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A nonstationary solution is obtained for the diffusion equation in the 
case of two gas containers of arbitrary votume, connected by a cap- 
illary. If the volume of the capillary is regarded as negligibly small 
in comparison with the flask volumes, the solution turns into the for- 
mula derived by Ney and Armsteady, and as the volume of one of the 
flasks approaches infinity, the solution turns into the one derived by 
Frank-Kamenetskii. 

To m e a s u r e  the  c o e f f i c i e n t s  of mu tua l  d i f fus ion  in 
g a s e s ,  we m a k e  e x t e n s i v e  u s e  of the m e t h o d  in which  
two p i s tons  a r e  c o n n e c t e d  to e a c h  o t h e r  by m e a n s  of 
a wide  c a p i l l a r y .  The  e x p e r i m e n t a l  data  a r e  p r o c e s s e d  
a c c o r d i n g  to t h e o r e t i c a l  f o r m u l a s  in whose  d e r i v a t i o n  
it  is  a s s u m e d  tha t  the  v o l u m e  of the  c a p i l l a r y  is s u b -  
s t a n t i a l l y  s m a l l e r  than the  v o l u m e s  con ta in ing  the  
s u b j e c t  g a s e s ,  whi le  a c o n c e n t r a t i o n  g r a d i e n t  e x i s t s  
on ly  wi th in  the c a p i l l a r y  and is  a func t ion  e x c l u s i v e l y  
of t i m e .  H o w e v e r ,  to e v a l u a t e  the  a c c u r a c y  of  the 
e x p e r i m e n t a l  data ,  a s  w e l l  a s  fo r  e x p e r i m e n t a l  i n -  
s t a l l a t i o n s  exh ib i t ing  a v o l u m e  r a t i o  tha t  is  none  too  
s m a l l ,  i t  i s  d e s i r a b l e  to have  an e x a c t  so lu t ion  to the  
p r o b l e m .  Such a so lu t ion  would  m a k e  i t  p o s s i b l e  a l s o  

to e v a l u a t e  the  t i m e  r e q u i r e d  to e s t a b l i s h  a q u a s i -  
s t e a d y  s t a t e  in t h e s e  o r  s i m i l a r  e x p e r i m e n t a l  i n s t a l l a -  
t i ons .  

L e t  us  e x a m i n e  the  p r o c e s s  of d i f fus ion  th rough  a 
c a p i l l a r y  c o n n e c t i n g  two v e s s e l s  of v o l u m e s  V 1 and 
V 2, which  have  b e e n  f i l l ed  with  a m i x t u r e  of g a s e s  of 
d i f f e r i n g  c o m p o s i t i o n  a t  i den t i ca l  t e m p e r a t u r e s  and 
p r e s s u r e s .  As a r e s u l t  of d i f fus ion ,  the  c o n c e n t r a t i o n s  
of the  g a s e s  in the  f l a s k s  wi l l  e v e n  out wi th  the p a s s a g e  
of t i m e .  Th i s  p r o b l e m  was  s o l v e d  by Ney and A r m -  
s t e a d  [1] unde r  the  a b o v e - c i t e d  a s s u m p t i o n s .  T h e i r  
so lu t ion  has the  f o r m  

c~--c2(t) =exp [ Ds Vr+V~ t l  " (i) 
d ~ - -  co2 L VtVo. 

A s s u m i n g  that  the  d i f fus ion  f a c t o r  is  independen t  
of c o n c e n t r a t i o n ,  and tha t  the  d i f fus ion  is  not  c o m -  
p l i c a t e d  by h y d r o d y n a m i c  t r a n s p o r t ,  the  so lu t ion  of 
the  s t a t e d  p r o b l e m  in the  one-dimensional c a s e  r e -  
d u c e s  to the  so lu t ion  of the  equa t ion  

Oc @c D 
Ot Ox ~ (2) 

hav ing  the  fo l lowing  in i t i a l  and b o u n d a r y  cond i t i ons :  

I. c----Co~ when t = 0  and O<x..KL, 

C=Co= when t = O  and x=O;  

ac Ds Oc 
2. - -  . . . . .  when x = L ;  

Ot VI Ox 

Oc Ds Oc 
3. when x = 0. 

3t V2 Ox 

Condi t ions  2 and 3 c o r r e s p o n d  to the  f ac t  tha t  the 
c o n c e n t r a t i o n  of  the  gas  at  the  end of the  tube  is  equal  
to the  c o n c e n t r a t i o n  in the f l a sk .  We wi l l  so lve  the 
p r o b l e m  by m e a n s  of an o p e r a t o r .  It has  the  f o r m  

c ( x ,  t )  - -  c = = 2 (co ,  - -  Co~.) x 

00 

V1 + V2 cos F,, ( L 

(lq + G )  

xflz= + sinp~cos~= 4 P.(V12S +V1v2) s in~t~ -1 

X exp [--  (tzn/L) ~ Dt], (3) 

w h e r e  

C ao 
Co~ (sL + V3 + co~V.. 

V1 + V2 -i  sL 

#n a r e  the  r o o t s  of the  c h a r a c t e r i s t i c  equa t ion ,  

G + G  

eF. G 
tg Fn V1 (4) 

~t2 n - -  e~ 
G 

It would  be  i n t e r e s t i n g  to i n v e s t i g a t e  the  c a s e  in 
which  V 2 ~ ~, wh i l e  the  c o n c e n t r a t i o n  of the  s u b j e c t  
gas  when x = 0 is  equal  to z e r o  at  any ins t an t  of t i m e .  
Unde r  t h e s e  cond i t ions ,  so lu t ion  (3) is w r i t t e n  in the 
f o r m  

X 

~-~' sin Pn L 

c (x, t) = 2Col ~ ' ,  x 
.=1 Fn + sinFncosF. 

w h e r e  

. e .  " '  

E tg F. -- 

F o r m u l a  (5) m a y  be u s e d  to ana lyze  the  e x p e r i m e n -  
ta l  da ta  fo r  the  d i f fus ion  of a gas  f r o m  s o m e  v o l u m e  
th rough  c a p i l l a r i e s  into an unbounded m e d i u m  f i l l ed  
with  a n o t h e r  gas .  

We wi l l  r e d u c e  the  d e r i v e d  so lu t ion  (3) to a f o r m  
conven i en t  f o r  p r a c t i c a l  u t i l i z a t i on .  F o r  th is  p u r p o s e  
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we will a s sume  that the vo lume of the cap i l l a ry  is con-  
s iderab ly  s m a l l e r  than the volume of f lask  1, i . e . ,  
e << 1. Under this condition, neglec t ing  t e r m s  with 
e 2, we can wr i t e  re la t ion  (4) in the fo rm 

v~+ v~ 
tg ~, ~ (6) 

Ix. V~ 

For  smal l  values  of e, tgp 1 can be r ep laced  by t~l 
so that f rom express ion  (6) we obtain 

2 ~ e V, + V~ P q ~  
V.2 

The remain ing  approximate  values of Pn can be found 
f rom the re la t ionship  

~ . = ( n - - 1 ) a - f f  e Vi+V~ +. . .  n = 2 ,  3 . , . ~ .  
~. V~ 

The express ion  being summed  in Eq. (3) is ex -  
panded into a s e r i e s  in powers  of e and we will l imi t  
ou r se lves  to t e r m s  of the f i r s t  o r d e r  of sma l lnes s .  
Having c a r r i e d  out the n e c e s s a r y  calcula t ions  and 
having isolated the t e r m  with n = 1, we obtain 

c (x, t) - -  c = = (co~-- Co~) • 

L 1 x Vi + V2 x V i 
• +ET  v, v-: + 

' ~ L ]  2 V, 6 
V1 -" V~ 

V2 
- - +  

1 V i Vi 1 
! - ~ - ~  V~ Yi+V2 x 

x exp [ DSL V1ViV2 + V~ t] + (Col-- Co2) x 

~ 2 [ x +  
x ~-a sinka -I7 

k=l 

~ ( x  VI4-V~ Vt)  
+ ~ , L V~ V2 

x cos k 
L (k ~)~ 

(7) 

w h e r e k  = n -  1. 
If the concentra t ion  of the subject  gas in f lask 2 

(when x = 0) is denoted c2(t), solut ion (7) a s sum es  the 
form 

ca (t) -- c ~=  (col - -  cos) ~ V~ Vl + V2 X 

• I DSL VI + V2vIV. " t I --(C.l--C02)• 

x [ ] • �9 2s g~ exp - -  Dt . (8) 
~=I (k~)~ V~ 

The f i r s t  t e r m  in this equation desc r ibes  the quas i -  
s teady p roces s ,  while all  of the r ema in ing  t e r m s  
a f te r  the summat ion  sign a re  s ignif icant  only at the 
init ial  instant  of t ime  and a re  a s soc ia ted  with the e s -  
tab l i shment  of the quas i - s t eady  s ta te  in the capi l la ry .  
If we t r ea t  the volume of the cap i l l a ry  as negligibly 
smal l  in compar i son  with the volumes  of the f lasks 
and if we exclude those t e r m s  desc r ib ing  the t r ans f e r  
p rocess ,  we obtain the f ami l i a r  solution (1). Equation 
(2) makes  it poss ib le  to evaluate  the co r r ec t i on  fac tors  
which can subsequent ly be used to re f ine  the data de -  
r ived  f rom formula  (1). 

For  the case  in which V 2 ~ ~ ,  while the concen-  
t ra t ion  of the gas at the end of the cap i l l a ry  (when x = 
= 0) is equal to zero,  for  any instant  of t ime f rom Eq. 
(7) we obtain 

+ (--1)a (ff~)2 exp - -  (9) 

where  el(t) is the concent ra t ion  of the subject  gas in 
f lask 1 (when x = L). 

Solution (9) (approximate method) was de r ived  by 
F rank -Kamene t sk i i  [2] and is used to analyze the di f -  
fusion of one gas through a cap i l l a ry  into a volume 
f i l led with another  gas.  This solution is eas i ly  de r ived  
f rom the exact  solution (5) by expansion into s e r i e s  
in powers  of e, l imi t ing  ou r se lves  to t e r m s  of the 
f i r s t  o rde r  of sm a l lne s s .  

NOTATION 

c02, c2(t), and c a a r e  the concentra t ions  of the gas 
under study in bulb 2 at t ime  t and af te r  final mixing;  
D is the diffusion coeff ic ient ;  s is the cap i l l a ry  c r o s s -  
sec t ion;  L is the cap i l l a ry  length; e is the ra t io  of the 
volume of the cap i l l a ry  to the volume of bulb 1. 
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