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Abstract

Large Eddy Simulation (LES) is performed to investigate the airfoil broadband noise reduction with wavy lead-
ing edge under anisotropic incoming turbulence. The anisotropic incoming turbulence is generated by a rod with a
diameter of 10 mm. The incoming flow velocity is 40 m/s and the corresponding Reynolds numbers based on air-
foil chord and rod diameter are about 397000-and 26000, respectively. The far-field acoustic field is predicted us-
ing an acoustic analogy method which has been validated by the experiment. A straight leading edge airfoil and a
wavy leading edge airfoil are simulated. The results show that wavy leading edge increases the airfoil lift and drag
whereas the lift and drag fluctuations are substantially reduced. In addition, wavy leading edge can significantly
change the flow pattern around the leading edge and a pair of counter-rotating streamwise vortices stemming from
each wavy leading edge peak are observed. An averaged noise reduction of 9.5 dB is observed with the wavy lead-
ing edge at the azimuthal angle of 90 °. Moreover, the wavy leading edge can mitigate noise radiation at all the
azimuthal angles without significantly changing the noise directivity. The underlying noise reduction mechanisms
are then analyzed in detail.
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1. Introduction®

With the fast development of civil aviation industry, the associated environmental impact of aviation, including
both air pollution and noise nuisance, is getting more and more attention. For example, stringent targets have been
set in Europe for 2050, which aims at reducing noise emissions by 65% compared to the year of 2000.* The aero-
dynamic noise radiated from the interaction between the oncoming turbulence and the leading edge of an airfoil is
one of the commonly encountered types of noise problems and significantly contributes to the noise in many engi-
neering applications, such as turbofan outlet guide vanes, contra-rotating open rotors and contra-rotating fans. The
airfoil-turbulence interaction noise, also known as Leading Edge (LE) noise, is often considered to be one of the
major noise sources, especially in the presence of significant upstream disturbances.?

LE noise has been studied for many years and has been successfully modelled by Amiet® and Howe*®. Amiet’s
model explains the interaction noise by considering that the impinging turbulent eddies will undergo a sudden
change in the boundary condition when they encounter the flat plate. The impinging turbulence should satisfy the
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