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Abstract

When wind turbines are placed in farms, wake effects reduce the overall power
production. Also, turbine loads are significantly increased since turbulence
levels are high within the wake flow. Therefore, when planning for a wind farm,
it is imperative to have an understanding of the flow conditions in the farm in
order to estimate the power losses and to optimize the durability of the turbines
to be selected for the farm. The possibilities granted by numerical modeling
and the development of computational capabilities give an opportunity to study
these flow conditions in detail, which has been the key focus of this doctoral
work.

The actuator disc method is used for predicting the power production
of the Lillgrund wind farm. The results of the simulations are compared to
measurements from the actual wind farm, which are found to be in very good
agreement. However, some uncertainties are identified in the modeling of
the turbine. One of the uncertainties is that a generic rotor is used in the
Lillgrund case. In order to quantify the errors resulting from this generalization
three different rotor configurations are simulated in various flow conditions.
Generally, it can be stated that the choice of rotor configuration is not crucial
if the intention of the simulations is to compute the mean wake characteristics
subject to turbulent inflow. Another uncertainty is that the turbines in the
Lillgrund case were simulated without a power controller. Therefore, a power
controller is implemented and used in simulations. Generally, the controller
reduces the thrust of the turbines, reduces turbulence intensity and increases
velocity levels in the wake flow. However, the use of a controller was observed
to have a small impact on the power production.

The effects of using the technique of imposing pregenerated turbulence
and a prescribed boundary layer in the simulation are analyzed in order to
verify its applicability in very long domains. It is observed that close to the
plane of imposed turbulence, the conditions are mainly dependent on the
imposed turbulence while far downstream the turbulence, regardless of its
initial characteristics, is in near equilibrium with the prescribed wind shear.

The actuator line method is validated using measurements of the near wake
behind the MEXICO rotor. The analysis is performed by comparing position,
size and circulation of the tip vortices, as well as velocity distributions in the
wake flow. The simulations and measurements are generally found to be in
good agreement apart from the tip vortex size, which is greatly overestimated
in the simulations.
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