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Abstract: A discrete velocity scheme for solving the Boltzmann equation will be described and demonstrated by
application to homogeneous and one-dimensional problems. Direct solution of the Boltzmann equation is
computationally expensive because, in addition to working in physical space, the nonlinear collision integral must also
be evaluated in velocity space. In principle, collisions between each point in velocity space with all other points in
velocity space must be considered when evaluating the collision integral, but this is very expensive. Motivated by the
Direct Simulation Monte Carlo (DSMC) method, we reduce the computational cost in the present method by randomly
sampling a set of collision partners at each point in velocity space. Unlike some other Monte Carlo methods for
evaluation of the collision integral, mass, momentum and energy are conserved exactly in our scheme. The method is
tested by solving several homogeneous relaxation problems, and is applied to traveling 1D shock waves. Since a coarse
velocity discretization is required for efficient calculation, the effects of different velocity grid resolutions are
examined. When the performance is compared to DSMC and it is found that the new scheme performed nearly an
order of magnitude faster than DSMC upstream of the shock wave for the same noise level. Downstream of the shock
wave the noise levels are comparable for the same computational effort.

Bio: Dr. Philip Varghese earned his BS from the Indian Institute of Technology,
Madras, his MS from Syracuse University, and his Ph.D. from Stanford University in
1983. He joined the faculty of The University of Texas at Austin that same year, and
has been in Aerospace Engineering since 1989.

Dr. Varghese's research focuses on understanding the basic molecular processes
occurring in high speed and high temperature flows. This is an inter-disciplinary field,
requiring a synthesis of physics and chemistry with the more traditional engineering
disciplines of fluid mechanics, heat transfer and thermodynamics. Varghese applies
his work to the study of combustion, plasmas and hypersonic and rarefied flows. He
was a Fulbright Scholar at ONERA in France in 1993-94, and is a member of the
Academy of Distinguished Teachers at UT Austin.
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