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D E P E N D E N C E  B E T W E E N  T H E  C O E F F I C I E N T  OF 

D I F F U S I O N  A N D  T H E  C O N C E N T R A T I O N  OF 

N O N A Z E O T R G P I C  B I N A R Y  M I X T U R E S  

V .  V .  M o l y a v i n  UDC 532.72:541.12.017 

An e m p i r i c a l  re la t ion  is obtained between the coefficient  of diffusion and the difference in equi-  
l ib r ium m o l a r  f rac t ions  of the low-boi l ing-point  component  in the vapor  and liquid phases  of six 
nonideal b inary  s y s t e m s .  

Because  of the complexi ty  and inadequate study of the p r o c e s s  of diffusion in liquid mix tu re s ,  the depen- 
dence of the coefficient  of mo lecu l a r  interdiffusion of the components  on the composi t ion cannot yet  be ex-  
p r e s s e d  s t r ic t ly  analyt ical ly .  Var ious  approximate  equations allowing for  one or  another  f ac to r s ,  which are  
not a lways known in p rac t i ce ,  have been p roposed  for  calculat ing the coeff icients  of diffusion of b inary  mix -  
t u r e s  [1-3]. F o r  example ,  the Wilke equation includes the dependence of the act ivi ty and v iscos i ty  of the 
components  on the composi t ion,  while the Darken equation includes the dependence of the coefficient of activity 
of the components  on the concentra t ion.  In the major i ty  of c a s e s ,  however ,  ne i ther  the act ivi t ies  nor  the i r  
coeff icients  are  known, nor  the equi l ibr ium concentra t ions  of the components  in the liquid and vapor  phases  
of the mix tu re .  

The fo rces  of in teract ion of the molecu les  of the components  have the de te rmin ing  influence on the in- 
tensi ty  of interdiffusion of the components  and the phase equi l ibr ium of nonideal mix tu re s .  These fo rces  a re  
ve ry  smal l  in m ix t u r e s  which are  ideal o r  c lose to it. F o r  such mix tu res  the total and par t ia l  p r e s s u r e s  and 
the coefficient  of diffusion can be calcula ted sufficiently re l iab ly  by the additivity rule with allowance for  the i r  
l inear  dependence on the concentra t ions  of the components .  The composi t ion of the vapor  phase of an ideal 
solution of a mix ture  is also ea sy  to ca lcu la te ,  knowing the composi t ion of the equi l ibr ium liquid phase .  F o r  
nonideal m ix tu r e s  a depar tu re  f rom the ideal (linear) dependence occurs  because  of the influence of the fo rces  
of m o l e c u l a r  in teract ion.  The value of the excess  concentrat ion of one of the components  in the vapor  phase 
re la t ive  to the concentra t ion of the same component  in the liquid phase  evidently can cha rac t e r i ze  to a g r e a t e r  
o r  l e s s e r  degree  the nonideal nature  of the p r o c e s s e s  of vapor iza t ion  and diffusion. The excess  concentrat ion 
AX in the vapor  phase  is a function of the the rmodynamic  p a r a m e t e r s  ( t empera tu re ,  p r e s s u r e ,  and concen t ra -  
tion of the mixture)  and of the p r o c e s s e s  taking place in the liquid l aye r  at the boundary between the vapor  
phase and the main m a s s  of liquid fa r  f r o m  the phase  in te r face .  There fo re ,  g r e a t e r  cor respondence  should 
be obse rved  between the coefficient  of diffusion D1 in the boundary l aye r  and the value of the excess  concent ra -  
tion AX than between AX and the coeff icient  of diffusion D for  the main m a s s  of liquid. 
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In this  connection i t  s e e m s  d e s i r a b l e  to analyze the dependence of the quant i t ies  D l and AX on the com-  
posi t ion for  a n u m b e r  of nonideal  b ina ry  s y s t e m s .  Such an ana lys i s  was c a r r i e d  out for  s ix  nonazeot rop ic  
s y s t e m s  having components  which a re  fully mi sc ib l e  in the en t i r e  range of concen t ra t ions .  The e xpe r imen t a l  
va lues  of the coeff ic ients  of diffusion were  bo r rowed  f rom the following r e p o r t s :  [4] for  m e t h a n o l -  wa te r ;  
[5] for  acetone - wa t e r ,  acetone - carbon t e t r a c h l o r i d e ,  and acetone - benzene ; [6] for  carbon t e t r a c h lo r i de  - 
ace t i c  ac id ;  [7] for  hexane - to luene.  The data  on the equ i l ib r ium between liquid and vapor  were  taken f rom 
[8]. The p r e s e n c e  of these  and o ther  e x p e r i m e n t a l  data  s e r v e d  as the b a s i s  for  the ana lys i s  of these b ina ry  
s y s t e m s .  

F o r  the carbon t e t r a c h l o r i d e  - ace t ic  ac id  s y s t e m  the vapor  composi t ion  was de t e rmined  roughly f rom 
the analogous data  for  the carbon  t e t r a c h l o r i d e -  benzene and ace t ic  a c i d -  benzene s y s t e m s .  

The bo i l ing  t e m p e r a t u r e s  of the pure  components  of each  mix ture  at  a tmosphe r i c  p r e s s u r e  d i f fer  by no 
m o r e  than 50~ 

F o r  some of the s y s t e m s  under  cons ide ra t ion  the t e m p e r a t u r e  at which the coeff ic ient  of diffusion was 
d e t e r m i n e d  does  not coincide with the t e m p e r a t u r e  of equ i l ib r ium of l iquid and vapor ,  for  which there  a re  
e x p e r i m e n t a l  data .  However ,  this  m i s m a t c h  l i es  in the range  of 15-20 ~ . if one cons ide r s  that the composi t ion  
of the vapor  phase  is  a function mainly  of the concent ra t ion  and depends r e l a t i v e l y  l i t t le  on the t e m p e r a t u r e ,  
then this  t e m p e r a t u r e  m i s m a t c h  should not have an impor t an t  effect  on the r e s u l t s  of the ana lys i s .  

In o r d e r  to e s t a b l i s h  the dependence between the coeff ic ient  of diffusion and the e x c e s s  concentra t ion AX, 
which is  e s s e n t i a l l y  a r e l a t i ve  quant i ty ,  i t  p roved  convenient  to in t roduce into the ana lys i s  the diffusional  s i m -  
p lex  R = D/D 0 , showing the r a t i o  between the actual  coeff ic ient  of diffusion D of the mix ture  and the ideal  co-  
eff ic ient  Do, equal to the coeff ic ient  of diffusion of the same mix ture  if it  were  an ideal  solut ion.  Thus,  the 
diffusional  s implex  R c h a r a c t e r i z e s  the degree  of idea l i ty  of a given mix tu re .  F o r  the concent ra t ion  of the 
boundary  l a y e r  such a s implex  wil l  have the fo rm Rl = Dl/Dol. F o r  pure  components  and ideal  mix tu re s  the 

s i m p l i c e s  R and Rl equal  one. 

If we s t a r t  f rom the assumpt ion  that  the e x c e s s  concentra$ion c h a r a c t e r i z e s  the depa r tu re  of the v a p o r i -  
zation of the mix tu re  f rom idea l i t y ,  then the d i f ference  P = (1 - AX) can be cons ide red  as a kind of c r i t e r i o n  - 
a s implex  c h a r a c t e r i z i n g  the idea l i ty  of the m i x t u r e .  F o r  pure  components  the s implex  P equals  one; for  
i dea l  m i x t u r e s  P wil l  have a l a r g e r  n u m e r i c a l  value than for  the co r re spond ing  nonideal  mix tu re ,  s ince AX for  
a nonideal  mix tu re  is  l a r g e r  than AX for  an ideal  one.  

Since the e x c e s s  vapor  concent ra t ion  depends on the diffusion in the boundary l a y e r ,  the s implex  Rl must  
a l so  be taken at the concent ra t ion  Xl of the boundary  l a y e r .  To make i t  poss ib l e  to c l e a r l y  compare  the quan- 
t i t i e s  P and R/, the points  of the R curves  co r r e spond ing  to the vapor  concent ra t ion  Xl must  be n o r m a l i z e d  to 
the concent ra t ion  X of the main m a s s  of l iquid as  to a p a r a m e t e r .  

In a f i r s t  approx imat ion  the n u m e r i c a l  value of the concent ra t ion  of the boundary l a y e r  can be r e p r e -  
sented as  the a r i t hme t i c  mean of the equ i l ib r ium concen t ra t ions  of the vapor  and l iquid,  

X~ = 0.5 (X + Y) = X § 0.5AX. (1) 

All the b ina ry  m i x t u r e s  under  cons ide ra t ion  a re  d i s t inguished  by a pos i t ive  depa r tu re  f rom the ideal  
( l inear) dependence of the p r e s s u r e  on the compos i t ion ,  e x p r e s s e d  by the Raoult law. At the same t ime ,  they 
have a negat ive depa r tu re  of the coeff ic ient  of diffusion f rom the co r r e spond ing  va lues  for  the ideal  e a s e ,  

which i s  wel l  seen f rom F ig .  1. 

F o r  each of the s ix  b ina ry  s y s t e m s  the va r ia t ion  of the s i m p l i c e s  P(X) and RI(X) has the same c h a r a c t e r  
for  the mos t  p a r t .  The cu rves  of P and RI c o r r e s p o n d  to each  o ther  (for a given mixture)  to a cons ide rab le  
deg ree .  The approx imate  dependence between the s i m p l i c e s  P and Rl can be r e p r e s e n t e d  in the form of the 

following e m p i r i c a l  gene ra l i z ing  equation:  

P = R z" (2a) 

With al lowance for  the phys i ca l  meaning  of the s i m p l i c e s ,  ,r obtain 

D z = Dot  (1 - -  AX).  (2b) 

Curves  of the coeff ic ients  of diffusion D c ca lcu la ted  f rom Eq. (2b) a re  p r e s e n t e d  in F ig .  1 for  al l  the 

s y s t e m s  cons ide r ed  h e r e .  
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Fig~ 1. Dependence of the quantities D, Do, Dc, R, Rl, and P 
on the concentrat ion X of binary sys tems :  1) a c e t o n e - w a t e r  
(D at 25~ AX at 25~ 2) m e t h a n o l - w a t e r  (15, 25); 3) ace-  
t o n e -  benzene (25, 25); 4) acetone - carbon te t rachlor ide (25, 
40); 5) carbon t e t r a c h l o r i d e - a c e t i c  acid (25, 40); 6) h e x a n e -  
toluene (25, 69-110). a) D-105, cm2/sec ;  b) Do; c) Dc; d) R; 
e) R/; f) P. 

For the ideal case the coefficient of diffusion of a mixture is easily calculated on the basis of its linear 
dependence on concentration, knowing the coefficient of diffusion for an infinite dilution of one component in 
the other at the given temperature: 

D o/= D, (1--XZ) + DzXz. (3) 

The maximum departure of the coefficients of diffusion calculated from Eq. (2b) from the corresponding 
experimental values for organic binary mixtures lie in the range of 10-20%. For water- organic systems it 
reaches 25% (methanol-water) and 45% (acetone-water). The relatively large departure for the acetone- 
water mixture may be explained, in addition to other reasons, by the fact that acetone and water differ very 
considerably in permittivity, dipole moments, and the ratio of their components from the other mixtures con- 
sidered here. This undoubtedly shows up in the influence of the forces of the electrostatic interaction of the 
molecules on the diffusion and vaporization and, as a consequence, on the unequal accuracies of Eqs. (2) when 
they are applied to different binary systems. 

N O T A T I O N  

X, Y, equilibrium molar concentrations of first (low-boiling-point) component in the liquid and vapor 
phases of the mixture, respectively; AX, difference between equilibrium and molar concentrations of vapor 
and liquid (excess concentration); Xl, concentration of interphaseboundarylayer; D, coefficient of molecular 
interdiffusion of mixture components in the liquid phase at the concentration X; Do, coefficient of diffusion of 
mixture for the ideal case at a concentration X; Dc, coefficient of diffusion calculated from Eq. (2b); Di, co- 
efficient of diffusion of f i rs t  component at its infinite dilution in the second component;  D 2 , coefficient of dif- 
fusion of second component at its infinite dilution in the f i rs t  component; P = (1 - ~X), concentration simplex; 
R = D/D 0, diffusional simplex; R l = Dl/Dol,  diffusional simplex at the concentration Xl of the interphase 
boundary layer .  
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EFFECT OF PHYSICOCHEMICAL PROCESSES ON 

GAS GENERATION IN HEAT PIPES 

E .  N .  M i n k o v i c h ,  A .  D .  S h n y r e v ,  
V .  A .  M o r g u n ,  A .  L .  K o r s e k o ,  
a n d  O .  M.  S y v o r o t k o  

UDC 536.248.2 

This  p a p e r  examines  the r e su l t s  of t e s t s  on heat  p ipes  of var ious  modif ica t ions .  The r e su l t s  ob- 
tained on gas genera t ion are  c o m p a r e d  with theory .  

In the operat ion of heat  p ipes  the re  a re  a n u m b e r  of complex  phys icochemica l  p r o c e s s e s  o c c u r r i n g i n t h e  
working liquid, the cap i l l a ry  s t ruc tu re ,  and on the in ternal  su r face ,  and these p r o c e s s e s  r e su l t  in the f o r m a -  
tion of a solid deposi t  and noncondensible gas  (hydrogen). These products  of e l ec t rochemica l  co r ros ion  can 
apprec iab ly  a l t e r  the initial h e a t - p i p e p a r a m e t e r s ,  and in the course  of t ime can put it out of commiss ion .  
The ra te  of these p r o c e s s e s  v a r i e s  and is  de te rmined  by the nature  of in teract ion of the h e a t - t r a n s f e r  agent 
with the porous  wick s t ruc tu re  and the type of wall  m a t e r i a l ,  and a lso  by the the rmodynamic  c h a r a c t e r i s t i c s  
of each of the hea t -p ipe  e l emen t s .  An inc rea se  in t e m p e r a t u r e  intensif ies  these p r o c e s s e s  without changing 
the i r  na ture .  

The authors  have conducted comprehens ive  t e s t s  on heat  pipes to de te rmine  the ra te  of format ion  of 
noncondensible gas and deposi t  as  a function of t e m p e r a t u r e  and t ime .  The t es t s  were  conducted at e levated  
tempe r a tu r e .  

The authors  of [2-4] a t tempted  to find an e m p i r i c a l  co r re la t ion  between the r e l ease  of hydrogen and t ime 
and t e m p e r a t u r e ,  and compare  i t  with the expe r imen ta l  data obtained. The object ive of the p r e sen t  c o m p r e -  
hensive t e s t s  is the inverse  p rob lem:  to compare  the exper imenta l ly  obtained amount of hydrogen with the 
theore t ica l  predic t ion  [1]. The combination of hea t -p ipe  wall m a t e r i a l  and h e a t - t r a n s f e r  agent may  be va r ied ,  
s ince the method of calculat ion accounts  for  the chemica l  and the rmodynamic  p r o p e r t i e s  of both these agents .  

To conduct quali tat ive comprehens ive  t e s t s  all the r equ i r emen t s  of technical  and vacuum cleanl iness  
were  obse rved  (degreasing of t hehea t -p ipe  su r face ,  use of chemica l ly  pure  and degassed  h e a t - t r a n s f e r  agents ,  
etc .) .  C h r o m e l -  Copel the rmocoup les  were  used to m e a s u r e  the t e m p e r a t u r e  drop along the en t i re  length of 
the heat  p ipes .  Only p ipes  for  which the t e m p e r a t u r e  drop At - I~ were  used fo r  the t e s t s .  A specia l  vacuum 
fan was used to  sample  the noncondensible gas .  

F o r  the t e s t s  the heat  p ipes  were  mounted ver t i ca l ly  in a specia l  t h e r m o e l e c t r i c  h e a t e r ,  and heat  was 
r emoved  f rom the condensation zone by na tura l  a i r  convection.  The volume of the gas plug was de te rmined  by 
means  of the rmoeoup les  located in the condensat ion zone. A quali tat ive ana lys i s  of the gas  plug was c a r r i e d  
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