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Flow Characteristics of the New Mach 4
Supersonic Wind Tunnel of Muroran Institute of
Technology and Study on Shock Wave and
Turbulent Boundary Layer Interactions

Hiromu SUGIYAMA, Kazuhide MIZOBATA, Takakage ARAI, Koichi FUKUDA,
Sun Li QUN, Kiyokazu ENDO and Takayuki HIROSHIMA

(BfRfE PHRISES H7TH  #wUEHEHA FRI34ES A31H)
Abstract

To investigate the supersonic flow phenomena related to internal and external flows of
high-pressure gas pipeline systems, new air breathing engines and space planes, a new
supersonic wind tunnel (pressure — vacuum type, Mach4.0 and 2.0) was designed and
constructed in Muroran Institute of Technology (MIT).'This paper describes the flow
characteristics of the Mach 4 and 2 supersonic wind tunnel and the experimental study
on the shock wave and turbulent boundary layer interactions (pseudo-shock wave, or

PSW) in a rectangular duct, using the MIT supersonic wind tunnel.

Keywords: High-speed aerodynamics, Supersonic wind tunnel,
Shock wave and turbulent boundary layer interaction, Pseudo-shock wave
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1. High pressure chamber
2. High pressure pipe line
3. Isolation valve

4. Pressure control valve
5. Air dryer

6. Air compressor
7. Control panel

8. Settling chamber
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10. Test section

11. Shock generator

12. Atmospheric air inducer valve
13. Vacuum shut off valve

14. Vacuum pump

15. Vacuum chamber

Fig.1 Schematic of pressure — vacuum type Mach 4 and 2 supersonic wind tunnel of Muroran Institute of Technology
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Table 1 IZFREROREZTT

Tablel Size of test section
Internal flow External flow
(Free jet)
Height 80 mm 80 mm
Width 80 mm 80 mm
Length 1,500 mm 80 mm
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Flow direction
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1.Laval nozzle
4.Shock generator
7.Pressure measurement system

2.Test section
5.Schlieren system

3.0Observation window
6.LDV system
8.PIV system

Fig2 Test section for internal flow and measuring system

M4 Laval nozzie

Fig3  Photograph of Mach 4 and 2
supersonic wind tunnel of Muroran Institute of
Technology
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Table2 Operation of Mach 4 supersonic wind tunnel
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Fig4 Color schlieren photographs of supersonic flows around a wedge of 8.5° semi vertex angle
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Fig5 Streamwise velocity profiles by LDV measurement  (Case of M..—4)
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Table 3  Upstream stagnation pressure, stagnation
temperature and working time of the Mach 4 and 2

supersonic wind tunnel

Stagnation | Stagnation | Working time
pressure tempera (sec)
-ture Internal | Free
(MPa) (MPa) flow jet
Mach 2 02 300 15 10
Mach 4 0.5 300 20 10
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(b) Case of M,= 2
Fig6 Color schlieren photographs of pseudo-shock wave
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