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The accuracy of a formula recently derived by Gambhir and Saxena (1964)
for the thermal conductivity of binary gas mixtures has been investigated
by performing numerical calculations for specific gas systems. A generali-
zation of this formula for multicomponent systems has been suggested and
is checked successfully for ternary mixtures, where experimental data are
available. A procedure for calculatipg thermal conductivity values at high
temperatures has also been saggested and tested.

1. INTRODUCTION

Recently Gambhir and Saxena (1964) have transformed the rigorous
expression for the thermal conductivity of binary mixtures of monatomic
gases as given by Muckenfuss and Curtiss (1958) and Mason and Saxena (1958)
in the following form:

' _ A1 Ag
how =

ok
1+¢12E 1+¢212—;

(1)

Here A, A; and A, are the thermal conductivities of the binary mixture
and of the two gases respectively, X, and X, are the mole fractions of the two
components in the mixture, and ¢;, and ¢,; are two constants. In this
paper the subscript 1 is consistently used for the heavier component. Gambhir
and Saxena also show that ¢,, and ¢,, are independent of composition and

temperature to a large extent and give the following expression for their
ratio:

$12 _ M1 59M2488M 150 2
$o1 Az 160M2488M 1+59° " " -

where M = M,|M,.

Equation (2) has been derived with well-defined assumptions and because
of its simplicity, and as all that is required are the pure thermal conductivity
values and the molecular weights, it will be interesting to examine its adequacy
in detail. This was not done by Gambhir and Saxens and will be attempted
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here. We also generalizé eqn. (1) for an n-component gas mixture according
to the following expression:
Mg = D e\ . ()
=it z dy !
y X
i=1
14
to be used in conjunction with eqn. (2). The possibility of the use of eqns.
(1) and (3) to predict the thermal conductivity values at high temperatures in
conjunction with ¢, values determined at a lower temperature is also investi-
gated.

2. CarourATiON OF THERMAYL CONDUCTIVITY

The gaseous thermal conductivity data for six binary and two ternary
gas systems have been reported by Srivastava and Saxena (1957), and Saxena
(1957) at 38°C.; for all the ten possible systems of the five inert gases by
Thornton (1960, 1961), and Thornton and Baker (1962) at 18°C.; and also
by von Ubisch (1959) as reported by Masonand von Ubisch (1960) at 29° C.
and 520°C. von Ubisch (1959) has also reported the A values for the He-
Kr-Xe system at 29°C. and 520°C. Here we will consider the data of
Srivastava and Saxena (1957), Saxena (1957) and von Ubisch (1959).

Our procedure is to calculate the ratio ¢,,/¢;; according to eqn. (2) and
then use ome Ay, value around the middle composition to evaluate their
absolute values. Equation (1) or (3) then gives the Ay, values. Thus
computed values of ¢, ;'8 are reported in Table I. Computed values of Amix of
Srivastava and Saxena (1957),.and Saxena (1957) are reported in Table II.
The agreement between theory and experiment is excellent. The over-all

Tasre I
Cérftputed values of ¢;j’s.

o S’;:ﬁ:?;’;::"( :;xg;m von Ubisch (29° C) von Ubisch (520° C)

system
$10 é21 $1e 4 ¢12 b

He—Xe 0-3322 3-7382 0-3440 3-6577 0-3843 3-4284
Kr—Xe —_— — 0-8973 1-1140 0-9510 1.1635
He—Kr — — 0-4742 3-0893 0-4909 2-7863
A~Xe 0-9340 1-8572 — — —_— —_—
Ne-Kr 0-7868 2-0200 — — — —
A~Kr 0-9972 1.2276 — _— — —
He-A 0-6963 2:5946 — —_ —_ -

Ne-A 0-8260 1.5056 — — - —
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average absolute deviation is 1-1 per cent only which is of the order of uncer-
tainty in the experimental data. This average deviation refers to all the
binary systems reported (Srivastava and Saxena 1957; Saxena 1957), while for
the sake of brevity only some of these are listed in Table II.

TasLE II

Comparison of calculated and experimental [Srivastava and Sazena (1957) and Sazena (1957)]
thermal conductivity values at 38° C

Gas Mole Amix X 107 {(cal cm~1gec=1deg—1)

air fraction % Dev
p X, Expt Cale

He-Xe 0-1139 2582 2573 —0-3
0-2603 1694 1690 —02
0-3460 1320 1343 +1.7
0-6333 616 617 +0-2
0-8991 . 248 240 -~3:2
A-Xe 01757 , 347 349 +0-6
0-3231 202 290 —07
0-6727 192 192 0-0
0-7517 175 176 405
0-8339 183 161 —1-2
Ne-Kr 00712 . | 1035 1042 +0-7
0-2076 831 830 —0-1
0-3092 716 705 —15
- 0-4277 591 584 —12
. 0-6707 398 400 +05
0-8556 307 298 —29
A-Kr 0-0866 398 413 +3-7
0-2338 366 373 +19
0-3795 334 339 +15
0-6683 277 283 +22
0-8115 256 - 260 +1-6
A-He 0-1412 2693 2714 - +0-8
0-2302 2247 2244 —01
0-6084 1037 1049 +1-2
0-8398 657 644 —2:0
A-Ne . 01370 1025 . 1023 —02
0-3472 830 827 —03
0-6683 607 - 603 —~0:7
0-8286 515 517 +04
0-8660 503 498 —~1:0

e
ol

Comparison of the calculated and experimental A, values of von Ubisch
(1959) at 29°C and 520°C is given in Table III for the three systems. The
agreement in all the cases is reasonable. The average absolute deviation at
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29°C is 2-2 per cent, while at 520° C it is 2-4 per cent. These deviations are
well within the uncertainty of 4 per cent in the data. The other systems
of von Ubisch (1959) which are not considered here are also adequately
~ reproduced by this procedure. The three systems of Table III provide a
more drastic test for the proposed procedure of calculation, for these are
combinations of either comparable or widely different masses.

Results of the extension of eqn. (1) to multicomponent gas mixtures
according to eqn. (3) are given in Tables IV and V. .It will be seen that the
agreement in all cases, both at low and high temperatures, is very good and the
departures are always well within the limits of error in the experimental
values. This is a very interesting and useful result, for it shows that the
Awe Values of multicomponent gas mixtures can be estimated with some
reliance if the thermal conductivity values of the corresponding binaries and
pure components be known. Such values are very often required and the
experimental values are seldom available.

Tasre IV

Comparison of calculated and experimental [ Srivastava and Saxena (1957), Sazena (1957)] Amix values
of ternary gas mixtures at 38° C

Amix X 107 (cal cm -1gec-1deg-1)

Gas system Xl Xq Xa % Dev
. Expt Calo

He-A-Xeo 0-0733 0-6085 0-3202 843 847 +0-5
0-2424 0-3875 0-3901 845 851 +0-7
0-1319 0-1880 0-6801 1662 1664 +0-1
0-6233 0-1800 0-1967 400 403 +0-8
0-7367 0-1495 0-1138 284 285 +0-4

Ne—-A-Kr 0-2715 0-1301 0-5984 8568 858 0-0
0-3896 0-1567 0-4537 545 532 —~24
0-3133 ,0-3848 0-3019 480 481 +0-2
0-1441 0-7172 0-1387 450 455 +1-1
0-6690 0-1449 0-1861 347 345 ~0-6
0-7152 0-1569 0-1279 324 318 —25

Another very useful information would be whether a reliable procedure
could be developed for predicting A, values at high temperatures from
the knowledge of only pure A values at that temperature. This is possible
for, as shown by Gambhir and Saxena, ¢, values are fairly insensitive to
temperature and composition. Thus ¢; values determined at some lower
temperature can be used in conjunction with eqns. (1) and (8) to calculate
Anix at some higher temperature. Such caleulated values are shown in
Tables IIT and V where ¢; values determined at 29°C have been used at
520°C. It will be seen that the method is quite reliable and the average
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absolute deviations are 3-9 and 4-6 per cent in the case of binary and ternary
mixtures respectively. These deviations are again of the same order as the
uncertainty of the experimental data. '

3. CoNCLUSIONS

In view of the above detailed comparison of theory and experiment, we
suggest the use of eqns. (1) and (3) in conjunction with eqn. (2) for predicting
and correlating A, values of multicomponent gas systems, for estimating
the multicomponent values when only the related binaries are known, and
for predicting multicomponent A, values at high temperatures. These
calculations directly apply to mixtures of inert gases only but will also be
useful for mixtures of polyatomic gases to estimate the ‘frozen’ thermal
conductivity.
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