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ABSTRACT 

Installing wind turbines as a group (i.e., a wind farm) leads to a 
sharp drop in their energy performance. To put this into perspective, at 
wind directions aligned with a column of turbines, power production of 
the second-row wind turbine can drop by 60% (e.g., Lillgrund in Sweden 
at wind direction of 225°). This significant energy loss is caused by the 
wake of upstream wind turbines. Wakes are plume-like volumes 
downstream of wind turbines characterized by higher wind speed 
deficits and turbulence than the undisturbed upwind flow. Optimization 
algorithms are used to position turbines such that their exposure to the 
upstream wakes is minimized. Researchers have extended their fight 
against negative wake effects beyond the design process onto the 
operation of wind farms by adopting active wake control strategies that 
aim at steering the wake away from downstream wind turbines in real-
time. All of these strategies require modifications to the wind turbine 
technologies. This has created so many technical barriers for 
implementing these strategies. As a matter of fact, to date, none of the 
proposed wake control techniques have been permanently implemented 
at a utility-scale wind farm. This thesis presents a new wake control 
concept that is proven to be considerably more effective than the 
existing strategies, while being an independent add-on to the wind farm 
that has nothing to do with the wind turbine technology and requires no 
technical support or permission from wind turbine manufacturers. The 
proposed concept applies a stationary structure to funnel the upstream 
wake away from down wind turbines. In other words, the extremely low 
speed, turbulent wake of upstream wind turbines is substituted by the 
wake of a stationary, hollow bluff body. Wake of a bluff body is less 
turbulent and of higher wind speeds, as the bluff body does not have 
rotating blades designed to extract power off of the flow. The 
effectiveness of the proposed concept is investigated experimentally at 
Tennessee Tech University's open-loop wind tunnel. At the studied wind 
speed, it was observed that the rotor of the second-row wind turbine 
receives 6.5% more wind speed in the presence of the proposed steering 
device. This leads to a 21% increase in power production of the second-
row wind turbine. 
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