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Visualization of flow fields around a supersonic free-flying sphere by using the ballistic range
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In this study, the flow analysis of the around a supersonic free-flying sphere in air and CO, is performed by
using the ballistic range at Institute of Fluid Science, Tohoku University. The capsule is used by the planetary
probe for the Mars exploration, but the structure of the flow around the capsule is not well known. The Martian
atmosphere is largely different from the Earth, and carbon dioxide is the main component. Also, in the wind
tunnel experiment, the model support has a large influence, and thus it is difficult to accurately measure the
flow around the model. Therefore, supersonic free-flying experiments of a sphere in air and CO; are performed
by using the ballistic range, in order to investigate the difference on the flow structure by flying in air and CO».
The sequential schlieren images visualizing flows around a supersonic free flight sphere are recorded by a
high-speed camera. In this study, the flight conditions assume the parachute deployment time, the flight Mach
numbers are set between 1.2 - 1.7, the Reynolds numbers are set between 6.0 x 10° - 8.0 x 10°. In this paper,

focused on effect Mach number on the structure of the flow around a sphere in air and CO5 is discussed.
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Figure 1. Ballistic range Figure 2. Gas chamber
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Figure 4. Spherical model
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Figure 5. Sequential high-speed Schlieren images of supersonic free-flight sphere (Interframe 10
ps/frame, exposure time 0.4 ps)
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Figure 7. Shock stand-off distance
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Figure 8. - Bow shock angle
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Figure 9. M - Bow shock angle (8 = 80 [deg])
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Figure 10. Polar angle
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Figure 11. Separation length
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