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Infrared characteristics of spacecraft undulating surface

Yang Fan, Xuan Yimin, Han Yuge
(School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: Numerical generation method of random surface was used to simulate the topography of
satellite undulating surface. Considering the radiative flux of space environment, the surface temperature
distribution was calculated through the energy equation, with the transfer coefficients determined by
Monte-Carlo method. Undulating surface infrared characteristics were calculated and analyzed, through the
model by the Torrance-Sparrow bidirectional reflectance distribution function, which is based on the
common material and aluminized polyimide film. Simulation results show that infrared characteristic of
the undulating surface is quite different from those of ideal plane surface. The surface temperature
distribution and infrared characteristics are strong correlative with the surface topography, which provides
the research of space infrared detection technology with more effective support.
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Tab.1 Physical parameters of aluminizing

(18)

polyimide film

Material parameters Value Unit
Thickness 0.000 1 m
Density 1800 kg m™
Heat capacity 1300 J-kg'-K!
Conductivity 0.3 W-em™'-K"!
Solar absorptivity 0.09 -
Infrared emissivity 0.03 -
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Fig.1 BRDF of 45° incident angle
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(a) Simulation output
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(b) Real image
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Fig.2 Comparison of the simulated undulating surface with the

real image
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Fig.3 Undulating surface temperature distribution
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Fig.4 Undulating surface infrared radiosity distribution when solar
zenith angle is 45° and solar azimuth angle is 90°, not

considering the earth radiation
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Fig.5 Undulating surface infrared radiosity distribution when solar
zenith angle is 45° and solar azimuth angle is 90°,

considering the earth radiation
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Fig.6 Undulating surface infrared intensity variation as viewing
direction when solar zenith angle is 45° and solar azimuth

angle is 90°
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Fig.7 Ideal plane surface infrared intensity variation as viewing
direction when solar zenith angle is 45° and solar azimuth

angle is 90°
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