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Within the f ramework  of the linear the rmodynamics  of i r r eve r s ib le  p rocesses ,  a general  form 
is obtained for the equations of i so thermal  nonequilibrium filtration of an incompress ible  [iquid 
through a nondeforming porous matr ix.  

If the rmodynamics  is to be used to establ ish the form of the relat ion between the fil tration velocity q and 
the p re s su re  gradient  ~p ,  t h e e n e r g y  �9 sca t te red  in a unit volume of porous medium in unit t ime must  be ex- 
p ressed  in t e r m s  of the mean pa rame te r s  used in fil tration theory.  Consider,  for simplici ty,  the isothermal  
case.  The liquid is assumed to be incompress ib le ,  and the porous matr ix  to be nondeforming. The f irs t  and 
second laws of thermodynamics  will be written for unit volume of the porous medium as a whole. The result ,  in 
the usual notation (see [1], pp. 207, 242), is 

dQ (~) = dU -{-, dA  (~ T d S  = dQ (~ -{- dQ'.  (1) 

In order  to determine the dissipative function, the Gibbs relat ion must also be used. It is taken in the fol- 
lowing form 

T d S  = dU - -  B a . d~q~. (2) 

Here and below, summation f rom 1 to n over the repeating ~ndices is assumed.  Equation (2} is equivalent 
to the assumption U--- U(S, ~?c~). The internal var iables  ~?a on average  ever  the volume take account of the ca-  
pacity of the l i q u i d - p o r o u s - m a t r i x  sys tem for accumulat ing energy.  There  may be various mechanisms of this 
accumulat ion [2, 3]. The var iables  B a a re  conjugate with the ~?oz pa ramete r s .  F rom Eqs. (1) and (2) :~t is found 
that 

dQ' dA (~ d,l~ 

dt dt dt 

Next, dA (i)/dt will be expressed  in t e rms  of the averaged pa ramete r s  used in filtration theory.  It is known 
(see [1], pp. 207-208) that 

N = .  - - - - d r  dV : S :j dY = --exj dV-- --Zy-v,dy. (3t 
V V V Y 

Here xj a re  Car tes ian  coordinates ;  ~ij, symmet r i c  s t r e s s  tensor  in the liquid; v i, l iquid-part icle velocity; V, 
par t  of the porous -med ium volume V 0 occupied by liquids. If inertial  t e rms  are  neglected in the equations of 
l iquid-part icle  motion (see [1], p. 143) and (for simplicity) so are  mass  forces ,  then ~(rij/~x j = 0 and 

N =  f ~i~v~n~ dS.  
Se'~S i 

S e is the liquid part  of the surface S o of volume V0; S i is the interphase surface inside V 0. On St, the condition 
of l iquid-part icle  adhesion to the porous mat r ix  is sat isf ied;  therefore  

N = .f a i jv in~dS:  (4) 
Se 

This relat ion permits  t ransi t ion to averaged pa rame te r s .  In fact, since the surface a rea  S i is much 
la rger  than the surface a rea  Se, the tangential s t r e s s  on S e may be neglected in compar ison with the p ressure .  
If the p r e s s u r e  pulsations at  S e a re  also neglected, then Eq. (4) may be written in the form 
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N = I -  Pq,ntdSo. (5) 

Pass ing  in Eq. (5) to the integral  over the volume, and taking the continuity equation into account,  it is found 
that 

N = --q'-'g-S--- dVo" 

Vo 

Thus 

dA (0 OP 
dt = - - q ' v P '  (1)--------~t q ~ - - B ~ ' ~ "  (6) 

To es tabl ish  the f i l t rat ion law cor responding  to Eq. (6), Onsager ' s  theory is used (see [1], pp. 264-266, 
294). In the isotropic  case  

, I 0(D 
g9 : aq z + b~l~ + 2cc, q. ll~, - -  V P = 

2 Oq 

2 O~l~ 

aq + c~. ~i~, (7) 

In the last equation there  is no summat ion over  c~. 

To establ ish a d i rec t  re la t ion between Vp and q, the pa rame te r s  ~]a must  be eliminated f rom Eq. (7). It 
is sufficient to use an approximat ion quadrat ic  in ~?a for the function F0?a) = U - T S ,  and to pass to the Laplace 
t r ans fo rm in Eq. (7) [4] 

U = TS + - ~ -  11~.~!~. 

Hence, when Eq. (2) is taken into account,  Be  : ~.~flTIfl and Eq. (7) may be wri t ten in t r ans fo rms  as follows 

V p = aq  + sc~ll~, ~ ~ , ~ l ~  = c~q + sb~ll~. (8) 

Fil t rat ion is a ssumed  to begin at t ime t : 0 f rom a state of res t .  

The positive definite mat r ix  A with elements  X~fi and the diagonal matr ix  B with elements  b~ may be 
wri t ten at the same t ime in the form (see [5], p. 80) 

A =  L'L,  B ----- L'ToL, 

where L is a nondegenerate matr ix;  T O is a diagonal mat r ix  with elements  v~>0. This allows the solution of 
the second relat ion in Eq. (8) to be writ ten in the form 

= m~Bc~q (9) 
1 + % s  

(mik a re  e lements  of the mat r ix  M = L-l) .  

Substituting Eq. (9) into the f i rs t  re la t ion of Eq. (8), a d i rec t  relat ion is obtained between the p re s su re  
gradient  and the fi l trat ion velocity in t e r m s  of t r ans fo rms  

, 1 + - ~ s  q' 

Invert ing the t r ans fo rms  gives 

t 

0 

In the par t icular  case  n = 1, Eq. (10) is equivalent to the following relat ion [6] 
0 

(10) 

770 



The constants t l  and X2 a re  expres sed  in t e r m s  of fac tors  of quadrat ic  form # and F 

bi abl - -  c~ 

Here  k2/k~ >1. 

N O T A T I O N  

Q(e), externa l  heat flux; Q', uncompensated heat; U, in terval  energy;  S, entropy;  T, t empera tu re ;  dA (i), 
e l emen ta ry  work of the in ternal  surface  forces ;  ~a,  internal  degrees  of f reedom; Ba ,  thermodynamic  param-  
e t e r s  conjugate to ~Ta; 4~, dissipat ive function; (rij , s t r e s s  tensor  in the liquid; vi, l iquid-part ic le  velocity;  V0, 
volume of the porous medium; V, liquid volumes;  So, surface  of volume V0; Se, "liquid part" of So; Si, liquid 
contact  surface  with the porous mat r ix  inside V0; P, mean (over Se) liquid p r e s su re ;  qi, filtraticm velocity;  s, 
L ap l a c e - t r a n s f o r m  p a r a m e t e r s ;  t, t ime.  
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COMPONENT-TRANSFER EQUATION IN COLUMN 

WITH LONGITUDINAL SEPARATION 

E. P. Potanin UDC533.735 

By the method of "integration over the transverse coordinate, a transfer equation in a separat- 
ing column in obtained, taking the longitudinal enrichment mechanism into account. 

The most widespread type of equipment for isotope separation in gas or liqud phases is a colu~,zm inwhich 
the transverse enrichment effect is converted into a longitudinal effect as a result of circulational flow of the 
mixture [I]. The derivation of the transfer equation describing the axial distribution of the mean (over the col- 
umn cross section) concentration of liberated isotope is based on the equilibrium conditions for the component 
fluxes and the total flux of mixture. To calculate the separation characteristics of equipment of the usual type 
(thermodiffusional [2, 3] or mass-diffusional [4] columns), it is sufficient to use the transfer equation taking 
only the radial separation process into account. This kind of relation is obtained, e.g., in [I] by the approximate 
method of intergration over the transverse coordinate [5], At the same time, in some equipment (in particular, 
in a separating system with a traveling magnetic wave [6-8]), in addition to the transverse enrichment effect, 
intensified by forced countereurrent motion of the mixture, there is also a primary longitudinal separation pro- 
cess. There then arises a situation in which circulation has a double effect on the distribution since, on the one 
hand, it facilitates the multiplication of the transverse effect over the length of the column and, on the other, it 
causes agitatlon and, correspondingly, a reduction in the primary longitudinal effect. Below, on the basis of the 
method of calculations outlined in [I], a transfer equation in a column when both transverse and longitudinal en- 
richment mechanisms are present is obtained. 
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