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Research on Modeling Stagnation Point Heat Flux Predicting Method with
Experimental Data

YU Jiangpeng, ZHANG Likun, LI Wei, GUO Yang, GUO Zhiheng
(Beijing Institute of Space Long March Vehicle, Beijing, 100076)

Abstract: Hydrogen-oxygen mixtures are widely used as aerospace propellant. Their thermodynamic properties, transport
properties and chemical reaction processes are far more complex than pure air, and it is more difficult to analyze and predict their flow
process. The self-developed device-detonation tunnel is used to provide high temperature hydrogen-oxygen combustion gas.
Combined with CFD, the flow and aerodynamic heating characteristics of air and combustion gas under the same total temperature and
total pressure are analyzed. It is found that, when flowing in the nozzle, the combustion gas has higher temperature, speed and smaller
Mach number; the standoff distance and stagnation pressure of the combustion gas are smaller than air; the skin friction and wall heat
flux are greater than air. Active chemical reactions in combustion gas make aerodynamic heating more serious.

Keywords: hydrogen-oxygen combustion; nozzle flow; acrodynamic heating; predictive formula; heat flux of stagnation
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Fig.1 High temperature combustion gas tunnel
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Tab.1 Grid independence
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Tab.2 High temperature combustion gas tunnel charging
parameters
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Fig.3 The pressure data of high temperature combustion gas

tunnel reservoir region

MR b 5 X AR 56 45 5L, FI Ak 2% S o~ 1
73 31 3 FhAS [ BR SR 2 70 FH LR B R 70 R P ST e
AR 3—5 TR .

®3 LIRIFEHES
Tab.3 The components mass fraction distribution of high

temperature combustion gas tunnel reservoir region case 1

Hoy o 53 Aoy Ji B4 H

H,0 0.198 o 4.9x107°
0, 0.021 H,0, 4.5x10°°
H, 4x10° HO, 4.1x107°
OH 0.025 N, 0.745
H 7.0x10°* — —




553

TULMBAE KT 6 i ) B R TR O I 5L 85

x4 TR2E=RAES
Tab.4 The components mass fraction distribution of high
temperature combustion gas tunnel reservoir region case 2
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Tab.6 The parameters of nozzle outlet
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Fig.4 The pitot pressure distribution in the outlet of nozzle
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Fig.7 Flow field pressure contour (case 3)
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Fig.8 Heat flux distribution along the sphere surface
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Fig.9 Heat flux distribution along the sphere surface
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