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Development of Computational Fluid/Aeroacoustic Coupling Code
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ABSTRACT

A rather novel coupling method is developed for
predictions of aerodynamic sound fields. The flow fields
are predicted by Reynolds Averaged Navier-Stokes
(RANS) and the sound propagations are computed by
Linearized Euler Equations (LEE). This method enables
wide range aeroacoustic analyses with the lower
computational cost. All simulations are performed using
unstructured grid methods because of their flexibility to
fit complex geometries. To validate this method in the
present work computational aeroacoustic analysis around
an airfoil was carried out. Sound sources are treated
universally by using turbulent vortex fluctuations which
induce aeroacoustic phenomena, not by the secondary
pressure fluctuations on the body surfaces. This suggests
a new guidance in computational aeroacoustics.
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Fig. 2 Wave vector geometry for the nth Fourier velocity
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Fig. 3 Two-dimensional acoustic pulse in a uniform

flow. The sound source is located at (0,0).
The circle indicates the “edge” of the pulse.
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Fig. 4 Pressure fluctuation of acoustic pulse in a
two-dimensional uniform flow
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Spatial distribution of the simulated turbulent
velocity field (k=1714m?/s?, €=44.8x10°m?/s?,
N=200). Several eddies are visible in the
spots of red circles.
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Fig. 6 Spatial two-point correlation function f(r) with a
distance variable

1r
0.8 \ iy
é 0.6 R analytical
T
o \
5 0.4+ \
[&]
g 0.2
ot - PV S, —_?7‘
_0-2 L L
0 5 10

T

Fig. 7 Autocorrelation for generated turbulence as a
function of normalized time separation
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Fig. 8 Unstructured hybrid mesh around NACA0012
airfoil with the blunt trailing edge. Structured
mesh are generated around the solid surface,
surrounded by unstructured triangular mesh.
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Fig. 9 Results of flow simulation around NACA0012
airfoil (M_=0.205, Re=2.86x10¢, Ti=0.3%,
o=5°)
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Fig. 10 Distributions of instantaneous velocity
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Fig. 11 Sound pressure field around NACA0012
airfoil (red: p'>0, blue: p'<0, At: time
increment)
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