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Numerical Analysis of Hypersonic Shock-Shock Interactions around
Two Hemi-Sphere Cylinders for Future TSTO Space Transport Systems
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Abstract

Hypersonic aerodynamic interactions for two hemi-sphere cylinders have been investigated
numerically and experimentally for future TSTO space transport systems. Two hemisphere models
with a diameter of 3cm and 6cm are placed parallel and aerothermodynamic heating experiments are
made at high angles of attack by using NAL Mach 10 Hypersonic Wind Tunnel. Complicated
shock—shock interactions, which generate severe heating on the body surface, are studied by CFD
analysis. CFD computations can predict heat transfer distributions accurately in the interaction area
and complicated shock-shock, shock-boundary layer interaction patterns can be resolved, comletely.
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Fig.1 NAL M10 Hypersonic Wind Tunnel
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Fig.2 Two hemisphere — cylinder model
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b) a =20°

c) a =30° d) a =40°

Fig.3 Shadow and Schlieren Photograph of Shock Interaction Patterns
at angles of attack (M~ =9.58, Po=25bar) for H=20mm test cases.
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Fig.4 Experimental Heat Transfer Distributions along Fig.5 Experimental Heat Transfer Distributions along
the Symmetry Line of Small Hemisphere the Symmetry Line of Large Hemisphere
Cylinder Surface (Mo0=9.58) Cylinder Surface (Mo0=9.56)

Copyright © 2001 by JSCFD



0000000000000 D0000OO0O0OO0oDO
141(0000)x 410 0000x 6100000000
0000000000 8x31x61 00000000
000000000000 00o00ooooooon
0000000000000 000oooooooo

000000oooooooo
0000000000000 0000000 HO
200lmm]0 00000000000 O000O0O0O0OO0

\\\\\\\

\\\\\\\\\\\\\\

000000000000000000000a il
=15° 0000000000000 TypeOOOOD ”&%%Mm
0000000a=40° 000000000000 00 — @%%mmm
0 700 8 00000000000000000 - i
CFD 000000000000000000000 g

000000000000 000000MMO 15° O
00 7(@MO0000000000000O0oog
O00000D0 Type00DDDDDODOOOMMOOO
0000000000000 O0OO0DOO0DODODO
000000000000 0O00O0DODOOODO Fig.6 Overset Grid for a =40deg Case
000000000000 0000000000o0n
000000000000000000o00gooo 0000000000000 0DOO0O0DOOOoOoDO
000000000000 0000000o0ooon 00000000000 D0O0D0O0DOOOOoOoooODn
0000000000 D0O00DO0OO0DOoOoDO 000000000000000000D00D00O0
0000000000000 00000ooooo 0000000000000 0000000000o
oooooo 0000000000000 0000D0O0O0O0O
00 40° 000000000 O0O00O0OO0O00 000000000000 00DO0OO0DOOODO
0000000000000 00000000D00 0000000000000000000000
Type0 D DO0D0DO0O0DO00OO0ODOO0OO0ODOODO 09000 1000000000a =15° 00O 40°
0000000000000 0000o0ooooo 0000000000000 00000000000

P(Pa)

(k)
m17229.680 m1130.699

-

Reflected Shock

Bow Shock

Reflected Shock
Transmitted Shock \

4 A

..\ Recomnbression Shock
~y |

/ - \\ 4

Bow Shock 8 =
. Shear Layer

Sonic Line Sonic Line

a) Pressure Contours b) Temperature Contours c) Shock Interaction Structure

Fig.7 Typical Results at a =15° (M~ =9.58, H=20mm)
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Fig.8 Typical Results at o =40° (M»=9.58, H=20mm)
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