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Abstract

This paper reports quantitative visualization results by the Background-oriented Schlieren(BOS) method as a
first step of applying shockwaves in CO2 under a 1/100 atmosphere assumed for the environment on Mars. This
may be one of the most effective approaches for clarifying the mechanism of unstable vibration of supersonic
parachutes used in planetary exploration. The main purpose of this study is to obtain a quantitative visualization
image of shockwaves around a cone-cylinder model in a hypobaric environment. A 3x4 cm reflected shock tunnel
was used to generate Mach 3.0 flow because this allows the type of test gas to be changed easily. On the other
hand, this shock tunnel also has the disadvantage of having a short distance in the depth direction at the test
section. In addition, flow under low pressure makes quantitative visualization more difficult due to the extremely
small displacement of the background pattern which is proportional to density gradient. In this study, the BOS
method combining a telecentric optical system was used to improve the sensitivity and accuracy. As a basic
experiment, a comparison with the refractive index distribution of a planar-convex lens(f = 10m) obtained by the
non-telecentric system was conducted. It was found that the smallest detectable deflection angle was 7.25x107
rad. from the optical configuration. Based on these results, the BOS was applied to shockwaves under a 30.4
kPaA atmosphere and it was confirmed that the refractive angle calculated from dot displacement approximately
matched numerical results. This clearly shows that the telecentric BOS can accurately detect changes in density
even in a subatmospheric environment. This result will contribute to the next step of experiments under more
severe conditions close to the atmosphere on Mars.

Keywords: Background-oriented Schlieren (BOS) method, Telecentric optical system, Conical shock, Reflected
shock tunnel
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Fig. 4 Schematic diagram of experimental setup of
deflection angle measurement, PH : Pinhole, PLM :
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Conical shock

Fig. 9 Visualized shock waves around a cone-cylinder
model in Mach 3 flow (BOS : upper, Schlieren : lower).
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