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Fig.1 Relation of the vibrational heat capacity at constant

volume of N2 and Oz 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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No + M = 2N + M + 9.76eV (8a)

Oy + M = 20 + M + 5.12eV (8b)
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R 2 ¢p=5% MEMBBRFEUTRNSEMERE

Table 2 Altitudes and velocities of hypersonic vehicles corresponding to ¢p = 5%

h/km  p1/(kgm™3) vi/(kms}) M;  po/kgmT3) Tu/K agz agz
0 1.25 3.01 9.5 9.7 3624 6.6x1072 24x10°3
10 3.2x1071 2.87 9.1 2.5 3316 6.2x10~2 1.1x10~5
20 8.2x1072 2.74 8.6 6.3x10°1 3044 5.5x10~2? 4.8x10~¢
30 2.1x1072 2.63 8.3 1.6x1071 2823 5.1x1072 2.2x10°6
40 5.4x10~3 2.53 8.0 4.1x1072 2631 4.7x1072 1.0x10"®
50 1.4%x10~3 2.45 7.7 1.0x10~2 2482  4.7x10=2  5.6x1077
60 3.6x1074 2.36 7.4 2.64x1073 2321 4.1x1072 2.3x10°7

3 ¢p = 10% MEMBBEERE TROTEMNEE
Table 3 Altitudes and velocities of hypersonic vehicles corresponding to ¢p = 10%

h/km  p1/(kgm™3) wi/(kmsT!) M pe/(kgm=3) Tp/K ap? agz
0 1.25 3.19 10.1 9.8 4040 1.5x10"! 1.1x10—4
10 3.2x107! 3.03 9.6 2.5 3669 1.4x107! 5.7x10°°
20 8.2x1072 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~! 1.1x10°5
40 5.4x1073 2.64 8.3 4.1x1072 2843 1.0x10"!' 5.0x10"®
50 1.4x10~2 2.54 8.0 1.0x1072 2650 9.7x1072 2.3x10°6
60 3.6x107% 2.45 7.7 2.67x10~3 2482 9.1x1072 1.1x10~6
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SRY TR, B =S A TN
W LT . R T AR SR TR AT RS R R A 1,
o T RN s, HRMSEWMAETER X
BNRASCGHESTHREE. T, % 4
O3 TP BT RO T i SR B R e PG, X AR
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fr BRIERE, TET O FERRUERESE, W
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4 SEFAEVTRACRAPHO TIRREESBLEREMSENXER
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 1.1x101% ~ 1.1x 1015 2.3~2.6 2.4~2.7 24~28 2.5~3.0 2.6~3.2 2.8~3.5

UHF  300~1000 MHz 1.1x10'% ~ 1.2x 106 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 1~2GHz 1.2x101% ~ 4.9x 1016 2.9~3.1 3.0~3.2 3.2~34 3.4~3.6 3.6~39 4.0~4.5

S 2~4 GHz 4.9%x1018 ~ 2.0x 1017 3.1~3.2 3.2~3.4 3.4~37 3.6~3.9 39~43 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 8~12GHz 7.9%1017 ~ 1.8x 1018 3.5~3.7 3.7~3.9 4.0~4.2 4.3~4.7 5.4~6.8 —
K, 12~18 GHz 1.8x10® ~ 4.0x 108 3.7~3.8 3.9~4.1 4.2~4.4 4.7~56 6.8~8.5 —
K 18~27 GHz 4.0x10%8 ~ 9.0x 108 3.8~4.0 4.1~4.3 4.4~4.9 5.6~7.0 — —
Ka 27~40 GHz 9.0x10'® ~ 2.0x101° 4.0~4.2 4.3~4.7 4.9~59 T7.0~8.7 — —

5 i it ETERSAERN. SRSAEINEEES S TR

ShFEdR, B RN AT B RN A, EAT UK &
T WL BOR I Mach %, &5 CATRHINER
K. B, AU ORISR RERE, =S
T IRBIAE B2 WO M AR Mach %, Hlifsh
AL 3, TRBUIME (KM% T 10°) MRk 10.
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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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