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(p=1 atm)'"

Table 1 Temperature ranges of thermochemical reaction

process for air (p=1 atm)'"]

Temperature range/K Thermochemical reaction process

<800 Calorically perfect gas
800-2 500 Vibration excitation
2 500-4 000 O3 begins to dissociate
4 000-9 000 N, begins to dissociate;
O, almost completely dissociated
=9 000 N, almost completely dissociated;

ionization begins
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Table 4 Oblique shock relations at T, =226 K, Ma, =10

Gas model pa1 T2 021 B/ uz Ma,
Perfect 45.09 8. 48 5.31 38.52 0.791 2.72

Weak shock wave  Vibration 43. 84 7.41 5.91 37.36 0.801 3.05
Difference/ % —2.77 —12.61 11. 30 —3.01 1. 30 12.13
Perfect 114. 39 20. 04 5.71 82. 29 0.219 0.49

Strong shock wave Vibration 119. 60 17.17 6.97 84.06 0.176 0.44
Difference/ % 4,55 —14. 32 22.06 2.15 —19.63 —10. 20
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Abstract. Steady shock reflections include regular reflecthQfm&M ch reflection, which can transit to each other under criti-

PENG Jun'?, ZHANG' %nh, ZHOU Kai'?, HU Zongmin'-?
'

Beijing

cal conditions. High-temperature gas effect is inevital Q\hypérsomc shock reflections. As temperature increases, the vi-
bration excitation of air molecules comes first. Th re al'analy3|s and quantitative calculation are conducted to study the
effects of vibration excitation on shock reflecti the transitions between regular reflection and Mach refection. A ther-
modynamic model for air with vibration echq‘oQQs% presented and then compared with the calorically perfect gas model. The
influences of vibration excitation on shocﬁ\ relat|ons, on the flow fields in regular reflection and Mach reflection, and on the
transition criteria between them are analyzed. The results show that vibration excitation may enlarge the overall profile of the
shock polar as compared with the shock polar in the calorically perfect gas. In addition, the difference in the overall polar
profiles is amplified significantly for the reflected shock. and may alter the reflection configuration. Regarding the shock re-
flection transition criteria, vibration excitation may cause increases of both transition angles, i.e., the detachment criterion

and von Neumann criterion, and the increment of the former is much larger than the latter.

Keywords: shock reflection; vibration excitation; Mach reflection; transition criterion; hypersonic flow
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