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Abstract

Iterative

In this paper the efficient space marching Viscous Shock Layer and Parabolized Navier-Stokes
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A=

=

method have been applied to study the complex 3-D hypersonic equilibrium chemically reacting
flowfilelds over sphere-cone(10°) vehicle at low angles of attack(0°~5°), Mach 20, and an altitude
of 35km. The current bluntbody/afterbody space marching numerical method predicts the
complex flowfields accurately and efficiently even on a small computer. The shock thickness
from equilibrium air model is thinner than that from the perfect gas model. The windside wall
heat-transfer rate, pressure and skin. friction force were increased singnificantly when compared
with those of leeside. The CA, CN, CM were increased almost linearly with the angle of attack
in this region. The wall pressure, heat transfer, skin friction and axial force coeffient from
equilibrium mode! were much higher than those from perfect gas model. The center of pressure
moved forward with the increase of angle of attack.
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Fig. 1 PNS coordinate system
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Table 2 Force and moment coefficients
CA CN M XCP/L
a
EQ:0 | 0.08304°
1 | 0.08500 | 0.03504 | —0.02259 | 0.7397
2 | 0.08766 | 0.06047 | —0.04445 | 0.7351
3 | 0.09118 | 0.09166 ;| —0.06638 | 0.7242
4 [ 0.09634 | 0.11790 | —0.08522 | 0.7230
5 101006 | 0.14940 | —0.10540 | 0.7051
PG:5 | 0.09611 | 0.14720 | —0.10470 | 0.7114
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Fig. 12 The lift(CL), drag(CD) and pitching moment
coefficient (CM} vs angle of attack plot at the
end of the body(X/Rn=30)
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