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Abstract  
The tower of a wind turbine causes velocity fluctuations affecting blade loads and and wakes of upwind 
turbines and the blade loading for downstream turbines. We continue the development of an actuator-line 
based tower model[11,12] and validate azimuthally varying blade loads against upwind and downwind 
NREL Phase VI campaigns. We further show how the tower model affects turbine loads and power in a 
wind farm using both actuator line and actuator disk methods to resolve the turbines, with particular 
attention to non-torque variations on the low-speed shaft loading.  
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Introduction  

Wind turbine modelling has become important for the understanding of non-steady turbine blade 
loading due to atmospheric turbulence and wind farm power output for advanced control of local and 
regional power grids. Prediction of blade load distributions, in general, have improved with recent 
advances in actuator line models. Little attention, however, has been given to tower modelling, which not 
only has an effect on azimuthally varying blade loads, and hence blade fatigue, but also on the 
downstream flow, including wake meandering and variation in the wake swirl [2]. Furthermore, several of 
the next-generation concept turbines have downwind configurations to increase the blade length beyond 
the current limitations of upwind turbines [3,15]. Therefore, an accurate representation of the turbine 
tower within actuator line models is an important area of research towards accurate prediction of turbine 
fatigue and wake flow physics altered due to the presence of a tower.  
 
Methods  

In this work, we continue to develop a Cp based actuator-line model for wind turbine towers within 
NREL’s SOWFA tool, built within OpenFOAM. OpenFOAM is an open-source finite-volume toolbox 
for solving differential equations [5-7]. In actuator line models, sectional blade loads are calculated based 
on local flow properties and added back as body forces into the momentum equation of the underlying 
flow solver [8,9,10]. A two-way coupling of wind turbines represented as actuator lines and  an ABL 
solver allows for wind farm applications and is necessary for accurate prediction of non-steady 
atmospheric loading on wind turbine blades [4]. Tower models have been developed using a single 
actuator drag line [13,14], multiple actuator lines to add drag and side forces [11,12], and an advanced 
actuator line with a Cp-based force distribution. The Cp based model uses a function  
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where R is the local tower radius and C is given by 
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The azimuthal variation can be found by fitting a correction to the potential solution to align with 
experimental data [11]. 
Preliminary Results 
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We compare different methods for a) validation cases for a cylinder in a uniform flow, b) NREL 
Phase VI upwind configuration, and c) NREL Phase VI downwind configuration. Preliminary results[11] 
showing the variation in the wake associated with the particular tower model are shown in Figures a and 
b. Additionally, we are working on a wind farm simulations using atmospheric inflow with and without 
the tower model to show the effect on downstream loadings due to variations on upstream turbine wakes.  

 
a) NREL Phase VI rotor - Tower modelled as 
single drag line 

 
 
 

b) NREL Phase VI rotor - Tower modelled 
with Cp-based force distribution 

 
 
 

 
Conclusions 

In the present work, we continue the development of tower models using an actuator line approach, 
including the validation of the models using cylinder and NREL Phase VI flows. The tower model affects 
the turbine wake in swirl and velocity deficit, having an effect on downstream turbines in wind farms and 
affecting wind farm power production. Additionally, the specific choice of tower model has a large effect 
on downwind turbines as the wake causes noteable one-per-rev variations that must be represented in 
order to accurately predict load variations for power and fatigue prediction.    
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