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Based on earlier developed models of the partition process with attendant stray convection, 
the authors make recommendations on how the efficiency of liquid thermodiffusion columns 

may be raised. 

For steady-state operation, as is well known, the logarithm of the partition index in a Clausius- Dick- 

el apparatus is 

lnq* HL (1) 
Ks + Ka' 

with L denoting the column length and the coefficients H, Ks, K d in the t ranspor t  equation [1] for liquid i so-  
tope mixtures  are  

H = ~g~P253 (AT)~ B , (2) 
61 ~T 

g2~203~7 (AT) ~ S (3) 
Ks = 9! ~I2D ' 

Ka = BSpD. (4) 

It follows from an analysis  of (t)-(4) that the dimension of the separat ing gap 6 has an appreciable effect 
on the attainable magnitude of the part i t ion index: as 6 is decreased,  this index f i rs t  increases  and then de-  
c r e a s e s .  The maximum value of Inq* is reached when 

1 

~D ] ~ %pt= 7.5 [. g~o (aT) (5) 

and is determined f rom the express ion  

(ln q*)ma• = 0.393 a (AT) L (6) 
T @.opt 

Inserting for the parameters in (5) their orders of magnitude characteristic of liquids ~? ~ 10 -3 N. sec/m 2, 
D ~10 -3mz/sec,p ~10 -3deg -i, p ~103kg/m 3,andAT ~ 102degwillyield Sop t ~0.075mm, which, ac- 
cording to (6), will correspond to a very high partition index q* = 400 in an only 0.4 m long column with 
= 0.01. 

At the same time, it has never  been possible to attain such a high part i t ion index in a liquid the rmo-  
diffusion apparatus under such conditions because it is not technically feasible to make both sur faces  i so-  
thermal  in a column for which express ion (I) would be valid. 

The an iso thermy resul ts  in a so-ca l led  s t r ay  convection and while the authors of [1], who f i r s t  noted 
these detr imental  effects,  had only considered the departure  f rom i so the rmism due to deviations of the 
column geomet ry  f rom an ideal one, we will here consider  also the important  role played by the mode of 
heat supply and heat removal .  
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Fig. 1. Part i t ion index q in a 
thermodiffusion column, as a 
function of the separat ing gap 
width 6 under various conditions 
of convective heat t r ans fe r :  1) 
~L = 10 -2 m (solid lines), a L  
= 10 -1 m (dashed line), s = 2.5 
�9 10 4 m - i ;  2) 5 . 1 0  4 m - i ;  3) 10 5 
m-l; 4) 2.10 5 m -i. 

A theory has been presented in [2] which quantitatively de- 
sc r ibes  the effect of convection on the part i t ion p rocess  and on the 
basis  of which, as will be shown here ,  one can determine the optimal 
dimensions of the separat ing gap so as to indicate ways of improving 
the efficiency of liquid thermodiffusion columns.  

For  the case  where one of the components appears in low con-  
centrat ions c << 1, the part i t ion index with s t r ay  convection in the 
column is defined by the express ion 

1 + • 1 - -  2• + exp [(1 - -  u) y,] (7) 
q =  1 - - •  " 1 + 2 u + e x p  [--(1 + z)y,] ' 

where 

~ =  15 T(6T) 
a (AT)~ (8) 

is a pa r ame te r  charac te r iz ing  the effect of s t ray  convection and 5T 
is the azimuthal t empera ture  nonuniformity.  

When heat is supplied f rom an e lec t r ic  heater ,  it can be shown 
that 

(6T)el,= -~- (AT), (9) 

where e is the mean deviation f rom the nominal gap size.  When heat 
is supplied through convection, however,  then 

(AT) (10) 
1 +  (1 + ' 

where h i = a l / (1  + Bil) , h 2 = c~2/(1 + Bi2) , Bi 1 and Bi 2 are  values of the Biot  number  at  the hot wall and at 
the cold wall of the apparatus respect ively ,  a 1 and a 2 are  the heat t r ans fe r  coefficients at both thermosta t ic  
column sur faces ,  and k is the thermal  conductivity of the liquid filling the gap. 

It is evident, according to (9) and (10), that e lec t r ic  heating always resul ts  in a g rea te r  tempera ture  
a s y m m e t r y  and, therefore ,  is a less desirable mode of heating. An examination of formula  (10) reveals  
a lso that a higher hea t - t r ans fe r  coefficient and a higher thermal  conductivity of the walls yield less  t em-  
pera ture  a s y m m e t r y  and may even reduce it to per fec t  s y m m e t r y  in the ext reme,  thus creat ing the condi- 
tions under which formulas  (1) and (6) are  valid. An at tempt to achieve such low values of the Biot number 
may prove to be undesirable,  f rom the energy as well as the design standpoint, so that the pract ica l  opera -  
tion of a thermodiffusion column is cha rac te r i zed  by moderate  values of the Blot  number .  

Moreover ,  a s  has been shown exper imental ly  by the authors  of [3], the part i t ion index becomes maxi -  
mum when the gap is wider than according to express ion (5). With the aid of the formulas  derived here ,  
this experimental  co r rec t ion  factor  can be in terpreted quantitatively. 

For  this we rewri te  (8) taking into considerat ion (10): 

f 
;4 

~(I +s~) 

where 

eT 
r = 1 5 ~ ,  

c~ (AT) 

For  Ye = lnq*,  with (1)-(4) taken into account, we have 

a82 
Ye = ~ a L ,  

b -}- 6 ~ 

hlh~ 
)~ (hl + h~) 

where 
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a = 504 nD 
g~pT ' 
~D ]~. 

In subsequent calculations we assume the following values for pa r ame te r s  r ,  a, and b which are  typical of 
thermodiffusion processes in liquid isotope mixtures: r = 1.2 �9 10 -2 m, a = 5 �9 10 -13 m 3, and b = 3.6 �9 i0 -25 m 6. 

Then, as is evident from (7), the partition index obtained with stray convection taken into account is a func- 
tion of three parameters: s, aL, and 6. 

This relation is shown graphically in Fig. 1 and, according to it, within a wide range of variation in 
the mode of convective heat transfer, the optimum operating condition in a liquid thermodiffusion apparatus 
corresponds to a separating gap 6 = 0.23-0.30 mm wide. As the column length is increased at a constant 
thermal diffusivity, the maximum partition index shifts toward wider gaps while, conversely, increasing 
the thermal diffusivity at a constant column length will shift this maximum toward narrower gaps, as in- 
dicated by the dashed curve corresponding to a thermal diffusivity i0 times higher than that to which the 
solid curve 1 corresponds. 

The maximum of this curve, as seen in Fig. I, corresponds to 6 = 0.24 ram. The dashed curve may 
be considered characteristic for processes in binary liquid mixtures with a Soret coefficient of the order 
of 5" 10 -3 deg -I at rather moderate heat transfer coefficients. 

It is to be noted, in conclusion, that the results shown here apply to low concentrations c << I but may 
be extended to higher concentrations too - based on the earlier analysis of stray convection in a thermo- 
diffusion column [2]. 

q, q* 

Bi i = o~i6i/X i (i = i, 2) 

6 i 
2t i 
6 
A 
c 
E 

34 

Ye = lnq*; 

D 
AT = T l -  T z 
T = (T 1 +T2)/2 
P 

B 

NOTATION 

are the partition index during steady state without and with stray convection in the 
column; 
is the thermal  diffusivity; 
are  the heat t ransfer  coefficients at the thermosta t ic  column surfaces ;  
is the Blot  number;  
is the thicknesses  of the walls; 
is the thermal  conductivities of the walls; 
is the width of the separat ing gap; 
is the thermal  conductivity of liquid filling the gap; 
is the concentration; 
is the mean deviation from the nominal width of the separat ing gap; 
is the pa r ame te r  charac te r iz ing  the effect of s t ray  convection; 

is the dynamic viscosity; 
is the diffusivity; 

is the temperature difference between hot surface and cold surface; 
Is the average temperature; 
Is the density; 
is the volume expansivity; 
Is the length of separating gap. 
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