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Broadband Noise Analysis of Horizontal Axis Wind Turbines
Including Low Frequency Noise

Hyunjung Kim*, Hogeun Kim, Soogab Lee

This paper demonstrates a computational method in predicting aerodynamic noise generated from wind turbines. Low
frequency noise due to displacement of fluid and loading fluctuation, according to the blade passing motion, is modelled on monopole and
dipole sources. They are predicted by Farassat 1A equation. Airfoil self noise and turbulence ingestion noise are modelied upon quadrupole
sources and are predicted by semi-empirical formulas composed on the groundwork of Brooks et al. and Lowson.

Aerodynamic flow in the vicinity of the blade should be obtained first, while noise source modelling need them as numerical inputs. Vortex
Lattice Method(VLM] is used to compute aerodynamic conditions near blade. In the use of program X-foil [M.Drela] boundary layer
characteristics are calculated to obtain airfoil self noise.

Wind turbine blades are divided into spanwise unit panels, and each panel is considered as an independent source. Retarded time is
considered, not only in low frequency noise but also in turbulence ingestion noise and airfoil self naise prediction.

Numerical modelling is validated with measurement from NREL {AOC15/50 Turbine) and ETSU (Markham's VS45} wind turbine noise
measurements.
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Nomenclature fi: ?erogynan@c loading N
di : direction of line vortex strength

@ : velocity potential p: acoustic pressure due to thickness noise ~ Pa

I" : vortex circulation /s p’L: acoustic pressure due to loading noise Pa

P : density kg/me? 0o density of air kg/m?

u : velocity of a panel m/s ¢, :speed of sound (air) m/s

wind : velocity of wind m/s St : Strouhal number
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Re: Reynolds number

M : Mach number

G : shape functions

K : amplitude functions

S :boundary layer thickness

&* : boundary layer displacement thickness

a :angle of attack deg
L : blade panel semi span m
i :normalized wave number

I, : extension of tip vortex

r :distance btw. source and observer m
t* : trailing edge bluntness thickness m
§ : angle btw. observer and chord line deg
y, : angle btw. observer and span line deg
w : trailing edge bluntness angle deg

Subscript

TIN : turbulence ingestion noise

ASN : airfoil self noise

TBLTE : turbulent boundary layer trailing edge noise
LBLVS : laminar boundary layer vortex shedding noise
TIP : tip noise

TEBVS : trailing edge blunt vortex shedding noise

s : suction side

p : pressure side
@ : separation side

peak : value at peak
tv : tip vortex
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