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Comprehensive wind-tunnel experiments were carried out to study the interaction of a turbulent boundary layer
with a wind turbine operating under different tip-speed ratios and yaw angles. Force and power measurements
were performed to characterize the thrust force (both magnitude and direction) and the generated power of the
wind turbine. Moreover, flow measurements including high-resolution particle-image velocimetry (PIV) as well as
hot-wire anemometry were used to systematically study the flow in upwind, near-wake and far-wake regions. These
measurements provide a new insight on flow characteristics in these regions. For instance, they enabled us to study
the induced-velocity distribution in the upwind region of a turbine with and without yaw angle. In the near-wake
region, the evolution of tip and root vortices was studied with the use of both instantaneous and phase-averaged
vorticity fields. Moreover, the measurements in the near-wake region indicate a complex velocity distribution with
a speed-up region in the wake centre, especially for higher tip-speed ratios. In order to elucidate the meandering
tendency of far wakes, particular focus was placed on studying characteristics of very large-scale motions in the
boundary layer and their interaction with wind turbines. In addition, the study of spatial coherence in turbine wakes
revealed that any statistics based on streamwise velocity fluctuation cannot provide reliable information about the
size of large turbulent structures in turbine wakes due to the effect of wake meandering. The results also suggest
that the magnitude of wake meandering is regardless of turbine operating conditions. Finally, the suitability of the
proper orthogonal decomposition (POD) for studying wake meandering is examined.


