


canopy models are briefly described.  

In Chapter 3, the systematic numerical simulations are conducted to study the wind turbine 

characteristics under various conditions. Firstly, two kinds of operating condition with different 

thrust coefficients under two types of inflow with different ambient turbulence intensity are 

simulated for a model and a utility-scale wind turbine. The predicted mean velocity and turbulence 

intensity in the wakes of two wind turbines are compared with those obtained from the wind tunnel 

tests to validate numerical models. Subsequently, eight simulations by the Reynolds Stress Model 

are conducted for different thrust coefficients, yaw angles and ambient turbulence intensities. The 

wake deflection, mean velocity and turbulence intensity in the wakes are systematically investigated. 

In Chapter 4, a new Gaussian-based analytical wake model for wind turbines considering ambient 

turbulence intensities and thrust coefficient effects is developed. Firstly, the predictions of wake 

deficit and added turbulence intensity are modelled, which is derived based on the axial symmetry 

and self-similarity assumption. In addition, a new wake deflection model is then proposed to 

analytically predict the wake center trajectory in the yawed condition. The wake deflection model is 

then incorporated in the proposed Gaussian-based analytical model to consider the yaw angle effects. 

All the parameters of the proposed model are determined as the function of ambient turbulence 

intensity and thrust coefficient. The validation of new proposed analytical wake model is conducted 

under various conditions by comparison with numerical simulations and wind tunnel tests. 

In Chapter 5, the procedure of application in real wind farm is presented based on the developed 

numerical and analytical models. A comprehensive wind farm field measurement conducted in the 

test site are firstly introduced. The wind field and turbine wake flows over the real terrain are 

simulated by a modified DDES for different wind directions and the accuracy is assessed by 

comparing with those measured by a LIDAR in the real wind farm. Subsequently, the escarpment 

induced terrain effects on the wind turbine wakes are systematically investigated. Finally, a hybrid 

framework for wake prediction in real wind farm is developed and verified by the numerical 

simulation, in which the local wind filed including terrain effects are predicted by a full CFD 

simulation and the turbine wake effects are presented by the new proposed analytical model. 

Chapter 6 summarizes the conclusions of this study. A coupled BEM-CFD model is validated for 

wake prediction and the effects of ambient turbulence intensity, thrust coefficient and yaw angle are 

systematically investigated by using numerical simulations. A new analytical wake model is 

proposed and shows good performance for prediction of mean velocity and turbulence intensity 

under various ambient turbulence intensity, thrust coefficient and yawed conditions. The terrain 

effects on the wind turbine wake flow are investigated and the applicability of the new proposed 

analytical wake model in complex terrain is verified. 


