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WAKE MODELING OF WIND TURBINES LOCATED ON NON-
HOMOGENEOUS TERRAIN
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ABSTRACT

This paper proposes a three-dimensional, turbulent flow approach coupled with an actuator disk model to de-
scribe the flow field around wind turbines on non-homogeneous terrain as well as to predict the power output under
prescribed wind conditions, where the continuity equation and the momentum equations together with a two-
equation turbulence model are solved via an in-house code. The influence of terrain is considered by introducing a
body-fitted grid system. The structured grid discretization integrated with an appropriate body force distribution is
adopted to reduce the modeling complexity, where no body-fitted grid is required to resolve the rotor geometry and a
stationary grid is sufficient to capture the effects of rotor motion. The body force representing the aerodynamic load-
ing on the rotor blade is estimated via a prescribed equation that is suggested by numerical simulations employing
the complete blade geometry. The actuator disk defined by the rotor swept region is used to assign the aerodynamic
loading contributed by the rotor blades. The flow field without wind turbines is first analyzed for a target wind farm
site on the west coast of Taiwan to disclose the terrain effects on the wind conditions. The wake modeling of two
aligned wind turbines is conducted, where a nontrivial bump is located halfway between them. The impact of the
bump height on the wind condition of as well as the power delivered by the second wind turbine is quantitatively
discussed.
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