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Equations a r e  der ived for determining the flow ra te  when a g a s - s a t u r a t e d  liquid d i scharges  
through a ventur i .  

During an exper imenta l  evaluation of w a t e r - a i r  in jec tors  on an appara tus  in which the water  e n t e r -  
ing the operat ing nozzle is sa tura ted  with dissolved air ,  a d ischarge  mode where the flow ra te  of water  
is  independent of the p r e s s u r e  of the medium into which it is d ischarged can be observed .  An explanation 
of this phenomenon is  that a i r  dissohred in the water  escapes ,  as  a resu l t  of which a two-phase  c o m p r e s s -  
ible mix ture  is d i scharged  f rom the nozzle.  In order  to der ive  an equation for the flow ra te  of the liquid 
which will a lso  take into account the effect of the dissolved gas, we make the following assumptions:  the 
d ischarge  is an equi l ibr ium p roces s ,  i . e . ,  the concentrat ion of gas  dissolved in the liquid obeys Henry '  s 
law at any sect ion of the venturi ,  the Henry  coefficient depending only on the t empera tu re ;  the resul t ing 
g a s - l i q u i d  mix ture  is homogeneous and i so t ropic .  

The flow ra te  of the liquid during the subcr i t ica l  d ischarge  of a g a s - l i q u i d  mix tu re  will be found 
f r o m  the Bernoull i  equation: 

w ~ ~ dp 
+ = const, 

Pmix 

where  the densi ty can be expres sed  as  

Ps 
pmix= - - - - - ~ ,  

1 + 6  - - P  
P 

where  5 = o~(1 + TL/273  ). Then, according to [1], the Bernoull i  equation becomes  

+ (I --8) ~ + 8 ~ In p = const. 
2 PL P,L 

Writing for  the flow ra te  of the liquids: 

QL = p' 
1-4-8 --P 

P 

and inser t ing  the veloci ty  f r o m  Eq. (1), we obtain 

'QL = 
V 

t t p t  

[ 2(I--8) Po--P +26 P - | n - -  
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The condition for  c r i t i ca l  d ischarge  of the liquid is  that c = w, where,  according to [2], 

(i) 

(2) 
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Knowing  that  (PL = 1 -  (PG, 

Ornix 
q)LOL .~ ~G_G 

4 

Vmi x = VL/(l - ~OG), VG = RT/p, and c~ = kgRT, we have 

1 
c = .  ( 1 - - % P  +qvG(1- - cp~"  

c2 L VL.kg p 

With a n e g l i g i b l y  s m a l l  e r r o r ,  
c o m e s  

1/ kp c = pL%(1 - -  ~ "  

Into Eq.  (5) we i n s e r t  the  v a l u e  of (PG in t e r m s  of the  Bunsen  a b s o r p t i o n  coe f f i c i en t  

p '  
5 - - P  

P 
r = p, . .  1 + 6  -------P-P 

p 

we m a y  a s s u m e  the l iquid  to be  incompressible so that  Eq.  (4) b e -  

Then  

kp 1 + 6  - -P 
c =  P 

pL ~ P ' - - P  
P 

kp* (1 + 6 p' P*-- P*)2/ 
pt - -  p .  

9L "5 p* " 

With  (1) and  (7), the  e q u a l i t y  e = w b e c o m e s  

2(1 - -5 )  p~ - - P *  P' P' . . . .  + 25 - -  In 
PL PL P* 

A f t e r  a few t r a n s f o r m a t i o n s ,  we have  

252 In _ 52 1 28(I - -  5) 282 In 4- 25(1 - -5 )  p '  
k p* (P')~ - ~ -  k + k p* 

+ ~ 2 a  ( 1 - -  6) Po} _}_ 2,5 (lk-- 6) (1 ~-- 5) ~ = O. 

1 [ 2 6 ( 1 - - 6 )  , ( 
(p*)~ k PoP + 

(3) 

(4) 

(5) 
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(7) 

(s) 

(9)  

F o r  the  e a s e  w h e r e  p '  = P0, Eq.  (9) b e c o m e s  

Po ~ 26(1 - -5 )  k , 46(1 - -6 ) .+  262 in ~ -  , 
(po/~ po 
\ - ~ - /  P* 26(1 - -6 )  + 25~In P A_o _ k62 

p* 

+ 2 5 ( i  --6)--(1 --5)2k = 0. (10) 

26 ( 1 - -  6) + 252 In P0 __k52 
p* 

In this way, from the solution to Eq. (9) or (10) we can find the critical pressure ratio for a venturi 
during the discharge of a gas-saturated liquid. The values of the critical pressure ratio/3 = P*/P0 shown 
in Table i were obtained by using Eq. (i0) for water saturated with air and with carbon dioxide. 

The flow rate of the liquid during critical discharge is 

QL = ( kp* (1t) 
__p ,  = f  p ' _ _ p * "  

1 + 6 P* pL5 p,  

The  e q u a t i o n s  d e r i v e d  h e r e  a g r e e  wi th  e x p e r i m e n t a l  da t a  ob ta ined  u s i n g  a c t u a l  w a t e r - a i r  i n j e c t o r  
n o z z l e s  bui l t  a s  v e n t u r i s  wi th  a 0 = 13o24 ' a p e r t u r e  ang le  and a c on i c a l  c o n v e r g i n g  s e c t i o n  of l eng th  L 
= 0.25 m.  It m u s t  be no ted  that  t h e s e  equa t ions  a r e  v a l i d  for  c h a n n e l s  s h a p e d  so  that  the  l iqu id  r e m a i n s  
in  t h e m  long enough for  the  gas  to be  d e s o r b e d  f r o m  the so lu t ion .  T h e  t i m e  that  a l i qu id  r e m a i n s  in the  
channe l  can  be  e x p r e s s e d ,  with su f f i c i en t  a c c u r a c y ,  a s  a func t ion  of the  channe l  g e o m e t r y :  

1419 



TABLE 1. Values of the Critical P r e s s u r e  Ra-  
tio fi, Calculated f rom Eq. (10) 

T, ~C 

I '~ I" I .0 I" 

Air 0,142 0 138 0,131 0,123 0,115 
Carbon dioxide 0,390 0,445 0,510 0,605 0,690 

pt x 

r'tg (1 - -  6)P-~ 9- L + ~  ln-~-  

and it amounts to 0.05-0.08 see for the venturis  des-  
cr ibed here.  In view of the insufficient knowledge 
we have about gas desorption f rom a solution, it is 

impossible now to establish the maximum length of time up to which the discharge equation will r emain  
valid. Experiments  have shown that a t ime t = 0.05-0.08 sec is sufficient to reduce the p r e s s u r e  of a sa t -  
urated solution f rom p' to p* in the test nozzles.  

N O T A T I O N  

P0 is the p re s su re  at the venturi outlet; 
p is the p r e s s u r e  in the medium into which discharge occurs;  
p' is the p r e s s u r e  of a saturated solution; 
p* is the p r e s s u r e  at the cr i t ical  venturi section; 
P is the density; 
a is the Bunsen absorption coefficient; 
fi is the cr i t ical  p r e s s u r e  ratio; 
w is the velocity of liquid flow; 
R is the gas constant; 
T is the temperature ;  
c is the velocity of sound in the g a s - l i q u i d  mixture; 
f, r a re  the a rea  and radius of the venturi outlet section; 
r 1 is the radius of the venturi  c ross  section where the p r e s s u r e  is p ' .  

S u b s c r i p t s  

G denotes gas; 
L denotes liquid; 
mix denotes g a s - l i q u i d  mixture.  
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