Calculation of Viscosity and Diffusion Coefficients of

Nonpolar Gas Mixtures at Ordinary Pressures

The knowledge of momentum and mass transfer in gas
phase is very important for a large number of pure and
applied problems. The kinetic theory for nonpolar gases
and their multicomponent mixtures at ordinary pressures
is sufficiently developed (I, 2) so that the coefficients of
viscosity and diffusion can be calculated. These values are
quite reliable for spherically symmetric molecules but
become less so with the complexity of the molecules. The
calculations are cumbersome because tedious computation
is not only involved, but also it is essential to know the
intermolecular potential for which the necessary collision
integrals are already evaluated. Since the increase in the
number of components in the mixture increases the com-
putational task, attempts have been made to simplify this
procedure as well as the formula. Many semitheoretical
and empirical procedures have been developed. Here we
describe a new method which can™ ¢orrelate the viscosity
data for binary systems, provided one such mixture value
be known at any composition as those of the related pure
components. The method can then predict binary diffusion
and multicomponent viscosities at that temperature, as
well as at higher temperatures, provided the data on vis-
cosity of related pure gases are available.

THE PROPOSED PROCEDURE FOR CALCULATION OF
VISCOSITY

The rigorous theoretical expression of viscosity for a
multicomponent mixture can be reduced to the following
form (3):

n

: (L)
Nmix = 2 O X
A S 2 &y —
i=1 X;
=1
where
: 6 RT
Dy == — At — 92
1= T PM, D, (2)

The form of Equation (1) is approximate (4} as is the
expression for @; (5). However, with some empirical ad-
justment both these relations have proved very successful
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in correlating the data on viscosities. We then employ
Equation (2) to write

&y _ mM; (3)
©; M

and determine ®;; and ®; on the basis of Equation (3)
and one experimental value of ymix for the binary system.
This procedure will now be tested by performing calcula-
tion for a large number of systems where experimental
data are available.

We report here in brief only the final results of our
detailed numerical experimentation, (6). We have ex-
amined twenty two binary systems. These are: Xe-Kr,
Xe-Ar, Xe-Ne, Xe-He, Kr-Ar, Kr-Ne, Kr-He, Ar-Ne, Ar-He,
Ne-He, Ar-H;, Ne-H;, He-H; Ox-H;, N,-NO, 0,-CO,
Ng-COg, H2-C02, :Hz-CH4, 02-C2H4, N2-02H4 and
CH,-C,H,.

The data for the first seven systems, are available as a
function of composition at 291°K., and could be success-
fully reproduced. The average absolute deviation for all
the sixty-two mixtures is 0.9% and this improves to 0.7%
if ten mixtures of He-Xe system are ignored. Calculations
for the remaining fifteen systems are equally successful and
the data are also available for several temperatures. The
computed viscosity values agree with the experimental
values within an average absolute deviation of 0.5%. The
high temperature viscosity values could be correlated on
the basis of ®; evaluated at the lowest temperature within
an average absolute deviation of 0.89. This result is not
very startling as in Equation (2) both A;;* and (4,T/PDy)
and hence ®;; are only feebly dependent on temperature
(7).

Viscosities were also computed for the ternary system
Ar-Ne-He, For the twelve mixtures referring to three tem-
peratures, the calculated results agree with the experi-
mental values within an average absolute deviation of
0.49%. The results on eight mixtures at the two higher
temperatures are reproduced within an average absolute
deviation of 0.6% when @; values determined at-the
lowest temperature are used. Thus, the conclusions on
binary and ternary systems are alike, and it is reasonable
to believe that multicomponent viscosities can also be
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reproduced in the same way.

Similar methods are developed for the correlation and
calculation of viscosity of multicomponent mixtures, by
Buddenberg and Wiﬁze (8), Wilke (9), Saxena and
Gambhir (10, 11), and Gambhir and Saxena (7, 12).
The method currently suggested is as competent as any
of these.

THE PROPOSED PROCEDURE FOR CALCULATION OF
DIFFUSION

It is interesting to examine the relation of Equation (2)
for estimating diffusion coeficients. As the relation is ap-
proximate, a semiempirical adjustment is desirable. We
have examined the experimental data for the systems
He-Ne, He-Ar, He-Xe, Ne-Ar, Ar-Xe, Hy-He, Hy-Ar,H,-O,,
H2-C02, Oz-CO, Nz—NO, Nz—C2H4, 02-C2H4 and CH4‘02H6
and suggest the following relation for estimating diffusion
coeflicients:

1.54 RT o,
Dyj = —— (4)
PMd;

The numerical constant was obtained by the least square
fit on twenty-seven measurements of these fourteen sys-
tems. Equation (4) reproduces these directly measured
values within an average absolute deviation of 7.29%.
The tabulated results are given elsewhere (6).

Further, as ®;; are weakly dependent on temperature,
it is not necessary to evaluate ®;; at the temperature of
interest for use in Equation (4). This immediately sug-
gests that Dj; at higher temperatures can be easily evalu-
ated from relation (4), provided we know the values of
viscosities for either of the pure components at those very
temperatures and ®; at any temperature. This is a very
promising and useful result. The accuracy of such a pro-
cedure is tested by detailed numerical calculations where
directly observed values are available. For the fifteen
systems namely, He-Kr, Ne-Kr, Ar-Kr, Ne-Xe, Ne-Ar,
He-Xe, Ar-Xe, He-Ar, He-Ne, Hj;-Ne, Hy-Ar, H»-O,,
0,-CO, Hy-CO;, and N,-CO; and their 139 measurements,
Equation (4) reproduces the observed values within an
average absolute deviation of 8.4%. The details of these
calculations and references to the experimental diffusion
values and related data are given in (6).

It is not intended here to make a detailed comparison
of the different methods and their relative merits and
demerits which are used for calculating the diffusion co-
efficient. We simply mention the different methods and
list in Table 1 some of the statistical deviations quoted
by three workers. This will provide some idea of the suc-

TABLE 1. SuMMARY OF RESULTS: ON THE CALCULATION OF
DirrusioN COEFFICIENT BY DIFFERENT METHODS

% % %
Method devia devP dev.c
Rigorous Theory (1, 2) 7.2 6.4 —_
Gilliland (13) 20.1 21.1 39.3
Andrussow (14) 15.0 16.4 —
Armold (15) 8.5 10.7 6.9
Chen and Othmer (16) 8.1 8.9 —
Slattery and Bird (17) 14.1 14.0 6.0
Othmer and Chen (18) 16.6 13.9 —_

Fuller, Schettler and Giddings (19) 42 4.3 —_
Saksena and Saxena (20) —_ — 4.3

a. Due to Fuller and Giddings (21) and refer to 38 systems and 47
different experimental points.

b, Due to Fuller, Schettler and Giddings (19) and refer to 340
diffusion measurements.

¢. Due to Saksena and Saxena (20) and refer to 52 experimental
values of 5 systems.
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cess and relative footing of the proposed method. The
methods very often used for the calculation of diffusion
coefficients are: Gilliland (13), Andrussow (14), Arnold
(15), Chen and Othmer (16), Slattery and Bird (17),
Othmer and Chen (18), Fuller, Schettler and Giddings
(19), and Saksena and Saxena (20).

A critical look of Table 1 establishes the adequacy of
the proposed method. Some of its other special attractive
features are the simplicity, relatively small initial input
information, possible extension to high temperatures, and
simultaneous correlation and generation of viscosity data.
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NOTATION

A" = ratio of the reduced collision integrals, subscripts
indicate the two molecular species i ard j in the
mixture

Dy; = diffusion coefficient for the gases i and §

M = mol wt.

n = number of components in a multicomponent mix-
ture

P = pressure of the gas or gas mixture

R = gas constant

T = temperature in °K.

X; = mole fraction of the ith component in the mixture

n viscosity of the ith gas

Nmix viscosity of the mixture

®; = constant of the Sutherland equation referring to
the mixture of gases i and j.
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