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On the b a s i s  of a g a s - k i n e t i c  a n a l y s i s  i t  is  shown tha t  pure  t h e r m a l  s t r e s s e s  in a o n e - c o m p o -  
nent  gas  l ead  to t r a n s f e r  p r o p o r t i o n a l  to the t h i rd  p o w e r  of the t e m p e r a t u r e  g r a d i e n t .  

L e t  us c o n s i d e r  a o n e - c o m p o n e n t  g a s  in which a t e m p e r a t u r e  g r a d i e n t  is s o m e h o w  c r e a t e d  in a t ime  much 
l e s s  than the t i m e  of  f r e e  t r a v e l  of the g a s  m o l e c u l e s .  It is  a s s u m e d  tha t  the t e m p e r a t u r e  g r a d i e n t  is c o n s t a n t  
o v e r  the e n t i r e  g a s  v o l u m e .  L e t  us d e t e r m i n e  how the p r e s e n c e  of the t e m p e r a t u r e  g r a d i e n t  wi l l  a f fec t  the gas  
m o t i on .  In do ing  th is  we wi l l  use  the B o l t z m a n n  equa t ion  [1] fo r  the d i s t r i b u t i o n  funct ion f of the gas  m o l e c u l e s :  

Of -~ 
Ot q-(vv)f = I(f), (1) 

w h e r e  I(f) is  the c o l l i s i o n  i n t e g r a l  and ~ i s  the v e l o c i t y  of the gas  m o l e c u l e s .  

We o r i e n t  the y ax i s  a long the d i r e c t i o n  of t e m p e r a t u r e  v a r i a t i o n .  H e n c e f o r t h  we wi l l  a s s u m e  tha t  the 
t e m p e r a t u r e  g r a d i e n t  is  s u f f i c i e n t l y  s m a l l ,  i . e . ,  

e=LOlnT ~ ~.~ t, (2) 
Oy L 

w h e r e  X is the m e a n  f r e e  path  of the g a s  m o l e c u l e s ,  T i s  the a b s o l u t e  t e m p e r a t u r e ,  and L i s  a c h a r a c t e r i s t i c  
l eng th  p a r a m e t e r .  

Owing to the fac t  tha t  the t e m p e r a t u r e  g r a d i e n t  is e s t a b l i s h e d  r a p i d l y  enough we can  a s s u m e  that  a t  the 
i n i t i a l  t ime  the g a s  has  a M a x w e l l i a n  d i s t r i b u t i o n ,  

n m 
2kT(g) 1 ' (3) 

w h e r e  m is the m a s s  of a m o l e c u l e ,  n is the n u m b e r  of m o l e c u l e s  p e r  unit  v o l u m e ,  and k is B o l t z m a n n ' s  con-  
s t a n t .  

B e c a u s e  of the s m a l l n e s s  of e [condi t ion  (2)] one can  a s s e r t  tha t  the gas  wi l l  r e l a x  to a C h a p m a n - E n s k o g  
d i s t r i b u t i o n  [1]. The r e l a x a t i o n  t ime  wi l l  be on the o r d e r  of the t ime  of  f r ee  t r a v e l .  T h e r e f o r e ,  one can  s e e k  
the s o l u t i o n  of  the Bo l t zmarm equa t ion  (1) with the i n i t i a l  cond i t i on  (3) in the fo rm 

f = [C.E-}- q~(t) fo (4) 

whe re  

�9 kT vy P - ~  ~ 2 2kT ' 

p = nkT. 

H e r e  the s e c o n d  t e r m  in the b r a c k e t s  d e s c r i b e s  the gas  m o t i o n  u n d e r  the e f f ec t  of the p r e s s u r e  g r a d i e n t  and is 
ob ta ined  by d i r e c t  i n t e g r a t i o n  in a l i n e a r  a p p r o x i m a t i o n  of the B o l t z m a n n  equa t ion .  The th i rd  t e r m  c o r r e s p o n d s  
to the C h a p m a n - E n s k o g  d i s t r i b u t i o n  in the f ie ld  of the t e m p e r a t u r e  g r a d i e n t .  

We i n t r o d u c e  the d e s i g n a t i o n  

1 
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With a l lowance  fo r  the init ial  condi t ion  (3), we obtain 

q~(t = 0 )  = - -  a l C y  - ~ -  - -  T ( 5 )  

In a l i n e a r  app rox ima t ion  with r e s p e c t  to e we will  s eek  the funct ion ~p(t) in the fo rm 

1(9(t) = a(t)cu(5 _ ~  )OlnT  
Oy ' (6) 

t a ( O )  = - -  a r 

The l a t t e r  equat ion fol lows i m m e d i a t e l y  f r o m  the ini t ial  condi t ion  (5). In a l i n e a r  app rox ima t ion  with r e s p e c t  
to e the Bo l t zmann  equat ion  is wr i t t en  in the f o r m  

oqo _ s ( ~ ) .  ( 7 )  

Ot 
Actua l ly ,  a/Ot ~ [-G'I/X and-q'~7 ~ [-~[/L. The  r a t i o o f  t h e o p e r a t o r s  ( a / a t ) / -~v  ~ L/X ~ l / e .  Hence,  i t fo l lows  that  
B/St >>-~ V. 

Multiplying both sides of Eq. (7) by ey(s/(2-'-~2)exp(-'-~ 2) andintegrating over velocity space, we obtain 
l 

- a ,  ~ =  a r  ( 8 )  
Ot 

We in teg ra te  Eq. (8) with a l lowance  fo r  the initial condi t ion  (6): 

(+) a = - -  alexp - -  (9) 

We subs t i tu te  the solut ion obtained into the Bo l t zmann  Eq.  (1). We mul t ip ly  both s ides  of the equat ion  b y ~ 2 a n d  
i n t eg ra t e  o v e r  the en t i r e  ve loc i t y  space .  As a resu l t ,  we have 

-- - - 3  Tdivu~ + at ~ 7 y t z  i ' e ~ p  - . (1o) 

Here  • is the coef f ic ien t  of  t h e r m a l  d i f fus iv i ty  and 

uo = - -  - -  VP. 
P 

Le t  us c o n s i d e r  a t ime t ~T.  Then on the r igh t  s ide of Eq. (10) one can rep lace  T(t) with T(t  = O) = T 0, s ince the 
t e r m s  al lowing f o r  the va r i a t ion  in T o v e r  a t ime t ,-,T will  be of a h ighe r  o r d e r  of s m a l l n e s s .  

Then the va r i a t i on  in T can  be divided into two pa r t s :  

T(t) : Thydr(t ) + AT(t), (1I) 

whe re  

t 

0 

- a ( Oro l OTo . 2 Todivuo__~y 
oy ' 3 \ "  ay l j " 

while AT  s a t i s f i e s  the equat ion  

aAr [ o ?ro)2_  o,,( oro]- loxp, ') 
at = --0fLay ~2 aT t 0y / J \ - ~  " 

(12) 

The so lu t ion  o f  Eq.  (12) is wr i t t en  in the f o r m  

L k ~;/ 
a In (~%) ( aT o )-~ 

[ A = ~ Z ~ k O u  / ' 

Izi=z--~- k oy / " 
t 

(13) 
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Thus, 
t 

T ( t ) :  T O 1 - -  1 dt [% ~r~ ' 2 Todiv~o__~yy Z 
To. Oy 3 -aT y / j  

0 

~ [  xZ 01n(T%) Zt O l n w l (  OTo'~ ( t I xZ 01n(Tz) 'OT o ~} 
T O OT T o " OT \ Oy l-exp - -  - -  T O OT (~-y),  . (1 4) 

If we a r e  not  i n t e r e s t e d  in the k inet ic  s t age  but only the h y d r o d y n a m i c  s t age ,  then the in i t ia l  condi t ion of t e m -  
p e r a t u r e  v a r i a t i o n  f o r  the h y d r o d y n a m i c  s t age  wilt  be 

Thyd t ( /=  0) = T(t = O ) - - - c Z ~  \ Oy ] " <15) 

We subs t i tu t e  the e x p r e s s i o n  (14) ob ta ined  f o r  T(t) into the Bo l t zma tm Eq.  (1) and al low fo r  the s m a l l n e s s  
of e (2). We then mul t ip ly  both s ides  of the equat ion  by Vy and i n t e g r a t e  o v e r  ve loc i ty  s p a c e .  As a r e su l t ,  we 
obta in  

Ou~ 1 Ouu u,a - -  - -  Vu (nkT). (16) 
at oy o 

As in the c a s e  with the t e m p e r a t u r e ,  we can div ide  the v a r i a t i o n  in ve loc i ty  with t ime  into two s t a g e s :  h y d r o d y -  
namic  and k ine t i c .  The kinet ic  s t age  is c h a r a c t e r i z e d  by the fac t  that  it o c c u r s  for  a t ime  ~ r .  

The kinet ic  s t age  is d e s c r i b e d  by the equat ion  

Ou _ 1 nk 0 Aexp - -  B ~ e x p  - - - 7  . (17) 
at p oy 

The solution of Eq. (17) is written in the form 

u = - -  (K ~ Mt + NF) exp ' t [ O T  0 ) a 
- - 7   -aT-y J + v, m 

(0" r ) - '  02"r ~:2 02Z z_4~ OT 0)r 
=21 -&- - & 7 ,  o7o-Y 

M = 2Z { a t  )'- O"-v a Z oz 
\ OT -~ Z ~ + 2--OT . IaT ' 

(01n'r i2 
N - = Z \  c)T / ' 

(18) 

(19) 

(20) 

(21) 

V = - - m l 2 Z \  } ~ -  _ 2 X x - - ~ -  OT ~ + 4T --OT " - ~  J l - ~ y  ! (22) 

V is the ve loc i ty  a t  the ini t ia l  t ime  in the h y d r o d y n a m i c  p r o b l e m .  

We a s s u m e  that  • ~ T a .  Then [1] we have r N T ~-1. Subs t i tu t ing  • and r into (22), we obta in  

m T z ~--~y } ' 

w h e r e  

F (u) = - -  9~ ~ § 10a - -  1. 

In the m o d e l  of a gas  whose  m o l e c u l e s  i n t e r a c t  with each  o t h e r  l ike r igid s p h e r e s  a = 1/2. Then 

7 
F (~) = - - .  

4 

If the molecules interact in accordance with the Lennard-Jones model, then at low temperatures a = 5/6 and 

13 
F (a) -- 

12 

(23) 
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At  high t e m p e r a t u r e s  e = 2/3 and 

5 
f (a) -- 

3 

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  
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