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Effect of Mass Flow Rate and Pressure Ratio for Hysteresis Phenomenon of Shock Wave

Reflection in Supersonic Axisymmetric Jet
Tsuyoshi YASUNOBU, Yumiko OTOBE and Hideo KASHIMURA

When the pressure ratio of reservoir and back pressure for supersonic nozzle is changed as like quasi-steady, it is well known that the

hysteresis phenomenon on the reflection of shock wave formed in supersonic jet is occurred at specific condition. Several papers have been

described the hysteresis phenomenon for under or overexpanded supersonic jet. But, these papers describes the result of high exit Mach number

exceeding Me=2, therefore, the hysteresis phenomenon occurred at low exit Mach number jet under the underexpanded axisymmetric condition

has not been detailed. The purpose of this study is to clear the characteristic of hysteresis phenomenon occurred at low exit Mach number under

the underexpanded axisymmetric condition by the TVD numerical method and experiment. From the result of this study, it is concluded that the

maximum flow rate.
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(b) Jet structure with Mach disk
Fig. 1 Schematics of jet structure of underexpanded

supersonic jet

State of initial jet

Solutions of quasi steady jet
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Fig.3 Procedure of pressure change
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Fig.4 Typical isopycnics showing hysteresis phenomenon
(M=1, Ag=0.665)
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(b) M=1, Ag=1.82
Fig.5 Typical pressure distributions on jet axis
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(b) M=1, Ag=0.665
Fig.6 Relation between position of Mach disk x/d,

and pressure ratio ¢
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Fig.7 Relation between diameter of Mach disk d,,/d,
and pressure ratio ¢ (M.=1, Ag=0.665)
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Fig.8 Mass flow rate distribution for radial direction
(M=1, =435, x/d=1.5, A¢g=0.665)
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(c) Isopycnics obtained at this condition
Fig.9 Typical pressure and maximum mass flow rate
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