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Comparison of models for sound propagation of low frequency
wind turbine noise
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ABSTRACT: Low frequency noise emitted by wind turbines is one of the most noise complaints. In this study,
the reliability of the models was examined by comparing the measured sound pressure levels with the predicted
levels based on Denish model and commercial programs of the SounPLAN and the ENPro based on ISO 9613.
As aresult of applying it to representative 3 MW wind turbines, on Inad, the measured and the predicted values
differed within a maximum of 5 dB in the frequency range of 12.5 Hz to 80 Hz. It may be due to the change in the
acoustic power levels because the wind turbines have been in operation for more than 7 years. However,
considering that the Boundary Element Method (BEM) predicted value, which is known to be the most accurate
in the low frequency band, the predicted values are well matched within 2.5 dB, the models of this study are
expected to be used as deviation within 3 dB.
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Table 1. Excess attenuation for the air and the ground.

1/3-octave band center AL, AL
frequency (dB/km) (dB)
12.5 0.00 6.0
16 0.00 5.8
20 0.00 5.6
25 0.02 54
315 0.03 52
40 0.05 5.0
50 0.07 4.7
63 0.11 43
80 0.17 3.7
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Fig. 1. (Color available online) Geometric distance
for wind turbine noise prediction,
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Fig. 2. (Color available online) Noise levels with
several prediction models by varing the receiving
distance.
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Fig. 3. (Color available online) Wind turbine noise
mesurement photograph,
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Table 2, Background noise levels (dB).

Table 3. Sound power levels (dB),

Frequency A company B company Frequency A company B company
(Hz) (va =8 m/s) (va=5m/s) (Hz) (va=8 m/s) (Va=5m/s)
12.5 42 12.5 106

16 42 16 106
20 37 40 20 105 110
25 41 43 25 104 110
31.5 41 44 31.5 103 108
40 38 38 40 102 109
50 38 37 50 101 109
63 36 36 63 105 109
80 32 29 80 104 106
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Fig. 4. (Color available online) Comparison of the
predicted sound pressure levels by several models
with the measured levels (A company).
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Fig. 5. (Color available online) Comparison of the
predicted sound pressure levels by several models
with the measured levels (B company).

cistch 24548 sl Dbl 13 o 703 cr
dof o]t &3 1) 2gkS0] & Qs

QA1 2]t 35 dB A =2] 2ol 2 Ko] 1 9k,
AR} BA} B 2474 o S gto] Aol 7} Lh
A i B 5 A Ho] LA Td

ol 4} A akEl 917] w ol Sl uzke] Wa)
WA Do Abr ek kA 7} e el
3 Sl o] vsks 22 7|50 Feu]

ARt E A 0 & T2 7] wjol| Yytslslr]=
E7Fssteh SR @A e ol A S Fuk ol &
S A8 4 A SAg I A S gHE ] Aol
= 74 5o R 7|y Het. 1, Fig. 40 4] 40 Hz
o ol A 9] S 27 4h2] F7f= Table 39] 2

b ] o 7} Table 29] vl 74 4x-3-0] T2 F=ub4= of
out vl wsh o & RSP gle A4S 1 ) 1

SIS UelelR] M43 T2 (2024)

129, Heh

Qb -3 of| whE Skl o] WSk th= 12
Z(amplitude modulation)® F7}2 =AF ) E3 63
Hz®} 80 Hz o & of| 4| BEM¥} dluf= 2 dllof] o] 3t o
2345 Afololl Ao}t k4 thefo] ula) %
745 qld Fig 59] 492 Tejsh i S35
o7 Apol] Az] Aot A FHe| Pul A wT

Bal2 0 & ofgkS n]|= A 07 AR E T
Iv. 8 E

2 AN FHAA7] YA F 53] 125
Hz+ 8] 80 Hz7H ] o] A Fut A2 Fut4 o]
3 Hhg e A of] 7| 23 dinpa n S H}%@}
2 73] SoundPLANT} ENProo]| 2]3t
A& A4S vl PSSt 3 %?
A 7] S Ak o & 3 A3t A 7he] Z 4 o] i E

A g F0] 24k o S5 24 gko] 5.0 dB ©]
()]
=

W2 JAetg 0w 58] At 2802 71
2Folttal & 4= Q1= BEMO] 23t 2 7tel=2.5dB ©]
W2 & dAeralet. A5t Sg4ke] Aok o
© Yo 2E YT A 7d A 7
T2 SdukelEE A jelel7] fEe
= ghehech,

olybA 0 2 714 2 el A 1 4% 1509613 1
9.2 63 Hz 0] A}Q] Z2utdrof| A A-2-3}x|uk 12.5 Hz7b
7] 3P4t A9 WA} Z7Kek 4 AUk SHAIEISO
9613 5L 2A|ofl 3dB A e of HAP} QS5 Al

o 63 Hz 1| qke] Sk tf ol 4 o] At A 750
B 712 = A - SHA AREE 4= Gl Hdlol 2t

T el doa o) 29 R Aol Aut
Qo419 o] ek A| o] LA 0
R EOEL DR PSS EASEERE
YA AGHOE BG4 U RAYS AT
% ALk, SR Ba Aot A mHe] %
51 a7} 9l 5ol tial Al F7hE9l 7S
F3) WK Bast olek FF A B T
T EFO FALA B A2 Yo FEus)
oA S &gk v o mH o HAE
ol ele A2l 32 AT el ol



A7) o) A Fut g Hu) e Wl 167
R
%I-*I.Q_I = » 8t Eff S (Taeho Park)

200814 B8 : HSAIRTHSIT SHBs
o"A}—

2011121 290 : M AJRICHSt L OllL{x |24
AIREZS} AL

2019 28 - MEZAIRTHStE BHEs!
HEA}

20193 38 : MRS Smms

202143 129 ~ 3ixf : BREBAAATL

517 0] Ao 2 FRHA ]
219] ICT7 |5 744387k oA A4 A9l 7147
HEALR1(2021003360003)2] K] 918 ol 2|l
e,

i

2o
References
» 0] & & (ByungKwon Lee)
. 20014 22 - St Etm A=ZStat stAL

1. S.-C, Kim and M. J. Choi, “Harmfulness of infrasound 2003 294 - BIOFCHEHT ZAZ T 5t} AA}

and wind turbine noise managements” (in Korean), J. 200313 32 - CHZIAIY 7| 7HErY

Acoust. Soc. Kr. 40, 73-83 (2021). 20164 22 : Skl St ZAS A stu HiA}
2. Ministry of Environment, “Low frequency noise ma- 2017 38 ~ N : =R A A A

nagement guideline” (in Korean), 2018. M=
3. The Danish Ministry of the Environment, “Statutory

order on noise from wind turbines,” Translation of

Statutory Order no. 1284, 2011.
4. ISO 9613-1, “Acoustics-attenuation of sound during » & Zl & (JinHyeong Kim)

propagation outdoors — Part 1: Calculation of the 19984 2€ : HACstm XMk stal

absorption of sound by the atmosphere,” 1993. SHAL ) i )
5. ISO 9613-2, “Acoustics-attenuation of sound during 2002_‘5553 LR dtet = Ma g st

propagation outdoors — Part 2: General method of
calculation,” 1996.

6. IEC 61400-11, “Wind turbines — Part 11: Acoustic noise
measurement techniques,” 2012.

7. G.-S. Lee, C. Cheong, H.-T. Kim, and W.-H. Joo, “Time
domain prediction and analysis of low frequency
noise from wind turbine using hybrid computational

200011 424~ 547 (R0 |24 S A%

19904 2 : H=F et st &5 7|AS

aeroacoustics (CAA) method” (in Korean), J. Acoust.
Soc. Kr. 32, 369-376 (2013).

. E. Blumendeller, L. GaBner, F. J. Y. Miiller, J. Pohl,
G. Hubner, J. Ritter, and P. W. Cheng, “Quantification
of amplitude modulation of wind turbine emissions
from acoustical and ground motion recordings,” Acta.
Acust. 7, 1-19 (2023).

| ®xt op2

» ™ M £ (SungSoo Jung)

19851 284 : BH=20|=0{H 5t 2|5tk
St}

198741 284 - 512 9|R0fhatm Salstut
AL

199511 028 : BH=20|=0{rhatm 23t
et}

19961 102 ~ R} : IR EZ IS8
Boleied

St} St}

200141 28 : SAMCHStm ZAMBHY TSt}
AAp

20054 28 : AN St ZAMBH TSt}
HEA}

20004 48 ~ BHXY : (I 2|0fl0|El CHE

The Journal of the Acoustical Society of Korea Vol.43, No.2 (2024)



