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The  p o s s i b i l i t y  of a p p l i c a t i o n  of the  B o r d a - C a r n o t  t h e o r e m s  by  e va lua t i ng  p a r a m e t e r s  of 
c a v i t a t i o n a l  f low in h y d r a u l i c  s y s t e m s  i s  c o n s i d e r e d .  E x p e r i m e n t e d  da ta  fo r  d i f f e r e n t  c h a n -  
ne l s  of v a r i o u s  f o r m s  a r e  ob ta ined  and a d e s c r i p t i o n  i s  g iven  of p r o c e s s e s  which  t ake  p l a c e  
a t  d i f f e r e n t  po in ts  in  the  channe l .  

C a v i t a t i o n a l  f low i s  c h a r a c t e r i z e d  by the  a p p e a r a n c e  of  a v a p o r  p h a s e  on the  channe l  b o u n d a r i e s  and 
by  e s t a b l i s h m e n t  of c o n s t a n t  p r e s s u r e  a t  the  po in t s  of f low s e p a r a t i o n .  In i nd iv idua l  c a s e s  th i s  l e a d s  to 
l i m i t a t i o n  of the  d i s c h a r g e  of the  l iqu id ,  and to the  a p p e a r a n c e  of wha t  a r e  known a s  "p l a t eaux"  of c o n s t a n t  
d i s c h a r g e  on the  c h a r a c t e r i s t i c s  of the  h y d r a u l i c  s y s t e m s .  F low  a round  s u r f a c e s  of m a r k e d  c u r v a t u r e  wi th  
change  of channe l  s e c t i o n  i s  a c c o m p a n i e d  by  c u r v i n g  of the  l i n e s  of f low and g e n e r a t i o n  of l o c a l  c o n t r a c -  
t ions  wi th  s u b s e q u e n t  e x p a n s i o n  of the  f low,  a s  a r e s u l t  of which  a t  the  end of the  zone  of s e p a r a t i o n  l o s s e s  
of ful l  p r e s s u r e  o c c u r  which  a r e  d e t e r m i n e d  by the  B o r d a - C a r n o t  t h e o r e m .  

Le t  us  c o n s i d e r  the  p r o b l e m  of d i s t r i b u t i o n  of e n e r g y  ove r  i n d i v i d u a l  p a r t s  of a n o n c l o s e d  h y d r a u l i c  
s y s t e m ,  which  c o n s i s t s  of K s e r i e s  connec ted  s t a g e s .  Each  s t a g e  c o n s i s t s  of t h r e e  p a r t s :  i n l e t ,  w o r k i n g  
s ec t i on ,  and out le t .  Out le t  f r o m  the  f i r s t  s t a g e  f o r m s  t h e i n l e t  of the  second  s t a g e ,  etc .  In the  w o r M n g  p a r t s  
e n e r g y  i s  supp l i ed  to the  l iquid  f low r e s u l t i n g  in  i n c r e a s e  of the  to ta l  p r e s s u r e  in  the  h y d r a u l i c  s y s t e m  (the 
p r o c e s s  p r o c e e d s  a d i a b a t i c a l l y ) .  We wi l l  d e s i g n a t e  the  w o r k i n g  p a r t s  wi th  odd n u m b e r s  1, 3, 5, 7, . . . , n 
- 1 ,  w h e r e n = 2  K. The  i n l e t  and ou t le t  p a r t s  a r e  n u m b e r e d  with  even n u m b e r s  0, 2, 4 , . . .  , n .  In the  
p a r t s  (1-2), (3-4), (5-6),  . . . ,[(n - 1) - n] o c c u r  l o s s e s  of to ta l  p r e s s u r e  which  a r e  a s s o c i a t e d  wi th  the  s u d -  
den e x p a n s i o n  of the  flow. 

The  equa t ions  

Ap~ = p, - -  Po, 

Ap;  = p~ - -  p2, 

AP~-I = Pn--~--Pn--2 

(1) 

c h a r a c t e r i z e  e n e r g y  supp l i ed  to the  s t a g e s .  
we have  

A c c o r d i n g  to the  B o r d a - C a r n o t  t h e o r e m  for  the  f i r s t  s t a g e  

* P c p[ - P2 = - 2 -  ( 1  - c~) ~- (2) 

On e l i m i n a t i n g  by m e a n s  of the  B e r n o u l l i  equa t ions  p~ and p~ f r o m  (1) and (2): 

p ; -  p, + ap; 

P 
2 

,oc~ + (p~ - -  p,) 
C 1 

9c2 

(3) 

(4) 
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F ig .  1. D i a g r a m  of l iquid  f low in t w o - s t a g e  c h a n n e l s  of d i f f e r e n t  t y p e s  (the f i g u r e s  i n d i c a t e  the  c h a r a c -  
t e r i s t i c  c r o s s  s e c t i o n s  of the  channe l s ) :  a) channe l  of g e n e r a l  type .  The  a r e a s  of the  c r o s s  s e c t i o n s  
( 0 - 0 ) - ( 6 - 6 )  a r e  d i f f e r en t :  0 - 0 )  wide  s e c t i o n  wi th  i n l e t  to  the  channe l ;  1 - 1 )  c o n t r a c t i o n  of f low wi th  
f low round  the  i n l e t  edge  of the  c y l i n d r i c a l  pa r t ;  2 - 2 )  c r o s s  s e c t i o n  of the  channe l  a t  the  point  of r e a t -  
t a c h m e n t  of the  zone of s e p a r a t i o n  of f low in  the  c y l i n d r i c a l  p a r t ;  3 - 3 )  m i n i m u m  c r o s s  s e c t i o n  of d i f -  
f u s o r ;  4 - 4 )  c o n t r a c t i o n  of the  f low wi th  f low round  the  i n l e t  edge  of the  d i f f u s e r ;  6 - 6 )  wide  c r o s s  s e c -  
t ion  a t  the  ou t l e t  f r o m  the  channe l ,  w h e r e  the  f i e l d s  of s p e e d s  and fu l l  p r e s s u r e s  a r e  l e v e l l e d  out; b) 
channe l  wi thout  a c y l i n d r i c a l  p a r t  a t  the  c o n t r a c t i n g  point ,  has  s i m i l a r  c r o s s - s e c t i o n  a r e a s  ( 0 - 0 ) ,  (1 
- 1 ) ,  and ( 2 - 2 ) ;  c) channe l  wi th  a c y l i n d r i c a l  p a r t  a t  t h e  c o n t r a c t i n g  point ,  ha s  s i m i l a r  c r o s s - s e c t i o n  
a r e a s  ( 2 - 2 )  and {3 -3 ) .  

F ig .  2. B a s i c  d i m e n s i o n s  and f o r m  of the  channe l s  ( l iquid f low f r o m  le f t  to r igh t ) .  The  n u m b e r  i n d i c a t e s  
the  t ype  of  the  channel .  Channe l s  No. 1 a r e  d i s t i n g u i s h e d  by  the  d i a m e t e r  d in the  n a r r o w e s t  s ec t i on ,  by 
l eng th  l of the  c y l i n d r i c a l  p a r t s  and by  the  ou t l e t  a n g l e s / 3  = 5 to 90 ~ Channe l s  No. 2 a r e  d i s t i n g u i s h e d  by  
the inlet angles ~ = 30 to 90 ~ Channels No. 3 do not have cylindrical parts at the contraction. They are 

distinguished by the outlet angles of fi = 5 to 12 ~ Static pressure was measured at points A and B. 

We wi l l  s q u a r e  (4) and equa te  to (3). A f t e r  t r a n s f o r m a t i o n  we  wi l l  ob ta in  

p; = p; + A p ; -  - p02 
P ~  c 2 

4 2 z 

(5) 

W e  wi l l  w r i t e  a n a l o g o u s  equa t ions  fo r  each  of the  K s t a g e s  

P2 = Po -F AP I - -  (P2 - -  Px) ~ 
4 

2 

P4 = P2 4- Ap~--  (p' - -  p,)2 
4 ~ 9  c~, 

2 

(p. - -  p,~_1) "~ p* 
n = Pt*z--2 -~ AP; -1  

4 p 2 
2 Cn 

(6) 

A f t e r  e l i m i n a t i o n  of i n t e r m e d i a t e  p* v a l u e s  (2, 4, 6, . . . , n - 2) f r o m  the  s y s t e m  of equa t ions  (6) and on 
d iv id ing  by  Y we  ob ta in  a c h a r a c t e r i s t i c  equa t ion  of d i s t r i b u t i o n  of e n e r g y  in the  d i f f e r e n t  p a r t s  of the  h y -  

d r a u l i c  s y s t e m  

P~,--Po H ~ + H 3 +  . + H , ~ _ ~ - -  c~ + V , + . +  Y . . . .  c~ ' (7) 

�9 4 4 2--[ ? 4 2-g- 4 2g 

w h e r e  H = A p * / y .  

1052 



We wil l  examine  the par t  of the hyd rau l i c  s y s t e m  w h e r e  t he r e  is  no supply  of ene rgy  (H i + H 3 + H 5 + 

�9 . . + H n _  t =0) .  

In the c a s e  of l iquid flow with s e p a r a t i o n  of the flow f r o m  the edges of the t w o- s t a ge  channel  (Fig. la)  

the l o s s e s  of full  p r e s s u r e  in the s tages  a r e  d e t e r m i n e d  by the equat ions :  

With the condi t ion  

o r  

(P~-- P~)~ 4 - 9  c~. (9) 
p~ - p~ 2 

P c~, Ps=P~- -  p 

we wi l l  obtain:  

p~ -- p~ -- 2-c2 = 4 P~ c~ (p~ -- 
(lo) 

We will solve (i0), 

P~ - 2 ~ j  = 4 T c ~ ( ~ - p i ~ ) .  

and (11) for  p~and we wil l  c o m p a r e  

(11) 

" + .... ", T -+ 1 /  4 . 2 c2 

We e x p r e s s  c 2 by c 3 by m e a n s  of the equa t ion  of con t inu i ty  w he r e  c 3 is  the speed in the n a r r o w e s t  s ec t ion  
of the channe l  and we solve the obta ined e x p r e s s i o n  for  c 5 which i s  the speed of the jet  at  the end of the ex-  
panding sec t ion .  Af te r  d iv id ing  by c 3 we ob ta in  a f o r m u l a  for  d e t e r m i n i n g  the magn i tude  of the r e l a t i v e  

speed of the jet  C = c5/c3: 

c = l /  2& 
F2 

P~--P~ ( F~'): pr 

-2-- q " --2- c~ 

- - (  2 F3 //- P;--P1 ( F3~ 2 
F~ -~/' --f-P c~ \ F~ ] 

Two p a r t i c u l a r  c a se s  a r e  of spec i a l  i n t e r e s t :  

P~6' 

~) 2 
2 c3 

1) F 2 >> F 3 (Fig. lb ) ,  whe re  F 3 / F  2 ~ 0, Pl ~ P~ and 

(i2) 

~- 

2 2 

2) F 2 = F 3 (Fig. l c ) ,  where  f o r m u l a  (12) a s s u m e s  the f o r m  

( ' 2 P0 - -  P, P4 - -  Pl 

= P ~ P c~ 
2 c3 2 

(13) 

1 _ / 2 P ~ - - P l  P 6 - - P ,  1 . ( 1 4 )  

2 c3 2 c3 

In the f o r m u l a s  (12), (13), and (14) p~ and P4 a r e  s t a t i c  p r e s s u r e s  at  the flow con t r ac t i ons  in  a l l  flow r e -  
g imes .  A p p e a r a n c e  of the vapor  phase  in  the ca se  of cav i t a t i on  in  the flow s e p a r a t i o n  zones e s t a b l i s h e s  
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Fig. 3. Cavitation charac te r i s t i cs  of 
channels of different shape in water  where 
t = 20~ and P~n : 0.85 k g / c m  2 -  the dis-  
charge Q ( l i t e r s / sec )  and p res su re  drop 
Ap (kg cm 2) (the black points correspond 
with the channels No. 1, d = 3.0 ram; the 
unfilled points correspond with the r e -  
mainder):  1-8 channel No. 1; 1) d = 6.0 ram; 
l = 3 0 m m ; f i  =5~ 2) 6.0, 3.0, 7; 3) 6.0, 30, 
12; 4) 6.0, 30, 20, 30, 45, 60, 75, 90; 5) 3.0, 
20, 5; 6) 3.0, 20, 7; 7) 3.0, 20, 12; 8) 3.0, 20, 
20, 30, 45, 60, 75, 90; 9-11 channel No. 2; 
9) d - 3 . 0  mm, l = 
20, 45; 11) 3.0, 20, 
12) d = 3 .0ram, /  = 
3.0, 0, 10; 15) 3.0, 

20 ram, ~ =60~ 10) 3.0, 
30; 12-15) channel No. 3, 

0, fi = 5; 13) 3.0, 0, 7; 14) 
0, 12; 16-17) channel No. 

2; 16) d = 3.0 ram; I = 20 mm, ~ - 45 ~ (fluoro- 
plastic); 7) 3.0, 20, 45 (standing water). 

static p r e s su re  of the liquid at the given point in the channel which becomes equal to the sum of the p res -  
su res  of saturated vapor and partial  p ressu re  of the gas within the cavitational void, i.e., 

lh ~ Pv-l- Pg, (15) 

P4 =Pv+Pg, (16) 

on neglecting the surface  tension force.  

In the given work experimental  investigation was also carr ied  out on the cavitational charac te r i s t i cs  
of the channels of different shapes. The objects of the investigations were  channels which were made f rom 
Plexiglas distinguished by the angles at the inlet, and the outlet or by diameters  of the cylindrical  parts 
of the channel at the contract ion (Fig. 2). By measur ing  the static p re s su re  at the inlet and outlet by using 
differential m e r c u r y  p ressu re  gages, before,  and after  a local contraction, and also the discharge,  the outlet 
charac te r i s t i cs  were  recorded for water at a tempera ture  of t = 20~ taken f rom the water  conduit di- 
rec t ly  before the experiment.  The charac te r i s t i c s  were  recorded  for steady p res su re  at the inlet which was 
equal to a tmospher ic  pressure .  At the outlet f rom the channel a rarefact ion was created by means of a 
vacuum pump. Figure  3 shows experimental  graphs constructed in the fo rm of a relationship between the 
p re s su re  drop and square of the flow ra te  for channels with different d iameters  of the local contractions and 
the angles at the inlet and outlet. Graphs 1-8 re fer  to channels of the type 1 (Fig. 2) which a re  distinguished 
by the d iameters  of the cylindrical  parts  at the contract ion and by the angles fi at the outlet. The graphs 9- 
l l r e f e r  to channels of the type 2 with different angles ~ at the inlet. Graphs 12-15 a re  obtained for channels of 
the type 3 without cylindrical  parts  at the contraction. As shown by the experiments with water,  the flow 
pa ramete r s  in the reg ime where the vapor phase appears  on the channel edges do not vary  by increas ing 
the angle fl > 15 ~ This led to the fact that the graphs of the charac te r i s t i c s  of the channels with angles fi 
= 20, 30, 45, 60, 75, 90 ~ a r e  on top of each other and therefore  in Fig. 3 for each value of the diameter  d they 
a re  given by a single relat ionship (4, 8). 

Visual observat ions of the flow in t ransparent  channels and photography of the p rocesses  showed that 
initially the "plateau" of the charac te r i s t i c s  (at constant discharge) corresponds  to the moment of f o rma-  
tion, on the channel edge section of parts  of f ree  surface  of the liquid in one of the zones of flow sepa ra -  
tion. It is known that an important  part  in the cavitational p rocesses  is played by the wetting of the channel 
walls [1]. The effect of wetting is especial ly manifested in the case of slight p re s su re  drops. The suscep-  
tibility to cavitation of the liquid is also of considerable importance.  Figure 3 shows among others the 
charac te r i s t i cs  for channels of uniform profile (No. 2, ~ = 45 ~ which a re  made f rom f luoroplast ics  and 
f rom Plexiglas of which the wetting proper t ies  of the fo rmer  a re  not as good as those of the latter.  The 
graph shows that the charac te r i s t i c  of the Channel made f rom f luoroplast ics  (relation 16) does not have a 
"plateau" while the charac te r i s t i c  of a s imi lar  channel made f rom Plexigias (relation 10) has the "plateau" 

1054 



f- Cl 

0,~ 

0,6 

l 
o 25' 

} 

- - - i - -  -- 
I 
l 

40 gO 80 

F ig .  4. G e n e r a l i z e d  g r a p h  
fo r  p a r a m e t e r s  of c a v i t a t i o n  
f low in channe l s  of d i f f e r e n t  
s h a p e  (the nonf i l l ed  po in ts  r e f e r  
to c h a n n e l s  No. 3; the  b l a e k  ones  
r e f e r t o  c h a n n e l s N o .  1: 1) d 
/ D  = 0.44; 2) d / D  = 0.22; 3) d 

T A B L E  1. Va lues  of the  Coe f -  

f i c i e n t  of C o n t r a c t i o n  of the  
S t r e a m  fo r  Channe l s  No. 2 

30 60 O, 69 
45 90 O, 65 

0,87 
0,78 

a t  cons t an t  d i s c h a r g e .  H o w e v e r ,  on i n v e s t i g a t i n g  th i s  channe l  wi th  w a t e r  
which  had been  s t and ing  in  an  open v e s s e l  fo r  s o m e  d a y s ,  the  d i s c h a r g e  
was  changed  m o n o t o n i c a l l y  and i t  r e a c h e d  a m a x i m u m  v a l u e  on the  a p -  
p e a r a n c e  of the  c a v i t a t i o n  on the  out le t  edge  of the  channe l  ( r e l a t i o n  17). 
As  a r e s u l t  of s e t t l i ng ,  m e c h a n i c a l  a d m i x t u r e s ,  which  had p r e c i p i t a t e d  to 
the  bo t tom,  and a l s o  a i r  bubb l e s  in the  n o n d i s s o l v e d  s t a t e  could be  r e -  
m o v e d  f r o m  the  w a t e r  which  a c q u i r e d  the  p r o p e r t y  of w i t h s t a n d i n g  t e n s i l e  
s t r e s s e s ,  a s  a r e s u l t  of which  the  a p p e a r a n c e  of c a v i t a t i o n  on the  i n l e t  
edge  was  d e l a y e d .  Wi th  f u r t h e r  d e c r e a s e  of p r e s s u r e  in  the  out le t ,  a t  a 
g iven  m o m e n t  of t i m e ,  b u b b l e - t y p e  c a v i t a t i on  o c c u r r e d  on the  i n l e t  edge  
of the  channe l ,  and p a r t s  of f r e e  s u r f a c e  of the  l iquid  a p p e a r e d .  The  
d i s c h a r g e  then  d e c r e a s e d  in  j umps  to a m a g n i t u d e  c o r r e s p o n d i n g  to the  
va lue  of the  "p l a t eau"  ob ta ined  e a r l i e r  in an  e x p e r i m e n t  wi th  w a t e r  t aken  
f r o m  the  w a t e r  p ipe  d i r e c t l y  b e f o r e  the  e x p e r i m e n t  ( r e l a t i o n  10), and i t  
r e m a i n e d  cons t an t  up to a cond i t ion  of ful l  s e p a r a t i o n  of the  f low wi th  f o r -  
m a t i o n  of a f r e e  s t r e a m  in the  out le t .  

/ D  --* 0. In a c c o r d a n c e  wi th  what  we  have  e x a m i n e d ,  the  p a r a m e t e r s  of f low 
in the  cond i t ions  of the  beg inn ing  of c a v i t a t i on  in channe l s  wi thout  c y -  

l i n d r i e a l  p a r t s  a t  the  c o n t r a c t i o n  a r e  d e t e r m i n e d  by Eel. (13). The  f low p a r a m e t e r s  in the  cond i t ion  of o e -  
c u r r e n e e  of c a v i t a t i o n  a t  the  i n l e t  edges  of channe l s  wi th  c y l i n d r i c a l  p a r t s  a t  the  c o n t r a c t i o n  a r e  d e t e r -  
m i n e d  by  Eq. (14). The  s m a l l e s t  c r o s s  s e c t i o n  in  which  the v a p o r  phase  i s  f o r m e d  and the m i n i m u m  p r e s -  
s u r e  i s  e s t a b l i s h e d  is  the  c r o s s  s e c t i o n  1 - 1  (Fig.  l c ) .  We wi l l  t h e r e f o r e  exc lude  the  p a r a m e t e r  P4 f r o m  Eq. 
(14). Adop t ing  the  r e l a t i o n s h i p s :  

t} 

P4' = P" + T % 

and e x p r e s s i n g  c 4 t h r o u g h  c 3 by  m e a n s  of the  equa t ion  of con t inu i ty ,  and t a k i n g  a c c oun t  of the  fac t  tha t  in  the  
c a s e  of f low of l iqu id  a t  the  point  a t  wh ich  the  c y l i n d r i c a l  p a r t  c h a n g e s  into a c on i c a l  p a r t  (Fig.  l c )  t h e r e  i s  
no c o n t r a c t i o n  of the  f low (F 3 = F4) , we  wi l l  ob ta in  

(1 - ~)~=2 - , /  P ; -  p~ P; - p' 

I/  o ~ P c~ 
2 2 

Subs t i t u t ing  (15), and (16) in to  (13), and (17), we  wi l l  w r i t e  

1. (17) 

C=I/// P~ c~ P;--P629 c2 ' 

p ; -  (,v + p2 p ; -  (pv + PO_ 1. 
(1  _ _ ~ ) 2  = 2 - - -  

,0__ 4 P ~I 
2 2 

(18) 

(i9) 
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The formulas (18) and (19) determine the instant at which the vapor phase occurs on the edges of the chan- 
nel in relation to the parameters of the flow, and the speed of flow at the end of the separation zone. In 
these relationships the first term of the right-hand side is expressed by the coefficient of contraction of 
the free stream when a cavitation zone is formed at the outlet of the channel [2] 

I fp= ( pa +pg) " 

-~-c~ - (2o~ 

Since the d ischarge  did not change, the coefficient r is related to all the "plateau" conditions of the cha r -  
ac te r i s t i cs  Q2 = flap), observed in the case of constant p re s su re  at the inlet. 

By using the formulas  obtained, the experimental  data for channels of all types were obtained (Fig. 2). 
The calculation was car r ied  out according  to the pa ramete r s  of the last  point of the sloping part  of each 
of the charac te r i s t i c s  Q2 = f(Ap), represented  in Fig. 3. This point corresponds  with the instant of oc-  
cur rence  of a vapor phase in the flow separat ion zones on the edges of the channel at the contraction. By 
using formula (18), the charac te r i s t i c s  of the channels without cylindrical  parts  in the contraction a re  
treated.  By using formula (19) the charac te r i s t i c s  of the channels with cylindrical  parts  in the contract ion 
a re  calculated. The values of the contract ion coefficient ~v were  determined according to formula (20) for 
cavitation sys tems  with format ion of a f ree  s t r eam at the outlet. The p res su re  Pv + Pg at the place where 
cavitation occurs  for water  where t = 20~ as the measu remen t s  showed was small  and in the calculations 
it was taken to be zero. In the case  of t rea tment  of the charac te r i s t i c s  of the channels with cylindrical  
parts ,  a cor rec t ion  was introduced to the losses  of full p r e s su re  due to fr ict ion along the length of these 
parts.  The calculated magnitude p~ was taken as the sum of the measured  static p ressu re  of the dynamic 
p res su re  in the tube at the outlet and the losses  calculated according to the D a r c y - W e i s b a c h  formula for 
c i rcu lar  channels 5p* = ~(L/d)(p/2)c~,  where ~? is the coefficient of hydraulic res i s tance  depending on the 
Re number (in this case Re = 25,000-50,000). 

The resul ts  of the t rea tment  a re  given in Fig. 4 and in Table 1. The graph shows that the magnitude 
(1 - ~ ) 2 ,  which charac te r i zes  the relat ionship of the speeds of the flow at the end and at the beginning of 
expansion, is determined by the relat ionship of the d iameters  d / D  and it is general  for channels of dif- 
ferent  shape. In the case of 0 < fl < 15 ~ it var ies  in proport ion to the angle at the outlet. This indicates 
that the zone of separat ion of the flow is reat tached in the conical part  of the channel. In the case of fi > 15 ~ 
(1 - ~)2 differs little f rom (1 - ~)2. Consequently, in this case the zone of separation of the flow is r e -  
attached in the cyl indrical  tube on the outlet (the p re s su re  p~ is measured  in the same way). The graph in 
Fig. 4 shows that the magnitude (1 - 9 )  2 is determined by two geometr ica l  parameters :  the angle fi on the 
outlet, and the relationship of the d iameters  d /D,  but the coefficient ~ (see Table 1) depends on the geo-  
me t ry  of the channel at the inlet. It is possible to show that the experimental  values of the coefficient of 
contract ion 9) in the case of format ion of a f ree  s t r eam in the outlet, which a re  shown in Table 1 for chan- 
nels with different angles a at the input, a re  close to the values calculated according to the Weisbach 
- Z e i n e r  formula  

q~ =0.64 +0.212 cos 3 a+0.106 cos 4 a, (21) 

which is obtained for d ischarge of liquid into the a tmosphere  for contract ing nozzles [3]. 

It is useful to use the relat ionships given in Fig. 4 together with the formulas  (19), (20), and (21), 
in calculation of the pa rame te r s  of cavitation flow in s traight  channels of c i rcu lar  c ross  section, which 
have cylindrical  parts  in the contraction. The order  of calculation is as follows: 

1) An angle c~ is assigned at the inlet. The value of the coefficient ~ is determined f rom formula (21). 

2) An excess p r e s su re  is assigned at the inlet above the p ressu re  of elast ici ty of saturated vapor p~ 
- (Pv + Pg)andby means of substitution into Eq. (20) for the coefficient q~ the dynamic p ressu re  
(p/2)c~ is determined in the smal les t  c ross  section of the channel, according to the magnitude of 
which the d ischarge  of liquid corresponding to the "plateau" of the charac te r i s t i c  is calculated. 

3) The angle fi is assigned at the outlet, in addition to the rat io of the d iameters  d / D  in the smal les t  
c ross  section of the channel and in the tube on the outlet. The parameter  (1 - ~)2 is determined 
according  to the graph of Fig. 4. 
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p~ 

p 
Ap* 
Ap 
C 
p 

H 
F 

Pv + Pg 

9 
l 
D 
d 

5p* 
Re 

1. 

2. 
3. 

4) By substituting the found values p~, (Pv + Pg), (p/2)c],  and (1 - ~ ) 2  into formula (19) the p res su re  
in the outlet PG* which cor responds  to the beginning of the section of constant d ischarge on the cavi -  
tation charac te r i s t i c  is determined. 

NOTATION 

is the total p ressure ;  
is the static p ressure ;  
is the difference of total p re s su res ;  
is the difference of static p ressures ;  
is the speed of flow; 
is the density of the liquid; 
is the specific weight of the liquid; 
is the p res su re  head; 
is the area  of the c ross  section of the channel; 
a re  the sum of p re s su res  of vapor and gas in the cavitation bubble; 
is the angle of contract ion of the channel at the inlet; 
is the angle of expansion of the channel at the outlet; 
is the length of the cyl indrical  part  in the contraction; 
is the diameter  of the channel in the outlet at the point of measurement  of the static p ressure ;  
is the d iameter  of the channel at the contraction;  
is the ratio between the speeds of the flow at the end and at the beginning of the separat ion zone; 
is the coefficient of contract ion of the s t ream;  
Is the coefficient of hydraulic res i s tance ;  
is the magnitude of fr ict ion losses  of total p re s su re  along the length of the channel; 
is the Reynolds number;  
is the ratio between the a reas  in the smallest  c ross  section of the channel and in the tube at 
the outlet. 
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