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Thus, the hydrodynamic velocity (23) arisingat the initial time proves to be proportional to the third 
power of the temperature gradient, which permits one to ignore it in a linear approximation in problems of the 
kinetic theory of gases and in the physics of aerosols [2]. 
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T r a n s f e r  of the e n e r g y  of  s h o c k - w a v e  d i s t u r b a n c e s  f rom a gas  to a l iqu id  o r  to a l i q u i d - g a s  bub-  
ble m i x t u r e  is  c o n s i d e r e d .  I t  is  shown tha t  the e n e r g y  f lux f r o m  the gas  i n c r e a s e s  when a l iqu id  
wi th  g a s  b u b b l e s  i s  s u b s t i t u t e d  f o r  the pu re  l i qu id .  

L iqu id s  have  been  used  f o r  a tong t i m e  a s  the  t r a n s m i s s i o n  m e d i u m  f o r  t r a n s m i t t i n g  p r e s s u r e  f rom a 
g a s e o u s  m e d i u m  to a c e r t a i n  o b j e c t .  F o r  p r e s s u r e s  a t  the wave  f ron t  amoun t ing  to s e v e r a l  h u n d r e d s  of b a r s ,  
m o s t  l i qu id s  behave  as  i n c o m p r e s s i b l e  l i q u i d s .  T h e r e f o r e ,  a s  a shock  wave  f r o m  the gas  r e a c h e s  the l iquid  
s u r f a c e ,  the l iqu id  r e c e i v e s  on ly  a weak  a c o u s t i c  wave  c a r r y i n g  a s m a l l  a m o u n t  of s t o r e d  e n e r g y ,  whi le  m o s t  
of the e n e r g y  r e m a i n s  in the wave  r e f l e c t e d  f r o m  the l iquid  s u r f a c e .  

One of the p o s s i b l e  ways  to i n c r e a s e  the p e r c e n t a g e  of the s h o c k - w a v e  e n e r g y  t r a n s m i t t e d  to the l iquid 
i s  to use  a l iquid  m i x e d  with g a s  bubb le s  as  the t r a n s m i s s i o n  m e d i u m .  

I t  is known [1] tha t  the r a t i o  of the wave  e n e r g y  f lux in the l iquid E 2 to the wave  e n e r g y  flux in the g a s  E 1 
is  d e t e r m i n e d  by 

E2 _ _  401C1" P~Ce 
E1 (91c~ § P2c~) ~" 

In th is  e x p r e s s i o n ,  Pl and c ! a r e  the d e n s i t y  and the sound v e l o c i t y  in the g a s ;  and 02 and c 2 a r e  the d e n s i t y  
and the sound v e l o c i t y  in the l iqu id .  If the a c o u s t i c  r e s i s t a n c e s  of two m e d i a  a r e  e q u a l ,  c o m p l e t e  t r a n s f e r  of 
e n e r g y  f r o m  one m e d i u m  to the o t h e r  o c c u r s ,  i . e . ,  E 2 = E 1. If the a c o u s t i c  r e s i s t a n c e  of one m e d i u m  is much  
h i g h e r  than  the r e s i s t a n c e  of the o t h e r ,  we have  E 2 << E t as  the wave  p a s s e s  f r o m  the m e d i u m  c h a r a c t e r i z e d  by 
p l c l  to the m e d i u m  c h a r a c t e r i z e d  by  pzcz. F o r  i n s t a n c e ,  in the f r e q u e n t l y  e n c o u n t e r e d  c a s e  of s h o c k - w a v e  
t r a n s i t i o n  a t  the a i r - w a t e r  i n t e r f a c e ,  E 2 ~ 10 .3 E 1. 

It is  e v i d e n t  f r o m  the a b o v e  r e l a t i o n s h i p  tha t  the va lue  of E 2 can  be i n c r e a s e d  by r e d u c i n g  the d e n s i t y  and 
t h e v e l o e i t y  of sound in the m e d i u m  wi th  the p a r a m e t e r s  Ozcz. F o r  t h i s ,  i t  is  su f f i c i e n t  to use  a l iquid  wi th  gas  
bubb le s  i n s t e a d  of  the pu re  l iqu id .  F o r  a l iqu id  vo lume  c o n c e n t r a t i o n  up to 80~ the d e n s i t y  of the t w o - p h a s e  
m e d i u m  p wt t I  change  s l i g h t l y ,  s i n c e  

In s t i t u t e  of C h e m i c a l  P h y s i c s ,  A c a d e m y  of S c i e n c e s  of the USSR, M o s c o w .  T r a n s l a t e d  f rom I n z h e n e r n o -  
F i z i c h e s k i i  Z h u r n a l ,  Vol.  31,  No. 4, pp.  674-677 ,  O c t o b e r ,  1976. O r i g i n a l  a r t i c l e  s u b m i t t e d  S e p t e m b e r  5, 1975. 

This material is protected by copyright registered in the name o f  Plenum Publishing Corporation, 227 West 17th Street, New York, AT. Y. 10011. No part 
o f  this publication may be reproduced, stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, 
microfilming, recording or otherwise, without written permission o f  the publish er A copy o f  this article is available from the publisher for $ 7.50. 

1188 



, \ ,a'-Y 
, pC, '~b 

L 
- \  

-...._ 

0 
[ f /  

Fig. I. Acoustic resistance of a 

t~vo-phase medium as a function 

of the volume concentration of gas 

~,9c. 

P = P2 (i - -  ~) -7 tBp1, 

where  fi is the vo lume pe rcen tage  of the gas .  Hence .  for  3 << 1 and Pl << P~, i t  follows that  p ~P2- 

The s i t ua t i on  is c o m p l e t e l y  d i f f e r en t  with r ega rd  to the p ropaga t ion  ve loc i ty  of weak long-wave  p r e s s u r e  

d i s t u r b a n c e s ,  which can  be c o n s i d e r e d  as the ve loc i ty  of sound.  In acco rdance  with the data g iven  in [2], the 
ve loc i ty  of sound in a m i x t u r e  of a l iquid and gas bubbles  can  be d e t e r m i n e d  by m e a n s  of the r e l a t i o n s h i p  

c 2 = p [13p t1  - -  ~)1-~ 
Even  for  a gas  c o n c e n t r a t i o n  fi = 1 0 - 2 - 1 0  -1, the c a l e u l a t e d v e l o c i t y  is much  l ow e r  than the ve loc i ty  of sound in 
a l iquid without  bubb le s .  As a r e s u l t  of a r educ t ion  in the sound ve loc i ty ,  the acous t i c  r e s i s t a n c e  of the med ium 
d e c r e a s e s  f rom 1.5 "10 G kg/m ~ �9 see for  w a t e r  to l 0  S kg/m 2 . s e e  if fi = 0.01 and 10 ~ kg/m 2 . s e e  if 3 = 0.2 fo r  the 

g a s - l i q u i d  m e d i u m .  F i g u r e  1 shows the acous t ic  r e s i s t a n c e  as a func t ion  of the pe rcen t age  of gas  bubbles  in 
the l iquid .  

As a r e s u l t  of the c o n s i d e r a b l e  r educ t ion  in the acous t i c  r e s i s t a n c e ,  the s h a r e  of the shock-wave  e n e r g y  
which is t r a n s m i t t e d  to the g a s - l i q u i d  m e d i u m  i n c r e a s e s .  F i g u r e  2a shows the ra t io  of the e n e r g y  flux in a 
wave that  has passed  into the g a s - l i q u i d  m e d i u m  to the e n e r g y  flux in the wave in the gaseous  m e d i u m  K1, as 
a funct ion  of the gas pe rcen tage  in the g a s - l i q u i d  m e d i u m .  It is r e a d i l y  s e e n  that  K 1 ~ 10 -3 if an a i r  shock  wave 
imp inges  on wa te r ,  and K 1 ~ 17 "10 -a for  8 = 0.01 and K~ ~- 6 9 . 1 0  -3 for  fi = 0.2 if this wave impinges  on a g a s -  
l iquid m e d i u m ,  i .e . ,  the e n e r g y  flux in the l a s t  ease  has i n c r e a s e d  by a f ac to r  of 69. 

Let  us now c o n s i d e r  the passage  of the shock -wave  d i s t u r b a n c e  f rom a g a s - l i q u i d  m e d i u m  to a pure  
l iqu id .  F i g u r e  2b shows the ra t io  of the e n e r g y  f luxes tn the p a s s i n g  and the inc iden t  waves  K 2 as a funct ion  
of the pe rcen tage  of gas in the g a s - l i q u i d  m e d i u m .  The d i a g r a m  ind ica tes  that the amoun t  of e n e r g y  t r a n s -  
mi t t ed  to w a t e r  d e c r e a s e s  as the gaseous  phase  c o n c e n t r a t i o n  in the l iquid i n c r e a s e s .  

In conc lu s ion ,  we sha l l  ana lyze  the ease  when a p r e s s u r e  wave f i r s t  imp inges  on the su r f a c e  of a two- 
phase m e d i u m  and then p a s s e s  f rom the l a t t e r  to a "pure"  l iquid .  The r e l a t i o n s h i p  be tween the e n e r g y  fluxes 

in the pas s ing  and the inc iden t  waves  is g iven  by K 3 = K I " K  2. The g raph  i l l u s t r a t i n g  the behav io r  of K a is g iven 
in F ig .  2c. 

Ana lyz ing  the above dependence ,  we see  that the e n e r g y  flux in the p a s s i n g  wave i n c r e a s e s  by a f ac to r  of 
a l m o s t  four  if a two-phase  l a y e r  is used .  

This  i n v e s t i g a t i o n  shows that  a m i x t u r e  of gas  bubbles  and a l iquid e n s u r e s  a l a r g e r  e n e r g y  flux in the 
wave that  p a s s e s  into the l iquid .  T h e r e f o r e ,  it  is often m o r e  adv isab le  to use a two-phase  m e d i u m  as an  e n e r g y  
t r a n s f o r m e r  for  a i r  shock waves  [3]. Thus ,  it has been  d e m o n s t r a t e d  in [3] that the p r e s s u r e  beyond a re f lec ted  
shock wave is much h i g h e r  in  a g a s - l i q u i d  m e d i u m  than in a con t inuous  m e d i u m .  

The above d e s c r i p t i o n  is based on a n a l y s i s  of the d i s i n t e g r a t i o n  of an a r b i t r a r y  d i s c o n t i n u i t y  'where the 
wave leng th  and the length of the s ec t i on  of the g a s - l i q u i d  m e d i u m  a re  in f in i te .  In ac tua l  c a s e s ,  i t  is adv i sab le  
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Fig. 2, Coefficient of energy  t r ans fe r  f rom ai r  to water  (a) f rom a two-phase mixture to water  
(b), and from a i r  to water  through a l ayer  of a two 'phase  mixture (c) as a function of the volume 
concentrat ion of gas in the l ayer .  

to cons ider  only lengths of the o r d e r  of 1 m. It has been established exper imental ly  that the effect  of p ressure  
inc rease  in reflection takes place even if the column of the two-phase medium has a length of 0.5-1 m [4]. It 
was also shown in [3, 4] that shock-wave damping due to energy dissipation does not occur  at a wavelength of 
0.5-1 m.  The gain in p ressu re  beyond the reflected shock wave is made possible by the absence of significant 
ene rgy  dissipation.  
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N O T A T I O N  

is the energy flux; 
is the gas density;  
is the densi ty of the liquid; 
is the sound veloci ty in the gas;  
is the sound veloci ty in the liquid; 
is the sound velocity in the two-phase medium; 
~s the p res su re ;  
is the volume concentra t ion of the gas; 
are  the coefficients .  
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