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ABSTRACT 
With the increasing size of wind turbines and the large-scale deployment of wind 

farms, wake interactions have become one of the key factors limiting wind farm power 
generation efficiency and structural safety. Traditional steady-state wake models are 
unable to accurately capture wake evolution under complex atmospheric conditions 
and varying turbine operating states, highlighting the need for research on wind turbine 
wake dynamic effects and their control mechanisms. This study focuses on the 
dynamic characteristics of wind turbine wakes and cooperative control strategies. 
Based on high-fidelity numerical simulations and data-driven approaches, the effects of 
different inflow conditions, turbine yaw misalignment, and operating scenarios on wake 
structures, turbulence characteristics, and power losses are systematically investigated. 
On this basis, a multi-turbine cooperative control model that accounts for dynamic wake 
evolution is developed, and an optimization strategy is proposed to simultaneously 
enhance power generation efficiency and mitigate structural loads. The results 
demonstrate that appropriate yaw-based cooperative control can effectively accelerate 
wake recovery, reduce power losses of downstream turbines, and suppress 
fluctuations in critical structural loads. The findings provide a theoretical foundation and 
technical support for the intelligent operation and optimal control of large-scale wind 
farms. 

  
 

Fig. 1 Cooperative control of wind farm 
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