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Preface

Since 2014, DTU Wind Energy has organized a bi-annual event, entitled the Wind
Turbine Acoustic Day. Its goal is to give an overview of important activities and the
current status of science based knowledge, as well as facilitate discussions on the needs
for research and development in the future. The conference aims at an audience with
interest in noise and acoustics from wind turbines and some of the presentations can be
at a high technical level.

Speakers with different backgrounds (wind turbine manufacturers, consultants, tech-
nical and social researchers, and lawgivers) are invited, presenting a broad overview of
wind turbine noise issues in Denmark and abroad.
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Summary

The bi-annual event entitled Wind Turbine Acoustic Day dealing with wind turbine
noise issues organized by DTU Wind Energy took place on May, 17" 2018 as its third
edition. The abstracts and slides for the presentations are reported.



1 Introduction

The aim of this report is to summarize the presentations which were given at the 3¢
edition of the Wind Turbine Acoustic Day held by DTU Wind Energy on May, 17"
2018.

The presentations were organized in three successive sessions covering different
topics: (1) Legal, technical and human issues regarding wind turbine noise, (2) Industry
perspectives, and (3) Recent research advancements. The slides for the presentations,
as well as abstracts for each of them, are provided in this document.



2 Agenda of the Acoustic Day 2018

ACOUSTIC DAiThurs

day, May 1%, 2018

9:00-17:00
at DTU RIS@ CAMPUS

Niels Bohr Auditori

umpBuilding 112

Frederiksborgvej 399, 4000 Roskilde

Agen

da

Chairman: Christian BalbTU Wind Energy

TIME Activities Speakes & Locatiors
8:30:9:00 Registratiorand coffee NielsBohr Auditorium- DTU Risg C: 112
9:009:10 | Welcome Peter Hauge Madsen, Head of Departme®TU Wind
Energy
Session #1: LEGAIECHNICAND HUMANSSUES REGARDING WIND TURBINE NOISE
9:10-9:35 | Adjustments in the regulationf noise from wind | Jesper Mogensen, Miljgog FadevareministeriefMinistry of
turbines Environment and Fooy] Denmark
9:3510:00 | Low frequency sound insulation of buildings in | Bo Sgndergaal, SWECO Danmark A/S
relation to wind turbine noise
10:0010:25 | Annoyance from wind turbine noise? Review of | Sabine Von Huinerbeir)niversityof Salford UK
wind turbine noise studies of the last two decadg
10:25-10:50 - Coffee break
Session #2: #TK E d [-and- INDUSTRY PERSPECTIVES
10:5011:15 | Measurement aneighbor position Lars Sommer Sgndergaa@ELTA (FORCE Technology)
11:15-11:40 | Developments in Acoustics at Vestas Wind Syst{ Jrémy Hurault &KajDam MadsenVESTA®B/ind §/stems
AIS
11:4012:05 | Developments in wind turbine noise: limitations | Tomas Rosnberg HansenSIEMENS BVIESARenewable
andopportunities Energy
12:0512:55 - Lunch
Session #3RECENT RESEARCH TS
12:5513:10 | QossCuttingActivities and HAWGRIoise Franck Bertagnolio, DTU Wind Energy
13:1013:25 | Statisticaprediction of farfield wind turbine Mark Kelly, DTU Wind Energy
noise, with probabilistic characterization of
atmospheric stability
13:25-13:40 | Recent developments in noise propagation Wen Zhong Shen, DTU Wind Energy
modelling
13:4013:55 | Status of theNationalWind Tunnel Christian Bak, DTU Wind Energy
13:5514:10 | The acoustic measurement setup in the Poul la | Andreas FischeDTUWind Energy
Cour Wind Tunnel
14:1014:40 - Coffee Break
14:40-15:00 - Walk or drive to the wind tunndbcation(~700mfrom Niels Bohr auditoriuin
Session #4VISIT OFHE POUL LA COUWRND TUNNEL
15:00-16:00 | Visitof the wind tunnelfacility Poul la Cour Winddhnel- DTU Risg CampyBldg. 331)
16:0017:00 | Networking Poul la CoukVind Tunnel- DTU Risg CampyBldg. 331)
Good bye




3 Abstracts for the Presentations

The following abstracts can also be found in later sections in this document together
with the slides for each individual presentation.



of the cond investigation was to establish new knowledge on how to improve LF sound
insulation in existing Danish houses in areas with wind turbines. This investigation includes: (1)
a literature survey to establish existing knowledge, (2) measurements andiegues on 23
building constructions to investigate how to improve sound insulation on heavy and lightweight
facades by means of building elements and one experiment using a room acoustic approach.
Some of the conclusions are thattitin some cased is pcssible with traditional indoor sound
re-isolation or by outdoor facade soussolation to improve the LF sound insulation
significantly.

Sabine VON HUBERNEUMiversity of Salford (UK)

Title: Annoyance from wind turbine noise? Review of wind turbineseaitudies of the last two
decades

Abstract:In agreement with other environmental noise literature, most work on the annoyance
from wind turbines has focussed on noise. Notable work has been carried out in Sweden, the
Netherlands, Japan, China, Canada #edUS. Their results seem to show that the noise from
wind turbines starts to annoy at sound levels that are much lower than that of other sources
such as road or rail traffic. At the same time other factors are identified that also correlate
highly withannoyance ratings. The presentation will critically review the evidence and raise the
question whether it is time to shift the focus from noise annoyance to a much broader view on
the factors affecting the acceptance of wind energy installations

Lars Sommer SONDERGAARD, DELTA (FORCE Technology, DK)
Title: Measurement at neighbor position

Abstract: Project for the Danish EPA to investigate whether the current guidelines for
measurement of noise emission and noise propagation calculation from wind turbines
described in the Danish Statutory Order give an accurate noise contribution at residents and to
make measuremetunder conditions other than the Danish Statutory Order prescribes

Xrémy HURAULT &aj Dam MADSEN, VESTAS Wirste®ys (DK)
Title: Developments in Acoustics at Vestas Wind Systems A/S

Abstract: The presentation will hold a short introduction on the perspectives and then a&mor
detailed presentation on aeracoustic developments




Tomas Rosnberg HANSEN, SIEMENSMESA (DK)
Title: Developments in wind turbine noise: limitations and opportunities

Abstract: Noise from wind turbines is one of the constraining factors for how many wind
turbines will be built in the future and thereby how much clean energy we can produce by use
of onshore wind turbines. What will be the important factors to ensure ineb also in the
future? Whichare the limitations SiemerGamesa sees in the market related to noise and how
do we react to this?

Franck BERTAGNOLTU Wind Energ{DK)
Title: Crosscutting activities and wind turbine noise

Abstract: In this presentation, sefinanced research activities (salled CCA)urrently
conductedat DTU Wind Energy on a VestdS2 test turbine are described with focus on
measurements related to noise. Furthermore, some measurements are compared with the
HAWC2noise model which combines the wéthown aeroelastiand load predictiorcodewith
arecently implemented noise modul&ome features of the software asdsopresented.

Wen Zhong SHEN, DTU Wind En€(iDiK)
Title: Recent developments imoise propagation modelling

Abstract: Wind turbine noise from source to receiver is a complicated process, which is
influenced by atmospheric conditions and turbine operation conditions. This talk summarizes
the recent developments at DTi modellingthe noisepropagation process which include the
coupling modelling of atmospheric flow, wind turbine wake flow, noise source and noise
propagation, as well as the moving source strategy.

Mark KELLYDTU Wind Energ{DK)

Title: Statistical prediction of fafield wind turbine noise, with probabilistic characterization of
atmospheric stability

Abstract: Here we provide tstistical loworder characterization of noise propagation from a
single wind turbine, as affected by mutually interacting turbine wake and environmental
conditions. This is accomplished via a probabilistic model, applied to an ensemble of
atmospheric conitions based upon atmospheric stability; the latter follows from the basic form
for stability distributions established by Kelly and Gryning (2010). For each condition, a
parabolicequation acoustic propagation model is driven by an atmospheric bouregpey



~A > e« (0}A u} oV §Z o 8% RAveraged NaieBké® equations of
momentum and temperature, including the effects of stability and ABL depth, along with the
drag due to the wind turbine. Sound levels are found to be highest downwindnfiestly
stable conditions not atypical of midtitude climates, and noise levels are less elevated for
very stable conditions, depending on ABL depth.

The probabilistic modelling gives both the lelggm mean and rmsoise level as a function of
distance, per sitespecific atmospheric stability statistics. The variability increases with the
distance; for distances beyond 3 km downwind, this variability is the highest for stability
distributions that are modestly domated by stable conditions. However, mean noise levels
depend on the widths of the stable and unstable parts of the stability distribution, with more
stably-dominated climates leading to higher mean levels.

Christrian BAKDTU Wind Energ{DK)
Title: Status ofthe National Wind Tinnel

Abstract:n/a.

Andreas FISCHERTU Wind Energ{DK)
Title: The acoustic measurement setup in the Poul la Cour Wind Tunnel

Abstract: The Poul La Cour Wind Tunnel provides the possibility to test aerofoils at high
Reynolds numbers. It can be configured in two differentiges: the aerodynamic and the
acoustic setup. This talk focuses on the acoustiaipetvhich is similar to the oneedreloped at
Virginia Tech. It consists of large Kevlar walls that allow the sound to propagate, but contain the
flow. The test section is surrounded by a large anechoic chamber where an 84 channel
Briel&Kjeer microphone array is located. Array data proogssechniques to extract the
aerofoil noise will be presented.




4 Session #1
Legal, Technical and Human Issues Regarding Wind
Turbine Noise

This session is about various aspects of wind turbine noise which directly impact the
residents and how they experience noise.

10



4.1 Adjustements in the regulation of wind turbine noise

Speaker: Jesper Mogensen, Ministry of Environment and Food of Den-
mark

Abstract:

The Danish EPA and the Ministry of Environment and Food are working on a number
of adjustments to the statutory order on noise from wind turbines. The technical adjust-
ments include a graduated penalty for clearly audible tones and differentiated sound in-
sulation values for summerhouse areas and residences. The technical adjustments also
include a correction to the calculation method for noise from offshore wind turbines
and the corrected method takes into account a contribution from multiple reflections at
sea. The adjustments also include a clarification of the transitional provisions applying
if the wind turbine is altered and thus emitting more noise as well as the possibility for
the authority to order the owner of an offshore turbine to make noise emission control
measurements.

Slides:

Adljustments in the
regulation of wind

turbine noise

WITU Acoustic day

17 May 2018
Jésper Mogensen

11



Outline

Téchnical adjustments
t Graduategbenalty for clearly audibtmes

T Differentiatedsound insulation values for summerhouse
areas ancesidences.

F Correction in thealculation method for noise from
offshore wind turbinesikinginto account a contribution
from multiple reflections aea

Legal adjustments
t Clarificatiorof the transitiongirovisions

T Possibilitfor theenvironmental authoritg order the
owner of an offshore turbine to make noise emission
control measurements

2/ Ministry of Environment and Food of Denmark / Adjustments in the regulation of wind turbine noise

The Statutoryorder 21736 december 21, 2015

+ Mandatory provisions

F Noise limits at 6 and 8 m/s for the total noise from all turbines
F Calculated noise levels
} Broadband noise
t Low frequency noise

F Annex with mandatory methods

+ Emission measurement methods (in general agreement with IEC1§1400
F Calculation methods (broadband and low frequency noise)
+ Downwind propagation from all turbines

F Calculation of low frequency level indoor using general sound insulation values
typicalDanish houses in open country

+ 5 dB penalty for clearly audible tones

F Transparent system, identically same procedure used for application and for conti

3/ Ministry of Environment and Food of Denmark / Adjustments in the regulation of wind turbine noise

12




Graduated penalty for clearly audible tones

F Well known Danish method made into a standard:
F DS/ISO 19962, 2.edition200706-20: part 2,AnnexC

¥ %ULWLVK 6WDQGDUG %6 p OHWKRGV IRU
DVVHVVLQJ LQGXVWULDO DQG FRPPHUFLDO VRX
(normative) Objective method for assessing the audibility of
tones in sound: Referemmethod

+ Measurement for wind speed3%m/s for at least 1 hour
F Atleast 1 spectrum below 6,0 m/s and 1 above 8,0 m/s
T Atleast 5 spectra 527 m/s
T Atleast 5 spectra?@,5 m/s

4/ Ministry of Environment and Food of Denmark / Adjustments in the regulation of wind turbine noise

¥ Sound insulation of dwellings at lowfrequencies 2 current values

T 1l4different dwellings, 26 measurements

$ Thechosen level implies that 67% of typical dwellings in Denmark have a better
sound insulation and 33% have a lower sesntation

5/ Ministry of Environment and Food of Denmark / Adjustments in the regulation of wind turbine noise

13



¥ Sound insulationat low frequencies 2new measurements

F New measurements in 16 houssubling the total data set

+ More precisdetermination of average and standard deviation for the low frequenc
sound insulation for Dani$louses

F Results:

F The sound insulation for lightweight summer houses are in the order of 5 dB lowe
than the average of all other measurements

+ Houses in the countryside do not have a lower sound insulation at low frequencie:
Danish houses in general

t Differentiated sound insulation valuegor summerhouse areas and residences

+ 67%percentile will give calculated low frequency levels for summer house areas il
order of 4,5 dB lower than for other residences.

6/ Ministry of Environment and Food of Denmark / Adjustments in the regulation of wind turbine noise

T Differentiated sound insulationvalues 2 Consequences ?

F Turbines 100 m total height or more within 2000 m from
summerhouse area: 1

F Turbines 100 m total height or more witB00m from
summerhouse ardd:

} Existing smaller turbines emitting low frequency noise:
F 750 kW turbines in Denmark: 697

F Only 7 within 50 1.000 m from summerhouse areas

} Big offshorevindfarmsclose to the coast (+ 4km):
small impact possible.

7 Ministry of Environment and Food of Denmark / Adjustments in the regulation of wind turbine noise

14




¥ Correction for multiple reflections at sea

8/ Ministry of Environment and Food of Denmark / Adjustments in the regulation of wind turbine noise

¥ Correction based on PEmodeling of sound propagation at sea

} PE 2calculations:
¥ Distances: 910 km
F Source height: 10, 20, 30, 50, 70, 100 m
1 Receiver height: 1,5 m
+ Wind speed 210 m/s
F Temperature 15° C
+ Temperature gradient: 0
t Surface impedance: infinite

9/ Ministry of Environment and Food of Denmark / Adjustments in the regulation of wind turbine noise

15




¥ Suggested correction for multiple reflections

10/ Ministry of Environment and Food of Denmark / Adjustments in the regulation of wind turbine noise.

11/ Ministry of Environment and Food of Denmark / Adjustments in the regulation of wind turbine noise.

16




Correction multiple reflectionsé m/s

12/ Ministry of Environment and Food of Denmark / Adjustments in the regulation of wind turbine noise

Adjustmentslegal provisions

F Possibility to order noise control measurements
F Wind turbines on land and offshore

F When a turbine is put into operation

$ Environmental supervision

¥ In connection with complaints

1 Transitional provisions

F For turbines regulated by earlier issued statutory orders a new application in
compliance with the newest statutory order must be submitted if the turbine is
changed in a way that results in an increase in noise emission.

} The date of transition for offshore turbines is defined by the permit to establish the
turbines issued by the Danish Energy Agency

13/ Ministry of Environment and Food of Denmark / Adjustments in the regulation of wind turbine noise

17




4.2 Low Frequency Sound Insulation (8-200Hz) - Mapping and
Improvement of Existing Houses

Speaker: Bo Sgndergaard, SWECO Denmark A/S
Co-authors: Claus Mgller Petersen and Bo Sgndergaard

Abstract:

The danish regulations for wind turbines includes noise criteria for low frequency
noise. In the regulations a set of standard data for the insertion loss of typical dan-
ish houses at frequencies from 8 Hz to 200 Hz are tabled for use in noise predictions.
In 2016 and 2017 two new investigations were initiated by the danish EPA on low
frequency (LF) sound insulation in buildings at the countryside in Denmark. Both
investigations are related to noise from wind turbines but the results can be used in
general. The purpose with first investigation - to establish a more precise determina-
tion on LF sound insulation in typical houses - was fulfilled due to a mapping in 16
houses/24 rooms, roughly a doubling of the former data. The purpose of the second
investigation was to establish new knowledge on how to improve LF sound insulation
in existing Danish houses in areas with wind turbines. This investigation includes: (1)
a literature survey to establish existing knowledge, (2) measurements and experiments
on 23 building constructions to investigate how to improve sound insulation on heavy
and lightweight facades by means of building elements and one experiment using a
room acoustic approach. Some of the conclusions are that it — in some cases — iS pos-
sible with traditional indoor sound re-isolation or by outdoor fagade sound-isolation to
improve the LF sound insulation significantly.

Slides:
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4.3 Annoyance from wind turbine noise? Review of wind turbine
noise studies of the last two decades

Speaker: Sabine von Hunerbein, University of Salford (UK)

Abstract:

In agreement with other environmental noise literature, most work on the annoyance
from wind turbines has focussed on noise. Notable work has been carried out in Swe-
den, the Netherlands, Japan, China, Canada and the US. Their results seem to show
that the noise from wind turbines starts to annoy at sound levels that are much lower
than that of other sources such as road or rail traffic. At the same time other factors
are identified that also correlate highly with annoyance ratings. The presentation will
critically review the evidence and raise the question whether it is time to shift the focus
from noise annoyance to a much broader view on the factors affecting the acceptance
of wind energy installations.

Slides:

Annoyance from wind turbine noise?
Review of wind turbine noise studies of

the last two decades

Sabine von Hinerbein, University of Salford, UK

28



Introduction

Growing body of literature (> 200) on wind energy impact
Majority of rejected planning applications due to noise
concerns

ODMRU pKHDOWK RXWFRPHY DQQR\DQ
Mostly related to wind turbine noise

Dose-response relations derived

Are they the best measures?

Annoyance definition

T Disturbance of activities (noise related)
T Emotional/attitudinal response
T Cognitive response

Guski, Schreckenberg, & Schuemer, 2017
https:/iwww.sciencesquared.eu/news/traffic-noise-more-merely-annoying-it-cause-serious-ill-health

29




Dose -response for
wind turbine noise?

http://rar ics.com/wind-turbine-sound/annoyance/

Common exposure measures

¥ L aeq, 10" €Quivalent A-weighted averaged sound level

t Lgen: 24 h time weighted average Ly,
+0 dB 7am-7pm, +5 dB 7-10pm, +10 dB 10pm-7am

T Lgn: 24 h time weighted average Ly,
+0 dB +10 dB 22.00-7.00

30




Common outcome measures

Verbal scales
1 Do not notice

% HA: Highly Annoyed

4 \ery

5 Extremely
9 Inaudible

1 Not at all

2 Notice, but not annoyed
3 Slightly annoyed
5 Extremely 4 Rather annoyed
5 Very annoyed
2 Slightly
- 3 Moderately
2 Slightly
o . 3 Moderately
Or any combination of sub-ratings 4 Very
% SA, MA, VA, EA: 5 Extremely
98 Refusal
99 Don't know

Dose-response studies

31




Sweden 2000/2005, NL

Annoyance question:
‘State for each nuisance
below if you notice or
are annoyed when you
spend time
outdoors/indoorsat your
dwelling: odour from
® industries, odour from

manure, flies, noise from

@ hay fans, noise from
wind turbines, railway

@ nhoise, road traffic noise,
lawn mowers.

o®®®

Canada

Annoyance question:

Thinking about the last 12 months, when yot
are at home, how much does noise from
road traffic/aircraft/ railways or trains/wind
turbinesbother, disturb or annoy you?

32




Japan

Annoyance question

Thinking about the last 12 months
or so, when you are here at home,
how much does each noise listed
below bother or annoy you?

road traffic noise/aircraft
noiseshinkansertrain noise/
conventional train noise/ noise
from factories/ construction
noise/wind turbine noise/other ()

China, 2015

Annoyance question:

Adapted from Sweden 2000:

Yo what extent are you annoyed
by ambient noise when you are
Jus }JE-M_

33




Study comparison

Percentage of participants
in exposure categories

34




China, 2015

T Residents very close to wind farms,
T Very complex terrain

T All wind turbines on hill-tops

¥ Predominantly long-term residents
T Not consulted

t Residents do not benefit

¥ Elderly population

Attitude towards local wind
project, US, 2016

1705
respondents
1/3 of large US
wind projects
included

Hoen, B., J. Firestone, J. Rand, D. Elliott, G. Hibner, J. Pohl, R. Wiser, E. Lantz (2018) Overall Analysis of
Attitudes of 1,705 Wind Power Project Neighbors. Lawrence Berkeley National Laboratory. Preliminary Results
Webinar. January 30, 2018.

35




US study focus

Central research question:

T What is your attitude toward the local wind
project now?

T Independent variables in 5 groups
1.Planning process/arrival into area
2.Related attitudes
3.Sensory perceptions
4.Project characteristics, compensation
5.Demographics

Attitude towards local wind
project, multivariate regression

Hoen, B., J. Firestone, J. Rand, D. Elliott, G. Hibner, J. Pohl, R. Wiser, E. Lantz (2018) Overall Analysis of
Attitudes of 1,705 Wind Power Project Neighbors. Lawrence Berkeley National Laboratory. Preliminary Results
Webinar. January 30, 2018.

36




Conclusions

T Dose-response relations do not describe
impact of wind power installations

T Many factors affect impact of wind energy
¥ Inclusion bias affects study outcomes

¥ Research into special sound properties of wind
turbines is needed

T Wind turbine noise concern remains one of the
most significant obstacles to project
development

Danish Wind Turbines in Copenhagen Harbour. Image credit: CGP Grey.
http://reversehomesickness.com/europe/wind-turbines-in-denmark/ | Europe | Pinterest

Comparative Spectra

37




Equal loudness
contours
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5 Session #2
#1 Continued & Industry Perspectives

This session is dedicated to wind turbine manufacturers and their activities concerning
noise issues for their products. Note that the first presentation by Lars Sgndergaard
belongs to the topics of Session #1.

39



5.1 Measurement at neighbor position
Speaker: Lars S. Sgndergaard, DELTA - a part of FORCE Technology

Abstract:

Project for the Danish EPA to investigate whether the current guidelines for measure-
ment of noise emission and noise propagation calculation from wind turbines described
in the Danish Statutory Order give an accurate noise contribution at residents and to
make measurements under conditions other than the Danish Statutory Order prescribes.

Slides:

DTU RIS@Acoustic Day 2018
17. May 2018

Measurement at neighbor position

- Noise measurements at wind turbines and neighbors
Nollundompared with calculations and legislation for nc
regulation

- Project for Danish Environmental Protection Agency

40



Background

Present regulation for wind turbine noise in DeBEBKA’36)
Sound power level measurements
6 and 8 m/s
Downwind wind direction
Calculation of noise levekahbors
Frequent questions / statements:
+ K\ GRQIW \RX PHDVXUH WKH QRLVH ZKHUH ZH
+ Why do you measure in / assume downwind wind direction?
+ Why do you only measure at 6 and 8 m/s
+ The level of low frequency noise are higher than you calculate!

+ + + +

Primarypurposeguestions

Aretheresystematidifferencelsetweemeasuremenasdcalculatiof?spothat
downwinds-8 m/s and othesituations, outdoor ardbor

Doesthemwindspeedshan6 and 8 m/s give

+ Othenois@

+ More prominent tones?

+ More lovirequencyois€
Doesthemwinddirectiothandownwinfiom turbine teighbogive

+ Morenois@

+ More prominent tones?

+ More loirequencyois@
(Carnwindurbinenoisebemeasurethneighbadistance?)

41




Strategy

Site andeighborshoserandcontactetly Danish EPA
Neighborsfferedoberelocatetbr a timperiod

Initial visit feighbors
+ Neighbors has pointed out relevant measurement positions indoors
+ Neighbors has provided their perception of the wind turbine noise

Measurement®W ODUJH QXPEHU RI PHDVXUHPHQW
Measurementmth close to the turbines, in a medium position and at neighl
ensure usable sigttahoise ratio

Largevariation of wind speed and wind direction

Calculationisoth according to BEK 1736 and Nord2000

Site 2Nollund at Grindsted

3x V112 3 MW

42




Neighboto southeastWT1 P3

Neighboto north WT2 P3

43




Neighboto southwestWT3 P3

Large amount of synchronized equipment

X 6 + X3 + X6 + X3

Plus data from turbines (produced power, nacelle wind speed, generator RPM and wir

44




Challenges

Arrangementgoordination of
+ equipment
weather
+ manpower
+ access (neighbours)
Large amount of equipment
+ Calibration
+ Insurance

Desire to measure over multiple
continues days

+ No rain
+ Many different wind speeds
+ Many different wind directions

I+

DK closely populatedackground

noise

Temperature <0 degrees
Domestic animals

Weatheduringthemeasurements

8. december 2016 810 1TC 85-99 %
-10-3°C 57-92%
12-5°C 80-90 %

2/8-8/8 10161017 hPa
4/8-8/8 990-1000 hPa
0/8-7/8 990-1020 hPa
0/8-6/8 1020 1040hPa
0/8-8/8 1030-1040 hPa
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Control of turbine load

Canwindturbinenoisebe measuredt
neighbor®
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Canwindturbinenoisebe measuredtneighbor®

https:/imww2.mst.di/Udgiv/publikationer/201878803867.pdf

015_Rapport_nr28_T

Measurementsomparedo calculationsBEK 1736
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Nord2000 scenarios

Cloud cover [1/8] 6
Wind speed 10m [m/s] 96
Wind dir. [deg.] 294
Temperature [deg.] 5
Humidity [%

0
Cloud cover [1/8] 0

Wind speed 10m [mis] 6.4

Wind dir. [deg.] 355

0

Temperature [deg.

Humidity [% 63

S T I A O I A
1 1 3 4 7 6 6 0

10.8

3

5

8.4

329

4

43

8.6

222

4

39

14

5

85

8.4

355

4

4.0

56

8.8
349

4

5.4
179
-8

87

87
345

4

6.1
171
7

80

72
348

4

6.3
170
4

68

7.0
346

-1

70 74 70 68 69 69 69 73 55
1 5 5 0 0 0 0 8

6.6

175

-3

70

Measurementsomparedo calculationsBEK 1736
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Measurementsomparedo calculationsBEK 1736

Measurementsomparedo calculationsBEK 1736
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Does other wind speeds than 6 and 8 m/s and/or other wind
directions than downwind give more prominent tones?

9001800 Hz

Summary

Good consistency between measured and calculated noise lev&l§.(@@H0and
10 +160 Hz), and no systematic differences are observed

Difficult to measure wind turbine noise at neighbor position (due to background nc
Other wind speeds than 6 and 8 m/s
+ The Awveighted noise level corresponds to what can be calculated on the basis
measured sound power levels for the wind turbines for other wind speeds thai
m/s.
+ Eventual tones in the noise from the turbines are not necessarily most audible
wind speeds 6 and 8 m/s. More audible tones are observed at lower wind spe
Other wind directions than downwind
+ For the examined wind directions higher noise level are not observed when cc
downwind with other wind directions.
+ Eventual tones in the noise from the turbines can be more audible in other wir
directions than downwind.
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Ideas for futurevork

Large dataset Can always haalyzedore / correlations
investigated
Amplitude Modulation
+ 1 of 9 outdoor mic positoredyzetbr AM
+ Analyzedemaining 8 positions
+ Correlation between nearfieléadieldAM?
* Indoor AM?
Tonality
* Significance of day/night time?
+ Correlation with local wind speed (10 m met mast)

Thankyoufor yourattention

Question8
Danish EP#&port Internoisg017:
https://w mst.dk/Udgi pdf
http://asset: rare/Akustik/Wind_turbine_noise_at_neighbor_dwellings%2C_comparing_caihmsittipdt

51




5.2 Developments in acoustics at Vestas Wind Systems A/S

Speaker: Jérémy Hurault, Vestas Wind Systems A/S
Co-authors: Jérémy Hurault, Kaj Dam Madsen, Mohammad Kamruzzaman and Francesco

Grasso

Abstract:
The presentation will hold a short introduction on the perspectives and then a more
detailed presentation on aero-acoustic developments.

Slides:

Developments in acoustics at Vestas Wind Systems A/S

Jeremy Hurault, Kaj Dam Madsen, Mohammad Kamruzzaman and Francesco Grasso
Vestas Wind Systems A/S

ACOUSTIC DAY at DTU RIS@ CAMPUS
Thursday, May 17th, 2018
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Outline
1. Vestas, the global leader in wind technology

2. Low CoE, Low Noise Turbines

3. Designing for Low Noise Aeroacoustics:
Optimal trade-off between tip speed and PowerTrain lay-out
. Airfoils optimised for both Aerodynamics an Acoustics

Sound reducing blade add-ons (Serrated Trailing Edges)

>N e

Prediction and Validation

4. Conclusion

The global
leader in wind
technology
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Vestas in brief

The only global wind energy company

p511

+ 23,300

We employ more than
23,300 people worldwide
and have more than 35

+38,892

We have a total of
38,892 combined
turbines under service,

+ 63,500

We have more than
63,500 turbines or 90
GW of installed wind

Y, EQ

9HVWDVY UHOHQXH IR
was EUR 10,0bn

years of experience with or around 76 GW

wind energy

4 Corporate Slide Deck Q4/2017 (Public)

power capacity in 77
countries worldwide
spanning six continents

Versatile solutions for any wind energy project

Ongoing innovation from the undisputed global wind leader

2 MW PLATFORM

4 MW PLATFORM

PRODUCT- V9020 Vi vio- or viz0 V105 vtz 17 vz vize- 136 vizs- viso.
CAPACITY MW 20MWs  20MWs  20MWE  20MWGE ISMUE LASNWE SASMWE 3 MWE IASMVE S4MWE AZMWE 43 MW E
2014 2013 2018 201 2016 2018
PROTOTYPE 2004 2000 2014 2017 2018 2013 013 2018
Installed* Installed**
40 GW 17 GW

* As of 9 November 2017, incuding VEO-
“* As of 9 November 2017, Including V112- 0
Not shown: V80-3.0 MW, consitting 8 GW

1RW VKRZQ u2WKHUT WXUELQH PRGHOV FRQVWLWXWLQJ

0.E D0G 9 0:E
«

5 Corporate Slide Deck Q4/2017 (Public)

16/05/2018
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Technology strategy and solutions

Technology evolution

viozowmw vizomw vite20mw itz vizozoww iz ize3s V136345 MW visse2hw visoaz v
[I0)
6  Corporate Slide Deck Q4/2017 (Public) 16/05/2018

Innovating to lower the cost of energy
Delivering value every step of the way

Profitably bringing market-driven, innovative solutions to our
customers.

Custom configurations based on modularised building blocks.

Broad and flexible product portfolio to precisely meet the unique
needs of every site.

Collaboration with external partners to develop innovative
solutions and integrate external technologies in new ways.

7 16/05/2018
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Controlled unfolding of 4 MW platform potential

More annual energy production from same trusted platform

3.0 MW 3.3 MW 3.45 MW 3.45/4.2 MW
saddton of 42w Up to
nominal rating varants
‘#Upgrade to 3.3 MW nominal 3Upgrade 10 3.45 MW #New rotor: 150 m 560/0
Wind 4Fist Vestas 3 MW WTG rating romialraing Niew segment tropical
— few ro! class.
New otors: 105m, 117m, 126m e e K AEP increase
Optimised Mode. AN since 2010
Tropical /strong wind Platform name updated to
amw

V117- 0:E
High wind V105~ 0:E V105: 0:E V105 0:E
V112 0:E
V112-
Vi 0@ 0 v o -2.5dB
Medium wind Vi 0:E Vi 0@ Vo 0w V136 4.2MW
Vi 0@ s o@ compared to
Vase o 0E V112 3.0 MW
Low wind Vi26-  0:E V136- 0:E Vize-  0:E \ Since 2010°
o V150- 0:E

Ve f vuncemens 2010 201213 2015 SN 2017
N S

Announced Q2/2017

9 Corporate Slide Deck Q4/2017 (Public)

56




V136- 0:E 7XUELQH 9DULDQW

High production at industry leading sound power levels

Segment
leading low More Torque

Sound Power Upgraded gearbox powering lower rotor rotational
Level speed, enabling enhanced project specific siteability

More Power
Upgraded generator to 4.0 MW nominal
rating with 4.2 MW Power Optimised Mode

Low Sound Power —
Segment leading sound power .
level at 103.9 dB(A) -L.6 dB(A)

compared o
V136.3.4

Tower Portfolio
+ 150-230m
tip height. Option for site
specific towers

*Compared to V136-3.45 MW. Depending on wind condition

Classification: Restricted

V150- 0:E& 7XUELQH 9DULDQW

Highest yielding onshore low wind turbine in the industry

Segment
leading Larger Swept Area

Blade length increased to 73.7 m using Vestas
Production / most advanced aerofoil design and materials
Upto 241

m tip height

Energy

Higher Energy Production
Combined with increase in capacity factor

Maximum

104.9

dB(A)

Reduced Sound Power Levels
Segment leading energy production
combined with very low 104.9 dB(A)

Tower Portfolio
+ Site specific tower portfolio to meet tip heights ranging from

180-241 meter leveraging industry leading 166 m hub height

“Compared to V136-3.45 MW. Depending on wind condition

Classification: Restricted
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Designing for Low Noise

Aeroacoustics:
1. Optimal trade-off between tip speed and PowerTrain lay-out

Airfoils optimized for both Aerodynamics an Acoustics

2
3. Sound reducing blade add-ons (Serrated Trailing Edges)
4

Prediction and Validation

1. Optimal trade-off between tip speed and PowerTrain lay-out

¥ Tip speed, correlated with noise
emission ~U"

¥4 But, low tip speed means higher
drive train cost (higher torque to
transmit)

¥ System approach to carefully
select tip speed for Low cost of
Energy and Maintain noise
emission below target
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2. Rotor Design for Aerodynamic Noise Performance

T Blade shape design by gradient based optimizer:

f Blade design based on Vestas optimised airfoils:

F Airfoil design and selection
« Multi Diciplinary Optimization
« Simulation and extensive wind tunnel testing
« Building on extensive experience and database

2. Rotor Design for Aerodynamic Noise Performance

Design for performance Design for structure Design for noise

Multi-Disciplinary
Optimization

[ |
. . ¥ Variable order Bspline control points
+ Gradient based algorithm
$ Multi-objective
+ Multi-point
1 Multi-fidelity
+ High aerodynamic efficiency
+ Low TBITE noise emission
F 33 different constraints covering:
o Geometry
o Manufacturing
15 o Aerodynamics
0 Acoustics
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3. Serrations for Reduction of Trailing Edge Noise

Typical wind turbine noise spectrum, without mechanical noise

F For a typical MW class wind turbine, Trailing Edge noise is the dominant
noise source

} TE noise can be addressed by application of serrations

Key Parameters for Efficient Serration Design

Incoming
turbulent eddy Angle between flow
and STE edge
T
Blade %
with STE S
-
Width
(1) (2 3)

1. Serration dimensions H to local turbulence scale ratio (Howe: H~BL thickness,
St=w h/Uc>>1)

2. Serration length H to width \lambda ratio and (Howe: HAlambda > 1)
3. The angle between local flow direction and serration edge (Howe: \phi < 45deg)

10 6 +RZMwdoth WUDLOLQJ HI3AUD BAVAN, Vol. 90, No.1 July 1991
20 6 +RZH *SHURG\QDPLF QRLVH RI D VHUSBHWBGME(BIALQI HGIH - )JOXLGV
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Virginia Tech(VT) Stability wind tunnel

Test set-up description

%o Specific wall treatment and foam to minimize background noise
%o Good signal to noise ratio up to Re=4m/Ma=0.21
%o Very low inflow turbulence T1<0.03%

Full scale wind turbine validation

Wind tunnel design guidelines transferred to full scale blades

%o Best compromise in terms of noise reduction and loads management derived from wind
tunnel experiments

%o Design adapted for 3D full scale blade

Serration prototypes
have been installed on
various Vestas turbines\

Vestas FB page, V136

%o One microphone IEC sound power measurement with and without serrations at several noise
modes
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STE Noise Reduction Performance Gen 1: V126 3.3 MW

18 ol .
= T ¥ More th{in gdB(A) rledulctlon' were
g found with first design iteration
%
<
o
—=—Exp. V126-3.3MW, Case-A
—a—EXxp. V12§-3.3M , Case-A, with STE

Vh [m/s]

} Efficient reduction at peak
frequency by 4 dB(A)

STE Noise Reduction Performance Gen 2: V112-3.3MW

Improyed STE design
<

Im
e}
N
= ’_k‘\.\\ 1 -1dB further reduction with
Pt / Aol improved STE design method
% o P T T leads to -3dB reduction with
a /" DAY S Vestas turbines
2 ST Bl
o
Vh[m/s] <
I o
o
wn

F New Gen 2 serrations
provides >5dBA in some
frequency band around peak
noise
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4., Aeroacoustic Prediction and Validation

Semi/-Empirical Models

| simplified Analytical Models )
Coupling of

Aerod i
|\_'22ED_B.a.iﬂAi_Mr;tlm.dsﬁ erodynamic
v

tools to noise
prediction tools
1 Airfoil level
1 Rotor level

[HerigPhD2010]

[KamruzzamanPhD2011]

Rotor Noise Simulation: Validation & Assessment

M L
[m] [m]

V126 33MW  126m 116m IEC 3A
v112 33MW  112m 116m IEC 2B
V136-3.45MW  136m 116m IEC 2A
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V126 3.3MW: Exp. vs Sim., OASPL

et

—

2dB _/If/ —

/ Good agreement
y. measurement for

bet
max. 1

n simulation an
oise level at rate

o =

power,

OASPL [dB(A)]

-=EXp. V126-3.3MW|

Case-

-e-Simulation V126-3.3MW, Case-A
Vh [m/s]
24
V112 3.3MW: Exp. vs Sim., OASPL
Good |agreement b n simulation
and measurement for max. noise
2dB level at rated power.
= — -
—
— i —y

/I

OASPL [dB(A)]

/ N
A is-not-as-good-as rated

Agreement is-not as-go rat =Exp. (Site-1
/- ower at|low & high wind speeds mExb (Sited

), V112-3.3MW, [Case-C
), V112-3.3MW, Case-C

-e-Simulation,

V112-3.8MW, Case-C

Vh[mis]
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V112 3.3MW: Exp. vs Sim., Noise Spectra

1/3rd octave [dB(A)]

—m—Exp. (Site-1), V112-3.3MW, Case-C, 9m/s
—e—Simulation, V112-3.3MW, Case-C, 9m/s
- & -Simulation V112-3.3MW, Case-C, 9m/s, with Atmospheric Attn. Model

Frequency [Hz]

F Good agreement at all frequencies
¥ Atmospheric attenuation model is required for a good fit
2 at high frequency although little impact the OASPL

V136 3.45MW: Exp. vs Sim. OASPL

— —4

F —

| 2a8 )y

Lw WTG [dB(A)]

—4=V136 3.45 MW Osterild Measurement

——V/136 3.45MW simulation

Vh [m/s]

F Simulation is within +/- 0.5dB of the measurement for available wind speed
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Serration History and Background at Vestas

Local flow

P Future new
optimization for technology
better noise providing
reduction (V136 & greaternoise

future turbines)

reduction
2016
Application for
all Vestas
Turbines

Full Scale 2015 .
Concept -3dBA reduction
Test V117 .

First  Feb. 2014 -2dBA reduction

Serration
Wind o
Tunnel
Test
2012 °
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Conclusion

¥4 Vestas has been extensively taking into account aeroacoustics noise source in
WTG design since 2012

% The 3 key axis of this strategy are:
1. Optimal trade-off between tip speed and PowerTrain lay-out
2. Airfoils optimized for both Aerodynamics an Acoustics

3. Sound reducing blade add-ons (Serrated Trailing Edges)

% An aeroacoustic noise prediction tool has been developed to support development
and research into next generation quiet wind turbines

+ Good agreement between simulation vs measurement are found

$ Predicted overall sound power level (OASPL) at the rated power region is within +0.5dB
uncertainty range.

% This serration add-ons has been developed and validated for all Vestas turbines,
up to 3dBA noise reduction at the rated power

¥ Vestas will keep developing low noise rotor further, utilizing low noise airfoils and
add-ons technology

CopyrightNoice

vademarks No prt of thecocuments by
Such as raphic. alctonc, aging, o

o Youmay notaer or Py
DV LV" DQG SHVWDV LQG BIVWHPY § 6 VKDOO QRW KDYH DQI UHVSRQVLEDRMS BV LDELOLWL ZKDWVRHYHU IRU WKH UHVXOWY RI XVH RI WKH G
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5.3 Developments in wind turbine noise: limitations and opportu-
nities
Speaker: Tomas R. Hansen, Siemens Gamesa Renewable Energy A/S

Abstract:

Noise from wind turbines is one of the constraining factors for how many wind turbines
will be built in the future and thereby how much clean energy we can produce by use
of onshore wind turbines. What will be the important factors to ensure turbines also
in the future? Which are the limitations Siemens-Gamesa sees in the market related to
noise and how do we react to this?

Slides:

Developments in wind turbine noise:
Limitations and opportunities

17 May 2018
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Limitations and opportunities
Limitations

¥ Noise regulations are becoming more and more detailed and setting up more strict regulations for wind
turbine noise in order to protect neighbors.

T At SiemensGamesa see this as a necessary and positive development to secure a stable market in the
future and ensure further development of clean and sustainable energy

¥ In some onshore markets 20 to 40% of all turbines are noise reduced
¥ This result in substantial loss of power output from the turbines

Therefore development of low noise technology have a high priority for SiemensGamesa

emens Gamesa Renewable Energy A/S

Tomas R. Hansen, 17.05.2018

Developments in low noise technology

Low noise technology is a wide range of developments in the turbine
We are working in 3 main areas:

Noise reduction at the source:

t Blade design

1 Blade add-on

But also a wider perspective on the wind turbine noise:
¥ Control features
1 Turbine level

¥ Park level

smens Gamesa Renewable Energy A/S

Tomas R. Hansen, 17.05.2018
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Air absorption and frequency spectrum +example

Dino tails and vortex generators

Sound Power spectrum of a 101 m
rotor with and without DinoTails and
H[WUD 9*1V

A-weighted Sound Power Level
reduced

Lya= -1.10B

Tomas R. Hansen, 17.05.2018

Air absorption and frequency spectrum +example

Due to air absorption the positive influence of the changed shape of the spectrum increases with
increasing distanced to the turbine it influence Ly,

A-weighted Sound Power Level, Ly,: -1.1 dB

The Add-on kit influence in neighbor locations (ISO 9613-1:1993, 10 °C, 80 % RH, 1 ATM)
1500 m, Ly -2.4dB

+1000m,L,,: -3.0dB

1 2000m,L,,: -3.8dB

‘H GR KDYH WZR H[DPSOHV LQ '. ZKHUH WKH FRVWXPHU GRQYW QHHG

In one case 6 turbines were changed from -3 dB setting to standard setting using this effect
This is real noise reduction at the receiver position!

smens Gamesa Renewable Energy A/S

Tomas R. Hansen, 17.05.2018
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SiemensGamesa DinoTails

Flap with serrated trailing edge

¥ Applied to outer part of the blade

$ DinoTails introduced by Siemens around 2002
} Reduce noise and increase power output

F Serrations are now industry state-of-the-art

Can we do even better than DinoTails?
1 Yes we can -

nens Gamesa Renewable Energy AIS

Tomas R. Hansen, 17.05.2018

DinoTail Next Generation

Inspiration from the silent flight of the owl
T Owis fly much quieter than other birds

¥ Low-noise wing technology

F Can we apply this to wind turbine blades?

New concept: combed teeth

s Gamesa Renewable Energy AIS

Tomas R. Hansen, 17.05.2018
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Design and performance

Advanced design and validation methods

} Optimized for acoustics, performance and structural integrity

+ Numerical computations, wind tunnel and field testing

T DinoTail-NG shows substantial noise reduction at all wind speeds
¥ No adverse effects on aerodynamic performance

Gamesa Renewable Energy A/S

Tomas R. Hansen, 17.05.2018

Comparison of noise spectra of 3 modern turbines

3 turbines from our product portfolio
Rotor size between 110 and 135 m.

Different blade design philosophy
and different add-on

$106.0 dB is the smallest and
oldest rotor

1106,1 dB is the largest rotor but
different blade design and add on

$107 is the most modern rotor and
conservative in number and
spectral shape

Gamesa Renewable Energy A/S

Tomas R. Hansen, 17.05.2018
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Comparison of noise spectra of 3 modern  turbines

Results

¥ 5 turbines in a row

f noise limit 40 dB (Sweden)

1 Spectra not normalized to equal level

The noise looks almost similar but some
important differences occur while looking
closely at the lines:

Tomas R. Hansen, 17.05.2018

Comparison of noise spectra of 3 modern  turbines

Results

¥ 5 turbines in a row

f noise limit 40 dB (Sweden)

1 Spectra not normalized to equal level

The noise looks almost similar but some

important differences occur while looking

closely at the lines:

¥ The 107.0 dB turbine do have the
lowest noise impact at the receiver
position

¥ Noise limit is 48 m further away for the
106.1 dB turbine

Tomas R. Hansen, 17.05.2018
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Conclusions and outlook

DinoTail Next Generation has pushed the
state -of -the -art

¥ Design inspired by low noise flight of the owl
F Substantial noise reduction
T No adverse effects on performance

¥ Applied to most onshore SiemensGamesa
turbines

Noise levels at receiver position is more
important than ever

} Several markets use more advanced
propagation models

F We are pushing the limits for power produced
within noise limits

¥ Advanced control features will squeeze even
more energy out of the turbines

Tomas R. Hansen, 17.05.2018

Our mission:

We make real what matters +Clean energy for
generations to come

Tomas R. Hansen, 17.05.2018
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Thanks

17 May 2018

Tomas R. Hansen, 17.05.2018
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6 Session #3
Recent Research Advancements

This session is dedicated to research efforts currently undertaken at DTU Wind Energy
related to wind turbine noise. This efforts span from wind tunnel and field measure-
ments to modelling of aerodynamic noise sources and sound propagation.
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6.1 Cross-Cutting Activities and Wind Turbine Noise
Speaker: Franck Bertagnolio, DTU Wind Energy

Abstract:

In this presentation, self-financed research activities (so-called CCA) currently con-
ducted at DTU Wind Energy on a Vestas V52 test turbine are described with focus on
measurements related to noise. Furthermore, some measurements are compared with
the HAWC2-noise model which combines the well-known aeroelastic and load predic-
tion code with a recently implemented noise module. Some features of the software
are also presented.

Slides:
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6.2 Statistical prediction of far-field wind turbine noise, with prob-
abilistic characterization of atmospheric stability

Speaker: Mark Kelly, DTU Wind Energy
Co-authors: Mark Kelly, Emre Barlas and Andrey Sogachev

Abstract:
Here we provide statistical low-order characterization of noise propagation from a sin-
gle wind turbine, as affected by mutually interacting turbine wake and environmental
conditions. This is accomplished via a probabilistic model, applied to an ensemble of
atmospheric conditions based upon atmospheric stability; the latter follows from the
basic form for stability distributions established by Kelly and Gryning (2010). For
each condition, a parabolic-equation acoustic propagation model is driven by an at-
mospheric boundary-layer ("ABL") flow model; the latter solves Reynolds-Averaged
Navier-Stokes equations of momentum and temperature, including the effects of stabil-
ity and ABL depth, along with the drag due to the wind turbine. Sound levels are found
to be highest downwind for modestly stable conditions not atypical of mid-latitude cli-
mates, and noise levels are less elevated for very stable conditions, depending on ABL
depth.

The probabilistic modelling gives both the long-term mean and rms noise level as
a function of distance, per site-specific atmospheric stability statistics. The variability
increases with the distance; for distances beyond 3 km downwind, this variability is
the highest for stability distributions that are modestly dominated by stable conditions.
However, mean noise levels depend on the widths of the stable and unstable parts of
the stability distribution, with more stably-dominated climates leading to higher mean
levels.

Slides:
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6.3 Recent developments in noise propagation modelling

Speaker: Wen Zhong Shen, DTU Wind Energy
Co-authors: Wen Zhong Shen, Emre Barlas and Wei Jun Zhu

Abstract:

Wind turbine noise from source to receiver is a complicated process, which is influ-
enced by atmospheric conditions and turbine operation conditions. This talk sum-
marizes the recent developments at DTU in modelling the noise propagation process
which include the coupling modelling of atmospheric flow, wind turbine wake flow,
noise source and noise propagation, as well as the moving source strategy.

Slides:
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6.4 Status of the National Wind Tunnel: The Poul la Cour Tunnel
Speaker: Christian Bak, DTU Wind Energy

Abstract:
N/A.

Slides:
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6.5 The Acoustic Measurement Setup in the Poul la Cour Wind
Tunnel

Speaker: Andreas Fischer, DTU Wind Energy

Co-authors: Andreas Fischer, Oliver Ackermann Lylloff, Efren Fernandez Grande,
Christian Bak, Robert Mikkelsen, Sigurd Lundsgaard Illdvedsen, Mac Gaunaa, Anders
Olsen, Niels Sprensen, Christian Grinderslev and Jimmie Beckerlee

Abstract:

The Poul La Cour Wind Tunnel provides the possibility to test aerofoils at high Reynolds
numbers. It can be configured in two different set-ups: the aerodynamic and the acous-

tic setup. This talk focuses on the acoustic set-up which is similar to the one developed

at Virginia Tech. It consists of large Kevlar walls that allow the sound to propagate, but

contain the flow. The test section is surrounded by a large anechoic chamber where an

84 channel Briiel&Kjar microphone array is located. Array data processing techniques

to extract the aerofoil noise will be presented.

Slides:
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7 Conclusions

Approximately 60 persons attended the Wind Turbine Acoustic Day 2018. Although
the event is only advertised in Denmark and aimed at the Danish wind turbine noise
community primarily, there were a few participants from abroad (e.g. UK, Japan and
USA).

Between the sessions at coffee breaks, attendees had the opportunity to meet and
discuss with each other. The organizers hope that this event helps create a better syn-
ergy within the wind turbine noise community.

After the presentations, the participants had the opportunity to visit the newly built
‘Poul 1a Cour’ National Wind Tunnel facility located at DTU-Risg Campus.

The next edition of the Acoustic Day should take place in 2020. The organizer will
contact attendees of this year’s edition in the very near future, and try to collect their
impressions and suggestions on how to improve this event.
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DTU Wind Energy is a department of the Technical University of Denmark with
a unique integration of research, education, innovation and public/private sector
consulting in the field of wind energy. Our activities develop new opportunities
and technology for the global and Danish exploitation of wind energy. Research
focuses on key technical-scientific fields, which are central for the development,
innovation and use of wind energy and provides the basis for advanced educa-
tion at the education.

We have more than 230 staff members of which approximately 60 are PhD stu-
dents. Research is conducted within 9 research programmes organized into
three main topics: Wind energy systems, Wind turbine technology and Basics
for wind energy.
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