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Simulation of orbit decay for LEO satellites caused by atmospheric drag
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Abstract  Considering jointly the perturbations due to earth’s oblateness and atmospheric air
drag, the LEO satellite orbit decay has been simulated for CHAMP by numeric integration on the
relevant perturbation functions to derive variations of orbit elements and calculate the satellite
spatial positions. In the simulation the newly proposed international standard atmosphere of JB-
2008 is used to produce the air mass density, which takes both the solar radiation and
geomagnetic activity comprehensively into account. The simulation is performed for 2005 when
there were not either firing for lifting the spacecraft or major attitude change and thus the
spacecraft orbit underwent a natrual decay. In order to inspect the possible change in the

coefficient at higher altitude, the orbit in 2002 is also simulated for the first three months. In
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consideration of particular shape of the CHAMP spacecraft and the thermospheric condition in

which the spacecraft is flying, we adopted the air drag coefficient larger than 2. 8 and varying in a

range to find the optimum drag coefficient. It is found that for 2005 year the simulated orbit

altitude decay is consist with the real one best when the drag coefficient being as 2. 91 as large.

The simulated semi-major axis length shows a standard deviation in respect with observed ones as

small as 81 m. At higher orbit altitude in 2002, the simulated optimum drag coefficient is

estimated at 3. 0. Thus the resulted coefficients are much larger than the conventionally used

value of 2. 2. The simulated decaying apogee and perigee exhibit no periodic fluctuations that

exist by contrast in the real orbit decays, which may be due to neglecting the higher order gravity

components in the present simulation.
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The dotted line is an extrapolation made by the author of this paper.
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Fig. 6 Comparison between simulated (dot) and real (line) satellite position

(a) For the period of Jan 2-3, 2005; (b) For the period of Dec 30-31, 2005, just before the simulation end.

From top to bottom the three rows are separately for X, Y, and Z components in the GEO reference frame.
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