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Unsteady characteristics of wake effect for multiple wind turbines
under gust wind condition

CAO Jiufa" > ¥, SONG Quanminl, WANG Chaoqunl, ZHU Weijunl, KE Shitang3
(1. Energy and Power Engineering, Yangzhou University College of Electrical, Yangzhou 225127, Chinas
2. Department of Wind Energy, Technical University of Denmark, Lyngby Copenhagen 2800, Denmark;
3. College of Civil Aviation, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The actual operating conditions of wind turbines are complex, which leads to strong unsteady
characteristics between wind turbines in the wind farm, and causes unsteady aerodynamic load of the upstream
and downstream wind turbines due to the unsteady wake effect. In this study, the unsteady characteristics for the
wake effect of multiple wind turbines are investigated under the gust wind condition. Firstly, an unsteady wake
simulation method is established by coupling the LES (large eddge simulation) and the actuator line model, and
the feasibility and accuracy are verified using the Nibe wind turbine. Meanwhile, the development characteristics
of a single wind turbine wake is unveiled. Then, taking the NREL 5 MW wind turbine as an example, numerical
simulations are performed for multiple wind turbines under the gust wind condition. The characteristics of
unsteady wake effects and the development mechanism of the wake vortex structures under the gust wind
condition are discovered. Finally, aerodynamic load characteristics of the upstream and downstream wind
turbines are analyzed and summarized under the gust wind condition. The present analyses and results are
significant in guiding the wind farm layout and wind turbine design.
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Fig. 7 Velocity contours in the slice along the longitudinal center at different time instances under the gust wind condition
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Fig. 9 Comparison of the power and thrust
of the three wind turbines
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