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Numerical analyses of suppression of sound emission by interference between a pair
of helicalmodes in a supersonic jet

Watanabe, Daisuke
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M=2.0, Re=1000 DN

The numerical results provide new physical features of the Mach wave generated in
supersonic round jets, which lead to extinction of the Mach wave by introducing disturbance condition.
Upstream disturbance conditions play an important role for the emission of the Mach wave in supersonic
jets. The pressure fluctuations generated by the growth of the opposite helical mode are shown to be
linearly superimposed into the jet near sound field. The numerical results indicate that the jet forced
with a pair of first helical modes can indicate the elimination of Mach waves at restricted emission
azimuthal angles due to the interference of these modes. The partial elimination of the Mach wave also
appears in a turbulent jet at the frequency of the artificially forced an optimal combination of the
helical modes at the inlet region. This forcing technique will be extended to the Mach wave reduction in
the distinct azimuthal direction.
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Fig.1 Contourplots of pressure at x=32r, for a) m=1
case, b) m=-1 case and c) a pair of helical modes
case.
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Fig.2 Downstream evolution of a) pressure
fields and vortex structures and b) jet
centerline velocity.
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Fig.3 Pressure spectrum|p| for random disturbance
case at a) x=24r,, b) x=28r, and ¢) x=32r,,.
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Fig.4 Pressure spectrum|p| for random disturbance
with first helical modes case at a) x=24r,, b) x=28r,
and c) x=32r.
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Fig.5 The rms of overall pressure fluctuations py/p..
for random disturbance case at a) x=24r,, b) x=28r,
and c) x=32r.
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Fig.6 1he rms ot overall pressure tluctuations pg/p..
for random disturbance with first helical modes case
at a) x=24r,, b) x=28r, and ¢) x=32ry.
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Fig.7 The profile of the overall pressure fluctuations

rms at a) x=24r,, b) x=28r, and c) x=32r,,
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Fig.8 The rms of pressure fluctuations py of St=0.09,
m=x1 components for random disturbance case at
a) x=8ry, b) x=12r, and

c) x=16r,.
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Fig.9 The rms of pressure fluctuations py of St=0.11,
m=x1 components for random disturbance with
first helical modes case at

a) x=8ry, b) x=12r, and c) x=16r,.
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Fig.10 The rms of pressure fluctuations py of
St=0.09, m=x1 components for random
disturbance case at a) x=24r,, b) x=28r, and c)
x=32ry.
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Fig.11 The rms of pressure fluctuations py of
St=0.09, m=x1 components for random
disturbance with first helical modes case at

a) x=24r,, b) x=28r, and c) x=32r,.
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Fig.12 The rms of pressure fluctuations py of
St=0.11, m=x1 components for random
disturbance case at a) x=24r,, b) x=28r, and c)
x=32ry.
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Fig.13 The rms of pressure fluctuations py of
St=0.11, m=x1 components for random
disturbance with first helical modes case at

a) x=24r,, b) x=28r, and c) x=32r,.
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