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THERMAL CONDUCTIVITY OF LIQUID MIXTURES 
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This paper adopts a phenomenological approach and presents a new 
model of a mixture of noD.reacting liquids as a mixture of two intex- 
penetrating continuous media. An analytical relationship for calculat- 
ing the effective thermal conductivity of a mixture of liquids is given 
and the results are compared with experimental data. 

We will cons ide r  the p rocess  of heat  t r a n s f e r  through 
l iquid m i x t u r e s  of two c l a s s e s - - s o l u t i o n s  and e m u l -  
s ions .  Solutions a re  mix tu re s  of two or s e v e r a l  s u b -  
s t ances  Which a re  mixed molecu la r ly .  Emul s ions  a re  
d i s p e r s e  s y s t e m s  cons i s t ing  of two or more  i m m i s c i b l e  
l iquids ,  which a re  d i s t r ibu ted  in  the fo rm of drops  in 
one of the l iquids.  
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1. Graph of funct ion 
x = x(p). 

Transfer processes in liquid mixtures are usually 
regarded from the viewpoint of molecular kinetic theory, 
which can reveal the structure of the effective thermal 
conductivity of the mixture. There is a fairly com- 
plete review of such investigations in [1, 2]. Heat- 
transfer processes have not yet been sufficiently well 
investigated even in homogeneous liquids and, hence, 
the theoretical formulas for the calculation of their 
thermal conductivities are inadequate. The problem 
becomes even more complicated in the case of analy- 
sis of transfer through liquid mixtures. The absence 
of a sufficiently reliable analytical method of calcu- 
lating the thermal conductivity of liquid mixtures ne- 
cessitates the derivation and extensive use of empiri- 
cal relationships. The best known empirical formula 
is that of Filippov and Novoselova [3], which gives 
good agreement (to within i-5%) with the experimental 
data of various authors: 

)~= )~x(1 --n2) + ~,~n..--O.72(;~2--~,l)nl(1 --n.~). (1) 

There  is  another  poss ib le  approach to the ana ly s i s  
of heat t r a n s f e r  through b i n a r y  l iquid m i x t u r e s .  This  
approach is  based on the i r  r e p r e s e n t a t i o n  in the fo rm 
of a mechan ica l  mix tu re  of two nonreac t ing  i n t e r p e -  
ne t r a t i ng  cont inuous media .  

We r ega rd  each l iquid component  as a cont inuous 
med ium with a t h e r m a l  conduct iv i ty  equal  to that of 
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the l iquid at the given t e m p e r a t u r e .  Such a mix tu re  
of two l iquids  wil l  have a d i f fe rent  s t r uc t u r e  accord ing  
to the phys ica l  p rope r t i e s  of the components .  If the 
mix tu re  f o r ms  an e m u l s i o n  its s t r uc t u r e  will cons i s t  
of separa te  inc lus ions  of one component  su r rounded  
by the b inding  subs tance  of the second component .  The 
effect ive t h e r m a l  conduct iv i ty  X of mix tu re s  of such 
s t r u c t u r e  can  be ca lcula ted  f rom Ode levsk i i ' s  fo rmula  
for  m a t r i x  s y s t e m s  of solid mix tu re s  [4] 

( I/(I--v)--(1--p)/3P ) ~2 X=)~i 1 , v = - ~ - .  (2) 

The s u b s c r i p t s  of the components  in (2) cannot be 
in te rchanged ,  s ince  this  leads  to i n c o r r e c t  r e su l t s  
owing to the ge ome t r i c a l  nonequiva lence  of the c o m -  
ponents  [4]. 

If the mix tu re  of l iquids f o r m s  a solut ion,  then the 
prev ious  model  does not de sc r ibe  i ts  s t r u c t u r e ,  s ince  
the molecu les  of the solut ion a re  not local ized at any 
p a r t i c u l a r  point  in space and can move f r ee ly  th rough-  
out the volume of the mix tu re .  Hence,  the two c o m -  
ponents  at any ins tan t  fo rm two spat ia l  cont inuous 
i n t e r p e n e t r a t i n g  la t t i ces .  Heat t r a n s f e r  through a 
mix ture  of such s t r u c t u r e  was inves t iga ted  in [5], 
where  the author  p resen ted  the following re l a t ionsh ip  
for  the d e t e r m i n a t i o n  of the effect ive t h e r m a l  conduc-  
t iv i ty  of the mix tu re :  

;~ = )~1 { x~ -t- v (1 - -x)  ~ + 2vx(1 --x)/[vx --}- 
+ (i --x)] }, (3) 

where x is a lattice parameter connected with the 
volume concentration by the relationship 

p = 2x 3 -  3x z + 1, (4) 

which is shown in g raph ica l  fo rm in Fig.  1. 
The suitability of the proposed model of liquid bi- 

nary solutions and formulas (3) for the determination 
of their effective thermal conductivity was determined 
by a comparison of the theoretical and experimental 
values of the effective thermal conductivity of about 
thirty different mixtures of normal and associated 
liquids. Figures 2 and 3 compare the experimental 
data (points) from [1, 3, 6, 7] with the values calculated 
from formula (3) (curves). The solvent and solute 
formed the following combinations of investigated 
liquids: normal + normal, normal + associated, and 
associated + associated. The experimental results for 
the first two kinds of mixture (Fig. 2) show a syste- 
matic deviation and lie above the theoretical values. 
The maximum deviation--for the methylformate + car-  
bon tetrachloride mixture--was 14%. The mean devia- 
tion for  the d i f fe ren t  m ix tu re s  va r ied  f rom 2 to 7%. 
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Fig. 2. Effective thermal conductivity of: a) a binary mixture 

of normal liquids O--chloroform + carbon tetrachloride, ~ = 

= 0.94; 2--ethylformate + toluene, 0.812; 3--methylformate + 

+ benzene, 0.748; 4--methylformate + chloroform, 0.633); b) 
a binary mixture of associated and normal liquids (1--me- 
thanol + methylformate, ~ = 0.95; 2--acetone + benzene, 0.88; 

3--isobutanol + methylformatc, 0.68; 4--methanol �9 chloroben- 

zene, 0.62; 5--methanol+ carbon tetrachloride, 0.51). Volume 

concentration p (x axis) in %. 
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Fig.  3. Effective t h e r m a l  
conduct iv i ty  of b i n a r y  m i x -  
t u r e  of assoc ia ted  l iquids:  
1) acetone + water ;  2) e th -  
anol + water ;  3) acetone + 
+ i sobutanol ;  4) water  + 
+ methanol ;  5) water  + i s o -  
propanol .  On x axis  p in %. 
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Fig.  4. Effect ive t h e r m a l  con -  
duct iv i ty  X (W/m �9 deg) of a 
solut ion of ethanol  in wa te r  as 
a funct ion of the t e m p e r a t u r e  
T (~ and the vo lume c o n c e n -  
t r a t i on  p (%): 1) 25; 2) 38; 3) 
50; 4) 65; 5) 80; a) e x p e r i m e n -  
tal  data;  b) data ca lcu la ted  

f rom (3). 
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Slightly higher experimental values than the theoreti- 
cal values were characteristic of mixtures of two as- 
sociated liquids (Fig. 3). The maximum deviation from 
the experimental data was -7% (for the ethanol + water 
mixture) and the mean deviation was 0 to -3%. In 
addition to the binary mixtures shown in Figs. 2 and 3 
we compared the theoretical and experimental values 
of the effective thermal conductivity for mixtures 
in which the components formed the following combina- 
tions: carbon tetrachloride + benzene, nitrobenzene, 
or ethylformate, benzene + toluene (the two components 
are normal liquids); isobutanol + carbon tetrachloride, 
chloroform + ethanol, methylformate + acetone (one 
of the components is a normal liquid and the other is 
an associated liquid); water + n-propanol, acetone + 
+ isobutanol, water + glycerol; water + ethylene glycol, 
water + propylene glycol (the two components are as- 
sociated liquids). Figure 4 shows the experimental 
data taken from [1] and the theoretical curves plotted 
from formula (3). 

From the results of this investigation we can con- 
clude that in the analysis of transfer processes in 
liquid mixtures their structure must be taken into 
consideration. A comparison of the theoretical and 
experimental data for the effective thermal conduc- 
tivity of liquid mixtures shows that the proposed model 
of a liquid mixture as a system of interpenetrating 
continuous media satisfactorily predicts heat transfer 
in such systems. This confirms the great influence 
of the structure on transfer processes. 

NOTATION 

is the effective thermal conductivity of liquid 
mixture; XI, k 2 are the thermal conductivity of com- 
ponents; nl, n 2 are the weight concentration of com- 
ponents; p is the volume concentration of second 
component forming inclusions; x is the geometric 
parameter of structure. 
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