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Investigation of effect of Mach number and Temperature ratio into Flow Field
around a Sphere at High Mach and Low Reynolds Numbers Condition by DNS
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ABSTRACT

In this study, the direct numerical simulations of the flow around a sphere on the high Mach and low Reynolds numbers condition are
carried out, and the flow properties are investigated. The three-dimensional compressible Navier—Stokes equations are solved on boundary
fitted coordinate system. It is confirmed to have sufficient accuracy by the previous study. Analyses are performed at the Reynolds number
(based on the diameter of the sphere and the free-stream velocity) of between 100 and 300, the free-stream Mach number of between 0.3
and 2.0, and the temperature ratio of the sphere surface and free-stream of between 0.5 and 2.0. As a result, we clarified the following
points: 1) the effect of the free-stream Reynolds number and temperature ratio on the flow properties, 2) the effect of the temperature ratio
can be summarized by the effective Reynolds number that is a newly proposed parameter.
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Flg 1 Computational grid and coordinate system: (a)
Computational grid; (b) Coordinate system
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Fig. 4 Separation point: (a) Re100; (b) Re200.
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Fig. 5 Separation length: (a) Re100; (b) Re200.
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Fig. 10 Comparison of the separation length: (a) subsonic condition; (b) supersonic condition.
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Fig. 11 Comparison of the vortex center position (y-component): (a) subsonic condition; (b) supersonic condition.
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Fig. 12 Comparison of the shock detachment distance.
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