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ABSTRACT

In this study, we investigated the trailing-edge (TE) noise of a turbulent boundary layer (TBL)
over a symmetric airfoil by examining the wall pressure spectra predicted by four different models,
while systematically identifying and comparing key parameters and constants. We computed the
TBL-TE noise-associated acoustic power spectral density using Amiet’s theory, which can be applied
to propeller and rotor noise analysis. Numerical predictions of the one-third octave-band noise spectra
for a NACAO0012 airfoil exhibited excellent agreement with experimental data, and the far-field directivity
pattern exhibited distinct side-lobe behavior at high frequencies. Based on these results, we conducted
comparative analyses using the NACAO0016 airfoil (commonly employed as a reference section in
studies of vertical-axis wind turbine blades, horizontal control surfaces of underwater vehicles, and
biomimetic airfoils) to assess far-field noise spectra, directivity, and noise scaling with flow velocity
against established theoretical predictions.
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Fig. 1 TBL-TE noise from airfoil trailing edge
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Table 1 Parameters for wall pressure spectrum models

Goody Rozenberg et al. Kamruzzaman et al. Lee
Fs | o0 §/u §/u 8/
SS 2 FS 2 FS 2 FS 2 FS
a 3 2.82A%(6.13A7 " +e) [4.2(11/A)+1]) | 0.45[1.75(11,)" +15] max (¢, (0.258, —0.52)ay,)
b 2 2 2 2
c 1 476 1 476
d 0.75 0.75 1.637 0.75
e 0.5 4.76(1.4/ A)"™[0.375F — 1] 0.27 ¢
7 3.7 3.7+1.58, 2.47 3.7+1.58,
g 1’1R;0A57 S.SR;OEH 1’15(RT)7 2/7 8.8R;0‘57
h 7 min(3,19/,/R,)+7 7 min(3,(0.139+3.10438,)) +7
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Table 2 Boundary layer parameters for case 1 of BANC III workshop
5 0 H 5 u/u ¢ de,/dz | U, U 0 dp/dx
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Bottom | 0.002625 | 0.001595 | 1.645768 | 0.011898 | 0.91521 | 0.001855 | 5.291334 | 56 | 51.25176 | 1.225 | 10163.59
Table 3 Boundary layer parameters for case 4 of BANC III workshop
5 0 H 5 u/u ¢t de,/dz | U, U 0 dp/dx

Top 0.002889 | 0.001726 | 1.673812 | 0.012732 | 0.91772 | 0.001951 | 4.949694 |37.7|34.59804 | 1.225 | 4308.907

Bottom | 0.002889 | 0.001726 | 1.673812 | 0.012732 | 0.91772 | 0.001951 | 4.987281 [37.7|34.59804 | 1.225 | 4341.628
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Fig. 6 1/3-octave sound pressures from NACA 0016 at U, =35.3 m/s
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