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Abstract

The impact of extreme wind conditions on the loading of wind turbines is examined in two parts: the "deterministic" where dynamic but non-turbulent inflow conditions are set and the "stochastic'' where the inflow is turbulent. In the first part a free-wake aerodynamic model (GENUVP) is used to identify the most important non-linear flow mechanisms. It is concluded that besides stall, also non-linear are the wake-induced dynamics in the case of yaw misalignment. Using the predictions of GENUVP as a reference, a less expensive model is devised (RAFT). It is a variant of the blade element model which accounts for dynamic inflow effects and dynamic stall. RAFT is used in the "stochastic" part of the work in order to estimate the effect of the turbulent inflow on the fatigue loads. The analysis considers variations of all the wind defining parameters: the turbulence intensities of the wind inflow, the corresponding length scales, the coherence decay factors, the vertical and lateral mean shears, the yaw misalignment and the mean velocity at the hub height. To include the complete dynamics of the wind turbine, RAFT is used coupled with the structural part of the ALCYONE aeroelastic package. Running several wind turbines it is found that the main driving fatigue mechanism is, as expected, the turbulence intensity. Small length scales and strong three-dimensionality of the inflow, which are characteristic of complex terrains, increase the fatigue loads particularly on the yaw mechanism. Finally the significance of yaw misalignment is confirmed. A yaw of 15" increases the equivalent flapwise loading as much as an increase of 5% of the axial turbulence intensity. Concerning the modeling, the presented results confirm the improvements accomplished and give confidence to the predictions. Additional work is still needed on modeling stall and on fully simulating turbulent winds in complex terrains.
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