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Wake losses and wake models

50% uncertainties
on prediction of wake losses
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Objective

Show how full-field lidar data can be applied to the verification of wake models
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Measurements
Experimental setup in Nordsee Ost
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Z, W, altitude

Measurements
Lidar principles & settings

« Light pulses illuminate a thin volume

« Doppler effect from aerosol backscatter

= Measurement of radial wind component
as volume average

Scanning parameters

Cycle (~200s) 5PPI+1RHI
Sector -15° — +15° (0.5° res.)
Speed 1°/s
Accumulation time 0.5s
RaNge 100 m — 1000m
(100 m — 2500m)
Range spacing 15m (25m)
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Measurements

Lidar data

Collecting
data
@
Radial wind speed [ms™]
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Measurements

Lidar data
Filtering ‘
data
Collecting .
data
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Relative height [D]

Measurements

Lidar data Un-projecting
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Analytical wake model
Profile

W ake deficit

Vhor

Vy=1—
P thb

W ake deficit model

b+ 7
Vom = A(xy, Cr) exp (_ W = )

20 (xy)?

Wake deficit

o 0 o

Rotation according to wind direction ¢
Xy, = xsin(90 —y) + y cos(90 — ¢)
Yy =y cos(90 —y) — xcos(90 — @)
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Analytical wake model
Downstream development [
Vom = A(xy, Cr) exp (_

Linear wake expansion
o=¢+ k*x,,

From
1. Thrust coefficient C;
2. Mass conservation

3. Momentum balance

D
1+{1-Cr PWnstream distanc
e

= ezO.Zﬁ with ,B=%

:>A=<1—\/ —%)

« From scaled experiment LESI?

J1=-Ct

—k* =0.3837TI + 0.003678

2 2
Yw t+ Zw

P2l v.. 2

1:Batankhah 2014
2:Niayifar 2016
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RMS error of the wake deficit fit []

Results Wake deficit [-]
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Results
Wake and wind direction
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 Good agreement

« Small offset
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Results
Expansion rate
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Linear wake expansion:

DOWn .
S .

o=¢+k*x,

From scaled experiment and LES?!: k* = 0.3837 TI + 0.003678 [2:Niayifar 2016]
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Results
Initial width
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* Linear wake expansion:

« From theoretical study!l2l :

e~ 0.2/B with p=

11+,/1-Ct
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Agreement with expectations
when the offset Is forced to O

Improved agreement for cases
below rated power
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Conclusions

« Nacelle based measurements of wind turbine wakes are a suitable source of data
for verification of wake models

« Full-field experiments may provide different calibration of analytical wake models
from test cases from wind tunnel or high fidelity simulation

« Full-field results are in good agreement with theoretical expectations from the
conservation of mass and momentum when the turbine is operating below rated
power

— @ ForWind V.
OSSIETZRY ClllSterDe.Sign Zen?m[r Winden!r Qo hun K;’::";",

universitdt|OLDENBURG




Nacelle Based Lidar Measurements for the Characterisation
of the Wake of an Offshore Wind Turbine under Different
Atmospheric Conditions 1odg AL WO0AT-1TA0AT

900 |

800 r
700 ¢

Thanks
for the attention!

600 |

500
400 ¢

Downstream axis [m]

300

Radial wind speed [ms1]

200 ¢

100t

-200 0 200
Cross-stream axis [m]
Acknowledgements. The authors would like to acknowledge RWE for providing the access to wind
turbine and the meteorological mast data, Senvion for providing support during the measurement
campaign and the colleagues from the University of Oldenburg who contributed to the realization of the

experimental campaign. The measurement campaign was funded by the european project FP7-Energy-
2011 283145/ClusterDesign.

— o ind \Y.
ore it ClusterDesign !:ofrwmh /

UanerSItat OLDENBURG trum indenerg ng " oldenburg




References

[1] Bastankhah, M. & Porté-Agel, F. A new analytical model for wind-turbine wakes
Renewable Energy , 2014, 70, 116 — 123

[2] Niayifar, A. & Porté-Agel, F. Analytical Modeling of Wind Farms: A New Approach
for Power Prediction Energies, 2016, 9, 741

— o ForWind V7.
O5SIETZl ClllSterDeSign Zentr?m [r Winden!r ieforschu K;’::",‘:",

universitdt|OLDENBURG




