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Study of Mach Wave Noise emission in a supersonic plane jet

using Linear Stability analysis and DNS

D. Watanabe* and H. Maekawa*x

* Dept. of Mech. and Control Eng., the University of Electro-Communications
*x Dept. of Mech. Eng. and Intelligent Systems, the University of Electro-Communications

ABSTRACT

Results from viscous linear stability analysis and DNS are presented for Mc=1.17 and Mc=1.55
plane jets. The linear stability analysis shows that there are A1 modes (antisymmetric modes) that the
phase velocities are higher than the ambient sound speed including most unstable two-dimensional one.
On the other hand, the phase velocity of most unstable A1 3-D mode is less than the ambient speed of
sound. The result of 2-D DNS shows that the amplification of a 2-D Al mode generats strong Mach
waves. In the 3-D DNS with Al oblique modes that have a crucial effect of flow three-dimensionality,
but without Al 2-D mode, the strong Mach waves disappear. These results suggest that early decrease
of the jet centerline velocity caused by a Al 3-D mode restrained the strong Mach wave emission.
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Fig. 1: Mode’s linear growth rate and phase velocity of
2-D modes for Mc=1.55 (Mj=3.2) and Re=1000.
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Fig. 2: Contourplots of linear growth rate and phase
velocity of Al 3-D for Mc=1.55 (Mj=3.2) and Re=1000.
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Fig. 3: Contour plots of dilatation; a) random S2 and
A1l modes, b) maximum growth rate A1 mode (o = 0.4)
and ¢) Al mode (o = 0.7) for Re=1000 and Mc=1.55.
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Fig. 4: Comparison of 2-D DNS and 3-D DNS for
Mc=1.17 (Mj=2.4) and Re=1000; a) Jet Centerline ve-

locity, b)pressure rms.
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