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Off the coast of Norway 4G

GREENLAND

Greenland

Wikipedia Norwegian current:
Variability: 0.2 — 1 m/s
Average: 0.5 m/s
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A general goal of the on-going

works

To understand how the wave and current
coupling affects the general performances
of offshore wind turbines
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Open research questions

How to
O Interpreter met-ocean data

Interpretation of met-ocean conditions

(e.g., swell & wind waves; tidal currents + wind waves)
o accurately and efficiently estimate excitation loads and
responses on OW'T's

o examine aerodynamic and hydrodynamic coupled eftects?

Loads on a monopile >
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Interpretation of met-ocean conditions

Tp wind seas 65
Tp swell seas 10s

Swell seas
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Interpretation of met-ocean conditions
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Interpretation of met-ocean conditions

= Shear-current modified dispersion relation
(Ellingsen & Li 2017, JGR)
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Current-modified wave properties

Current-modified wave kinematics
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Open research questions

How to
O Interpreter met-ocean data

Interpretation of met-ocean conditions

(e.g., swell & wind waves; tidal currents + wind waves)
o accurately and efficiently estimate excitation loads and
responses on OW'T's

o examine aerodynamic and hydrodynamic coupled eftects?
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Loads on a monopile /.\
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Predictions of loads

Moditied Morison equations for the loads on a slender

structure 1n various sea states (see, e.g., Bredmose &

Pegalajar-Jurado, 2021) /Q\

Comparisons of Fand M :

coupled Horizontal force F at

versus

de-coupled

Moment M at seabed
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Extreme waves in different currents
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Profiles of current
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Two takeaways (Xin, et al. Coastal Eng. 2023)

- — - ] 006 : ~ :
(b) 0061

\S]

—
W
T

(F - Fc)/pghR2

0.5
0
-0.5
-2 -1 0 1
——F. uniform =-=-= F.C,N.S.===F.C,,P.S
——O. uniform =-=-= 0.C,P.S. ==-=0.C,N. S .
L] _
-1.75 -1.5 -1.25 -1 -0.75 -0.5 -025 0 025 05 0.75 1 1.25 1.5 1.75 Wave Current Coupllng ShOUId
T == D S AT NOT be neglected in extreme
e {02 Tl load cases
"’a \\\ Z/h ,’r ~\\
% S R N  Uniform currents set up
'l AY 7 \‘
/ R R Y upper/lower bounds of
7 \ I \Y
/ \ I A .
s .,‘ responses analysis
il l.
1R ll
U(z) [m/s

Following Currents

5




Open research questions

How to
O Interpreter met-ocean data
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Effects on floating
wind turbines
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Openlast & Matlab
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Offtshore wind turbine model

[EA 15MW reference wind turbine
Floater: WindCrete Spar

Site conditions: west coast of

Norweglan sea ——¥ current

]

S

3

Severe site condition: a return period of 50 years
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Input differences by construction

Second-order wave effects in incident
wave Induced loads

OpenFast - ----

time [s]
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Input differences by construction 300
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Input differences by construction 3001

Second-order wave effects in incident
wave Induced loads

Modified wave spectra due to wave-current 100}
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Heave
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eo'{\oo Following current
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Yaw
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Conclusions and outlook

[.  The coupling between waves and a background current (WCC) can have significant

effects on the interpretations of met-ocean data

[I.  Much amplified motion responses but heave due to WCC, especially for load cases of a
current opposing waves in oblique seas.

[II. Strong coupling between aerodynamic and hydrodynamic loads in Yaw

*  wind cut-out speed leads to higher yaw responses in the low-frequency domain for
oblique seas than idling

* and therefore, extra damage to mooring lines for the wind cut-out speed load cases

[V. Future steps:

*  Manuscript in preparation

*  turther study on a semisubmersible floating wind turbine
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