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ABSTRACT 
The supersonic parachute has been used to many space probes for aerodynamic deceleration at the time of the atmospheric re-entry. 
However, its detailed aerodynamic characteristics have not been made clear. The purpose of this study is to investigate basic flow 
phenomena and aerodynamic characteristics on a rectangular concave body in supersonic flows by means of high-resolutional numerical 
computations using the WENO scheme. As results, the following characteristics have been captured: 1) in the case of quasi-stationary 
flows, vortices are shed from the detached bow shock wave, and especially in mean stream Mach number greater than three the vortices are 
to flow toward the inner portion of the concave body; 2) in time history of lift coefficients, peaks of low and high frequencies are observed 
in the FFT analysis, and the former and the latter oscillations are due to the outer and inner regions of the body, respectively; 3) in the 
transient cases when disturbances are given, pressure waves go and return in the space between the detached shock wave and the concave 
bottom, and vortices are shed from the center portion of the shock wave, with movements of shock location. 
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Fig. 1 Enlarged View around Concave Body 
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Fig. 2 Grid on Whole Domain 

 

 
Fig. 3 Flow-flied around Concave Body ( ) 
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Fig. 4 Pressure Contours 
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Fig. 5 Vorticity Contours 
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Fig.6 Time History of Lift Coefficients ( ) 

 

 

Fig.7 Time History of Lift Coefficients for internal and External Surfaces ( ) 

 

 

  
(a) Pressure contours outside body (b) Pressure contours inside body 

  

(c) Cp distribution along outer surface (d) Cp distribution along inner surface 

Fig. 8 Pressure and Cp Distribution about Concave Body (  , t=13.02) 

 

 

Fig. 9 FFT Analysis for Lift Coefficients
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Fig. 10 Time History of Shock Location 
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Fig. 11 Transient phenomena 
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