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CONFLOWS

CONTttrol of ELOating wind farms using Wake Steering

UK project team US project team
y I
WP1: Developing and calibration of Task 1: Characterisation of
new physics-based wake steering offshore conditions
models S Y.
New models will be fed
into WP2 to study optimal 2 N
control strategies Task 2: Calibration of FLORIS
Collaboration on: engineering tool
Innov.ate U K WP2: si : q = Meteorological conditions (U / NATIONAL
Technology Strategy Board : Simulation and optimal control X ] X OFFSHORE WIND
. . . . = Turbine wake simulations RESEARCH & DEVELOPMENT CONSORTIUM
strategies for wind farms with floating
= Wake model development Ve >
platforms

" Optimal control strategies Task 3: Perform a wind farm

Redesign optimal Simulated wind farms optimisation case study
control strategies will be fed into WP3 for L Y,
to minimise LCOE economic modelling

Ve o\
WP3: Economic modelling: Task 4: Cost modelling and
CAPEX/OPEX considerations for floating economic analysis
wind farms ~ J

\

Objectives:

» increase confidence in the modelling and use of wake steering

» identifying challenges and advantages of using wake steering on floating offshore wind farms
\ » analysing economic effects of wake steering on floating platforms (accelerate LCoE reduction)

J
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Reference Site

» WRF simulations performed at multiple sites around the US coast
» Benchmark site picked: Vineyard, N-E coast
» WRF and Metocean data used to size platform

Credit: www.4coffshore.com
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The MPS PelaFlex platform

« Top tension platform system for hosting wind turbine system

» Truss system of connected braces for wind turbine system support
« Taut leg moorings — anchor the platform to the seabed

» Platform can be sized for a wide range of wind turbines
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Transition piece

Diagonal braces

Lateral braces

Tension leg mooring

PelaFlex Platform Configuration

(Credit: Marine Power Systems) PelaFlex platform, (Credit: Marine Power Systems)
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The MPS PelaFlex platform: motion

Preliminary testing sea & wind conditions:

Hg=8m

T, =14s

Depth = 100m

Wind speed = 8 m/s (constant profile — NPD Spectrum)
Wind and wave aligned with turbine axis

Hosted Wind Turbine: NREL 15 MW
Hub height: 145 m
Diameter: 240 m
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Engineering wake models

Stabiity Split

7

» Literature review on floating-turbine wakes
Wake dynamics, wake steering, atmospheric conditions

» Improve models: LES simulations, focusing on the effect of
veer (and atm. stability) on normal and yawed operations.

Monthly stability classes. Period: 31-Dec-1999 19:00:00 - 31-Dec-2020 18:00:00,¢
1

DNV ©

Influence of atmospheric stability @ Reference site
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Engineering wake models

WRF @
Reference site
1 Credits: M. Abkar, J.N. Sgrensen, F. Porté-Agel Veer across rotor [°]
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Optimisation & simulation process

LongSim
T =0.013056 hours

N (65 / 2

Wake
Modelling

Set-point
optimisation

Dynamic
simulation
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Conclusions & Next steps

International collaboration started (June 2021 — March 2023)
WRF simulations finalised at multiple sites and final reference site chosen
Metocean conditions assessed and floating platform being sized

LES simulations with strong veer conditions performed

AN N N N

Literature review on turbine wakes in floating wind farms carried out

Model veer effects on deflected wakes starting from LES simulations
Finalise design of floating system; test turbine controller prior to wake steering optimisation

Perform simulations on a reference turbine layout and optimise wake steering strategy

-l A o

Above results fed into offshore platform simulations to capture loads and response in (waked) normal and
yawed operational conditions

5. Assess advantages and disadvantages of using WFC in a floating wind farm, deducing impact on LCoE
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LongSim: surrogate loads model

Comparison to Bladed
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T = 3.0833 hours

% increase from Base case

1500 - / 8
L TP 9090 A4,
ongosim optimisation= .-, <.+, . &
[ : /'l/ ) /- / J a :
ay / / 7 / y ,é\
5001 e/, J w1 // / / VAP IE T
187, 800 4 gt/
1 . . . . 9 / / [ yf ‘J/{/‘@/ —
Lillgrund offshore wind farm — Steady state optimisation éz &), 7 / /;s L
. . . - Y S
48 turbines, Siemens 2.3 MW, very close spacing : ~ ) i //a Q\ l,
TotalControl 1 N
W N A C
"7//&/ 7 D\(O \\i 3
Optimisation with and without loads Induction control vs wake steering L~ O~ ,
- Power - Power ‘5(;0/ 1OF00 15FOO
107 [ | Max DEL SN10 Blade root My 1401 [ ] Max DEL SN10 Blade root My
I /2 DEL SN4 Tower My at Om 135 || I Max DEL SN4 Tower My at Om
105 130
§ 125
100 - v 120
©
m 115
S
95 | £ 110
§ 105
90 - S 100
S 95~
85 - 1 %0
85
& Q 2
Q;Z? \QO$® %\0%& Q)@%@ 6‘@\0(\ &2
OQ\ > & e"o
o o
‘\@o $
14 DNV © 20 JANUARY 2022 OQ

DNV



