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Figure 1 (Color online) Comparison between numerical and experimental results for C, distributions on blunt cones of radius. (a) R=20 mm;

(b) R=50 mm.
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Figure 2 (Color online) The HB2 standard model.
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Figure 3 (Color online) Effect of variation in viscosity coefficients 4 (MEMFEEARMUZERMERTEZRENRESS

on pressure coefficients. Figure 4 (Color online) Effect of variation in reaction rates on
pressure coefficients.
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Figure 5 (Color online) Effect of variation in viscosity coefficients along Line A on velocity (a), temperature (b), density (c), pressure (d)
distributions in the frozen flow.
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Figure 6 (Color online) Effect of variation in reaction rates along Line A on velocity (a), temperature (b), density (c), pressure (d) in the

chemical nonequilibrium flow.
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Figure 7 (Color online) Effect of variation in viscosity coefficients on the contributions of temperature (a) and density (b) to the pressure (c)

change in the frozen flow.

044702-8



TR, hEEREE MRS 1 RICE 20154 45 4

8 (MEMEEMUZIELERPRHUEMSIEBFTRRE (@) EEOMSEER (R EXE DT LA T
Figure 8 (Color online) Effect of variation in reaction rates on the contributions of temperature (a), density (b) and gas constant (c) to the
pressure (d) change in the chemical nonequilibrium flow.
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Figure 9 Effect of variation in reaction rates on the contributions of different gas constants O, (a), N, (b), O (c) and N (d) to the pressure
change in the chemical nonequilibrium flow.
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Effect of viscosity and chemical reactions on aerodynamic
force in chemical nonequilibrium flow

LI Kang, HU ZongMin & JIANG ZongLin"

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

The present work deals with the sensitivity of aerodynamic force to variations in viscous coefficients and chemical
reaction rates in thermochemical nonequilibrium flow over HB2 model. Within this scope, numerical simulations are
conducted by varying the viscous coefficients and chemical reaction rates over their uncertainty range. The numerical
method uses Park’s two-temperature model for the description of thermochemical nonequilibrium processes and
solves the full N-S equations for a multicomponent reacting gas mixture. The effect of variations in viscous
coefficients and chemical reaction rates on pressure coefficient on the flare skirt part shows a big difference. The
thicker boundary layer is not the reason for pressure becoming higher on the flare part. It is found that the main
contribution to the pressure increase in the nonequilibrium case is the change of temperature due to chemical
nonequilibrium, but not the increase of viscous coefficient.

hypersonic chemical nonequilibrium, viscous interaction, HB2 model, pressure coefficient, chemically reacting
boundary layer
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