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Effect of real gas on shock wave surfing phenomena
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The study on the effect of hypersonic interaction between bodies was
conducted for the high accuracy prediction, which finally aimed to predict debris dispersion of
destructive reentry of space vehicles. The present paper described evaluation the lift and drag
coefficients in the hypersonic condition, where the altitude and the velocity are 80 km and 7.5
km/s, respectively. The direct simulation of Monte Carlo method was used assuming two dimensional
the ideal Air gas with two circular column. As a result, CD and CL decreased with increasing the
distance between the body. The translational temperature distribution was up to 2.7 x 104 K behind
the shock wave. When the distance between two body is equal to the diameter, the CD and CL for
outside were significantly decreased.



ORSAT-J
2
(70~80 km) (<7.5kml/s)
20
(Fire 11, X-plane )
JAXA
(E ) 18mm
1 MHz
7.2 km/s
100 km
[ 1 2
0.5mx 1.0m 12 cm
1
Velocity 7.5 km/s
Altitude 80 km
Gas Air (Nz, Oz)
Temperature 200 K
Number density 3.8* 10°m?
7.8 km/s, 7.2 km/s 5900 K, 0.02
kg/m3 90 MW/m2 Tauber-Satton
107 MW/m?
2 / d= 1.5 4



25000K
d 1.0 2 d=1.5
CL CD 1 2
1.0

o
1

5,000 le+4
Temperature (K)

0.20+

f=1

—

w
L

0.104 &=

Drag and Lift coefficients C, C;

] o—o0— \'
—O—= CLJ 7777‘77%_\?’\.\
P e
0.059 —o— G, N &
i —® CD.1 : \\\\
o GD,Z : s
0.00 = . : : : —
0.5 1.0 1.5
Dimensionless distance between two bodies
d 2

Connor B. O., “Handbook for limiting orbit debris’, NASA-HANDBOOK 8719.14 (2008).

Klinkrad, H., “ Space Debris Models and Risk Analysis”, Springer (2006).

Lips, T., and Fritsche B., “A comparison of commonly used re-entry analysistools,” ActaAstronautica,
Vol. 57, 2005, pp.312-323.

Stulov V. P, “Determining the Parameters of Fragmenting Meteoroids from Their Braking in the
Atmosphere”, Solar System Research, Vol. 34, 2000, pp.496-500

Passey, Q. R. and Melosh, H. J. “Effects of atmospheric breakup on crater field formation.” Icarus 42,
1980, pp.211-233

Laurence S. J. and Deiterding R., “Shock-wave surfing”, J. Fluid Mech. Vol. 676, 2011, pp.396-431.
Birds G. A., “The DSMC method” CreateSpace Independent Publishing Platform, (2013)



2 2 0 0

Shimamura Kohei Okamoto Atsushi Fujiwara Yusuke Higo Yusuke Yamada Kazuhiko Komuro 1
Tomoyuki Tanno Hideyuki

High-speed visualization for test-time evaluation of a JAXA HEK-X free-piston driven expansion 2019

tube

AIAA paper 1556
DOl

10.2514/6.2019-1556

Shimamura Kohei Okamoto Atsushi Fujiwara Yusuke Higo Yusuke Yamada Kazuhiko TBD
Evaluation of test time and flow conditions for 35 mm square bore free-piston driven expansion 2020
tube
Transactions of the Japan Society for Aeronautical and Space Sciences, Aerospace Technology TBD
Japan
DOl
6 0 3

K. Shimamura, A. Okamoto, R. Fujiwara, R. Watanabe, M. Matsui, K. Yamada, H. Tanno, T. Komuro, K. Sato, K. Itoh

Test Time Evaluation of Free-Piston Driven Expansion Tube HEK-X

International Workshop of Shock Tube Technology

2018

Shimamura Kohei Okamoto Atsushi Fujiwara Yusuke Higo Yusuke Yamada Kazuhiko Komuro Tomoyuki Tanno Hideyuki

High-speed visualization for test-time evaluation of a JAXA HEK-X free-piston driven expansion tube

AIAA SCITECH FORUM 2019

2019




K. Shimamura, K. Yamada, H. Tanno

Design And Characteristics of The Suborbital Expansion Tube HEK-X For Afterbody Heating Of Sample Return Capsule

15th Annual International Planetary Probe

Workshop

2018

HEK-X

50

2018

HEK X

50

2018

49

2018




(Yamada Kazuhiko)

(20415904)

(82645)




