  that  it w a s  a s m a l l  
v a l v e  wi th  the  body m a d e  of w e l d e d  p a r t s  m a y  a c c o u n t  at  l e a s t  in pa r t  
for  the e x c e s s i v e  f o r c e  r e q u i r e d  fo r  i ts  o p e r a t i o n .  

No d i f f i cu l ty  was  e x p e r i e n c e d  in o p e r a t i n g  Va lve  D, but the  
o p e r a t i o n  r e q u i r e d  m o r e  f o r c e  on the  h a n d w h e e l  a s  the  head  i n c r e a s e d .  
Th i s  was  t r u e  a l s o  of t he  V a l v e s  G and H. The  l e a f  of V a l v e  E was  
f r a c t u r e d  when the  l ea f  was  s e t  at  2 2 - 1 / 2  p e r c e n t  open  and a head  
of 95 fee t  was  app l i ed .  Al though  the p i e c e s  of the  l ea f  w e r e  he ld  to -  
g e t h e r  by the  b r o n z e  s e a t  r i n g  the  leaf  was  d e f o r m e d  s u f f i c i e n t l y  to 



prevent operation by the stem. Upon reporting the damage to the 
manufacturer it was learned that the valve was for low water pres- 
sure (20 psi) and was not recommended for higher heads. A gate 
valve of the same design for higher heads was later tested (55 psi}. 

Of the valves tested Valve B was the only one where the leaf 
and body seats did not seem to be in sliding contact during opening 
or closing. The contact of the seats on this valve seemed to take 
place and form a watertight seal just as the leaf reached the bottom 

of its travel. 

Capacity of valves. Discharge coefficients, based on the 
nominal Valve area and the total head (pressure plus velocity head) 
upstream of the valve, were computed from the test data for the vari- 
ous valves. In general the coefficient curves for the several valves 
were similar (Figure 3) with the value for the wlde open condition 
being about 0.95. There were two exceptions. Valve A had insuffi- 
cient threads on the stem to permit opening the leaf more than 91 per- 
cent. Although the coefficient for this opening was about 0.85, a plot 
of the data indicated that the coefficient for the wide open position 
would be the same as that for the other valves. With Valve D wide 
open it was noticed that the jet would expand, at times tending to fill 
the downstream bell. This would cause the pressure just downstream 
of the leaf to be subatmospheric, increasing the effective head and the 
discharge. The coefficient based on the total head upstream of the 
valve (not effective head} was i. 02 when this condition existed. When 
the jet did not diffuse and the pressure at the leaf was near atmos = 
pheric, the effective head was then closely represented by the total 
upstream hec, d on the valve. The discharge coefficient for ~his con- 
dition was 0.85. It is believed that the upstream bell caused a contrac- 
tion in the valve which decreased its capacity over the other types. 

Cavitation characteristics. When a gate valve in a conduit 
is partially open and a high velocity jet of water passes through the 
opening, there is a low pressure zone formed in the fluid downstream 
from the leaf. Low pressure zones form also downstream from ir- 
regularities in the flow boundary such as the downstream edge of the 
leaf recess noted by the area marked X in Figure I. The pressures 
in these zones are influenced by the differential head across the valve 
and the downstream pressure, thus it was considered possible to de- 
termine the permissible head differential for a given back pressure, 
or, the back pressure required to prevent cavitation in these low pres- 
sure zones (keep the pressure in the zones above the vapor pressure 
of the water}. This could best be accomplished by using some form 
of cavitation number or index° Several'-piots of pressure data were 
made before an appropriate index was discovered. 

> 

g. 



Q 

o" 

The relationship used was: 

H 2 - I-I v 
K = 

H t - H 2 

w h e r e  

K = dimensionless number - cavitation index 

H 2 = pressure head in pipe 12 diameters downstream of 

valve, feet of water 

H = vapor tension pressure relative to atmospheric 
v p r e s s u r e  (about -33 fee t  at  s e a  l eve l )  

H t = to ta l  head  ( p r e s s u r e  p lus  v e l o c i t y )  2 p ipe  d i a m e t e r s  
u p s t r e a m  of the  v a l v e  

P lo t s  of K a g a i n s t  d i s c h a r g e  c o e f f i c i e n t s ,  C, fo r  d i f f e r e n t  
ga t e  open ings  r e v e a l e d  tha t  t h e  c o e f f i c i e n t  w a s  c o n s t a n t  w h e n  t h e r e  
was  no c a v i t a t i o n  in the  s y s t e m  and that  it d e c r e a s e d  as c a v i t a t i o n  
d e v e l o p e d  wi th  an i n c r e a s e  in d i f f e r e n t i a l  head  ( F i g u r e s  4 and 5). 
T h e s e  p lo ts  o f f e r e d  a m e a n s  of i n d i c a t i n g  the  c o n d i t i o n s  for  i n c i p i e n t  
c a v i t a t i o n  o r  fo r  d e t e r m i n i n g  the c r i t i c a l  c a v i t a t i o n  index (Ki). The  
c o e f f i c i e n t  u sed  in th i s  c a s e  was  that  g iven  in the  e x p r e s s i o n  

Q = C A  2 ~  

w h e r e  

Q = f low quan t i ty  in cfs  

A = n o m i n a l  a r e ~  of pipe,  s q u a r e  fee t  

g = acce le ra te .on  of g r a v i t y  

H = d i f f e r e n t i a l  head  on v a l v e  m e a s u r e d  b e t w e e n  s t a t i o n s  
2 p ipe  d i a m e t e r s  ~ ,ps t ream and 12 pipe d i a m e t e r s  
d o w n s t r e a m  of v a l v e  

C = c o e f f i c i e n t  of d i s c h a r g e  

The  f i r s t  a t t e m p t s  to e s t a b l i s h  c r i t i c a l  v a l u e s  of K b a s e d  on 
aud ib l e  c a v i t a t i o n  w e r e  m a d e  f r o m  plo ts  of the da t a  fo r  g iven  o p e n i n g s  
by t ak ing  t h o s e  v a l u e s  of K at the  i n t e r s e c t i o n  of two l i n e s  on the  
p lo ts ,  one (a) r e p r e s e n t i n g  the c o n s t a n t  d i s c h a r g e  c o e f f i c i e n t  for  the 
v a l v e  open ing  wi thout  c a v i t a t i o n ,  and the o t h e r  a s lop ing  l i ne  (b} 



r e p r e s e n t i n g  t h e  a v e r a g e  f o r  t h e  p o i n t s  w h e r e  c a v i t a t i o n  w a s  d e f i -  
n i t e l y  a u d i b l e  ( F i g u r e  6), T h e  i n i t i a l  a n a l y s i s  g a v e  a m a x i m u m  
v a l u e  of K i of  a b o u t  u n i t y  w h i c h  a p p e a r e d  to be  a b o u t  t h e  s a m e  f o r  
a l l  v a l v e  o p e n i n g s .  H o w e v e r ,  f u r t h e r  a n a l y s i s ,  u s i n g  a d d i t i o n a l  d a t a ,  
s h o w e d  a d e c r e a s e  in e f f i c i e n c y  at  v a l u e s  of  K h i g h e r  t h a n  t h o s e  f o r  
w h i c h  a u d i b l e  c a v i t a t i o n  w a s  n o t e d .  In s o m e  c a s e s  t h i s  c r i t i c a l  v a l u e  
of K s e e m e d  to  be  n e a r  2 . 0 .  T h e  c o e f f i c i e n t  f o r  a n y  c o n d i t i o n  d i v i d e d  
by t h e  c o e f f i c i e n t  w h e r e  t h e r e  i s  no  c a v i t a t i o n  w a s  u s e d  to  g e n e r a l i z e  
t he  d a t a  f o r  a l l  v a l v e s  and  o p e n i n g s  ( F i g u r e  6).  T h i s  l ed  to  an  i n -  
v e s t i g a t i o n  of t h e  a b o v e  e q u a t i o n .  It w a s  i n v e s t i g a t e d  a s s u m i n g  g e n -  
e r a l  c a v i t a t i o n  to  o c c u r  in t h e  p i p e  i m m e d i a t e l y  c i o w n s t r e a ~ n  of  t h e  
v ~ v e  l e a f  a n d  a l o s s  f r o m  t h e  g a t e  to  t h e  r e c o v e r y  p r e s s u r e  d o w n -  
s t r e a m  e q u a l  to t h e  B o r d a  l o s s .  T h i s  w a s  d o n e  to  d e t e r m i n e  w h e t h e r  
o r  no t  t h e  c a v i t a t i o n  i n f l u e n c i n g  t h e  e f f i c i e n c y  of  t h e  s y s t e m  w a s  of  a 
g e n e r a l  n a t u r e  and  d o w n s t r e a m  of  t h e  l e a f .  A n  e v a l u a t i o n  of t h e  c r i t -  
i c a l  c a v i t a t i o n  i n d e x  v a l u e s  f o r  v a r i o u s  g a t e  o p e n i n g s  s h o w e d  an  i n -  
c r e a s e  w i t h  i n c r e a s e  in  o p e n i n g  u n t i l  t h e  v a l v e  w a s  50 p e r c e n t  o p e n  
t h e n  a d e c r e a s e  w i t h  l a r g e r  o p e n i n g  ( F i g u r e  7). F r o m  t h i s  c u r v e  
it  a p p e a r s  t h a t  t h e  c r i t i c a l  v a l u e  of the  c a v i t a t i o n  i n d e x  s h o u l d  r e a c h  
a m a x i m u m  at  a b o u t  65 p e r c e n t  v a l v e  o p e n i n g .  W h i l e  t h e  K i v a l u e  i s  
a b o u t  1 . 0  f o r  t h i s  c a s e ,  a v a l u e  s o m e w h a t  d i f f e r e n t  m i g h t  b e  e x p e c t e d  
d e p e n d i n g  u p o n  w h e r e  t h e  d o w n s t r e a m  p r e s s u r e  i s  m e a s u r e d  and  
w h e t h e r  o r  no t  t h e  d a t a  a r e  r e f e r r e d  to a c o m m o n  b a s e .  L o c a l  r e g i o n s  
of c a v i t a t i o n  m i g h t  a l s o  be  an  i n f l u e n c i n g  f a c t o r .  T h i s  s e e m s  to  be  
t h e  c a s e  f o r  g a t e  v a l v e s  b e c a u s e  t he  v a l u e  of  K i a t  a l l  c o n d i t i o n s  t e s t e d  
i s  rr tuch g r e a t e r  t h a n  i n d i c a t e d  by  t h e  c u r v e  f o r  g e n e r a l  c a v i t a t i o n  
( F i g u r e  7). 

A c o m p a r i s o n  of  t h e  c u r v e  f o r  g e n e r a l  c a v i t a t i o n  c o n d i t i o n s  
w i t h  p o i n t s  b a s e d  on t h e  d a t a  of F i g u r e s  4 a n d  5 i n d i c a t e s  t h e  p r e s e n c e  
of l o c a l  r e g i o n s  of c a v i t a t i o n .  

T h e  t e s t s  to  t h i s  p o i n t  had  d i s c l o s e d  t h a t  c a v i t a t i o n  w a s  p r e s -  
en t  to  s o m e  d e g r e e  at  v a l u e s  of K b e l o w  a p p r o x i m a t e l y  2 . 0 ,  t h a t  c a v i -  
t a t i o n  w a s  p r e s e n t  in m i l d  f o r m  f o r  v a l u e s  of  K g r e a t e r  t h a n  a b o u t  1 . 0 ,  
and  t h a t  t h e  i n t e n s i t y  and  s e v e r i t y  of  c a v i t a t i o n  i n c r e a s e d  w i t h  d e c r e a s -  
ink  v a l u e s  of  K b e l o w  1 . 0 ,  T h e s e  r e s u l t s  s e e m e d  to o f f e r  a s o u r c e  of  
desi~,.n c r i t e r i a  s o  s t u d i e s  w e r e  m a d e  to  f u r t h e r  d e f i n e  t h e  l i m i t a t i o n s .  

P r o t e c t i o n  of  t h e  f l o w  p a s s a g e  s u r f a c e s  a t t a c k e d  by  c a v i t a t i o n  
w;=s c o n s i d e r e d  a s  o n e  m e a n s  of  p e r m i t t i n g  t h e  u s e  of  g a t e  v a l v e s  a s  
f low r e g u l a t o r s  w i t h  low b a c k  p r e s s u r e s .  T h e  a l t e r a t i o n  of  t h e  J'low 
p a s s a g e  to f o r m  a s u d d e n  e n l a r g e m e n t  i m m e d i a t e l y  d o w n s t r e a m  of  t h e  
v a l v e  s e e m e d  to o f f e r  a n o t h e r  p o s s i b l e  s o l u t i o n .  S o m e  i d e a  a s  t o  t h e  
n a t u r e ,  l o c a t i o n ,  and  e x t e n t  of  t h e  d a m a g e  c a u s e d  by c a v i t a t i o n  ~was 
n e e d e d  to  e v a l u a t e  t h e s e  p o s s i b i l i t i e s .  T e s t s  w e r e  p e r f o r m e d  f o r  t h i s  
p u r p o s e  by u s i n g  r u b b e r - l i n e d  and  c o n c r e t e - l i n e d  p i p e  s e c t i o n s  b e l o w  
t h e  v a l v e s  and  s p e c i a l  s p e c i m e n s  of  r u b b e r  m a t e r i a l  v u l c a n i z e d  to 
m e t a l  s h a p e s  in s p e c i a l  c a v i t a t i o n  t e s t i n g  f a c i l i t i e s .  

0 
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A section of 12-inch pipe with a neoprene lining vulcanized 
in it was placed downstream from a 12-inch irrigation type gate 
valve. The intensity of the cavitation obtained in this arrangement 
was not sufficient to provide any visual evidence of damage after 
many hours operation so some means of accelerating the test was 
sought. Metal blocks withspecimens of 1/16-, 1/8-, and 3/16- 
inch lining vulcanized to them were tested in a special venturi-type 
cavitation test apparatus (Figure 8). The time involved to give visual 
evidence of cavitation was so great that other specimens were pre- 
pared for testing in a magnetostrictionosciliator. Lining thicknesses 
of 1/16 and I/8 inch were represented by these specimens. Damage 
similar to that for metal but at a very slow rate was obtained for the 
1/16- inch-thick specimen (Figures 9 and 10). A tear or rupture at 
the center of the ]~/8-inch specimen occurred after a very short period 
of testing (Figure 11). The tests indicated that the value of rubber 
lining for any but mild cavitation would be questionable. 

Whether or not a rubber-lined section could be used even for 
the mild cases would depend on where cavitation occurred under the 
various operating conditions. The location for these conditions was 
therefore investigated. Since concrete has relatively little resistance 
to cavitation erosion a short section of concrete pipe placed at differ- 
ent locations below the valve was considered. A section of concrete 
pipe was first placed below a 12-inch valve, but only slight damage 
occurred adjacent to the valve because of inadequate laboratory facil- 
ities for testing this size valve at high heads (Figure 12). An arrange- 
ment using a 6-inch stand~.rd waterworks valve and a 2-foot-long sec- 
tion of 8-inch pipe lined with 1 inch of concrete was then used. 

The tests showed that cavitation with the valve partially open. 
first began at the downstream edge of the leaf recess and that the cavi- 
tation envelope extended farther downstream as the back pressure on 
the valve decreased o~" the head increased. 

With the 2-foot-long concrete-lined section of pipe placed 
different distances downstream, it was possible to determine where 
damage would occur under various conditions. The location of the 
damage varied with the back pressure and thus with the cavitation 
index. It was possible to get cavitation damage as much as 20 pipe 
dian. ,ters distance downstream of t Le valve by decreasing the back 
pressure (Figure 13). A plot of distance of damage below valve against 
cavitation index showed that the damage would be confined to the down- 
strearf~ "end of the valve when the index exceeded 0.4 and that the dam- 
age occurred farther downstream as the downstream pressure was re- 
duced and the ca':~.tation index was decreased below this value (Figure 
14). Most of t~:~ .~:sts on this valve were at about 20 percent opening 
and 130 feet of :vstream head. Tests on a 12-inch gate valve and a 
6-inch globe v,:::e showed good agreement. However, even with much 
smaller values of K the damage was confined to the globe valve. For 

11 



the o p e n i n g s  t e s t e d  on the ga t e  v a l v e  (20 to 30 p e r c e n t )  t h e r e  s e e m e d  
to be a c i r c u l a t i o n  of w a t e r  on top of the  j e t  and i m m e d i a t e l y  down-  
s t r e a m  of the  ga te  leaf .  Th i s  a p p e a r e d  to p r e v e n t  the  o c c u r r e n c e  of 
g e n e r a l  c a v i t a t i o n  c o n d i t i o n s  in th i s  r e g i o n .  C a v i t a t i o n  p r e s s u r e s  
wi l l  no doubt o c c u r  in th is  r e g i o n  as  the ga t e  leaf  n e a r s  the  wide  open  
pos i t i on .  Inadequa te  pump c a p a c i t y  fo r  the  l a r g e  o p e n i n g s  p r e v e n t e d  
d e t e r m i n i n g  if, and u n d e r  what  c o n d i t i o n s ,  the c a v i t a t i o n  p r e s s u r e s  
would o c c u r  in th is  r eg ion .  In m o s t  c a s e s  in i r r i g a t i o n  d i s t r i b u t i o n  
s y s t e m s  the v a l v e s  would not  be o p e r a t e d  at  the l a r g e r  open ings  ex-  
cep t  u n d e r  r e d u c e d  head w h e r e  c a v i t a t i o n  is not l i k e l y  to o c c u r ,  thus  
th is  f a c t o r  was  not i m p o r t a n t  in th i s  p a r t i c u l a r  s tudy .  

A c h a n g e  in shape  of the  flow p a s s a g e  i m m e d i a t e l y  d o w n s t r e a m  
of a v a l v e  wi l l  a l t e r  the f low c o n d i t i o n s  and thus the  c a v i t a t i o n  c h a r a c -  
t e r i s t i c s .  The p lac ing  of a cone  d o w n s t r e a m  m a y  i n c r e a s e  the c a v i t a -  
t ion t e n d e n c y  whi l e  a s u d d e n  e n l a r g e m e n t  wi l l  d e c r e a s e  the  t e n d e n c y .  
A s a n d - c e m e n t - m o r t a r - l i n e d ,  14 - inch  t ee  s e c t i o n  ( F i g u r e  15} p l aced  
i m m e d i a t e l y  below an 8 - i n c h  s t a n d a r d  ga t e  va lve  s u s t a i n e d  no d a m a g e  
a f t e r  9 h o u r s  o p e r a t i o n  u n d e r  h e a d s  of 118 and 150 f ee t  wi th  the v a l v e  
6 - 1 / 4  and 12 -1 /2  p e r c e n t  open .  A c a v i t a t i o n  index c u r v e  fo r  th i s  a r -  
r a n g e m e n t  is shown as  C u r v e  A, F i g u r e  6. The c r i t i c a l  c a v i t a t i o n  
index for  th is  c a s e  a p p e a r s  to be about  0 . 8 .  

An e x a m i n a t i o n  of the  da t a  t aken  f r o m  the v a r i o u s  ga t e  v a l v e s  
i n d i c a t e d  that  the t e s t  r e s u l t s  cou ld  be u sed  as  d e s i g n  c r i t e r i a  fo r  
t u r n o u t s  c o n t r o l l e d  by v a l v e s .  In g e n e r a l ,  fo r  v a l v e s  in p i p e l i n e s  
and v a l u e s  of K above  2 . 0  t h e r e  was  no e v i d e n c e  tha t  c a v i t a t i o n  was  
p r e s e n t .  F o r  v a l u e s  of K a b o v e  1.0 and be low 2 .0  the  c a v i t a t i o n  was  
of a v e r y  mi ld  n a t u r e .  F o r  v a l u e s  of K be low 1.0 t he  i n t e n s i t y  of cav i -  
t a t ion  i n c r e a s e d  as  the v a l u e  of K d e c r e a s e d .  F o r  v a l u e s  of K above  
about  0 . 4  the d a m a g e  c a u s e d  by c a v i t a t i o n  was  c o n f i n e d  at  the down-  
s t r e a m  end of the va lve .  F o r  v a l u e s  of K below 0 . 4  the  d a m a g e  oc -  
c u r r e d  f a r t h e r  d o w n s t r e a m  as  the  v a l u e  d e c r e a s e d .  F o r  a v a l u e  of K 
c o m p u t e d  for  a p a r t i c u l a r  i n s t a l l a t i o n  and with the  a b o v e  i n f o r m a t i o n  
it is  p o s s i b l e  to a s c e r t a i n  w h e t h e r  o r  not c a v i t a t i o n  would  be of p a r t i c -  
u l a r  c o n c e r n  and to d e c i d e  wha t  s t e p s  shou ld  be t a k e n  to a l l e v i a t e  the 
c o n d i t i o n s .  A des ign  c h a r t  w h i c h  i n d i c a t e s  the s e r i o u s n e s s  of the  
c a v i t a t i o n  cond i t i ons  and the  t r e a t m e n t  to be app l i ed  w a s  p r e p a r e d  by 
the d e s i g n e r s .  The  c h a r t  b a s e d  on a v a p o r  p r e s s u r e  of 31 fee t  below 
a t m o s p h e r i c  p r o v i d e s  a r a p i d ,  c o n v e n i e n t  m e a n s  f o r  e x a m i n i n g  an in-  
s t a l l a t i o n  fo r  c a v i t a t i o n  t e n d e n c i e s  and c o r r e c t i v e  t r e a t m e n t .  It is 
b e l i e v e d  that  the p r o p o s e d  c o r r e c t i v e  t r e a t m e n t s  of a r u b b e r - l i n e d  
p ipe  s e c t i o n  o r  a s t e e l - l i n e d  e x p a n d e d  s e c t i o n  a r e  the  m o s t  p r a c t i c a l  
at the  p r e s e n t ;  h o w e v e r ,  the  b e s t  s o l u t i o n  in a l l  c a s e s  w h e r e  c a v i t a t i o n  
is p r e s e n t  is to p r o v i d e  a s u d d e n  e n l a r g e m e n t  i m m e d i a t e l y  d o w n s t r e a m  
of the  v a l v e s .  A plot of the  c h a r t  da t a  w a s  p r e p a r e d  f o r  th i s  r e p o r t  
(Figure 16). 

.Actually the placing of a suddenly enlarged section immedi- 
ately below the valves in all cases would assure a minimum of cavi- 
tation damage, particularly when the gate valve developed by the 
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B u r e a u  is used  (GV-7 v a l v e ,  F i g u r e  17). It a p p e a r s  that  t h i s  t r e a t -  
men t  would be s a t i s f a c t o r y  for  h e a d s  up to 150 fee t  when  the  va lve  
open ings  a r e  kept  s m a l l ,  p r o b a b l y  below 50 p e r c e n t .  H o w e v e r ,  f u r -  
t h e r  t e s t i n g  is r e q u i r e d  to e s t a b l i s h  u l t i m a t e  l i m i t s  of th i s  d e s i g n ,  
both in head  and r e l a t i v e  s i z e  of v a l v e  and expanded  s e c t i o n .  

Globe v a l v e s .  The  j e t  d i s p e r s i o n  for  the  g lobe  v a l v e  was  not 
as  g r e a t  as  fL~r the  gate  v a l v e  and the  amoun t  of d i s p e r s i o n  c h a n g e d  
l i t t le  wi th  ope=,ing ( F i g u r e  18). 

Globe v a l v e s  a r e  noted  for  t h e i r  h igh  l o s s e s  and the  f r e e -  
d i s c h a r g e  and i n - l i n e  c o e f f i c i e n t s  of about  0 . 34  f o r  f low t e n d i n g  to 
open the d i sc ,  and the i n - l i n e  c o e f f i c i e n t  of 0 .29  wi th  the f low t end ing  
to c l o s e  the d i sc  a r e  e v i d e n c e  of th i s  c h a r a c t e r i s t i c .  The  fact  that  
t h e r e  was  v e r y  l i t t l e  c h a n g e  in the  d i s c h a r g e  c o e f f i c i e n t  fo r  open ings  
g r e a t e r  than about  80 p e r c e n t  i n d i c a t e s  that  the d i s c  e x e r t s  v e r y  l i t t l e  
c o n t r o l  on the f low o v e r  th is  r a n g e  of opening .  T h e  c h a r a c t e r i s t i c  is 
the s a m e  r e g a r d l e s s  of the d i r e c t i o n  of flow in t he  v a l v e .  

The in i t i a l  t e s t s  on g lobe  v a l v e s  w e r e  m a d e  on a v a l v e  hav-  
ing s c r e w - j o i n t s .  The t e s t s  w e r e  m a d e  at about  2 /3  o p e n i n g  with  the 
flow t end ing  to c l o s e  the  d i s c  and then  t end ing  to open  it. The  s h a r p  
edges  of the pipe wi th in  the  v a l v e  w e r e  c o n d u c i v e  to c a v i t a t i o n  and 
s o m e  d a m a g e  w a s  noted  in the p ipe  a s h o r t  d i s t a n c e  d o w n s t r e a m  of 
the edge  of the d o w n s t r e a m  jo in t  a f t e r  64 h o u r s  of o p e r a t i o n  u n d e r  a 
d i f f e r e n t i a l  head  of 126 f ee t  wi th  the  flow t end ing  to c l o s e  the  d i sc .  
C o n s i d e r a b l e  p i t t ing  of the  d o w n s t r e a m  s u r f a c e  of the v a l v e  d i a p h r a g m  
was  no ted  a f t e r  the v a l v e  was  o p e r a t e d  for  129 h o u r s  u n d e r  the  s a m e  
head  c o n d i t i o n s  wi th  the flow t e n d i n g  to open the  d i s c .  

It was  b e l i e v e d  that  the o b j e c t i o n a b l e  f e a t u r e s  of the  s c r e w -  
jo in t s  would be e l i m i n a t e d  by us ing  v a l v e s  wi th  f l anged  j o i n t s .  T e s t s  
on a 6 - i n c h  g lobe  va lve  wi th  f l anged  jo in t s  gave  c l e a r  e v i d e n c e  of 
c a v i t a t i o n  in s i m i l a r  l o c a t i o n s  a f t e r  the v a l v e  had b e e n  o p e r a t e d  fo r  
48 h o u r s  at a d i f f e r e n t i a l  head  of about  118 feet  w i th  the f low tend ing  
to c l o s e  the d i s c .  

The  c r i t i c a l  c a v i t a t i o n  index  for  g lobe v a l v e s  s e e m s  s o m e -  
what  s m a l l e r  than  for  g a t e  v a l v e s .  In fact  c a v i t a t i o n  w a s  not aud ib le  
at any v a l u e  of K g r e a t e r  than 0 . 9  and the index c u r v e s  for  f low t end -  
ing to open  or  c l o s e  the  v a l v e  d i s c  show the c r i t i c a l  v a l u e  to be about  
1 .0 ( F i g u r e s  19 and 20). Th i s  was  the c a s e  when  the  f low was  t end-  
ing to c l o s e  the d i sc  e v e n  though the  e f f i c i e n c y  of the v a l v e  was  de -  
c r e a s e d  by c a v i t a t i o n  when  the  open ing  was  s m a l l  and i n c r e a s e d  by 
c a v i t a t i o n  when the open ing  was  l a r g e  ( F i g u r e  20). 

Since cavitation is mainly confined within a globe valve it is 
important that any installation using one provide sufficient back pres- 
sure in the pipe 12 diameters downstream to keep the cavitation index 
K above i. 0. Globe valves cannot be operated at high differential heads 
and low back pressures without cavitation being present. 
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FIGURE T 
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A, S p e c i m e n  u sed  f o r  c a v i t a t i o n  t e s t s  - 1 / 1 6 - i n c h  
r u b b e r  v u l c a n i z e d  to s t e e l .  

B. I / 8 - i n c h - t h i c k  r u b b e r  s u r f a c e  not s u b j e c t e d  
to c a v i t a t i o n .  

('. l / 8 - i n c h - t h i t k  r u b b e r  - s u r f a c e  sub l t 'c tcd 
to c a v i t a t i m ,  fo r  100 h o u r s .  

Irrigation Valve Study 
Cavitation damage to rubber coatings in 

Venturi-type cavitation machine 
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A. Sur face  of 5 / 8 - i n c h  d i a m e t e r  s tee l  
s p e c i m e n  be fo re  tes t  - Mill s c a l e  
on s u r f a c e .  

B. Sur face  of s tee l  s p e c i m a n  a f t e r  10 
hou r s  in m a g n e t o s t r i c t i o n  o s c i l l a t o r .  

I r r i ga t i on  Valve Study 
Cavi ta t ion  d a m a g e  to s tee l  s u r f a c e  

t e s t ed  in m a g n e t o s t r i c t i o n  o s c i l l a t o r  

: l a  
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A. Sur face  of 5 / 8 - i n c h d i a m e t e r ,  1 /16 - inch  
thick r u b b e r  disc vulcanized to s t ee l  - 
b e f o r e  t e s t .  

B. Surface  of 1 /16- inch  thick rubbe r  
s p e c i m e n  a f te r  34 hou r s  in rnagneto-  
s t r i c t ion  o s c i l l a t o r .  

I r r iga t ion  Valve  Study 
Cavi ta t ion  damage  to su r f ace  of 1 /16 - inch  thick rubber  

disc  tes ted  in m a g n e t o s t r i c t i o n  o s c i l l a t o r  
-.4 



A. Sur face  of 5 / 8 - i n c h  d i a m e t e r ,  3 / '16- inch  
thick r u b b e r  disc  vu l can i zed  to s tee l  - 
be fo re  tes t .  

B .  Surface  of 3 / 1 6 - i n c h  thick r u b b e r  
s p e c i m e n  a f t e r  5 hou r s  in m a g n e t o -  
s t r i c t i on  o s c i l l a t o r .  

I r r i g a t i o n  Valve  Study 
Cavi ta t ion  d a m a g e  to s u r f a c e  of 3 / 1 6 - m c h  th ick  
r u b b e r  disc t e s t ed  in m a g n e t o s t r i c t i o n  o s c i l l a t o r  
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FIGURE 12 
Report Hyd. 337 

A. Section of  12-inch c o n c r e t e  pipe be fo re  tes t .  

B. Ups t ream end of pipe sec t ion  a f t e r  va lve  was opera ted  
23 pe rcen t  open for  33 hour s  under  head of 81 feet .  

I r r iga t ion  Valve Study 
Cavi ta t ion damage  to  c o n c r e t e  pipe p laced  downs t r eam 

of 12-inch gate valve 



A. 

H-IO04-  - -  

C o n c r e t e  pipe s ec t ion  a t t ached  to 6 - inch  
W a t e r w o r k s  s t a n d a r d  gate  va lve .  Valve  o p e r -  
a ted  for  7-~ hou r s  with u p s t r e a m  head of 127.2  
feet ,  d o w n s t r e a m  head of 13.6 feet ,  cav i t a t ion  
index of O. 36. 

B. C o n c r e t e  p ipe  s ec t ion  p l aced  8~ fee t  down° 
s t r e a m  f r o m  6 - i n c h  W a t e r w o r k s  s t a n d a r d  
gate  va lve .  Valve  o p e r a t e d  f o r  7 h o u r s  with 
u p s t r e a m  head of 168.5  fee t ,  d o w n s t r e a m  
head of - 2 3 . 8  feet ,  cav i t a t ion  index of 0 .20 .  

I r r i ga t i on  Valve Study 
Cavi ta t ion  d a m a g e  m 2 - f o o t - l o n g  s ec t i on  of c o n c r e t e  pipe 

d o w n s t r e a m  of gate  va lve  o p e r a t e d  at p a r t i a l  opening .  
. . . I  
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ZONE D ZONE C ZONE B ~ I ZONEA 

ZONEA 

ZONE A-No cavitation. No protection needed. 
ZONE B-Mild cavitation atend of valve. 

Protection probably not needed. 
ZONE C-Mild to severe cavitation with dam- 

age confined to end of valve. Protection 
needed near valve. (Protective~;lining or 
sudden enlargement.) 

ZONE D-Severe cavitation with damage in 
downstream pipe. Protection needed 

• against cavitation moving downstream, 
J (Sudden enlargement). 
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Pressure head below valve- Feet of water I 

Note:K= H¢-HvPI°t based= Cavitation°n- index. IRRIGATION VALVE STUDY I 
HT-H: 

i - ' " t m C A V I T A T I O N  C H A R A C T E R I S T I C S  . ~  
H2= Pressure nead 12 dia. aowns rea . ~ c  ~ A ' f ' I ¢ "  t / A n  ~/1¢'~ I k i  D I D ¢  / I M I ¢ "  J-43 
HT=TOtolhead 2 dia. upstream. v r  ~ u r -  v ~ t . . v ~  ull r i r L  L I , ~ L  l=~Om 

I HV= Vapor pressure relative 10 atmospheric I~ 
pressure (assumed to be-51 feet). . ~ ~ ~ , . _ ~ 1 - ~  



GATE LEAF 50TTOM SHAPE 

,y- 

i 

i o  
O i 

o _  

E3- 
¢ 
oO 

J 
J 
i 
i 
i 

i 

~ . °  

I I  
,GV-7 

I 
I 

Gate valve 

......... I1" Dia: 

FLOW>. 

t - I -  '---~_ 

I I  
=: 
i ~. 

° - -  

a 
o 

18%"- .................. -~ 

= ~ 37' , ; ' -  ................................................ 
. . . . . . . . . . . . . .  J 2  ................................................................ 

IRRIGATION VALVE STUDY 

GV-7 VALVE W I T H  S U D D E N  E N L A R G E M E N T  

0 

* t 

o 



FIGURE 18 
Report Hyd. 33"~ 

A. Valve open i / 2  of s tem t ravel .  

B. Valve fully open. 

I r r igat ion Valve Study 
Flow conditions for  f ree  d ischarge  of 3 cfs  f rom 6-inch 

globe valve under 35-foot head. 
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