Joint industry Project DIMPACT+
Design of offshore wind turbines
and impact of extreme and breaRing waves

MOTIVATION & BACKGROUND

Breaking waves may induce extreme loads on bot-
tom-fixed and floating offshore wind turbines. Despites
the different Joint industry Projects already ran, many
questions remain to be solved, to reduce the uncer-
tainties associated with slamming loads in the design
of turbines.

e Is the standard definition of the design sea state
and wave valid in presence of breaking waves, since
the most severe slamming loads are not necessarily
associated with the highest waves?

What are the statistics, shape and kinematic pro-

OBIJECTIVES

perties of breaking waves in severe sea states?
Can we infer the slamming loads on an offshore
structure, knowing only the undisturbed wave pro-
perties?

Can we derive simplified approaches to cap-
ture slamming loads directly in the fully coupled
offshore wind turbines numerical models used in
the design process?

What is the effect of floater motions and tilt angles
on slamming loads?

e To consolidate the DIMPACT design sea state definition and improved slamming methods implemented in

OWT coupled models and in DNV practices

e To test the DIMPACT method in shallow water with a constant bottom slope and develop numerical codes
able to simulate non linear waves that will be used as input of offshore wind turbines coupled models

Duration: 36 months | Start: 2024 | Total budget: €2,900K

DELIVERABLES

Recommendations for certification documents
that define the design sea states in the presence of
breaking waves and for the engineering methods
assessing extreme and breaking wave loads
Offshore wind turbines coupled models OpenFAST
and DIEGO) improved with more efficient methods
for quantifying the extreme and breaking wave
loads
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Incorporation of DIMPACT+ new methods into the
industrial project partners engineering tools
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WORK PLANNED

1. Flume experiments

e Irregular waves and slamming loads in intermediate water with flat bottom

e Regular and irregular waves in shallow water with bottom slope: characteristics of shoaling and breaking waves,
extension of the DIMPACT method to a wider range of wave conditions, dynamic and hydroelastic effects

e  Structural response of a cylinder undergoing slamming loads

2. Numerical modeling

e Potential flow modeling of irregular nonlinear waves in intermediate to
shallow water to treat breaking occurrence and dissipation

Slamming and non-slamming loads distinction within a given wave, and
structure response to slamming loads using CFD simulations

3. Field experiments

e Characterization of extreme and breaking waves in the field: data collection
and analysis from La Jument lighthouse and Fécamp met mast

e Joint measurements of breaking waves, slamming loads and structure res-
ponse of Fécamp met mast

Ifremer flume slamming loads experiment setup

4. Engmeermg approaChes during the previous DIMPACT project

e Definition of slamming and non linear wave loads from linear waves
properties

e Nonlinearload modelsimprovement: incorporation of the effect of the spatial
offset between the wave breaking maximum and the structure’s position

e Validation of DIMPACT’s design sea state approach and explicitly relate it to
a return period

5. Transfer to industry - Coupled models and recommendations for offshore wind

e Implementation of linear slamming definition method in offshore wind
turbines coupled models (specially OpenFAST and DIEGO) and inclusion of
the effect of distance to breaking, load phasing and space-time evolution of
the breaking waves

e Benchmark of slamming formula in coupled offshore wind turbines models

e Numerical investigation of the effect of breaking waves on global floating
offshore wind turbines response with comparison with wave tank experiments

e Incorporation of DIMPACT+ new methods into the industrial project partners Slamming load on tmockup, mounted on an
engineering tools hexapod to simulate floatinf offshore wind

e Recommendations for certification standards motions and tilt angles

The project receives funding from the
French government which is managed by
PARTN ERS the Agence Nationale de la Recherche as
part of the France 2030 investment plan. It
is also supported by the P6le Mer Bretagne
Atlantique, the Brittany and Normandy re-
gions, and the Université Gustave Eiffel.

This project is led by France Energies Marines.
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