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Numerical Simulation of Convection Heating Flux
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Abstract: The numerical simulation method is used to study the convective thermal environment at
the bottom of solid launch vehicle. The flow field of the engine jet and the high-speed mainstream
is simulated by a simplified method, using a single medium of linear thermodynamic parame-
ters. The heat flux and temperature are obtained and compared with flight test results. The results
show that the thermal environment at the bottom is really critical. And the numerical simulation
results are in good agreement with the results of the real flight test, which can provide a reference
for the thermal environment and thermal protection design of solid launch vehicle.
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Fig. 1 Typical tail compartment of solid rocket
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Fig. 2 Basic flow structure of leeward cavity with plume
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Fig. 3 Computational domain for numerical simulation
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Fig. 4 Local mesh near the nozzle
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Fig. 5 Pressure of trajectory
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Fig. 6 Velocity of trajectory
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Fig. 7 Temperature of trajectory
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Fig. 8 Pressure distribution at time of take off
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Fig. 9 Velocity distribution at time of take off
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Fig. 10 Temperature distribution at time of take off
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Fig. 11 Pressure of solid rocket engine throat
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Fig. 12 Velocity of solid rocket engine throat
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Temperature of solid rocket engine throat
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Fig. 14 Comparison of convection heating between CFD and fly test
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Fig. 15 Comparison of gas temperature between CFD and fly test
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Fig. 16 Flow field at /1, =0. 1
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Fig. 17 Flow field at ¢/t . =0. 75
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Fig. 18 Flow field at 1/t ., =1
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