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CFD Application Examples in Design Studies of a Mars Entry Capsule,
Part I: Hypersonic Aerothermodynamics

by
Shingo Matsuyama and Kazuhisa Fujita (JAXA)

ABSTRACT

This paper describes CFD application examples to predict hypersonic aerothermodynamics in design studies of a Mars entry capsule for
future Japan’s Mars exploration mission. Firstly, two examples of the validation studies for the JAXA’s in-house CFD code against
experimental measurements are briefly presented. CFD predictions of aeroheating are conducted for the TS shock tunnel experiment at
California Institute of Technology. The CFD results are generally in good agreement with the experimental data and show that the effects
of wall catalysis played an important role. Hypersonic flow simulations are conducted for an experimental measurement of RCS jet
interactions performed on the JAXA hypersonic wind tunnel facility. By comparing the simulated aerodynamic coefficients with
experimental data for jet-on and jet-off cases, fair agreements between the CFD and the experiment are achieved. After the accuracy of
simulation is validated, the flowfield data are examined further in detail to understand the interaction mechanism between RCS jets and
hypersonic wake flows. The features of the wake flow with the RCS jet injection are very similar to those observed in an under-expanded
jet in a supersonic crossflow. Finally, for a preliminary design study of Mars entry capsule, a CFD prediction of aerothermodynamic
environment in hypersonic lifting flight is demonstrated along the planned nominal entry trajectory.
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