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- Investigation carried out as part of the COREWIND project which aims to provide disruptive ' .°
corewind

and cost-effective solutions for floating offshore wind technology.

COST REDUCTION OF
FLOATING WIND TECHNOLOGY

- This presentation is based on the following research work:
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Figure 2. WindCrete Sketch with dimensions in meters. [24]
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MIRAS, a multi-fidelity vortex solver

W

= Aerodynamic models

 Vortex lattice.
 Panel method (I/VI).

=  Wake/flow models
« Filament wake(free and prescribed).
« Hybrid wake (filaments-particles-mesh)

°© _

- LES (Smagorinsky SGS model).

= Inflow models
= Turbulence modelling
- Frozen/free [elocity/vorticity. )
= Wind Shear modelling
- PVBL, P2VBL.

= Aeroelastic coupling
 FLEXS5 (direct coup. source code).
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MIRAS-HAWC2 simulation setup
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Figure 1. Sketch of the different components involved in the simulations.
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IEA WIND 15 MW RWT MOUNTED ON THE WINDCRETE
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Figure 3. Mean and standard deviation of the in-plane and out-of-plane blade 1 forces for the bottom-fixed IEA Wind 15 MW RWT.
HAWC2-BEM in dashed red lines and MIRAS-HAWC2 in solid black lines. (top) 8 m/s (bottom) 15 m/s.

Friday, 08 October 2021 DTU Wind Energy

[WTD/ AFD] 6



DTU Wind Energy

=)
=
—

o
= |IEAWIND 15 MW RWT MOUNTED ON THE WINDCRETE
. 6300 T T T 1300
Simulated cases:
B850 1295 |
«  Bottom-fixed turbine 2 600 | Z
=, = 1290
-  Floating turbine without waves £°“%/|- -
= 6700 ]! —
«  Floating turbine with waves 5 | S 1200
< 6650 -:, ¥ <
6600 1: v | 1275
6.550r - : : : : : 1270 : : : : : :
800 900 1000 1100 1200 1300 1400 BOO 300 1000 1100 1200 1300 1400
-0.2 T T T T T T 104
. . E sl E
Slightly larger differences s oot anhad. fof w 102
2 | | l. |I |I | I|I | [ I; | ) | 4 || E
observed at 15 m/s soespi A na gt =
e | RN ! "- || | ER g
8—0.35-1r|':||;| ' fll .I |,i: | 1y J], 8
:: 'H‘ I| 1|' |I '||| 1 IRIR'RE RE 'ir A |IIJ ;, 08
C -04r] | I FYV Y RS &
o Voo | i I I | | f [«
o | [ ' 1 @
T o045} ® %
w L)]
e SCIlD QEII 0 1 UIDO 11 IUU 1 2IDO 1 3IDO 1400 o4 Bll,lO 960 1 OIDD 1 IUO 1 2IOU 1 3IUU 1400
Time [s] Time [s]

Figure 4. Floating IEA Wind 15 MW RWT mounted on the WindCrete platform
without waves, comparison between BEM and LL simulations. 8 m/s wind speed.
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Figure 7. Floating IEA Wind 15 MW RWT mounted on the WindCrete platform and subject to regular waves with
2 m height period of 6 s. Comparison between BEM and LL simulations. 15 m/s case.
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Figure 9. Comparison between the wakes behind the bottom-fixed and the floating IEA Wind 15 MW RWT at different downstream

distances from the rotor plane. Mean stream-wise velocity and turbulence intensity contours on multiple YZ planes downstream the

rotor plane (top sub-figures) bottom-fixed case and (mid sub figures) floating case. (bottom sub-figures) profiles along the horizontal
marked line at hub height.
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PRESCRIBED FLOATER MOTION STUDY

HE

Floater pitch frequency | Floater pitch amplitude
[0.01419 Hz
Frequency study 0.02838 Hz 6.38 deg_|
0.05676 Hz
0.11352 Hz
PITCH 3.19 deg
Amplitude study 0.02441 Hz 6.38 deg
12.7 deg
Table lll. Test matrix for the prescribed harmonic pitch motion.
Floater surge frequency | Floater surge amplitude
0.01419 Hz
Frequency study 0.02838 Hz I1Sm
0.05676 Hz
SURGE 0.11352 Hz
5m
Amplitude study 0.01419 Hz 10 m
I5m

Table IV. Test matrix for the prescribed harmonic surge motion.
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PRESCRIBED FLOATER MOTION STUDY
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Floater pitch frequency | Floater pitch amplitude
0.01419 Hz
Frequency study 0.02838 Hz 6.38 deg
0.05676 Hz
0.11352 Hz
PITCH 3.19 deg
Amplitude study 0.02441 Hz 6.38 deg
12.7 deg
Table lll. Test matrix for the prescribed harmonic pitch motion.
Floater surge frequency | Floater surge amplitude
0.01419 Hz
Frequency study 0.02838 Hz 15m
0.05676 Hz|
SURGE 0.11352 Hz
5m
Amplitude study 0.01419 Hz 10 m
I5m

Table IV. Test matrix for the prescribed harmonic surge motion.
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MIRAS-HAWC2 - VISUALIZATIONS
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PRESCRIBED PITCH, FREQ. STUDY
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Aerodynamic quantities for the last cycle of a prescribed pitching motion of the floater with an amplitude of 6.38 degrees
and different frequencies. Wind speed of 8 m/s. Solid lines represent MIRAS-HAWC2 simulations while dashed lines represent
HAWC2-BEM.
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Figure 44. Mean stream-wise velocity for different surge cases at a wind speed of 15 m/s (top contours) no floater motion, (mid

contours) floater harmonic surge motion of 15 m with a frequency of 0.01419 Hz and (bottom contours) floater harmonic surge motion
with amplitude of 15 m and a frequency of 0.05676 Hz.
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RESPONSE OF DOWNSTREAM TURBINES (2)
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Sketch of a MIRAS-HAWC2 farm simulation with five floating wind turbines in a row.
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MIRAS-HAWC?2 farm simulation with five floating wind turbines in a row.
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= The largest differences between BEM and LL are observed at high wind speeds.
= The wake of a free floating wind turbine recovers faster in laminar inflow conditions.

» |n the prescribed motion cases, the BEM method tends to generally under-predict the rotor
loading.

= In the pitching motion the outer part of the blades are more prone to local VRS than during
surge.

» |n above-rated wind conditions slow floater oscillations promote a faster wake recovery.

= When the upstream turbine surges at a low frequency the downstream machine draws
energy at the same frequency, creating a resonance effect.

» Farm simulations in over-rated conditions have shown that floating turbines deep inside the
farm (WT3, WT4 and WTY5) present much larger oscillations than more upstream located
machines due to wake interaction.
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RESPONSE OF DOWNSTREAM TURBINES (2)
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Relative mean of the power signal for the second turbine of the row with 10R, 15R and 19R spacing
between turbines. Upstream turbine pitching with an amplitude of 6.38 deg and a frequency of 0.02441 Hz and 0.11352 Hz.
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RESPONSE OF DOWNSTREAM TURBINES (5)
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Relative mean and standard deviation of the power and thrust for the different turbines of the row in above rated wind
conditions, i.e. 15 m/s.
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