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Wall catalytic effects on aerodynamic heat of hypersonic flow
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Abstract: The wall catalytic activity of hypersonic vehicles leads the atoms produced in the
shock layer recombined at the body surface, leaving the recombination energy and increasing the
aerodynamic heat there. To study this crucial item, the non-catalytic and fully catalytic wall
conditions are applied in the numerical simulation to calculate the heat flux on a sphere-cone
model, basing on different flight Mach numbers and altitude conditions. The research indicates
that the wall catalytic effects on heat flux enhance as the Mach numbers increase. The heat flux
ratio of the stagnant point on account of fully catalytic versus non-catalytic wall conditions
reaches up to 1.92 at Mach number 25. However, this effect tends to be weaken if the altitude
increases beyond 50 km with a same flight Mach number. What is more, the wall catalytic
activity can influence the flow features and species distribution inside of the whole shock layer,
not just around the wall surface.
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Table 2 Atmospheric properties for the 40 kilometers

geopotential altitude

Flow parameters
o/ (kg +m™%) 0.003 85
p/Pa 277.5
T/K 251
a/(me«s™ ) 317.6
Ma 10, 15, 20, 25
4
3 .
S(a’\’d) ’
’ b 2
. b
(a) Ma=10
(b) Ma=15

(¢) Ma=20
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(d) Ma=25
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Fig.3 Heat flux distribution along the wall (NCW & FCW)
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Fig.4 Heat flux distribution and ratio of the
stagnant point (Ma =10~25)
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Fig.5 Mass fraction of the species at the stagnant line

3
Table 3 Mass fraction table of the species
at the stagnant point (FCW)

Mass fraction ~ Ma =10 Ma=15 Ma =20 Ma =25
N, 0.7649 0.7569 0.6918 0.6709
0O, 0.2258 0.0325 0.0229 0.0223
N 0.0003 0.0063 0.0756 0.1069
O 0.0084 0.2018 0.2076 0.1974
NO 0.0006 0.0026 0.0021 0.0025
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Fig.6 Percentage of the three partial heat flux

at the stagnant point (FCW)

(a) Ma=10
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Translational and vibrational temperature

distribution at the stagnant line
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Table 4 Atmospheric properties for the 40 ~70 kilometers
geopotential altitude

Altitude 0 P T a
} ) Ma
/km /(kg s m ®) /Pa /K /(mes 1)
40 0.003 85 277.5 251 317.6 20
50 0.000 98 75.9 271 329.8 20
60 0.000 29 20.3 245 314.1 20
70 0.000 07 4.6 217 295.6 20
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Heat flux distribution along the wall (NCW & FCW)
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Fig.9 Heat flux distribution and ratio of the
stagnant point (40~70 km)
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Fig.10 Mass fraction of the species at the stagnant line

5

Table S Mass fraction table of the species
at the stagnant point (FCW)

Mass fraction 40 km 50 km 60 km 70 km
N, 0.6918 0.6148 0.6925 0.7608
0O, 0.0229 0.0040 0.0084 0.2124
N 0.0756 0.1547 0.0818 0.0068
O 0.2076 0.2245 0.2144 0.0188
NO 0.0021 0.0020 0.0030 0.0011
b
, 11

40,

Fig.11 Percentage of the three partial heat flux
at the stagnant point (FCW)

(a) 50 km

(b) 70 km

12 /
Fig.12 Translational and vibrational temperature
distribution at the stagnant line
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