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Sound wave generation mechanism of a supersonic plane jet by the unstable
disturbance amplification

Daisuke WATANABE*, Hiroshi MAEKAWA* and Yuichi MATSUO™

ABSTRACT

The three-dimensional time dependent compressible Navier-Stokes equations are numerically solved to study
acoustic emission mechanism in a supersonic plane jet at high convective Mach numbers using high-order compact
upwind schemes. Numerical results for the convective Mach number Mc = 1.17 are presented. Two different cases
were investigated. The first case is the jet forced by the linear unstable modes. The second case is the jet flow
forced randomly. The numerical results provide new physical insights into three-dimensional structures of a plane
jet. Upstream disturbance conditions play an important role for the evolution of the downstream structure, such
as development of shear layers and transition process in a jet. Growth of 3D-A1 mode is responsible for the A
structure in a plane jet. The 2-D Al mode, whose phase velocity is larger than the ambient speed of sound, is

responsible for the Mach waves emission.
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Fig. 5: Downstream evolution of second invariant Q
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streamwise velocity (contour plots); a) 0.5% eigenfunc-
tion case (E1) and b) 3% random case (R2).
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Fig. 7: Downstream evolution of second invariant Q
structure (iso-surfaces of ¢ = 0.1 ) and pressure field
(contour plots); a) 0.5% eigenfunction case (E1) and b)
3% random case (R2).
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Fig. 9: Profiles of sound pressure levels in decibels at
Ty — 35.

Fig. 8 Sound pressure levels in decibels for a) 0.5%
eigenfunction case (E1) and b) 3% random case (R2).
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