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The p rob l em  of nonsta t ionary  dis tr ibut ion of the concentra t ion of an oxidized component  of the 
e lec t ro ly te  in the cathode region of a chemot ron  conver t e r  is  solved.  

I t  is well  known that  the mos t  impor tant  c h a r a c t e r i s t i c s  of a chemot ron  conve r t e r  a r e  de te rmined  by 
the distr ibution of the concentrat ion of the oxidized component of the  e lec t ro ly te  in the cathode region [4]. 

We consider  the p rob lem of computing the t ime -va ry ing  concentrat ion of the oxidized component  of the 
e lec t ro ly te  in the cathode region of a chemot ron  conve r t e r .  

We shal l  a s s u m e  that  the cathode channel is a rec tangular  para l le lopiped  of finite d imensions  

O < x < a ,  

a : ] O ~ < y . ~ l ,  

(0<z.<.  h. 

The su r faces  x = 0 and x = a of the para l le lopiped  and the cathode of the conve r t e r  a r e  made of a m a -  
t e r i a l  that is  chemica l ly  iner t  to the used e lec t ro ly te .  The walls  z = 0 and z = h a r e  a s s u m e d  to be  made  of 
a chemica l ly  s table  insulating ma te r i a l .  We a s s u m e  fur ther  that the convection r a t e  is constant  and is di-  
r ec ted  along the 0y axis  and that the molecu la r  diffusion along the 0z axis  can  be  neglected,  i .e.,  ~ 2 6 / ~ z 2  = 0. 

Under the condition of s ta t ionary  flow of the liquid along the channel the equation of convect ive diffu- 
sion has the fo rm [2] 

OC {. ~V c = DV~C" 
Ot 

If  we use the above model  of the cathode region, then with the assumpt ion  made  above the p rob lem 
under  investigation reduces  to the integrat ion of the different ia l  equation 

_ _  ~ I 02C O~C ~ (1) oca, +.oco  = + - o / -  
] 

with the boundary conditions 

and the initial condition 

c(o, y, 0 = 0 ,  o . < v < t ,  t > o ,  (2) 

c(a, y, 0 = 0 ,  o.<.v.<.l, t > o ,  (3) 

c(x, o, t)=co, 0 < x < a ,  t > 0 ,  (4) 
C(x, t, t )=C.  O < x < a ,  t>O (5) 

C(x, V, 0)=Co, 0 < x < a ,  O.<y-<L (6) 

Here  C o is the concentrat ion of the oxidized component  of the e lec t ro ly te  at  the ent rance  to the cathode 
region, and C I is the concentrat ion at the exit f r o m  it, taken along the d i rec t ion of flow of the e lec t ro ly te .  
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We shal l  s eek  the  solut ion  in the f o r m  of the s u m  

c (x, y, ~) = ~ (x, y) + ~ (x, y, t), (7) 

w h e r e  C ~ ,  y) is  the solut ion  of the s t a t i o n a r y  p r o b l e m  (3C/Ot = 0), sa t i s fy ing  the bounda ry  condi t ions  (2)- 
(5), and C(x, y, t) is  the solut ion  of the n o n s t a t i o n a r y  p r o b l e m  with in i t ia l  condi t ions  C 0 -  C(x, y) and h o m o -  
geneous  bounda ry  condi t ions ,  i . e . ,  

C(O, g, t)=O, O~.<g~l, t>O, (2') 

C(a, g, t)=O, O..<.y~l, t>O, (3') 

C(x, O, t ) = O ,  O < x < a ,  t > O i  (4') 

@(x, I, t ) = O ,  O < x < a ,  t > O ,  (5') 

C(x, y, O) = Co - -  C (x, y), 0 .Gx.( . .a ,  OKg~l.  (6') 

It  is  e a s y  to v e r i f y  tha t  the solut ion  of the s t a t i o n a r y  p r o b l e m  sa t i s fy ing  bounda ry  condi t ions  (2)- (5) 
is the funct ion 

C(x, y) 4 exp / vY! k~.d~ l i { { Iv } q_Cosh~.k_i(i__g)lsi n (2k--')~, = 7 [ 2D J = (2k -- 1) sh v2h_,I C 1 exp - -  - ~  sh x,~_,y a 
x. (8) 

H e r e  

%'2I~-1 ~ ~ -  - -  5$ . 

F u r t h e r ,  it can  be shown that  the  funct ion 

where 

vg M~.m exp {-- ~.~,=} sin - -  xsin - - -  b, (x, y f ) = e x p  - ~  a l (lo) 

~ , m  - -  D + 4D ' 

(11) a 

�9 -- x sin - - .  ydxdy, 
M~ , , ~ -  ~ . -  2 D J  a l 

0 0  

s a t i s f i e s  Eq.  (1) and condi t ions  (2 ' ) - (6 ' ) .  

Thus  the c o m p l e t e  so lu t ion  of the i nves t iga t ed  p r o b l e m  is the  s u m  of the funct ions  (8) and (10). 

F o r m u l a s  (8), (10), and (11) a r e  c o n s i d e r a b l y  s imp l i f i ed  if it is a s s u m e d  that  at  the exit  f r o m  the 
ca thode  channel  a cons t an t  concen t r a t i on  C 1 = 0 is ma in t a ined .  Then  the s t a t i o n a r y  d i s t r i bu t ion  of the con-  
c e n t r a t i o n  of the oxid ized  componen t  in the ca thode  reg ion  wil l  be  d e t e r m i n e d  by the funct ion 

C(x, y) = - - 4  exp I v Y l ~  C~ sin ( 2 k - - 1 ) ~  x. (12) 
n L j ~ m , , 2 - D  (2k - -  1) sh v~_ll a 

S e r i e s  (12) c o n v e r g e s  qui te  r ap id ly  e v e r y w h e r e  if y does  not  tend to z e r o .  It  can be wr i t t en  in the 
f o r m  of two s e r i e s  in the fol lowing way: 

C(x, g) 4C~ exp { vY }{ 2 exp{'vz~-lg} sin (2k--l)~ 2 1 sh,2~_,g exp {_vzh lllsin (2k--1)~ } 
2k -  1 a 2 k -  1 sh vz~_ll a 

~ k~l k~l 

F o r  a l l  r e a l  c o n v e r t e r  s y s t e m s  v and a a r e  a p p r e c i a b l y  s m a l l e r  than unity; 
(9), we can  take  

(2k - -  i) 
% ' 2 ~ - 1  ~ " �9 . 

a 

t h e r e f o r e ,  a s  seen  f r o m  

with a l a r g e  d e g r e e  of a c c u r a c y .  
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Making this substi tution in the f i r s t  of the s e r i e s  we have 

(x, y) = exp Im 
' "~ k= l  2 k - -  1 

:''z}] 
where z = x + iy. 

But it is known [1] that 

2k- -  1 

There fo re  

= 2 k - - 1  s h ~ . ~ l  a ' 

exp -~ =Arth  e x p { - ~  . [ }] 

or [1] 

~=1 2k - -  1 sh v~a.11 a 

~ _ ~  2k - -  1 s h  ~2h_,l a 

The sum of the las t  s e r i e s  is smal l  everywhere  in the open rec tangle  0 -< x -< a, 0 < y -< l, and the s e r i e s  
converges  ve ry  rapidly [3]. There fo re ,  for  engineering computat ions only the f i r s t  t e r m  of the s e r i e s  need 
be used and we can take 

/ I J " [ ) - ~  arctg - -  2 exp {vl/} sin - -  (13) 
sh ~y shy1/ 

l 

with a la rge  degree  of accuracy .  In the abovement ionedcase ,  express ion  (13) can be used in fo rmulas  (7), 
(10), and (11) instead of express ion  (8), 

C 
V 

D 
t 
V 
t2 

N O T A T I O N  

is  the concentration; 
is the ra te  of convection of the electrolyte;  
is the diffusion coefficient;  
is the t ime; 
is the Hamilton opera tor ;  
is the rec tangular  para l le lopiped.  
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