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Statistical modelling algorithm for solving the

nonlinear Boltzmann equation on base of the

projection method

S. V. Rogasinsky 1

A statistical modelling algorithm is constructed for solution of the nonlinear kinetic
Boltzmann equation based on the projection method. Hermite polynomials are
used as an orthonormalized basis. The algorithm was tested on calculations for
the problem of one-dimensional relaxation of gas with a known solution.

1 Introduction

In this report we consider solution of the Cauchy problem for a nonlinear kinetic
Boltzmann equation in a spatially homogeneous case. It is well known that the
approximate solution to this problem can be estimated by the Monte Carlo method
simulating a Markov process of evolution of the corresponding N-particle ensemble
whose phase states change due to pairwise interactions of particles (see, e.g., [1],
[3], [4]).

The spatially homogeneous relaxation of a simple gas is described by the fol-
lowing Cauchy problem for the nonlinear Boltzmann equation (in dimensionless
form) [2]:
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and g = |v′ − v′
1|, σ(g, cosϑ)− is the differential cross-section of scattering of two

particles, ϑ− is the angle of rotation of relative velocity in the system of the center
of inertia of scattering particles.

Heref(v, t) is the distribution density of gas particles over velocities v ∈ R3

at the time moment t ≥ 0 , and
∫
f(v, t)dv = 1.
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Let us pose the problem of calculation of the distribution density of particles
over the absolute value of the velocity, i.e.,

ϕ(|v|, t) = |v|2
∫
f(v, t)dω, v = |v| · ω.

For the sake of convenience, introduce the notation x = |v|.
This report is focused on calculation of the solution to the problem formulated

above by the Monte Carlo method based on the projection method.

References

[1] M. Kac, Probability and Related Topics in Physical Sciences. Amer. Math.
Soc., 1959.

[2] M. N. Kogan, Dynamics of Rarefied Gas. Nauka, Moscow, 1967 (in Russian).

[3] G. A. Mikhailov and S. V. Rogazinskii, Weighted Monte Carlo methods for
approximate solution of a nonlinear Boltzmann equation. Sib. Math. J. (2002)
43, No. 2, 7178.

[4] G. A. Mikhailov and S. V. Rogazinskii, Probabilistic model of many-particle
evolution and estimation of solutions to a nonlinear kinetic equation. Russ. J.
Numer. Anal. Math. Modelling (2012) 27, No. 3, 229242.

2


