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Pneumatic shape optimization design and turbulence
adaptability of high power offshore wind turbine blades
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Abstract

To address the challenges of aerodynamic efficiency degradation and load control for high-power wind turbine blades in deep-sea
turbulent environments, a multi-dimensional optimization system integrating “turbulent characteristics-aerodynamic design-structural
response” has been established. By combining unsteady aerodynamic modeling based on turbulent spectrum features, geometric
parameterized shape optimization algorithms, and boundary layer control and aeroparticle coupling suppression techniques,
performance improvements have been achieved for blades in Class IEC A turbulence. Wind tunnel tests show that the optimized blade
power coefficient increased by 8.9%, and turbulent load fluctuations decreased by 14.7%, providing an engineering solution for blade
design under complex sea conditions.
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