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MONTE CARLO SIMULATION OF THE STRUCTURE AND
REFLECTION OF NORMAL SHOCK WAVES

Sten Qing

(Institute of Mechanics, Academia Sinicay

Hu Zhenhua Xu Xiaoyan Wu Wanquan

(Institute of Enviromental Features)

Abstract The structure and reflexion of normal shock wave in
simple monoatomic gas, diatomic gas and in gas mixtures are simulated
by the direct simulation Monte Carlo method (DSMC), To simulate the
intermolecular forces the variable hard sphere model (VHS) is used,
and the interchange of translational energy and the internal energy is
simulated by the phenomenological model of Larsen and Borgnakke.
The thickness of the shock wave transition zone obtained by the VHS
model for different values of the power in the intermolecular force
is shown to be identical with the result obtained by the inverse power
law model, provided the expressions for the mean free path correspond..
ing to the viscosity expressions derived for relevent models are used
accordingly, Also shown is the effect of non-equilibrium in the transla-
tional degrees of f{reedom across shock wave in a simple monoatomic
gas, i, e, the difference between the longitudinal (parallel) temperature
based on the velocity component in the direction of wave progression
and the transverse (perpendicular) temperature based on the velocity
component in the direction perpendicular to the wave motion. For gas
mixtures of two components calculations reveal the component separation
effect and the effect of overshoot of the heavy component parallel
temperature, In the paper the structure and the process of propagation
and reflexion of normal shock wave in a diatomic gas (i, e, with coupling
between the translational and rotational energies of a molecule) is also
simulated, with the rotational relaxation number Z; chosen to be 5. The
density profiles across the shock obtained are in good agreement with

the experimental data, and the change of the parameters experienced
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in the reflection of the shock from a solid wall are found to be in
excellent accordance with the result from the gas dynamic relations.
Initiative investigations have been carried on the parellel temperature
overshoot in a mixture of heavy (trace)-light (carrier, diatomic) gases,
Simulation with more exact method and the analysis of the overshoot

data and mechanism are underway and will be published elsewhere,

Key words shock wave structure, shock wave reflection, direct
simulation Monte Carlo method,



