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Numerical investigation on space aero-thermodynamic

characteristics of nose cone of supersonic flight

LIN Jia, WANG Jian-hua

(Department of Thermal Science and Energy Engineering, School of Engineering Science,
University ‘of Seience\and Technology of China, Hefei 230027, China)

Abstract: A ‘numerical investigation of_the space (0—46 km) aero-thermodynamic char-
acteristics of a nose cone 'model under-a state of supersonic flight was performed using com-
mercial software STAR-CCM + with validated turbulence model and numerical strategy.
Then the environmient distinctions of the ground high enthalpy wind tunnel and space flight
were discussed asfollow: (1) To achieve a certain stagnation temperature, the ground high
enthalpy wind tunnel environment relies on a coupling effect of supersonic aero-thermody-
namics and arc-heating. (2) At the same stagnation temperature condition, a high-tempera-
ture flow covers the whole nose cone specimen in the ground high enthalpy wind tunnel case,
while in the space flight aero-thermodynamic, a high-temperature area appears just near the
stagnation region. (3) At the same stagnation temperature, the stagnation pressure of the
space flight is far lower than that in the ground high enthalpy wind tunnel experiment. Nu-
merical simulation results indicate that at the same free-stream Mach number, the stagnation
temperature goes down at first and then goes up with the increase of flight altitude, while
the stagnation pressure drops all the time; at the same altitude, the stagnation temperature
and pressure have an exponential increase with the increasing free-stream Mach number,
meanwhile the shock wave moves gradually to the solid wall, and the stagnation region be-
comes thinner with the increasing free-stream Mach number, but this trend will be not sig-

nificant when the Mach number is larger than 4.
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Fig.1 Atmospheric temperature, pressure and

density variation with altitude
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Table 1 Caculation results of tepmerature under two

boundary conditions

WA TWMBEAMA  REMX
/K TR /K w2/
1 1443.786  1445.649 0.129
2 1377.503  1378.328 0..0599
3 292.6219 2932218 0:-205

£ 27 H=0~46km AS&H
Table 2 H=0~46km atmospheric conditions

KE)Z H/km T./K p./Pa. pltkg/m?)
0 288. 15 101325 1. 225
XF i = 5 255. 68 54050 0.736
10 223. 25 26500 0.414
15 216. 65 12045 0.19370
20 216. 65 5529 0.08891
[] 7 )2
25 221. 65 2511 0.03951
30 226.51 1197 0.01841
35 236. 51 574.6  0.025720
Ny 40 250. 35 287.1 0. 003996
46 266. 93 131.3  0.001714
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Fig.5 Comparison of experiment and numerical results
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Fig. 13 Velocity vector variation at difference free-stream Mach number
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