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Using methods of the thermodynamics of irreversible processes, an 
expression is obtained for the thermal conductivity of multicomponent 
gas mixtures. 

When c h e m i c a l  r e a c t i o n s  take p l ace  be tween  the 
componen t s  of a gas  m i x t u r e ,  i t  is  exped ien t  to in-  
ve s t i ga t e  hea t  and m a s s  t r a n s f e r  by in t roduc ing  the 
t r a n s f o r m e d  m a s s  and e n e r g y  f luxes  [1] 

t 

J ~ = Ki -- xi 2 K~ 
k ~ l  

(i = 1, 2,  3 . . . . .  f),  O) 

f 

Jq = - - h  E Kr. 
i = l  

(2) 

and the elements of the transformation matrix Q are 

determined by the equations 

Oa = 2 %1Dik / la! ] /S-~a-lb[ (i = 2, 3), (7) 

Qa~-- ]ff(Da~ --Q~, lal)/21al (i = 2, 3), (8) 

Q2a = ( a * +  V(a*) 2- 2b*),/2, (9) 

In the absence  of e x t e r n a l  f o r c e s ,  the phenomeno-  
log ica l  equat ion connec ted  with t r a n s f e r  of m a s s  and 
e n e r g y  may  be wr i t t en  in the fo rm 

f 

K," = - -  2 ai~ �9 grad ~k 
k =  t 

(i = i, 2, 3 ..... f). (3) 

Rela t ions  (1)-(3)  we re  u sed  by De Groot  [2, 3] to 
d e t e r m i n e  the t h e r m a l  conduct iv i ty ,  concen t r a t i on  
g r a d i e n t s ,  and t e m p e r a t u r e s  r e l a t i n g  to the s p e c i a l  
c a s e  of a c h e m i c a l l y  r e a c t i n g  b i n a r y  m i x t u r e .  In our  
p a p e r ,  as  an example  of a t h r e e - c o m p o n e n t  m i x t u r e  
r e a c t i n g  a c c o r d i n g  to the s c h e m e  A ~- B + C, we 
examine the general case of thermal conductivity of a 

multicomponent mixture. A relation is established 
between the ordinary phenomenological coefficients 
Luu, Luj, Lij and the phenomenological coefficients 
a. For the chemically reacting binary gas mixture we 
find that such a relation is not mandatory, since in 

this very simple case we may obtain expressions which 
allow the values of a to be determined directly from 

the values X, Dij and D T, without establishing a 

g e n e r a l  r e l a t i o n  be tween  a and Luu, Luj,  Li j ,  a s  De 
Groot  did. 

Al lowing fo r  the a s s u m p t i o n s  made  in [2] and [3], 
the e x p r e s s i o n  fo r  the e f fec t ive  t h e r m a l  conduc t iv i ty  
may  be wr i t t en  in the f o r m  

h 2 

~ d f  = T '  Lt;"x *'~ + ~a~J'x"~' ' (4) 

Q,i=--(@_~vo.l+Qaivar)/~n ( i = 2 ,  3). (11) 

He re  a* = (D32 - -  Q21. Osl/@ / Is[ Q32; b* = a *~- P2o./a + Q~ 
In o r d e r  to d e t e r m i n e  the e f fec t ive  t h e r m a l  con-  

duc t iv i ty  f r o m  (4), b e s i d e s  the entha lpy  h and t e m p e r a -  
tu re  T, we need  to know the r e d u c e d  c o n c e n t r a t i o n s  
x~ and x~. To find the r e d u c e d  c o n c e n t r a t i o n s  we need 
to know the c o n c e n t r a t i o n s  x l, x~., x a and the e l e m e n t s  
of m a t r i x  Q. To f ind the n u m e r i c a l  va lues  of the 
e l e m e n t s  of m a t r i x  Q, we e s t a b l i s h  the r e l a t i o n  b e -  

the t r a n s f e r  coef f i c ien t s  Dij ,  X, D T and the tween 
phenomeno log ica l  coe f f i c i en t s  a i j .  

To do this  we wr i t e  (1) and (2), u s ing  (3), in the 
fo rm 

t 

J~ = E (Al~xi--a"~)gradg'l~ (i = 1, 2 . . . . .  f) (12) 
k = l  

f 
Ja = h 2 Az" grad ~2;.., (13) 

k = i  

f 
Here  A ~ = ~  ak~. 

In the o r d i n a r y  f o r m  the m a s s  and e n e r g y  equat ions  
a r e  

J ~ . = - - T  x 

f 
x ~7 Lu ~gradq~k_ L~ i -~- gradT ( i =  1, ~, ...,f), (14) 

whe re  

x; = xlQl~ + x2Q~ + x3Q32, (5) 

f i 
Jo . . . . .  T 2 L..~ ~rad % - -  L.. -~- grad 7". (15) 
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Let us  examine  the c a s e  of m e c h a n i c a l  e q u i l i b r i u m  
g r a d  p = 0. In th is  c a se  the G ibbs -Duhem equat ion  
t akes  the f o r m  

f 
1 

h grad ~ -  - -  2 xi grad ~Pi-- O. (16) 

D e t e r m i n i n g  the value of g r a d  T f rom (16), and 
subs t i tu t ing  i t  into (14) and (15), we obtain 

f 
J i = T  �9 Lz.--h----L,a, grad~2~ ( i = 1 ,  2 . . . . .  f), 

k = l  

f 

k = l  

(17) 

(is) 

By equat ing  va lues  of coef f i c ien t s  of the independent  
v a r i a b l e s  q~k in (12) and (17), and (13) and (18), we 
obta in  the s y s t e m  of equat ions  

A~x i -- aik = (Li u xk __ --s Lik ) T, ( i9) 

Xk ~ Luk ) hAk = T ( L.. - ~  (20) 

Solving this  s y s t e m ,  we find the connect ion  be tween  

coef f i c ien t s  a ik  and Lik, Lui,  Luu: 
s 

I 1 (xiL.k + xkhi.) Xr% q a , k :  L,k---~-  + - - ~ -  L.ujT. (21) 

It may  be shown [2] tha t  

L,~ _ )~ + 2 3 1 ~ hi Li ~ hk 
T " T ~ L"~hk-- Y 

k = l  i = 1  k = l  

3 

L i . = D [ - -  ~ Likh k. 
k = l  

(22) 

(23) 

The dif fus ion coef f i c ien t s  of a mu l t i componen t  
m i x t u r e  a r e  [4] 

n2njrnimj [ r ] 
Lii p 2 . p --  P miDii + 2 nkm~ Dik " 

k = l  
k 4 i  

(24) 

Thus,  the fol lowing method  is  s u g g e s t e d  fo r  Cal- 
cu la t ion  of the  e f fec t ive  t h e r m a l  conduc t i v i t y  Xef f. 

Knowing the concen t r a t ion ,  p r e s s u r e ,  t e m p e r a t u r e ,  
and coe f f i c i en t s  of t h e r m a l  conduct iv i ty ,  dif fusion,  

and t he rmod i f fu s ion  of the  componen t s  of the m i x t u r e ,  
the  va lues  of coe f f i c i en t s  Lij a r e  d e t e r m i n e d  f r o m  
(24). Having d e t e r m i n e d  the en tha ipy  of the component  
h i f r o m  t h e r m o d y n a m i c  t ab le s  (or  by ca lcu la t ion ) ,  we 
find the va lues  of Luu and Lui f rom (22) and (23), and 
then f r o m  (21) we d e t e r m i n e  the coe f f i c i en t s  a ik .  

The e l e m e n t s  of m a t r i x  Q a r e  d e t e r m i n e d  f r o m  
(7)- (11) .  Then,  f rom (5) and (6), we find the r e d u c e d  
m o l a r  c o n c e n t r a t i o n s  x2* and x~*. The e f fec t ive  
t h e r m a l  conduc t iv i ty  i s  d e t e r m i n e d  f rom (4). 

The method  p r o p o s e d  fo r  ca l cu la t ing  the e f fec t ive  
t h e r m a l  conduc t iv i ty  d i f f e r s  f r o m  that  p r o p o s e d  by 
Schott  [5], in that  in the given e a s e  the e x p r e s s i o n  
fo r  ca l cu la t ing  the e f fec t ive  t h e r m a l  conduc t iv i ty  
t akes  into account  not only diffusion,  but  a l so  t h e r m o -  
d i f fus ion  componen t s .  The method  p r o p o s e d ,  and the 
r e l a t i o n  e s t a b l i s h e d  be tween  the phenomeno log ica l  
coe f f i c i en t s  of type ai j  and the o r d i n a r y  coef f i c ien t s  
Luj,  Luu , Li j ,  a l lows  ca l cu la t ion  of the e f fec t ive  
t h e r m a l  conduct iv i ty  of any mul t i eomponen t  m i x t u r e  
with a s ingle  c h e m i c a l  r e ac t i on .  

NOTATION 

xi-molar fraction of i-th component; Jq-energy flux; Jq'-heat 
flux;/i-mass flux of i-th component; T--absolute temperature; Pi-- 
molar chemical potential of i-th component; Lik, I.qq, I4u, Liq, 
Luu, aij-phenomenological coefficients related, respectively, to mass 
transfer, energy transfer, and superimposed phenomena; hi--enthalpy 
of i-th component; Dij--diffusion coefficient of multicomponent 
mixture; DT- thermodiffusion coefficient of i- th component in the multi- 
component system; p-density; n-mixture particle number density; 
hi-particle number density of i-th component; mi--molecular mass of 
i-th component; p-pressure of mixture; f--number of components of 
mixture; Oi = --/li/T--Planck potential; h--mixture enthalpy; K i -  
fluxes (see(l) and (2)); Dij--cofactor of matrix a; v--a quantity pro- 
portional to the stoichiometric coefficient; b-matrix characterizing 
flow of chemical reactions in the given system. 
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