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Abstract 

Although less efficient than their horizontal-axis counterparts, vertical-axis wind turbines (VAWTs) present an 
interesting research topic as well as a renewable energy converter with lots of potential for application in both 
urban and secluded rural environments. This is mostly due to the fact that lift-type VAWTs require lower cut-
in speeds, can operate in variable wind profiles, and produce low-level noise. Particularly interesting are small-
scale machines that operate in low Reynolds numbers where viscosity effects are particularly noticeable. 
The design of a small-scale composite vertical-axis wind turbine blade comprises several steps. First, the blade 
should be modelled and the expected aerodynamic loads should be estimated with sufficient accuracy. 
Secondly, structural analysis of its composite elements should be performed for various load cases (including 
conjugate aerodynamic, inertial, and gravitational loads at different wind speeds and/or wind turbine rotor 
angular velocities). Finally, manufacturing technology should be defined and the blade should be manufactured 
as well as experimentally tested so that the starting computational models can be assessed and validated. 
The goal of the presented research study is to conduct a complete design process of a small-scale VAWT 
blade. Aerodynamic loads are numerically estimated by the finite volume method, while structural analysis of 
the blade is performed by the finite element method. Additionally, the lay-up sequence of the blade inner 
composite structure is optimized by the particle swarm method. In the end, the designed blade is produced by 
a wet lay-up manufacturing process. The consistency of strains, measured in several different cases of blade 
bending, and corresponding numerical values were mostly below 8% which justifies the adopted design 
procedure. 
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