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Study on Supersonic Internal Flows with Shock Waves
(Investigation by Numerical Analysis on the Internal Structure of Mach 2
Pseudo-Shock Wave in a Two-Dimensional Channel)

Liqun SUN, Hiromu SUGIYAMA**, Kazuhide MIZOBATA,
Koichi FUKUDA and Takayuki HIROSHIMA

** Muroran Institute of Technology, Department of Mechanical Systems Engineering,
27-1 Mizumoto, Muroran-shi, Hokkaido, 050-8585 Japan

This paper describes an investigation by numerical simulation and experiment on the structure
and characteristics of the multiple shock waves and turbulent boundary layer interaction, that is,
pseudo-shock wave in a Mach 2 two-dimensional channel. The numerical simulation was carried out
with Harten-Yee’s second-order accuracy TVD scheme and Baldwin-Lomax’s algebraic compress-
ible model for turbulent flows. Good agreement between the numerical analysis and the experiment
for the shape of the shock train of the pseudo-shock wave and the wall pressure distribution along
the channel was obtained. Based on this agreement, the flow quantities, which are very difficult to
obtained by experiment, were analyzed by numerical simulation. These analyses are very valuable
for understanding of the detailed structure and characteristics of the pseudo-shock wave. The study
conditions are Mx=2.0 (free stream Mach number), Re.=2.5X10’m"" (unit Reynolds number), 8«/k
=0.25 (flow confinement), respectively.
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Fig.2 Computational region of two-dimensional channel
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(a) Vertical color slit

(b) Horizontal color slit

Fig.3 Schlieren photographs of the Mach 2 pseudo-shock wave in the central section of the square duct
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(b) Iso-Mach number contours

Fig.4 Numerical results of the Mach 2 pseudo-shock wave in the two-dimensional channel
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(b) Pressure distributions along the ¥/D=const. lines
Fig.5 Numerical and experimental pressure distributions of the Mach 2 pseudo-shock wave in the two-dimensional channel
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Fig.6 Velocity and Mach number distributions in the two-dimensional channel with the Mach 2 pseudo-shock wave

NI | -El ectronic Library Service



The Japan Soci ety of Mechanical Engineers

R % 5 BE AN BB T 5 B - m

0.5~
ot e
e
0.4k—> —» —>
e
e el
e
Sos3Ez—=2—>
B S e
e
e s < <
[ > >
02— —=>
B e e
J—-
0.1

X/D

Zero velocity line

Fig.7 Detailed velocity distributions between the 1st shock and the 3rd shock
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Fig.8 Wall pressure and flow Mach number distributions
near the separation point in the Mach 2 pseudo-shock wave
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