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A solution is given for the problem of a nonstat ionary tempera ture  field in spatial 
porous bodies upon fi l t rat ion of a thermodynamical ly  ideal gas. 

If, in the region of gas filtration, heat sources  (sinks) a re  absent and the thermophysical  pa ram-  
e te rs  of the heat-conducting porous mater ia l  a re  constant in the range of tempera ture  variat ion examined 
(equal to its mean values) then heat t ransfer  in the case of ideal contact is described by the following equa- 
tion: 

a~AT - -  7 div (pvT) -- 

where 7 = Cp/Plei has a constant value. 

OT 

~t ' 

During gas f i l t rat ion in a nondeforming porous medium the res i s tance  law in the general  case can 
be described af ter  the manner of Khristianovich [1] in the following form: 

k v 
- -  grad P = - -  q~ (v) - -  
~t v 

In each actual case the fo rm of the function ~ (v) is determined by the fi l trat ion law. One of the forms 
of the function ~ (v) most  justifiable f rom the theoret ical  and experimental  points of view is as follow [2]: 

r (v) = /Iv  + Bo 2, 

where A and B are  empir ical  coefficients depending on the porous s t ruc ture  of the mater ia l  and the v i s -  
cosi ty of the gas. 

For  large values of v, which a re  charac te r i s t i c  for a porous cooling sys tem with s trongly heated 
and coarse  bodies, the f i rs t  t e r m  of Eq. (3) is negligibly small  compared to the second term.  In this case 
the principal role is played by inertial  forces  (the res i s tance  is proportional to v2), and forces  of v i s -  
cosi ty play a secondary  role. Consequently one can assume that the v iscos i ty  of the gas is constant (~ 
= const) and equal to its mean value in the tempera ture  range examined. 

Approximating the curve ~(v) by the s traight  line ~(v) = a + bv in such a way that the divergence be-  
tween ~(v) and ~(v) in the region of values of v considered is insignificant, we obtain 

~b (v) = tg ~ = ~0 = const, 
V 

where g is the angle of inclination of the s traight  line r to the absc issa  v. 

We assume that the gas is compress ib le  and thermodynamical ly  ideal, i.e.,  

p = P /RT .  
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On the strength of the assumptions made, Eq. (2) can be written in the form 

/7/ 
V = 9v = - -  - -  grad p2. 

T 

H e r e  m = k / 2 R p ~  i s  a cons tan t .  

A f t e r  s u b s t i t u t i n g  (4) in  Eq. (1) we ob ta in  

OT 
a~AT § oAP" --  

Ot 

w h e r e  cr = kcp/2Rpplcico i s  a cons tan t .  

If the b o u n d a r y  of the  po rous  m e d i u m  can  be s p l i t  in to  two p a r t s ,  c o r r e s p o n d i n g  to the  e n t r y  and ex i t  
of gas ,  a t  e a c h  of which  a cons t an t  p r e s s u r e ,  PI  and PII ,  r e s p e c t i v e l y ,  i s  m a i n t a i n e d ,  then  one m a y  a s -  
s u m e  tha t  aP2/Ot ~ 0 and Eq. (5) i s  w r i t t e n  in  the  fo l lowing  f o r m :  

a~hq ~ = Oq~ , 
Ot 

w h e r e  (p = T + nP 2 (n = cr/a2). 

Thus ,  a s o l u t i o n  of the s t a t e d  p r o b l e m  should  be sought  in  the  f o r m  

r g, z, t ) =  T(x, g, z, t ) +  nP 2(x, g, z). 

It  is  s e e n  f r o m  Eq. (7) tha t  the func t ion  T(x,  y, z, t) i s  d e t e r m i n e d  f r o m  the so lu t i on  of two p r o b -  
l e m s :  the  a p p r o p r i a t e  b o u n d a r y  p r o b l e m  of  the  h e a t  conduc t ion  equa t ion ,  and the p r o b l e m  of a s t a t i o n a r y  
p r e s s u r e  d i s t r i b u t i o n  in  the  p o r o u s  m e d i u m ,  the so lu t i on  of which  can  be  c o n s t r u c t e d  on the b a s i s  of the  
r e s u l t s  of [3]. 

As  a r e s u l t  of th i s  i t  i s  a s s u m e d  tha t  the  t e m p e r a t u r e  a t  e ach  of the b o u n d a r y  s e c t i o n s  r e m a i n s  c o n -  
s t an t ,  i . e . ,  the  s u r f a c e s  c o r r e s p o n d i n g  to the e n t r y  and ex i t  of gas  a r e  s i m u l t a n e o u s l y  i s o b a r i c  and i s o -  
t h e r m a l  s u r f a c e s .  At  the  m o m e n t  t = 0 the  t e m p e r a t u r e  of the ex i t  s u r f a c e  a b r u p t l y  a s s u m e s  a new c o n -  
s t a n t  v a l u e ,  a s  a r e s u l t  of which  a r e d i s t r i b u t i o n  of T and P t a k e s  p l a c e  wi th in  the body. 

N O T A T I O N  

T is  the  t e m p e r a t u r e ;  
P i s  the  p r e s s u r e ;  
p i s  the  d e n s i t y ;  
t i s  the  t i m e ;  
v i s  the v e l o c i t y  of f i l t r a t i o n ;  
p i s  the  c o e f f i c i e n t  of d y n a m i c  v i s c o s i t y ;  
a 2 i s  the  coe f f i c i en t  of t h e r m a l  d i f fus iv i ty ;  
k i s  the c o e f f i c i e n t  of p e r m e a b i l i t y ;  
R i s  the  g a s  cons tan t ;  
Cp 
x,  y, z 

i s  the h e a t  c a p a c i t y  of a gas  a t  c o n s t a n t  p r e s s u r e ;  
a r e  s p a t i a l  c o o r d i n a t e s .  

S u b s c r i p t  

1 deno t e s  the  p o r o u s  m e d i u m .  
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