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A description is given of the construction of, and the technique of 
measuring separation effects in a single-stage thermal-diffusion ap- 
paratus. For the separation analysis, use is made of the dependence of  
the viscosity of gas mixtures on composition. Results are presented of 
a determination of the coefficient of thermal diffusion of a He/N2 
mix tme in the  pressure range 0. 0005-0.01 MN/m 2. 

In i nves t iga t ing  the c o m p o s i t i o n  o f  a g a s  m i x t u r e  in 
a t h e r m a l - d i f f u s i o n  s e p a r a t i o n  a p p a r a t u s ,  use  has  
h i the r to  been  made  of t h e r m a l l y  conduct ing  s e n s o r s  of 
v a r i o u s  types  [1], o r  of the a n a l y s i s o f  r e f r a c t i v e  in-  
dex change [2], o r  of m a s s  s p e c t r o m e t e r  a n a l y s i s  [3], 
o r  the compos i t i on  has  been  d e t e r m i n e d  f r o m  the 
change of v i s c o s i t y  [4], e tc .  Al l  t h e s e  me thods  r e q u i r e  
s p e c i a l  i n s t r u m e n t s ,  which involve d i f f i cu l t i e s  due to 
t h e i r  comp lex i t y  o r  high cos t .  

We have d e t e r m i n e d  the compos i t i on  f rom the v i s -  
co s i t y  change,  but in c o n t r a s t  to the au thor s  of [5, 6], 
who used  i n s t r u m e n t s  with o s c i l l a t i n g  d i sk s ,  we drew 
the g a s - m i x t u r e  s p e c i m e n s  out th rough  a c a p i l l a r y .  
Th is  method  is b a s e d  on the dependence  of the flow 
r a t e  of a gas  m i x t u r e  through a c a p i l l a r y  on i t s  v i s -  
cos i ty .  Since the v i s c o s i t y  depends  on the c o m p o s i t i o n  
of the  m i x t u r e ,  we can thus d e t e r m i n e  the compos i t i on .  

I t  is  :known, for  example ,  f r om [7] that  for  the s a m e  
c a p i l l a r y  with i den t i ca l  p r e s s u r e s  at  i t s  ends ,  but  
g a s e s  with v a r i o u s  v i s c o s i t i e s ,  we have the r e l a t i o n  

QdQ'~ = tidal1 

for  the c a s e  Lav < a ,  

(1) 

q,/q, = V g /  VE, (2) 

for  the ca se  Lav _> 10a. 
In the r e g i o n  10a > L > a, we have 

[ ] 8~ 1 "-i" Pav(P~--P,) 1 +  Lav~ 
i a 

o r  

P a y +  - -  (ps  - -  p l ) .  
p Vav l 

In t h i s  reg ion ,  (1) wi l l  have the fo rm 

QI = ~l__~_s (1 + Lavi ~l/a) 

Q2 T I, (1 + Law~da) 

Since this  r e l a t i o n  is  m o r e  complex  in fo rm,  i t  would 
be m o r e  convenien t  to choose  the c a p i l l a r y  s ec t i on  in 
such a way that  e i t h e r  (1) o r  (2) would be va l id .  This  

wi l l  r e m a i n  the va l id  a l so  for  gas  m i x t u r e s  of  d i f -  
f e ren t  compos i t i on .  F o r  these  we m a y  wr i t e :  

If  the t e s t s  a r e  c a r r i e d  out  in such a way tha t  the m i x -  
t u r e s  a r e  d rawn f rom d i f f e r en t  vo lume s  at  equal  
o r i g i n a l  p r e s s u r e s  in the s a m e  t ime ,  then, a f t e r  the 
wi thd rawa l ,  a p r e s s u r e  d i f f e rence  wi l l  e x i s t  be tween  
the v o l u m e s .  

Having d e t e r m i n e d  for  the r e f e r e n c e  m i x t u r e s  the 
r e l a t i o n  

A p = f (xl, x~), 

we m a y  find the d i f f e rence  in compos i t i on  of the m i x -  
t u r e s  unde r  examina t ion .  The quant i ty  a T was  d e t e r -  
mined  f rom 

h x  
at= xlx~ . A T  ' (3) 

which is  app l i cab l e  for  s m a l l  s e p a r a t i o n s .  
In our: c a se  (3) had the fo rm 

A/ t  A x r ' s  
aT= A/ r  x lx~AT " 

In o r d e r  to inves t iga te  the  dependence  of the t h e r m a l  
d i f fus ion  coef f ic ien t  u r = at(p),  w h e r e  p is  the p r e s -  
s u r e  of a gas  m i x t u r e  in the m o d e r a t e l y  l o w - p r e s s u r e  
r e g i o n  f r o m  0.01 to 0.0005 MN/m 2, we c o n s t r u c t e d  
and se t  up the a p p a r a t u s  whose  p r i n c i p a l  de t a i l s  a r e  
shwon in F ig .  1. 

DESCRIPTION OF APPARATUS 

The a p p a r a t u s  c o n s i s t s  of two p a r t s - - t h e  s e p a r a t i n g  
and the e x p e r i m e n t a l .  The f o r m e r  inc ludes  the t h e r -  
m a l - d i f f u s i o n  s e p a r a t i o n  a p p a r a t u s  I and II, the m o v -  
able  v e s s e l  for  supplying i t  G, the m a n o m e t e r  M for  
d e t e r m i n i n g  the p r e s s u r e  in the s e p a r a t i o n  a p p a r a t u s ,  
and a p o r t a b l e  fu rnace .  V e s s e l s  I and II of the 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  a r e  connec ted  through a 
vacuum va lve  be fo re  the s t a r t  of s e p a r a t i o n ,  and d i s -  
connec ted  a f t e r  i t s  comple t ion .  

Volume I was  hea ted  to an a s s i g n e d  t e m p e r a t u r e  by 
m e a n s  of  a p o r t a b l e  e l e c t r i c  fu rnace  suppl ied  with 
s t a b i l i z e d  c u r r e n t  through an a u t o t r a n s f o r m e r .  The 
second  v e s s e l  was  kept  a t  a cons tan t  t e m p e r a t u r e  of  
293.1 ~ K. 

The t e m p e r a t u r e  of  the  m i x t u r e  in the v e s s e l s  was  
fol lowed f rom r e a d i n g s  of  C h r o m e l / A l u m e l  t h e r m o -  
coup les  and a p o t e n t i o m e t r i c  b r idge ,  which a l lowed 
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t e m p e r a t u r e  m e a s u r e m e n t  to be made with an accu racy  
• ~ K. 

The silicone oil manometer M allowed the pressure 
in the separation apparatus to be determined to an 
accuracy of 266.644 • 10-aN/m 2, since it was equipped 
with a cathetometer. 

The experimental part of the equipment consisted 
of two symmetrical halves, designed for samples from 
vessels I and II, respectively. Their volumes were 
made equal to a high degree of accuracy (difference 
< 0.I cm~), the main part of the volumes being vessels 

A and B, which were located in a water thermostat Q, 
whose temperature was kept constant to an accuracy 

of ~0.i ~ K. The vessels comprised about 96% of the 
total volume, the remainder being that of the connect- 
ing tubes, which were thin-walled capillaries of in- 

ternal diameter 2.5 ram, and well insulated thermally. 
The samples flowed out from vessels A and B 

through the measuring capillary MC, of internal di- 
ameter 10p and length 100 ram. 

The most complex item from the constructional 
point of view was the drop micromanometer DM which 
was used to determine differences in the mixture com- 
position between the hot and cold ends of the t h e r m a l -  
diffusion appara tus .  The accu racy  of de t e rmina t i on  
of the compos i t ion  di f ference was Ax = 0.017% for  1 
m m  of the m i c r o m a n o m e t e r  sca le .  The cons t ruc t ion  
diff icul t ies  cons i s ted  of: 

1. Choosing a tube of cons tant  sec t ion  along its 
length, in o rde r  to m i n i m i z e  the e r r o r  a ssoc ia ted  
wi th  nonun i fo rmi t i e s  in d iamete r ;  this being the ma j o r  
pa r t  of the i n s t r u m e n t  e r r o r .  

2. Locating the m a n o m e t e r  m e a s u r i n g  tube to be 
accu ra t e ly  hor izonta l ,  in o rde r  to reduce  the par t  of 
the expe r imen ta l  e r r o r  a r i s i n g  f rom movemen t  of the 
drop due to gravi ty .  

If these  r e q u i r e m e n t s  are  fulf i l led and there  is no 
heat ing of one half  of the expe r imen ta l  par t  r e l a t ive  
to the other,  nor  leakage of the mix tu re  through the 
drop, then the m a n o m e t e r  wil l  opera te  r e l i ab ly  and 
accura te ly .  

The drop m i c r o m a n o m e t e r  r equ i r ed  a long t ime- -  
20 -30  min - - t e  se t t le  down. To dec rease  the m e a s u r e -  
men t  t ime,  it  s eemed  expedient  to use  a drop m i c r o -  
m a n o m e t e r  s i m i l a r  to that desc r ibed  in [8], or  a 
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Fig.  2. Dependence of v i scos i ty  on mix tu re  
compos i t ion  (t = 273.16 ~ K); 1)He--Ar [14]; 

2)H2--N ~ [15]. 

capac i t ance- type  s e n s o r  as in [9], or  any accu ra t e  
p r e s s u r e - m e a s u r i n g  device with a s m a l l  r e s p o n s e  
t ime .  For  rough m e a s u r e m e n t  of the p r e s s u r e  in  
v e s s e l s  A and B, as well  as for se t t ing  them equal,  
m a n o m e t e r  M1 was used.  The accu racy  of m e a s u r e -  
men t  was 266.644 �9 10-a NAn z. 

Fig. 1. Equipment for investigation of co- 
efficients of thermal diffusion in gas mix- 
tares. 1-15) Vacuum and ehemiealvalves; 
M) absolute oil manometer; VM) vacuum 

manometer. 

MEASUREMENT TECHNIQUE 

We shall now examine the sequence of operations 
in the apparatus. After separation is finished, valve 
5 is closed and the furnace removed. When Vessel I is 
cooled to the temperature of vessel II and of vessels 
A and B, the samples are transferred to the experi- 
mental part through valves 7 and 8. Vessels A and B 
are filled so that their pressures are equal (in our 
case the pressure was always constant and equal to 
496.33 N/m2). The equality of the pressures could be 

judged roughly from the readings of manometer M1, 
and then, to make the pressures accurately equal, A 
and B were connected to the differential drop mano- 
meter DM, and with the aid of the subsidiary volume 

(0.1 cm3), between valves 14 and 15, the pressures 
were made equal. When the pressures in the two 
halves of the apparatus were sufficiently equal so that on 
joining them to DM the drop remained motionless in 
the central part of the tube, we proceeded with the 
outflow. This passed through the capillary from ves- 
sels A and B for identical times, during which mano- 
meter DM was disconnected from A and B. After the 

outflow the drop micromanometer was connected and 

the displacement of the drop determined, from which 

the difference in composition of the samples from the 
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u p p e r  and lower  ends of the t h e r m a l - d i f f u s i o n  appa-  
r a tus  was evaluated.  The zero was checked p r i o r  to 
the s t a r t  and at  the end of each s e r i e s  of m e a s u r e -  
men t s .  

~C( T 

0.60 

J 

0..54, 0 20 O0 60 80 p.lo'Z 

Fig.  3. Dependence of t he rma l -d i f fu s ion  co- 
eff ic ient  on p r e s s u r e  for  the mix ture  He 68.4%, 

N 2 31.6%. 

The m e a s u r e m e n t s  for  one sepa ra t ion  tes t  were  
r epea ted  3 -5  t imes ,  and the r e s u l t s  gave good a g r e e -  
m e a t  wi thin  the l imi t s  of expe r imen ta l  e r r o r .  The 
zero was ve r i f i ed  by f i l l ing A and B with the same  
m i x t u r e ,  equat ing p r e s s u r e s  as before,  and c a r r y i n g  
out flow through the cap i l l a ry .  Volumes  A and B were  
then connected again with the m i c r o m a n o m e t e r .  If 
the zero  is co r r ec t ,  the drop mus t  then r e m a i n  mo-  
t ion less ,  or  r e t u r n  to its in i t ia l  pos i t ion  af ter  some 
d i sp lacement .  If it  fai ls  to r e t u rn ,  the mos t  probable  
cause  is inequal i ty  of vo lumes  A and B of the expe r i -  
men ta l  par t .  To de t e rmine  the d i f ference  in mix tu re  
composi t ion  of the samples  f rom the drop d i sp lace -  
men t  in the m i c r o m a n o m e t e r ,  ca l ib ra t ion  with m i x -  
t u r e s  of known composi t ion  was n e c e s s a r y .  

For  s tandard iza t ion ,  m ix tu re s  were  chosen which 
were ,  f i r s t ly ,  c lose in composi t ion  to the o r ig ina l  
mixture in the t he rma l -d i f fu s ion  sepa ra t ing  appara tus  
(it is bes t  to have it as one of the s tandards) ,  and, 
secondly,  did not differ in composi t ion  f rom one 
another  by more  than 2-4%. This was done so that in 
the reg ion  of sma l l  changes of concen t ra t ion  of the 
components  of the mix ture ,  the dependence of v i scos i ty  
on composi t ion  could be rega rded  as l inea r .  We could 
therefore  take the dependence of drop d i sp l acemen t  on 
compos i t ion  to be l i nea r  for sma l l  changes of compo- 
s i t ion.  

The dependence of v i scos i ty  on mix tu re  component  
concen t ra t ion  has the form shown in Fig.  2. In ve ry  
sma l l  sec t ions  of the curve  we may take the depen-  
dence of v i scos i ty  on composi t ion  to be l i nea r .  In 
u s ing  this method of de t e rmin ing  composi t ion,  it  is 
impor t an t  to have p r io r  knowledge of the posi t ion of 
any e x t r e m u m  on the cu rves  of dependence of v i scos i ty  
on composi t ion,  in o rde r  to avoid opera t ing  c lose  to 
it. When data on the dependence of v i scos i ty  on mix-  
tu re  compos i t ion  a re  not avai lable ,  the fo rmulas  of 
[10, 11, 12] may prove of g rea t  value .  When s t andards  
have been  chosen in accordance  with the above con-  
s ide ra t ions ,  ca l ib ra t ion  is pe r fo rmed .  The s t andard  

m i x t u r e s  a re  placed in A and B, and then al l  the 
opera t ions  a re  c a r r i e d  out in a s i m i l a r  way to that 
desc r ibed  above. 

Before making a de t e rmina t ion  of the t h e r m a l -  
diffusion coeff icients  in the expe r imen ta l  appara tus ,  
we c a r r i e d  out control  tes ts  to check the poss ib i l i ty  
of a mix tu re  being separa ted  in the connect ing  cap i l -  
l a r i e s  because  of inequal i ty  of p r e s s u r e  in v e s s e l s  I 
and II when f i l l ing A and B, as well  as inequal i ty  of 
the i r  d i a m e t e r s .  The tes t s  showed that there  was no 
separa t ion .  

EXPERIMENTAL RESULTS 

The mixture composition was N~ 31.6%, He 68.4%, 
and the pressures 0.98 �9 104; 0.686 �9 104; 0.392 �9 104; 
0.098 �9 104; 0.049 �9 104 N/m 2. At each pressure 8-12 

tests were made, the results of which showed good 

agreement among themselves and with results ob- 

tained on another apparatus for a N2-He mixture of 
the same composition. In this apparatus thermistor 

sensors were used for measuring the separation. 

A dependence of the thermal-diffusion coefficient 

on both mixture composition and pressure was ob- 

served. With reduction of pressure from 0.98 �9 104 

to 0.049 �9 104 N/m 2 , the coefficient for a N 2 31.6%, He 

68.4% mixture decreases from 0.62 to 0.56, i.e., by 

10%. The results of the measurements are shown in 

Fig. 3. 

The results will not be discussed in detail, since 

that is done elsewhere. The main purpose of the 

present paper was to describe the construction of, and 

the method of measurement in, the experimental 

apparatus. 

NOTATION 

Q) amount of gas flowing through the cross section of the capillary 
�9 in unit time; ~) length of capillary; g) slip; 6) coefficient of propor- 
tionality ~1; Pt, N) pressures at the ends of the capillary (when the 
outflow is to a vacuum, this may be taken as Pl -~ 0); Vm) arithmetic 
mean velocity of the molecules; ZXp) pressure drop; xl, x2) molar 
fractions of components of themixture; C~T) thermal-diffusion coef- 
ficient; AX) difference in molar fractions of components in the stan- 
dard mixtures; Z~h) displacement of the drop in the micromanometer 
after outflow through the capillary of samples of mixture from the 
hot and cold ends of the thermal-diffusion separation apparatus; 
A/r) the same for the standard mixtures; T 1 and Tz) temperatures of 
the hot and cold ends, respectively, ofthethermal-diffusion apparatus; 
~?l and rk) viscosity of the gases; Pl and Oz) density of the gases; Lm) 
mean free path of molecules; a) capillary diameter. 
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