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Predicting air flows over complex terrain is of high interest for a broad variety of ap-
plications. Determining the wind loads on wind turbines and the optimization of the
deployment within a candidate wind farm location to maximize the power output are
probably the most prominent applications in wind engineering. Other applications are
the prediction of dispersion of pollutants or the forecast of wind flow patterns in urban
areas. Due to the fact that the atmospheric boundary layer (ABL) is the lowest part of
the atmosphere it’s flow pattern is mainly influenced by the ground topology.

There is extensive literature concerning computational fluid dynamics (CFD) simulations
of wind flows over complex terrain. Most studies use a finite volume code based on solving
the incompressible Reynolds-averaged Navier-Stokes equations (RANS) together with a
two-equation turbulence model (k−ε or k−ω). Even though RANS methods only provide
information on the mean wind and level of turbulent kinetic energy, they are not seriously
challenged by large eddy simulations (LES) due to their robustness and low computational
costs [1].

The most comprehensive ABL flow measurement stem from the Askervein Hill project [2].
However, the Askervein Hill is a smooth hill without obstacles. Therefore, the present
study is dedicated to the evaluation of the wind flow over the lake Wannsee in Berlin,
Germany (N52◦25′ 39′′ E13◦10′ 23′′). The simulations were carried out with the free open
source toolkit OpenFOAM (Ver 2.1) using the SST turbulence closure. The simulations
were validated with measurements, conducted on a sailing yacht (8m OneDesign) equipped
with wind sensors (cup anemometer and wind vane from tacktick) and a positioning
system.
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Figure 1: Overview of the computational domain showing a satellite image (left), the discretized topogra-
phy (middle), and the displaced forest-layer (right). The right image also shows the course of the sailing
yacht used for the measurements (red curve).
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Figure 2: Velocity profile as a function of the sailing
time. The time corresponds to a position on the
sailing course.

The computational domain was derived
from satellite data. In most cases digi-
tal terrain models (DTM) computed from
satellite data usually represents the bare
ground surface lacking objects like plants
and buildings. If individual roughness ele-
ments of a specific size are packed closely
together, they act as a displacement sur-
face. The computational domain was de-
rived from satellite data, which indicates
that the lake surrounded by deciduous
forests. The forest area was elevated by
80% of the average tree size (≈ 14 m) nor-
mal to the surface, as shown in orange in
the right image in Figure 1.

Figure 2 shows the results of the computed
wind velocity as a function of the sailing time, which corresponds to a position on the
sailing course. The simulation exhibits the same flow characteristics as the measurements.
The noise of the measurement signal, however, cannot be reproduced by the computation.
This can be attributed to high wind gusts and measurement errors.
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