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ABSTRACT

Actuator methods are a computationally efficient ap-
proach to wind and tidal turbine simulation, as the ro-
tor can be modelled without the need to resolve the
blade geometry and its boundary layers. This is ben-
eficial when carrying out iterative rotor design pro-
cesses as the blade geometry can be modified with-
out mesh alteration. While the actuator line method
requires more computational resource than the actu-
ator disc approach, the discrete blade representation
more closely matches the physics of a real rotor as
tip vortices and helical wake structures are generated.
Previous studies, such as those of Porté-Agel et al.
(2011) and Martı́nez-Tossas et al. (2015), have com-
pared actuator line and actuator disc models for spe-
cific rotor geometries with a focus on the power out-
put and wake quantities. The current study is focused

on the use of actuator methods as tools for iterative
rotor design, so analysis prioritises the spanwise dis-
tribution of force and flow components, particularly
in the tip vicinity. A novel rotor design algorithm is
presented which implements the same design criteria
as the McIntosh et al. (2011) design tool, but mod-
elling the rotor using actuator lines as opposed to an
actuator disc. RANS simulations using both actuator
methods are compared against blade resolved results.
The force predictions are improved by the use of tip
corrections in both cases. However, the resulting dis-
tribution of streamwise velocity requires that no tip
correction is used with the actuator disc-based design
tool, and indicates that the disc-based design criteria
of McIntosh et al. (2011) are incompatible with actu-
ator line modelling.

Figure 1: Comparison of the axial (left) and tangential (right) sectional force distributions predicted by actuator line
(orange), actuator disc (green) and blade resolved (purple) RANS simulations with and without tip correction applied.
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