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Wind is a sustainable and abundant resource. In 2023, the wind industry saw its largest annual power increase
ever, of 117 GW [1]. Although a large accomplishment, to meet COP28 climate goals the annual installation
rate must triple by 2030 [1]. While steady aerodynamics of wind turbines have been investigated widely,
work remains when considering unsteady aerodynamics [2], which, for example, can be caused by
atmospheric turbulence, terrain variation, or tidal currents — the latter of particular importance for offshore
installations. This study aims to support this knowledge gap through experimental testing in a towing tank at
Queen’s University. The towing tank is 13.6 m long, has a 1 x 1 m cross section, and can achieve a maximum
towing speed of 1.3 m/s, and thus a maximum diameter-based Reynolds number of 450,000, while keeping
blockage under 10%. A scaled down MoWiTo model turbine [3], widely used in wind turbine aerodynamic
experiments, will be used to examine wake development and blade loading under both steady and unsteady
conditions; the former allowing comparisons to published results in well-established steady conditions. The
MoWiTo typically features a 0.58 m diameter rotor with SD7003 blade profiles [3], which will be scaled
down to 0.35 m to meet a 10% blockage constraint. The MoWiTo rotor is designed for testing at higher
Reynolds numbers than those achievable in the towing, thus a redesign will be performed using blade element
momentum theory to optimize for operating conditions in the towing tank. The planned experiments will run
at tip speed ratios between 4 and 8 to match operational in-field conditions. Initial experiments will measure
the generated turbine thrust and power in canonical steady conditions and then move to examining effects of
unsteady conditions such as gusts or continuously yawing the turbine while in movement.
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