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Abstract: Adverse weather conditions—including heavy rainfall, freezing rain, and snow—pose significant challenges to
the performance, reliability, and structural integrity of wind turbines. This talk presents a comprehensive investigation of
rainfall and icing-induced degradation mechanisms and their mitigation strategies. We begin with a field campaign conducted
at a 50 MW wind farm, where the impacts of rainfall and snow/icing events on multi-megawatt (1.5 MW) turbines were
systematically assessed using Supervisory Control and Data Acquisition (SCADA) data in conjunction with high-resolution
imaging from an unmanned aerial vehicle (UAV) platform. These field observations are complemented by controlled
experiments performed in the Icing/Rainfall Research Tunnel at lowa State University (ISU-IRT), enabling detailed
characterization of the effects of rainfall, freezing rain and snow under well-defined conditions. Advanced flow diagnostic
techniques—including molecular tagging velocimetry and thermometry (MTV&T), digital image projection (DIP), and
infrared (IR) thermography—are employed to elucidate the multiphase transport physics governing droplet impingement,
wind-driven water film and rivulet dynamics, transient heat transfer, and ice accretion on turbine blade surfaces. These
measurements provide new insights into the coupled aerodynamic, thermal, and interfacial processes responsible for
performance degradation. Building on this fundamental understanding, the talk evaluates bioinspired mitigation strategies,
including using lotus-inspired superhydrophobic coatings and pitcher-plant-inspired slippery liquid-infused porous surfaces
(SLIPS), for reducing water adhesion and ice accumulation. Finally, a novel hybrid anti-/de-icing approach—combining
localized leading-edge heating with hydro-/ice-phobic surface treatments—is introduced, demonstrating up to ~90% energy
savings in comparison to conventional methods.
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