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United States - Annual Average Wind Speed at 80 m

01-APR-2011 2.1.1
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http://www.awstruepower.com. Spatial resolution of wind resource
data: 2.5 km. Projection: Albers Equal Area WGS84.
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The wind flow is characterised in terms of the wind flow
pattern, wind veer, turbulence intensity, power spectrum and
EOFs. Veer is the angle in the horizontal plane between the
incoming flow at the inlet boundary and the flow direction at
the location of interest; negative or positive veer was associated
with clockwise or anticlockwise rotation of the inlet flow. The
turbulence intensity was defined by
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where u and v are the horizontal components of the velocity
vector.

3.1. Global results

Steady state calculations were carried out for the twelve 301
sectors of the wind rose. For the five most critical sectors—01, 301,
1501, 1801, and 3001—five calculations were performed, 51 apart,
whereas for the remaining sectors only one calculation was
carried out and considered sufficient to be representative of the
whole sector.

Computed values and 10-min averaged measurements of turbu-
lence intensity at the mast location at 50 m agl are shown in Fig. 3.
Averaged value and relative differences between sectors are well

modelled by the computational model. In sectors 01, 1501, 1801, and
3001, i.e. 4 out of the 12 wind rose sectors, the turbulence intensity is
over-predicted. These are northerly and southerly winds and the
conditions under which the maxima of turbulence intensity and also
the largest discrepancies between modelled and measured values of
turbulence intensity occur. Because these are also the sectors with the
largest veer it was thought that the poorer agreement between
computational results and field data were related to the rotation of
the velocity vector, as the wind blew over the complex orography. A
detailed analysis of these sectors was required, which is the subject of
the following subsections.

3.2. North-westerly winds

Steady state simulations showed that for wind direction 3051,
the wind is forced through the narrow valley between hills
A and B, before reaching the site as a wind of direction 3451
(Fig. 4). This explains the low-frequency of occurrences for
direction 3051 and the high-frequency for direction 3451 com-
pared to all other directions between 3001 and 301 shown by the
wind rose in Fig. 2. After being channelled along the valley
between hills A and B, the flow emerges towards the site yielding
low wind speeds and large turbulence intensity there.

High turbulence intensity is often associated with flow unsteadi-
ness and a time-length of 3300 s was found to be appropriate to
capture time-dependent phenomena. A frame by frame analysis, not
included here, revealed that in the case of 3051 winds, the wind can
either follow that direction, or be channelled, along the valley
between hills A and B, and oscillate between west and east, before
reaching the site. Wind directions at the site location can be identical
to wind directions upstream even when the wind emerges from the
valley at northwest. The flow oscillates downwind of the mast before
reaching a state of equilibrium, yielding large fluctuations of wind
speed and high values of turbulence intensity.

The power spectrum of horizontal wind speed obtained from
mast measurements exhibits a large peak centred at 1000 s and a
lower peak centred at 400 s, Fig. 5a, compared to 800 and 500 s,
Fig. 5b, of the power spectrum analysis of the computational
results. These peaks can also be found via EOF analysis, where the
first EOF of the wind speed accounts for 50% of the variance, and
its power spectrum also showed two peaks, similar to the ones
described above, confirming the ability of the EOF technique to
capture most of the variability relative to this wind direction.
According with the autocorrelation associated with this first EOF,
Fig. 6a, the amplitude of the variability decreased with time: the
signal’s strength is 5% lower after 800 s and the flow reaches a
state of equilibrium after an initial state of oscillation. The spatial

Fig. 4. Turbulence intensity at 50 m agl for north-westerly winds, direction 3051.
White lines are streaklines of the flow. Black lines are contour height levels. White
dots show turbine and mast locations.

Fig. 5. Power spectrum of horizontal wind speed for north-westerly winds, direction 3001, based on (a) 3000 s of mast measurements and (b) computer simulations
over 3300 s.

C. Abiven et al. / J. Wind Eng. Ind. Aerodyn. 99 (2011) 123–129126
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GE’s 1.5-77 Class I Wind Turbine

Construction
Towers: tubular steel sections provide hub heights of 65 meters or 80 meters

Blades:

Drivetrain components: GE’s 1.5-77 uses proven design gearboxes, main shaft and generators  
from the 1.6-82.5

Enhanced Controls Technology
The 1.5-77 wind turbine employs GE’s patented Advanced Loads Control. This feature reduces loads on 
turbine components by measuring stresses and individually adjusting blade pitch.

of advanced condition monitoring solutions, proactively detect impending drive train and whole-turbine 
issues enabling increased availability and decreased maintenance expenses. Built upon half a century of 
power generation drivetrain and data anomaly monitoring experience, this service solution is available as 
an option on new GE Units and as an upgrade.
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