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CFD Application Examples in Design Studies of a Mars Entry Capsule,
Part Il: Supersonic/Subsonic Aerodynamics

by
Shingo Matsuyama and Kazuhisa Fujita (JAXA)

ABSTRACT

This paper describes CFD application examples to predict supersonic/transonic/subsonic aerodynamics in design studies of a Mars entry
capsule for future Japan’s Mars exploration mission. Firstly, an example of the validation study for the JAXA’s in-house CFD code against
aerodynamic database obtained by supersonic wind tunnel test is briefly presented. Subsonic, transonic, and supersonic flows around a 70°
sphere-cone capsule model with support sting are simulated using large-eddy simulation (LES). The static aerodynamic coefficients
obtained by LES show good agreement with the wind tunnel data. The obtained solutions by LES revealed the wake flow dynamics and
their effects on the capsule aerodynamic characteristic. Secondly, the static aerodynamic simulations of sphere-cone shaped capsule and
detached forebody aeroshell are conducted for supersonic and subsonic flight regimes near the parachute deployment point. The results
demonstrated the capability of LES to predict the unsteady separated wake flows over sphere-cone shaped capsules. Finally, dynamic
stability characteristic of a Mars entry capsule is investigated using LES. The dynamic simulations are conducted for the parachute
deployment point at Mach 1.6. To investigate the influence on the dynamic stability characteristics, the moment of inertia is varied from 1
to 100 kg'm? The preliminary results by the single degree-of-freedom simulations indicate that the dynamic stability characteristics are
very sensitive to the moment of inertia.
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