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In the nons ta t ionary  perco la t ion  r eg ime  a two- t e rm  r e s i s t a n c e  law can be wr i t ten  in the form [1]: 

Op P' -7- bpv2sig n v. O s - - k  v (1) 

Here,  p is the p r e s s u r e ,  v is  the perco la t ion  ra te ,  p is the v i scos i ty  of the gas,  k is the pe rmeab i l i t y ,  p is the 
densi ty  of the gas,  s is a space coordinate ,  and b is the so-ca l led  tu rbulence  coefficient.  

Let us cons t ruc t  a s i m i l a r  solut ion of the one -d imens iona l  p roblem of nons ta t iona ry  perco la t ion  of a gas through 
a bed. 

Fo r  s impl ic i ty ,  we select  special  in i t ia l  and boundary  condit ions,  i . e . ,  we a s sume  that at the ini t ia l  ins tan t  the 
gas p r e s s u r e  in the bed is  equal to zero p(s, 0) = 0 and that the bed is infinite.  In accordance  with [2], it mus t  be 
a s sumed  that in the given case  there  will be a f inite ra te  of propagat ion of the d i s turbance .  

We wri te  the d i f ferent ia l  equation of nons ta t ionary  i so the rma l  perco la t ion  for  the case of a gas injected into a 
bed (sign v = 1). Mult iplying both s ides of (1) by p, we obtain a quadra t ic  equation in the product  pv; solving it we find 

t [a__(a2_4b? OP~'/2] 
~ v = - - - ~  as) J" 

Subst i tut ing the value of pv into the cont inui ty  equation 

1 0 0p 
s ~  o s  ( s ' ~ v )  = - -  m ~ F  " 

we obtain 

~ ; /  ~-~r(~=+)" (2) 

m is porosi ty ,  and n = 0, 1, 2 (plane motions ,  mot ions  with axial and cen t ra l  symmetry) .  Here ,  t is t ime,  

It is r equ i r ed  to find the solut ion of Eq. (2) with the condit ions 

lim--~--F(s) a [ (l _.~_ ~ p ~s 9 ~ Op yh] - -1+ j = A t  ~ , p (s, O) : 0 .  (3) 
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Here,  F(s) is the c r o s s - s e c t i o n a l  a r ea  of the bed. 

In the case  of l i n e a r - p a r a l l e l  pe rco la t ion  F does not depend on s and is given by F = 1 h; in cases  of p l a n e - r a d i a l  
and s p h e r i c a l - r a d i a l  pe rco la t ion  F = 27rhs, F = 27rs 2, respec t ive ly .  

Using d imens iona l  ana lys i s  [3], we eas i ly  see that the solut ion of the p rob lem is s e l f - s i m i l a r  and has the form: 

; p~ V/o! ( m~bn~ y/, 
p : a  k ~ )  0]), n : t ~ j  ~ (4) 

Subst i tut ing (4) into (2), we obtain 

( dp yl, 
~ ] 7  ~ n  - t -Z~-T \ t - -2d~ l /  J : T  d~l } 
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The boundary conditions for fhave the form: 

f o r n = 0 ( f l = 0 )  

limD1 [--1 + (t-- dl~V,'q (6) 

f o r n = t  ( ~ = % )  
' [ I dp V/q l~D~n L-~+~-2-Z~ - )  J=~' s(~)=o; (7) 
~q~O 

f o r  n = 2 (~ = %) 
f dp k'/~-I limDs~l" - i - sLi -2-~j  i=t, i(o~)=o, (s) 

ha D I~ah ( pO ~'i, D3 = ~ \ ~ ] 
D1 = "2bA ' ~ = -b--A \ rn2bp ~ ] ' 

Clear ly ,  Eq. (5) can be solved only numer i ca l ly .  The n u m e r i c a l  ca lcula t ion  can be c a r r i e d  out as follows. Values 
of f a n d  df2/d17 a re  ass igned  for ~7 = 1, the Cauchy p rob lem for  Eq. (5) is solved by the Runge-Kut ta  method, the va lues  

of d f  2/dr a r e  de t e rmined  for  ~? = 0, and then the va lues  of D a r e  found. 

Here  we confine ou r se lve s  to the case in which n = 0; the r e su l t s  a re  p resen ted  in the table. 
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Values of f 

Numerical approximate solution 

solution I (9) and (10) (li) 

0.902i95 0.908295 
0.82260~ 0.8257i2 
0.738969 0.743169 
0.656495 0.660606 
0.574363 0.5780t4 
0.492670 0.495480 
0.416496 0.412916 
0.328353 0.3303;)3 
0.246516 0.247790 
0A64077 0.i65227 
0.081998 0.082462 

0.910330 
0.327949 
0.745587 
0.663174 
0.580775 
0.498397 
0.4i6053 
0.333617 
0.249199 
i).168819 
0.083023 

We obtain an approximate solution of the problem on the basis of the method proposed in [4] using various 

integral relations. 

The approximate  solut ion of the p rob lem (with n = 0) us ing  the method of in tegra l  r e l a t ions  is: 

using the first integral relation (material balance equation) 

using the second in tegra l  r e l a t i on  

us ing  the thi rd  in t eg ra l  r e l a t i on  

f2 = M1 (i  - -  2Ma-l~] +. M4-~q:); 

f~ = M3 ( i - -  2M~61~1 -5 M6-S~12), ' 

~ 1 =  4-VSDl'/3 ( DI -z -5 2) %. Ms = 1/4136/5 [z/a (c Vi - -  i )  - -  1/2D1 -z ( D -1 -[-- 2)]} ,f~ , 

Ms -~ 1/1 [SS/TDi-I (Zh -~ + 2)] 'A { - -  1 -5 4/)1 ~ (D~ -~ -5 2)-~ [1/5 (i - -  c ~ V'c) - 

- 1 / 8 c ( 1 - - c  ~"c)]}% , c = I - ~  D I - I ( D l - l - 5  2), 
:Ml l_  4M,, 4Ms 

M a  ~ j  M5 -~. Me == 
- -  ' c - - l '  c - - l .  

The r e s u l t s  of ca lcu la t ions  based on (9), (10), and (11) a re  a lso p resen ted  in the table. 

As may be seen f rom the table,  

(9) 

(10) 

(1J.) 

the approx imate  solut ions a lmos t  coincide with the n u m e r i c a l  solution. 
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Moreover, it follows from the table that other integral relations may also be used. 
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