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PARAMETERS OF A COUNTERCURRENT THERMAL-DIFFUSION 

APPARATUS WITH FLOW CLOSURE AND SAMPLING 

G. D. Rabinovich and A. V. Suvorov UDC 621.039.341.6 

Formulas have been derived for the optimum apparatus parameters. 

An apparatus has been described [i] based on a planar thermal-diffusion column, with 
the mixture pumped in opposite directions at the ends. A closed loop can be used (Fig. Ib) 
or partial or complete product tapoff (Fig. la and c). The apparatus and the calculation 
method [2] were devised for separating petroleum oil fractions. ONe can evaluate the per- 
formance in separating other liquid or gas mixtures under laboratory or plant conditions by 
means of a more general method, which has been used in considering apparatus with complete 
product removal (Fig. ic) [3, 4] or with complete product return (Fig. ib) [5]. Our purpose 
is a theoretical analysis of the case where part of the material is returned (Fig. la). 

We consider the stationary separation of a binary liquid mixture, where the concentra- 
tion changes occur in the range allowing of the approximation c(l-c) % a + bc, which includes 
important cases such as removing a minor impurity when the content of the main component is 
high (c(l-c) % l-c) and enrichment when there is only a low content of the main component 
(c(l-n) % c). The model [3-5] shows that the target component passes through the separating 
region: 

~ = H [ a -i-bc - dc ] 
d y  ' (1)  
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Fig. i. Scheme for supplying and removing mixture: 
a) tapoff with flow closure; b) closed system with- 
out tapoff; c) countercurrent without closure. 

with the transport in the stationary state constant and the same for any horizontal section, 
so (i) can be differentiated with respect to y to get an equation for the concentration dis- 
tribution in the separation region: 

d ~  "dc 
b = O, ( 2 )  

dy z dy  

where 

Hz . H - -  ~9Zg[383(AT)2 �9 K = g29s~z67(AT)ZB ( 3 )  

Y - -  K ' 6!~lT ' 9!'qZD 

There are changes in the contents of the target component in the upper channel oedc e 
and the lower one oidc i in the part dx because of the transport Tdx/B through the separating 
region in this part, so when one incorporates the opposite flow directions, one has 

"~ dx [ --  dc., "~ = dc i . ( 4 )  
B(~e Iv=re BcTi g=o 

One solves (2) with (4) to get [4] the following expressions for the concentration distribu- 
tions in the two channels: 

c. = D~e ~~ + D 1 b 1 e ~ + D 2  
, qoxi 

cf = Ol ~ e ~ -  a___ + D~, ( 6 )  
q~• b 

where 

b exp (bye) •  
qO Xe (Ie G i X = ; • ; •  ; ~ = - -  

•  (by.) - -  1 H H B 

(7) 

To determine D I and D2, we incorporate the features of mixture and output, which govern 
the conditions at the ends. In this case (Fig. la), 

Then (5) and (6) with (8) give 

c, [~=o = co, c,  I~= ~ = ct I~= ~ - ( 8 )  
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We substitute (9) and (i0) 
distributions: 

into (5) and (6) to get formulas for the concentration 

Ce + Ct ' . " - 'b - :  Co+ b 
1 +  ( r215 1 )(1--e~)exp(bye) 

e~+ b (e~ _e~ ) ~  ci + --b-- : Co + b 
l + ( ~ i  

-- -- 1 )(1 --e ~-~~) exp (bYe) 

--- 1 )(1--e w) exP (bb%) (12) 

ONe also incorporates the balance relations for the total amount of mixture 

a0 : as + ap (13) 
and for  the  e x t r a c t e d  component 

CoG = gic~ + gpcek. (14) 

The c o n c e n t r a t i o n  of the  component Cik in the  r e j e c t  flow i s  r e s t r i c t e d  by the  c o n d i t i o n  
for equilibrium at �9 = 0 with the incoming flow co, which gives [6] 

a + bco (15) 
a + bc~ exp (bye) = o~, 

where C~k is the equilibrium concentration. 

The approach to the equilibrium concentration in the reject flow is [7] defined by 

c~h -- c~ (16) 

C o --Cik 

Then (12) and (16) give 

Then (17) and (ii) with $ = i give an expression for the exit concentration: 
a 

Cek -j- - 
b 

�9 : era , .  ( 1 8  ) a 
Co + 

b 
the total amount of mixture o0 entering the apparatus is taken as constant 

We have o 0 = Oe 
Subsequent ly, 

and we use the ratio of the product flow to the total amount of mixture k. 
for flow closure and from (13) and (14) 

k =  ap _ c  o - c ~ h  
(Ie Ceh - -  Cik 

(19) 

The analysis of (18) is substantially simplified if we use the ratio of the actual 
throughput to the maximal corresponding to the equilibrium concentration together with the 
maximal k: 

0 = ~P , km ax_  gpma_____xx_ k __ CO--E ~ ( 2 0 )  
~pmax fie 0 Cek--Ci~" 

From (7), (13)-(16), (19), and (20) we have 

b k ( k ) l - - O  (21) 
r  -- I +  ,---- 

xv 1 - - k  ~ ' 1 - - k  

Then (21) wi th  (18) g ives  a formula fo r  ye/<p,  which d e f i n e s  the  a rea  of the  appara tus  per  
u n i t  product  : 
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Fig. 2. Diagram for choosing optimal 
apparatus parameters with partial mix- 
ture recycling: i) ye/Kp = fz(k), qe = 
i0; 2) ye/<D = f=(k), qe = i00; 3) 
Ye/Kp = f3(k), qe = i000; 4) Ye = r 
qe = i00, qe = i000, 5) Ye = ~2 (k), 
qe = I0. 

_ (,_o) Ye Y~ 1 -- k in q, . 
•  b k ( l + k / ( o ~ - - l ) )  1 - - k  

( 2 2 )  

In removing a minor impurity, where a = 1 and b = -i, we have from (15) and (19) that 

and (23) becomes 

o~ = exp (--y~), kmax - ~ - q e  - -  
1 -- ~ 1 -- Co (23) 

q e  ~ ~ 

qe - -  CZ 1 - -  Ce 

1--k ln(q~ 1--0 ) 
t]~ _ g ,  k (1 + k/(o~ - -  1)) 1 - -  k " Xp 

(24) 

It follows from (24) that the working area per unit product in unit time is dependent 
on k for given qe and Ye; calculations show that each k corresponds to a Ye for which ye/< D 
is minimal. Figure 2 shows curves for choosing these parameters, which is derived from (2~) 
for some qe" The diagram can be used with a given k to determine Ye and the corresponding 
minimal ye/K e. The optimum Ye is almost independent of qe for qe ~ I00, while as Ye de- 
creases, which determines the height, one requires a smaller area per unit product. However, 
k decreases at the same time, which leads to an increase in the amount of discarded mixture. 

NOTATION 

~, thermal-diffusion constant; 6, bulk expansion coefficient; 6, distance between heated 
and cooled surfaces; p, density, o, mass rate of flow through channel; n, dynamic viscosity; 
B, apparatus length; T2 and Tz, temperatures of the heated and cooled surfaces; AT = T=-TI; 
T = x/2(T2-Tz); z, vertical coordinate; x, longitudinal coordinate; c, mass concentration. 
Sflbscripts: e, upper channel, i, lower channel, 0, initial value, k, exit from apparatus. 
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