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Introduction

Wind energy can be harnessed through both horizontal and vertical axis wind turbines, each converting kinetic energy into mechanical and electrical

power. Among vertical-axis designs, two principal categories are distinguished: drag-based devices, represented by the Savonius rotor, and lift-based
configurations, encompassing Troposkein and H-shaped Darrieus turbines [1, 2]. The latter are notable for their structural simplicity, quiet operation,
Insensitivity to wind direction, and minimal servicing demands, positioning them as attractive candidates for urban energy applications. Nevertheless,
H-Darrieus rotors present inherent drawbacks, namely poor self-starting performance and a relatively modest power coefficient.
A range of strategies has been explored to address these shortcomings, including modifications to blade geometry and count, Integration of
supplementary flow control elements, and broader aerodynamic optimization. Experimental work by Mazarbhuiya et al. demonstrated that adopting the
thicker NACA 63-415 profile yields a 4.34% improvement in Cp [3], while numerical Investigations by Mabrouk and Hami highlighted the
aerodynamic benefits of a three-bladed arrangement [4]. Dominy et al. further reported enhanced self-starting characteristics through design
refinements [5]. Beyond conventional configurations, alternative layout concepts are under consideration, including the strategic siting of VAWTSs
within building wake regions to exploit accelerated flow.
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(a) rotor with modified asymmetric blades (test configuration);
(b) rotor with symmetric blades (baseline configuration).
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