
ON T H E  G R E E N - N A G H D I  T H E O R Y  OF M I X T U R E S  

R .  I .  N i g m a t u l i n  

We examine some aspects  of [1] and show the nonapplicability of some of these to the study of he tero-  
geneous mixtures ,  which does not exclude the possibili ty of their  application to the descript ion of homoge- 
neous mixtures  (mixtures of gases ,  solutions, alloys,  and so on). 

In [1] there  are  writ ten the energy equations and the inequalities for the entropy of each of n mixture 
components which are  in mutual relat ive motion. On the basis of the requi rement  that these relat ions be 
invariant  with the imposition of rigid motions on the mixture as a whole, l imitations are  obtained on the 
expressions charac te r iz ing  the interaction of these n components.  This part  of the paper re la tes  to any 
mixtures  (including polyphase) which can be descr ibed by the motion of n continua. Then the t empera tu re  
and the other  thermodynamic  functions for the mixture a re  introduced and on the basis ,  it would appear,  of 
genera l  thermodynamic  assumptions (in the case  of two components) relat ive to the internal energies U1, 
U 2 and the p r e s su re s  Pl, P2 of the components 

e l  : Vl (01, 02, T1, T2), Us ~ Us (Pl, 02, TI, T2), 
Pl  = Ps (Pl, P2, T1, Ts), ps = pz (01, Pz, T1, T~) (1) 

where Pi, Ti a re  the average  density (mass of the i- th component per unit mixture volume) and t e m p e r a -  
ture  of the i- th component (i = 1, 2), the energy equation and the inequality for the entropy of the mixture 
as a whole a re  obtained. Here the relat ions between the thermodynamic  functions of the mixture and the 
components in the genera l  case  depend on the t empera tu re  h is tory  and the kinematic var iables .  In the 
par t icu lar  case in which we assume additivity of the internal energy and entropy of the mixture  over the 
component masses  

pu = piui § p~us, 0s = pis1 + 0ss2 (2) 

the condition T i = T 2 = T must  be sat isf ied.  

But the assumptions (1) are  valid only for homogeneous mixtures .  For  heterogeneous mixtures ,  in 
which there  a re  sur faces  where some of the pa ramete r s  undergo discontinuities (mixture of gas or  liquid 
with par t ic les ,  mixtures  of a liquid with bubbles, and so on) the pa ramete r s  Pl, P2, T1, T2 a re  not sufficient 
to cha rac te r i ze  the state of each phase. Therefore ,  in the theory  of interpenetrat ing motion of polyphase 
media there  a re  for each phase the quantities a i  (volumetric content of the i- th phase), which show the 
fract ion of the mixture  volume occupied by the i- th phase. For  example, in a gas -pa r t i c l e  mixture  in 
which the par t ic le  dimensions a re  quite large,  in o rde r  to be able to neglect  sur face  effects both (2) and 
the following expression (see [2]) mus t  hold 

p~ -- p2 = p (01 ~ r~) (Pl ~ = 0i / as) (3) 

where p(p~, T1) is the equation of state for the pure gas .  Thus, in the equations of state of the phases there  
appear  the t rue  phase densit ies p~ = p i /oz i ,  and the assumption on additivity of the internal energy and the 
entropy of the mixture  with respec t  to the phase masse s  (2) involves the possibil i ty of neglecting the in- 
fluence of the sur face  layer,  which can be done when the inclusion dimensions exceed by many t imes the 
in termolecular  distances.  Moreover ,  the quantities a i appear  in the equations of motion of the phases.  
The corresponding thermodynamic  analysis ,  in which the concept of mixture t empera tu re  does not appear,  
was made for severa l  cases  in [2, 3]. 
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