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ABSTRACT The reduction of noise from wind turbines has been studied using various methods. Some examples include controlling
wind turbine blades, designing low-noise-emitting wind turbine blades, and using trailing-edge serrations. Among these methods,
serration is considered an effective noise reduction method. Various studies have aimed to understand the effects of trailing-edge
serration parameters. Most studies, however, have focused on fixed-wing concepts, and few have analyzed noise reduction or
developed a prediction method for rotor-type blades. Herein, a noise prediction method, composed of two noise prediction methods
for a wind turbine with trailing-edge serrations, is proposed. From the flow information obtained by an in-house program (WINFAS),
the noise from non-serrated blades is calculated by turbulent ingestion noise and airfoil self-noise prediction methods. The degree of
noise reduction caused by the trailing-edge serrations is predicted in the frequency domain by Lyu’s method. The amount of noise
reduction is subtracted from the predicted result of the non-serrated blade and the total reduction of the noise from the rotor blades is
calculated.

Keywords Wind turbine(3= 2 ¥4 7]), Aerodynamic noise(3- & 4=-2-), Broadband noise(3th & 4~-&), Trailing edge serration(&
Y& 51 A), Noise reduction(2=2 ] 7)

Nomenclature ¥ trailing edge bluntness angle, deg

(3 : compressibility correction factor d  :span length
¢ : chord length, m : high frequency directivity function

¢, : speed of sound (air), m/s D, :low frequency directivity function

§ :99% boundary layer thickness, m
)
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K : amplitude functions

K, : low frequency correction constant

k : wavenumber

k : normalized wavenumber

k, : turbulence wavenumber in chordwise direction
K : turbulence wavenumber in spanwise direction
Ly : turbulence length scale

: extension of tip vortex
L : blade panel semi span, m

: far-field sound gust-response function

A : period of serrations, m

M : Mach number

n : unit vector normal to surface

w : angular frequency, rad/s

w : turbulence intensity

5] : angular velocity, rad/s

D; : incident pressure

Dy : scattered pressure

P : magnitude of fluctuating pressure on wall
® : angle btw. observer and span line, deg
d : velocity potential

D, : freestream velocity potential

I : wavenumber spectral density

r : distance bet. source and observer, m

r : location vector of a lattice

Re : Reynolds number

RHS  :right hand side

2 : density, kg/m3

Sy : power spectral density function

St : Strouhal number

t : trailing edge bluntness thickness, m
TIN  : turbulence ingestion noise

TBLTE : turbulent boundary layer trailing edge
TIP : tip noise

TEBVS: Trailing edge bluntness vortex shedding
0 : angle btw. observer and chord line, deg

u : velocity induced by vortex elements, m/s

2 ARHolHx|

U : flow speed out of boundary layer, m/s
v : freestream velocity vector, m/s
Vit : velocity induced by pitch motion, m/s

(x,,9;,2,) : blade-fixed coordinate

2y : ground roughness, m

Subscript

i,7 :index of tensor elements
«  :separation side

s :suction side

p  :pressure side

peak: value at peak

tv  :tip vortex

TE : trailing edge

max : maximum
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