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T H E R M A L  C O N D U C T I V I T Y  OF  B I N A R Y  

GAS M I X T U R E S  
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A test  apparatus is descr ibed for determining the thermal  conductivity of gases  and gas mix-  
tures  by the hot f i lament method. Values have been obtained for helium and argon as well as 
for their mixtures  within the 293-394~ tempera ture  range under a p r e s s u r e  of P = 1 atm. 

More attention is being paid now to experimental  studies concerning the thermal  Conductivity of gas 
mixtures ,  inasmuch as exact values of the thermal  conductivity are  needed for the design of heat exchangers  

i 
~ 3  

Fig. 1. Construction of the m e a -  
suring cell:  1) tungsten spring; 2) 
insulating capi l lar ies ;  3) cell  hous-  
ing; 4) inner the rmomete r ;  5) outer 
t he rmomete r ;  6) center ing screws.  

and also for the c o r r e c t  in terpreta t ion of many physical  and phys-  
icochemical  phenomena related to molecular  t ranspor t  in gas mix-  
tures .  

Among the mos t  widely used methods of determining the the r -  
mal  conductivity of gases  and gas mixtures  today is the hot f i lament 
method, which operates  on the principle of heat t r ans fe r  in a gas 
contained between two coaxial cyl inders .  The inner cylinder com-  
pr i ses  a plantinum filament serving as both a heater  and a r e s i s -  
tance the rmomete r .  The outer cylinder compr i ses  a capi l lary  glass  
tube on which another platinum res i s tance  the rmomete r  is wound 
bif i lar ly.  After stabilization, a s teady thermal  flux flows radial ly 
f rom the heater  through the test  l ayer  of gas to the walt of the capi l -  
l a ry .  

In this case the thermal  conductivity can be defined by the ex-  
p ress ion  

~. = ~ A Q r  (1) 

�9 Atmeas - -  B Q r  ~ htdeg, ' ! 

where 

A ~  lnd~/d t , B =  l nd3/d 2 

2nl 2n/~, w 

The quantities in this formula are  the ins t rument  constant  A 
which depends on the geometr ica l  dimensions of the measur ing  cell 
(the d iameter  of the platinum heater  is d 1 ram, the inside diameter  
of the capi l lary  is d 2 mm, the length of the test  segment is l m) and 
the constant  B defined not only by the geometr ica l  dimensions but 
also by the thermal  conductivity of the capi l lary mater ia l  (the out-  
side d iameter  of the capi l lary is d 3 ram, the thermal  conductivity 
of the capi l lary  mater ia l  is k w W/m �9 deg), the quantity of heat t r ans -  
mitted through the layer  of test  mater ia l  by conduction only QT (W), 
the tempera ture  difference between the inner  and the outer res is tance  
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Fig. 2. Schematic diagram of the apparah~s for determining the 
thermal conductivity of gas mixtures : I) prevaeuum pump; 2) oil trap; 
3) vacuum valve; 4) diffusion pump; 5) nitrogen trap; 6) bottle 
for preparing the mixture; 7) gas drying system; 8) gas tanks; 
9) metering valves; i0 and ii) manometric lamps; 12) mercury 
ma~lometer; 13) sampling vacuumeter ;  14) working chamber ;  15) 
measur ing  cell;  16 thermosta t ;  17) t empera tu re  regulat ing sy-  
s tem; 18) t empera tu re  control  system. 

t he r mom e te r  Atmeas = t l - t  2 (*C), and the co r rec t ion  to the readings of the inner t h e rm o m e te r  ca l ibra ted 
against  the outer t he rmome te r  Atca I. 

The measur ing  cel l  shown schemat ica l ly  in Fig. 1 was const ructed on the hot f i lament  pr inciple  for  
studying the the rmal  conductivity of gases  and gas mix tures  within the 293-393~ t empera tu re  range.  The 
inner platinum res i s t ance  t he rmome te r  4 was fastened r ig idly  to the lower pa r t  of the metal l ic  housing 3 
and was welded to spring 1 of grade A-1 tungsten wire 150 p in d iameter .  The glass capi l la ry  was cen te red  
re la t ive  to the inner r e s i s t ance  t he rmomete r  4 by means of eight adjusting screws  6, which made it  pos -  
sible to reduce  the eccen t r i c i ty  between f i lament  and capi l la ry  to a negligible amount.  

The inner and the outer  r e s i s t ance  t he rmomete r  were  both built  to specif icat ions for platinum r e s i s -  
tance t h e r m o m e t e r s  [1] and were  then cal ibrated against  two r e fe rence  points ( t r iple  point of water  [2] and  
boiling point of water  [3]). This cal ibrat ion yielded 

Rloo -- 1.3816. 
Ro , 

Above 100~ the resistance thermometers were calibrated in a thermostat against laboratory mercury 
thermometers within an accuracy of • 0.01~ 

The capillary was calibrated and the filament eccentricity was established by means of a model 
MIR-12 • microscope with a mode[ MOV-I-15 • ocular micrometer screw. The length of the test segTnent 
was measured with a model IZA-2 comparator. 

The geometrical dimensions of the measuring cell and the parameters of the resistance thermo- 
meters were as follows: inside diameter of capillary 3.935 ram, outside diameter of capillary 5.965 ram, 
wire diameter of inner resistance thermometer 0.071 ram, length of test segment 98.13 ram, wire diameter 
of outer resistance thermometer 0.071 ram, thickness of tested gas layer 1.932 ram, resistance of inner 
thermometer 2.5726 ~2 at 0~ resistance of outer thermometer 12.175 ~ at 0~ value o~ constant A calcu- 
lated from the geometrical dimensions 6.511, value of constant B calculated frora the geometrical dimen- 
sions 0.963, eccentricity between filament axis and capillary axis 0.067 ram, and the correction for eccen- 
tricity 0.05%. 
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TABLE 1. T e s t  Data for D e t e r m i n i n g  the T h e r m a l  Conduc t iv i ty  of 
the H e l i u m - A r g o n  S y s t e m  

r . o 

7,'?. b 
? 

37,48 
45,93 
48,77 
56,19 
64,09 
67,07 
86,91 

114,28 
127,50 
139,80 

43,49 
55,74 
66,88 
80,65 
87,92 
97,94 

108,68 
121,20 
127,60 

36,65 
44,69 
58,57 
66,13 
75,54 
86,80 
97,66 

109,30 
119,66 
125,90 

27,11 
30,63 
32,04 
38,27 
42,11 
51,77 
64.31 
69,69 
80,02 
89,59 

31,92 
42,03 
52,85 
65,~I 
72,59 
82,08 
93,07 

105,11 
109,38 

27,87 
35,34 
48,75 
55,78 
64,44 
75,37 
84,90 
96,07 

104,97 
109,72 

289,8 
432,4 
482,5 
523,6 
654,1 
462,9 
716,6 j 

1463,1 I 
1598,7 I 
1718,1" 

578,1 
708,7 
761,0 
856,0 
865,8 
921,9 
935,0 

1011,0 
1124,5 

656,1 
770,5 
863,4 
927,4 

1002,7 
1062,5 
1214,3 
1300,6 
1478,4 
1655,4 

1,1 
1,2 
2,0 
2,2 
3,1 
2,1 
3,8 
8,8 

10,4 
12,2 

1,3 
1,7 
2,0 
2,5 
2,7 
3,1 
3,3 
3,9 
4,6 

0,8 
I,I 
1,3 
1,5 
1,7 
2,0 
2,5 
2,9 
3,5 
4,0 

Ar 

5,8 
8,6 
9,5 
9,9 

12,2 
8,7 

12,2 
17,9 
27,7 
29,1 

2,03 
i,99 
1,97 
1,91 
1,87 
1,89 
1,70 
1,70 
1,70 
1,69 

282,81 17,82 
422,61 18,04 
470,9 l 18,36 
511,4 18,64 
638,7 18,97 
451,9 I 19,30 
700,41 20,22 

1436,3 21,00 
1560,5 I 21,40 
1676,6 21,80 

75% Ar-- 25% He 

7,6 
9,1 
9,4 

10,2 
t0, I 
10,5 
10,3 
10,8 
l1,8 

1,33 569,1 
1,28 [ 697,8 
t,24 [ 749,5 
1,19 ] 843,1 
1,17 I 852,9 
1,14 / 908,3 
1,11 / 921,3 
1,07 / 996,3 
1,65 /1108,0 

32,18 
33,31 
34,96 
35,75 
36,43 
37,50 
38,65 
40,56 
39,84 

50% Ar--50% H e  

6,6 
7,6 
8,2 
8,6 
9,0 
9,3 

10,3 
10,7 
11,9 
13,2 

1,02 
0,99 
0,95 
0,93 
0,91 
0,88 
0,85 
0,83 
0,81 
0,79 

I 648,5 
761,7 
853,8 
917,2 
991,8 

1051,1 
1201,4 
1286,9 
1463,0 
1638,1 

52,02 
53,47 
57,09 
58,20 
58,69 
60,42 
61,87 
63,94 
65,47 
66,58 

32.29 10,34 
.38,28 15,26 
40,40 16,71 
47,23 17,87 
53,10 21,92 
59,42 15,26 
75,61 22,53 
91,98 44,45 

103,73 47,33 
114,69 50,65 

37,70 11,52 
48,88 13,64 
59 86 13,96 
72193 15,36 
80,25 15,25 
90,01 15,77 

100,87 15,52 
113,15 16,00 
118,49 18,12 

31,96 I 8,12 
40,011 9,28 
53,66 9,74 
60,95 10,26 
69,99 11,01 
81,08 11,33 
91,28 12,65 

102,68 13,11 
112,31 14,55 
117,81 16,02 

40,07 
47,97 
64,07 
75,39 
87,24 
95,96 

107,92 
122,10 
127,85 

31,38 
38,28 
54,03 
64,89 
76,49 
85,19 
96,09 

109,33 
113,43 

ll51,1 
1312,1 
1420,3 
1549,8 
1630,0 
1687,1 
1910,1 
2161,2 
2417,l 

0,9 
1,1 
1,4 
1,6 
1,9 
2,1 
2,5 
3,1 
3,7 

25% Ar--75% He 

9,7 0.85 1140,4 
10,8 0,83 1300,1 
11,1 0,78 1407,7 
11,7 0,76 1536,3 
11,9 0,73 1616,0 
12,1 0,72 1672,9 
13,2 0,69 1894,2 
14,5 0,67 2143,5 
16,0 0.66 2397,3 

86,55 
88,51 
92,55 
96,64 
99,33 

102,68 
105,9l 
111,00 
110,03 

35,72 
43,12 
59,O5 
70,14 
81,86 
90,57 

102,00 
115,71 
120,64 

8,58 
9,57 
9,91 

10,35 
10,60 
10,61 
11,65 
12,57 
14,18 

36,44 
40,04 
53,02 
56,40 
66,55 
80,16 
88,31 
98,39 

108,14 
117,44 

31,37 
34,99 
47,43 
50,08 
61,23 
67,62 
77,07 
86,99 
96,25 

t05,48 

1136,8 
1149,3 
1317,1 
1507,2 
1302,3 
3200,2 
2918,5 
3037,2 
3206,4 
3291,0 

0,5 
0,5 
0,7 
0,8 
0,8 
2,1 
2,0 
2,2 
2,6 
2,8 

H e  

7,5 0,66 
7,5 0,65 
8,2 0,63 
9,3 0,62 
7,8 0,60 

18,8 0,59 
16,6 0,57 
16,9 0,56 
17,3 0,54 
17,3 0,53 

1128,7 
1141,2 
1308,1 
1496.9 
1293,7 
3179,3 
2899,7 
3018,0 
3186,4 
3270,8 

148,14 
150,43 
155,90 
157,83 
162,15 
169,22 
172,28 
176,90 
179,13 
182,90 

33,90 
37,51 
50,22 
53,24 
63,89 
73,89 
82,69 
92,69 

102,19 
1il,46 

4,96 
4,94 
5,46 
6,18 
5,20 

15,24 
10,96 
11,10 
11,58 
11,65 

Note. q, t9 readings of inner and outer resistance thermometers, respectively; Q) total 
heat generated by heater; Qr) heated transmitted from heater to capillary by radiation; 
Qe) heat dissipated along electric currant and potential leads; X) thermal conductivity 
of test gas; tG) gas temperature; At) temperature drop across layer of l~t  gas. 

An o v e r a l l  view of the t e s t  a p p a r a t u s  for  d e t e r m i n i n g  the t h e r m a l  conduc t iv i ty  of ga se s  and gas  m i x -  
t u r e s  is  shown in  F ig .  2. In  o r d e r  to e l i m i n a t e  the t h e r m o d i f f u s i o n  effect  in  gas  m i x t u r e s  [4-7], the m e a -  
s u r i n g  ce l l  15 was p l aced  ins ide  a work ing  c h a m b e r  14 hav ing  a vo lume of 1400 cm 3 and a h e r m e t i c  plug, 
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Fig. 3. Thermal conductivity of the helium-argon system as 

a function of the temperature, at the following molal concentra- 
tions of the heavier component: I) x 2 = 1.0; If) 0.75; Ill) 0.50; 
IV) 0.25; V) 0.0; i) adjusted values according to [ii, 12]; 2) test 
data in [13]; 3) test data in [14]; 4) our test data; 5) test data in 
[15]; 6) test data in [17]; 7) test data in [16]. Thermal conduc- 
tivity X (W/m �9 deg), temperature t (~C). 

through which all leads from the measuring cell were brought out to the instrument panel. In order to main- 
tain a constant temperature at the outside wall of the capillary, the cell together with the working chamber 
was placed in a thermostat 16 filled with grade VKZh-94 silicon-organic fluid. The thermostat precision 
was improved by means of a temperature regulator operating in conjunction with a wide-pulse Guy modu- 

lator [8]. This stabilization system made it feasible to maintain the temperature inside the thermostat 
constant within ~0.01~C. The use of a massive cylindrical V = 1400 cm 3 working chamber made of brass 
with a 6 = 7 mm wall thickness ensured a uniform temperature field within 0.005~C along the test segment. 
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Fig .  4. T h e r m a l  conduc t iv i ty  of  the h e l i -  
u m -  a r g o n  s y s t e m  as  a funct ion of the con -  
c e n t r a t i o n ,  at  t = const :  I) 90~ [1) t e s t  
data  in [17, 19]]; II) 70~ [2) t e s t  data  
in [17, 1 9]]; III) 50~ [3) t e s t  data  in 
[17, 19]]; IV) 35~ [4) t e s t  da ta  in [17, 
19]]; V) 23.8~ [5) t e s t  data  in [20]]; 6) 
our  t e s t  data .  T h e r m a l  conduc t iv i ty  
( W / r e .  deg).  
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The un i formi ty  of the t e m p e r a t u r e  field during the expe r imen t  was checked by means  of two different ia l  
the rmocouples  18. The longes t  t ime to s tabi l ize  a uni form t e m p e r a t u r e  field in the t es t  ce l l  was approx i -  
ma t e ly  4 h. 

The p e r f o r m a n c e  of the appara tus  was f i r s t  checked on a well  known subs tance ,  namely  on a i r .  The 
t he rma l  conductivity data ag reed  c lose ly  with the m o s t  re l iab le  published data on a i r  [9, 10]. 

With this appara tus  was then m e a s u r e d  the t h e r m a l  conductivity'  of h e l i u m -  argon mix tu re s  within 
the 293-393~ t e m p e r a t u r e  range .  

The r e su l t s  of m e a s u r e m e n t s  a r e  shown in Table  1 together  with co r r ec t ions  for  radiat ion,  for  heat  
d iss ipa t ion  f r o m  the f i lament  along e lec t r i c  cu r r en t  and potential  leads ,  and for  the t e m p e r a t u r e  drop a c r o s s  
the cap i l l a ry  wall  - a l l  accounted for in the design.  In Fig.  3 our t e s t  data a r e  compa red  with those obtained 
by other au thors .  According  to the graphs ,  our values ag ree  c lose ly  with those in [11-17]; they dif fer  
f r o m  values sugges ted  in [11, 12] for  a rgon  by • and for  hel ium by +1.7%. 

Because  of the l a rge  d i f fe rences  between the t h e r m a l  conductivi ty of a rgon  and hel ium, the gas  t e m -  
p e r a t u r e  t G and the t e m p e r a t u r e  drop a c r o s s  the gas  l aye r  At a r e  quite different  at  the s a m e  e lec t r i c  hea t -  
ing cu r r en t  and at  a constant  t e m p e r a t u r e  at the outside sur face  of the cap i l l a ry .  For  this reason ,  we have 
plot ted the t he rm a l  conductivi ty of the s y s t e m  as a function of the t e m p e r a t u r e  at a constant  concentra t ion.  
On the b a s i s  of these  data,  one can de te rmine  the t h e r m a l  conductivity as a function of the concentra t ion at  
any t e m p e r a t u r e  up to 394~ 

The t h e r m a l  conductivity of the h e l i u m - a r g o n  s y s t e m  as a function of the concentra t ion at 23.8, 35, 
50, 70, and 90%] is  shown in F ig .4  for the following mola l  concentra t ions  of the heav ie r  component:  0, 0.25, 
0.50, 0.75, and 1.0. Our data ag ree  c lose ly  with the data in [17-22], with the m a x i m u m  difference not ex-  

ceeding 1.5%. 
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