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The a r t i c le  p r e s e n t s  the s i m i l a r  solution of the p r o b l e m  of gas  t e m p e r a t u r e  and p r e s s u r e  
when the gas  moves  in a porous  m ed i um with l inear  law of r e s i s t ance .  

Similar solutions of problems concerned with gas motion in a porous medium are dealt with in a number 
of works (see, e.g., [i-5]). Below we examine the similar solution wi~h a view go the hegt exchange of a gas 

with the surface of a porous medium. 

The system of equations describing such motion has the form [6] 

o~ o ( ~ . )  = 0, (1) 
mo ~ + ax 

0 (ge) Oe~ @x 
mo - - o 7 - -  + ~o~ - 5 / -  + (~h.) = 0, (2) 

k OP 
u . . . . .  (3 )  

1~ Ox 

In Eqs.  (1)-(3) it  is  a s s u m e d  that  the f i l ter ing o f t h e  gas  in a porous  med ium obeys  D a r c y ' s  l inear  law 
[1, 2], t l~ t  the p r o c e s s  of heat  exchange of the gas  with the su r face  of the g ra ins  o c c u r s  ins tantaneousIy ,  and 
that  the t e m p e r a t u r e  of the ef fec t ively  heated  f rac t ion  of the po rous  med ium p e r  unit volume is  constant.  The 
c o r r e c t n e s s  of the second condition follows f r o m  an evaluat ion of the c h a r a c t e r i s t i c  t i m e  of es tab l i sh ing  equi l i -  
b r i um between 'the gas  t e m p e r a t u r e  and the gra in  su r f aces ,  which is  obtained f r o m  the c r i t e r i a l  dependence 
co r re la t ing  the Nusse l t ,  P rand t l ,  and Reynolds  n u m b e r s  [7, 8]. Genera l ly  speaking,  the p a r a m e t e r  m is a 
function of 'time. I f  the po rous  med ium cons i s t s  of suff icient ly smal l  g r a in s ,  and the heating of the g ra ins  o c -  
curs  within a t ime  t l ~ t  is shor t  compared  with the c h a r a c t e r i s t i c  t i m e s  of the p r o c e s s  under  examinat ion,  
'then m is  c o r r e l a t e d  with the po ros i t y  of 'the med ium m 0 by the re la t ion  m = 1 - m 0. Otherwise ,  m --~ ! - m0. 

Using the equation of s ta te  of gas  

e = coT, h = c;T, 9 = P (c~ --  c~)-~T -~, (4) 

we obtain f r o m  (1)-(3) a s y s t e m  of equations of f i l t r~t ion with ins tantaneous heat  exchange and heating of the 

Ot mo~ Ox T Ox / '  

OPo____~._ ~ m(c,--c~)p~ OT = - - - - - k c ~  0 (p  O P ) .  
moco Ot ~c~ 8x ~ (6) 

po rous  med ium 

We wri te  the initial  and boundary conditions fo r  (5) and (6) in the f o r m  

P(x, 0 ) =  0; P(0, t ) =  P0; limP(x, t ) =  0; T(x, O)= To. (7) 

The s imi l a r i t y  va r i ab le  of the p r o b l e m  (5)-(7) is  the d imens ion le s s  magnitude 0 = 0.5x (m0#)t/a(kP0t) -I/2. 
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Tak ing  the  d i m e n s i o n a l i t y  ir~to accoun t ,  the  gas  p r e s s u r e  and t e m p e r a t u r e  a r e  r eprese r~ ted  in the  f o r m  

P = P0f (0), T = T0~ (0). (S) 

I f  we subs t i tu te  (8) into the  s y s t e m  of equa t ions  (5), (6), we  ob ta in  a s y s t e m  of o r d i n a r y  d i f f e ren t i a l  
equa t ions  w i t h  r e s p e c t  to f and  ~p: 

2~ 

~o ~0 + ~ = o, 

( c , - - c , )  0 &P = cp d f - ~  + 2 0  (10)  
Cv dO Cv dO dO 

In  (10), [3 i s  a d i m e n s i o n l e s s  m a g n i t u d e ,  /3 = c s O smT0 (m0P0) -1. 

Conce rn ing  'the so lu t ion  of  the s y s t e m  of d i f f e ren t i a l  equa t ions  (9), (10), we m a k e  a p r e c i s i n g  a s s u m p -  
t ion:  we a s s u m e  tha t  t h e r e  i s  such  0 = (~ f o r  which  

f (~z) = o, ~ ((z) = 1. 

F o r  0 = ce, we  ob ta in  f r o m  (7): 

f (o) = 1. 

The  s y s t e m  of equa t ions  (9), (10) m a y  be r e p r e s e n t e d  in the  f o r m  

2 0 ( d f _ f  d l ~ ) + p  d v _ r e ~  a l ~  ( d f ~ = o  ' 
k dO dO ' dO ~ - dO d ~  + \ dO) 

(dr)  dv 2o. df  
2~o (c~ --  % ) - ~  = % \ dO ) + c d - d ~ -  + dO ' 

(11) 

(12) 

(13) 

(i4) 

Fol lowing  [2, 9], we wil l  s e e k  the  so lu t ion  of  (13), (14) wi th  condi t ions  (11), (12) in the  f o r m  of  the  

s e r i e s  

f =  2 p ~ ( o ~ - - 0 ) k ;  ~ =  2 r ~ ( a - - O ) h .  

I t  fo l lows  f r o m  (15) tha t  

h = 0  h = 0  

df o=c~= dZf 0=c~ dhf 0=~ = k ! ( - -  l)~ph; 
d---O - -  Pl, ~ = 2p2, �9 �9 . , dO--- T -  

dip o=c~ d2q~ I dk(P o=c~ k! ( - -  1)krh. 
- -  7"1 ,  ~ 2r2, �9 �9  - -  

dO - ~ - t o = ~  ' d O ~  

(15) 

(16) 

Since f ( ~ )  = 0 and  q~ (~) = 1, P0 = 0, r 0 = 1. Us ing  (16), we d e t e r m i n e  f r o m  (13), (14) tha t  Pl = 2(~, r 1 = 

2 a / f i .  I f  we d i f f e r en t i a t e  (13), (14) wi th  r e s p e c t  to 0, we f ind Pk and rk :  

1 1 
P 2 -  , r2  - -  ; 

2 2~ 

1 + 2cz , r 3 =  1 + 8a(4c r , - c ~ )  
P3 36a - ~  36a~ 36~ z (cp - -  c~) 

F o r  T O = 400~ Cs = 10 a J / ( k g ' ~  Ps  = 2-5"103 kg /m3;  P0 = 107 N/m2;  m / m 0  = 0.1; ep/C v = 4 /3 ,  we 

f ind tha t  fl = 10. 

The  so lu t ion  of  the  s y s t e m  of  equa t ions  (9), (10) wi th  condi t ions  (11), (12), in the  t h i r d  a p p r o x i m a t i o n  

h a s  the  f o r m  

f = 2~ ( ~ -  o) - @ ( ~ -  o)~ + { ~ - ~ +  ---%~ (~ - 0)8 + . . . .  (17)  
\ 36~ 45 } Z 

cr 13~z ~, 0) 3 + 

~ = l + T ( a - - O ) - - @ O  ( c r  + ~ 5 0 0 0 - ] ( ( z  . . . .  
(18) 
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Taking into account tbxt f(0) = I, we obtain from (17): 

~2 G~2 
1 = 2a 2 - -  + + - -  2 %- 

and hence a = 0.8521. 

~ (19) 
45 ' 

With c~ = 0.8571, the s i m i l a r i t y  solution of the p r o b l e m  of motion in a porous  medium,  without taking 
heat  exchange into account (fi = ~),  coincides  with the solution given in [2]. 

I t  fol lows f r o m  a compar i son  of the solut ions tb_~t heat exchange of gas  does not substant ia l ly  affect  the 
p r e s s u r e  of the gas  that  is  being f iRered.  

Using D a r c y ' s  l inea r  law (3) and different ia t ing (17) with r e s p e c t  to x, we find the speed with which ~he 
gas  moves  in the porous  medium: 

u(x, t) f f '~~ ( a , " Vm~ ) (20) 
2 -j, ' " 

In conclusion,  we will d i scuss  how the s y s t e m  of equations (1)-(3) with conditions (7) co r r e sponds  to the 
rea l  motion of gas  in a porous  medium.  A m o r e  r igorous  solution of the p r o b l e m  (for all  x and t) has  to be 
c a r r i e d  out by using the gasdynamic  s y s t e m  of equations taking f r ic t ional  f o r ce s  into account.  However ,  a 
compar i son  of the numer i ca l  solutions of the f i l te r ing  and the gasdynamic  s y s t e m s  of equations showed that  
fo r  the case  examined within the f r a m e w o r k  of the p r e s e n t  a r t i c l e ,  they p r a c t i c a l l y  do not differ  f r o m  each 
other. 

NOTATION 

p, density;  u, speed; #, v iscosi ty ;  e, energy;  h, enthalpy; P,  p r e s s u r e  of the f i l t e red  gas;  m0, poros i ty ;  
k, p e r m e a b i l i t y  of the porous  medium;  m,  f rac t ion  of the ef fec t ive ly  heated pa r t  of the medium;  es ,  energy  
of unit volume of the porous  medium;  T, t e m p e r a t u r e  of the gas  and of the medium;  T 0, initial t e m p e r a t u r e  of 
the medium;  P0, gas  p r e s s u r e  at the boundary of the porous  medium;  0 ,  s i m i I a r i t y  var iable ;  f, d imens ion less  
gas  p r e s s u r e ;  r  d imens ion les s  gas  t e m p e r a t u r e ;  Cp, ev, heat  capac i t i es  of the gas;  c~ and fi, p a r a m e t e r s ;  
Pk and r k, coeff ic ients  of the s e r i e s .  
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