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Numerical analysis of noise suppression by asymmetric helical modes combination
in a supersonic jet.

Watanabe, Daisuke

3,400,000

m=2 m=4

Linear stability analysis and direct numerical simulations were used to
investigate the characteristics of unstable waves (helical modes) and their effects on transitions
and acoustic radiation characteristics due to nonlinear development for the purpose of supersonic
jet noise suppression at M=2.Linear stability analyses show that helical modes with low azimuthal
wavenumber radiate pressure fluctuations far from the jet, while modes with high circumferential
wavenumbers do not radiate strong pressure fluctuations jet outside.Simulations also confirmed that
adding a combination of helical modes to the jet reduces the level of radiated pressure fluctuations

compared to the case where no helical modes are added.The combination of asymmetric helical modes
(m=2 and m=4) resulted in the lowest pressure fluctuations.
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Fig. 1 Time developments of pressure fields (color contour: p/p.,) and iso-surfaces of Q =0.005 (vortex
structure) for 2% single cases at 9 =0’ plane; @ m=0, b) m=1, c) m=2 and d) m=3.
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Fig. 2 Time developments of pressure fields (color contour: p/p.) and iso-surfaces of vortex structure
(Q=0.1) for pair casesat H=0" plane; @ m==1, 2%, b) m=+2, 2%, c) m=+3, 2% and d) m=+3, 5%. The



contour increments are 0.005.
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Fig. 4 Overall pressure fluctuation levelsfor pair cases at t =60; &) m==+1, 2%, b) m=+2, 2%, ¢) m=43,
2% and d) m=+3, 5%.
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Fig. 5 Radia profilesof overall pressure fluctuation levelsat =0" and t = 60; a) single cases and b) pair
Cases.
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Fig.6 Radia decay of the maximum value of overall pressure fluctuation level [dB] in the same radius
r/rO.
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