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Introduction

A wind turbine is harvesting the energy in the wind, but must also withstand the large dynamic forces
imposed by the turbulent wind field. Ideally we would like the wind to be stable with no fluctuations,
both from a design and operation point of view, but the reality is far from ideal. The atmospheric wind
is very turbulent over a large range of scales and wind gusts of the scale of a wind turbine become im-
portant for load calculation and wind turbine control. The wind velocity gust factor is a parameter
used for extreme load calculations and is defined as the ratio between maximum and mean wind
speed: GT :Ufi
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where U,y is the maximum t second moving average wind speed during a T-second averaging period.

T

Another gust parameter often used is the “peak factor” which is defined as the relative gust amplitude
divided by the standard deviation of the longitudinal wind speed:
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Many models and standards exist for gust factor for engineering applications. In this study measure-
ments will be compared to an analytical model by Greenway [1] based on a Von Karman turbulence
spectrum and a Gaussian wind speed distribution and a simple formulation for peak factor by Wieringa
[25:
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Fig. 1 Measured mean gust factor vs. Turbulence intensity and height

The Frgya site

. Location: Skipheia, near the village Titran at the island Frgya on the coast of Mid-Norway. (Fig. 2)

Fig. 2 The measurement site and mast at Freya

. Facilities: 2 100m masts, 1 45m mast and house for instrumentation and accommodation
. Instrumentation:

- 16 Gill WindObserver ultrasonic 2D anemometers

-1 Gill WindMaster 3D ultrasonic anemometer

-6 PT100 temperature sensors

- pressure and humidity sensor
. Wind climate:

~ Mean wind speed at 10m: 6.5m/s

.- Mean power law exponent a: 0.108

- Roughness length: 0.0005-0.02

Methods

Gust factor and peak factor have been calculated for 6 heights between 10 and 100 meters from
100000 10-min time series. A running average filter with a time window t of 1, 3 and 10 seconds was
applied to the time series. In order to remove low frequency trends and reduce influence of non-
stationarity, linear de-trending was applied prior to analysis. The horizontal wind speed and wind direc-
tion were measured at a sampling rate of 1Hz using Gill WindObserver 2D ultrasonic anemometers. The
Obukhov length have been estimated from the measured bulk Richarson number.

Results

The gust factor increases with turbulence intensity and deceases with gust averaging time. A linear

1.8 model by Wieringa based on these two parameters is
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compared with measurements in Fig. 3 and shows a
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16 W,e,:,ga r=1 —= good fit for low and moderate turbulence intensities,
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but not Iy > ~0.2. The reason for this might be that the
high turbulence intensity conditions are associated
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with low wind speeds and therefore the assumption
of a Gaussian wind speed distribution is broken.
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Fig. 3 Gust factor Geoox as a function of turbulence intensity Iy s
and gust averaging time T.
Comparing the measured gust factors to the model of
Greenway [1] we use only data from narrow bins for 2
wind speed and turbulence intensity. For a detailed 0
derivation of the model see [1]. The results shown in 1 12 14 16 1.8
. . G
Figure 4 shows a discrepancy between the measure- 600.3

ments and the model, the model giving a mode value  Fig- 4 Measurements of G600,3 compared to the ana-
Iytical model from [1] for U=10m/s, 1,=0.1 and Ly=300.

Measurements include 14m/s < U < 16m/s and 0.09 <
1,<0.11.

1.24 compared to a mode of 1.20 from the data. A
length scale of 300 meters is used, but it could be noted
that the analytical model is not very sensitive to the in-
tegral length scale used. The error increases with increasing turbulence intensity and systematically
overestimates the gust factors from the Frgya .

The mean peak factor measured at Frgya is
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independent of wind speed and height, but decreases
with increasing turbulence intensity (Fig. 5) . The I1SO

4352 standard for wind action on structures
recommends a constant peak factor of 3.9, 3.0 and
2.4 for 1, 3 and 10 second gust averaging
respectively. Compared to the measured data (Fig. 5

and Fig. 6) this appears very conservative.
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Fig. 5 Peak factor ke vs. Turbulence intensity and gust
averaging time, T

The peak factor (Fig. 6) is less sensitive to atmospheric
stability, but shows a slightly deceasing trend with
increased stability. This variation might be due to the

larger scale and intensity of turbulence associated with 15

unstable conditions[13]. L

Fig. 6 Peak factor ks vs. atmospheric stability z/L

Conclusion

The dependence of measured gust factors on various parameters of the atmospheric wind field is pre-

sented based on a 5 year dataset from Frgya.

The gust factor mainly depends on turbulence intensity, height and gust averaging time

The simple linear model by Wieringa [2] fits the measurements well for low and intermediate turbu-
lence.

The model from Greenway [1] for the distribution of gust factors shows an overall overestimations
compared to the measured data., but a good fit of the scale parameter.

The peak factor which includes the turbulence intensity has a small dependence on turbulence intensi-
ty and atmospheric stability.
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