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A Study on Thermal Characteristics of Stratospheric
Airship Influenced by Solar Radiation |

Min-Jung Kim* - Dae-Won Lee* - Tae-Seong Roh** - Dong-Whan Choi**

ABSTRACT

This study has been performed on the mechanism of heat transfer between stratospheric airship
and its surroundings while the airship is staying in the air at the altitude of 20km. The
computational grid of airship has been generated and the results influenced by the number and
the shape of grids have been compared. The temperature distributions have been obtained
through this thermal analysis considering three modes of heat transfer - conduction, convection
and radiation - in stratospheric conditions. Based on the airship’s surface and inner temperature
variations, the influence of temperature distributions on the helium envelope and the payload has

been predicted.
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Table 1. Atmospheric Conditions on the Ground and

Stratosphere
Sea Level| Stratosphere

Temperature (K) 293 217
Pressure (atm) 1 0.0542
Density (kg/m?) 1.205 0.08816
acceleration of the gravity

2 9.806 9.733
(kg - m/s7)
Solar intensity(W/m? 1000 1366
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Fig. 1 Solar radiation on the surface ¢
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Fig. 2 Boundary conditions of airship model for the
thermal analysis
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Fig. 3 The external shape of airship model
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Fig. 4 The internal shape of airship model
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Fig. 5 Grids in the airship model for the
thermal analysis

Fig. 6 Grids around the airship model for
the thermal analysis
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Fig. 7 Temperature distribution of airship model
{(About 230,000 of grid points)
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Fig. 8 Temperature distribution of airship model
{About300,000 of grid points)
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Fig. 9 Temperature distribution of airship mode!
(About 400,000 of grid points)
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Fig. 10 Temperature distribution on the surface of
airship model

Figure 10 (a)& & 7oA 4 A A
2 Az, g BAUAE ol vPA &
o] gizlek iR Frldl 2% dx, i, SA4
At FAC 2HHAYE fo] FE 2 EX
olty. 18] Fig. 10 (b)e ©A wgxhHe] 99
B Axz wEo) Yool uF AAD A4
(convection heat transfer coefficient}s YA
#oz Fof Mg AFolrt. o W hF EA
g A4 Fig. 10 (a)9] Hdj2xol| 257] 93
1582 243 2#4E Yehido

Fig. 11 Velocity distribution on the vertical
cross—section
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Fig. 13 Velocity distribution in the airship model
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Fig. 14 Temperature distribution in the airship
model
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Fig. 15 Density distribution in the airship model
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