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On the bas i s  of an a l r eady  known physical  model,  quanti tat ive re la t ions  a r e  der ived 
which desc r ibe  the t r ans ien t  p rocess  in thermodiffusion columns with t e m p e r a t u r e  a s y m -  
met ry .  

The theory  of thermodiffus ion columns developed by Jones and F e r r y  in [1] is based on an idea l i za -  
t ion of the p roce s s ,  which d i s r ega rds  any t e m p e r a t u r e  a s y m m e t r y  due to the unattainabil i ty of both a uni-  
f o r m  heating of the act ive  column su r faces  and a constant  c lea rance  between them. 

For, this reason ,  the h e a t - t r a n s f e r  p rocess  in a rea l  thermodiffusion appara tus  cannot be descr ibed  
by the equation 

dc (1) 
] = H c c - -  (K~ + K,~) - - ,  

dz 

since the la t te r  does not account for  per tu rba t ions  due to t e m p e r a t u r e  a s y m m e t r y .  

In view of this,  the authors  of [1] have added inside the paren theses  in (1) another  t e r m  K s which 
r e p r e s e n t s  the so -ca l l ed  s t r a y  t r ans fe r .  It has been shown in [2] that, in the physical  sense ,  the p r e m i s e  
on which the s a m e  t e r m  K s (dc/dz) is introduced into (1) contradic ts  the exper imenta l  data on the par t i t ion 
of liquid isotope mix tu res  and, there fore ,  another  physical  model has been proposed instead,  in which a 
column with s t r a y  convection is t rea ted  as  an aggrega te  of column operat ing in the ex t rac t ion  mode and 
with the s t r a y  convection cu r ren t  act ing as the ex t rac to r .  The main  p a r a m e t e r  which de te rmines  the devia-  
t ion of a column pe r fo rmance  f r o m  the pe r fo rmance  of the ideal column according  to Eq. (1) is ,  to the f i r s t  
approximat ion ,  

15 T(6T) • . . . . . .  (2) 2 a (AT) 2 ' 

The l a rge r  is this p a r a m e t e r ,  the l a rge r  appea r s  the effect  of s t r a y  convection. Relat ion (2) explains why 
the tes t  r e su l t s  in the part i t ion of mo lecu la r  liquid and gaseous  mix tu res  conf i rm the J o n e s - F e r r y  theory  
based on Eq. (1). Indeed, for  mix tu res  of different  gases  and liquids and magni tude 'of  a ,  of the order  of 
10 -1, is r a t he r  high and, consequently,  even at  a re la t ive ly  high degree  of t e m p e r a t u r e  a s y m m e t r y  the 
p a r a m e t e r  n is suff icient ly sma l l  to make  the deviat ion between a r ea l  column and an ideal column p e r -  
fo rmance  slight. The the rma l  diffusivity for  isotopic mix tu res  is by one o rder  of magnitude s m a l l e r  than 
that and, there fore ,  in thermodif fus ion plants designed for isotope part i t ions the p a r a m e t e r  ~ may become 
suff icient ly high to make the pe r fo rmance  of a column deviate quite significantly f r o m  the theore t ica l ly  p r e -  
dicted pe r fo rmance .  This fact  has been emphas ized ,  pa r t i cu la r ly  in [3]. In the meant ime,  the quantity K s 
introduced by the authors  of [1] is independent of a and, there fore ,  identical  hydrodynamic  conditions 
should, according  to [1], produce equal r esu l t s  in the par t i t ion of molecu la r  and isotopic mix tu res .  

In this way, the equation of t r a n s f e r  in a r ea l  thermodiffus ion appara tus  is cha rac t e r i zed ,  as  has 
been shown in [2], by the additional t e r m  which accounts  for  s t r a y  convection. Obviously, the t rans ien t  p ro -  
c e s se s  in a r ea l  and in an ideal appara tus  will differ  and the t ime to reach  the enr iched-produc t  ex t rac t ion  
mode will a l so  be different.  
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In this a r t i c l e  we cons ide r  the case  of t e m p e r a t u r e  a s y m m e t r y  when the co lumn contains  two s t r a y  
c u r r e n t s ,  equal in magni tude  but opposi te  in d i r ec t ion  and c h a r a c t e r i z e d  by equal  t r a n s f e r  coef f ic ien ts  H 
and K. 

A c c o r d i n g  to [2], in this c a s e  

1 ' =  Hc'c- ' - -K dc' dz + ~lc', (3) 

]"= Hc"d' - -  K dc" - -  .zc". (4) 
dz 

F o r  the t r ans i en t  s ta te  we have,  evident ly ,  

m' .  Oc' 
a ,  

Assuming ,  fo r  s impl ic i ty ,  that  m v = m N, 
to d imens ion l e s s  va r i ab l e s :  

Oc' 
O0 

ac" 
= - -  div j'; m" div j". (5) 

we obtain f r o m  (5), taking into account  (3) and (4) and changing 

a~c ' a (c'c') ac' 
- -  = Oy ~ Oy ' ~r " Oy ; 

ac" a~c" a (cQ') ac" 
O---O = ay ~ ay + • a--y 

Let  us cons ide r  the s i m p l e s t  ca se  of a t r ans i en t  p r o c e s s  in a r e a l  co lumn connected at  one end to a 
l a r g e  r e s e r v o i r ,  with cc  = const .  Ins tead of the las t  two equat ions  we have now: 

(5a) 

ac' a2c ' ac' 
- -  x -  ; (6) 

O0 @ 2  Oy 

aC" a2c" oc" + x ~  (7) 
ao ay ~ ay 

The solut ion to  (6) and (7) m u s t  s a t i s fy  the fol lowing boundary  condi t ions:  

c '  10=0 = c" 10=0 = c0; (8) 
Oc' ~ = 

all  + ,~c' - -  K ac' 12--_L ; (9) 

( a H - - a c " - - K  ac" ~ (10) 
Oz ] z~c --- - -  ac' Iz=L ; 

c' [z=0 = Co; C" Iz=0 = Co" ( I I )  

Condit ions (9) and (10) indicate  that  the s t r a y  c u r r e n t  is  f lowing f r o m  one half  of the co lumn to the o ther .*  

A solut ion of (6) and (7) with the condi t ions  (8)-(11) by the method of in tegra l  L a p l a c e - C a r s o n  t r a n s -  
f o r m a t i o n s  y ie lds  the fol lowing image  funct ions:  

[ - - - ~  ( Y e - - 1  )~ sh )~y . (12) 
• ~ sh ~y~ u' a exp " u Y) )~2 ch )~Ye H- ~ -  

I 1[ c )1 - -  T -  , (13)  
d' = a exp T ( g e -  y) ' n )~ sh )~y~ ~2 ch )~y~ + 2 

whe re  ~, = T + p and u is the image  of the d i f fe rence  c - %. Inver t ing  to the or ig ina l  funct ions  and 

cons ide r i ng  that  the concen t r a t i on  a t  the posi t ive  end of the c01umn is,  fo r  this pa t t e rn  of s t r a y  f luxes ,  
equal  to the a r i t h m e t i c  m e a n  of the concen t r a t ions  at  both, i .e . ,  c = (c'  + c " ) / 2 ,  we have 

* A r i g o r o u s  fo rmu la t i on  of the boundary  condit ions is g iven in [2]. 
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Ac = c - -  co = a exp - -  ~ -  & + ~ -  exp ( - -  • sh~ -~-  Y_~ 

- -  895 4g~ _0- 

=~ (4"~+~y~) -Uv5 1+-7v5 +'n ~ 
( 4 ~ + ~  ) , , <  

_ 32• s ~ exp 4y~ 0 

( 4 ~ + • 2 1 5  ( • ) ]~ ys) 5-v. ~ +-~-y5 +,~ 
Z X2y2 e (• - -  1) • ~. 4~2 § z 2 

• + ~ - V 5  + • 49 ~ 0 , 
8~ t2 2 ~ 2 + •  ~ - V ~ )  

(14) 

w h e r e  Pn a r e  the  r o o t s  of the  c h a r a c t e r i s t i c  equa t ion  

2~t~ 
tg ~ - (15) 

• 

In the  s t e a d y  s t a t e  t h e r e  wi l l  r e m a i n  on ly  the  f i r s t  two t e r m s  in  (14) and,  when  the h y p e r b o l i c  s i ne  is  
r e p l a c e d  with  i t s  e x p o n e n t i a l  e q u i v a l e n t s ,  we have  

Ac~ = a (i - -  e-W9 ( 3 -  e-~Vg, (16) 
2• 

which  i s  the  s a m e  r e s u l t s  a s  in  [2]. A l i n e a r  a p p r o x i m a t i o n  c e  = a + bc y i e l d s ,  i n s t e a d  of (5a), 

ac' a~c ' ac' - (b + • - - ,  
ao ay ~ Oy (17) 
Oc" O~c " Oc" 

. . . . .  (b - -  • - -  
O0 Oy 2 Oy 

F o r  the  p o s i t i v e  end of the c o l u m n  the s o l u t i o n  to t h e s e  equa t ions  wi th  cond i t ions  (8)-(11) i s  

- ~ -  I [ k l - -  (k2 " - • ) th kly~l lh k ~  "~ r2 c s - C o  = ( a  + boo) _ t _ h k l y e  . ~ ~ n 

[ k~ - -  k 2 th k~g~ " k 2 (k~ - -  k 2 th k~ys) ( 1 - -  th k~g~) + 2y5 k2g 5 (1 - -  k2y~) + r~ 
t t = l  

' n  - -  l y e  0 [X 2 ch L~ - -  Ye (k2 - -  • sh ~21 exp d - -  k2~ &2 0 [~ ch s - -  Y, @2 - -  • sh X~] exp y~ g2e 
- -  k 1 y,) ( ~  ch ~1 - -  k2g~ sh ~'1) + 2 

w h e r e  

~'1. J/: rn 

+ ~); 
Z 

1 (b - -  • k2 
2 

(18) 

and the  r o o t s  r n a r e  d e t e r m i n e d  f r o m  the  equat ion :  

2 r  n 
th r~ , (19) (b -- z) w 

when c o ~ 0.5, b < 0 and Eq. (19) has  p u r e l y  i m a g i n a r y  r o o t s .  When  c o < 0.5, then  b > 0 and Eq. (18) m a y  
have ,  in  a d d i t i o n  to the i m a g i n a r y  r o o t s ,  one r e a l  roo t ,  i f  (b - x ) / 2  > 1. 

I t  fo l lows  f r o m  (14) tha t  the  change  in  c o n c e n t r a t i o n  a t  the p o s i t i v e  end of a c o l u m n  depends  on two 
p a r a m e t e r s :  n and Ye. 

The c h a r a c t e r  of t h i s  r e l a t i o n  i s  shown in F ig .  1 fo r  Ye = 0.3. As  can  be s e e n  h e r e ,  the  m o s t  i n t e n s i v e  
p a r t i t i o n  o c c u r s  when n = 0 (curve  1 p lo t ted  f o r  c o = 0 5 ) .  As  the  p a r a m e t e r  x i n c r e a s e s ,  the  t r a n s i e n t  
t i m e  b e c o m e s  s h o r t e r  and the  f ina l  e f fec t  of the p a r t i t i o n  p r o c e s s  i s  d i m i n i s h e d .  
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Fig.  1. Curves  r e p r e s e n t i n g  the percen t  i n c r e -  
ment  of concent ra t ion  at  the posi t ive  end of a 

column (Ac = C e -- cO) , as  a function of t ime 0 
(d imensionless) ,  for  Ye = 0.3 and n = 0 (1), 3.33 
(2), 6.7 (3), 10 (4), 13 (5). 

It is  p a r t i c u l a r l y  noteworthy that, up to 
= 10 -3 (initial  period),  s t r a y  convection plays a 
p r ac t i c a l l y  ins igni f icant  r o l e  in the p roces s ,  which 
is v e r y  impor tan t  for  the expe r imen ta l  d e t e r m i n a -  
t ion of t he r m a l  diffusivi ty.  

In liquid thermodif fus ion  columns i t  is  ha rd ly  
f eas ib le  to ensure  t he r m os t a t i c  pro tec t ion  a t  the 
cold and at  the hot su r face  ca re fu l ly  enough to r e -  
duce the t e m p e r a t u r e  a s y m m e t r y  to l e s s  than 0.2~ 
With this  e s t ima te ,  one can now de t e rmine  the ef -  
fec t iveness  of liquid thermodif fus ion  columns.  

F o r  an example  we will  use  the data in [4] on 
b romide  par t i t ion  in bromobenzene:  ~ = 0.04, 
= 340~ AT = 130~ Equation (2) y ie lds  ~4 = 0.755. 
This value of ~ co r r e sponds  to a s t e a d y - s t a t e  AC 
= 7.2% in Fig.  1 Taking the r a t io  (Ac)/(Ac)0 as  the 
m e a s u r e  of e f fec t iveness ,  where  (Ac)0 denotes the 
inc remen t  of concent ra t ion  at  the posi t ive  end of 
the ideal  column, we find here  (Ac)/(Ac)0 = 0.96. 

The value thus obtained may,  evident ly,  be seen  as  the upper  l imi t  of technica l  feas ib i l i ty .  

When 6T = 1~ we a l r e a d y  have only (Ac)/(Ac)0 = 0.8. 

Indeed, as  is  well  known, the thermodif fus ive  pa r t i t ion  p r oc e s s  is  never  c a r r i e d  to a complete  s teady  
s ta te  and ex t r ac t ion  f rom the column begins when the concent ra t ion  at, the end of the column is below i ts  
equ i l ib r ium level .  In this  case ,  as  is  evident  f rom the d i ag ram,  s t r a y  convect ion has less  influence on the 
ef fec t iveness  of par t i t ion.  

Thus, for example ,  for  ~ = 3.33 af te r  a t ime  0 = 4 �9 10 -2 the e f fec t iveness  wil l  s t i l l  be suff ic ient ly  
high and equal to (Ac)/(Ac)0 = 0.92, while (Ac)/(Ac)0 = 0.83 in the s t eady  state .  

The r e s u l t s  obtained here  may  be used as  a bas i s  for  an eff icient  des ign and opera t ion  of t h e r m o -  
diffusion appa ra tu s .  

H, K 
Or 

C 

~ = 1  - c ;  
L 
y = H z / K ;  

Ye = H L / K ;  
0 = H21"/mK; 

m 
Z 

a = C C ;  

Ot 

AT 

6T 

P 
T 

a r e  t r a n s f e r  coeff ic ients ;  
is  the ex t rac t ion ;  
is  the concentra t ion;  

is  the column length; 

NOTATION 

is  the m a s s  of liquid per unit  column length; 
i s  the longitudinal  coordina te ;  

is  the t he rma l  diffusivi ty;  
i s  the mean  t e m p e r a t u r e  in a column; 
is  the t e m p e r a t u r e  d i f fe rence  between the hot and the cold wall;  
is  the t e m p e r a t u r e  d i f ference  between the two s t r a y  f luxes;  
is  an ope ra to r ;  
r e f e r s  to the f i r s t  s t r a y  flux; 
r e f e r s  to the second s t r a y  flux. 

S u p e r s c r i p t s  

' r e f e r s  to the f i r s t  s t r a y  flux; 
" r e f e r s  to the second s t r a y  flux. 
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S u b s c r i p t s  

0 denotes the initial  s tate;  
e denotes the value at  the posi t ive end of the column; 

denotes the equi l ibr ium value,  s teady state.  

1~ 

2. 
3. 
4. 
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