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The coefficients of thermal  diffusion in N2-Ar,  N2-CO2, and A r - C O  2 sys tems  was measured  
with a b i camera l  apparatus .  The test  resu l t s  are  shown and compared  with theoret ical  ones 
which take into account elast ic  and inelastic col l is ions.  

Many theoret ical  and exper imental  studies have been made recent ly  concerning the phenomenon of 
thermal  diffusion. 

The theoret ical  methods of analysis  (elementary kinetic theory of gases  and r igorous  molecular  
theory of gases) are  based,  in the f i r s t  case ,  on the representa t ion  of a molecule as an elast ic sphere and 
on the concept of a mean- f ree  path. '  

Thermal  diffusion depends la rge ly  on the kind of coll isions between molecules  and, therefore ,  a 
descr ipt ion of such a coll ision on the bas is  of the e lementary  kinetic theory cannot be regarded  adequate. 
Calculations of the coefficient of thermal  diffusion s T according to this theory [1-4] have yielded only a 
qualitative agreement  with test  data. 

The methods based on the r igorous  molecular -k ine t ic  theory involve a sys temat ica l ly  simplified 
descr ip t ion  of natural  p r o c e s s e s  and phenomena. An exact calculation of the coefficient of thermal  diffu- 
sion is r a the r  easy  only in the case of isotopic mixtures ,  inasmuch as the coll ision integrals  for identical 
and nonidentical molecules  respec t ive ly  differ by a fac tor  which depends only on the molecular  mass  [5]. 
For  nonisotopic mixtures  these re la t ions  become much more  intr icate.  In o rder  to ca lcula te  the coeffi-  
cient of thermal  diffusion for  such mixtures ,  therefore ,  one uses  various approximations (lst,  2nd, 3rd, 
4th, etc.) to the exact  solution. 

The coefficient of thermal  diffusion c~ T has been calculated in [6] for 27 different gas mixtures ,  as a 
function of the concentrat ion and the tempera ture .  These calculations have shown that the values based on 

t h e  f i r s t  and on the second approximation do not differ by more  than 6%. 

Those authors '  calculat ions are  also compared  in [6] with test  data and with values of s T calculated 
for  the exponential (exp-6) .  It is shown there that nei ther  using the potential (exp-6)  nor h ighe r -o rde r  
approximations for  s T will improve the numer ica l  ag reement  between experimental  and theoret ical  data. 
For  all the mixtures  considered there,  the theoret ical  resu l t s  descr ibe  only qualitatively the concentrat ion 
cha rac te r i s t i c  and the tempera ture  cha rac te r i s t i c  of s T. 

Of par t icu lar  in teres t  would be a study concerning the coefficient of thermal  diffusion in the case of 
mixtures  for  which the molecular -k ine t ic  theory does not yield even a qualitative agreement  with test  data. 
This applies to the concentrat ion cha rac te r i s t i c  of ST,  for instance,  which for severa l  mixtures  of poly-  
atomic gases  has a maximum or a minimum. Various views have been expressed  on this subject in the 
technical l i te ra ture .  The authors of [7, 8] consider  the data which yield a concentrat ion charac te r i s t i c  
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with an e x t r e m u m  (anoma lous  b e h a v i o r )  to b e  i n c o r r e c t  o r  to c on t a in  u n d e t e c t a b l e  e r r o r s .  The  g e n e r a l l y  
p r e v a i l i n g  op in ion  of a l l  a u t h o r s  i s ,  h o w e v e r ,  tha t  i n e l a s t i c  c o l l i s i o n s  have  a d e c i s i v e  e f f ec t  on the c o e f f i -  

c i e n t  of the t h e r m a l  d i f fus ion .  

The  t h e o r y  b y  Moneh ik  e t  a l .  [9, 10], wh ich  a c c o u n t s  f o r  the e f f e c t  of i n e l a s t i c  c o l l i s i o n s  on the t h e r -  
m a l  d i f fu s ion  of p o l y a t o m i c  g a s e s ,  a l s o  d o e s  not  r e n d e r  a c o m p l e t e  a n s w e r  to the p r o b l e m .  C a l c u l a t i o n s  
b a s e d  on the o c c u r r e n c e  of i n e l a s t i c  c o l l i s i o n s  do,  a t  b e s t ,  y i e l d  a r e m o t e  a g r e e m e n t  wi th  t e s t  d a t a .  

I t  i s  to be  no ted  tha t  m o s t  s y s t e m s  with  a m a x i m u m  o r  a m i n i m u m  c o e f f i c i e n t  of t h e r m a l  d i f fus ion ,  
a l o n g  i t s  c o n c e n t r a t i o n  c h a r a c t e r i s t i c ,  w e r e  s t ud i e d  by  one a u t h o r  on ly .  Th i s  has  a r o u s e d  a l l  k i n d s  of 
doub t s  a s  to the c o r r e c t n e s s  of  the r e s u l t s .  The  p u r p o s e  of o u r  s tudy  h e r e ,  t h e r e f o r e ,  was  to d e t e r m i n e  
e x p e r i m e n t a l l y  the c o n c e n t r a t i o n  c h a r a c t e r i s t i c  of  a T fo r  N 2 - A r ,  N2-CO2, and A t - C O 2  m i x t u r e s ,  which  
s e e m e d  to u s  to d e s e r v e  s p e c i a l  a t t e n t i o n  on th i s  a c c o u n t .  

Da ta  p e r t a i n i n g  to the  t e m p e r a t u r e  c h a r a c t e r i s t i c s  of  a T wi l l  a l s o  be  shown h e r e ,  fo r  a n a r r o w  t e m -  
p e r a t u r e  r a n g e  on ly .  The  m e a s u r e m e n t s  w e r e  p e r f o r m e d  in a b i c a m e r a l  a p p a r a t u s  which  had  b e e n  d e -  
s c r i b e d  in [11]. The  m e t h o d  of a n a l y z i n g  a m i x t u r e  was  b a s e d  on t h e r m a l  c o n d u c t i v i t y  m e a s u r e m e n t s  wi th  
high-sensitivity type STZ-18 thermistor elements. 

The test results were then evaluated according to the method of least squares, on the basis of the 

polynomial approximation 

(x) A,, !~ Alx  A . x  ~" _u A3x 3 ! A4x ~. 

The  a c c u r a c y  of the t e s t  da t a  was  e s t i m a t e d  a s  4% fo r  the N 2 - A r  s y s t e m ,  5.5% f o r  the N 2 - C O  2 s y s t e m ,  and 
6.4% fo r  the A r - C O  2 s y s t e m .  

N 2 - A r  S y s t e m .  The  t e m p e r a t u r e  c h a r a c t e r i s t i c  of a T f o r  th is  s y s t e m  h a s  b e e n  s t u d i e d  in [6, 12-18]  
wi th  xl --- x2 and,  a s  shown in F i g .  l a ,  o u r  da t a  a s  w e l l  a s  t hose  b y  v a r i o u s  a u t h o r s  a g r e e d  c l o s e l y  wi th in  
t e s t  a c c u r a c y .  

The  t h e o r e t i c a l  c u r v e  b a s e d  on the L e n n a r d - J o n e s  p o t e n t i a l  (12-6) i s  in q u a l i t a t i v e  a g r e e m e n t  wi th  
the t e s t  c u r v e s .  

Ibbs ,  G r e w ,  e t  a l .  [5] have  a n a l y z e d  the t e m p e r a t u r e  c h a r a c t e r i s t i c s  of o~ T fo r  the N 2 - A r  s y s t e m  
with  t h r e e  c o m p o s i t i o n s :  x 1 = 0.46,  0.625, and  0.70 o v e r  the 150-270~ t e m p e r a t u r e  r a n g e .  The  d i s p e r -  
s ion  of t e s t  p o i n t s  was  so  l a r g e ,  h o w e v e r ,  tha t  the a c t u a l  t r e n d s  of the ~T(Xl)  r e l a t i o n  could  not  be e s t a b -  
l i s h e d  a t  any  t e m p e r a t u r e .  

We m e a s u r e d  the c o n c e n t r a t i o n  c h a r a c t e r i s t i c  of o~ T a t  T = 326~ (F ig .  l b ) .  The  t e s t  da t a  h e r e  r e -  
v e a l  a m i n i m u m  at  an  x I - 0.4 c o n c e n t r a t i o n .  

It i s  to be  no ted  tha t  the N 2 - A r  s y s t e m  b e l o n g s  to the c l a s s  of m i x t u r e s  w h e r e  the e f f e c t i v e  c o l l i s i o n  
d i a m e t e r  of  the l i g h t e r  c o m p o n e n t  i s  l a r g e r  than tha t  of  the h e a v i e r  c o m p o n e n t  (see  T a b l e  1), l ike  H2-He  
o r  C H 4 - A r  a l s o  with a m i n i m u m  on the c o n c e n t r a t i o n  c h a r a c t e r i s t i c  of a T .  

In o r d e r  to g ive  Lhis m i n i m u m  on the c o n c e n t r a t i o n  c h a r a c t e r i s t i c  of a T fo r  N 2 - A r  a p h y s i c a l  i n t e r -  
p r e t a t i o n ,  l e t  u s  c o n s i d e r  an e l e m e n t a r y  s c h e m e  f o r  the t h e r m a l  d i f fus ion  m e c h a n i s m .  

D u r i n g  the p r o c e s s  of t h e r m o d i f f u s i v e  s e p a r a t i o n ,  e a c h  c o m p o n e n t  of  the m i x t u r e  m o v e s  f r o m  one 
t e m p e r a t u r e  zone to a n o t h e r  a t  a d e f i n i t e  v e l o c i t y  which  d e p e n d s  on both  the m a s s  and the s i z e  of  i t s  m o l e -  
c u l e s .  In p r i n c i p l e ,  i f  the m o l e c u l a r  m a s s e s  of bo th  c o m p o n e n t s  w e r e  equa l  bu t  t h e i r  m o l e c u l a r  d i a m e t e r s  
w e r e  not ,  then the v e l o c i t y  of the c o m p o n e n t  wi th  the s m a l l e r  m o l e c u l e s  would  be  h i g h e r .  Wi th  the h e a v i e r  
m o l e c u l e s  hav ing  a s m a l l e r  c o l l i s i o n  d i a m e t e r ,  h o w e v e r ,  a t  c e r t a i n  c o n c e n t r a t i o n s  the d i f fu s ion  r a t e  of the 
c o m p o n e n t  wi th  l i g h t e r  m o l e c u l e s  m a y  be  c o m p e n s a t e d  by  the l a r g e r  quan t i t y  of h e a v i e r  m o l e c u l e s  wi th  a 
s m a l l e r  d i a m e t e r ,  i n a s m u c h  a s  the " m a s s  e f fec t "  and  the " s i z e  e f fec t "  o p p o s e  e a c h  o t h e r  so  that  the s e p a -  
r a t i o n  b e c o m e s  s l o w e r  and a m i n i m u m  o~ T a long  the c o n c e n t r a t i o n  c h a r a c t e r i s t i c  thus  r e s u l t s .  No such  
m i n i m u m  is  i n d i c a t e d  a c c o r d i n g  to the C h a p m a n - E n s k  t h e o r y .  The t h e o r e t i c a l  c u r v e  c a l c u l a t e d  on the 
b a s i s  of  the K i h a r  f o r m u l a  [19] wi th  the L e n n a r d - J o n e s  p o t e n t i a l  (12-6) i s  a s t r a i g h t  l ine  s l i g h t l y  r i s i n g  
t o w a r d  h i g h e r  c o n c e n t r a t i o n s  of the l i g h t e r  c o m p o n e n t .  

N 2 - C O  2 S y s t e m .  The  c o n c e n t r a t i o n  c h a r a c t e r i s t i c  of  C~T fo r  th i s  s y s t e m  h a s  b e e n  s t u d i e d  m o s t  
t h o r o u g h l y  in [20, 21], w h e r e  the t e s t  c u r v e  was  found to have  a m a x i m u m .  
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Fig. 1. Coefficient of thermal  diffusion c~ T for  an 
N2-Ar  mixture ,  as a function of a) the tempera ture  (at 
x 1 = 0.5) and b) the concentrat ion (at T -- 326~ Tes t  
data: I) according to [12]; II) according to [17]; III) 
according to [15]; IV) according to these authors ;  1) 
calculated by the method of least  squares ;  2) theoret i -  
cal curves  based on the L e n n a r d - J o n e s  potential (12-6). 

TABLE 1. Effective Col l i s ionDiameters  of 
Gas Molecules, according  to the Lennard 
- J o n e s  (12-6) [2] and the Morse [19] Poten-  
tial Models 

Gas 

He 

Hs 

Ar 

Ns 

CH4 

Lennard-Jones 
)otential(12-6) 

2,576 

2,968 
2,915 
3,418 
3,465 
3,681 
3,749 
3,822 
3,796 

Morse potential 

2,687 
2,622 
2,898 

3,461 

3,697 

The theoret ical  values of o~ T calculated according to 
the Kihar formula  with the Lenna rd - Jones  potential (12-6) 
do not agree ,  however,  even qualitatively with the test  
data. Taking quadrupole moments  into account  does not 
nar row down the d iscrepancy.  Curve B (Fig. 2a) lies only 
slightly below curve A and paral le l  to it, the la t ter  having 
been calculated without quadrupole moments .  

Fu r the rmore ,  there is no maximum also within the 
ranges  of ex t reme concentrat ion levels,  according to the 
data in [22]. 

For  this reason,  we considered a supplementary 
study of this sys tem worthwhile. We measured  the con-  
centrat ion cha rac te r i s t i c  of a T at T = 326~ a t empera -  
ture 2~ higher than in the study made by the authors  of 
[21]. According to Fig.  2a, the widest d i screpancy  be -  

tween our  values and those in [21] occurs  at concentrat ions x 1 = 0.2 and 0.8. Our data indicate a slight 
maximum at the concentrat ion x I = 0.5. 

The tempera ture  cha rac te r i s t i c  of s T for the N 2- CO  2 sys tem is shown in Fig. 2b. The difference 
between our test  data and those in [21, 22] does not exceed 10%. The theoret ical  curve calculated on the 
bas is  of the L e n n a r d - J o n e s  potential (12-6) does qualitatively descr ibe  the trend of oz T as a function of the 
t empera ture .  

CX T 
a b 

- - 2  o . _ _ ~ . 2 .  

~05  o ' f -,x 

~2 ~q ~0 ~a xt ,rlo 320 jyo T 

Fig. 2. Coefficient of thermal diffusion a T for anN2-CO 2 m ix -  
ture,  as a function of a) the concentrat ion (at T = 326~ and b) 
the tempera ture  (at x 1 = 0.5). Tes t  data: I) according  to [21] at 
T = 324~ II) interpolated f rom [22]; III) according to these 
authors ;  1) calculated by the method of least  squares ;  2, A) 
theoret ical  curves  based on the L e n n a r d - J o n e s  potential (12-6); 
B) theoret ical  curve based on the L e n n a r d - J o n e s  potential (12-6) 
with quadrupole moments  taken into account:  
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Fig. 3. Coefficient of thermal diffusion s T for an At-CO 2 mixture, 
as a function of a) the concentration (at T = 324~ and b) the tempera- 
bare (at x i = 0.5). Test data: I) according to [23]; If) according to 
[17]; HI) according to [24]; IV) according to these authors; I) curve 
calculated by the method of least squares; 2) averaging curve to fit 
the testpoints;A) theoretical curve based on the Lennard-Jones poten- 
tial (12-6) with elastic collisions taken into account; B) theoretical 
curve with inelastic coll isions taken into account and with ~)00,t0 ~ 0; 

- i j  
C) theoret ical  curve with inelast ic coll isions taken into account and 
with (~00,01 = 0. 

- i j  

A r - C O  2 System. The "anomaly" of the other sys tems  was noted, essent ial ly,  in the concentrat ion 
cha rac t e r i s t i c s  of o~ T. The dependence of o~ T on the tempera ture  can be explained theoret ical ly .  We note 
that this trend is typical of most  sys tems .  F r o m  this standpoint, the A r - C O  2 sys tem seems unique. 
Namely,  its coefficient of thermal  difiusion dec reases  with increas ing  tempera ture  [16, 23, 24]. 

We measured  the tempera ture  cha rac te r i s t i c  of a T  for an equimolar  mixture at four tempera tures :  
308.5, 316.4, 324.2, and 328.5~ Our data also conf i rm the general  trend of a T becoming smal le r  at 
higher  t empera tu res  (Fig. 3b). However, our values differ appreciably f rom those obtained by other  
authors .  

The concentrat ion charac te r i s t i c  of c~ T is shown in Fig.  3a. We also have interpolated the data in 
[23], for compar ison,  and have found a close agreement  within test  accuracy .  The theoret ical  curves  with 
the effect of both elast ic  and inelastic coll isions taken into account have been interpolated f rom [25]. Ac-  
cording to Fig. 3a, the theoret ical  curves  of o~ T based on inelast ic coll isions (Qi~176 ~ = 0 and 5.0O,10 -~lj ~ O) 
follow the test  curves  only qualitatively. The numerica l  values of s T are ,  on the other hand, much higher 
here  than its test  values.  This d iscrepancy is probably due to the inadequacy of the model used for de-  
scr ibing the inelast ic coll isions in t e rms  of loaded CO 2 spheres .  The tempera ture  charac te r i s t i c  of a T 

~oo,oI (Fig. 3b) follows the theoretical curve based on inelastic collisions . --ij = 0) with a better accuracy. 

Thus, our study concerning the coefficient of thermal diffusion for these three gas systems con- 
firms that, when applied to polyatomic gases, the rigorous theory of thermal diffusion cannot adequately 
explain the test results. A systematic study of the thermal diffusion phenomenon in gas mixtures, cover- 
ing a wide range of concentrations and temperatures, would greatly contribute to the development of this 
theory. 
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