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Introductionwind turbine wakes

1. Basicwake deficit - pairs of wind turbines;

a) Power deficit;
b) Peakdeficit vsturbulence;

2. Rowsof turbines;
a) Constantspacing(small or large);
b) Speedrecoverydue t o Omi ssi ngbo

3. Wind farms with variablespacing

4. Parkefficiency;
5. Wind farmclusters= Farmd Farmwake
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Definition of parkefficiency

Park Efficiency [%]
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Introductionto wind farms
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1. Horns Rev | WF: 80 x Vestas V80 a 2ZMW
U Regularlayout with 7Dspacing
U Wellknow dataset fromother benchmarks

2. Lillgrund WF: 48 x SWR.393 m

U Verydensewind farm with 3.3 and 4.3 Dfixed spacing

UMi ssing Ot ur bacaveyanalysis> speed
3. Rgdsand: 90 x SWR.3-93 m

U Variablespacingbasedon 5 x 18 turbines onarchs;

U Nysted WF: 72 x Bonu&.3-82 m separatedby a distance
of 33 diameters;

4. AlphaVentusWF: 6 xREpower5 MW & 6 x AREVA 5 MW
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Lillgrund offshorewind farm, SE
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wind farmcluster. Rgdsand || WF/Nysted WF

Offshore wind farm cluster: R@dsand Il & Nysted
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Participants and park models
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Models

Affiliation

Horns Rev Wi

HLillgrund WH

Radsand Il WHRgdsand II/Nysted WH

SCADA/BA

DTU Wind Energy/K.S.Hansen

X

X

X

(x)

NOJ/BA

DTU Wind Energy/misc

NOJ/GU

DTU Wind Energy/misc

NOJ/BA

DTU Wind Energy/A. Pena

X

X [ X [ X

WASP/NOJ

Indiana Uni/RB

X

GCL/BA

DTU Wind Energy/misc

GCL/GU

DTU Wind Energy/misc

GCL(GU)

CENER/JS.Rodrigo

FUGA/SO

DTU Wind Energy/S. Ott

X | X [X [ X

DMW

DTU Wind Energy/TJ.Larsen

AD/RANS

UPORTO/J.L. Palma

CRESflowN

SRES/ J. Prospathopoulos

X

FarmFlow

ECN Wind Energy/J.G Scheepgrs

CFDWake

CENER/B.G. Hevia

XX [X X | X | X [X[X

RANS/C

DTU Wind Energy/P.vd Laan

X X [X | X | X

Ainslie

RES-LTD/T.Young

WRF/UPM

Ciemat/A.Palomares

X

Mesoscale

DTU Wind Energy/P.Volker

X

BA=Bin averaged & GU=Gaussian Uncertainty




Resultsfrom Horns Re\benchmark
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Resultsfrom Horns Re\benchmark
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Horns Rev parlefficiency; 0 -360°

HornsRev-Efficiency; wdir=0-360 A=5°; ws=8+0.5 m/s
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Horns Revbenchmark- discussion obTOC
] e e

A First EERATOMenchmarkincluded 11 models, which
has beenimplemented succesfull
A The basic flow caseslisplayedsome sector size

dependent differences;
A The parkefficiencycase demonstratedthat the models

were able to cover acompletewind farm.
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Lillgrund offshorewind farm 8 3.3 D spacing /U

DTOC

—

1LiIIgrund; spacing 3.3D; ws=9+0.5 m/s

8

o~ 081

DI_E 06 L.

S 04f

QD

-

g 0.2

@]

& N
0 1 i i
100 110 120 130 140

Sector [Deq]

1LiIIgrund; spacing 16D; ws=9+0.5 m/s

Lillgrund; spacing 9.9D; ws=38+0.5 m/s
1 ‘ ; :

0.2+

Power deficit [1-Pwake/Pfree]

0 | i i
100 110 120 130 140
Sector [Deq]

Lillgrund; spacing 23D; ws=9+0.5 m/s
1 ‘ ‘ ‘

— ‘

o
o

o
o

e
'S

o
N

—{— SCADA(BA)

| —@— FUGA
—=— CRESflowNS
—/— FarmFlow
—<— GCL(BA)
—p— GCL(GU)1

.| —#F— NOJ(BA)
—k— NOJ(GU)
—— NOJ/Pena
—F— AD/Ainslie
—— GCLGU)?

Power deficit [1 -Pwake/Pfree]

; ‘ ‘ |
110 120 130 140
Sector [Deg]

-
OO
(=]

0 ‘ i i i
100 110 120 130 140
Sector [Deg]




Lillgrund offshorewind farm d 3.3 D spacing
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Lillgrund; spacing 3.3D; ws=9+0.5 m/s
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Lillgrund Parkefficiency: 0 - 360° /UDTOC
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Lillgrund Wind farm - Annual Energy Production AAEP;
U=9+0.5 m/s; 0 - 360°
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Liligrund Parkbenchmark- discussion

A All models handles 3.3 and 4.3Bpacingwell;
A All models handles the speedecoveryd u e

turbines;
A All modelsware able to simulate the park efficiency

for 0 -360° Inflow:
A Thesimulated ssAEPdemonstratesa variation of+3%

comparedto the measuredvalue;
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Spacing - D(92.3m)
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Rgdsand Iwind farm & park efficeincy
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Measuredwind farm cluster effects.
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Measuredwind farm cluster effects.

=
—_
=

i

8

Wind farm spacing - (D)

&

20

=y
o

b4

ey
o

v
o

Readsand Il: WDIR=72° A=5°; U=8+1 m/s

092

0.94

0.96

60

i i |
80 100 120 140 160 180 200 220
Wind farm spacing - (D)
b : !

R . A | 1
0.98 1 1.02 1.04
Normalized wind speed: urr‘U 1

EERADTOC Final Conference, Copenhageff, March 2015

23



Offshorewind farm cluster effects.
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Offshore wind farm cluster: Re@dsand Il & Nysted
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Clustereffect for U=8 m/s; WD=97
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Clustermodelingresults, U=8 m/s; WD=87°
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Park efficiencycomparison
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Cluster effects - discussion

A Quantificationof the cluster effect is not possibledue to
lack of measurementsand parkasymmetry

A Thebenchmark have demonstratedhat both size and
location of the distinct deficitzones- causedby the Nysted

wind farm have been predictedquite well by the models.
A Thebenchmark concludes thaseveral models wereble to

handle the clusteringof wind farms.
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Wakemeasurementsfrom AlphaVentusWF
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