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Abstract: Ultra-low orbit spacecrafts often work in transitional flow regions. Since the aerodynamic characteristics
in transitional flow regions are changeable, the modeling of ultra-low orbit spacecrafts is complex. At present, there is
a lack of good fast aerodynamic calculation tools. Therefore, in this paper, a revised panel method is proposed to deal
with the problem, which contains an upwind unit selection algorithm and a logistics-log bridge function. In the method
verification, the aerodynamic forces of the cylinder and the blunt-headed double-wedge body are measured under a wide
range of Knudsen number (K,). The obtained results agree well with the data obtained by the direct simulation Monte
Carlo (DSMC) method. The aerodynamic force of gravity field and steady-state ocean circulation explorer (GOCE) is
analyzed. It is found that the drag of GOCE changes apparently with the change of attitude, and thus rudder surface or
gyroscope 1s needed for the attitude control; the magnitude of the aerodynamic force varies significantly at different
altitudes, and thus a reasonable power system is required to maintain the altitude.
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Fig. 1 Flow chart of the rapid aerodynamic calculation method for ultra-low orbit spacecrafts
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Fig.2 Screening diagram of windward and leeward units
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Fig.3 Example model for screening windward and leeward units

1.2 Sz3AitE

B W A v, 5 S R A AR
PRGN TL R (9 AT o B R 48 4 i AR A5 XY T Y U B
A ARAT R (4 U 3 A5 4 X B O RS S AT S A
WA B KA PR, 2 G i R AR R 2
KEE ., METHEHM KRB A LT LM, US
Standard 1976, MSISe-90, MSISe-00 Fl Jacchia-71
SEU R S v B NRLMSISE-00 1 355 4 F
KA, FEETHIA LR R . O
Mz  AFanBrSaifmm;© e il s
#% 2 (Knudsen Number, K,) 5 i & & B 0 7% 3 ;
© HE T 5 0l A SRR K

AR S R B AR 2R L3R 2.

®2 RSEHSH
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Fig. 6 Results of the aerodynamic characteristics corresponding to different bridge functions
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Fig. 7 Effects of the shape factor on the calculation results
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Fig. 8 Relationships between the drag or drag coefficient
of GOCE and its attitude angle at different altitudes
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