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Fig.1 Relation of the vibrational heat capacity at constant

volume of Ny and Os2 to temperature
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Fig.2 Schematic diagram of flows past blunt and sharp wedges
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Table 1 Comparison of the temperatures behind a
normal shock wave given by the present and classical
relations at different Mach numbers of free streams
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Table 2 Altitudes and velocities of hypersonic vehicles corresponding to ¢p = 5%

h/km  pi/(kgm=3) wi/(kms~!) M1 po/(kgm~3) Tp/K  ap? ap?
0 1.25 3.01 9.5 9.7 3624 6.6x1072 2.4x107°
10 3.2x10~1 2.87 9.1 2.5 3316 6.2x1072 1.1x107°
20 8.2x1072 2.74 8.6 6.3x1071 3044 5.5x1072  4.8x1076
30 2.1x1072 2.63 8.3 1.6x1071 2823 5.1x1072 2.2x1076
40 5.4x103 2.53 8.0 4.1x102 2631 4.7x1072 1.0x10~6
50 1.4x10~3 2.45 7.7 1.0x1072 2482 4.7x1072  5.6x10°7
60 3.6x10~4 2.36 7.4 2.64x1073 2321  4.1x1072 2.3x10°7
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Table 3 Altitudes and velocities of hypersonic vehicles corresponding to ¢p = 10%

h/km  pi/(kgm=3) wi/(kms~l) M1 pp/(kgm=?) Tp/K  ap? ap?
0 1.25 3.19 10.1 9.8 4040 1.5x10~!  1.1x10~*
10 3.2x10~1 3.03 9.6 2.5 3669 1.4x10~! 5.7x107°
20 8.2x10~2 2.88 9.1 6.3x10~1 3338 1.2x10~!  2.4x10°5
30 2.1x1072 2.75 8.7 1.6x1071 3065 1.1x10~! 1.1x1075
40 5.4%x1073 2.64 8.3 4.1x1072 2843  1.0x10~! 5.0x1076
50 1.4x10~2 2.54 8.0 1.0x10~2 2650 9.7x102  2.3x10°6
60 3.6x10~4 2.45 7.7 2.67x1073 2482 9.1x1072 1.1x1076
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Table 4 Lower critical velocity for the communication blackout of a hypersonic vehicle versus the communication

frequency and altitude

Band Frequency Critical electron density/ Critical velocity at different altitude/ (km-s—1)

(m—3) 40km  50km  60km  70km  80km = 90km

VHF  30~300MHz 1.1x108 ~ 1.1x101° 2.3~2.6 2.4~2.7 2.4~2.8 2.5~3.0 2.6~3.2 2.8~3.5

UHF  300~1000 MHz 1.1x101% ~ 1.2x1016 2.6~2.9 2.7~3.0 2.8~3.2 3.0~3.4 3.2~3.6 3.5~4.0

L 1~2 GHz 1.2x106 ~ 4.9%x1016 2.9~3.1 3.0~3.2 3.2~3.4 3.4~3.6 3.6~3.9 4.0~4.5

S 2~4 GHz 4.9%106 ~ 2.0x1017 3.1~3.2 3.2~3.4 3.4~3.7 3.6~3.9 3.9~4.3 4.5~6.1

C 4~8 GHz 2.0x1017 ~ 7.9x1017 3.2~3.5 3.4~3.7 3.7~4.0 3.9~4.3 4.3~54 6.1~8.9
X 8~12 GHz 7.9%1017 ~ 1.8x10'8 3.5~3.7 3.7~3.9 4.0~4.2 4.3~4.7 5.4~6.8 —
Ky 12~18 GHz 1.8x10'8 ~ 4.0x10'®  3.7~3.8 3.9~4.1 4.2~4.4 4.7~56 6.8~8.5 —
K 18~27 GHz 4.0x1018 ~ 9.0x1018 3.8~4.0 4.1~4.3 4.4~4.9 5.6~7.0 — —
K. 27~40 GHz 9.0x1018 ~ 2.0x101° 4.0~4.2 4.3~4.7 4.9~59 7.0~8.7 — —
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CRITERIA ON HIGH-TEMPERATURE GAS EFFECTS AROUND
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Abstract

Based on the kinetic viewpoint, several quantitative criteria are given to determine what kind of

flight conditions will significantly excite the molecular vibration, dissociation and ionization of high-temperature

air around hypersonic vehicles.
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