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Background
Wind energy is an important current and future source of sustainable energy. Vertical axis wind turbines
(VAWTs) are the subject of renewed research interest because they have several key advantages over conventional
horizontal axis wind turbines (HAWTs) which could make them better candidates for future wind energy
applications [1]. VAWTs have their generator at the base of the tower, lowering the turbine’s center of gravity
and easing maintenance. The turbines are indifferent to the incoming wind direction and rotate at slower speeds
than HAWTs, which produces less noise. These characteristics lead to two main promising future applications
of VAWTs: multi-megawatt turbines floating in deep water where the wind resource is better, and small-scale
turbines in urban settings where the wind is highly turbulent. VAWTs can also be placed closer together,
resulting in a higher power density per area in a wind farm [1], [2].

Figure 1: Top view of a VAWT. θp is the blade pitch
angle, which can be actively changed throughout one
rotation in order to achieve the optimal angle of attack
α at each azimuthal position. Modified from [1] Figure
2.4.

Objective
This thesis project will contribute to the ongoing body
of research into controlling VAWT aerodynamics—
which are more complicated than that of HAWTs—
by studying the impact of different active pitch pro-
files on the turbine’s performance, loading, and wake.
The blades of a VAWT can be pitched individually
and dynamically throughout one rotation of the ro-
tor. In this project, several active pitch control pro-
files will be devised and implemented in low- to mid-
fidelity models (the 2D actuator cylinder model [3]
and lifting-line vortex model). The goal is to optimize
the angle of attack at each azimuthal position. The
dynamic pitch angles will be modeled by varying the
airfoil polars—that is, changing the lift (CL) and drag
(CD) coefficients based on the angle of attack [4]. The
pitch profiles will be evaluated based on the power co-
efficient, blade loading (bending moment), and wake
recovery (wind velocity in the wake). The multiple
objectives are to maximize the power output, min-
imize the load fluctuations, and maximize the wind
velocity in the wake (to maximize the power produced by a downwind turbine). Previous studies have analyzed
the effects of a fixed blade pitch offset [5]–[7], or only the power and loading under dynamic blade pitching
[2], [8], and not the combination proposed herein. The impact of dynamic blade pitch control on the wake in
particular is not well-understood, which is a gap this study aims to fill. Ultimately, the optimal dynamic blade
pitch profile will be selected based on a balance of the turbine’s own performance with that of a downwind
turbine.
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