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The use  of empi r i ca l  power laws to calcula te  the diffusion coeff icients  of gases  is  considered.  
The method of s imi l i tude  is used to obtain genera l ized  re la t ions  which pe rmi t  the ca lcu la -  
tion of the diffusion coeff icients  of gases  in t e m p e r a t u r e  r anges  not covered by exper iment .  

A number  of equations have been r ecommended  by var ious  au thors  for  calculat ing the diffusion co-  
efficient in b inary  mix tu re s  of gases .  Some of these  equations have a sound theore t ica l  bas i s ,  some a re  
s e m i e m p i r i c a l  in cha rac t e r ,  and some a r e  obtained by genera l iz ing  exper imenta l  r esu l t s .  

Rigorous  kinetic theory  [1, 2] leads to the re la t ion  

D = 0.002628 V T a (M1 +Mz)/2MIM2 (1) 
2 (1 ,1)*  * P~12 ~12 (Tj2) 

Since col l is ion in tegra l s  have been tabulated for  s e v e r a l  spher ica l ly  s y m m e t r i c  in t e rmolecu la r  i n t e r -  
act ion potentials  it is  poss ib le  to ca lcula te  the diffusion coeff icients  for  a number  of nonpolar  gases  to 
adequate accuracy .  It is v e r y  difficult to evaluate the coll ision in tegra l s  for  n o n s y m m e t r i c  potential  func-  
tions which depend on the angle of impact .  T h e r e f o r e  the theory  sti l l  does not pe rmi t  the calculat ion of 
the diffusion coeff icients  of gases  with polar  and l inear  molecules .  

The main  l imi ta t ions  and a s sumpt ions  of this theory  a r e  d iscussed in detail  in [2], where  it is noted, 
for  example ,  that  Eq. (t) is  obtained r i go rous ly  for  mona tomic  gases  by taking account  only of b inary  co l -  
I is ions  of molecules .  In spi te  of this it should be regarded  as  the mos t  consis tent  a t  the p resen t  t ime,  
based on mode r n  concepts  of the nature  of molecu la r  p roces se s .  

The s imples t  and t he re fo re  the mos t  s a t i s f ac to ry  of the empi r i ca l  equations is  the f ami l i a r  Winkelman 
re Ia t ion  

It  follows f r o m  (1) and (2) that  

n 

D = D O - - .  
p (2) 

2 o lg r 2 o lg 

Thus in any region where  n = const we should expect a l inear  re la t ion  between the logar i thm of the col-  
l is ion in tegra l  and the logar i thm of the reduced t empera tu re .  

Such l o g - l o g  graphs  a r e  shown in Fig. 1 for  s eve ra l  models  of the in t e rmolecu la r  in terac t ion  po- 
tential .  Since the graphs  a r e  not s t ra igh t  l ines the r igorous  kinetic theory  of gases  does not permi t  us to 
cons ider  n constant.  F u r t h e r m o r e ,  for  all  models  at high (and at v e r y  low) reduced t e m p e r a t u r e s ,  be -  
ginning approximately with T* = 5, these graphs can be considered straight lines with far greater justifi- 
cation. Therefore under these conditions Eq. (2) with constant n can be extrapolated with confidence. 

Of course these conclusions apply only to those gases which can be described by spherically sym- 
metric potential models. 

(3) 
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Fig .  1. L o g a r i t h m  of r educed  co l l i s ion  in tegra l  
as  a funct ion of the l o g a r i t h m  of the reduced  
t e m p e r a t u r e :  1) L e n n a r d - J o n e s  mode l  (6-12) 
[2]; 2) potent ia l  well  mode l  with I / R  = 0.4 [21; 
3) the s a m e  fo r  1 / R  = 0.6 [2]; 4) Suther land 
mode l  with a t t r ac t ive  t e r m  p r o p o r t i o n a l  to the 
s ixth p o w e r  [2]; 5) modi f ied  Buck ingham model  
with a = 12 [3]; 6) the s a m e  with a = 15 [3]; 7) 
G u g g e n h e i m - M e G l a s h a n  mode l  [4]; 8) Morse  
mode l  wi th  C = 6 [5]; 9) Kihara  mode l  with V 
= 0.1 [4]; 10) the same  with 7 = 0.6 [4]. 

TABLE 1. Values  of the Coeff ic ients  a and b in Eq. (5) 

Binary mixture a [ b Sl/R ] Average spread 
Iof points, % 

Mo~atomic gases 
Monatornic and diatornic gases 
Diaromic gases 
Diatomic End triatomic gases 
Certain palyatomic gases 

0,306 0,000 0,246 0,00079 
0,209 0,00158 
0,175 0,0083 
0,I85 0,0087 

I8,56 _*3,5 
19,46 3,5 
23,50 2,5 
27,06 4,0 
25,00 4,0 

It is of interest to investigate the temperature dependence of the diffusioncoefficients of gases by the 

similitude method. When this method is applied to molecular diffusion processes it leads to a functional 

relation convenient for generalization [6, 7]: 

v (s-sl  
Ds~ = ~p ~ , ~  ] " (4) 

This  r e l a t i o n  was  used to g e n e r a l i z e  the expe r imen ta l  data  on the diffusion and se l f -d i f fus ion  coe f -  
f ic ien ts  of gases .  The r e s u l t s  of the  g e n e r a l i z a t i o n  a r e  shown in Fig.  2 as  g raphs  of l o g D / D s 1  vs  (S - S l) 
/ R .  They  show that  Eq. (4) can  be e x p r e s s e d  in the f o r m  (Tabte 1): 

lg D = a _ _ S - - 8 1  b ( _ S - - S L ~ "  
Ds, t? R ] (5) 

If Eq. (4) is wr i t t e n  in a f o r m  ana logous  to (2) 

(6) 

we obtain for the exponent 

2.3~cp,~ (2.3p, Cpm)2T 
n = a b lg R R Ts, 

(7) 

From other considerations a similar relation was obtained in [8] for monatomic gases 

n = ~ - - ~ l g T ,  

w h e r e  ~ and p a r e  cons tan t s .  

C o m p a r i s o n  shows that  (8) is a spec ia l  c a s e  of (7) when ~Cpm = eonst .  

The gene ra l i z e d  r e l a t i ons  obtained w e r e  used to ca lcu la t e  the diffusion and se l f -d i f fus ion  coef f i -  
c ien ts  of g a s e s  in t e m p e r a t u r e  r a n g e s  not c ove red  by exper iment .  A por t ion  of these  ca lcu la t ions  can be 
app rox ima ted  to ~ 3 - 4 ~  by power  laws of type (2). 

(8) 

These are listed in Table 2. It is clear from the table 
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T A B L E  2. V a l u e s  of Do, To, and n of Eq. (2) fo r  P = 1 a t m  Obta ined  
b y  U s i n g  the  G e n e r a l i z e d  R e l a t i o n s  

Gases T0,~ Do, cmB/sec n 

273 0,630 1,71 Monatomic and 
diatornic gases 

Diatornic gases 

Diatomic and 
triatomic gases 

He-- air 

H~--air 

H~--N~ 

H~--CO 

N~--N~ 
0~--0~ 
CO--CO 
NB--CO 
O~--N~ 
Oz-- air 

N~--CO~ 

O~--CQ 

CO--CO~ 

O,~+H~O 

Air--H20 

273 
1273 
273 

1273 
273 

1273 
273 

1273 
273 
273 
273 
273 
273 
273 

273 
773 
273 
773 
273 
773 
273 
773 
273 
773 

0,660 
9,86 
0,700 

11,4 
0,700 

10,4 
0,651 
9,85 
0,188 
0,187 
0,175 
0,192 
0,181 
0,178 

0,142 
0,952 
0,145 
0,888 
0,137 
0,855 
0,232 
1,43 
0,229 
1,56 

1,74 
1,91 
1,79 
1,90 
1,74 
1,91 
1,75 
1,89 
1,72 
i ,75 
1,72 
1,72 
1,72 
1,72 

1,82 
l, 60 
1,79 
1,59 
1,74 
1,57 
1,78 
I, 56 
1,87 
1,59 

Calculated tern- 
perature, ~ C 

--50~ 700 

--50--1000 
1000--2700 
--50--1000 
1000--2300 
- -50- -1000 
1000--2500 
--50--1000 
1000--2500 
--50--1100 
--50-- 600 
--50-- 800 
- - 5 0 - -  900 
--50-- 800 
- - 5 0 - -  800 

--50-- 500 
500 -- 1500 

- - 5 0 - -  500 
500-- 1300 

- - 5 0 - -  500 
500-- 1500 

O-- 500 
500--1900 

O-- 500 
500--2500 

i . . . . . . . .  ~__ . _ L - - -  . . . . . . . .  ~ 2 5 | - - , ~  "~ 
I + I ~ " i . . . . . . .  

t : z  i/, I L2-o I 

I ! +~; t " ~. { i 

i+-%/I :=;+ ++:++ 
, . . . . . . .  % , . ~ - ~ - - : - , - z +  - - ~ - + P ~ F ~ - - - ~ ,  ~ - z = - + = - v+ + - , ~ +  I 

+ t =+?+?+++' ++.~+"+ I ~ + - + ~ - - H  o - -  ,'a . . . .  z,~ I 
~, . . . . . . . .  ~ + ' + ' - ~ " ' : - - - - - T ~ - - - T - - - - ~ ,  ~ . + +  |  . - - f ~  + - - 2 7  

+ 3 2 f - 0  + f + J "~ - ~ - -  

F i g .  2. G e n e r a l i z e d  r e l a t i o n s  f o r  d i f fu s ion  and s e l f - d i f f u s i o n  
c o e f f i c i e n t s  of g a s e s :  1-1)  m o n a t o m i c  g a s e s ,  S I / R  = 18.56; 1-2)  
m o n a t o m i c  and d i a t o m i c  g a s e s ,  S t / R  = 19.46 ; 2-2)  d i a t o m i c  
g a s e s ,  S t / R  = 23.50; 2-3)  d i a t o m i c  and t r i a t o m i c  g a s e s ,  S t / R  
= 27.06; m - n )  c e r t a i n  p o l y a t o m i c  g a s e s ,  S i R  = 25.00: 1) Ne 
- K r ;  2) N e - N e ;  3) A r - A r ;  4) N e - K r ;  5) A r - K r ;  6) K r - K r ;  7) 
X e - X e ;  8 ) A r - X e ;  9) H e - A r ;  1 0 ) A r - H 2 ;  1 1 ) A r - N 2 ;  12) He 
-N2 ;  13) H2-O2;  14) C O - O 2 ;  15) N2-N2;  16) O2-O2;  17) H2-N2;  
18) CO2-N2;  19) C O 2 - a i r ;  20) H 2 0 - a i r ;  21, 23) CO2-N2;  22) 
I - I20-O2;  24) CO2-CO3;  25) CH4-CH4;  26) C O 2 - N 2 0 ;  27) C H 4 - O  2. 

t ha t  the  t e m p e r a t u r e  r a n g e  in  which  n can  b e  c o n s i d e r e d  c o n s t a n t  d e c r e a s e s  a s  the  m o l e c u l a r  s t r u c t u r e  

of t h e  g a s e s  b e c o m e s  m o r e  complex .  

NOTATION 

D i s  t he  d i f fu s ion  coe f f i c i en t ,  c r n 2 / s e c ;  
P i s  t he  p r e s s u r e ,  a t m ;  
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T 

M1, M2 
* 

T~2 = kT/g~2 
r ~12/k 
DO, TO, P0 
DS 1 
S 
a , b  

pep m 

is the temperature, ~ 
are the molecular weights of the component gases; 

is the reduced collision integral; 
is the reduced temperature; 
are the interaction potential parameters with units A and ~ respectively. 
are the scale values of the corresponding parameters under normal conditions; 
is the scale diffusion coefficient corresponding to the scale value of the entropy $I; 
is the molar entropy, kJ/kmole. ~ 
are parameters depending on the molecular structure of the diffusing gases; 
is the mean molar heat capacity, kJ/kmole-~ 
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