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Study on Supersonic Internal Flows with Shock Waves
(Development of the Experimental Apparatus for Supersonic Internal Flows and
Characteristics of the Pseudo-shock Waves in Mach 2 and 4 Internal Flows)

Hiromu SUGIYAMA*®, Koichi FUKUDA, Kazuhide MIZOBATA,
Kiyokazu ENDO, Liqun SUN and Takakage ARAI

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

In order 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, Mach 2.0 and 4.0) was designed and constructed in Muroran
Institute of Technology. The cross section of the test section is 8 X8 cm?, and the working-time of
the wind tunnel is 20 s for Mach 4 condition. This paper describes firstly outlines of the new Mach
4 supersonic wind tunnel, and describes secondly the structure and characteristics of the Mach 2 and
4 supersonic flows with pseudo-shock waves in a square duct. The characteristics of the pseudo-
shock waves were clarified by color schlieren photographs and duct wall pressure measurements.
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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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Fig.1 Pressure—vacuum type Mach 4 supersonic wind tunnel
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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
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1.Laval nozzle 2.Test section

3.Observation window
4.Shock generator 5.Schlieren system 6.Pressure Measurement system

Fig.3 Shock generator

Fig.2 Test section for internal flow and measuring system
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Fig4 Schlieren photographs of the supersonic flows around a wedge ( semi vertex angle 8.5° )

L ADTTEB/HIDIZ, ELSIHES Po% P 0=196
kPa, 490kPa LERELTWAT-8, BAEESHIZD
DLA ) NVAZET R & 5 7l B,

Table 1 Location of the first shock wave and

flow confinement
CaseA | CaseB | CaseC
M.=2 XD 26 79 13.6
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&o/h 0.28 0.39 047
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Fig5 Schlieren photographs of the pseudo—shock
wave (M,,=2)
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Fig6 Schlieren photographs of the pseudo—shock
wave (M.=4)
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Fig.7 Wall static pressure variations at 5 measuring
points (M.=2)
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Fig.8 Wall static pressure variations at 5 measuring
points (M.~4)
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Fig.9 Wall static pressure distribution along the duct
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