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Abstract: Wind turbines in wind farms often work in complex environments formed by
atmospheric turbulence and turbine wakes. This requires an in-depth analysis of the aerodynamic
performance and wake structure of wind turbines under turbulent inflow. Based on the Actuator
Line Model, this paper uses the ALMpisoFoam solver developed from OpenFOAM to simulate
the turbulent inflow condition by generating a random velocity that satisfies the continuity
equation at the entrance of the computational domain, and uses the Large Eddy Simulation
method to calculate the aerodynamic performance and wake characteristics of a wind turbine.
By comparing the data of axial velocity, aerodynamic load, and wake vorticity distribution at
different locations in different inflow conditions, the effects of turbulent inflow on the wind
turbines are discussed and analyzed. The numerical results reveal that although the velocity
distributions at the rotor plane are similar under the two inflow conditions, with the extension of
the wake flow, the transportability and dissipation of energy to the turbulent flow quickly become
apparent, which makes the radial distribution of axial velocity more uniform, which is different
from the wake under uniform inflow, in that case the wake flows concentrating near the tip and
root vortex. In addition, the wake vortex structure in uniform ambient flow can remain stable in
four rotor diameters downstream. On the contrary, the disturbance of turbulent flow causes the
wake field to quickly become chaotic flow.

Key words: Turbulent inflow; Actuator Line Model; Large Eddy Simulation; Wake field.
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