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Wake of floating wind turbines

1 Motions of a FOWT
= Wave driven (f,~0.1Hz)
= Natural period in translation (f,~0.03 Hz)

= Natural period in rotation (f,~0.01Hz)

Roberston et al. (2014)
Leimester et al. (2018)

J How these movements impact the
wake?

= Recovery

= Transition to far-wake (gaussian profile)

= Wake dynamics f»D
Schliffke et al. (2020) St =
Li et al. (2022) U,
G 2 ForWind \7-.
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Wind tunnel testing with a model FOWT

J Model turbine Oldenburg 0.6 on a 6-DoF platform £D
Messmer et al. (2022) St = p

= Reproduce motions of a floating turbine U
0.0

= Wake measurements, 2D to 10D

= Hot-wires (1d in Oldenburg and 3d in Milan)

J Imposed 1DoF sinusoidal motions

< 'S

" Fixed Sway
= Sway with St = 0.38, A~0.01D
= Sway with St = 0.38, A~0.01D
= C.=0.85
= U,=5m/s ->Re=210°
Surge
B 3 ForWind \7-.
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Experimental set-up
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Wake speed and Tl proflles at hub helght (I\/Illan Tl

= Recovery
starts x>4D

= sway > surge
> fixed

= Shear layers
merge at x=4D
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Color map of Tl (Oldenburg, Tl = 0.3 %)
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Wake wind speed map
(Milan, Tl, = 1.5 %)

= \WWake starts to recover at 4D

= |ntegration of the average
wind speed In rotor area
-> recovery

= Power available for a
downstream turbine

%ﬁ%
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Recovery vs. X/D (Oldenburg, Tl, = 0.3 %)
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Recovery vs. X/D (Milan, Tl = 1.5 %)
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Recovery vs. X/D (Milan and Oldenburg)

0.85 1 |
N —— fixed, TL, ~ 1.5%

| e fixed, TI, ~ 0.3%
= Significant differences for 0.80 { —— surge, Tl ~ 1.5%
fixed between Tl = 0.3% | e surge, Tl &~ 0.3%

| —— sway. T1. ~ 1.5%
and Tl,=1.5% 0.75 1 sway, T1y, ~ 1.5%
| e sway, T ~ 0.3%

. ST S N S 4SSN S (4 O S S NS
= Effect of inflow turbulence % |
seems more significant o s a S L
e T e e T A S S S _—__
than movements | | 5 -~ g |
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= Nevertheless, motions | |
enable faster recovery 0551 =
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What are the mechanisms that play arole
In the wake recovery process?
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Wake recovery rate

Average L\ T,

FLOAting Wind Energy netwoRk

t |
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-0.1 - = = - Wake recovery rate
= RANS equation in the streamwise direction Transport through fluctuations
= Tells about the exchange and transport of momentum Transport throuah mean flow
within the wake P J
------------ Rate of pressure recovery
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Wake recovery rate (Oldenburg, Tl, = 0.3 %)
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Wake recovery balance (Milan, Tl =

Fixed Surge

1.5 %)

Sway

= Region of large variations: X/D in [3D, 7D]

Total

Momentum transport
through Reynolds stress

Momentum transport
through mean flow

= Exch. of momentum driven by V of turbulent fluctuations (Reynolds stresses), (0, < v'u’ >

)/U and), (0, < u'w' >)/U

= Floating's turbine’s movements induce more wind speed fluctuations (small scale

turbulence & coherent structures)
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Conclusion

= Strong dependency to St but also to A*

Recovery up to 20% higher with motions in
laminar (Tl = 0.3%) wind compared to 7%
with turbulence (TI,, = 1.5%)

= Further investigations needed on
transition region and with different
turbulent conditions

Motions accelerate transition to far-
wake and enhance intensity of recovery

Induce larger wind speed fluctuations
(Reynolds stresses)

Movements generate coherent flow -
structures in the wake

(h) pulsing (i) meandering

15

Center for Wind Energy Research

-
ForWind \7.-



d Malil

thomas.messmer@
uni-oldenburg.de

] Websites
www.forwind.de/

www.floawer-
h2020.eu/

.-I-_'I

= LOAWER KAPWING

FLOAting Wind Energy netwoR

ForWind \7.-

Center for Wind Energy Research



mailto:thomas.messmer@uni-oldenburg.de
mailto:thomas.messmer@uni-oldenburg.de

17 ForWind \7-

nnnnnnnn

eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee



Typical motions of a 5MW FOWT

D ReS U |tS frO m O pen FAST - . | Surgg DoF | . | o | . Pitch DoF |
simulations ottt et | IR bt
. Wy /L = o - I LR N 8 X S Y Rt
= 3 floaters (OC4 Semi-sub, Spatr, T i a a , a ; ;
TLP) o se0 1000 '15;0([') ]' 3000 5500 3000 =5 360 000 T150c[)] 3000 2500 3000
Time [s ime [s

= Hg, T,in ([1,6] m, [6,10] s)
= Turbulent wind (U in [5,15] m/s)

J Analysis of motions show

= Motions at floater’s natural
frequencies, up to 15 m of
amplitude

= Motions at wave’s frequencies

= Motions also driven by |arge OC4 DeepCwind semi-sub (Hs =2.1m, Tp = 8.8 s, U, = 13 m/s)
turbulent eddies simulated with openFAST

18 ForWind \7-.
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NREL SMW FOWT — MoWITO 0.6 FOWT

- ApMoWiTO 0.6 — ApSI\/IW/ A

= f MoWiTO 0.6 — 5MW
f, A x 1,

- )\L =217 » UOI\/IoWiTO 0.6 — ()\T / )\L) X UOSIVIW
= A\y=15
= A; =145

|J MOWiTO 0.6 A MOWITOO06
0 p

\

C—
Conserve among others
8(t) = Ap.sin(2r,. ) e foq =t xD /U= (DIUg) / (1/f)
v(t) = d§(t)/dt = 21 f A .sin(2mf .t) = AC, £ MOWITO 0.6
= AC, p
U(t) = U, + v(t)
1 CFtof rww rlgy Resmdrch\o@rﬁ:}?



Conservation of AC, . A MOWTOO0S= A SMW/ A

Uo

§(t) = A,.sin(2mf 1)

v(t) = dg(t)/dt
= 2w f, A,.sin(2Trf .t

U(t) = U, + v(t)

= f MoWIiTO 0.6 — 5MW
f, A x 1

= U MOWITOO06 = (N_/ A ) X U SMW

Power produced by a WT and power variation due to motion

P(U,A)=05pmTR2U3Cp (A) & AP = P(Up + v, Ao + Ax) - P(Uo, Ao)
15t order Taylor development

P(Uo + v, Ao + Ax) = P(Uo, Ao) + dP/dU(Uo,Ao) x v+ dP/dA(Uo,Ao) x Ax

/ /
AP = 0.5 p T R2 (3 Uo?) Cp(Ao) v+ 0.5 p 11 R2Ug® dC,/dA A«

|AC,||=3C, ||v||/Uy=3C,2mf, A /U,

||ACP||5|\/IW: 3 Cp 21T fpSI\/IW Ap5MW/ UO5|\/|W
=3 Cp 211 (A X proWiTO 0.6) (ApMoWiTO 0.6 / A)/ (A1) X UOMOWiTO 0.6)

— ”ACP”MoWiTO 0.6

20 ForWind \7-.
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