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Reliable methods for prediction of thermal conductivity at high temperatures. are very use-
ful for & variety of important practical needs.- Three different methods (i) approximate (ii)
semitheoretical and (iut) empirical have been investigated. The saccess of these procedures
is demonstrated by actual computation for a large number of systems at temperatures and
compositions where direct measurements are available.” These procedures are-valuable as
the rigorous theory besides being complicated requires a large amount of mput information
and even then leads to unreliable values. . :

The theory of thermal conduction in polyatomlc gases and gas ‘mixfures s very little
understood at the moment. Hirschfelder made the first significant contribution in this
direction and developed a semiclassical theory for pure gases' as well as multicomponent
mixtures?. The theory for mixtures being complicated has been simplified by Mason and
Saxenadunder well defined approximations. The theory for pure gases has also been g1ven
by Mason and Monchick? who based the development on the kinetic theory expression of
polyatomic gases. Saxena, ef al’. improved the theory of Hirschfelder! by taking into
account the translational-internal energy exchnage. For mixtures  also. Monchick, et al®
have developed a formal kinetic theory but the results are not in a form where they may
be used for actual calculations. Saxena, et al” have consequently improved the Hirschfelder’s
expression? for mixtures in the same way as for pure gases. The calculations on all these
theories 45,7 require a large amount of information which is not always available. Therefore
sumpler relations with even moderate reliance will be of great value for a vast number of
practical needs of design engineers. Three different methods are discussed here and then
their worth assessed by applymg them for a large number of systems where directly measured
values are available. This work will thus enable further prediction at higher temperatures
with some idea,f of their reliability :

METHODS

Apprommate method—Mason & Saxena3 have shown' that the coeﬂiment of thermal
conductlwty Ami of a n-component system is given by
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Here A, is the thermal conductlwby of the pure ¢ th component w. is the mole fractlon of
the ¢th component and ‘i 1s deﬁned ag
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Further M; is the molecular weight of the 7 th component and X% isits value of thermal
conduetwlty with internal degree frozen. Va.lues of ),,,., obfamed on the b&SIS Of(l) a.nd
(2) are referred to as appromma.te S
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Semi-theoretical—In the above procedure some loss of accuracy is due to the various

approximations made in deriving the explicit expression for ¢ . This can be partly compen-

. sated if one value of Ayi, is known so that it is possible to dispense with the detailed form of
relation (2) for ¢;; . Based on equation (2), Mathur & Saxena have shown that =

o A mp

n being the coefficient of viscosity. Thus the two constants g, and ¢, can be easily
determined from (1) and (3) if one value of Ay, . is also known. This computation procedure,
which is designated as semi-theoretical, is likely to yield good resvlts as. ¢;; values thus get
adjusted through the use of one value of Au;, . The only disadvantage is the requirement of
a mixture conductivity value, but this is more than compensated by the enhancement in
the accuracy, both in correlation of Api, data over the entire composition range and also
for prediction at high temperatures. (

Empirical—Further, if binary Api; values be known at two compositions then both
the constants ¢, and ¢ of (1) can be directly determined by treating them as disposable
parameters. Off hand this procedure should yield the maximum accuracy for reasons men-
tioned above. This empirical method introduced by Srivastava & Saxena® will also be
studied. ' :

Here a mention of the Hirschfelder’s expression is made for A, according to which

n

Amig = )‘omia; + Z A : L | (4)
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Here A°miy is the conductivity of the mixture with frozen internal degrees of freedom,
D;; and Dj; are the values of the self and mutusl diffusion coefficients respectively. The
improved expression for Amiz as given by Saxena et al” is as follows:
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Here the various terms are as defined by them?”. It is important to note here that the first
two terms of (5) are same as (4) while the remaining two terms appear as correction when
translational -internal energy exchange is considered. Relation of (5) is much more com-
plicated than that of (4) but.the contribution of eorrection terms is appreciable in many
actual systems?. ‘ B . LT

EXPERIMENTAL DATA

Recently Mathur & Saxena have considered the Amg; - data of alarge number of binary
and a few ternary systems. These systems are relatively simpler in the sense that most of the
binary combinations included a rare gas and a simple diatomic gas viz., hydrogen, oxygen
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or nitrogen. They also considered combmations with methane and earbon dioxide. It is
proposed to study systems which are more complicated in as much as these involve poly-
atomic moiecules contammg many internal degrees of freedom. Obviously, even the appli~
cation of rigorous theory” is not possible for such systems'due to the lack of knowledge
about the various fundamental constants like Z etc. For practical needs such systems are
relatively more important and. invastigation is to be made for the prospect of utilising the
methods mentioned under ‘Methods’ to predict and correlate the Aui,  values partmularly
where dlrect measured values are not available. The Ay data of the fourteen binary sys-
tems considered here have been plotted to check their relative consistency. In all cases
except Ny—N,0, NO—N,0 and 05—N,0, the data were found to be smooth and therefore
the directly reported values have been used as such. Even for these three systems where tho
observed points differ from the smooth curve by a cotiple of per cent on the average and
record have been made of the direct observed values. The experimental data of bma.ry
mixtures as well as of the related pure components are’of Cheung, ef al®. for Oy;—COy
He—C00, (316°C), CHy—C3H,; COy—C3Hg, He—CH, and. Ny—O0,; Weber®" for Ha C’O

(0°C); Kornfeld & th‘erdmoru for H,—COy4 (25°C) and H,- 02H . Davidson & Music!? for
He -C0, (0°C); Ibbs & lest13 for Hy=-Ny0 and H,—C0; Keyes* for N,—C0, (50°,

150°, 250‘ya.nd 350°C); Rothman'? for N,—CO, (472°, 573°, 677° and 77 4°C) Weqtenberg
& de Hass!® for N,—CO, (27°, 227° and 727 °O) and Pereira & Raw!” for N,—N,0,

Oy— N,0.and NO—N,0. Puve viscosity data were read from the smooth plets of V1scoo1ty
versus temperad ure, All the available information was pooled for this purpose. The values
employed in the calculations are recorded in Table 1 where the pure A data are also indicated
together with the temperature t¢ which these refer. In Table 2 likewise are listed the Apiy,

data as a function of composition at the appropriate temperature. For each system Apiy,

values at Jowest temperature are recorded in Table 2, while in Table 4 are listed the values
for those systems on]V where Ay, data also éxistat hlgher temperatures.

. TasLu-1
EXPERIMENTAL A (CAL CM,_I 'snc‘l DEG‘I) AND 7 (GM OM -1 SEC_I) DATA USED IN COMPUTATION OF ¢
¢ AND Mmiw J -

Gas Pair o . C g X108 A X 108 g % 105 1y X 108
He—CH, T T 20-29 556 C 1895 - 3150
He—CO, : 0 . 339 33-21 13-60 1855
H,—CO0, ] 0 3-393 41-63 13-60 8:40
H,—CO ) ) : 5-3 40-4 16-50 8-40
H,—N,0 0 - 38 40-4 13-58%* 8. 54
H,—C,H, ' 25 5.217 437 10-26 8-90
0,—N, 319 11-62 10-70 33-90 28-90
0,—C0, ‘ 97 5:218 . 7-66 18-15 24-30
0,—N,0 3185 455 658 . 15-07 20-95
N;—CO, ~ 50 4:34 © 664 1595 18-05
Ny—N,0 - ‘  31-85 T 4485, 6-33 1507 | . 20.95
NO—N,0 . 50-55 472 677 15-97 20-47
C,H—CH, 95 6+344 10-49 9-875 C13-15
CsH—CO, 95 6344 5-181 9-875 18-10

* Nore—Subscript 1 refers to the heavier component. . - .
« ¥Trautz, M. & Kyrz, F. Ann. Physik, 9 (1931), 981,
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I3
TABLE 2

1 -1

(oar ow! sro~! prg~Y

COMPARISON OF EXPERIMENTAL AND CALCULATED A, .. vALUES. X, IS THE MOLE

" FRAOTION OF THE HEAVIER COMPONENT

Gas pair and X, Ezxperi- - Approxi- 9 Devia- = Semi- 9, Devia- Empir 9, Devia-

Temperature ~ mental mate tion theoretical  tion . tion
Ho—CH, 0-254 4063  38:32  —57 3782 —69 .
(316°C) 0-450 3054 30-97 +1-1 .. .. 30-36 —0-6
K 0-701: 24-53 24-93 +1:6 24-69 +0-7 .. .o
He—CO, 0-26 17-83 16-57 —71 17-80 —0-2 . .
(0°C) 0-48 11-20 10-29 .—8-1 .. .. 11:25 . +0-4
0-75 6-35 5-92 —6-8 6-32 0-5 . .
H,—CO, 0-057 35-90 3651 +1-7 36-3 +1-1 36-25 +1:0
(0°C) .- 0-1654 - 28-00 :28-69 - 425 283 411 .
. 0-3932 17-24 . 17-61° - +2-1 “ e oo 1724 +0:0
0-6302 - 10-34 10-26 —0:8 . 10:16  —1-7 10-18 —1-5
0-8299 6-07 616 --1-5 6-06. —0-2 .. e
0-906 4-77 4-8 ' 417 . 479 +0-4 4-80 +0-6
0-9247: 4-48 4-54 ‘ +1-3 . 4-50 +0-4 4+50 +0:4
H,—CC 0206 27-0 276 419 269 —0-4  27.9 +3-3
(0°C) ©0:366 20-9 20-5 —1-9 199 . —4.8.. L
0-434 180 18-1 406 . 181 406
0-728 10-3 10-2 —1:0 10-0 —3-0 e ..
0-837 8-0 8-0 +0-0 7-9 —1-3 8-1 +1-8
H,—N,0 0-188 . .27-2 26-7 —1-8 26-6 —2:2 268 —1:5
(0°C) 0-401 17-0 17-1 406 .. el .. ..
0-614 10-7 10-9 +1-9 10:8 +0-9 10-8 +0-9
0-791 7:1 7:1 ~+0-0 7-1 +0-0 .
H,—CH, 0-1351  32-9 32-3 ~1-8 333 +1-2 334 +1:5
(25°C) 0-389 20-6 19+4 —5-8 20-4 —1-0- ..
0:4863 --16-90  16-04 = —51 .. .. 17-12 1-3

+
0-686 11-48  10:81 —58 11-33 —1-3 .. .
0-8302 861 795  —7.7 823  —4-4 831 .—38:5
0,—N, 0-6098  11-19 10-93 —2-3 11-24 +4-0-4 11-37 +1:6

(219°C) '

6,—CO0, . . .0-222 7.027 6:799 = —3:2 7:013 ~0-2 7019 .—0-1
(97°C) 0.464 6:383 6:120 - —4-1 .. .. .
0-685 5-883 5-669 —3-8 5-868 —0-3 5-876 —0-1
0-73 5-777 5-591 —3-2 5-770 —0-1 . o
0,—N,0 0-155 621 - 604  —2.7 6-25 406 620  —0-2
(31-85°0) 0-331 5-55 556 4+0-2 5-87 +5-8 .. ..
0-544 5-43 5-13 +1-8 .. .. 5-28 -—2-8
0-725 495 . 485 —2:0 5-07 +2-4 . ‘e
N,—CO, 033 567 555 —2-1 5-69 +0:4 .. ..
(50°C) © o 0-4712  5-37 5-22. . 2.8 . .. 5-41 +0-7
0-6594 4-99 4-84 —3-0 4-96 —0-6 . .
N,—N,0 0-142 5-77 5:90  +2-3 571 —1.0 589 420
(31-85°C) ©0-408 '5-26 5-30 +0-8 4-97 —5:5 R ..
0-562 475 504 461 .. .. 4-98 +4-8
0-758 4-73 4-78 ~+1-1 4-59. —3-0 .. e
0-766 4-69 4-78 +1-9 © 4-59. —2-1 472 +0-6
NO—N,0 0-271  .5:41 5-91 493 6:16 1139 623  +15-1
(50-55°C) 0-455 5-77 549 —4:9 el .. .. ..
0-672 5-28 5-11 —3-2 5-33 +0-9 5-40 +2-3
0-767 -5-20 -4-98 —4-2 5-156 « —1-0 . .
C,H,—CH, 0:221 8-841 8-85 +0-4 8:964  }1-4 .. ..
(95°C) 0-514 7-636 7-564 —0-9 .. ) .. 7:635. —0-0
0-687 7-083 7085  —0:7 7-096  40-2 .. T
C,H,—CO, 0-365 5715 5447 ° 4.7 5:666 —0-9 .. ..
@5°C) 0-551 5884 5675 —3-6 S 5911 40-5

0-709 6-083 5-896 - —3-1 6056 —0-4

-
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CALCULATION OF THERMAL CONDUCTIVITY

The procedures of calculating thermal conductivity have already been outlined under
‘Methods’. The results obtained on the different systems are reported here. The values of
Mmiz » according to (1) and (2) are listed in cclumn 4 of Table 2. The experimental values
of Ay and the percentage deviation between the experimental and calculated values are
also recorded in columns 3 and 5 of Table 2 respectively. The factor (A°% (A% )of (2) was com-
puted from (3) using the viscosity data. The semi-theoretical calculated values are reported
in column 6-of Table % and are based on (1) and (8). The Ausy, value invariably around
the middle composition was employed in this calculation. The percentage deviation of the
semi-theoretical values from the experimental values are reported in column 7 of this very
Table. Lastly, the computed Api, values, according to the empirical method, are given
in column 8 and their percentage deviation from the experimental values in column 9. A
remark regarding this method-of calculation is relevant. As the equations giving ¢, and
¢ become quadratic, we get two sets of ccupled . ¢;; values but on the basis of the repro-
duction of Ay, values, it is always possible to select one set which gives better agreement
with experiment. The ¢;; values cbtained according to the approximate, empitical and semi-
theoretical procedures are recorded in Table 3.

There are reasons to believe that ¢; values are very weakly dependent upon tem-
perature and composition. We empley this fact to compute An;, at higher temperatures.
Out of the fourteen gas pairs given in Table 3, there are rix pairs for which experimental
Amiz Values are also available at higher temperatures. These systems are reported only in
Table 4 and experimental as well as calculated values according to all the three procedures
are reported along with the percentage deviations in all cases.

Fora few systems the Amis values are also computed cn the basis of the expression of
Hirschfelder, equation (4), and these are recorded in Table 5. These calculations are, accord-
ing to the Lennard-Jones (12-6), potential using parameters as given by Hirschfelder Curtiss
& Bird?8 (first set). The expression for A%y, employed is that of Muckenfuss & Curtiss?® as
modified by Mason & Saxena?.

La.stly, in Table 6 the thermal conductlvrcy valueb for the ternary system Ny—O,—
CO0, are reported. The ¢;; needed in this calculation were computed at 97°C for 0,—CO,;

TasLe 3 -
.. VARIOUS- OOMPUTED q)zj :VALUES

Approximate Empirical - Semi-theoretical

Gas Pair t : -
o¢ - b D [ [ . b

He —CH, 316 0-4035 2687 0-1035 4-280 0-4141 2-759
He —CO, 0 0-2352 3-657 0-3246 3-031 0-2125 3-178
H, —CO, 0 0-1988 2-736 02868 2-770 - 0-2102 2834
H, —CO 0 iy 0-7259 2-121 01556 2-479 0°3504 2-478
H, —N,0 0 0-1975 2-768 0-1110 2-868 0-2032 2-790
H, —CH, 25 0-2360 2-849 02918 2-471 0°2158 2-605
0, —N, 319 1-0790 1-050 06805 1-449 1-0170 0:9907
0, —CO, 97 0-7898 1-454 0:7695 1-282 0-7273 1-339
0, —N,0 31-85 0-7764, 1-486 0-3480 2-302 " 0-6924 1-324
N, —CO, 50 0-7803 . 1-445 0-5880 1-549 0-7376 1-366
N, —N,0 31-85 07737 1-460 1:072 1-192 -0-8711 1-639
NO —N,0 50-55 0-7790 1-465 0-7295 1-235 0-7056 1-327
C,H,—CH, 95 0-5443 1-993 03874 2-370 . ..0-5318. . ..1-947

C;H—CO, 95 0-8041 1.477 0-7432 1-316 0-7442 °  1-367
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. o .- TaBir4 | .. Lo
GOMPA.RISON OF EXPERIMENTAL AND CALCULA’I‘ED )\ iz VAL'UES USING ‘pl ] VALUES OF A LOWER TEMPERATURE

———r

Gas Pair and X, Exptl. Approx. %Dev.  Semi-  %Dev. Empir.  %Dev.

Temp. theoret.
, xe) 2) (3) ) (®) - ) (1) ®)
- Ho—CO, 0-60 55-6 .. .. . . .. ..
(316°C) - 0-39 23-65 23-66 +0-0 2553 +7-9 25-27 +6-8
1-00 9:58 e . . .. .. .
H,—CO, 0-00 43-7 . . . -
(25°C) 0-0362 40-2 40-3 +0-2 40-1 —0-2 40-1 —0-2
0:0041 - 35-0 35-4 +1-1 356-1 +0-3 35-0 +0:0
0-504  15-13 14-97 —1-1 14-64 —3:2 14-64 —3-2
0-807 7-58 7-41 —2-2 729 —5-2 7-29 —5-2
0:953 4-43 4-81 +8-6 4-68 +5:6 4-79 +8-1
1-00 4.08 .. .
0,—N,0 0-00 6-58 .. . .. e e
(50+55°C) 0-169 6-51 6-19 —4-9 6-41 15 6-36 —2-3
0-35 6-13 5-70 —7-0 6:02 —I1-8 5-89 —3-9
0-481 6-30 5-42 -~ —18:9 575 —8-7 5:60 —I1-1
0-623 5-83 517 —11-1 5:45 —6-5 5-31 —8-9
0-775 5-00 4-96 —0-8 5-15 . 430 505 +1-0
0-874 4-99 4-8¢ —3-0 4-96 —0-6 4-89 —2-0
o " 1-00 472 .. - e . .
‘0,—N,0 0-00 7-69 .o o .. . ..
(101°C) 0-231 7-01 6-93 —1-1 7-25 +3-4 7-22 +3-0.
- . 0-241 6-99 6-90 —1-3 7-21 +3-1 7-20 —+3-0
0-382 6-75 6-57 —2-7 6-96 +3-1 6-87 +1-8
0-549 6-41 6:27 —2-2 6-63 +3-4 6-52 +1-7
0-699 6-01 6-06 +0-8 6-34 +5:5 6-24 +3-8
0-723 594 . 6-03 +1-5 6:29 +7-1 6-20 +4-4
. 1-00 5-78 . .- . . .
0,—N,0 0-00 8-33 oo .. SR RN .. .
(140-2°C) 0-232 7-51 7-52 . +0-1 7-87 +4-8 7-85 +4-5
. . - 0-306 7-39 7-32- —0-9 7-72 +4:5 7-60. +2:8
Tt 0:495 . 6-99 6-92 —1-0 7-33 +4-9 7-22 +3-6
’ T 0-796 638 6-50 +1-9 6-72 +5-3 6-64 +4-1
) 1-00 6-32 .. . .o ‘e . .
0,~N,0 : 0-00 - 9-09 .. e .. . .. .
(180-1°C) 0-286 8-10 8-11 +0-1 853 +5-3 8-52 +56-2
' 0-40 8:03 7-84 —2-4 8-30 +3-4 8-24 +2-6
0-635 7-14 7-43 +4-1 7-82 +9-5 7-54 +6:2
0-727 7-10 7-32 +3-1 7:63 +7-5 7-72 +8-1
1-00 7-08 . e .. .
‘N,—CO, 0:00 8-31 .. .. .
(150°C) - 70335 . 7-64 7-97 —4-8 747 —2-2 756 - —1-1
0-4712 -7-38 6:98 ~—54 " 7.18 27 7-27 —1:5
0-6594  7-02 . 6-66 —5-1 ..6:82 —2:'8 - 6-89~ —~19
RPN ' O X Ny S .
N,—COy . " 000 & 83 S it g ae g e
(250°C) © - 0335 .9-36 8-97 —4-2 9-22 —1:5 9-38 +0-2
0-4712 - 9.21 8-75 —5-0 9-01 —2:2° 9-17 ]
.0-6594. 8-91 8:55 = —4.0 815 —1:8 8-87 —0-4
1-00 8-36 - Je e, . -
N,—CO, 4 0-00 11-22 T .. .. . ..
(35000) -9-335 11-30 10-64 ~—5-8 10:94 —3-2 11-17 —=1-2
0-4712  11-27 10-55  —6-4  10-85 —3-7 11-08 =17
0-6594 * 11-04 10-50 ~4-9 1074 —2-7 10-92 —I.1
- -1-00 10:58 . . .
'N,—CoO, 0-00 i2-32 L e .. . .. e
(472°C) 0-44 12-56 11-87 —~5:5 12-21 +2-8 . 12:50 ~0-5
1-00 12-15 .. .. . . . S

o . o contd,
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TaBLe 4&-—»con\t¢.w

(1 {2) 3 “) () - (6)
N,—C0, .- 000 -13-390 .- S
(578°0) 0733 14719 13-19 —17-0 13:56 —4-4
9750 14717 -13-27 —64 13:64 —3.7
0787 “14703 1342 —4-3 13-72 —2-2
100 1387 T e -
N,—CO, 0-00 15-12 .. o T
-(677°C) . -0-50 -16-27 15-28 =64 15:66 -—3:7
I B 1.00 61:10 - T, e .
CN,—C0, - “0:00 ‘16799 - - o, L L R
(774°0) ~ - 0750 18728 1732 —5-8 1771 -3-1
.1-00 1829 .. ., - L
N,—CO, . 0-00 ..6:13 .. . L T
- (300°K) - 10:25 5725 581 +1-1 544 +36
0-50 '4:90 472 —1-8 4-85 —TI-0
B} 075 ‘4730 ¢ 487 =0-7 436 +1-4
: “1:00 393 RS et T T
"‘N,—C0, "0-00 "'9.16 .. o e
{(500°K) 0+25 “8490 T 8B T 4B 812 —2.0
050 . 875 . 813 . —7-1 8-36 —4-5
075 '8-20 7-91 —~35" 8-06 —1-7
1-00 780 T = ., s .. ..
N,—CO, 0-00 15-7 . . .
(1000°K) 0-25 164 156 —4-9 160 —2-5
‘ 0-50 173 15:9 7 —7-0 16-3 —4-
0-75 16-3 . 16-3 —0-0 16-6 +1
1-00 16-8 . ..
- N,—N,0 0-00 6-58 .l , .
(50-55°C) © 0-253 544 5-84 +7-4 555 +2.0
. -0-601 - -4-97 5:17 +4-0 4.8 . —1-8
0-746 4:96 4-98. +04. - 477 - —3-8
0-825 4-94 4.89.  —1.0 4-74 —4:0
1-00 472 . ..
N,—N,0 0-00 7-35 VERC oo . ..
(101°C) . . 0:201 672 . 6:79. 410 ..6:80 0 -—8:3 ... 675
: Q441 6-46 6:33° =20 595 —7-9 6-24
0-501 6-29 625 —0-6 5-87  —6-7 6-14
0-699 629 6017 4.5 573 8.9 5-91
0-776 -616 594 - 36 572 1.1 585
; 1-00 578 e e . ..
N,—N,0 0-00 7-80 .. . .. .
(140-2°C) o 0-197 . 7-80. 727 04 695 - .—4-8
0-385 ~ 6-47 690 166 6:49.  +3-1
“T U561 658" 6-66 - 1-2 6-28 46
0370 640 - 6-52  41-9 6-22 —2:8
1:00 632" .. .. .
N,=N,0 Q00 8:57. e - . ..
(180-1°C) 0248 8.23 7-90.- ., —4-0 7.51 —8.
e 0-398 780 7:60 40-1 7-17 —4.
. 0-525 758" 7-44°" % —1-8 7-01 —q-
. 0-642 .29 7-3L.. . +0-3 6-94 —k
~70-765 7-18 721 304 6-94 —3-
100 7.08 . .
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TABLE d——contd.
{1 2 (3) 4 (5) (8) (7) (8
NO—N,0 0:00 7-62 . O . .. .. .
(101°0) 0-174 7-25 705 =28 7.28 4.0-4 7-34 41.2
0-298 6-98 6:74 . g d 7-05 4-1-0 7-13 +2-1
0-548 6:79 6-26 —7-9 6-57 —3:2 666 —1:9
0-736 6-26 6-02 —3-8 6:23 —0-5 6-30 +0-6
1:00 5-78 .. . v .. .. ..
NO—N,0 ©0:00 811 .. .. .e
(140-2°C) 0234 7-21 7-38 424 7-68 +6-5 7-75 475
‘ 0-498 6-89 6-85 -0+ 6 7-19 4-4-4 7-29 +5-8
0-760 6-58 6-51 —l-1 6-73 423 6:79 +3-2
0-767 634 6-50 +-2-5 6-72 -+6:0 6-77 +6-8
1-00 . 6-32 .o e i e . e
NO—N,O . -0-00 ..9-01 .. . . .. o .
(180-1°C) 0-172 . 843 8-40 —0+4 8-67 428 8-74- +3.7
o 0:230 8-19 8:23 -4-0-5 8:56 445 8-64 +5:5
0-239 8:11 8:21 +1-2 8-54 +-5-8 8-58 +5:8
0-717 7-46 7-34 —1:6 7-60 +1-9 7:68 +3-1
1.00 7-08 . . Dol .o - .

50°C for Ny—CO, and 319°C for ‘N2—¥02 in all the three metheds: This precedure also
seeks justification in the fact that ¢ may be regarded as temperature and composition
independent. - . : Coes e ' .

- DISCUSSION - -

~ Anidea of the relative guccess of the approximate, semi-theoretical and empirical
procedures for computing Api; can be formed by looking at the percentage deviations in
Table 2. Tt is found that all the methods can reproduce the experimental values on the
average within a few per cent, though the deviations in certain cases exceed the uncertain-
ties of the experimental data. To have a more precise idea we calculate the average absolute

TABLE 5

COMPA]'R.ISON OF EXPERIMENTAL AND RIGOROUSLY OALOULATED X miz VALUES

Gas Pai . Temp. : le-fi t ‘ A A
as Pair iCP Mole }lgzlc ion o xptl ’ caled. % Dev.
He—CH, 316 0-254 40-63 38.70 —4.8
. 0-450 30-54 31-06 1.7
- - 0-701 24.53 2487 . +1-4
He—CO, 0 026 17-83 17-44 —2.2
.- . 048 11-20° 10-78 —3.8
, 0-75 6-35 6-10 —3-9
He—CO, 316 039 23-65 24-50 +3.6
0,—CO, 97 0-222 7.027 7.319 +4-2
0-464 6-383 6-465 +1-3
0-685 5883 5-867 —0-3
0-730 5717 . 576l 0.3
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TapLE 6
COMPARISON OF EXPERIMENTAL AND CALOULATED ). VALUES FOR THE TERNARY MIXTUER N,—0,—C0,

AT 97°C., THE CONCENTRATIONS ARE XN =0-3231, XO ==0+3729 AND XCO =0"3040
. .1 2 2

A caled, %, dev. A oaled. " Opdev. Aalod. %
A exptl, approx, . semi-theoret. empirical dev.

6-729 6372 —53 6-665 —10 6714 —0-2

deviation for each system and these are indicated in Table 7. The experimental data for the
systems Oy—-N,0, Ny—N,0 and NO—N,0 are not smocth, the scatter is several per cent
~ and therefore we have not given proportionate weight-to the deviations encountered. in
these cases. We then find that pronounced disagreement is found -enly for He—CO, and
H,—C,H, for the aprroximate method. The semi-theoretical as well as empirical proce-
dures always lead to satisfactory results. The average absolute deviations for all the systems
of Table 2 are, 3-0%, for the approximate method, 1-7%, for the semi-theoretical method,
and 169, for the empirical method. Thus we find that, although all the methods are
reasonably successful, the semi-theoretical and empirical procedures are somewhat pre-
ferable. This result is based on the computations of Table 2 only.

Tasrm 7 -

AVERBAGE ABSOLUTE PERCENTAGE DEVIATION SYSTEMWISE FOR COMPUTED AND EXPERIMENTAL VALUES OF
TABLE 2

Gas Pair and Approximate Semi-theoretical Empirical
Temperature : . c
He-CH, 2-8 3-8 0:6
(316°C) ~ : _
Hea—CO,,W, 7-3 04 0.4
(0°C) '
H,—C0, 1.7 0-8 07
(0°0) .
H,—CO 11 24 1.7
(0°0)
H—N,0 11 1-0 1-2
(0°0)
H,—C.H, 52 2:0 2-1
(25°C) ‘
0,—N, - 2-3 0-4 - 16
(319°C) o
0,—C0, ) 3:6 02 0-1
(97°C) -
0,—N,0 1.7 2:9 1:5
(31-85°C)
N,—CO0,y : 2:6 0:5 0.7
(50°C) c ;
N,—N,0 2-4 2:9 2:5
(31-85°C)
NO—N,0 54 53 8.7
(50:55°C)
C,H—CH, 0.7 08 0:0
(95°C) 3.8
0,H—CO, 0.7 0:5
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Records cf Table 4, in genera] suppow ‘the vahdxty of Ay caleulations, based oa the
assumption of temperature independent, ¢i; . The deviationsnod onbt assurme in many cases
somewhat enhanced ‘magnitudes. To facilitate.. such a study-of the-average absolute per-
centage deviations systemwice a report. has been given in Table 8, The deviationsin Table 4,
in. many cases, can be justified on the basis of the expenmental data being uncertain also.
More 1llummat1ng are the figures of the percentage average absolute deviations for all the
systems of Table 4. It is four.d that these nvmbersare 33, 3-8 and 2-9 for the approximate

 Tapm. 8- - e

AVERAGE ABSOLUTE PERCENTAGE DEVIATION SYSTEMWISE FOR OOMPUTED AND EXPERIMENTAL VALUES OF
TABLE 4

Gas Pair and 7 ... . Approximate . . . Semi-theoretical Empirical . .

Temperature ’ L T - - e IR
Ee—CO . . e 200 7.9° . C e 688
(316°C) N . . S R i B
H,=-C0, e R 2:6 249 3.8
'(25°0) L FEE. ] . . . - o
0,—N,0 6-8. . ) : 37 . . 4+9]
(50 55°C) -
0,—N,0 ‘ 16 = . 4-3 3-0
(101°C) x . } [ ]
0,—N,0 . .. L . -0 49y 3-8]
((]540-1\%"0) A 1 S B

—~N,0 - , ;24 - ' 6-4 55
aso-1%0) . o N e, ng B E& ;
N,—CO, = _ R S U 26 1:5§
(150°C) . LTt T i 2
N,—CO, R 5t 1-8 03
(250°C)  ° .. A w
NGO, T g g
(250°C) 2 = S8l
N,—CO, . 55 2-8 05

. (472°0) s - B

N—CO, _ _ 5-9 34 1-3
(573°0) B . Rt BN
N—CO; = o7 B8 3-1 0-5
(677°C) - -
N,—CO, . 11 20 50
(300°K) - s e
N,—CO, .50 2-7 1-3 :
(500°K) - T T ; ER
N—CO, 4-0 3:0 1:8
(1000°K) - S s ) w
N,—N,0 3.2 29 32 :
(50-55°C) "~ . e .
N,—N,0 23 6:8 35
(101°¢)  "-° . o -
N,—N,0 25 3.8 - 1.8 -
(140-2°C) ~° - AR
Ny—N,0 1-3 5:6 2-4
(180-1°C) T T
NO—N,0 4-5 1-3 15
(101°¢)  ° i S -
NO—NZO N - 1.7 4.8 5.8 « -
(140-2°0) - - -
NO—N,0 0-9 ".3-6 45

(180-1°C)




[

GUPTA & SAXEXA : Thermal Conductivitiy of Gas Mixbures 175

semi-theoretical and empirical procedures of computations. Thus for calculations of A,
at high temperatures all the methods are found almost equally good. However, the success
of the approximate method at high temperatures is expected bécause of the better validity
of some of the assumptions involved. The -empirical and semi-theoretical procedures, on
account of the way adopted for fixing ¢;; , get relatively more dependable; Further confir-
mation of these conclusions is obtained from the work of Mathur & Saxena.

The rigorous calculated values for the thres systems listed in Table 5 ave also in agree-
ment with the experimental values usually in the same order of magpitude as the above
methods. The average absolute deviations for all the eleven mixtures of Table 5 is 2-5%,.
This puts more importance to the above computations which besides being easy require
much less initial input information,

The ternary system calculations given in Table 6 are of very interesting curiosity besides
being very useful. It is found that the approximate method is rather poor in reproduc-
ing Ani, though semi-theoretical and empirical procedures are excellent.

Tt is interesting to examine the validity of a relation of the type of (1) for predicting and
correlating Ay, data for polyatomic molecules. Forsuch systems the relation of (5)must
be the starting working formula. This has also been invertigated by Saksena & Saxena.
Their work reveals that for pelyatomis molecules, (5) reduces to (1) only with 2 new defini-
tion for A; . We now get in its place A¢gr defined as follows :

’ 1 o 1 . [O'i ]mia: '

Aeff = At ,:1 + [Z, ]m1:x ] A i [[ Zi ]miz {1 + O'utr }:I (6)
Here the various terms are as defined by Saksena & Saxena. In all complicated polyatomic
molecules Ay is appreciably different from A; ‘and the Wassiljewa form (1) is inadequate to
interpret Amiy data. This explains, to a large extent, the poor agreement found for many
complicated systems in Tables 3 and 4. For such cases, because of the flexibility and appro-
priateness of form, (1) may still continue to be precise enough for correlation specially for
semi-theoretical and empirical procedures.
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