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Abstract

The unified gas-kinetic scheme (UGKS) is a direct modeling method for both
continuum and rarefied flow computations. In the previous study, the UGKS
was developed for diatomic molecular simulations with translation and rota-
tional motions. In this paper, a UGKS with non-equilibrium translational,
rotational, and vibrational degrees of freedom, will be developed. The new
scheme is based on the phenomenological gas dynamics model, where the trans-
lational, rotational, and vibrational modes get to the equilibrium with different
time scales with the introduction of rotational and vibrational collision num-
bers. This new scheme is tested in a few cases, such as the homogeneous flow
relaxation, shock structure, shock tube problem, and flow passing through a cir-
cular and semi-circular cylinders. The analytical and DSMC solutions are used

for the validation of the UGKS, and reasonable agreements have been achieved.
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