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Wind Farm Interaction

Wind Farm (WF) interaction is already an issue (e.g.):

e Hornsrev | — Hornsrev |l

e Rgdsand 2 — Nysted

Large scale effects on the WF wake advection are not negligible anymore
= Mesoscale Models are a suitable solution.

Drawback: Single turbine wakes cannot be resolved! (Do < Ax)

Possible solutions:

(1) WF from microscale model & Mesoscale model as a wake transport medium

(2) WF “parametrised” inside mesoscale model
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Mesoscale Model
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Horizontal scale: Ax ~ km
Vertical scale: Az ~ 10m (Boundary layer)
Time step: < Az/|U]

Unresolved processes to be parametrised:

Radiation

Micro physics

Vertical mixing (turbulence & convection)

... Wind turbines
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Wind Farm Parametrisation

From the diffusion equation, one can obtain the typical length scale /:

[ K,, is the turbulence coefficient for momentum

2K,,

(1) =

x+ 03

_\

/o the initial length scale

| Uo background hub-height velocity

Assumption: In the far wake the ensemble average will be Gaussian. then U
becomes:

(2) U() = Usz) — Uf(z) where f—e 33

e — 1,
Wake velocity Upstream velocity  Velocity deficit :

Using (2) we can obtain U, from the thrust equation:

| Zmax (C’t Is obtained from the thrust curve
5P CiAgUs =W p f Uo(Up—U)dz < W is the width of the wake
0 Zmaa 1S the height of the domain
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Evaluation for Horns Rev | (80x 2MW)

Model resolution: Ax = 1.12km ,
57°30'N M2
55°32'N co.
U(m/s) 0 - N
e
Obs: 8 :|: 0.5 270 :': 15 . 55°29' N Columns 1 to 10
Model: 8 270 —
54°30'N 55° 27'N 5km
6°E 8°E 10°E 12 E 1 E 7°45'E 7°54'E 8°03'E 8°12'E
Longitude Longitude

Plot: Velocity deficit Uy, /Uy, VS downstream distance (Volker et al. 2013)
Up, 1s the upstream and U}, the downstream hub wind velocity.

1.0 1
_0.9
S
=0.8 Ll
0.71
— 40 Layers ¢ Mast
0.61 ® Turbine

0 4000 8000 12000
Distance [m)]
Volker, P. J., Badger, J., Hahmann, A. N., Ott, S. Implementation and evaluation of a wind farm

parametrisation in a mesoscale model. To be submitted.
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Wind Farm Interaction - and idealised case study

Horizotal resolution Az = 1.12km. U = 8m/s and § = 270°. WF size 80x 2MW

Run WF Separation (km)  Piown/Pup
WFO08 8x1.12 0.80
WF15 15%x1.12 0.86
WFEF22 22x1.12 0.91

Velocity Deficit: U /U

FO8

WF1yin = 0.82

WF2nin = 0.79

WF22

WF1yin = 0.82

WF2yin = 0.80
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