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= Funded by Innovation Fund Denmark
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= Pl — Tom Adcock (Oxford)/Ye Li (Shanghai)

= Cl — Shijun Liao, Zhiliang Lin (Shanghai); Ross McAdam, Richard
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Problem we are tackling

v e,

Improving understanding
of wave loading

» More efficient design




Technical work packages

= \Wave environment

= Understanding the physics and statistics of waves in severe sea-

states

= Kinematics for use in wave loading

= \Wave forces

= Improved understanding of wave loads on offshore wind turbines

= Experimental, numerical and theoretical modelling

= Implementation into design




Next generation of wave prediction




Wave modelling — beyond phase averaged models
= Designers need accurate short-
term and long-term wave
elevation and kinematics
= For offshore wind many areas

have rapidly varying

bathymetry which is too

complex for phase averaged

models

= Most models for short-term

statistics are questionable for

steep waves




Oceanwave3D

Fully non-linear potential flow solver developed at DTU
Capable of simulating flow over varying bathymetry
Explicitly solves for kinematics within the fluid

Being developed for GPU architecture — huge computational potential!




Other numerical models

= We are working on a number of other phase resolved
numerical models

= (Higher order) non-linear Schrodinger models

= Boussinesq

= Experimental data

= Tests in DHI in Denmark

= Towing tank in Shanghai




Preliminary experiments in China

300 m towing tank

4 phase control to allow us to
identify different harmonics of
the waves

A range of sea-states tested
Studying sea-state statistics

focussing on non-linear

instabilities
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Wave loads on columns




Loads
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Waves interacting with a monopile have higher harmonics

Time: 14.3

Fes) UNIVERSITY OF




Higher harmonics of wave loads
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Moment is more non-linear still
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Impact of higher harmonics on force statistics
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And moment statistics
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Investigating harmonic structure of wave loads

Side view

= Experimentally
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= DHI : :.'u'.
= Kelvin tank in
Strathclyde

= Plans for large
scale tests in

Shanghai



Investigating harmonic structure of wave loads

= Numerical

= Potential flow calculations based on OxPOT

= CFD simulations in OpenFOAM

= Key development is the quasi-analytical analysis technique!




Impact of higher harmonics on fatigue in foundations
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Is this what happens at sea?




First steps toward field validation
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Summary

= Working towards improved understanding of
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= Wave evolution

= \Wave statistics

= Wave loads
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