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 Collaboration between IEA Wind TCP research Tasks
• Task 19: Wind Energy in Cold Climates
• Task 39: Quiet Wind turbine technology

 Noise caused by aerodynamic effects
 Icing impacts aerodynamics
 Effects of icing on wind turbine noise not as well researched as

icing impact on production
 Noise effects relevant for public acceptance
 Ice detection ?
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Motivation



 Look at existing research on the topic
 Simulation study to look at the impact of changes in surface

roughness on aerodynamic noise
 Corresponds to early stages of icing event
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Approach



 Overall ~25 relevant articles
 Two main themes were visible:

• Aerodynamic noise at the blade
• Changes in environmental sound propagation

• Snow
 More of this kind of research has been done related to aviation,

airfoils, helicopters etc.
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Cold climate wind and noise



Sound propagation

 Field measurements and modeling
 Snow can have a dampening effect

• Depends on snow conditions (snow surface)
• Snow on trees

 Atmospheric conditions
• Turbulence
• Vertical temperature and wind speed

gradients
• Wind maximum below hub height

reduced sound levels at ground level

19.4.2021

(Larsson and Öhlund, 2015)



 Mainly CFD models, some amount of wind
tunnel measurements and field measurement
campaigns

 Ice on the leading edge
 Rime ice, thickness some mm
 Ice causes boundary layer flow separation
 Result is increased noise at the trailing edge
 Field measurements point to increase in sound

pressure levels during icing events

Blade noise

(Xiao and Tong, 2021)

(Hann et al., 2013)



 Noise levels increase with ice thickness
• Wind speed
• Angle of attack

 Icing at the outer part of the blade has higher
impact
• Higher speed

 Up to 10 dB increase in noise levels in the iced
case

Blade noise

(Xiao and Tong, 2021)

(Hann et al., 2013)



A simplified model for
influence of blade icing
on rotor trailing edge noise
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Atmospheric turbulence

Wind turbine aerodynamic noise mechanisms
2 main mechanisms:

- Turbulent Inflow (TI) noise Interaction of blades with atmospheric turbulence
- Trailing Edge (TE) noise Scattering of boundary layer turbulence at TE
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Atmospheric turbulence BL turbulence
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Icing modeled as roughness – Increase BL turbulence
TE noise mechanism is considered:

- Trailing Edge (TE) noise Scattering of boundary layer turbulence at TE
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Numerical model
for rotor noise

Here: Ice model by roughness r=1mm and r=20mm
r=1mm ~ Very coarse sandpaper (P20)
Over 50% of airfoil chord
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A modern 2.5MW-sized wind turbine
TI and TE noise spectra – Clean / Iced – TI 4% / 8%
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TI + TE SPL(A) noise spectra – Clean / Iced – TI 4% / 8%
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TI + TE SPL(A) time-series – Clean / Iced – TI 4% / 8%
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Conclusions on present modeling approach

 Crude approximation of icing effects through surface roughness
(relatively light icing: r=1mm and 2cm)

 Only trailing edge induced noise is considered as noise source mechanism

 These VERY preliminary results show that for low atmospheric turbulence
conditions (e.g. at night), noise emission differences should be noticeable

 More severe conditions need to be investigated – As well as other possible
noise generation mechanisms...
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Conclusions

 Ice on blades has
noticeable effect
• Noise created on

the trailing edge
• Noise levels

correlate with
• Ice thickness
• Tip speed

 Sound propagation
different in winter
• Snow
• Atmospheric

conditions

 Evidence points to
increase in noise
levels in icing
conditions

 Questions remain
• Magnitude?
• Sensitivity to icing?

 Impacts
• Siting
• Acceptance

 Applications
• Ice detection
• Active curtailment



Arbinge, P., 2012. The effect on noise emission from wind turbines due to ice accretion on rotor blades.
Bao, S., Shi, Y., Song, W., n.d. Numerical Study of Iced Airfoil Aeroacoustics Using IDDES, in: AIAA AVIATION 2020 FORUM. American
Institute of Aeronautics and Astronautics. https://doi.org/10.2514/6.2020-2510
Caicedo, Edison H, Virk, M.S., 2018. Aeroacoustics response of wind turbine blade profiles in normal and icing conditions. Wind
Engineering 42, 243–251. https://doi.org/10.1177/0309524X17751260
Caicedo, Edison H., Virk, M.S., 2018. Numerical Study of NACA 0012 Aeroacoustics Response for Normal and Icing Conditions. Applied
Mechanics and Materials 875, 89–93. https://doi.org/10.4028/www.scientific.net/AMM.875.89
Cheng, B., Palacios, J.L., Han, Y., Brentner, K.S., Morris, P.J., n.d. Quantification of Rotor Surface Roughness due to Ice Accretion via
Broadband Noise Measurement 14.
Conrady, K., 2019. Wind Turbine Sound in Cold Climates.
Conrady, K., Bolin, K., Sjöblom, A., Rutgersson, A., 2020. Impact of low-level wind maxima below hub height on wind turbine sound
propagation. Wind Energy 23, 1767–1775. https://doi.org/10.1002/we.2517
Conrady, K., Sjöblom, A., Larsson, C., 2018. Impact of snow on sound propagating from wind turbines. Wind Energy 21, 1282–1295.
https://doi.org/10.1002/we.2254
Hann, R., n.d. Applications of Iced Wind Turbine Noise Simulations 18.
Hann, R., Wolf, A., Bekiropoulos, D., Lutz, T., Krämer, E., 2013. Numerical Investigation on the Noise Generation of Iced Wind Turbine
Airfoils 10.
Hansen, C., Hansen, K., 2020. Recent Advances in Wind Turbine Noise Research. Acoustics 2, 171–206.
https://doi.org/10.3390/acoustics2010013
Hwang, B., Kim, T., Lee, S., n.d. AERODYNAMIC AND AEROACOUSTIC ANALYSIS OF A WIND TURBINE AIRFOIL ON ICING STATE
CONDITION 1.
Hwang, B., Kim, T., Lee, Seunghoon, Lee, Soogab, 2014. Aeroacoustic analysis of a wind turbine airfoil and blade on icing state
condition. Journal of Renewable and Sustainable Energy 6, 042003. https://doi.org/10.1063/1.4885092

Bibliography



Keith, S.E., Daigle, G.A., Stinson, M.R., 2018. Wind turbine low frequency and infrasound propagation and sound pressure level
calculations at dwellings. The Journal of the Acoustical Society of America 144, 981–996. https://doi.org/10.1121/1.5051331
Larsson, C., Öhlund, O., n.d. Variations of sound from wind turbines during different weather conditions 9.
Liu, Y., Dowling, A.P., 2007. Assessment of the Contribution of Surface Roughness to Airframe Noise. AIAA Journal 45, 855–869.
https://doi.org/10.2514/1.25217
Moriarty, P., Migliore, P., 2003. Semi-Empirical Aeroacoustic Noise Prediction Code for Wind Turbines (No. NREL/TP-500-34478).
National Renewable Energy Lab., Golden, CO. (US). https://doi.org/10.2172/15006098
Naterer, G., Rosen, M.A., Jianu, O., 2012. Noise Pollution Prevention in Wind Turbines: Status and Recent Advances. Sustainability 4,
1104–1117. https://doi.org/10.3390/su4061104
Öhlund, O., Larsson, C., 2015. Meteorological effects on wind turbine sound propagation. Applied Acoustics 89, 34–41.
https://doi.org/10.1016/j.apacoust.2014.09.009

rogers_nrel_paper.pdf, n.d.
Skarin, A., Sandström, P., Alam, M., 2018. Out of sight of wind turbines—Reindeer response to wind farms in operation. Ecology and
Evolution 8, 9906–9919. https://doi.org/10.1002/ece3.4476
Wei, K., Yang, Y., Zuo, H., Zhong, D., 2020. A review on ice detection technology and ice elimination technology for wind turbine. Wind
Energy 23, 433–457. https://doi.org/10.1002/we.2427
Westwood, R.F., Styles, P., Toon, S.M., 2015. Seismic monitoring and vibrational characterization of small wind turbines: A case study of
the potential effects on the Eskdalemuir International Monitoring System Station in Scotland. Near Surface Geophysics 13, 115–126.
https://doi.org/10.3997/1873-0604.2015001
Xiao, C., Tong, F., 2021. Experiment on aeroacoustic characteristics of a NACA0012 airfoil with rime ice model on the leading edge.
Applied Acoustics 175, 107804. https://doi.org/10.1016/j.apacoust.2020.107804

Bibliography


