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The authors have made an experimental examination and verification 
of the molecular separation effect in binary mixtures under the in- 
fluence of viscous momentum transfer. 

Invest igat ion of heat  and mass  t r ans f e r  p r o c e s s e s  
by the methods of the thermodynamies  of i r r e v e r s i b l e  
p r o c e s s e s  is a ma t t e r  of g rea t  in te res t ,  s ince they 
offer  the poss ib i l i ty  of intensifying exis t ing methods 
of separa t ion  in b inary  mix tures  and, a lso,  as has 
been shown in [11, of developing a new method. In 
genera l  the t r a n s f e r  of momentum of apparent  mo- 
tion in gas mix tures  is de te rmined  by a s e c o n d - o r d e r  
t ensor  and, in accordance  with the Curie pr inc ip le ,  
it  may be compared  with t r ans f e r  of heat  or  mass .  
However,  in some p a r t i c u l a r  eases  there  may be an 
in te rac t ion  between the t r a n s f e r  of m a s s  and of mo-  
mentum of apparent  motion. This may be demons t ra ted  
by a s t a t i s t i ca l  method based  on the genera l iz ing  
Boltzmann d is t r ibut ion  law. 

Detai led ana lys i s  shows that in the given ease ,  
t e r m s  of the second and third approximat ion have an 
apprec iab le  influence. It is the re fore  in te res t ing  to 
de te rmine ,  by purely  exper imenta l  means ,  the ef- 
fec t iveness  of separa t ion  due to motion in gas mix-  
tu res  in the p re sence  of l amina r  flow. 

Some exper imenta l  confirmat ion of this phenom- 
enon is offered by o n e o f  the patents [8] and work 
c a r r i e d  out in the Inst i tute of Heat and Mass Trans fe r  
AS BSSR in 1968 on the flow of b inary  gas mix tu res  
in c a p i l l a r i e s .  

The bas ic  shor teoming  of these invest igat ions  is 
the low re l i ab i l i t y  of the r e su l t s  obtained, a s soc ia t ed  
with the smal l  value of the e l emen ta ry  separa t ion  ef-  
feet .  

It is known that the e l emen ta ry  separa t ion  effects 
can be ampl i f ied  by opposing the in te rac t ing  sys t ems .  
This pr inc ip le ,  in p a r t i c u l a r ,  is widely used in the r -  
mal  diffusion equipment. 

To inves t iga te  the above effect,  we bui l t  the ex- 
pe r imen ta l  appara tus  shown schemat ica l ly  in Fig.  la .  
It cons i s t s  of a disk  2 ro ta t ing above a fixed base  1, 
with the b ina ry  mix ture  to be sepa ra t ed  located in the 
gap between them. When the disk ro ta tes  in the c losed 
space formed by the fixed base  and the s ide wai ls ,  a 
c i rcu la t ion  loop is genera ted:  the b ina ry  mixture  i l l -  
l ing the working volume moves on the ro ta t ing disk 
f rom the cen te r  to the pe r iphe ry ,  and on the fixed 
b a s e - - f r o m  the pe r iphe ry  to the center .  In each of 
the two s t r e a m s ,  if they do not in te rmingle ,  a t r a n s -  
v e r s e  molecu la r  flow of the mix ture  components is 
c rea ted ,  due to the angular  veloci ty  grad ien t  in the 

axia l  d i rec t ion .  This e l emen ta ry  effect is ampl i f ied  

by the radia l  motion of the s t r e a m s  in opposite d i r e c -  

t ions.  
Thus, if in this type of appara tus ,  we c rea t e  con- 

dit ions which prevent  in termixing in the axial  d i r e c -  
tion, we would expect  to find an apprec iab le  s e p a r a -  
tion effect. It was es tabl i shed  exper imenta l ly  in [4] 
that, in cer ta in  hydrodynamic r eg imes ,  there  is 
c rea ted  in the working space a l aye r  of gas (3 in Fig .  
la) rotat ing with angular  velocity l ess  than that of the 
disk.  The quantitative re la t ions  de te rmin ing  the con- 
dit ions for  the exis tence of such a l aye r  a re  given in [5]. 

This l a y e r  behaves  as a quas i - so l id ,  and in it the 
axia l  veloci ty  is zero on the g r e a t e r  pa r t  of the disk 
radius ,  apa r t  f rom the regions  adjacent  to the center  
and the r im of the disk.  This means  that under  cer ta in  
hydrodynamic conditions,  one can avoid t r a n s v e r s e  
mixing of the s t r e a m s  and achieve opposing motion. 

The exper imenta l  appara tus  was bui l t  in a c c o r -  
dance with the scheme of Fig.  l a ,  the genera l  fo rm 
being shown in Fig .  l b ,  The main pa r t s  of the appa-  
ra tus  a r e  the hollow disk 2 (in the sketch i t  is  shown 
in the ex t r eme  low position) and the cooler  1. The 
sur face  of the working space,  fo rmed by par t s  1, 2, 
3, and 4 (3 and 4 a r e  the cy l indr ica l  and conical  pa r t s  
of the case) is chromed.  The gap between the disk 
and the base  is control led  in the range 0-15 mm by 
the nut 5. The dr ive  is f rom a d c  motor  with the speed 
regula ted  in the range 10-500 rpm through the pulley 
6. Sealing is effected via the gland 7 and the r ing sea l s  
8. The connecting tubes 9 and 10 on the bottom of the 
cooler  s e r v e  for  drawing off samples  of the working 
substance f rom inside the column, and a re  made in 
the fo rm of cap i l l a ry  tubes,  t e rmina t ing  in enlarged  
sec t ions  with rubber  s topper  i n se r t s .  Tube 11 is for  
pumping down the in terna l  volume, and 12--for f i l l ing 
it with the gas mix ture  o r  ae roso l .  F i l l ing  with liquid 
is  accompl i shed  through the cent ra l  tube 9 in the bot -  
tom of the column. 

During fabr ica t ion  of the appara tus  the bot tom and 
the d isk  were  made pa ra l l e l .  A gauge check of disk  
wobble showed that it  did not exceed 20 p. The pos-  
s ib i l i ty  provided for  heating the disk and cooling the 
fixed ba se  may be used for  invest igat ing the t he rmo-  
diffusion p r o c e s s  in conditions of forced  motion of a 

liquid. 
The f i r s t  tes t s  were  visual ,  and were  c a r r i e d  out 

with the working volume between the disk and the fixed 
base  f i l led with tobacco smoke.  In these tes t s  the bot-  
tom 1 (Fig.  lb) was rep laced  by another ,  made of thick 
p lexig las ,  and the disk sur face  was blackened.  The 
tes t s  were  pe r fo rmed  for  var ious  values of the gap 
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Fig. 1. Schematic of the principal (a) and general view (b) of the 
apparatus. 
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Fig.  2. Motion p ic tu re  photographs of s epa ra t i on  of an ae roso l  
in the appara tus  shown in Fig.  1, with n = 30 rpm:  A--wi th  6 = 
= 3 turn (a--0 sec,  b- -15 ,  c--33,  d--56);  B--6 (a--0 sec,  b - -6 ,  

c- -20,  d--29); C--9 (a--0 sea,  b - -4 ,  c - - ]5 ,  d--27).  
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between disk and b a s e  and for  va r ious  ra tes  of ro ta -  
t ion. The dynamics  of the p roces s  were  r eco rded  with 
a m o t i o n - p i c t u r e  c a m e r a .  
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Fig.  3. Var ia t ion  of sugar  concen t ra t ion  AC 
(%) in t ime  T (hr): 1 and l ' )  for  the cen te r  and 
the pe r iphe ry  of the d isk  with n = 30 rpm and 
5 = 0 . 1 5  mm;  2 a n d 2  v) the same ,  with 15 r pm 

a n d 0 . 1 5  ram; 3 and 3') with 15 a n d 0 . 5 .  

The tes t  technique cons is ted  of se t t ing  the r equ i r ed  
gap, p re se t t i ng  the e l e c t r i c  d r ive  sys t em cont ro l  to 
obta in  the de s i r ed  ra te  of rota t ion,  stopping the motor ,  
admi t t ing  the smoke,  and switching on the c a m e r a  and 
the motor  to b r i n g  the disk into motion.  

A pecu l i a r i t y  of the v i sua l ly  obse rved  p ic ture  in all  
cases  was that the smoke,  f o rming  c h a r a c t e r i s t i c  spi -  
r a l s ,  rushed  towards the cen te r ,  sweeping the en t i r e  
space be tween  the d isk  and the base ,  and fo rm i ng  a 
thick cloud at  the cen te r .  

When the equ ipment  was d i sman t l ed ,  a coat ing of 
p rec ip i t a t ed  tobacco smoke pa r t i c l e s  was c l ea r ly  evi -  
dent  at  the cen te r  of the ins ide  face of the base .  

The m o s t  sharp ly  defined p ic ture  was seen  at  sma l l  
ro ta t ion  r a t e s ,  it  be ing  diff icul t  to catch the s u c c e s -  
s ion of the sepa ra t e  s tages  at  high r a t e s  due to the 
rapid  comple t ion  of the p r o c e s s .  

F i g u r e  2 shows individual  f r a m e s  taken with the 
m o t i o n - p i c t u r e  c a m e r a .  F r o m  a c o m p a r i s o n  of the 
r e s u l t s  it may be seen  that the sepa ra t ion  p r o c e s s  was 
comple ted  m o r e  quickly when the gap was inc reased ;  
then the angle fo rmed  by the sp i r a l s  to the c i r c u m f e r -  
ence of the d isk  i n c r e a s e d .  

Thus the t e s t s  conf i rmed  that in equipment  of the 
type desc r ibed ,  it  is poss ib le  to s epa ra t e  an ae roso l  
f r o m  a i r  unde r  i s o t h e r m a l  condi t ions .  

It was of i n t e r e s t  to a s c e r t a i n  whether  or  not the 
effect  in ques t ion would a lso  occur  in m o l e c u l a r  b i -  
na ry  m i x t u r e s .  Inves t iga t ion  of the mo lecu l a r  s e p a r a -  
t ion p roce s s  was per foemed with an aqueous sugar  
so lu t ion  for  va lues  of the gap between the d isk  and the 
fixed b a s e  in the range  0 . 1 5 - 0 . 8  m m  and at  15-100 
rpm.  The ma in  p rob l em was r e l i ab l e  concen t r a t i on  
m e a s u r e m e n t  (bea r ing  in mind  the sma l l  s epa ra t ion  
effect) with suff ic ient  sens i t iv i ty  and accu racy .  These  
f ac to r s  a lso d e t e r m i n e d  the choice of a r e f r a c t o m e t e r  

as the method of ana lys i s ,  the samples  be ing  analyzed 
on the R P L- 2  p rec i s ion  r e f r a c t o m e t e r .  

F igure  3 shows the r e su l t s  of these tes t s ,  f rom an 
examina t ion  of which it may be concluded that the 
genera l  law of concen t ra t ion  of the heav ie r  component  
of the mix tu re  at the cen te r  of the disk,  es tab l i shed  
with an ae roso l  in  the above-men t ioned  t e s t s ,  i s  also 
conf i rmed  in the case  of mo l e c u l a r  solut ions .  The 
p roces s  of i n c r e a s e  of concen t ra t ion  c l ea r ly  proceeds  
over  the whole rad ius  of the disk,  moving  f rom the 
cen te r  to the per iphery ,  as is seen  in Fig.  3, where  
the curves  of concen t ra t ion  growth at the disk per iph-  
e ry  differ  f rom those at its cen te r .  I nc rea sed  ra te  of 
ro ta t ion  i n c r e a s e s  the sepa ra t ion  effect (Fig.  3), which 
is in conformi ty  with theore t ica l  ideas as to the t r a n s -  
por t  m e c h a n i s m  unde r  the act ion of a veloci ty gradient .  

The inf luence of i n c r e a s e  of the width of the gap be -  
tween the disk and the base  on the course  of the p ro -  
cess  is shown in Fig.  4. It may be seen f rom the fig- 
u re  that,  with i n c r e a s e  of the gap, there  is a n i n c r e a s e  
in the f inal  concen t ra t ion  reached at any given t ime.  
The explanat ion of this phenomenon is mos t  l ikely that 
i n c r e a s e  of the gap c rea t e s  hydrodynamic  condi t ions  
in the gap such that the inf luence of mixing  in the axial  
d i rec t ion  is apprec iab ly  reduced.  However,  the t ime 
to a t ta in  the steady state  is then inc reased ;  thus,  while 
for  5 = 0.15 mm and n = 15 rpm the steady state  is 
reached  af ter  four  hours ,  for  5 = 0.25 m m  and the 
s ame  ra te  of ro ta t ion  this condit ion is s t i l l  not a t ta ined 
af ter  eight hours ,  this be ing  due to a s lowing down of 
diffusion t r anspo r t ,  for  which we may cons ide r ,  as 
an approximat ion ,  that the t ime  to reach  the steady 
s ta te  is r e la ted  to the square  of the gap be tween the 
disk and the base .  
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Fig.  4. Var ia t ion  of sugar  concen t ra t ion  
AC (%) at disk cen te r  as a funct ion of the 
gap between the disk and the fixed base ,  

6 (mm),  with n = 15 rpm.  

It should be noted that s epa ra t ion  of a m o l e c u l a r  
sugar  solut ion in appara tus  of the type examined  is 
s o m e t i m e s  c h a r a c t e r i z e d  by ins tab i l i ty .  Per iods  of 
i n c r e a s e d  concen t ra t ion  a re  followed by per iods  of 
reduced  concen t ra t ion ,  and then of f resh  i n c r e a s e .  We 
have not as yet  succeeded in expla in ing this phenom-  

enon. 
The inves t iga t ion  conducted is thus an expe r imen ta l  

conf i rma t ion  of the ex is tence  of the separa t ion  effect 
in a l a m i n a r  flowof a b ina ry  mix ture  predic ted in [1,2]. 
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