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Wake Flow Prediction of an Offshore Wind Farm via Turbulent Flow

Model ing

LEE Ke-chu', NELSON Bryan’, LIN Tsung-yueh’, CHAU Shiu-wu'

(1. Department of Engineering Science and Ocean Engineering, National Taiwan University, Taipei,
10617, Taiwan;
2. R/D Section, CR Classification Society, Taipei, 104, Taiwan)

Abstract: This paper employs a three-dimensional, turbulent flow approach coupled with an actuator
disk model to describe the flow field of an offshore wind turbine array as well as to predict its
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 parallelized
code. A Cartesian 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 effect of rotor motion. The body
force representing the aerodynamic loading on the rotor blade is estimated by means of the blade
element method, whereas the lift and drag characteristics of the blade foils at different radii
are also calculated by the same turbulent flow approach proposed for the wind farm flow. The actuator
disk defined by the rotor swept region is used to assign the aerodynamic loading contributed by
the rotor blades. Three test cases with different number and arrangement of wind turbines are
calculated with the proposed approach, which is proven to deliver significant efficiency with the

required accuracy.

Keywords: Wake flow, wind farm, wind turbine, actuator disk, turbulent flow modeling



