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Aerodynamics and Aerodynamic Heating Analysis for Small Satellite in Atmospheric Reentry Mission
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Yusuke Takahashi, Hokkaido University, Kita 13 Nishi 8, Kita-ku, Sapporo, Hokkaido

A small satellite orbital deploying mission, EGG (re-entry satellite with gossamer aeroshell and GPS/iridium),
from the International Space Station at an altitude of approximately 400 km has been proposed. The small
satellite EGG, which is one of the thin flare type inflatable reentry vehicles, is planed to fly at ultra low orbit
where altitude is less than 400 km after deploying its inflatable torus and membrane aeroshell during mission.
EGG is expected to be in free molecular flow and rarefied gas regimes during flight in the ultra low orbit. At
atmospheric reentry phase, flow field around EGG is in transition flow to continuum flow regimes. In this study,
analysis tool of rarefied gas dynamics around EGG were constructed. The Boltzmann equation was adopted as
governing equation and Direct Simulation Monte Carlo (DSMC) method was used as its numerical analysis model
for the free molecular and rarefied gas regimes. The OpenFOAM, which is open source toolbox, was adopted
to handle the DSMC solver and pre-post applications on a high performance computer for EGG rarefied gas
simulation. On the other hand, the Navier-Stokes equations was used for the regimes of transition and continuum
flows, and RG-FaSTAR, which is a version of FaSTAR and can handle thermochemically nonequilibrium flow,
was adopted as computational fluid dynamics (CFD) code. Through DSMC computations, gas behavior and
aerodynamic characteristics such as drag, lift, and pitching moment, at several angles of attack were investigated
at altitudes from 400 km and 100 km. It was clarified that aerodynamics coefficients show similar trends at
altitudes from 400 km and 150 km, and then decreases at altitudes of less than 150 km. In addition, aerodynamic
heating at the ultra low orbit were evaluated. Through CFD computations, it was indicated that flow field is in
thermally nonequilibrium state and dissociation reactions of freestream gas rapidly occur across shock wave in

front of the vehicle at an low altitude.
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Fig. 8: Density distribution around EGG at altitude of

80 km and AOA of 0 degree (CFD).
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Fig. 7: Heat flux distributions on EGG surface at each
altitude for condition of AOA of 0 degree (DSMC).
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Fig. 9: Temperature distributions around EGG at alti-
tude of 80 km and AOA of 0 degree (CFD).
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