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or How Large is an Infinite Wind Farm?

G. Giebel!, T. Gogmen?, J. Mann?, A. M. Semprevival, M. Hertzum?, H. Lund?, J. Reuder?, J. Bange?, A. Platis*, F. Porte-Agel°
O. Garcia Santiago?, E. Hodgson?!, A. Haseeb Syed!, A. Owda?, G. Fraumann?, M. Ghirardelli3, S. Malekmohammadi3,

M. Bramati?¢, G. Miranda-Garcia*, M. Sajidi*, V. Savvakis?, G. Duan>, M. Souaiby”

IDTU Wind Energy, 2University of Copenhagen, 3University of Bergen, *Eberhard Karls University Tubingen, *EPFL

EPFL s

UNIVERSITY OF
COPENHAGEN

VATTENFALL @ cquinor * .' RWE SEATWIRL Jorns Homans

TRAIN’WIND is a PhD TRAINing school analysing enTRAINment in offshore WIND farms.

WHITING SCHOOL
of ENGINEERING

Rationale: Very large wind farms influence the boundary layer — where is the momentum coming from?
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We aim at a measurement campaign at a full-scale offshore wind farm, with a
high-intensity measuring period where we deploy UAS, Lidars, and collect

information from satellites to establish the transition between the undisturbed :”vzséiff
air and the atmospheric boundary layer in the presence of the wind farm.

First results from the Fellows
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Large Eddy Simulations (LES) of wind turbine wakes and wind
farms, to investigate the impact of the turbulent time scales of the
atmosphere on the turbine wake recovery and entrainment into
wind farms. These results show the impact of changing only the
time scale of a sinusoidal inflow on the wake breakdown — a 60s

time period induces a much faster wake roll-up and recovery than
._l + longer scales. This indicates that the beneficial length scales for
) entrainment exist, and the PhD will aim to identify these and then
introduce them into wind farm scenarios to improve efficiency and
power production.

Analysis of airborne in situ data using PASTA. The flight planning
software will also be used to fly in virtual LES wind fields, to find
the best path for the aircraft before valuable time in the field is
wasted.

Identifying fine turbulent structures in offshore wind farms with
UAS-borne five-hole probe calibrated for various airspeed using a
calibration robot.
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Various fluid mechanical flow phenomena in wind farms, including wakes, their superposition, and interactions with the atmospheric
boundary layer (ABL), development of internal boundary layers, and, if a wind farm is large enough, the attainment of a fully developed

wind turbine array boundary layer (W TABL) regime.

Flow Structure and Turbulence in Wind Farms
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Wind wake analysis using SAR observations: Satellite remote
sensing has been extensively used in wide range applications
including offshore wind energy applications. Synthetic Aperture
Radar (SAR) observations are unique remote sensing data, have
high spatial resolution up to 500*500 m pixel resolution and can be
used to study wind entrainment up to few kilometers from the
coasts. European Space Agency (ESA) offers free-online access to
big SAR archive which covers the globe since beginning of 2002.
Offshore wind farms (OWFs) are being built in coastal zone;
therefore, SAR is the only side-looking sensor which can use to map
wind wakes and costal wind speed gradients in those areas.
Moreover, SAR can be used in wind resource assessemnt and map
the wind conditions before and after commissioing of OWFs. This
PhD topic ,“Satellite remote sensing for offshore wind energy
applications”, is going to improve the wind speed retrieval process
using SAR and validate the outcomes with other PhD topics in
Train2Wind.
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Modelling in LES: working with the WIRE-LES code and available
analytical models, aiming towards assessing the wind farm length
and layout effect on the ABL and the wind farm wake under
different stability conditions. The study comparing wind farms
with different lengths and layouts under a conventionally neutral
boundary layer (two alighed cases shown above) shows the
decreasing velocity magnitude at the exit while approaching the
infinite wind farm case the longer the farm considered.
Additionally, a noticeable overestimation in the wind farm wake
recovery rate is introduced by the implemented analytical model.
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Additionally, one fellow at Copenhagen University investigates how such a
geographically distributed and diverse community of researchers actually
collaborates.
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Moving Lidars

Floating Lidars:
We have
investigated the
error induced by
motion on ship-
based lidars
measurements
and have
applied motion
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Wind tunnel experiments: a new cyclic yaw
control (CYC) strategy has been investigated in a
wind farm model in the EPFL atmospheric
boundary layer wind tunnel. The results show that
by applying CYC the power production can be
improved up to 15%, compared to the baseline
case. PIV measurements also reveal faster wake
recovery for all individual wind turbines.
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How do large wind farms break the incoming wind
flow? The rate of energy dissipation describes the
rate at which energy is being dissipated from large-
scale eddies to smaller flow structures due to either
ambient turbulence or the turbulence generated by
wind turbines. From the measurements obtained via
instruments mounted on an aircraft flying above
large offshore wind farms in the North Sea, we can
clearly observe the contrast between neutral and
stable conditions in the upstream of the wind farm,
while the energy dissipation values are alike in above
and downstream positions of the wind farm.
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