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A more  accura te  l inearizat ion method is presented of the two-dimensional  equation for 
convect ive-diffusive t ransfer .  The solution of the t rans fe r  equation is obtained for a 
var iable  diffusion coefficient which depends on concentration.  

The equation of convective diffusion is analyzed to solve a number of problems ei ther  in hydro -  
dynamics or  chemical  kinetics and to study ehemotropic  conver te r s  or m a s s  t r ans fe r  during osmosis ,  
as well as other cases .  

In the case of a s tat ionary flow of incompress ib le  fluid in a cyl indr ical  half-bounded channel the 
equation for  convect ive-diffusive mass  t r ans fe r  can be wri t ten as 

0 [D(c)  Oc ] 1 0 [ - ~ r j  Oc Oc 
Ox ~ x  'r rD (c) = u~ ~ x  -~- O~ r Or (1) 

The solution of the equation is required under the following initial and boundary conditions: 

c(x, r, O)--cl; (2) 

c(O, r, t ) = f ( t ) ,  t > 0 ,  0 .< t .<oo ;  

where r = A/~o. 

Equation (1) is nonlinear,  Such equations are ,  as a rule,  l inearized by replaeing the function D(c) 
by some average  value of it, Day. Car ry ing  out such l inearization one obtains 

Ox*" + r =: uo v (3) r Or \ Or ] Ox Ot 

The assumption that the diffusion, coefficient is constant  with changing concentrat ion is only valid 
if the concentrat ion var ies  slightly. Otherwise,  e r r o r s  which are  difficult to es t imate  ar ise .  ]3y d i f feren-  
tiating (1), one obtains 

D I, (c) Oc +. D (c) 02~c Oc Dlr (c) Oc O=c Oc Oc 
~ x  Ox 2 -~- D (c) ~ - r  ~ - r  -i- D (c) = u o Or 2 Ox ' O! 

Thus, if one assumes  that D(c) = D a v  , one sets  by the same token the f i r s t  and the fourth te rms  
of the above equation equal to 0. 

An improved l inearizat ion of Eq. (1) is considered below, as well as the solving of the boundary-  
value problem. 
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The i n t e g r a l  r e p l a c e m e n t  is c a r r i e d  out: 

v = S D(c) dc = ~ (c). 

T h e n  (1) b e c o m e s  

( O [ ~  7 a~\ ar/J +u~ 
Equat ion  (6) is  now t i nea r i zed  by se t t ing  D(e) = Day:  

D [ 02v 1 O / Ou'~l Ov 
�9 + 7  + -  

The in i t ia l  and b o u n d a r y  condi t ions  now b e c o m e  as  fo l lows:  

v(x, r, O)--,(cl)=v~; v(0, r, O=#[[(t)=G(t); 

(-~r+f~D(c))i . . . .  = ~c~ 

(5.) 

Oo 8o (6) 
Ox O1 

ov (7) 
Ot 

0 . < t < +  c~; 

(8) 

The p r o p o s e d  l i n e a r i z a t i o n  takes  into accoun t  to s o m e  extent  the f i r s t  and the th i rd  t e r m s  of Eq. (4). 

The las t  b o u n d a r y  condi t ion  (8) is  a l s o  nonl inear .  We wr i t e  it as  

0v + 80 (c) (c - -  c o) = 0. (9) 
Or 

One now se t s  

D (c) ( c -  c o) = kv. (10) 

Then  by us ing (5) one has  

+ ~k ('D(c)dc = 0. (11) 0~_v 

Or 2 
Co 

To l i n e a r i z e  the condi t ion  (9) we p r o c e e d  as  fol lows.  It  is a s s u m e d ,  fol lowing [2, 4], that  the d i f fu-  
s ion  coe f f i c i en t  is a power  of  the c o n c e n t r a t i o n  and is e x p r e s s e d  by the fo rmu la  

D = Do(c- co) k-1. (12) 

Then  by i n se r t i ng  (11) into (5), one obta ins  

v= t~" D(c)dc=D~ ; (c-c~ D~ (c--c~ (13) 

co c, 

By us ing (13), the condi t ion  (11) can  be w r i t t e n  a s  fo l lows:  

0~ + ~ c ( c -  c~ ~ = 0 
Or 

(14) 

o r  

0{] --+alv:---O,  
Or 

(15) 

w h e r e  o~ 1 = ilk. 

The  non l inea r  condi t ion  (8) has  thus been  r e p l a c e d  by the l i nea r  one (15). 

To so lve  Eq. (7) under  the condi t ions  (8) and (15) one f i r s t  i n t roduces  a n o t h e r  funct ion:  

~r ~ U - - ~  1. (16) 
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Fig.  I. Concen t r a t i on  c u r v e s  
fo r  the cons t an t  (2') o r  v a r i -  
ab le  (1, 2) d i f fus ion c o e f f i -  
c i en t s ,  t, sec~ c 0, m o l e  f r a c -  
t ions .  

Then  

V.v[O-'.* , o  
. : [ = I . t 0  - -  _ 2 _  _ _  

L ax 2 r Or t, Or /J  Ox 

v*(x, r, 0 ) =  0; 

v*(O, r, t)=G(t)--v~=6*(t) ,  0 - ~ l . . < +  co; 

(.. 0o* + ~,v*] = --%v,. 
Or / !r~_ro 

OU* 
; (17) 

Ot 

(18) 

I n t r o d u c i n g  the r e p l a c e m e n t s  

r~ �9 wDav 
r-~ rop, t =  ~ , tt o -  ro 

one b r i n g s  the s y s t e m  (17)-{18) to the f o r m  

O~v*o~*" } Pl OpO ( p T ,  Or* ) =~o 0v*d~ 0v'dr ; (19) 

v*(L p, O)= 0; 

v*(0, p, ~ )=q~*(z ) " -G*[  D---:avt---'l 0 ~ < t < : - : - m ;  
- k r~ / '  

Or* I ~!-Av* = --Avl, A = ~.r o. (20) t Op Io=~ 

The  so lu t ion  of Eq, (19) t oge the r  wi th  the condi t ions  (20) was  obta ined by us in [1] a s  

' 2 [a ( r - -  o) - -  v j  Q 0-,,) v . . . . .  + Jo ()~.) ro~kvt 2 x := exp(- -  2~n0 ) dO __ 
n=~ o ~'" [J~ (n")  - J5 @,z)] ~ 2cr I" ~cr r o 

/ U o r o 
• exp | 

4Day k 

w h e r e  r = t D a v / r  2. 

T 

)~n~ 4or'~ ~ u~ do - -  Jo()~n)ro~Jkvl exp [2~,oldo Jo(),~p) + v v 
0 

By us ing the r e l a t i o n  (13) be tween  v and D, one f inds the c o n c e n t r a t i o n  d i s t r i bu t i on  of the a d m i x t u r e .  

Subs t i tu t ing  (21) into (13), one f inds 

c(x, r, t)= { E 
T 

. ~ , , . [ J ~ @ n )  " J0@n)l 

T--G 

ro exp ( ' "  4D~v 
0 

X 2 t~oX \ ] 
d~ 

", ' ( r " }~-" --Jo@n)ro(P)Doc~fexp(~;~o)d(~}Jo 2,~ -~o ) ~. (cl + Co)k +co.  (22) 
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The  a v e r a g e  o v e r  the r a d i u s  c o n c e n t r a t i o n  of  the a d m i x t u r e  is  c a l c u l a t e d  fo r  the equa t ions  c o = c 1 = 0; fit) 
= exp [ -0 .02 t ] ;  D o = 0.01 m 2 / s e c ;  k = 2; n = 1; Dav = 0.005 m 2 / s e c ;  x = 0.3 m; u 0 = 0.05 m 2 / s e c ;  fi = 0.0007. 

The  r e s u l t s  of  the  c a l c u l a t i o n s  a r e  shown in F ig .  1. The c u r v e s  1 and 2 fo r  x = 0 o r  3 m a r e  found by  
us ing  a f o r m u l a  a r r i v e d  a t  by  a v e r a g i n g  the e x p r e s s i o n  (22) o v e r  the r a d i u s ,  and the c u r v e  2' is  found fo r  
the s a m e  cond i t i ons  bu t  wi thou t  l i n e a r i z a t i o n .  It can  be  conc luded  f r o m  t h e s e  c u r v e s  that  the p r o p o s e d  
l i n e a r i z a t i o n  i s  wi th in  the r a t i o  1 .2 -1 .5  a s  c o m p a r e d  wi th  u s u a l  l i n e a r i z a t i o n .  

C 

e l  

r , . x  
t 
r~ 
D 

U 0 

fit) 

A 

NOTATION 

is the admixture concentration, in fractions; 
is the initial admixture concentration in the channel; 
a r e  the s p a c e  c o o r d i n a t e s ,  m;  
i s  the t i m e  c o o r d i n a t e ,  sec ;  
i s  the channe l  r a d i u s ,  m;  
i s  the t u r b u l e n t  d i f f u s i o n  c o e f f i c i e n t ,  m S / s e c ;  
i s  the m e a n  flow v e l o c i t y  a c r o s s  c h a n n e l  s e c t i o n ,  m / s e c ;  
~is the  h m c t i o n  of c o n c e n t r a t i o n  i n  the  i n i t i a l  s e c t i o n ,  %; 

i s  the g a s  exchange  p e r  un i t  s u r f a c e  a r e a ,  m3y s e e / m 2 ;  
i s  the d i f fu s ion  c o e f f i c i e n t  b e t w e e n f l o w  and c h a n n e l  w a l l ,  m 2 / s e c .  
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2. 

3. 
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