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Numerical research on forced convective heat transfer of
stratospheric airships

WU Jiangtao, MA Zhenyu, HOU Zhongxi, LIU Zhaowei
(College of Aerospace Science and Engineering, National University of Defense Technology, Changsha 410073, China)

Abstract: During the floating flight, the complex radiation-convection environment remarkably affects the flight performance and security of
the stratospheric airship. The forced convection around the stratospheric airship plays an important role in the thermal behavior of the airship. Based
on the hypothesis of pure heat conduction inside the airship, a three dimensional CFD model of stratospheric airships was developed and the thermal
characteristics of the forced convective heat transfer of the airship were investigated. The distributions of the temperature of skins of the airship and

the average temperature of the inner gas were calculated with the variation of the angle of the sun, the wind velocity and the angle of attack.

Simulation results can be referenced for the accurate prediction of the thermal behavior of stratospheric airships.
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Fig. 1 Schematic of convection simulation
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Fig.2 Mesh generation of computational domains
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Fig.3 Diagram of thermal boundary condition
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Tab.1 Parameters of Helium
Hor 100% He
SR 0.012 4 kg/m’
MBS = 1860 kg
AR 5.2x10° J/ (kg + K)

AL T 2B 0.144 W/(m - K)
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(a) Pressure distributions of airship skins
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(b) Flow lines of airship surfaces
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Fig.4 Pressure results of stratospheric airships
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(b) Temperature distributions inside the airship
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Fig.6 Temperature contours under different

radiation angles
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Fig.7 Average temperature of Helium under

different radiation angles
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Fig.8 Temperature contours under different

wind velocities
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Fig.9 Average temperature of Helium

under different wind velocities
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Fig. 10  Temperature contours under different attack angles
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Fig. 11  Average temperature of Helium under
different attack angles
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