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A Mathematical Development of a Method of Measuring the Thermal

Conductivity of Gases at High Temperatures Avoiding Radiation Errors

Chai-sung Lee
Dept. of Chemical Engineering, College of Engineering, Seoul National University

A method which employs the hot wire cell, but is independent of raditation, was maizematically

derived by heating the wire with a sinusoidal alternating current superimposed upon a dirzct current.
The operating conditions, under which the radiation introduces no appereciable error, were discussed
as well as the inherent limitations of the method. Optimun cell design and operating conditions were

suggested.
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Fig.1. Hot wire cell, wire heated by
A.C. and D.C.
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Table I. Calculated Values of I3 (Dimcnsionless Amplitude of the Third Harmonic
of the Voltage across the Wire).

|

3000

4000

6000

9000

E3” at various values of ¢’p"/co

/ L »
ri/ra Brg 8y ; 7;: 1000 2000 12000

0.002 10.00 0.200 0.2912  0.3949 0.4353 0.4548 0.4728 0.4834 0.4882  0.4909 0.4948
8.00 0.016 0.209¢f 0.3260 0.3857 0.4186  0.4510 0.4707 0.4796  0.4845 0.4915

6.00 0.012 0.1415  0.2456 0.3151 0.3607 0.4124 0.4474 0.4637 0.4727 0.4856

0.004 1.000 0.040 0.4389  0.4734 0.4834 0.4881 0.4924 0.4951 0.4964  0.4972 0.4983
8.00 0.032 0.4050  0.4586 0.4747 0.4820  0.4887 0.4928 0.4947  0.4959 0.4976

6.00 0.024 0.3371  0.4240 0.4538 0.4677  0.4803 0.4878 0.4912  0.4932 0.4961

4.00 0.016 0.2099  0.3266 0.3863 0.4190 0.4513 0.4710 0.4798  0.4846 0.4916

0.005 10.00 0.050 ‘ 0.4600  0.4822 0.4887 0.4918  0.4947 0.4965 0.4971 0.4980 0.4988
8.00 0.040 ‘ 0.4389  0.4734 0.4834 0.4881 0.4924 0.4951 0.4964  0.4971 0.4983

6.00 0.030 | 0.3909  0.4314 0.4702 0.4783  0.4867 0.4916 0.4938  0.4932 0.4972

4.00 0.020 ’ 0.2018  0.3934 0.4357 0.4551  0.4730 0.4836 0.4883  0.4910 0.4949

2.00 0.010 0.1217  0.2214 0.2945 0.3457  0.4062 0.4474 0.4660  0.4739 (.4889

0.007 10.00 0.070 0.4780  0.4898 0.4934 0.4951  0.4968 0.4979 0.4981  0.4987 0.4993
8.00 0.056 0.4673  0.4852 0.4906 0.4931  0.4935 0.4971 0.4978  0.4983 0.4999

6.00 0.042 0.4440  0.4735 0.4847 0.4889  0.4929 0.4954 0.4966  0.4973 0.4931

4.00 0.028 0.3772  0.4435 0.4670 0.4767 0.9856 0.4910 0.4935 0.4949 0.4970

2.00 0.014 ‘ 0.1369 0.2370 0.3045 0.3496  0.4021 0.4390 0.4569  0.4670 0.4820

0.010 10.00 0.100 0.48753  0.4940 0.4961 0.4971  0.4981 0.4987 0.4990  0.4992 0.4995
8.00 0.080 ! 0.4823  0.4917 0.4946 0.4960  0.4974 0.4983 0.4987  0.4990 0.499%4

6.00 0-060 1’ 0.4713  0.4869 0.4916 0.493&  0.4950 0.4974 0.4980  0.4981 0.1991

4.00 0.040 ‘ 0.4394  0.4737 0.4836 0.4832  0.4925 0.4932 0.4961  0.4972 0.4983

0.2803  0.3864 0.4293 0.4303  0.4699 0.4816 0.4859 074899 0.4943

2.00 0.020 |

15000 25000 40000

0.4968

0.4950
0.4918

0.4930
(.4985
0.4976
(0.4951

.4992
0.4990

0.
0.
0.

1983
1969
1914

0.4995
0.4994
0.4990
0.4982
0.4895

0.4

1997

0.4996

0.

4994

0.4990
0.4965

Table II. Caculated Values of Phase Lag . of Third Harmonic Voltage £ behind the A.C. Current.

A at various values of ¢’p"/cp

3000

. o Lo’
rira Sz Bri o =1000 2000
0. 002 10.00 0. 020 0.8002 1.078 1. 2164
£.00 0.016 0.6037 0.8754 1.0409
5.00 0.012 0.4519 0.6747 0.8395
0. 004 10.00 0.040 1. 2337 1.4018 1.4561
&.00 0.032 1.1275 1.3235 1.4024
6.00 0.024 0.9212 1.1805 1.2939
4.00 0.016 0.6031 0.8754 1.0412
Q. 005 10.00 0.030 1.3465 1.4539 1.4919
.00 0.040 1.2334 1. 4018 1.4561
65.00 0.030 1. 0919 1.3015 1.3830
4.00 0.020 0. 8001 1.0792 1.2167
2.00 0.010 0.3137 0.5238 0.6965
0. 007 10.00 0.070 1. 4401 1.5040 1.5260
.00 0.036 1. 3823 1.4733 1.5052
5.00 0.042 1. 2750 1.4138 1.4644
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4.00 0.028 1.0361 1.2651 1.3590 1.4091 1.4612 1.4970 1.5152 1.5262 1.5439 1.5540
2.00 0.014 0.4950 0.7051 0.803 0.9745 1.1256 1.2520 1.3236 1.3694 1.4466 1.4921
0. 010 10.00 0.100 | 1.4976 1.5338 1.5460 1.35522 1.5383 1.5625 1.5646 1.3638 1.5678 1.5689
8.00 0.080 ‘ 1.4656 1.5173 1.5349 1.5438 1.5528 1.5587 1.5618 1.5636 1.5664 1.5681
6.00 0.060 ] 1.4030 1.4845 1.5127 1.5271 1.5415 1.5512 1.5561  1.5390 1.3637 1.5664
4.00 0.040 \I 1. 2540 1.4021 1.4563 1.4842 1.5126 1.5318 1.5415 1.5473 1.5567 1.5620
2.00 0.020 ] 0.7823 1.0599 1.2003 1.2819 1.3713 1.4350 1.4679 1.4881 1.5207 1.5394
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