CFD wake modeling using a
porous disc
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Actuator disc

“"’3"»‘:* * Single wakes over flat terrains are modeled with

adks WindSim
- *The tower and the nacelle of the wind turbine are
modeled by solid cells

B  The rotor is modeled by a porous disc providing a
resistive force which is calculated from the thrust
coefficient C;

« Comparisons of CFD results are presented against
experimental data, wind tunnel tests from Vermeer et al.
[1]. The numerical results are further compared against
three analytical models for wakes [2,3,4].
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BN e The thrust, momentum sink for the axial flow, is supposed unformly
distributed on the swept area (uniform pressure drop):
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Figure 1. Perspective view of the actuator disc, streamlines and iso
surface of turbulent kinetic energy (1,4 m?/s?, U, 10 m/s at 500m a.g.l.).
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Figure 2. Vertical profiles of normalized velocity from TNO Wind Tunnel tests
(solid black lines), from Vermeer et al. [1], predicted by the actuator disc CFD
model (coloured lines).



Comparisons with analytical models

Analytical models:

1. Jensen model [2]

2. Larsen model [3]

3. Ishihara et al. model [4]

Cases: Z,0,03m Z,0,000Im

C; 0,80 a b

C, 0,31 c d
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Case a:C;=0,80; z, = 0,03 m (onshore)
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Case b:C;=0,80; z,=0,0001 m (offshore)
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Case c:C;=0,31; z,= 0,03 m (onshore)
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Case d:C;=0,31; z,=0,0001 m (offshore)
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Case a:C;=0,80; z, = 0,03 m (onshore)
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Case b:C;=0,80; z,=0,0001 m (offshore)
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. Case ¢:C;=0,31; z,=0,03 m (onshore)
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Case d:C;=0,31; z,=0,0001 m (offshore)
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* An actuator disc concept is applied to model a

wind turbine in RANS simulations of a single
WECS wake. A uniform pressure drop Iis applied
on the disc; the value of the pressure drop is
calculated from the thrust coefficient and axial
iInduction factor. From comparison with WT [1]
tests the wind deficit predicted by the CFD
simulations is the under predicted in the near
wake (2D diameters downstream), the level of
wind deficit is instead correctly predicted at 6D
downstream while in the far wake the wind
deficit is overestimated. When comparing the
presented actuator disc to some analytical
models the best match is found to the Larsen

[3].
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.+ Automatization of the process:
£ — Reading of the layout of the wind farm from
S the .ows file

— Automatic generation of the grid
— Reading of the thrust curve from the .pws
file
* |nvestigation of:
— Rotational effects (swirling)

— Introduction of turbulence sources in the
actuator disc

— Possible nesting technique to improve the
grid design

gets rough
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