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Study on Hypersonic Aerodynamic Characteristics of ltokawa-type Asteroid
at Atmospheric Entry

Yusuke Izumi and Kojiro Suzuki

ABSTRACT

The aerodynamic characteristics of the extraterrestrial entry body having the shape of asteroid 25143 Itokawa have been numerically and
experimentally investigated. Unlike aerospace vehicles, such natural object has significant irregularity in its shape, and the variation of its
aerodynamic characteristics with respect to its attitude becomes complicated. Based on the database of Itokawa’s shape distributed by
JAXA, we construct the numerical model for the Newtonian analysis. Using the rapid prototyping machine, the experimental model was
made based on the same database with small manufacturing time and cost. The results of the hypersonic wind tunnel experiments
conducted at Kashiwa campus, the University of Tokyo show that the aerodynamic characteristics of such complicated body are
successfully estimated by the Newtonian analysis within the error of 25%. For convenience at the description of the configuration and the
arbitrary attitude of the body, the three axes are defined. The variation of the aerodynamics characteristics with respect to each axis is
estimated by the Newtonian method, and the maximum L/D of 0.5 is obtained. This fact means that an Itokawa-type extraterrestrial object
can have some cross-range capability at the earth’s atmospheric entry. The attitude to have the static stability is found by searching any pair
of those axes. At this attitude, the body may rotate around the other axes. In fact, the experimental model supported by a ball joint
performed the spin motion at high rate of 300 Hz around an axis and the spin axis is almost fixed in the hypersonic flow at Mach 7. Those
results are useful for the trajectory analysis of hazardous entry of extraterrestrial bodies in both the past and the future.
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