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Abstract

In the present thesis the wake flow behind wind turbines is analyzed
numerically using large-eddy simulations. The wind turbine rotors are modeled
by using either the actuator disc method or the actuator line method in which
the blades are represented by body forces computed with airfoil data. Using
these models, the boundary layers of the turbine blades are not resolved and
most of the computational power is preserved to simulate the wake flow. The
actuator disc method is used for the wake interaction studies of the Lillgrund
wind farm. In this study the power production is simulated for two different
wind directions and compared to measurements. A grid sensitivity study and
a turbulence intensity study are also performed. As a last step the front row
turbines are derated in an attempt to increase the total production of the
farm. The results show that it is important to impose atmospheric conditions
at the inlet in the simulations, otherwise production will be unrealistically
low for some turbines in the farm. The agreement between the simulated
and measured power is very good. The study based on derating the front row
turbines does not show any positive increase on the farm production. The
actuator line method is used for near wake analysis of the MEXICO rotor.
In this study the near wake is simulated for five different flow cases and
compared with particle image velocimetry (PIV) measurements. The analysis
is performed by comparing size and circulation of the tip vortices, the radial
and streamwise velocity distributions, the spatial expansion of the wake and
the axial induction factor. The simulations and measurements generally are in
agreement. In some cases, however, the measurements are affected by tunnel
effects which are not captured in the simulations. In connection to the actuator
disc method a power control strategy for operating conditions below rated
power is implemented and tested. The strategy is first validated using an in-
house developed blade element momentum code and then is implemented
in the actuator disc method used in the EllipSys3D code. The initial tests
show that the strategy responds as expected when changing the moment of
inertia of the rotor and when varying the inlet conditions. Results from the
implementation of the strategy in the actuator disc method in EllipSys3D
show that the turbine adapts to the conditions it is operating in by changing its
rotational velocity and power output when the inlet conditions are varied.
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