
Reference Frames in Diffusion 

It  is frequently necessary to convert 
diffusion equations from one reference 
frame to another (I, 2 ) .  In this note 
the transformation between two arbi- 
trary reference frames is developed, 
and a few examples of interest in liq- 
uid systems are worked out. 

The velocity of species i in an n 
component mixture is written as 

where the reference velocity is 
(1)  V‘ = U S R  + V R  

H. L. TOOR 
Carnegie Institute of Technology, Pittsburgh, Pennsylvania 

The volume average velocity, which 
is of particular interest in liquid dif- - 
fusion, is defined by letting Z I ~ ‘  = vI ,  
the partial mass volume of species i. 
Equation (2)  then defines the volume 
average velocity. 

Measured binary diffusion coeffi- 
cients are usually defined by 

11” = - D,’ V pi (9)  

where superscript R’ is now written as 
V, so Ji’ is the flux with respect to the 
volume average velocity. Assuming 
constant ZCR,  and substituting Equa- 
tion (9 )  into (8), one gets 

14” = - DF (Z,R pi + Zz” pz) V 

As before, with 2,” = 1 one gets 
the mass flux with respect to the Inass 
average velocity 

- where 

DnLiC = D”,, + w ,  2 ($- 1) DVI1 

(18) 
and letting 2,” = l /Mc one gets the 
molar flux with respect to the molar 
average velocity 

(19) 

n-1 

/21 

= -n$ DMi, V C, 
5 3  

ti-1 Mz 
Multiplying Equation ( 1 )  by pl one ) ( 1 0 )  where 

D“,, = - DVi, + xi gets the mass fluxes 
4 nl = I+” + p. V R  (3)  Equation (10) gives the flux with M *  I =1 

and multiplying Equation (3)  by 2%” respect to the reference velocity given 

reference velocity from Equation (2) 

(11) 

- 

DV,, ( 2 0 )  and summing one gets by Equation (2 ) .  For ZiR = 1 the vj Mz (y-4 M, 2 J j ”  Z,” = 0 (4) 

In terms of the second reference 

(5)  

is the mass average velocity 

V” = VlWl + v*tu2 
jZ1 Ci = p , / M t .  

velocity VR‘ Equation (3)  becomes and the flux is ACKNOWLEDGMENT 
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11” = - D‘ p V W C  (12) tional Science Foundation. 
Ji” - 11”’ = pi (V” - V R )  (6) When 2,“ = l / M +  the reference 

Multiplying Equation (5)  by Z , R  and 
summing, using Equation (Z), one 

velocity is the molar average 

gets V’ = VlX1 + vpxz (13) 

2 I,”’ 2,” 
I 5  velocitv is 

and the molar flux with respect to this 

and combining with Equation (6) 

$,”‘ ZIR 

2 PI GR 

I =1 

I,” = 11”’ - pc ( 8 )  

I =1 

This is the desired relationship be- 
tween the fluxes in the two coordinate 
systems. 

The relationship between Equations 
(9) ,  (12),  and (14) is given by Bird, 
Stewart and Lightfoot (1 ) , 

In multicomponent systems Equa- 
tion (9) may be replaced by (2, 3, 4 )  

n-1 

14‘‘ = - 2 D‘cj V pj (15) 
j =1 

which, with Equations (8) and (4),  
leads to 

NOTATION 

C = molar density 
uCR 

7 = partial molal volume 
V” 

w = mass fraction 
x = mole fraction 
2;” = weighing property 
p = density 
p i  

= velocity of species i with re- 
spect to reference velocity 

= some weighted average of the 
individual velocities 

= mass of species i per unit vol- 
ume 

LITERATURE CITED 

1. Bird, R. B., W. E. Stewart, and E. N. 
Lightfoot, “Transport Phenomena,” p. 
518, Wiley, New York (1960). 

2. Kirkwood, J. G., R. L. Baldwin, P. J. 
Dunlop, L. J. Gosting, and G. Kegeles, 
J. Phys. Chem., 33, 1505 (1960). . Dunlop, and L. J. 3. Baldwin, R. L., P. 
Gosting, J .  Am. C I em. SOC., 76, 3745 
(1954). 

4. Shuck, F. O.,  Ph.D. thesis, Carnegie 
Institute of Technology, Pittsburgh, 
Pennsylvania (1962) . 

Vol. 8, No. 4 A.1,Ch.E. Journal Page 561 


