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[Abstract]In this paper, through the study of thermal conductivity of hydrogen— argon mixture at different temperatures for thermal insulation

pipes in petroleum industry, a good method for determining the thermal conductivity of other gas mixture at different temperatures has been provided.
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0 Preface

In common sense, vacuum is the best way for thermal insulation, so
it is used for the thermal insulation pipes in petroleum industry.
However, the Hydrogen under the high pressure in the oil drills can
gradually penetrated through steel wall into the vacuum space to destroys
the thermal insulation and reduce the lifetime of the pipe. A way was
introduced to reduce the effect of penetrated Hydrogen to extend the
lifetime, by pre—filling high pressure Argon, a low thermal conductivity
gas. This paper introduces how to calculate the thermal conductivity of

the gas mixture.

1 The c alculation formula of thermal conductivity of
single-component gas

Thermal conductivity of gas varies with the change of temperature at

atmospheric pressure, and it can be calculated by the following formula2:
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Neufeld et al. proposed an empirical equation which is convenient
for computer application:
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In which: A =1.16145, B =0.14874, C =0.52487.D =0.77320.E =
2.16178, F=2.43787,G=-6.435x10~, H=7.27371,5=18.0323, and W=-
0.76830, &/k(Ar) = 93.3(K), &/k(H,) = 59.7(K).

heat capacities (C,) of Ar and H, at constant pressure vary with the
temperature from 298.15K to 1500K can be found in the book of “CRC
Handbook of Chemistry and Physics”.

Besides"”,“CRC Handbook of Chemistry and Physics” have provided
the coefficient of viscosity of H2 and Ar range in temperature from 100K
to 600K, results show that the calculations of m are in good agreement
with the values measured experimentally.

Above all, the coefficient of thermal conductivities (N) of H, and Ar
can be calculated with the change of temperature at atmospheric
pressure.

&  maximum energy of attraction between colliding molecules,
ergs;

Boltzmann’s constant, 1.38x10"%rgs-K™;
coefficient of thermal conductivity, W/(m*K);
gas constant, 1.98726 g—cal/(g—mole)(K);

molecular weight, g/g—mole;

= > &

heat capacity at constant pressure, g-cal/(mol)(K);

coefficient of viscosity, g/(cm)(sec);

=3 O

absolute temperature, K;
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o distance potential parameter,A, o(Ar)=3.542, o(H,)=2.827;

O*reduced collision integral.

2 Comparison of experimental and calculated values of
thermal conductivities (A) of H, and Ar

E. Bich et al.” have provided the thermal conductivity of Argon vary

with the change of temperature at atmospheric pressure (experimental

value):
Ta)b. 1 thermal conductivity of Argon vary with the change of
temperature
T (K) Mr (W/(m*K))
270 0.01627
280 0.01678
290 0.01729
300 0.01779
320 0.01876
340 0.01972
360 0.02065
380 0.02156
400 0.02244
420 0.02331
440 0.02416
460 0.02499
480 0.02580
500 0.02660
550 0.02855
600 0.03041
700 0.03395

M. J. Assael et al." have provided the thermal conductivity of H,

varies with the change of temperature at atmospheric pressure
(experimental value):

By the above figure, it can be found that the calculated results are
matches for the experimental data very well. At the same time, the
calculated results of Hydrogen can be obtained by external polation for

the temperature above 400K.
3 Effect of pressure on thermal conductivity of Ar®

According to this table, it can be seen that the influence of pressure
on the thermal conductivity of argon is very small. When the pressure
increased from 0.1 MPa to 1.0 MPa, the thermal conductivity of argon at
260K increased by only 3.16%, and with the increase of temperature, this

value is reduced: the thermal conductivity of argon at 380K increased by
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only 1.38% when the pressure increased from 0.1 MPa to 1.0 MPa. So, it
will not introduce too much error if the thermal conductivity at

atmospheric pressure instead of the thermal conductivity at 1.0 MPa is

used.
Tab. 2 Thermal conductivity of H, vary with the change of
temperature
T (K) NH; (W/(m*K))
270 0.1716
280 0.1768
290 0.1819
300 0.1869
310 0.1918
320 0.1965
330 0.2012
340 0.2057
350 0.2101
360 0.2144
370 0.2186
380 0.2226
390 0.2266
400 0.2304

Fig.1 Thermal conductivity of H, and Ar variation with

temperature under atmospheric pressure

Tab. 3 Effect of pressure and temperature on the thermal
conductivity of Ar

P(MPa)) 0.1 1 10
260 0.0158 0.0163 0.0214
280 0.0169 0.0173 0.0218
300 0.0179 0.0183 0.0223
320 0.0189 0.0192 0.0229
340 0.0199 0.0202 0.0235
360 0.0208 0.0211 0.0242
380 0.0217 0.022 0.0249

4  Thermal conductivity of H, —Ar mixtures
different mole fraction of H,

containing

Brokaw  have proposed a simple correlation for therma
conductivities of gas mixtures, for a dual system:
Au=qA, + (=g A, (5)

W

v

In which,A,, =y, A, +y,\,  (6)and :% (7), and the
1

mR

N

factor q changes with the light component in the mixture composition,
and its value can be found by the following table, in which it is assumed
that “a” represents the mole fraction of light constituent:

Tab. 4 Factor g as a Function of a

a 0 0102 03 04]05 06|07/ 0809095 10

q 032 0.34]0.37 039 042046 0.50|0.550.61 |0.69 0.74 0.80

Through the above formula and the thermal conductivities of pure
Hydrogen and pure Argon, the thermal conductivity of H,—Ar mixtures

can be calculated.

Fig.2 The thermal conductivity of H,—Ar mixtures

Tab. 5 Thermal conductivity of Hydrogen—Argon
mixtures at 0°C"

Mole fraction of H, ~ NnEPeriment Wiy ey Wity "
(w*K) (%)

0 0.01633 0.01642 0.55

0.09 0.02303 0022153 3.81

0.18 0.03057 0.028726 6.03

0.4 0.05276 0.04794 9.14

0.6 0.07830 0.07282 7.00

0.802 0.11305 0.10907 3.52

1 0.16015 0.17193 1.64

By comparing the N of experimental values and Brokaw, it is found
that the calculation accuracy of Brokaw empirical formula can meet the
requirement.

If the mole fraction of Hydrogen is not very high, the \ of mixture is
much lower than that of pure Hydrogen. In this case, the effect of
penetrated Hydrogen can be reduced very much by pre—filling Argon. If
the Mole fraction of H, is less than 0.40, the thermal conductivity of
mixture is less than 31% of pure Hydrogen, the thermal insulation pipes
is still can be used in this case. And the lifetime of the pipe is much
extended.

5 Conclusions

Through the calculation of the thermal conductivity of H, —Ar
mixtures at different temperatures, a good method for determining the
thermal conductivity of other gas mixture at different temperatures has
been provided.

High pressure Argon can be pre —filled in the thermal insulation
space to extend the lifetime of the thermal insulation pipe by reducing

the effect of penetrated Hydrogen. @
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