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ABSTRACT

This paper investigates the accuracy of wind turbine noise predictions umdgtandard meteorological
conditions. It reviews studies into the influence of meteorological variables on noise emission and
propagation. In particular, it presents recent extended wind farm noise measurements undertaken by the
authors to investigate theffects of periods of higher wind shear on noise propagation. Wind turbine noise
levels were measuredatocation 1150 m frora wind farm where wind sheaassimultaneously monitored.

It is found thatvind sheatendsto have a negligible influence onise propagation for the range of opirgit
conditions of the wind farnThe influence of wind direction on noise levels at the monitoring location was
found to be much larger than that of wind shear.
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1. INTRODUCTION

Noise is a common community concern during planning assessments for wind farms, and the
accuracy of wind farm noise predictions is sometimes questidr@ctors oféen raised and said to
increase the noise level from the wind farm includeteorological conditions such as higher wind
shear, temperature inversions and turbulence.

The authors have previously shown that prediction methods used for wind turbine noigke prov
suitable accuracy, ondepographicaleffects are accounted fot)( While conditions such as wind
shear and temperature inversions are known to increase noise propagation downwind from sources
near ground heighthis influence of these conditions avind turbinenoise is less clear. There is
reason to believe that the propagation of wind turbine noise under vangtaprologicakonditions
may not match that of typical sources, as they are much higher above the ground and also provide
turbulent mixirg of the atmosphere downwind of the turbinelsich may disrupt stable conditions
conducive to noise propagation

This paperprimarily focuses on the assessmenttioé influence of wind shear oa data set
measured over a period of 8 months near a langdige array of wind turbines, with conclusions from
this analysis compared to previous findings regarding wind shear, turbulence and propagation model
accuracy.

1.1  Wind shear

Wind shear refers to the change in wind speed with height. An equation usgurdaiamate wind
shear at a site is the empirically developed power law, given by Equation (1).

Vi :\/2(H1/H2)a 1)

WhereV; andV, refer to the wind speed aeightsH; andH, respectively, andlis the power law
exponent.

Typical average daytime UW#es of the power law exponent range from 0.1 over smooth, hard
ground to 0.4 in urban areas with tall buildin@3. (Wind shear is highest during stable atmospheric
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conditions B).

The propagation of sound downwind from sources such as traffic has heehtfbincrease under
periods of higher wind shear, due to the bending of sound waves back towards the gjound (

Previous studies on the influence of wind shear on the propagation of wind turbirehages
suggested that the influence is not as greatind turbine sources as it is for sources located near the
ground.Sgndergaards) f ound that wind shear was fiwithout an
from wind turbines under Danish conditignghile Evans §) found a small possible increaselaw
frequency noise generation at the source, but no increase in noise levels in the farmieldaper
investigates whether these findings are supported in a new larger data set.

2. MEASUREMENT SITE AND AVAILABLE DATA

The data used for this assessin@as gathered continuously over a period of 8 months at a location
approximately 150 metres from the nearest wind turbine. The wind farm is a large flat site with
modern turbines rated approximately3 MW capacity each. The turbines are located imid kike
pattern, so that the turbines typically operate in the wakes of other turbireddition to the nearest
turbine atapproximatelyl150 metres, there aoxer 25turbines within3 kilometres of thenonitoring
location

A Type 1l Bruel and KjaeR250sound level meter was used to acquire the noise data, with overall
descriptors and third octave band spectrums stordd minute intervalgor the full duration of the
test. Continuous audio data was also stored for thefimsdnths of theneasuements, which allowed
later review of the noise sourcdsatwere controlling the measurements.

The aim of these measurements was specifically to measure the level of wind turbine noise and so
it was possible to select an ideal site for this purpose ralla@rlocating the monitoring equipment at
a residence where there are more extraneous noise sources. The monitoring station was positioned in
the center of a paddock more than 100 m from any significant vegetatimare the noise level was
typically controlled by wind turbine noise rather than vegetation nol$ere were no major roads or
industrial sources anywhere in the vicinity of the monitoring location.

The microphone was protected from wind induced noise usingstommulti-layered 700 mm
diameer wind shield. The windshield was originally developed for the purposes of measuring
infrasound outdoors, buirovides a 7 dB(A) improvement over wind induced noise generated by a
standard 90 mm wind shield at any given wind speed, with negligible insdoiss up to a frequency
of 12.5 kHz. Measurements of local wind speed adjacent to and at the same height as the wind shield
indicated that wind induced noise on the microphone did not influence any of-theighted noise
measurements.

The hub haght 10-minute average wind speed and direction datasugplied by the site operator
at all of the wind turbines and met masts located at theAde supplied was the wind speed data at
approximately half the met mast height to allow the calculatfamind shear during themmeasurements,
rainfall at all of the met masts, and turbine operation data.

Wind shear was determined using w&kee wind speed data obtained from a set of meteorological
masts at the site. Wind speeds measured ahleitht andapproximately half this height were used to
determine the wind shear power exponent for everynifute period during the measurements.

3. EXCLUSION OF EXTRANEOUS NOISE

It is known that wind shear isormally greater during the night than daytime, such thay a
difference in day and night timextraneousoise willadversely affect the analysis of the influence of
wind shear on wind turbine noise levels at the monitoring location. For this reason it was important
that noise from the extraneous sources wasadited.

The analysis was conservative in the exclusion of possible extraneous noise, erring on the side of
deleting too many data points, than potentially leaving some that may be extrahethes case of
excluding rainfall, the measurement point waseded if rain was recorded at any of the sites met masts
during that 10 minute period, at any of the masti® the ten minute period before or afterwards.

It was impractical to exclude all periods where one or more turbine on the site was not in aperatio
as on a large site it is rare for every single turbine to be running. Exclusions based on just the number
of operating turbines are also not ideal, asdperableturbines on the far side of the site will have no
impact on noise levels, while tlsdutcdown of the2 nearest turbines will noticeably reduce noise levels
at the monitoring location.
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The exclusion of periods due to noperation of turbines was therefore based on both the
operational data provided for each of the turbiaeda noise modelThe model of the site was created
in SoundPlan 7.3 with predictions undertaken using the 1ISO-26h8thodassuming 50% absorptive
ground G=0.5), and thenoise level predicted at the monitoring location from each individual wind
turbine.Theoperational deawasused to determine which of the turbines were running during a given
10 minute period, with total noise level from the wind turbines running during that 10 minute period
calculated. If the noise level during that 10 minute period was predictednmieethan 0.5 dB below
the level with all turbines runninghen that 10 minute period was discarded.

While the monitoring location was away from all road, industrial and vegetation noise sdbheces
analysis of the data indicated significant pesoshere both frog and cricket noise was dominant,
rather than wind turbine nois&€his was confirmedby listening totheaudio stored by the meter.

Several methods for excluding the extraneous frog and cricket noise were trialed, with the most
effective bund to be a comparison of energy in the mid frequency third octave bathsimher
frequencies where the frog and cricked noise were dominant (1.6 kHz to 5 kHz). If the energy in the
higher frequency third octave bands wera at leastt dB below theenergy in the mid frequency
bands that measurement wadgedaffected by the frog / cricket noise and so discarded. The accuracy
of this exclusion method was tested through comparagainst exclusion based on the subjective
review of the audio in 1,500f the10 minute measuremenasd the results found to be excellent.

Figurel shows the total data set gathered during the 8 months of measurements, the data remaining
following exclusion of rain and the newperation of turbies, and the final data set which based on the
third octave spectrum is turbine noise controlled. This turbine noise controlled data set was then used
for the analysis of the influence of wind shear on the wind farm noise level at the monitoring location.
Note that the wind speed used in this figure and the other figures in this paper is the average wind
speed taken from the nacelle of the nearest five turbines to the monitoring location. As would be
expected, the wind speed from the nearest turbines prewdeetter correlation to the wind turbine
noise levels than a met mast located some distance away.

Figureli Total data set, data dellowing exclusion of raimornroperation of turbines, arfthal data set.

Almost 10,000 dta points which were believed to be controlled by wind turbine noise remained at
the end of the data exclusion process. The large number of data points that are excluded at this site due
to the influence of extraneous noise, despite this site being g@lgifselected for its distance from
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