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Direct Simulation of Reentry Flows Around a Cylinder
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DSMC analysis was conducted for flows around a cylindrical object under reentry conditions. Gas particles were described
by the VSS model, and three energy modes namely translational, rotational and vibrational energy modes were taken into
account. Five chemical species model (N,, N, N,*, N*and €’) was applied to air plasmas. The NTC model suggested by Bird was
used for collisions, 4 chemical reactions of dissociation, recombination and two ionizations being included. For vibrational
relaxation, Millikan—White’s empirical formula with Park’s high temperature correction was used. Analysis was made for the
conditions of Fire II project of NASA and the results clarified the nonequilibrium properties of the flows.
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Table1 Flow Conditions for the Project FIRE II Vehicle

Condition I Condition Il
Altitude[km] 84.60 76.42
Velocity U*[km/s] 11.37 11.36
Density p*[kg/m’] 8.5690x10° | 3.50836x10°
NumberDensity n*[Particle/m’] 1.7820x10% | 7.2940x10%
Gas Temperature T*[K] 180.65 194.602
Mach Number M 414 39.8
Mean Free Path A*[m] 9.4940x10° 2.318x10°
Wall Temperature T, [K] 460 615
Knudsen Number Kn 0475 0.116
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Condition 1
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Fig.1 Temperature profiles
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Fig.2 Temperature Change along Stagnation Line
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