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In recent years, there has been significant progress in developing numerical 

methods to solve kinetic equations in three space dimensions. However, most 

applications have been in the area of the microchannel flows, whereas modeling of the 

high-speed rarefied flows remains challenging, especially for realistic three-

dimensional problems. 

Over the recent years the author has been developing a discrete-velocity-type 

numerical method to solve model kinetic equation with the E.M. Shakhov collision 

integral [1] for three-dimensional flows [2,3,4]. Its distinguishing features include the 

support of arbitrary (both block-structured and hybrid unstructured) meshes in the six-

dimensional phase space, the use of efficient implicit time evolution method and two-

level MPI+OpenMP parallel implementation for modern parallel computers. The 

method is implemented into the software package “Nesvetay”. 

This presentation is a review of all recent developments of the numerical 

methods for high-speed flows, which have been carried out by the author alone or 

with the collaborators from the Russian academy of Sciences [5,6]. These primarily 

concern various comparative studies of the stationary high-speed flows as well as 

comparison of kinetic and DSMC solutions for time-dependent flows. 

The work has been supported by the Russian Foundation for Basic Research 

project 18-08-00501. Calculations have been run on supercomputers, installed at Joint 

Supercomputing Center of the Russian Academy of Sciences, Peter the Great St. 

Petersburg Polytechnic University, Siberian Supercomputer Center and Novosibirsk 

State University. 

 

References 

1. E.M. Shakhov. Generalization of the Krook kinetic relaxation equation // Fluid 

Dynamics. 1968. V. 3. N. 5. P. 95-96. 

2. V.A . Titarev. Implicit numerical method for computing three-dimensional rarefied 

gas flows using unstructured meshes // Comp. Math.s & Math. Phys. 2010. V. 50. 

N. 10. p. 1719–1733 

3. V.A. Titarev. Efficient deterministic modelling of three-dimensional rarefied gas 

flows // Commun. Comput. Phys. 2012. V. 12. N. 1. P. 161--192.  

4. V.A. Titarev. Application of model kinetic equations to hypersonic rarefied gas 

flows // Computers and Fluids. 2018. V. 169. P.  62-70. 

5. A.A. Frolova, V.A. Titarev. Recent progress on supercomputer modelling of high-

speed rarefied gas flows using kinetic equations // Supercomputing frontiers and 

innovations, 2018. V. 5, N. 3, pp. 117-121. DOI: 10.14529/js_180322 

6. V.A. Titarev, A.A. Frolova, V.A. Rykov, P.V. Vashchenkov, A.A. Shevyrin, Ye.A. 

Bondar. Comparison of the Shakhov Kinetic Equation and DSMC Method as 

Applied to Space Vehicle Aerothermodynamics // submitted to Journal of 

Computational and Applied Mathematics 


