Wake parametrization and surrogate modelling

for loads prediction

N. Bonfils, G. Huwart, M. Guiton, T. Perdrizet
IFP Energies Nouvelles (IFPEN)

PO.103 @'ijf%,

HIPERWIND

Here the objective is to build a surrogate model that would provide the
mapping between both the ambient condition parameters uy, a and the wake
induced parameters (a;, g;, ¥;and lu, the turbulence intensity averaged on the
rotor) on one side and the loads (fatigue load or extreme load) on the other
side. Aero-servo-hydro-elastic simulations are performed by means of
Deeplines WindTM (DLW), a software for offshore WT simulations [2].

In a wind farm, the wind velocity field hitting a rotor has some specificities.
Indeed, when a wind turbine (WT) is located inside a warm, it experiences a
modified wind field compared to the ambient one. Typically, inside a wake, the

wind exhibits a reduced mean velocity and an increased turbulence intensity. Surrogate model building process
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The current design approach for wake induced load analysis just consists in

using a kind of equivalent turbulence intensity that would cause the same DoE (a;, 0y, 9, --.)
, ] ) o o with a space filling

damage as the wake induced wind field [1]. But this simplified approach does LHS

not account for the specific shape of the wake velocity field and may lead to

inappropriate (conservative or under-conservative) load predictions especially

for rotors operating in partial-wake conditions.
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The objective of the approach presented here is to elaborate an efficient
turbine specific wake induced wind field parameterization and to achieve
surrogate modelling for load predictions (extreme and fatigue load prediction).
The overall goal is to build a general computational framework that could be
used in an arbitrary wind farm layout and should tackle the impact of:
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The wind farm parametrization proposed here considers a "mean wind speed
profile-oriented parametrization®. Let’s define a turbulent wind field that is
“free” of WT influences, by a 10 min average speed u, at hub height Z and a
vertical shear coefficient a following the standard power law profile. The spatial
distribution of wake modified time average wind speed, obtained by means of
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e.g. static wake simulations with a model like FarmShadow™ of IFPEN [3], is
assumed to be of greatest influence on WT loads than other wake modified
parameters like turbulence. A suitable parameterization is then chosen to
represent the yz vertical plane distribution at the WT location, with a model
function inspired from the shape of the wake in static models:
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Where a; is the amplitude of the it" wake, ¥; is the y-coordinate of the it" wake

center, o; is the characteristic wake width of the it Gaussian and N the total
number of Gaussians.
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v'The parametrization approach proposed here offers a farm independent
parametrization that is based on the shape of the wake velocity deficit only.

v'The association of this parametrization with a kriging based surrogate
modeling has permitted to build fatigue and extreme loads mapping. In
particular, the surrogate model is able to reproduce some typical load
variations when the wake interacts with the wind turbine

v'A Global Sensitivity Analysis (GSA) has been performed for the Teesside wind
farm case: the free stream mean wind speed at hub height u, the rotor
averaged turbulence intensity and the wake location parameter are the most
important factors

v'In the context of Hiperwind project, an alternative wake parametrization
approach is presented by our partner DTU on poster PO051
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