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Numerical Analysis of Thermal Protection using MHD Parachute Effect
in Mars Entry Flight

Tomoyuki Takahashi, Katsumi Masuda, Yuta Shimosawa, and Takayasu Fujino (University of Tsukuba)

ABSTRACT

The authors have proposed the control of aerodynamic heating and flight characteristics in Mars entry flights using Magnetohydrodynamic
(MHD) flow control. In this study, numerical simulations of the flow field and the flight dynamics with MHD flow control during a Mars
entry flight are conducted, in which the equations of magnetohydrodynamics and flight dynamics are solved in a coupled manner. The initial
flight altitude and velocity are set to 60 km and 10 km/s, respectively. The forebody of an entry vehicle is an axisymmetric sphere-cone with
a nose radius of 1.0 m. The mass of the vehicle is assumed to be 500 kg regardless of whether MHD flow control is utilized or not. The
strength of magnetic field is varied parametrically in a range of 0 to 0.5 T. Numerical results show that MHD flow control can considerably
increase a drag force at high flight altitudes such as 60 km with low atmospheric densities even when the strength of magnetic field is small
such as 0.1 T. From the result, it is inferred that flight velocities at the altitudes with severe aerodynamic heating environment could be
reduced by MHD flow control, which leads to a mitigation in aerodynamic heating in Mars entry flights.
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