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The principal mechanism behind wind energy is the conversion of kinetic energy into
electrical energy which can then be transmitted to end users. As kinetic energy is a function of
mass and velocity, the wind velocity surrounding the turbines is intrinsically linked to the energy
production. An integral part of wind farm planning and design is to determine the wind resources
available and the prospective energy output for the farm. Currently, the industry standard practice
considers only wake effects of turbines in regards to post installation estimates of the velocity flow
field. However, recent studies indicate that upstream conditions are also impacted by wind farm
installations [1] and [3]. Figure 1 demonstrates the reduced wind velocity upstream of the wind
farm. These experiments indicate that wind farms block and slow down the incoming wind through
a global blockage phenomena which is greater than what could be attributed to the linear sum of
singular turbine induction [2]. This global blockage effect decreases the energy output of the wind
farm as there is less kinetic energy available for conversion to electrical energy. Simulation based
investigations using Reynolds Averaging Navier Stokes (RANS) or Large Eddy Simulations (LES)
aim to improve the energy output estimates to better plan and design wind farms through the
investigation of the upstream impact of wind farms.

Figure 1: Change in wind velocity around wind farm in comparison to free stream conditions [1]

This thesis project will study the sensitivity of these computational fluid dynamic (CFD)
simulations to the numerical configuration on the global blockage. RANS simulations will be
utilized as they provide sufficient results and insight into the large scale interactions while being
less computationally expensive than LES. The simulations will be conducted under the assumption
of pressure-driven boundary layers coupled with neutral atmospheric conditions. The numerical
configuration will be systematically altered to isolate variables and their impact. Parameters
which will be investigated include but are not limited to: boundary conditions, turbulence models,
domain size, time stepping, mesh, etc. Results from the simulation will be verified and validated
with existing simulation and measurement derived results. The results of this analysis aims to
improve simulations modeling and increase certainty of energy production estimates.
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