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Acoustic wave radiation in a supersonic wake

Takashi Takiguchi, Hiroshi Maekawa, Daisuke Watanabe and Yuichi Matsuo

ABSTRACT

A direct numerical simulation of a supersonic wake undergoing transition to turbulence has been performed. The compressible Navier-
Stokes are solved to study the acoustic generation mechanism for a Mach 2 wake. High-order upwind-biased compact schemes are used for
spatial derivatives and a 4™ order Runge-Kutta scheme for time advancement. Navier-Stokes characteristic boundary conditions are
employed in the vertical direction and periodic boundary conditions in the streamwise and spanwise directions for a time-developing DNS.

The laminar wake was forced with a combination of the 2-D most unstable mode and a pair of oblique subharmonic unstable modes, which
were obtained from linear stability theory for the viscous compressible equations. Forcing with a pair of oblique subharmonic modes yields
streamwise/vertical counter rotating vortices in the saddle region of the plane wake. As streamwise/vertical counter rotating vortices evolve
outside, their self-induction causes inclined braidlike structures to form in the wake, which are similar to the observations in the
experimental supersonic flat plate wake transition. Acoustic waves of the plane wake are generated when two-dimensional rollup structures
appear and rotate in a coherent fashion in the wake. 3-D elliptical structures play an important role for sound generation in the plane wake.
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Fig. I: Time development of second invariant Q(=0.01) structure
for M=2and Re=1000; sideview.

Q MWWz, Jb= AMBIATERL S T\ FE R MR
BDERINTWD I EDRbND. £z, BELTADL LD
MBI, ETHEMHRFEEELRL TS, THITEA
LI REE— FOMEDZDTHD. Fiz, WL =100
T, EiWIEHhA o TWD Z &30 0 [ElHE L7220 AT
JBLTWOEF 25, KR =300 LA ClEE@mns K&
< HIAS D RS 3RIE L LTS Z & B D.

=100 =200 =300 !i =350
i
|

Fig. 2: Time development of second invariant Q(=0.01) structure
for M=2and Re=1000; endview.

Fig. 3: Time development of second invariant Q(=0.01) structure
for M=2and Re=1000; topview.
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Fig.4 Time development of modal energies for the fundamental,
oblique subharmonic and spanwise harmoncs modes.
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Fig.5:Time development of second invariant Q("0.01) structure at
=75 ,80 and 85.
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Fig.6:Time development of pressure field at t=75,80 and 85.
The contour increments are 0.0005
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Fig.7:Time development of dilatation field at t=75,80 and 85.
White & black regions indicate positive and negative divu,
respectively.
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Fig.8:Time development of second invariant Q(=0.01)structure at
t=120,125 and 130.
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Fig.9:Time development of pressure field at t=120,125 and 130:
seideview. The contour increments are 0.00025.

Fig.10:Time development of dilatation field at t=120,125 and 130.

White & black regions indicate positive and negative divu,
respectively: seideview.
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Fig.11:Time development of pressure field at t=120,125 and 130:
topview;(a) y=5,(b)y=10,(c)y=20. The contour increments are
0.00025.
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Fig.12:Time development of dilatation field at t=130,135,140 and
145. White & black regions indicate positive and negative divu,
respectively: topview; (a) y=5,(b)y=10,(c)y=20.
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Fig.13:Time development of mean normal velocity. Solid and
dotted lines indicate positive and negative normal velocities,
respectively. The contour increments are 0.001
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Fig.14:Time development of mean density fluctuation. Solid and dotted lines indicate density
field higher or lower than, the ambient density, respectively. The contour increments are 0.005.
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