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Analysis on flow around a sphere under high Mach number,
low Reynolds number and adiabatic conditions
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In this study, the high-Mach-number and low-Reynolds-number flow analysis of the around a sphere by direct
numerical simulation (DNS) of the three-dimensional compressible Navier-Stokes equations is performed, in order to
investigate the flow properties. The alumina particles released from solid rocket motors might damp acoustic wave, but
the mechanism is not well known. Therefore, a new model for prediction drag force at the high-Mach-number and
low-Reynolds-number condition is necessary, in order to perform high accuracy prediction on acoustic wave generated
by exhaust gas from solid rocket motors. In this study Analysis is performed by assuming the alumina particle as a
non-deform sphere, the Reynolds number based on the diameter of the sphere and the freestream velocity set to be
between 50-300, the freestream Mach number set to be between 0.3-2.0. In this paper, focused on effect of the Mach

number on the flow properties and drag coefficient is discussed.
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Figure 1 Computational grid

Tablel Analysis condition
Case name | Reynolds number | Mach number
Re050M030 5.00E+01 3.0E-01
Re050M080 5.00E+01 8.0E-01
Re050M120 5.00E+01 1.2E+00
Re050M200 5.00E+01 2.0E+00
Re100M030 1.00E+02 3.0E-01
Re100M080 1.00E+02 8.0E-01
Re100M120 1.00E+02 1.2E+00
Re100M200 1.00E+02 2.0E+00
Re150M030 1.50E+02 3.0E-01
Re150M080 1.50E+02 8.0E-01
Re150M120 1.50E+02 1.2E+00
Re150M200 1.50E+02 2.0E+00
Re200M030 2.00E+02 3.0E-01
Re200M080 2.00E+02 8.0E-01
Re200M120 2.00E+02 1.2E+00
Re200M200 2.00E+02 2.0E+00
Re250M030 2.50E+02 3.0E-01
Re250M080 2.50E+02 8.0E-01
Re250M120 2.50E+02 1.2E+00
Re250M200 2.50E+02 2.0E+00
Re300M030 3.00E+02 3.0E-01
Re300M070 3.00E+02 7.0E-01
Re300M080 3.00E+02 8.0E-01
Re300M095 3.00E+02 9.5E-01
Re300M105 3.00E+02 1.1E+00
Re300M120 3.00E+02 1.2E+00
Re300M150 3.00E+02 1.5E+00
Re300M200 3.00E+02 2.0E+00
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Figure 2 Pressure distribution and streamline
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previous study results at incompressible flow
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