
NOTATION 

e, concentrat ion;  AO, concentra t ion  change,  ~-, t ime;  0 = H 2 ~-/mK, H =gP 2fi63(AT)2Bs/617, K =g2p3f126~. 
(AT)2B/9I~?2D, m = pB6; B, p e r i m e t e r  of separa t ing  slot; 5,  gap; AT, t e m p e r a t u r e  d i f ference  between ho~ 
and cold su r f aces ;  s,  Sorer coefficient;  y = Hz/K; z,  ve r t i c a l  coordinate ;  w = M / m L ;  M, m a s s  ~)f mix tu re  in 
tank; L, worldng length of a column. Indices:  e,  i~ posi t ive  and negat ive ends of a column; 0, initial  value. 
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MODEL OF DIFFUSION TAKING INTO ACCOUNT SORPTION 

V. I. Maron UDC 533.73 

The p rob lem of the diffusion of a ma te r i a l  in an adsorbing porous medium is cons idered .  In the 
equation for  the concentra t ions  in the porous medium and the sorp t ion  layer  a delay t ime  is in-  
t roduced.  

The p rob l em  of the diffusion of m a t e r i a l  in an adsorbing  porous medium is considered.  Henry ' s  law is 
a s sumed  to  hold for equi l ibr ium values of concentra t ion in the porous medium and in the sorp t ion  layer .  This 
p rob l em is considered,  in a l inear  formulat ion,  in a number  of works where  the kinetics of the p rocess  and 
diffusional t r a n s f e r  a r e  taken  into account;  a r ev iew of such works appea r s  in [1, 2]. 

The formula t ion  of the p rob lem outlined in the presen t  paper  di f fers  f rom previous accounts in that a 
delay t ime  is introduced in the equation re la t ing  the concentra t ions  of the ma te r i a l  in the porous medium and 
in the sorp t ion  l aye r .  

If the concentra t ion of the ma te r i a l  in the sorbent  layer  is a s sumed  to a t ta in  its equi l ibr ium value at 
once, then Henry ' s  law impl ies  that  its d is t r ibut ion will follow the dis t r ibut ion of the ma te r i a l  in the porous 
medium.  It is m o r e  genera l  to a s s u m e  that the dis t r ibut ion of ma te r i a l  in the layer  follows the d is t r ibut ion 
in the porous medium with some  delay.  The bas i s  for this a s sumpt ion  is given in [3]. 

We introduce a delay t ime  T, a s sumed  to be identical  at  all  points of space .  We denote the concent ra -  
t ion of ma te r i a l  in the flow by | x) and the Concentration in the sorp t ion  layer ,  by a (t, x). On the bas is  of 
the given assumpt ions ,  the following re la t ion  exis ts  between these  functions: 

a(t, x ) = r o ( t - - %  x), t> /% a-----O, t < ~ .  (1) 

Thus,  the function a(t ,  x) defined by Eq. (1) vanishes  for  t < , ,  and r eaches  its equi l ibr ium value c o r r e -  
sponding to the concentra t ion  of the ma te r i a l  | x) not at once, but ~- units of the argument  t l a te r .  

We shall  show that  for sma l l  values o f  the delay t ime  "r, Eq. (1) gives the kinetic equation. To this end, 
we expand the function O(t - -  T, x) in a Tay lo r  s e r i e s  i n t :  

( a @ )  ~ +  (2) 0 ( t - -  ~, x) = 0 (t, x) - -  - ~ -  ~=0 . . . .  
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For r = 0, we have d a / d t  = F(dO/dt). (1) and (2) we obtain Therefore ,  f rom Eqs.  

da l = (tO -- a). 
dt x 

(3) 

As an example of the use of Eq. (3), we consider  the filling of a porous medium by mater ia l  adsorbed 
at the surface  of the pores .  The distr ibution of the mater ia l  in the pores will be descr ibed by the following 
equation: 

O0 O0 Oa 
m o ~  + u  a--ZT ~ - = 0 ,  o - - o ( t ,  x), a----a(t, x), O < m o < l .  (4) 

In this equation longitudinal diffusion of the mater ia l  is neglected. 

The initial and boundary conditions of the problem a r e  

0(0, x ) = 0 ,  O(t, 0 )=1 ,  O(t, co )=0 ,  a(0, x ) = 0 .  (5) 

We construct  an approximate solution of the problem. For  t imes t >> r ,  the delay may be d is regarded.  
Then 

a(t, x) = re( t ,  x). (6) 

In this ease,  Eq. (4) takes the form 

00 u 00 ~_ w = 0 ,  w ( 7 )  
dt dx m o + r 

The solution of this equation for the conditions in Eq. (5) is a plane wave, the froIr of which moves 
with velocity w. At the wave front, and everywhere  in the region x < wt, the concentrat ion @ is equal to 
unity, while outside this region the concentrat ion is zero.  

This solution neglects the effect of the delay, which appears  most  completely close to the wave front, 
and there fore  the solution must be refined in the region of the wave front.  To this end, we represen t  the 
last t e r m  in Eq. (4) in the form 

aa ao r x  ~176 + . . .  (s) 
Ot = F Ot - -  Ot ~ " 

We re s t r i c t  ourselves  to l inear delay, Then Eq. (4) is wri t ten as follows : 

00 + w  dO Fx 020 0. (9) 
Ot Ox m o + P Ot 2 

In the reg ion  of the wave front, the solution is writtell in the fo rm 

o( t ,  x) = f ( x - - w t ) .  (10) 

Therefore ,  the second derivat ive with respec t  to t can be wri t ten in the fo rm 

O"f = w~ OV 
oe  Ox 2' f = f ( x - - w t ) .  (11) 

Taking t h i s i n t o  account, the last t e r m  in Eq. (9) is wri t ten i n t h e  form D@2O/Sx2), where D = Fzw2/ 
(m 0 + F). Then Eq. (9) can be wri t ten as fo l lows :  

0__0_0 + w  O0 - - D  - -  0~0 = O, 0 = Off,  x). (12) 
at ax Ox ~ 

We rewrite Eq. (12) in the moving coordinate sys tem z = x --  wt: 

dO D 02---0 = 0, 0 = 0 (t, z). 
at az ~ 

(13) 

We seek the solution of this equation satisfying the Cauehy condition 

1, z < O ,  
0(0, z )=  0, z > O .  

This solution takes the fo rm 
1 z 

O = -~ erfc 2 V Dt 

(14) 

(15) 
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As z --  ~, Eq. (15) tends asymptot ical ly  to zero,  and for values of the argument  ~ - 3  it is close to 
unity. 

An approximate  solution of the initial problem in Eqs.  (4) and (15) can be constructed as follows~ For 
fixed t, the concentrat ion | is equal to unity on a sect ion f rom 0 to x , ,  where x ,  is the value of x for which 
z/2 fDt = --3. For  x > x , ,  the distr ibution of the concentrat ion is descr ibed b y  Eq. (15). 

NOTATION 

@, concentrat ion of mater ia l  in porous medium; a, concentrat ion of mater ia l  in sorpt ion layer;  F, 
Henry constant; D, diffusion coefficient;  m 0, porosi ty;  T, delay t ime;  t, x, t ime and space coordinates;  
f i l t rat ion velocity.  

U, 
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C O N V E C T I V E  MASS E X C H A N G E  OF A C O N E  AND 

D Y N A M I C  C H A R A C T E R I S T I C S  OF A N  E L E C T R O D I F F U S I O N  

A N E M O M E T E R  IN A N O N L I N E A R L Y  V I S C O U S  F L U I D  F L O W  

Z .  P .  S h u l ' m a n ,  N. A .  P o k r y v a i l o ,  

A .  S~ S o b o l e v s k i i ,  a n d  T .  V. Y u s h k i n a  

UDC 532.135:532.517.2 

The resul ts  of a theore t ica l  and experimental  investigation of the nonstat ionary mass exchange 
of a cone in a nonlinearly viscous fluid flow are  presented.  The ampl i tude- - f requency  cha rac -  
t e r i s t i cs  of an electrodiffusion anemometer  are  plotted f rom the resul ts  obtained. 

Electrodiffusion anemometry ,  an e lec t rochemica l  method now widely used for studying heat-  and mass -  
exchange p rocesses ,  forms the basis of a new trend in the measurement  of the velocities of fast-flowing media 
[1-5]. 

The essence  of this method of measurement  is that the mass  t r ans fe r  in the electrolyte  solution is due to 
the diffusion of e lectr ical ly  charged par t ic les ,  i . e .  to the simultaneous t r ans fe r  of mass and e lec t r ica l  charge.  
It i s  then possible,  depending on the magnitude of the limiting diffusion current ,  to  make a judgment about the 
intensity of mass t rans fe r  towards the t r ansducer  and, ultimately, to determine the local instantaneous ve loc-  
ity of the fluid flow. The t r ansduce r - e l ec t rode  used i n the se  measurements  usually has a conical,  wedge- 
shaped, cyl indrical ,  or spher ical  surface ,  and a number of problems related to the selection of optimum elec- 
t rode dimensions -- its sensitivity,  the nature of the dependence of the current  on velocity, and the statist ical  
and dynamic charac te r i s t i cs  --  a re  determined by the principles governing s ta t ionary and nonstationary con- 
vect ive diffusion. None of these problems has been studied in any depth so far  even with re fe rence  to the s im-  
plest case -- the flow of purely viscous linear fluid electrolytes  around an e lect rode.  

In pract ice ,  however, it is often a question of fluids possess ing non-Newtonian propert ies  and this cannot 
b e t a k e n  into account in calculating the convective diffusion p roces ses .  Thus, a theoret ical  and experimental 
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