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Abstract: Analytical study of thermodynamics and heat transfer of high-temperature and
higlrvelocity flow field behind shock waves is an important problem involving the design and
heat transfer.analysis of vehicle thermal protection system (T PS).The flow fields of the A-
pollo AS 202 return capsule aviating in the earth atmosphere of six cases (the M ach number
varying from 15 52 to 22 63) and the Huygens vehicle aviating in the Titan atmosphere of
six cases (the Mach number varying from 17 29 to 24 47) were simulated by using conserva-
tion integral form of NavierStokes equations with multrspecies, nonequilibrium molecular
thermal excitation and chemical reactions, based on the highrresolution total variation dimirr
ishing (TVD) scheme. Thermodynamics and heat transfer of higlrtemperature and higlr ve-
locity flow field behind bow shock were studied, and the wall heat flux density, wall temper-
ature and Stanton number were in good agreement with the flight data. These results are use

ful for design of correlative vehicles T PS.
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Table 1 Earth atmosphere reaction rate coefficients
C
’ n 0./K
N-S (m2/(mol #\s))
(21 N+ M-N+ N+ M
5 1 M= Nboy057NO 7 00x 10> - 1. 60 113200
EJI 40+ ﬁQ(F— F.)n.dS+ M= N.0O 300X 10— 1 60 113200
Os+M O+ O+ M
#Q(G— G.)n,dS + ﬁQ(H— H,)mdS= 2 M= N,.05.NO | 2.00x10 - 150 59750
M= N,0 1 00x 10'6 - 1.50 59750
ﬂ; 40 Y NO+M-“N+ 0% M
3~-M=N3,0,,NO 5.00% 10° 0 75500
Q 0@ .U M= N,0 L10x 10" 0 75500
. F,.G H F, G H. 4 NO+ 0N+ 0, 8 40x 10° 0 19450
W ) [3]. 5 Not ONO+ N 5 69x 10° 042 42938
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5 (N2, 0:-NO, N 0) 17 Table 2 Titan atmosphere reaction rate coefficients
( 1), M . Cd o
./ K
, 2 13 (m*/ (mol* s)) '
(C, G2, H, H2, N, N2, CH, CH2, CHs, CH4, N+ M <N+ N+ M
CN,HCN  Ar) 143 (2, M= ArNay Collas g s 7 1 00113200
| 1 CH,CH,, CH, ~ 1 60 113200
M . ki(To) CH., CN, HCN
. o M= H,C,N 3 00x 10'°
ki(T.)= CGiTaexp . (2) 2 CHy+ M —CHs+ H+ M 4 70x 10" — 8 20 59200
| L3 3 CHs;+ M —€H,+ H+ M 1 02x 10° 0 45600
’ 4 CH;+ M —CH+ H,+ M 5 00x 10° 0 42800
05,05
=T "T. (3) 5 CHo+ M —€CH+ H+ M 4 00x10° 0 41800
1 4 5 ’ 6 CH,+ M <€+ Ho+ M 1 30x10° 0 29700
7 CH+ M€+ H+ M 1 90x10° 0 33700
T.=T (4) . ]
8 (ot M <€+ C+ M 150x10° 0 71600
G, 0 Park C 9 H,+ M<H+H+M 2 23x10° O 48350
. kv (T) 10 NH+ M <N+ H+M  18x10° 0 37600
11 HCN+ M <H+ CN+ M 3 57x 10 — 2 60 62845

k(T )= ki(T)/Ka(T) (5)
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Table 3 Free stream condition for AS 202 capsule
/
/s /km /(m/s) /K )
4700 77.2 6490 203 18 5
4750 74.5 6390 210 18 4
43800 67. 3 6210 227 18 4
4825 629 5970 239 18 3
4850 58 2 5620 252 18 3

4875 54. 6 5070 262 18 4
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