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A Study on Discrete Frequency Noise from a Symmetrical Airfoil in a Uniform Flow
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ABSTRACT

The flow field around a symmetrical airfoil in a uniform flow under the generation of noise was studied by experiments and
numerical simulation. The experiments are conducted by visualizing the surface flow over the airfoil with a shear-sensitive liquid-
crystal coating and by measuring the instantaneous velocity field around the trailing edge of the airfoil. The results indicate that the
discrete frequency noise is generated when the separated laminar flow reattaches near the trailing edge of the pressure side and the
turbulent boundary layer is formed over the suction side of the airfoil near the trailing edge. The periodic behavior of vortex
formation was observed around the trailing edge and it persists further downstream in the wake. The frequency of the vortex
formation in the wake was consistent with that of the discrete frequency noise.
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C : chord length, Smagorinsky constant
D : domain of the fluid
f : frequency
G : Gaussian filter function
L : resolved turbulent stress
Re :Reynolds number (=U,C/ v )
r : test-filter per grid-filter(A/A,)

S : viscous part of the stress tensor
S;  :resolved scale strain rate tensor
SPL : sound pressure level

St : Strouhal number (=fC/U,)
U, :free-stream velocity

U,V :streamwise and normal velocity components

X,y :streamwie and normal coordinates measured
from airfoil axis

X :chordwise distance measured from airfoil axis

T : stress tensor

o : angle of attack

A : width or characteristic length scale of filter
@  :flow coefficient

ul : Kolmogorov scale

v : kinematic viscosity(= p/p)

vy  :subgrid-scale eddy viscosity

p : density
T subgrid-scale stress tensor
4 : vorticity
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