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1 Introduction

Wind farm layout optimization is crucial for advanc-
ing wind energy in Europe, since often either the
available area at a site is limited or the meteorologi-
cal conditions do not clearly prefer a single instance
of inflow conditions. Especially for on-shore wind
farms in complex terrain wake situations may be sig-
nificant and should not be ignored during the pro-
cess of layout optimization. For a recent review on
the topic of wind farm optimization and more than 20
years of related research see [1], also [2, 3]. A re-
cent summary on the related topic of optimised wind
farm control see [4].

The implementation of a multi-fidelity layout op-
timization software by DTU has recently been de-
scribed in [5]. Also at Fraunhofer IWES a wind farm
modelling and optimization framework is being de-
veloped, under the name flapFOAM. This software
includes the option to apply a numerical wake model
that is based on pre-calculated computational fluid
dynamics (CFD) results to the layout optimization
calculations [6]. For a recent study on the impact of
wake models on layout optimization using this soft-
ware, see [7]. Also wake transformation effects in
complex terrain due to isolated hills have been mod-
elled successfully, based on interpolation and rescal-
ing of CFD simulations [8].

In this paper we present for the first time the opti-
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mization of a wind farm in complex terrain with CFD
wakes and CFD background fields, for a realistic
wind rose.

Clearly, the turbine positions are strongly con-
straint for real-life on-shore projects. Nevertheless
optimization codes can give crucial input during the
design phase, especially for complex sites where the
optimal layout may not always be obvious. The rea-
son for the usage of advanced models is that stan-
dard engineering-model approaches are known to
be unreliable in such cases, and CFD-based meth-
ods may be the key for overcoming this issue.

2 Approach

Our method is a mixture of CFD and pure modelling.
The background wind potential is obtained from CFD
simulations and the wake effect is added, based on
the superposition of single-rotor simulation results.

Background wind fields are defined as wind fields
that do not contain wind turbine wake effects. They
are simulated with CFD-RANS methods for a wind
rose with 3 degrees resolution in the relevant wind
directions. Each sector is modelled with a single
wind speed bin and stratification effects are ignored.

For the CFD wake model, a single rotor in
flat terrain is modelled with a uniform actuator
disk in a three dimensional calculation domain,
cf. Fig. 1. The Reynolds-Averaged-Navier-Stokes
(RANS) equations are then solved numerically for
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Figure 1: Cut through the mesh and the actuator disk
(red).

Figure 2: The CFD wake model deficit at 8 m/s inflow
wind speed.

eight different inflow wind speeds at hub height, us-
ing OpenFOAM. We apply the k − ε− fP turbulence
model [9] which has been validated with wind turbine
wake data. The obtained results are then mapped to
a coarser mesh with maximally 10 m resolution, and
the numerical wake model is created from the deficit
data. During optimization, the wake model deficits
are overlapped quadratically and added to the back-
ground fields.

Finally the layout is optimized using the Dakota
optimization library [10], which recently has been
linked to flapFOAM [7]. We apply a gradient-based
optimization method and purely geometrical con-
straints. The cost function is given by the annual
energy production (AEP) of the wind farm, since our
main interest lies in aerodynamic phenomena.

3 Main body of abstract

A cut at hub height through a typical CFD wake
model deficit field is shown in Fig. 2. The numeri-
cal wake model is obtained by interpolation at fourth
order of accuracy between similar deficit fields, sim-

Figure 3: Wind turbines at the edge of the plateau.

ulated for 3, 5, 8, 10, 12, 15, 18 and 20 m/s inflow
wind speed, as reported at the EWEA conference
2014 [6].

We study a fictional wind farm with 64 wind tur-
bines of 2.5 MW nominal power at a site in Bahia,
Brazil, that has an altitude variation of 800 m,
cf. Fig. 3. Furthermore it has plateau-like features
that lead to interesting speed-up near the border.
The wind direction is dominantly east and east-
south-east.

The optimization is sensitive to local variations of
the wind potential, as determined by the background
wind field simulations. The wake effect is added
to the wind field according to the above CFD wake
model. Note that the calculations that are required
for the optimization iterations are not CFD calcu-
lations, but simple superposition and interpolation
tasks. Thus several thousand evaluations of the ob-
jective function and the constraints can be carried
out within reasonable calculation time. In the stud-
ied case the optimization can be performed on a sin-
gle core of a workstation computer in less than 72
hours1.

This demonstrates that our method is appropriate
for building the bridge between detailed CFD wake
model research and applied wind farm optimization.

1This does not include the calculation time for generating the
CFD wake model and simulating the background wind fields.
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4 Conclusion

Standard engineering-model approaches are known
to be unreliable for many complex on-shore sites.
We address this issue by making CFD results avail-
able for wind farm layout optimization. In this paper
we demonstrate that it is possible to perform layout
optimization at a realistic site based on CFD back-
ground fields and CFD wakes within a few days on a
single core of a workstation computer.

5 Learning objectives

• Optimize wind farm layout in complex terrain

• Use CFD results for wind farm optimization

• Learn how CFD wake research can be trans-
ferred to applied wind farm design methods
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