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Study on Supersonic InternalkFlows with Shock Waves
(Experiments for the Internal Structure of Mach 4 Pseudo-Shock Wave)

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

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

This paper describes an experimental study on the internal structure of the Mach 4 pseudo-shock
wave (PSW) in a straight square duct with cross section of 80 X80 mm?, using the new Mach 4
supersonic wind tunnel of Muroran Institute of Technology. The free stream Mach number, unit
Reynolds number, and flow-confinement just upstream of the PSW were Mw=3.98, Re=2.6x10"m™,
and 8«/h=0.39, respectively, where J= is the boundary layer thickness, and % is the half height of
duct. The development and characteristics of the turbulent boundary layer on the top and bottom
walls of the duct was investigated by LDV measurements. The internal structure of the Mach 4 PSW
was clarified by color schlieren photographs and Particle Image Velocimetry (PIV) measurements.
It reveals that the turbulent boundary layer on the top or bottom wall of the duct separates in large
just after the first oblique shock of the PSW, and the internal flow with the PSW becomes asymmetric
flow.

Key Words : Super'sonic Internal Flow, Shock Wave/Boundary Layer Interaction, Pseudo-Shock
Wave, Color Schlieren Photograph, PIV Measurement, LDV Measurement
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Fig.2 Schematic diagram of the test section
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Fig.4 Temporally-averaged streamwise velocity distributions from LDV measurements

Tablel Characteristics of the wall turbulent boundary layer

Non dimensional distance X/D 2.19 7.50 13.44
Boundary layer thickness J (mm) 11.0 15.5 18.8
Flow confinement o/h 0.28 0.39 0.47
Displacement thickness 3" (mm) 1.57 1.88 2.56
Momentum thickness 6 (mm) 1.21 1.49 2.02
Shape factor H=6"/0 1.30 1.27 1.27
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Fig.5 Schlieren photograph of the pseudo-shock wave
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