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Table 1 Conditions of the calculation cases

Model Free stream Poo R/ Model Altitude/
configuration velocity /(m - s71) (kg - m~2) scale km
sphere-cone 2.43x10~° ! 53
ELECTRE 4230, > 66
(Rn =0.035m, 5530 1.22x10~4 ! 4
length : 12R,) 5 53
Tw = 300K 6.08x107 > 4
25 53
sphere-cone 7.76x107° ! %
RAM-C 7650 6 70

(Rn =0.152m,

length : 8R,) 4.78x10% 1 2
Ty, = 300K 6 56
capsule 2.78%107° L "
FIREII/Apollo 8080, 6 87
(Rn = 0.747m, 11360 1.71x10~* ! o2
length : 0.77Ry,) 6 v
Tw = 1500K or615K 3.81x10~4 ! 56
6 70
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NUMERICAL ANALYSIS OF THE VALIDITY OF BINARY SCALING
PARAMETER p, L IN NONEQUILIBRIUM FLOW Y

Zeng Ming*? Lin Zhenbin! Liu Jun* Qu Zhanghua*
*(College of Aerospace and Material Engineering, National Univ. of Defence Technology, Changsha 410073, China)
T(LHD, Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract In the present study, the validity of binary scaling parameter p,,L in nonequilibrium flow is
numerically investigated with the charactristic time of chemical reactions similarity, thermochemical state of
the flowfield, radiation transfer equation and similarity law for hypersonic flowfield. The numerical results show
that the nonequilibrium dissociation process is dominant in the nogequilibrium region of the flowfield when the
parameter of p,. L is below its critical value. Therefore, it is validated that the parameter of p,, L can be applied
in the simulation of the nondimensional variable distributions, wall heat transfer and ionization properties in
the whole flow field, and molecular radiation intensity at the stagnation point. In addition, the effects of free

stream velocities, the corresponding variables and flow regions on the validity of p.,L are also discussed.

Key words hypersonic, nonequilibrium flow, nonequilibrium scale effects, binary scaling parameter, high-

temperature air radiation
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