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Abstract. A method has been developed for the noise optimization of a wind turbine. The main purpose of the
method is to identify the most efficient way to reduce the aero-acoustic noise emission from the wind turbine. The
secondary purpose is to evaluate the applicability of an engineering code for aero-acoustic noise prediction.

High-quality recordings of the total sound pressure from a Siemens SWT-2.3-93 were carried out over a two-day
period, operating the turbine in fixed pattern of systematic changes of rotor speed and pitch angle. The acoustic data
were synchronized with the data logging from the turbine control system. As a result thousands of 10s 1/12-octave
spectra were recorded and were entered into a database holding blade pitch, rotor speed, nacelle wind, power produc-
tion and sound power as associated entries.

The database facilitates selection of the optimum modes of operation providing maximum power output when
noise control is required.

Furthermore, the database enables verification of a new aero-acoustic code based on models by Amiet (turbulent
inflow noise), Brooks, Pope and Marcolini (boundary layer noise, blunt edge noise) and Moriarty. Comparison in-
cludes the sound power scalars and the 1/12-octave spectra.

The results indicate that some noise sources are well predicted by the code, others are not. The turbulent bound-
ary layer sources seem well estimated within a few dB. The separated boundary layer source is at least qualitatively
well predicted also, while the blunt trailing edge noise is severely over-predicted. Recognizing that the turbulent
boundary layer sources dominate in non-stalled operating conditions, it seems likely that the engineering aero-
acoustic code can assist in future design of low-noise airfoils.

1. Introduction

The importance of wind power is set to increase rapidly over the coming years. As a result more people will receive
acoustic impact from wind turbines, so noise concerns are likely to grow. At the same time there are operational
benefits associated with an increased blade tip-speed which is known to increase noise. Consequently, there is clear
motivation for optimizing the turbine acoustically.

This can be done in two ways:

- Measurement of the sound emission and operational data (wind, pitch, rotor speed, power, etc) for all operating
conditions. Then minimize the (lost power)/(reduced noise) ratio by tuning the rotor speed and pitch curves.

- Modeling of the sound emission and operational data, then minimize the (lost power)/(reduced noise) ratio.

Performing the optimization from measured data is the real thing, but as a designer you are always one iteration be-
hind: You cannot optimize before the blade exists physically, and once it does it is not easy to iterate further on the
blade layout (chord-, thickness-, twist- and airfoil-distributions). The model operates on an imaginary blade which
can be iterated much easier in any respect. However, validation of such model will be crucial.

Trying to benefit both from real measurements and from the acoustic model we follow the standard procedure: First,
obtain a reference by measuring the physics. Then, investigate if measured physics compare well with the model and,
if possible, tune the model parameters to improve the fit.

The details of the acoustic measurements are explained in Section 2. The acoustic model is briefly presented in Sec-
tion 3 followed by the measurement-model comparison. Section 4 explores the possibilities for reduced noise power
production. Conclusions and outlooks finalize the paper in Section 5.

2. Aero-acoustic noise measurements of an SVVT -2.3 -93

The Siemens SWT-2.3-93 is a typical modern multi-megawatt wind turbine. Rated power is 2.3MW, and the rotor
has three 45m blades with a rotor diameter of 93m. The turbine operates with variable speed up to 16rpm and has
pitch control. The test turbine has 80m hub height and is located at Hovsore National Test Site for large prototype
turbines at the west coast of Jutland. The Test Site has five turbines sited in a south-north oriented row, see Fig.].

















5. Conclusions and future work

Conclusions regarding aero-acoustic model validation:

The model of trailing edge bluntness noise over-predicts measurements by 5+ dB. Consequently, bluntness noise
is not included in any of the calculations presented here.

- Turbulent boundary layer separation noise is qualitatively well reproduced by model, but the magnitude is over-
predicted. Rotational 3D-effects that postpone stall might explain part of the discrepancy.

- Turbulent boundary layer trailing edge noise model fits measurements well.
- Turbulent inflow noise model generally fits well at low frequencies, where it is the dominating noise source, and

the magnitude is comparable to measurements.
- Overall the model can deliver accurate predictions once the deficiencies (bluntness) and weaknesses (separation

noise) are identified.

Conclusions regarding low-noise turbine operation potentials

- Positive pitching (away from stall) is the primary handle according to model — however, measurements indicate
much less pitch sensitivity. Reduced rotor speed also reduces noise at a low cost according to both model and
measurements.
Chord- and thickness-variations do not show significant impact on acoustics, and AEP- and/or load-cost is sig-
nificant.

— Every dB-favourable change has a cost, either on AEP or loads.

Suggestions for future work

— Identify reasons for trailing edge bluntness model inadequacy (manufactured trailing edge smoothing ?).
— Include rotational effects in )(Foil (RFoil ?) and analyse its impact on separation noise.
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