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Noise Source of Large Wind Turbine
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Abstract

Wind turbine noise become main environmental problem as wind energy have been installed all around.
Noise from large wind turbine give annoyance to listener, moreover it increase loading to whole system by
restricting blade tip speed. However accurate noise mechanism of wind turbine is not yet examined. This
paper reviewed noise source and analysis theory. Broadband noise is main component of wind turbine noise
and airfoil self noise is main noise source. These make acoustic analogy hard to apply for analysis. For this
reason, experimental equation is method for wind turbine noise prediction up to now. Spectrum analysis shows
that vortex shedding noise exists around 1 k~2 k Hz. This region is most sensitive frequency range to human.

Thus it is necessary to reduce this noise source.

Key Words : Wind turbine noise, Turbulence Ingestrion Noise(TIN), Vortex Shedding Noise(VSN), Turbulent

Boundary Noise(TBN).
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Table 1. wind turbine noise level

Model Nordex N90 Rotor Dia.90m

Hub Height : 80m

Wind Sound pressure level dB(A)
d SPL (i

i dRECe 100 200 300 400 500
6 100.9 53.8 492 46.1 43.7 418
7 101.7 54.6 500 469 445 426
8 102.8 557 51.1 48.0 456 437
9 103.3 562 51.6 485 461 442
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Fig. 1. Noise spectrum of wind turbine(1.5 MW class,

wind speed : 10 m/s, measurement location : 100
m behind rotor plane)

Acrodysamic

Ly = 902 dB(A)Y
Ciegshox s
Ly = 922 4B{A)

Civarbox a'h
b 5 g = $4.3 41BN
N

887 aniay

Generdte a'b
Ly R7.2 8BIAY

Anxitiaries aly

! Total
L= 76,2 dBIAY Lia = 102.2 dB(A)

Towsr ¢'b
Fue = 712 dBLAY

Fig. 2. wind turbine noise source.

F2 Byol=dA HAsHA drt

F9 wasle 29 288 W W £u9 9
A BAE NAAE AT go] EHEERe
2a2AYd vlgsiA "ok

L 3F (A - weighted) < log ,(ENHEE) (1)

wihd aeE Folv M &4 e £
B HH S o] Y ST WS B
Wolth. ¢l o2 the Table 20141 B 4 9152l
Sogoln ARE 2 Bzl S 60 mis el
9 g SEE LS £AHT 280 FAAL
2 /A BAHE s d=E 2 MW o)



o

o2

T8

Table 2. Blade tip speed of various rotor diameter

B} %

LY

7] AL

re
S

& 929

Table 3. Main aerodynamic noise sourse of wind turbine

Wind Turbine I(’I\OI\V% ](?:; Ti1°(n§/1;§’ed
BONUS 600kW 0.60 44.0 62.2
BONUS 1MW/54 1.00 54.0 42.6
BONUS 1.3MW/62 1.30 62.0 61.7
BONUS 2MW/76 2.00 76.0 67.7
BONUS 2.3MW/82 2.30 82.4 71.6
De Wind D4 0.60 48.0 73.4
De Wind D6/1000 1.00 62.0 672
De Wind D6/62 1.00 62.0 81.8
De Wind D6/64 1.25 64.0 83.1
De Wind D8/2MW 2.00 80.0 86.7
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Mechanism Characteristics
Frequency is
Steady related to BPF,
thickness Rotation of Blades | not important at
noise current rotational
speed
Frequency is
Unsteady Passage of blades related to BPF,
. . through tower .
loading noise . small in case of
velocity or wakes . .
unwind turbines
Inflow Interaction of Contribution to
ntio blades with broadband noise;
turbulence .
noise atmospheric not yet fully
$ turbulence quantified
Trailing Interaction of Broadband, main
boundary layer .
edge . source of high
A noise turbulence with frequency noise
h blade trailing edge | oaueney
R . ) Interaction of Atlp Broadband; not
F | Tip noise | turbulence with fully understood
0 blade tip surface Y
I{ Stall, Interaction of
g separation | turbulence with Broadband
E noise blade surface
L . Non-llinear
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boundary . y o Tonal, can be
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at blunt trailing .
edge avoided
) edge
noise

Fig. 3. Wind turbine noise figure (SIROCCO project).
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- &7 F9Y 28 (Turbulence Ingestion Noise, TIN)

SPL,;(f)=10log,[Bsin® Gp’cRw’U* [(dlc)+ K, (f)

2

- WF AA%F 2-S(Turbulent Boundary - Layer/
Trailing-Edge Interaction Noise, TBN)

s( s Y s L5 -4
SPL,;(f)=10log KZUSBD_—2 x +0.5
7o S max Smax

(3)
- 945 Al A8 (Trailing-edge bluntness Vortex
Shedding Noise, VSN)
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Table 4. Spec. of WTS-4, USWP
WTS-4 USwp
Rotor location Down wind | Down wind
RPM 30.0 72.0
No. of Blades 2 3
Tip Speed m/s(Mep) | 122.4(0.36) | 66.5(0.19)
Rotor diameter 78.4 17.1
Hub height 80.0 18.3
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Fig. 4. Comparison of the measured and prediced broad

band noise for USWP (=91 m).
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Fig. 5. Comparison of the measured and prediced broad
band noise for WTS-4 (=200 m).
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Fig. 6. Noise Directivity pattern of WTS-4.
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