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On the correlation between boundary-layer instability and acoustic disturbances
in low Re number flow around an airfoil

Takashi ATOBE and Tomoaki IKEDA

ABSTRACT
The unsteady aerodynamics of a two-dimensional NACAO0006 airfoil are investigated at a low Reynolds number, directly resolving
acoustic perturbations in subsonic flows. At a relatively low angle of attack, periodic vortex sheddings are reproduced, simultaneously
generating a dipole sound from the trailing edge. By slightly altering inflow Mach number, the shedding frequency often changes
drastically, presumably via the onset or offset of an acoustic feedback loop, which correlates an aecrodynamic sound emission from the
trailing edge, and an instability mechanism in the suction-side boundary layer of the foil. In this study, the phase difference between
two different waves — an emitted sound wave and an induced instability wave, is statistically sampled and examined to clarify the on/off

determination mechanism of the acoustic feedback loop.
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Fig. 1 Flow configuration for NACA0006 airfoil.

Fig. 2 Two-block numberical grid for a tilted airfoil.
Dashed-line denotes block interface where characteristic
conditions are applied.
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Fig. 3 Time-averaged lift coefficient < C; > on var-
ious @ at M = 0.2 for NACA0006, NACA0012, and
experimental data.
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Fig.4 The fluctuating ratio of C; represented by its rms
fluctuations AC) on various «v at M = 0.2.
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Fig. 5 Instantaneous vorticity fields for o« = 4.5° at
M = 0.2, 0.4, and 0.5, from top to bottom, respec-
tively. Color scaling ranges from blue to red for —4.0 <
wL/Us < +4.0.
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Fig. 6 Instantancous sound pressure fields 6p/poo U2,
for o = 4.5° at M = 0.2 (top), and M = 0.4 (bottom),
respectively. The pressure field is weighted by the factor
(0.2/M)*/? to remove the Mach number effect in sound
pressure scattering at M/ = 0.4. One contour level de-
notes 2.0 x 107°, and 2.0 x 10~*, respectively.
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Fig. 7 Instantaneous vorticity field for « = 5.0° at
M = 0.2, 0.25, 0.3, and 0.6, from top to bottom, re-
spectively. Also see the caption of Fig. 5 on color scal-
ing.
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Fig. 8 Time-averaged tangential velocity profiles sam-
pled in the wall normal directions in the boundary layer
on suction side for « = 4.5° at various Mach numbers.
The length scale in the wall normal direction is doubled
from the original data. Gray dashed line indicates a sep-
aration region in the boundary layer at M/ = 0.2.
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Fig. 9 Time-averaged tangential velocity profiles for
« = 5.0° at various Mach numbers. Also see the caption
in Fig. 8.
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Fig. 11 Power spectral density of v-velocity fluctua-
tions sampled at (x,y) = (0.1L,0) for various Mach
numbers, o = 5.0°; O, estimations of amplification by
hydrodynamic instability at 60% chord length for 2%
fluctuations introduced at the leading edge.
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Fig. 12 Sampling locations of cross-covariance indi-
cated by bullets (o) near both edges of the foil, super-
posed on instantaneous v velocity fluctuation contours.
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Fig. 13 Cross-covariance coefficient at M = 0.1.
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Fig. 14 One period of time at various Mach numbers.
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Fig. 15 Phase-time difference at various Mach num-
bers, estimated from: O, cross covariance; *, retarded
time of sound wave; 2, frequency difference.
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