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Optimizat ion theory  is d i scussed  for  a the rmal -d i f fus ion  column working in sampl ing mode with 
p a r a s i t i c  convection. 

I t  has  been shown [1] that any t e m p e r a t u r e  a s y m m e t r y  around the p e r i m e t e r  of a the rmal -d i f fus ion  column 
resu l t s  in p a r a s i t i c  convection; a co r rec t ion  has  been applied for  this adve r se  fac tor  [2] for  the conditions of 
zero  tapoff. 

The physica l  and ma themat i ca l  models  of [2] a re  used he re  to extend the theory of p a r a s i t i c  convection 
to the sampl ing  mode; the equations descr ib ing  the steady state then contain not only a t e r m  rep resen t ing  the 
p a r a s i t i c  effect  C;p, but a lso  a t e r m  ~ cor responding  to product  tapoff: 

,, C '  = C ~ ,  

2 az t (1) 

21 ( I tc"(1-c")-Kdc"~dz , + ( - ~ - - c r P )  c"---- cr 

These  equations a re  wri t ten  for  two regions in the the rmal -d i f fus ion  column that differ  in mix tu re  density on 
account  of the t e m p e r a t u r e  a s y m m e t r y  around the p e r i m e t e r ,  where  the pa ra s i t i c  c i rcula t ion coincides in sense  
with the useful  tapoff and is there  given a posi t ive  value,  whe reas  in the other  region it is given a negative 
value.  

We introduce the d imens ion less  va r i ab l e s  

g =  Hz/K; • ~p= 2op/H 

to conver t  (1) to the fo rm 

~ t  

@ 

dd 

dg 

We solve (3) subjec t  to the initial  conditions 

which for  y = Ye take the f o r m  

- -  - - ( 1 +  • + ~p)c' + c'2 = - - ( ~  + ~p) c~, 

- -  (1 ~- • - -  ~p) c" + c "z = x p  c~ - -  uc" e . 

' _ _  tl c Iv=o - e  Iv=o = co 

th b' g__L = b' (c~ - -  Co) 
2 c~ + Co - -  2c" e co - -  • (1 + u) (c~ - -  co) ' 

th b" g--~" = b" (c~ - -  Co) 
2 e', + Co - -  2 c ;  Co - • l c ;  - Co - -  u ( 2 c ~  - c ;  - -  c 0 ) l  

(2) 

(3) 

(4) 

(5) 

(6) 

where  

xP " b' V~tl  + ~ ( 1 - + - u ) 1 2 - 4 x ( 1 - u ) c ~  ; (7) U ~ - - - - ~  ~_~ 

A. V. Lykov Insti tute of Heat  and Mass T r a n s f e r ,  Academy of Sciences of the Be loruss ian  SSR, Minsk. 
T rans l a t ed  f r o m  Inzhenerno-F iz ichesk i i  Zhurnal ,  Vol. 35, No. 3, pp. 471-476, Sep tember ,  1978. Original  a r t ic le  
submit ted July 25, 1977. 

0022-0841/78/3503-1069507.50 �9 1979 Plenum Publishing Corpora t ion  1069 



./0' 

/ $  

. 

q3a o, s5 ~.zo-" 

Fig. 1 

/3 

,/o -\ 
q35 a, ea  a, e5 
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F i g .  1. E f f ec t s  of 6 (m) on ~ (kg/sec)  fo r  H* = 2" 10 4 k g / s e c .  
m 3, 3~e = 2 . 1 0  l~ m4: 1) c o = 0.7,  u = 0; 2) 0.7 and 0.6; 3) 0.5 
and 0; 4) 0.5 and 0.6; 5) 0.5 and 0.9; 6) 0.2 and 0.6. 

F ig .  2. Dependence  o f l n q o n 6  (m) fo r  c 0= 0.5, H * = 2 . 1 0  -4 
k g / s e c - m  3, ~e = 2 . 1 0  -1~ m4; A) ~ = 2 -  10 -7 k g / s e c ;  B) ~ = 3" 
10 -7 k g / s e c ;  C) ~ = 4 . 1 0  -7 k g / s e c ;  1, 5, 9) u = 0, 2, and 6; 10) 
u = 0.3,  3,  and 7; 11) u = 0.6,  4,  and 8; 12) u = 0.9. 

b" = V ' t  1 q-  x (1 - -  u) l  z - -  4 ~  (c'~ - -  uc'~) (7) 

F r o m  (5) and  (6) we  can  d e r i v e  c~ and c~,  whose  v a l u e s  can be u s e d  in d e t e r m i n i n g  the 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 the co lumn:  

I (s) 
co= -7- (c; + 

The quantities Ye and ~ appearing in (5) and (6) are functions of the gap 5, which follows from the definition of 
(2) if we substitute their values in place of H an d K c (see notation): 

H L  tz*lDL Ye ~ y , = ~ = 5 o 4  pg~, = - ~ ,  

61 ~lT"e a 
e-p2g[36 s (AT) z B //*63 

(9) 

Here the quantities with asterisks are independent of the gap. Therefore, c e in (8) should be dependent on six 
parameters: c 0, u, ~, H, 3~e, and 6. If we know the physical characteristics of the mixture, the working 
parameters of the column, and the dimensions such as the length and perimeter, then the parameters that 
otherwise determine the working conditions are u, ~, and 6. By analogy with [3], we proceed as follows: We 
have to determine values of 6 such that ~ is maximized for a given degree of separation q in the presence of 
variable parasitic convection. 

The calculations were performed on a Minsk-22 computer; Fig. 1 shows results for the case In q = 1. 

This indicates that the optimum gap (that which provides the best output) is virtually independent of the 
initial concentration and of the parasitic effect represented by u in (7) for a given degree of separation, while 
the output from the column in the range 6 > 6opt is more sensitive to any change in the gap than it is in the 
range 6 < 6opt; therefore, the latter is to be considered as the region of more stable operation. If, on the 
other hand, the output is to be constant, then the optimum gap, which corresponds in that case to maximum 
separation, shifts to smaller 6opt as the parasitic-convection parameter decreases and as the tapoff is re- 
duced, as Fig. 2 shows. This results is in agreement with previous ones [3] for the limiting cases c << I and 
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Fig. 3. Graphs for ~ as a function of 
lnq:  1) c o = 0.7, u = 0; 2) 0.5 and 0; 3) 
0.7 and 0.3; 4) 0.5 and 0.3; 5) 0.2 and 
0; 6) 0.2 and 0.3. 

1 - c  << 1. The effects of the tapoff are  more  important  than those of paras i t ic  convection. For  example,  in- 
crease  in the tapoff by a factor  2 .5 implies that the gap must  be increased by 20% for the pa ramete r s  H*, ~e '  
and Co, whereas  increase  in u f rom 0.3 to 0.9, i .e. ,  by a factor  3, a l ters  the optimum gap by only 4-8%. 

Fur ther  analysis of the resul ts  f rom (5) and (6) reveals  the effects of the paras i t ic  convection in tapoff 
mode, par t icu lar ly  as regards  the energy-ut i l izat ion factor  q~, which is defined as the rat io of the heat con- 
sumption per  unit length for a column with the optimum gap to the same for an ideal stage with the same gap 
in the zero  section,  i .e. ,  in accordance with [3] by 

td 2 ( ~ , ) ~  
Qep ~ 40 ~ 'opt  Hopt6op~ V(ce, co) (10) 

q~ = Qep ~ Ye, opt KoptB ~ pD " 

We substitute for Hop t and Kopt and use the following value functions [4]: 

V (co, c~) = (c~-- Co) (1 - -  2co) __ (l__2ce) In q, 
Co (1-- Co) 

to obtain in place of (9) that 

~ = 4  gopt V (ce ' co). (11) 
Ye, opt 

Figure 3 shows resul ts  for the values of H* and y~ used in the previous two cases;  the effects of the paras i t ic  
convection on the energy per formance  factor  increase  with the degree of separat ion and with the initial con- 
centration of the target  component. However,  the per formance  of a column of constant c ross  section is always 
higher for a given u and increases  with c o [3], which is important  in the use of thermal  diffusion to purify sub-  
stances f rom trace components.  This shows that paras i t i c  convection causes the separat ion to deviate appre-  
ciably f rom the theoret ical  predict ion for an ideal model,  which involves the assumption of perfect ly  i so ther -  
mal working surfaces .  

It is therefore  of in teres t  to examine the effects a r i s ing  f rom the useful tapoff on the deviation of the 
separat ion factor  f rom the theoret ical  value; a measure  of the deviation is InqAnq*, where q and q* are  the 
degrees  of separat ion in a column with and without paras i t i c  convection, respectively.  

Figure 4 shows that the per formance  approaches the theoret ical  value for an ideal column as the tapoff 
increases  for  a given value for the paras i t i c  convection, and the actual value may approach 95% of the theo- 
ret ical  one. This explains some resul ts  [5] on the separat ion of hep tane-benzene  mixtures ,  which indicate 
that the agreement  with theory is good only in tapoff mode,  whereas  the deviation f rom theory was very  con- 
siderable when there was no tapoff. In fact ,  Fig. 4 shows that lnq/lnq* = 0.39 without tapoff if Xp = 0.5, 
whreas lnq/ lnq* = 0.96 in the tapoff mode with ~ = 1. Threfore ,  the difference is very substantial.  If 
the conditions are  such that lnq/lnq* ~ 1, a thermal-dif fusion column can be used to advantage to determine 
the Soret coefficient,  as has been shown elsewhere [6]. This method has advantages over the nonstationary 
method [7] because it does not require  very  prec ise  measurement  of small  concentration shifts. 

To gain a c leare r  idea of the design specifications for a column for this purpose we consider the case 
corresponding to curve 3 of Fig. 4; the paras i t i c  tapoff factor  is [2] 
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Fig. 4. The ~t dependence 
of lnq/lnq* for c o = 0.5, 
H* = 2" 104 kg/sec ,  m 3, y~ = 
2- 10 l~ m4: 1) ~tp = 0; 2) 
0.25; 3) 0.5; 4) 0.7. 

• 157' (6T)Ict (AT) 2, (12) 

and in this case ~p = 0.5, while ~ ~ 1 for many mixtures, so we put AT = 100 ~ T = 330~ to obtain that 6T = 
1~ on the other hand, it has been shown [8] that 

6T = ~eAT ~, (13) 

where the quantity r --< 1 is dependent on the hea t - t r ans fe r  conditions at the sur faces ,  and the value for  this is 
taken as 0.2 for  the purposes  of es t imates .  Then e = 0.015 mm,  i .e . ,  the precis ion in manufacturing the 
column must  be ra ther  high for these conditions. 

Also ,  we have to determine the useful tapoff, which corresponds to the r ight-hand par t  of the curves in 
Fig. 2, and the value must  be such that lnq/lnq* differs little f rom 1. 

There fo re ,  Figs.  1-4 can be used in designing a column for  analytical or  technological purposes ,  although 
it must  be borne in mind that changes in co, H*, and ~e can affect the resul ts  to a certain extent. 

H = ~gp2fl~3(AT52B/6b/T; 
K c = g2p3~267(AT)2B/91~2D; 

C 

(7 

ep 
Z 

Y 
N ~tp 
U 

y~, H* 
6T 

s 

q, q* 

B, 6 
~, D, /3 

N O T A T I O N  

is the mass  concentration; 
is the useful tapoff rat io;  
is the paras i t i c  tapoff ratio;  
is the ver t ica l  coordinate; 
is the dimensionless  coordinate of (25; 
are  the dimensionless  useful and paras i t ic  rat ios in (25; 
is the quantity in (75; 
are  the quantities defined in (9), 
is the tempera ture  a symmet ry  ( temperature difference between hot and cold 
sections);  
is the eccentr ic i ty  in {135; 
are  the separat ion fac tors  in the presence  and absence of paras i t ic  convection, 
re spectively;  
is the thermal-diffusion constant; 
are the pe r ime te r  and width of gap, respect ively;  
are  the dynamic viscos i ty ,  diffusion coefficient,  and thermal-expansion coeffi-  
cient, respect ive ly ;  
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AT is the t e m p e r a t u r e  di f ference between working su r faces .  

I n d i c e  

e is 
p is 
0 is 
' is 
" i s  

the posi t ive  end; 
the p a r a s i t i c  end; 
the initial  value;  
the concentrat ion r e f e r r e d  to region 1; 
the concentra t ion r e f e r r e d  to region 2. 

1. 

2. 
3. 
4. 
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D I F F E R E N T I A L  T R A N S F E R  E Q U A T I O N S  F O R  

M U L T I P H A S E ,  M U L T I C O M P O N E N T  M E D I A  

V .  I .  P a v l o v  UDC 532.529:541.124 

T r a n s f e r  equations of m a s s  and momentum are  obtained for  s ing le -phase ,  s ingle-component  and 
for  mul t iphase ,  mul t icomponent  media  with account taken of substance change. S imi lar i ty  c r i -  
t e r i a  for  these media  a re  analyzed.  

Inves t igat ions  of t r a n s f e r  p r o c e s s e s  in mul t iphase ,  mul t icomponent  media a re  topical  p rob lems  in view 
of the i r  wide application.  

A cons iderable  p a r t  of the invest igat ions was extended in [1]. Fur the r  development  was ca r r i ed  out in 
[2, 3]. In [2], t r a n s f e r  p r o c e s s e s  in a two-phase  mul t icomponent  medium are  desc r ibed  and a the rmodynamic  
analys is  is c a r r i e d  out. The adopted a s sumpt ions ,  however ,  l imi t  the range of applicat ions for  the obtained 
equations.  

In the p r e s e n t  a r t i c le  the t r a n s f e r  of m a s s  and momentum in a mul t iphase ,  mul t icomponent  (n, m) m e -  
dium is desc r ibed  in accordance  with the concepts of Sedov [4, 5], frui tful ly applied by him to develop the 
mechanics  of the mul t iphase  media  [1]. 

Le t  us consider  a volume e lement  of the medium with cons iderably  s m a l l e r  d imensions  than those of the 
phase  e lements .  

I t  is a s sumed  that  the t r a n s f e r  of a substance (mass ,  momentum) within a separa te  component ,  phase ,  
or  mix tu re  can be desc r ibed  s i m i l a r l y  as for  a solid med ium,  but now the substance t r a n s p o r t  between the 
phases  or  components  in this continuum is a lso  taken into account.  

In con t ras t  to other  invest igat ions [2, 3], no r e s t r i c t i ons  a re  imposed  as r ega rds  the effect  of the shape,  
the number  of phases  (the number  of phases  n - 1), or  the number  of components  (the number  of components 
m - 1). The phases  may be continuous or  d i sc re te .  The e l emen t s  of any phase  may in te rac t  e i ther  with the 
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