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ABSTRACT

Consumption of the fuel on the satellite operating in low earth orbit, is increased due to

the air resistance and the amount of increase makes the satellite lifetime decrease or the

satellite mass risen. Therefore the prediction of drag force of the satellite is important. In

the paper, drag force and drag coefficient analysis of the parabolic antenna satellite in low

earth orbit using direct simulation monte carlo method (DSMC) is conducted according to

the mission altitude and angle of attack. To verify the DSMC simulated rarefied air

movement, Starshine satellite drag coefficient according to the altitude and gas-surface

interaction are compared with the flight data. Finally, from the analysis results, it leads to

appropriate satellite drag coefficient for orbit lifetime calculation.
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Fig. 1. Flow Chart of DSMCI4]
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Table 1. Analysis Input Data for Starshine

Satellite
pord |V | |y | @
3716 | 7672.3 | 1037 | 1.91E14 | 215E13 | 0.924
3465 | 76865 | 1095 | 457E14 | 589E13 | 0.953
3216 | 7700.7 | 1079 | 6.09E14 | 1.10E14 | 0.974
2949 | 7716.1 | 1019 | 7.68E14 | 1.90E14 | 0.976
270.8 | 77300 | 1025 | 1.21E15 | 391E14 | 0.982
2464 | 77442 | 1055 | 2.02E15 | 9.03E14 | 0.991
2187 | 77604 | 1029 | 3.56E15 | 2.28E15 | 0.994
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Fig. 3. Comparison of the Starshine
Satellite Drag Coefficients
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Table 2. Analysis Input Data for Parabolic
Antenna Satellite

Alt. Vv Tam No N2 NHe M
km] | [m/s] | K] | [m?) Im™ Im™
550 | 7573.1 | 960 | 6.16E12 | 6.16E10 | 4.08E12 | 16.3
500 | 7600.5 | 960 | 1.84E13 | 2.68E11 | 5.04E12 | 15.8
450 | 7628.2 | 960 | 4.30E13 | 1.19E12 | 6.23E12 | 14.8
400 | 7656.2 | 960 | 1.02E14 | 5.39E12 | 7.74E12 | 135
350 | 76845 | 890 | 2.26E14 | 1.68E13 | 1.13E14| 11.9
[2000Y]
A|t V Talm No NN2 NHe M
km] | [m/s] | K] | [m™ m™] M=)
550 | 7573.1 | 708 | 7.60E11 | 8.02E08 | 3.80E12 | 14.1
500 | 7600.5 | 708 | 5.88E12 | 5.88E09 | 5.04E12 | 12.8
450 | 7628.2 | 708 | 7.53E12 | 4.44E10 | 6.73E12 | 10.2
400 | 7656.2 | 708 | 2.43E13 | 3.45E11 | 9.03E12 | 7.6
350 | 76845 | 658 | 6.41E13 | 1.53E12 | 1.35E13 | 5.7
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Fig. 5. Parabolic Antenna Satellite Results
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Table 3. Cross—section Area according to
the Angle of Attack

Angle 0° 45° 90°

Area 38 m? 1258 m?
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Fig. 6. Results according to the Angle
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