
M E A S U R E M E N T  O F  T H E  C O N C E N T R A T I O N  P R O F I L E S  

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

V A P O R S  O F  S O M E  L I Q U I D S  IN A R G O N  

L . I .  K u r l a p o v  a n d  S .  N .  C h e r n y a k  UDC 533.15  

The  c o n c e n t r a t i o n  p r o f i l e s ,  the l o c a l  and i n t e g r a l  c o e f f i c i e n t s  of in t e rd [ f fus ion ,  and  the t i m e  of 
e s t a b l i s h m e n t  of s t e a d y  diffus  ion of v a p o r s  of e t h e r ,  a c e t o n e ,  b e n z e n e ,  and  e thy l  a l c o h o l  in 
a r g o n  a r e  m e a s u r e d .  

The  c o e f f i c i e n t s  of  dKfus ton  of v a p o r s  in a g a s  can  be u s e d  in c a l c u l a t i o n s  of t h e m a s s  t r a n s f e r  in v a r i o u s  
t e c h n o l o g i c a l  d e v i c e s .  The  a p p l i c a t i o n  of k in e t i c  t h e o r y a l s o  p e r m i t s  t h e i r  u s e  fo r  f inding  the m o l e c u l a r -  
k i n e t i c  p a r a m e t e r s  of v a p o r s  [1]. M e a s u r e m e n t s  of c o e f f i c i e n t s  of i n t e r d i f f u s i o n  by the S te fan  m e t h o d  have  
r e v e a l e d  the inf luence  of the d i m e n s i o n s  of the diffus ion c e l l  on the r e s u l t s  obta [ t e d  [2, 3], which  can  expla  in 
the  p r o n o u n c e d  c o n c e n t r a t i o n  dependence  of  the c oe f f i c i e n t s  of i n t e rd t f fu s ion ,  a s  o c c u r s  fo r  g a s e o u s  s y s t e m s  
[4]. The  c o n c e n t r a t i o n  dependence  of the  c o e f f i c i e n t s  of i n t e r d i f f u s i o n  l e a d s  to the  fac t  t ha t  the c o n c e n t r a t i o n  
p r o f i l e s  of a d i f fus ing  m i x t u r e  wi l l  d i f f e r  f r o m  those  e x p e c t e d  fo r  the Stefan  m e t h o d w i t h  a c o n s t a n t  c o e f f i c i e n t  
of in te rd i f fus  ion, a s  we l l  a s  to the f ac t  t ha t  one m u s t u s e  l o c a l  c o e f f i c i e n t s  of [n t e rd i f fus ion  to f ind the m o l e c u l a r -  
k i n e t i c  p a r a m e t e r s .  

In the  p r e s e n t  c o m m u n i c a t i o n  we p r e s e n t  the  r e s u l t s  of m e a s u r e m e n t s  of the  c o n c e n t r a t i o n  p r o f i l e s  and  
l o c a l  c o e f f i c i e n t s  of [ n t e r d i f f u s i o n o f  t h e v a p o r s  of 1) (C2H5)20; 2) (CH3)2CO; 3) C6H6; 4) C2HsOH i n a r g o n  by  the 
m e t h o d  d e s c r i b e d  e a r l i e r  [5, 6]. The  m e a s u r e m e n t s  w e r e  conduc ted  a t  a t m o s p h e r i c  p r e s s u r e  (702 m m  Hg on 
the a v e r a g e )  a n d a t  a t e m p e r a t u r e  of 300~ 

The  p r o f i l e s  of the v a p o r  c o n c e n t r a t i o n  c 2 fo r  the fou r  r e s p e c t i v e  s y s t e m s  a r e  p r e s e n t e d  in F i g .  1. The  
e r r o r s  in the r e l a t i v e  vo lume  c o n c e n t r a t i o n s  of the  v a p o r s  with an a c c u r a c y  of 0 .95  w e r e  •  •  
+0 .001 ,  and  + 0 . 0 0 2  fo r  s y s t e m s  1 -4 ,  r e s p e c t i v e l y .  It is s e e n  f r o m  F i g .  1 tha t  the m e a s u r e d  va lues  o f c  2 a t  
a c e r t a i n  X = x / L e f  (x is the c o o r d i n a t e  a long  the ax i s  of the d i f fus ion  c a p i l l a r y  and Lef  is the e f f ec t ive  length  
of  the c a p i l l a r y  wi th  a l l o w a n c e  fo r  the  end c o r r e c t i o n s  fo r  s y s t e m s  1-3)  d i f f e r  f r o m  the t h e o r e t i c a l  va lue s  [7] 
found with  the cond i t ion  of independence  of the c o e f f i c i e n t s  of  in te rd i f fus  ion f r o m  the c o n c e n t r a t i o n .  The  e x p e r i -  
m e n t a l l y  ob t a ined  p r o f i l e s  can  be r e p r e s e n t e d  b y p o l y n o m i a l s ,  whose  c o e f f i c i e n t s  w e r e  found by the l e a s t -  
s q u a r e s  me thod .~n  a M [ t s k - 2 2  c o m p u t e r :  

1) c 2 = - -  1.277X 6 q- 2.883X a -  2.765X 3 -}- 0.7566X 2 --0.3904X-}-0.7991, 

2 )  c z = - -  0.05442X 5 -~ O. 1265X 4 - -  O, 13 IOX z - -  0.01811X z - -  0.2905X q- 0.3693, 

3) c 2 = - -  0,01260X 4 ~- 0.01968X 3 - -  0 , 0 2 6 8 1 X  z - -  O, 1240X -}- O. 1445, 

4) c 2 = 0,003718X 2 - -  0.07525X -}- 0,07527. 

D i f f e r e n t i a t i o n  of  func t ion  c2(X ) a l l o w s  one to  f ind the l o c a l  v a l u e s  of the c o n c e n t r a t i o n  g r a d i e n t s  and  
hence  the  l o c a l  c o e f f i c i e n t s  of i n t e r d i f f u s i o n  [5, 6]. In F i g .  2 we p lo t  the l o c a l  c oe f f i c i e n t s  of i n t e r d i f f u s i o n  
DI2 (poin ts ) ,  r e d u c e d  to  s t a n d a r d  p r e s s u r e ,  fo r  s y s t e m s  1, 2, 3, and  4, r e s p e c t i v e l y .  T h e m e a n  v a l u e s  of  the 

T A B L E  1. C o e f f i c i e n t s  of I n t e r d i f f u s i o n  of V a p o r s  of L iqu ids  into 
A r g o n ,  Reduced  to S t a n d a r d  P r e s s u r e  

Vapor of liquid T , ~ K  h,, . io,,  mZ/sec 
1 ~ 3 4 

(C~Hs)oO 
(CH~hCO 
C6H~ 

C~H~OH 

300 
300 
300 
299 

0,0919!0,0013 
0,098+0,002 
0,083~-0,003 
0,101 • 0,008 

0,099__+0,003 
0,098+0,003 
0,084~0,003 
0,109~0,010 
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Fig. i Fig. 2 

Fig. i. Distributions of vapor concentration alongaxis of diffusion capillary 
of a Stefan cell (concentration profiles) for the following systems: i) Ar-- 
(C2H5)20;2) Ar-(CH3)2CO: 3) Ar-- C6H~; 4) Ar-- C2H~OH; points) experiment; 
curves) theory under the assumption of independence of coefficient of interdif- 
fus ion from the concentration. 

Fig.  2. Dependence of coefficients of interdiffusion (10 -4 m2/sec) on con- 
centration for sys tems 1-4: a) experiment;  b) polynomials (1); e )Maxwel l - -  
Boltzmann theory with all(Ar) = 0. 332, o-22((C2H5)20) = 0. 674, a22((CH3)2CO ) = 
0. 632, ~22(C~H6) = 0. 676, and cr22(C2H5OH) = 0.55 9 N/m, found f rom viscosi ty  
[8, 9]; d) Maxwel l - -Bol tzmann theory wi thal l (Ar)=0.344 [4, 11], cr22. 
((CH3)2CO) =0.580, and o-22(C6H6) =0. 630 N/m, found f rom D12(c 1 --* 1)~ e) 
second approximation of r igorous kinetic theory [1]; f) f rom equations of 
[10] with viscosi ty pa ramete r s  takenfrom [1, 9]. 

test  t empera tures  were the same as for the integral coefficients of interdiffusion, since the localand integral 
coefficients of interdiffusionwere measu red in  paral lel  using d i f fe ren tana lyzers .  It is seenf rom Fig.  2 that 
the concentration dependence cannot be neglected for sys tems 1-3,  since it exceeds the e r r o r  in the m e a s u r e -  
meats  of the local coefficients of [nterdLffusion. For  the fourth system the concentration dependence, although 
it does lie within the limits of the experimental  e r r o r ,  should not be neglected since the local coefficients of 
interdiffus ion were obtained from continuous curves of the concentration distributions over the length of the 
capil lary.  This dependence is approximated for sys tems 1, 2, 3, and4 by the following respect ive polynomials:  

1) D,2 = 0.05762c~ - -  0.1244c i + 0,1449, 

2) Dtz = - -  0,06610c~ ,'-}- 0.07496ci + 0.08184, 
(1) 

3) Di2 = - -  0.3740c~ -}- 0.6033ci - -  0.1532, 

4) Di2 = - -  2.859c~ -}- 5.309c i - -  2.349. 

As seen from Fig.  2, not one of the existing equations of kinetic theories descr ibes  the experiment fully. 
In the concentrat ion range under consideration,  the second approximation of the r igorous theoryof  [1] gives 
an a lmost  constant value of the coefficient of interdiffusion. The Maxwel l - -Bol tzmann theory for the r igid-  
sphere potential [11] descr ibes  the experLmentbetter  than the others .  Theuse  of a n and a22 found from the 
coefficients of viscosi ty of the pure components [8, 9] (solid line) for sys tems 2 and 3 gives understated values, 
which is explained by the inexact relationship between the coefficients of viscosi ty and self-diffus ion given by 
the Maxwel l - -Bol tzmann theory.  
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Fig.  3. Es tab l t shmentof  a steady vapor concent ra-  
tion c 2 in the diffusion ce l ldur ing diffusion of the 
following sys tems:  1) Ar--(C2H~)20; 2) A r -  (CH3) 2- 
CO; 3) A r -  C6H6; 4) A r -  C2HsOH. 

As noted above , f rom the measured  coefficient of interdiffusion one can calculate 0-. If the concentration 
dependence of the coefficient of interdiffusion is s ignificant then 0-12 must  be derived from the t race  coefficient 
of interdiffusion [10]. In the M a x w e l l -  Boltzmann theory the t race  coefficient of diffusion with c 1 = 1 is expressed 
through0-12. Its values for  sys t ems  2 and3 are  found f rom (1) withcl =1. F rom these values one calculates 0-22 
and then, using the known collision diameters  of the gases ,  found from the coefficients of self-diffusion [4, 11], 
e . g . ,  and the combination rule,  one finds the r ig id-sphere  diameters  for the vapors .  Under the experimental  
conditions we obtained the following values for acetone and benzene vapors ,  respect ively:  2) 0-22 =0.580 N/m and 
3) 0-22 =0.630 N/re. 

The method usedal lows one to measure  the integral coefficient of Interdiffusion l~12, usually presented 
in the l i tera ture ,  s imultaneously with the concentrat ion distribution. The resul ts  of the measurements  are  
presented in Table 1. The values of I)12 usingthe vapor concentrat ion at the lowerend of the diffusion capil lary,  
corresponding to the saturating vapor p ressure ,  are  presented in the third column while the values obtained by 
extrapolation of the function c2(X) to X = 0 are  presented in the fourth column. For  the major i ty  of sys tems 
these values coincide within the e r r o r  l imits .  This indicates that the diffusionof the vapor is the limiting pro-  
cess  in the diffusion cell .  The differences for ether vapormight  have originated from the fact that  with intense 
evaporation the cor rec t ion  to the tempera ture  of the liquid surface,  which we est imated for all the sys tems 
from the condition of energy balance, was less well-founded for ether,  so that an uncontrolled systematic  e r r o r  
in the saturat ing vapor p ressu re  is possible for this sys tem.  In such a case it is preferable  to use the value from 
the fourth column of the table. The integral values of f)12 lie within the range of variation of the local values 
of Dl2 (Fig. 2). 

All the measurements  descr ibed were ca r r i ed  out in a steady state.  The time of onset of steady diffusion 
was measured  in control exper iments .  For  this the value of the vapor concentrat ion c 2 at a certain c ross  sec -  
tion of the diffusion capi l la rywas  recorded  at cer tain t imes .  The resul ts  of the measurements  are  presented 
in Fig.  3. 

As s een f rom the figure, a steady process  sets inat  a dimensionless diffusion time Fo> 2 for all the sys-  
tems.  This agrees  with the predictions of the analytical theory of heat conduction withallowance for the triple 
analogy [12]. The moment  of the introduction of the liquid at the bottom of the diffus ion cell filled with the test  
gas was taken as the start ing point in our tes ts ,  and therefore  the agreement  of the measured  time of onset of 
the s t eadyprocess  with the theory indicates that the time in which the vapor reaches  saturation above the su r -  
face of the liquid itself is negligibly smal l .  

N O T A T I O N  

X =x/Lef;  x, coordinate along axis of diffusion capil lary;  Lef, effective length; cl, c2, relative volume 
concentrations of gas and vapor;  D12 , D12 , local and integral coefficients of interdiffusion; 0-, collision diameter  
of molecules;  Fo = 4 D r / L  2, diffusional Four ie r  number;  T, t empera ture .  
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INFLUENCE OF HEAT CONDUCTION OF 

THE WALL ON THE TURBULENT PRANDTL 

NUMBER IN THE VISCOUS SUBLAYER 

P.  I. G e s h e v  UDC 532.517.4  

T e m p e r a t u r e  pulsations in the viscous sublayer  and in the heat-conduct ing wall  a re  analyzed.  
The analyt ical  dependence of the c r i t e r ion  P r  t on the p a r a m e t e r s  P r  and A and the coordinate 
y+ is de te rmined .  

In [1-2] it is shown that inthe viscous sublayer  of a turbulent  boundary s t r e a m  the cha rac t e r i s t i c s  of the 
wall m a t e r i a l  affect  the magnitude of the t e m p e r a t u r e  pulsat ions,  and a d imens ionless  c r i t e r ion  is obtained for  
this effect: A = ~f(pcph)2/(pCph) 1 . The influence of the molecu la r  Prandt l  number  (or the Schmidt numberSc  
in the case  of m a s s  t r ans f e r  [3])on the turbulent  t r an s f e r  in the viscous sublayer  was invest igated theore t ica l ly  
in [3-5]. The influence of the wall m a t e r i a l  was par t ia l ly  taken into account in [3-5] by se t t ingup different  
boundary conditions: of the f i r s t  kind [0 (y =0) = 0] or  of the second kind [(a0/~])(y = 0)= 0]. This co r responds  to 
A =~ and A =0. In t h e p r e s e n t  pape r  the theory  of [3-5] is genera l ized  to a r b i t r a r y  values of A. 

We will s t a r t  f rom the following equations for  the t e m p e r a t u r e  pulsat ions:  

O0 dT 020 
- - + v - - = a - -  (y>o), (1) 
Ot dy Oy 2 

O~--~-=b 02~ (y<O), (2) 
Ot Oy 2 

o = ~  (y=o), (3) 

' ay ~ ( y  = 0) (4) 

Equation (1) desc r ibes  the t empe ra tu r e  pulsat ions in the viscous sublayer ;  (2) is the equation o f h e a t p r o p -  
agation in the solid wall; the conditions (3)-(4) exp re s s  the continuity of the t e m p e r a t u r e  andof  the heatf tux a t  
the boundary.  In (1) we neglected the dependence of v and 0 on the coordinates  x and z. The applicabil i ty of 
such an approximat ion can be justif ied r a t he r  r igorous ly  in the case  of la rge  Prandt l  numbers  (see [3-5]), but 

T rans l a t ed  f rom Inzhenerno-Fiz iehesk i i  Zhurnal ,  Vol. 35, No. 2, pp. 292-296, August,  1978. Original  
a r t i c le  submit ted Ju ly  25, 1977. 
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