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Coupled Rotational-Vibrational Relaxation and Dissociation of Molecular Hydrogen at High Temperature
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The master equations with the QCT state-to-state rates are integrated to see how the ro-vibrational population of mo-
lecular hydrogen varies with time during the energy relaxation at the heat bath temperature of 1,000, 5,000 and 10,000 K. The
relaxation times for rotational and vibrational modes are determined based on the Landau-Teller theory. The obtained vibra-
tional relaxation times agree well with the existing empirical expression derived from shock tube experiment by Dove. The
obtained rotational relaxation times also agree with the experimental data at 1,000 K of Lensch and Grinig. The Lan-
dau-Teller theory is expected to give reasonable relaxation time up to 5,000 K. For the high temperature as high as 10,000 K,
however, it is found that Landau-Teller equation is not adequate to express relaxation time of molecular hydrogen because of
the QSS associated with the state-to-state transition and the dissociation process.
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Fig. 1 Comparisons of the calculated line-broadening coefficients and the expeni-
mental data by Rahn""  (7=1,00 K. v=1). Error bars on QCT results are the statistical
standard deviations.
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Fig. 2 The present rotational and vibrational relaxation time, and the calculational
results by Sharma,” the experimental data by Lensh"” by Boitnott'" , and by Dove®.
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Fig. 3 Temperatures evolution in the calculation considering the dissociation, and
ignoring the dissociation for the cases of a) T=5,000K, To=T,n=4,500K,and b) T
=10,000K, Ty=T,n=8,000K
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