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Table 1 Chemical reactions and rate coefficients
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4.16x102T P exp(~1.13x10° /T) 227x10%T7
1.92x107T ™% exp(-1.13x10° /T) 1.10x 10T 03
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Figure 1 (Color online) The blunt cylinder model.
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Table 2  Grid resolutions taken for grid sensitivity study

Grid change in [ direction Grid change in J direction

Grid case Mx Ny Grid case Mx Ny
1 201 260 1 361 00
2 251 260 2 361 50
3 301 260 3 361 00
4 401 260 4 361 00
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Figure 2 (Color online) Aerodynamic data Cax, Cay and pressure coefficient for different grid resolutions.
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Figure 8 (Color online) Comparison of dimensionless pressures in
frozen, thermal nonequilibrium and thermal equilibrium flow at Mach=20.
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Figure 9 (Color online) Comparison of shock shapes in frozen,
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Figure 10 (Color online) Comparison of specific heat ratios in
different directions in thermal nonequilibrium flow at Mach=20.
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Figure 12 (Color online) Comparison of pressures immediately
after the shock and on the wall at Mach=20.
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Numerical studies on the effect of the key parameter to
hypersonic ‘““pitch-up anomaly”

LI Kang', HU ZongMin & JIANG ZongLin

State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Sciences,
Beijing 100190, China

Real-gas effects, e.g., vibrational excitation, dissociation and ionization of air, are critical issues in the hypervelocity
flow around a reentry vehicle. In this work, a chemical and thermal nonequilibrium Euler solver is used to evaluate
the real-gas effects on the aerodynamic forces of a typical hypervelocity test model. It is found that using an inert gas
model with a lower specific heat ratio to simulate the real-gas effects may cause an under prediction of the forces and
the pitching moment. Comparative simulations indicate that dissociation results in much more significant difference
to the aerodynamic performance than the vibrational excitation. It is also found that the streamwise inhomogeneity of
chemistry in the flowfield instead of the decreased specific heat ratio is the primary reason of “Pitch-up anomaly”.

thermochemical nonequilibrium, pitch-up anomaly, real gas effect, specific heat ratio, inhomogeneous
distribution
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