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The p rob l e m  of convec t ive  diffusion under  s t e a d y - s t a t e  l a m i n a r  flow condit ions is examined  
with a l lowance fo r  diffusion in the d i rec t ion  of flow. 

F o r  cy l ind r i ca l  s y m m e t r y  the equation of the p r o c e s s  takes  the f o r m  

O~q~ k 1 Oq~ + _ _ _ 2  - -  1 - -  = 0 .  (i) 
Or 2 - r - "  dr Ox ~ D . - - ~  Ox 

Going ove r  to the v a r i a b l e s  (p = ~/~0, P = r /a ,  h = x /a  Pe, we obtain 

02~ _4_ __1 . 0_~_~ q_ pc_ 2 0~q~ (1 - -  f )  ~ ----- 0 
Op 2 p Op Oh ~ a n  (2) 

( o < p <  1, o < h < ~ ,  q~(p, o)--1, q~(1, h)=o).  

This  p r o b l e m  was  solved in [1] f o r  the case  of l a rge  Pee le t  n u m b e r s .  In [21 Eq. (1) was  examined in the 
cou r se  of an invest igat ion of the p r o b l e m  of i nc r ea sed  v a p o r  condensa t ion  on the wal ls  of a gas  duct; the 
author  found an exp res s ion  fo r  the f i r s t  roo t  of the s e r i e s  expansion of the unknown function on the a s s u m p -  
tion that it is smal l .  The r e s u l t s  of an ana lys i s  of pa r t i c l e  concen t ra t ion  on the channel  axis are  p r e sen t ed  
in [3], 

In this a r t ic le  Eq. (2) is invest igated with the object  of finding the ra t io  of the pa r t i c l e  f luxes in a c e r -  
tain sect ion and at the s a m p l e r  inlet, s ince it is p r e c i s e l y  this quanti ty that mos t  fully c h a r a c t e r i z e s  the 
p rec ip i t a t ion  ra te .  

We denote 

= ,I �9 q~ (P, h) exp (--  ph) dh, 
o (3) 

1 c~q~ [ 
Op ~ p Op 

F r o m  the bounda ry  condi t ions  and f r o m  the fact  that the diffusion component  of the pa r t i c l e  flux at the 
inlet is a finite nonz e ro  quanti ty,  we have 

x x = 0  = - -  5 ( a - -  r). (4) 

In a c c o r d a n c e  with [4], the fundamenta l  s y s t e m  of Eqs.  (3) c o m p r i s e s  the funct ions 

~1=exp --  p~ F 2 4Pc ~ 

~ = e x p  - -  p~ U 2 4Pe 2 

where  X 2 = - p ;  F and U a re  degene ra t e  h y p e r g e o m e t r i e  funct ions .  
tion of Eq. (3) sa t i s fy ing  the condit ion ~I,10; 1 

, 1, ~.p~), 

, 1, )~p~) , 

As can be seen by inspection, a solu- 

= 0 is given by the function 
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T A B L E  1. N u m e r i c a l  Va lues  of the  Roo t s  and Coe f f i c i e n t s  of Eq. (12) 
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Gormley and 
Kennedy [1] 

Pe 

0,01 
0,04 
0,I 
0,3 
0,75 
1 
2,9 
6 
8 
10 
14 
20 
30 
40 
50 
70 
100 
2O0 

0,15495 
0,30914 
0,48642 
0,82890 
1,26355 
1,42981 
2,09981 
2,45812 
2,54742 
2,59693 
2,64586 
2,67460 
2,69085 
2,69671 
2,69945 
2,70185 
2,70313 
2,70405 

2,7044 

Ao 

0,41576 
0,41559 
0,41531 
0,41505 
0,41747 
0,42028 
0,45951 
0,53371 
0,57203 
0,60251 
0,64647 
0,68738 
0,72494 
0,74588 
0,75922 
0,77522 
0,78777 
0,80305 

0,8191 

;% 

0,23487 
0,46931 
0,74066 
1,27489 
1,98779 
2,27757 
3,65867 
4,79919 
5,23642 
5,54688 
5,94273 
6,24887 
6,46391 
6,55218 
6,59595 
6,63575 
6,65758 
6,67362 

6,6790 

At 

0,I8083 
0,17985 
0,17795 
0,17199 
0,16046 
0,15500 
0,12708 
0,10645 
0,09999 
0,09610 
0,092222 
0,090495 
0,09058 
0,09i32 
0,09205 
0,09318 
0,09420 
0,09573 

0,0975 

;% 

0,29411 
0,5878t 
0,9284~ 
1,6018~ 
2,5106: 
2,8850~ 
4,7364( 
6,425~ 
7,1518: 
7,7138: 
8,5192~ 
9,2563~ 
9,8806{ 

I0,1785 
10,3339 
10,4936 
10,5827 
10,6502 

I0,673 

A2 

0,115315 
0,11460 
0,11319 
0,10880 
0,10027 
0,096199 
0,074904 
0,057664 
0,051388 
0,047012 
0,041449 
0,037094 
0,034017 
0,032816 
0,32287 
0,031919 
0,031846 
0,032019 

0,0325 

* ( o ,  ; ) = l [ : p  

:p -- 
c + i ~  :S Z 2.~i ~ (9, P) exp (ph) dp = - - 2  

c - - i ~  i 

�9 : (p, p) ] 
11;" 1 (1 ,  p )  j ' 

0 
exp ( -  @), 

w h e r e  X i a r e  the  r o o t s  of the equa t ion  ~I,l(1 , ;9 = 0. 

[ 

(h) = 4 .f q) (p' h) ( 1 - -  ,o e) pdp - -  - - -  

0 

Thus ,  we obta in  

The e x p r e s s i o n  fo r  the p a r t i c l e  f lux t a k e s  the f o r m  

1 

4 I 0qo 

0 

(0) = 1 + 4 / P c .  

(5) 

(6) 

(7) 

(8) 

ae 

( 4)-: Z exp _ :h, 
It is easy to show that the equation for the eigenvalues has only real roots. 

At Pe ~ 1 we obtain approximate values of the roots from the relation 

~gl (P, ~.) -+ I0 (p/Pe 9) as 9 --~ I ; (10) 

when Pe > 1 the approximations for the roots follow from [1] 

~2.67H-4i, i=0, I, 2, 3 .... (11) 

The values of the roots were next refined by Newton's method on a computer. Taking the first three terms 
in (9), we write the expression for n(h) in the form 

n (h) = A 0 exp ( - - )@)  + A: exp ( - -  Z~h) + A 2 exp ( - -  ;<~h) q - . . .  (12) 

The  n u m e r i e a I  v a l u e s  of Ai and X i in th i s  e x p r e s s i o n  a r e  g iven  in Tab le  1 fo r  a s e r i e s  of v a l u e s  of the 
P e e l e [  n u m b e r .  

The  p lane  p r o b l e m  of c o n v e c t i v e  d i f fus ion ,  which  d e s c r i b e s  p a r t i c l e  p r e c i p i t a t i o n  in a s o - c a l l e d  p l a n e -  
p a r a l l e l  d i f fus ion  b a t t e r y ,  is  a l s o  of p r a c t i c a l  i m p o r t a n c e .  As  b e f o r e ,  we obta in  

{I:) (1, Xi) exp ( - -  :~ih) 
n ' ( h ) = 3  l q  . . . . . . . .  A:exp(--g~h),  

�9 = ~ ~(1 ,  ;9t~=~i ,=o 
(:s) 
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TABLE 2. Numer i ca t  Values  o[ the Roots  and Coeff ic ients  of Eq. (13) 

3 
,~.~ Pc. 4 

1 0,01 
2 0,05 
3 0,1 
4 0,5 

6 
7 10 
8 16 
9 20 

10 
11 100 [ 
12 400 
13 -*~ 

0,12516 
0,27832 
0,39089 
0,82712 
1,09300 
1,36006 
1,65587 
1,67122 
1,67490 
1,68051 
1,68132 
1,68158 
1,68159 

A, 

0,63538 
0,63072 
0,62547 
0,60108 
0,59714 
0,62331 
0,79610 
0,83405 
0,84794 
0,88402 
0,89694 
0,90695 
0,91035 

0,21700 
0,48452 
0,68396 
1,50721 
2,09303 
2,85460 
4,89118 
5,27389 
5,39549 
5,61930 
5,65692 
5,66904 
5,66986 

A, 

0,21097 
0,20619 
0,20055 
0,16564 
0,13788 
0,10656 
0,05822 
0,05402 
0,05306 
0,05222 
0,05252 
0,05295 
0,05314 

0,28019 
0,62598 
0,88433 
1,96053 
2,74313 
3,79773 
7,21612 
8,17506 
8,54908 
9,41693 
9,60103 
9,66394 
9,66824 

A, 

0,12654 
0,12349 
0,11990 
0,09762 
0,07980 
0,05946 
0,02458 
0,01988 
0,01840 
0,01566 
0,01527 
0,01524 
0,01528 

oo (9, L) = exp - -  -~  

La + X pe ~ 9 ) 
1 16 1 

p F 4 4Pc2 9 ~  -2- '  XP2 ' 
16 

4 X I 

3 bPe ' 

q)(1, ~ ) = 0 ,  i = O ,  1, 2 . . . . .  p = y / b .  

Cer ta in  va lues  of A~ and h i in (13) a r e  p resen ted  in Table  2. Calcula t ions  based  on (9) and (13) show 
that  the effect  of diffusion in the d i rec t ion  of flow can be neg lec ted  at Pe ) 50. 

r 
a 

b 
D 
(P 
U 

Pe 

r and x 
y and x '  

N O T A T I O N  

ts the concen t ra t ion  of diffusing par t i c les ;  
ts the en t rance  pa r t i c l e  concent ra t ion ;  
ts the tube radius ;  
ts the ha l f -d i s t ance  between planes;  
ts the pa r t i c l e  diffusion coeff ic ient ,  em2/see;  
ts the pa r t i c l e  concen t ra t ion  r e f e r r e d  to the en t r ance  concent ra t ion ;  
ts the mean flow veloci ty ;  
ts the Pec le t  number ,  Pe = du/D, d = 2a fo r  cy l ind r i ca l  g e o m e t r y  and d = 2b fo r  r e c t a n g u l a r  
geomet ry ;  
are  cy l ind r i ca l  coord ina tes ;  
a re  C a r t e s i a n  coord ina tes .  
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