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Vibrational Relaxation Model of Diatomic Molecules for DSMC Calculation
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To make a vibrational relaxation model of diatomic molecules for direct simulation Monte Carlo method, the
collisions of diatomic molecules are investigated in numerical ways. It requires too much time to calculate the
system in full quantum way. Even at low temperatures, the translational and the rotational energy gaps are still
able to regard as continuum, but the vibrational energy gaps are too large. Thus the vibrational energy of the
molecules should be treated with the quantum mechanics. Therefore the calculation is made in semiclassical way,
in which the vibrational state is treated with the quantum mechanics as a wave packet that is related to the
probability of existence on the grid made on the molecular axis, and the rotational and the translational states
are treated with the classical Molecular Dynamics method.
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Tab. 1: Vibrational energy distribution in %
[level | 300K | 1000K | 3000K | 5000K [ 10000K
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1 ]| 00013 [ 3.3175 | 21.9405 | 24.9909 | 20.4274
2 || 0.0000 | 0.1140 | 7.1325 | 12.7344 | 14.5818
3 [ 0.0000 | 0.0039 | 2.3187 | 6.4890 | 10.4090
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Fig. 2: Vibrational energy distribution
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