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Research on Development and Hydrodynamic Characteristics Analysis of Bionic Protection Device for Scour Diseases
of Offshore Wind Power Foundations
Youjia Huang
South China Sea Development Research Institute (South China Sea Remote Sensing Technology Application Center), Ministry
of Natural Resources

Abstract: Offshore wind power monopile foundations are continuously affected by the coupled action of tidal currents and
waves, which easily causes local seabed scour around the piles. This further leads to foundation exposure, bearing capacity
reduction and intensified structural vibration, seriously threatening the safe and stable operation of wind turbines. Aiming at
the defects of traditional protection technologies such as rock dumping and rigid guard rings, including poor adaptability, easy
damage and marine ecological disturbance, this paper develops a flexible composite bionic protection device based on the
energy dissipation and bed protection mechanism of marine organisms. Drawing on the flexible energy dissipation and root
sand fixation characteristics of seagrass, the overall structure, unit modules and anchoring system of the device are optimally
designed. Combined with CFD numerical simulation, this paper systematically analyzes the flow field structure, flow velocity
distribution, vorticity evolution and bed shear stress variation around the device under different hydraulic conditions, and
reveals its hydrodynamic protection mechanism. The results show that the proposed bionic protection device can effectively
weaken the intensity of pre-pile downflow and horseshoe vortex around the pile, reduce near-bottom flow velocity and bed
shear stress, with a maximum scour inhibition rate of 82.3%. Compared with traditional rigid protection structures, the flexible
bionic structure can adapt to water flow deformation independently, with low flow resistance and minor ecological disturbance,
which is highly adaptable to complex marine dynamic environments. This study can provide a new technical scheme and
theoretical support for the green and efficient prevention and control of scour diseases of offshore wind power foundations.
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