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The Soret coefficient for an e thano l -wa te r  mixture near the azeotropic point is determined 
in a continuously operating thermal-di f fus ion column. 

At the present  time two methods are  general ly  used for determination of the Soret coefficient in a 
thermal-di f fus ion column: separat ing a binary mixture in a state of established equilibrium [1-6], or employ-  
ing the kinetic curve descr ibing the t rans ient  p rocess  in the initial stage of separat ion [7-13], with the column operat-  
ing in the nonsampling mode in either case.  Both these methods have shortcomings.  In the f i rs t  method the 
Soret coefficient is determined with a formula in which the desired value is highly dependent on the accuracy  
of measur ing the operat ing gap, which appears in the formula raised to the fourth power. In the second method 
e r r o r s  occur  due to inaccuracy in construct ing the tangent to the zero point of the kinetic curve if de Groot 's  
method [14] is used, and while the method of the present  authors [11, 12] avoids this difficulty, it, like the f i rs t  
method, requires  precis ion measurement  of concentrat ion shifts on the initial segment of the kinetic curve in 
those cases  where one of the components is present  in a low concentration. 

Both difficulties can be avoided to a significant degree by a method based on separat ion in a the rma l -  
diffusion column operating under conditions of continuous sampling of the separated mixture.  

Only two previous studies [15, 26] have used this method. Powers and Wilke [15] performed experiments 
in a plane column with cent ra l  supply using an e thano l -wa te r  mixture with initial ethanol concentrations of 33 
and 40% by mass .  To reconci le  their  exper imental  data with theory the authors were compelled to introduce 
semiempi r ica l  cor rec t ion  coefficients which, in the i r  opinion, cons idered the  effects of sampling on hydrodynam- 
ics within the column. The data obtained on the Soret coefficient with this approach were in sa t i s fac tory  
agreement  with the experiments  of [16, 17]. Heines et al. [26] studied the operation of a continuously functioning 
column with cent ra l  supply using a mixture of n-heptane and benzol in the concentration range which allows use 
of formulas obtained under the condition c(1 - c) = const. 

The experiments  were per formed in four cyl indrical  columns and gave Soret coefficient values quite 
c lose to those obtained in a cell without convection. 

In per forming the experiments described below it was necessa ry ,  f i rs t ,  to determine whether the in t ro-  
duction of cor rec t ion  coefficients as proposed in [15] is justified; second, to verify the resul ts  predicted 
in theory for  the ease where sampling does not occur  at the column center ;  and finally, to obtain data on the 
Sorer coefficient for an e t h a n o l - w a t e r  mixture near the azeotropic point, i.e.,  in a pract ica l ly  unstudied region 
of obvious prac t ica l  interest .  

A schematic  d iagram of the column with supply in the intermediate  section is shown in Fig. la.  For the 
port ion of the column above the supply point the flow in the positive z direction is described by 

dc' 
]' : Hc' (I - - c ' ) - -  K ~z  + cr ec', (1) 

while for the portion below the feed point 
tic" 

]"-- Hc"(1 - - c " ) - - K  ~z  --~ic"" (2) 
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Fig.  1. S c h e m a t i c  d i a g r a m  of e x p e r i m e n t a l  a p p a r a t u s :  a) co lumn 
with supply  lead ;  b) t h e r m a l - d i f f u s i o n  a p p a r a t u s  [1) t h e r m a l - d i f -  
fus ion  c o l u m n s ;  2 ) c i r c u l a t i o n  dev ice ;  3 ) s u p p l y  r e s e r v o i r ;  4) 
connec t ing  p ipes  fo r  supply  and wi thdrawa l  of  cooled w a t e r ;  5) 
needle  va lve ;  6) au toma t i c  s a m p I e r  with r e g u l a t e d  flow; 7) f r a c -  
t ion c o l l e c t o r ;  8) v a p o r  g e n e r a t o r ] .  

Since we c o n s i d e r  the  s t eady  s ta te  (div j = 0), ins tead  o f  Eqs .  (1), (2) t r a n s f o r m i n g  to d i m e n s i o n l e s s  v a r i a b l e s  
we obta in  

d2c ' dc' (1 - - c ' )  

dy 2 dy 

d2c" dc" ( 1 - -  c") 

dy 2 d E 

S y s t e m  (3) m u s t  s a t i s f y  the  boundary  condi t ions  

and the c o n s e r v a t i o n  condi t ions  

o r  

d c  ~ 
• - -  ~- O, 

dg 

tic" 
~ i  ~ O. 

dy 

j ' l y= . y  e = UeC' ]g~y e ~- (TeCe, 

I Iv=o=-- ict.=o~--a~cl, 

c'l~=yo = c"1~=,~o 

(~oCo ~ (~eCe -T" (~iCi, (~0 ~ (~e -T- (Yi 

1 
• ~ • -T- ~ iCi ,  ~0 ~ ~e -~  ~i" 

Unfor tuna te ly ,  it is i m p o s s i b l e  to s o l v e  s y s t e m  (3) with condi t ions  (4)-(7) in q u a d r a t u r e s ,  so  tha t  we use  the 
l i n e a r i z a t i o n  of  the  t e r m  c(1 - c) p r o p o s e d  in [18] 

c ( 1 - - c ) ~ a - ~ b c ,  a=c~c  e, b~- l - - c , - - c e .  

Then  ins tead  of  Eqs .  (3)-(5),  we obta in  

_ _  _ d c "  dZc----~-' - -  (b + %) dc' = O, dZc" (b --• = O, 
dy 2 dy dy "~ dy 

dc' _ b c ,  I == a ,  

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

(9) 

(I0) 

dc"_ __bc,, I ~ a. 
dy /v=o 

The  so lu t ion  of Eq. (9) with condi t ions  (6), (7), (10), and (11) has the f o r m  

( I i )  

a +bce  --- • (a + bco) (x~ + b) [• - -  b exp [(b - -  • g0]l{• (• - -  b) • 

• [% + b exp [--  (b --~ "• (Ye - -  g0)]l + 

+ % (% + b)[• - -  b exp [(b _ • go]]} -1, (12) 
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T A B L E  1. E x p e r i m e n t a l  and C a l c u l a t e d  Data  for  D e t e r m i n a t i o n  of 
Sore r  Coe f f i c i en t  in an E t h a n o l - W a t e r  M i x t u r e  at T = 310~ 

Sampling 104, t Concentration, 
g/sec mass fraction of 

L ethanol 
upper low er 

4,6 4,68 
3,71 3/,7 
i,75 1,80 

] upper lower 

0,959 0,928 
0,964 0,926 
0,983 0,885 

0,890 
0,890 
0,970 

--0,887 
--0,890 
--0,868 

H. 10 4, 
g/sec 

1,35 
1,45 
1.41 

--s" 10 3, 
deg-1 

3,0 
3,2 
3,1 

a + bc~ = • (a + bc o) (• - -  b) {• + b exp [ - -  (b q- • (Ye - -  g0)]} • 

• {• (• - -  b) [• + b exp [ - -  (b + • (g, - -  Y0)]] + 

+ • (• "-- b) [• - -  b exp [(b - -  zi) y0]]} -1. 

We can  f ind s p e c i a l  c a s e s  of Eqs .  (12), (13). 
1; for  b = 0 ,  c(1 - c) -~ cons t .  

(13) 

Thus ,  fo r  a = 0 ,  b = l  we have  c<<1; fo r  a = l ,  b = - i  we have  1 - c < <  

F r o m  Eqs .  (12), (13) we find 

a ~ bc~ (• + b) {• - -  b exp [(b - -  • Y0]} 
a + bQ (• - -  b) { z  e .+ b exp [ - -  (b + • (g. - -  Y0)]} ' (14) 

F o r  s u f f i c i e n t l y  l a r g e  s a m p l e s  the  e x p o n e n t i a l  t e r m s  in s q u a r e  b r a c k e t s  m a y  be  n e g l e c t e d  and i n s t e a d  of  
Eq. (14) we obtain 

hence ,  wi th  t he  no t a t i on  us ed h e r e  

• (• + b) 
k = •215  ; (15) 

H = ai% (k - -  1) (16) 
b (ai -!- ka.) 

As i s  ev iden t  f r o m  Eq. (15), at high a the  p o s i t i o n  o f  the  supp ly  po in t  has  a l m o s t  no e f fec t  on the  s e p a r a -  
t i on  r e s u l t ,  and Eq. (16) m a k e s  i t  p o s s i b l e  to c a l c u l a t e  the  Sorer  coe f f i c i en t .  

Equa t ion  (16) was v e r i f i e d  in a U T D L - 4  d e v i c e  [22], deve loped  at  the  In s t i t u t e  of  Hea t  and M a s s  T r a n s f e r ,  
A c a d e m y  of S c i e n c e s  of  the  B e l o r u s s i a n  SSR (ITMO AN BSSR). Its b a s i c  c o m p o n e n t s  a r e  shown in Fig .  l b .  
Two c o l u m n s  a r e  connec t ed  by a t h e r m o s y p h o n  c i r c u i t  2. Supply  c o m e s  f r o m  r e s e r v o i r  2 into the  uppe r  p a r t  
of  the  s m a l l  c o l u m n  c o r r e s p o n d i n g  to po in t  z 0 in F ig .  l a .  

F r a c t i o n  s a m p l i n g  is  e f f ec t ed  by con t i nuous ly  o p e r a t i n g  s a m p l e r s  6 and c o l l e c t o r s  7. The  hot  h e a t - t r a n s -  
f e r  agen t  is  v a p o r  of 9470 e thy l  a l c o h o l  with which v a p o r  g e n e r a t o r s  8 a r e  f i l l ed .  A p r e s s u r e  of  0.1 gage  a i m  is  
m a i n t a i n e d  a u t o m a t i c a l l y  in the  v a p o r  g e n e r a t o r s ,  c o r r e s p o n d i n g  to a v a p o r  t e m p e r a t u r e  of  81~ [19]. Cool ing  
is  p e r f o r m e d  by co ld  w a t e r  t h rough  p i p e s  4. T e m p e r a t u r e  was m e a s u r e d  by t h e r m o c o u p l e s  on the  i n n e r  s u r f a c e  
of  the  o u t e r  c o l u m n  and was equa l  to 13~ in a l l  e x p e r i m e n t s .  With a s e p a r a t i o n  s l i t  p e r i m e t e r  of  15.7 c m  the  
c o l u m n s  d i f f e r e d  s l i g h t l y  in o p e r a t i n g  gap.  The 3 5 0 - r a m - h i g h  (shor t )  c o l u m n  had a 0 . 2 5 8 - m m  gap  and the  700-  
r a m - h i g h  (tal l)  c o l u m n  had a 0 , 2 6 6 - m m  gap.  In the  c a l c u l a t i o n s  a m e a n  (weighted  o v e r  length)  gap  v a l u e  of  2.6 " 
10 -4 m was  t a k e n  with c o n s i d e r a t i o n  of e x p a n s i o n  of  the  i n n e r  c y l i n d e r  due to hea t ing .  The  t e m p e r a t u r e  d i f -  
f e r e n c e  be tween  the  c o l u m n  w o r k i n g  s u r f a c e s  was d e t e r m i n e d  by c a l c u l a t i o n  with the  known h e a t - t r a n s f e r  
coef f i c ien t ,  d e t e r m i n e d  in [20], 1850 W/m2" deg ,  the  known t h e r m o p h y s i c a l  p r o p e r t i e s  of  the  s e p a r a t e d  m i x t u r e  
and c o l u m n  w a l l s ,  and the  t h i c k n e s s e s  of  the  i n n e r  c y l i n d e r  wa l l s .  The s m a l l  c o l u m n  was m a d e  of  type  45 s t e e l  
wi th  h = 47.4 W/m" deg with  i n n e r  c y l i n d e r  wa l l  t h i c k n e s s  of 7.7 �9 10 -3 m,  whi le  t he  i nne r  c y l i n d e r  of  the  l a r g e  
c o l u m n  was  m a d e  of  Kh18N9T s t e e l  with wa l l  t h i c k n e s s  of  4.5 " 10 -3 m and h=  16.2 W/m" deg.  Us ing  the  da ta  of 
[21], the  t h e r m a l  c o n d u c t i v i t y  of  9470 by m a s s  e thy l  a l coho l  at  the m e a n  gap t e m p e r a t u r e  of  36~ was  t a k e n  as  
0.171 w a n "  deg .  As a r e s u l t ,  fo r  the  s m a l l  c o l u m n  we have A T  = 46.4~ whi le  fo r  the  l a r g e  co lumn ,  A T  = 44.2~ 
Subsequen t  c a l c u l a t i o n s  u s e d  a m e a n  we igh ted  (ove r  length) v a l u e  o f  A T  = 45~ and ~" ~ 35~ fo r  both c o l u m n s .  
The  v a l u e s  of  a and b w e r e  found with Eq. (8). E x p e r i m e n t a l  r e s u l t s  a r e  p r e s e n t e d  in T a b l e  1. E thano l  c o n -  
c e n t r a t i o n  was  m e a s u r e d  by  an R P L - 2  r e f r a c t o m e t e r  to an  a c c u r a c y  of • 0270. 

The  Sore r  coe f f i c i en t  was c a l c u l a t e d  f r o m  the  H v a l u e  found by Eq. (16) with the f o r m u l a  

720 H ~1 
s = (17) 

g92~6 ~ (A T)ZB " 
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The values of the physical charac ter i s t ics  in Eq. (17) were taken at ~=36~ for a concentration Co= 0.94, 
in considerat ion of the relat ively smal l  concentrat ion change. The viscosi ty  of the mixture studied was ~?= 1.03 " 
10 -3 Nsec /m 2, p = 795 kg/m3, fl=0.96 �9 10 -3 deg -1 [21]. 

To determine the effect of sampling on the pa ramete r  H and to eliminate sys temat ic  e r r o r s  the exper i -  
ments were per formed without dismantling the column, using one and the same mixture and control  and analy- 
sis methods. Therefore ,  in determining the Soret coefficient it is neces sa ry  to consider  only relat ive e r ro r ,  
which is significantly lower than absolute e r ro r .  In our case  its value was less than 4%, which indicates that 
the theory descr ibes  the separat ion p rocess  in the sampling regime with completely sa t i s fac tory  accuracy ,  
and the introduction o f  any correc t ion  coefficients for the p a r a m e t e r  H is not necessary .  

On the basis of the data presented in Table i it is possible to determine how well the conditions which 
permit  use of Eqs. (16), (17) were satisfied in the experiments.  The dimensionless sampling ~ in all cases 
was g rea te r  than unity. As for the quantity Ye, using a value on the o rder  of 10 -9 m2/sec for the diffusion 
coefficient,  we obtain Ye ~ 50 and Y0 = 1/3 Ye ~ 16. It is obvious that with these ~ and Ye values the assumptions 
on which Eq. (16) is based are  completely applicable. 

We note that the only available data on the Soret coefficient in the concentrat ion range on the order  of 0.9 
is that of Von Halle [23], obtained at co= 0.9 and s = 0.6 �9 10 -3 deg -1 and the data of Tikhachek, presented in the 
same  study, for Co = 0.94, which gave a value s = - 1 . 7 "  10 -3 deg -1. 

Von Halle per formed his e~periments in a horizontal  thermal-diffusion column in which two flows moving 
in opposite directions were separated by a permeable  membrane .  When one considers  that the theory  of such 
a column is based on a number of assumptions which have not yet been reliably confirmed,  one can not consider  
the Sore t  coefficient data obtained with the column reliable.  In Tikhachek's  experiments ,  per formed in a cell  
divided by a glass diaphragm (T = 298~ in calculating the Soret coefficient the tempera ture  difference between 
the diaphragm surfaces  was not used and was replaced by the tempera ture  difference between the hot and cold 
volumes.  Alexander [24] has demonstrated that this must lead to significant reduction in Soret coefficient 
values. Korsching and Wirtz [25] did pe r fo rm a study of azeotropic mixture separat ion in a thermal -d i f -  
fusion column operating in.the sampleless  regime,  but it was only of a qualitative charac te r ,  and as noted in 
[23], cannot be used to evaluate the Soret coefficient, since a s tat ionary state was not achieved. 

N O T A T I O N  

c, concentrat ion;  a, sampling; H=gp2s~53(AT)2B/~?; ~" =a/}t; y=Hz/K;  ye=y lz=L;  y0=ytz=z0; 5, gap width; 
L, total column height; AT, tempera ture  difference between working surfaces ;  B, gap pe r ime te r ;  s, Soret 
coefficient;  p, 7, D, and ~, density, coefficients of dynamic viscosi ty ,  diffusion, and volume expansion, r e spec -  
tively; K=g2p3fi26?(/-xT)2B/~?2D. Indices: e, upper; i, lower column end; 0, supply point. 
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S T R U C T U R E  O F  UNIDIMENSIONAL T E M P E R A T U R E  S T R E S S E S  

A.  G.  S h a s h k o v  a n d  S. Y u .  Y a n o v s k i i  UDC 539.32 

Using the s t ruc tu ra l  approach ,  the t e m p e r a t u r e  s t r e s s e s  a re  examined in a semiinf ini te  rod,  
insulated on the la te ra l  faces  and r igidly fixed at the end. A compara t ive  analysis  is made 
for  th ree  h e a t - t r a n s f e r  models .  

Shashkov and Abramenko  [1] p roposed  a new, or ig inal  method for descr ibing physica l  phenomena.  The 
p rob l ems  of unidimensional  heat conduction were  examined for  t h ree  h e a t - t r a n s f e r  models  using the s t ruc tu ra l  
approach.  The s t ruc tu r a l  descr ip t ion  does not r equ i re  the solution of the initial de termining equations. Within 
the scope of Laplace  r ep resen ta t ions ,  it makes  it poss ib le  to ve ry  graphica l ly  t r a ce  the fo rmat ion  of the phys i -  
cal  fields and to i so la te  the observed  coordina tes .  

The p resen t  work uses  the s t r u c t u r a l  method to desc r ibe  the t e m p e r a t u r e  s t r e s s e s  in a semiinf ini te  
e las t ic  rod insulated on the l a te ra l  su r faces  and r igidly  fixed at the end. S t r e s se s  develop in the rod as a 
resu l t  of the heat flux going into the fixed end. The heat t r a n s f e r  is descr ibed  by the c l a s s i c  Four ie r  equation, 
by the hyperbolic equation based on the modified re la t ionship  of V e r n o t t e - L y k o v  between the heat flux and the 
t e m p e r a t u r e  gradient ,  and by the l inear ized  Nunziato heat-conduct ion equation, which takes the t h e r m a l  
" m e m o r y "  effects  into account.  A compara t i ve  s t ruc tu ra l  analysis  is subsequently made.  

The the rmoe la s t i c  s ta te  of a thin i so t ropic  rod is descr ibed by the equation 

O ~ x  (x, t) a2u (x, l) 
_ = p ( 1 )  

Ox at~ 

and the re la t ionship  

~. (x, t) = E (OUc)x(X, t) arT (x, t) ). (2) 

El iminat ing Crxx s t r e s s e s  f rom (1) and (2), we obtain 

a2u (x, t) 1 a2u (x, t) aT (x, t) 
Ox~ c~ at 2 - ~t Ox ' 

where c 0 = (E/p)i/2 is the veloci ty  of e las t ic  v ibra t ions  in the rod. 

The ini t ial  and the boundary conditions for the d isp lacements  have the fo rm 

u (x, O) _ au at(X' t) i ~=o = 0, 

u(O, t) = 0; lira u(x, t) < oo. 

(3) 

(4) 

(5) 

I. Let us show the s t r u c t u r e  of t e m p e r a t u r e  s t r e s s e s  in a rod when the h e a t - t r a n s f e r  p roces s  is descr ibed  
by the c l a s s i c  heat-conduct ion equation. The t e m p e r a t u r e  field is found f rom Four ie r  equation 
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