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Large Finite-Size Wind Farms

* Large wind farms are built closer and closer to
each other
e.g. Horns Rev 2 is placed only 14 km from
Horns Rev 1 in the North Sea

* Offshore ABLs are often considered as
conventionally neutral boundary layers (CNBL)
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Please see the exact coordinates for Horhs
www.ens.dk/offshorewind

Objectives

To study:

» the adjustment of the ABL above and behind a large wind farm

* the structure of the wake flow inside and behind the wind farm
the validity and limitations of the infinite wind farm approximation
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In-house WIRE-LES code solving filtered governing equations [Abkar & Porté-AgeI (2013)]
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Scale-dependent Lagrangian dynamic eddy-viscosity model to parameterize subgrid-scale (SGS)
stress and heat flux [Stoll & Porte-Agel (2006)]
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Actuator-disk model with rotation for wind-turbine parameterization [Wu & Porté-Agel (2011)]:
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Model of wind turbines simulated: Vestas V80-2MW, with a 80 m diameter
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Large Finite-Size Wind Farm Setup

Wind Farm
Buffer 25 turbine rows
Zone i sy = 5D Wake

4.5 km
450 grid points

=10 K/km

2 km
5 turbine rows
sy = 5D
125 grid points ’

ZO=O.1 m

fc = 1.39 x 104 rad/s

Y.

19.6 km

750 grid points

Inflow Conditions (from Precursor Simulation)
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Gravity Wave Generation
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—e—WT5 @ 2km

——WT10 @ 4km X [km]
—o—WT15 @ 6km 0 2 4 6 8 10
——WT20 @ 8km | 1 ‘T '
. A WT25 @ 10km|| _
e, ¥ ° -7-‘ S §.0.8 L
e S o >—e—o S Pohe. >
-1 - -1 e - -1k =3 = ) |
5" NG 7' N - 5" N it 5
> /’ 3 \ , o3 1/(\ — o
o 9 y o — -
Yo, Y 804f ]
/& i ~
y. ? £ o2
102 4 1 107 / 1107} 2"
4 6 8 10 0 005 01 015 02 025 01 0 01 02 03 04 05 0O 5 10 15 20 25
M [ms ] Turbulence Intensity o /U, Turbulent stress <uw > Turbine Row

——Wind FLow at the Exit of the Wind Farm
—e—Wake @ 0.4 km Downwind
—eo—Wake @ 2 km Downwind
—eo—Wake @ 4 km Downwind
—o—\Wake @ 6 km Downwind
—o—Wake @ 8 km Downwind
Wake @ 10 km Downwind
—o—\Wake @ 12 km Downwind

o)

B it D 9
< Y LA = A =

N ~ X q q)

N = £
. \ A 5.

/ | °

1072} / 1 102} ~

0 005 0. 0.15 0.2 0 01 \ 02 03 0.4
M [ms '] Turbulence Intensity o /U, [ms™1] turbulent stress <uw>

Turbine Row Wind Farm Wake

.(l)ﬂ- EPFL Presentation | 01.2016

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE



Boundary Layer Growth Estimation
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Taylor’'s Hypothesis: connect the scale of space with time using wind
advection speed at the hub height of wind turbines

10°
0.5F
= < 10%¢
c04r %
_~< 3
L 0.3 ——ABL height, Taylor's Hypothesis 8 | a5 ok
----------------------- — |BL height, Taylor's Hypothesis —o—WT62, 25km
0.2 —---Theoretcial ABL height without Wind Farm WT175, 70km
01 | —Theoretcial ABL height with Inifinite Wind Farm 101k oo 0ok
0 50 100 150 200 250 ey _ |=—WT625@, 250km
x [km] 0 2 4 6 8 10 12
M [ms]
x [km]
10 2 4 6 8 10
| —el—Large Fi;lite-Size Wind Farm
— 0.6¢ | | | | —o—Taylor Hypothesis
% —e—Taylor's Hypothesis — 0.8+
= ——Theorectical value of infinite wind farm, Abkar & Porte-Agel (2013) =
504 ——LES value of infinite wind farm, Abkar & Porte-Agel (2013) . 20 5
o 5 V.br
- - [oX
= 5
9 0.2p= % 0.4}
: :
o 0 O ! | | o 0.2+
0 50 100 150 200 250
X [km] 0 . . . .
0 5 10 15 20 25
Turbine Row

.(I)ﬂ. EPFL Presentation | 01.2016

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE



7/

0 5 10 Turbi?g Flow 20 25 U [ms-]
» Boundary Layer Growth: | | | | | 1 B
i . i ) Theoretical CNBL height with infinite

The IBL first grows following Elliot's 0.8 Power Law. When it wind farm [Abkar & Porté-Agel (2013)] - [ 10

reaches the height of the CNBL, the CNBL acts as a lid and IBL 0.8 Power Law e

damps the IBL growth rate. After a transient period, the S 1,

CNBL and the IBL grow together at a steady rate that is E o I

lower than the initial IBL growth rate i 7
+ Large finite-size wind farm’s CNBL height is i - [iinkevich & Esau (2009

lower than the theoretical infinite wind farm’s i

CNBL height

* Gravity waves are induced by the large finite- : T T . 8 o 2
size wind farm S Tutine ot Tutine

At 10 km downstream of the large finite-size wind farm:
« ~2.4% velocity deficit comparing to the inflow
* ~7% wind power loss

Future Work
* Investigate large finite-size wind farms that are longer than 15 km

* Develop an one-dimensional analytical model to predict velocity profiles inside the large finite-size
wind farm and the wake of the wind farm
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Conclusions
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