A novel methodology for the analysis of high-power wind-turbine blades.
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In this work, we propose a novel method to simulate fluid-structure interaction phenomena in wind-turbine blades. Our method is based upon two powerful simulation tools, one concerning the aerodynamic problem and the other the structural one.

Even though, a wind-turbine blade is a slender struture that may be studied as a beam, they are usually not simple to model due to the inhomogeneous distribution of material properties and the complexity of their cross section. Design twist and curvature of the blade further complicate its modelling. Our method uses an advanced Generalized-Timoshenko beam model to reduce the geometrical and material-property complexity of the blade into a stiffness matrix that allows a simpler (but accurate) solution as a 1-D finite-element problem.

This structural model combines with a solution of the flow field by a novel vorticity-velocity approach, called the KLE method. The intrinsic invariance of the velocity-vorticity formulation against acceleration of the frame of reference, makes KLE attractive for simulation of rotating blades.

The FEM 3-D mesh will be constructed from a master 2-D mesh mapped to each section along the axis of the blade by conformal mapping technics. It preserves topological correspondence between nodes of each slice normal to the blade axis, connecting similar nodes of different slices.

