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Heat Transfer in a Gas Mixture between Two Parallel Plates:

Finite-difference Analysis of the Boltzmann Equation
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The problem of heat transfer and temperature distribution in a binary mixture of rarefied gases between two parallel
plates with different temperatures is investigated on the basis of kinetic theory. Under the assumption that the
gas molecules are hard spheres and undergo diffuse reflection on the plates, the Boltzimann equation is analyzed
numerically by means of an accurate finite-difference method, in which the complicated nonlinear collision integrals
are computed efficiently by the deterministic numerical kernel method. As a result, the overall quantities (the heat
flow in the mixture, etc.) as well as the profiles of the macroscopic quantities (the molecular number densities of
the individual components, the temperature of the total mixture, etc.) arc obtained accurately for a wide range of
the Knudsen number. At the same time, the hehavior of the velocity distribution function is clarified with a high

accuracy.
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nB /nd,  Kn a1 /pr(2kTr/m*)72 A (%)
0.1 0.1 —-0.207 0.72
0.1 1 —0.547 0.19
0.1 10 —0.693 0.047
1 0.1 . —0.370 0.67
1 1 —-0.814 0.13
1 10 —0.966 0.036
10 0.1 —0.659 0.19
10 1 —-1.124 0.075
10 10 —1.244 0.014

Table II : Heat flow ¢; for (m®/m* 4B /d%) = (0.25,0.5). (See
the caption of Table 1.)
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Figure 2 : Profiles of the number densities n and n® and the

temperature of the totul mixture T for mB/mA = 0.25, alﬁ/d;?1 =
B3k 0.5, and ﬂ'an/”::‘v = 10. (See the caption of Figure 1.)
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X1 /D Here, — and - - - indicate the result by the finite-difference method,

Figure 1 : Profiles of the number densities n”* and n® and the and ¢ and o that by the DSMC method

temperature of the total mixture T for mB/mA = 0.25, dﬁ/dﬁ =

0.5, and nfv/nfu = 0.1. Here, — and - - - indicate the result
by the finite-difference method, and e and o that by the DSMC
method.
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