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Abstract

Trailing-edge (TE) noise generated at moderate Reynolds numbers is characterized by strong tonal components arising
from laminar-boundary-layer vortex shedding (LBL-VS). Accurate prediction of this phenomenon requires high-fidelity
simulations, yet achieving quantitative agreement with experimental data remains challenging. In this study, we aim to
establish a high-fidelity analysis framework using an unstructured-grid CFD solver. First, our results were validated against
a previous three-dimensional structured-grid CFD simulation. The unstructured solver reproduced key flow features and
frequency characteristics of TE noise with good agreement, while requiring only half the number of grid points. However,
differences in solver accuracy resulted in tighter time resolution requirements. Next, we compared CFD results under two
angle-of-attack (AoA) conditions with wind tunnel data. Applying AoA correction shifted the transition point on the pressure
side upstream and caused a secondary spectral peak to appear at the same frequency as the experimental main peak. This
suggests a correlation between transition location and dominant frequency, indicating that aligning the transition point with
experiments can improve frequency prediction. However, AoA correction delayed transition on the suction side, whereas the
experiment suggested fully developed turbulence near the suction-side trailing edge. This shows that AoA correction alone
is insufficient to match the experimental flow conditions. Therefore, introducing freestream turbulence into CFD is expected

to promote earlier transition on both sides and further improve agreement with experimental results.
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Figure 7 Amplitude spectrum of pressure fluctuations on

the pressure side of the airfoil from WTT results
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Figure 11 Amplitude spectrum of velocity fluctuations near

the trailing edge of the airfoil obtained by CFD solutions
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Figure 12 Instantaneous flow field near trailing edge for
CFD with contour of pressure fluctuation, and iso-line of
Q-criterion

Figure 13 Instantaneous iso-surface of Q-criterion

coloured by streamwise velocity
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