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Analysis on the thermal environment at the bottom of a secondary rocket
equipped with an auxiliary power system

SUN Zhongyil, WANG Shuyaz, WEI Zhiyuanz, LE Guigaol’ )

(1. School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, Chinas
2. 708 Research Institute of China Shipbuilding Industry Corporation, Shanghai 200000, China)

Abstract: Certain secondary launch vehicle has complex spatial layouts of the auxiliary power system
engine, which cause a harsher thermal environment where a large number of components are at the bottom of the
rocket body. To address the aforementioned situation, research on the thermal environment at the bottom of the
rocket body during the operation of the high-altitude secondary launch vehicle's auxiliary power system is
conducted by means of a combined approach which are method of numerical simulation and of wind tunnel
testing for validation. Based on the Navier-Stokes component transport equation, the DOM thermal radiation
model, and the RNG k-¢ model, a gas jet model of a two-stage launch vehicle with complex bottom components
at high altitudes has been established. The calculation results indicate that in the operation of the auxiliary power
system, the high heat flux regions of the second-stage launch vehicle are mainly concentrated in the short shell
behind the fuel tank and the auxiliary power system support. The peak heat flux at the support during the
operation of the submerged engine is 300%-400% higher than that of the other components. When the 60 N and
300 N engines operate in the same direction, the heat flux of the other bottom components reaches its peak, with
an increase of 300%-600% compared to the other operating conditions. With increasing flight altitude and

velocity, the heat flow of each bottom component shows a decreasing trend but with a small magnitude. The
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calculation results provide important engineering guidance for the thermal protection design of the bottom of the

second-stage launch vehicle.

Keywords: auxiliary power system; two-stage launch vehicle; plume flow field; thermal environment; gas jet
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Working condition  Altitude  Inflow velocity Working nozzle

number /km /(m-s) number
1 60 1726 P1.3.5.7
2 60 1726 P2.5.9.11
3 60 1726 P2.5.4.7
4 60 1726 P13.14
5 70 1984 P1.3.5.7
6 70 1984 P2.5.9.11
7 70 1984 P2.5.4.7
8 70 1984 P13. 14
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Coordinate table

X/mm 0 127 254 381 508 635 792
y/mm 10.73 16.13 23.62 29.85 33.88 36.07 37.34

(c) Bell shaped rocket nozzle
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Fig. 5 Four nozzle rocket engines
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Table 3 Far field inflow conditions of wind tunnel test

[19]

Parameter Low altitude(15.0 km) High altitude(27.5 km)
»/Pa 12209 1676
T/K 208 208
Ma 2.75 2.75

Pressure outlet
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Fig. 6 Wind tunnel test calculation grid diagram
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Fig.7 Comparison between the numerical simulation methods in
this paper and Ref.[20] with the Mach number contour map
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Fig. 10 Temperature field distribution map of the throat center section of the engine under different working conditions
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