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Abstract 

Actuator line modelling of wind turbines makes several assumptions in order to provide reliable 

results. This work provides evidence of the influence of different parameters of the model, such as 

aerodynamic force calculation models, three dimensional flow effects, tip and root effect, uniform and 

turbulent flow. Some considerations on the influence of the number of points per rotor diameters are 

presented, and therefore the computational cost is analysed. 

1 Introduction 

Wind energy is a field where research is very active. Wind turbines present a very high level of 

complexity, therefore the numerical models that are used to study their performances need to be able 

to reproduce the main features. Several research groups are working on the aerodynamic model of 

Horizontal Axis Wind Turbines (HAWT), proposing different techniques with different approaches. 

Most active people are working at DTU (Denmark), where wind energy is being studied since more 

than 20 years: many studies are conducted on isolated rotors, as well as on wind farms, see Sorensen 

and Shen (2002). Another community has recently grown very fast is NREL (US), where several 

research teams are working together combining atmospheric boundary layer wind modelling with 

aero-elastic modelling of wind turbines. At EPFL (Switzerland) the analysis involves the numerical 

and experimental modelling of large wind farms in different boundary layer stability conditions Wu 

and Porté-Agel (2011). 

Wind turbine flows can be computed in many different ways using Computational Fluid Dynamics: 

the most simple is the actuator disk, that allow for steady-state calculations and is suitable for 

modelling entire wind farms; actuator line consents to look at the detail of the wake structures making 

some assumptions on the interaction of the blades with the incoming flow; it is possible to calculate 

explicitly the interaction by modelling the blades but this approach is computationally very expensive 

and does not allows for modelling many wind turbines together. The choice of the actuator line 

approach allows for dedicating the calculation time to the turbulent structures characteristic of turbine 

wake flows, rather than to the reproduction of the small detail of the flow on the blades. This method 

allows modelling the interaction of the wind turbine with the turbulent atmospheric boundary layer 

flow, and it is possible to model several wind turbines, up to entire wind farms, obtaining very helpful 

information for the planning of the wind farm configurations, rather than for the control strategies in 

wake flow. These data are very difficult and expensive to get at full-scale, while traditional calculation 

methods are not able provide these results with a similar accuracy. 

This paper presents the actuator line approach, the effect of different approximations on both forces 

and flow structures. The solver used for this analysis is implemented using the open-source framework 

OpenFOAM. 
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2 Numerical model 

The detailed description of the numerical model can be found in a PhD thesis by Schito (2012). This 

work wants to describe the numerical model details that can be introduced for the calculation of the 

aerodynamic forces, see Figure 1. Very briefly the actuator line model uses the Blade Element theory 

introduced by Sorensen and Shen (2002), where every blade section has aerodynamic forces 

depending on the combination of local wind speed and rotor angular velocity. It is possible to apply 

several methods for the correction of these rough results, here only few are reported: the concern about 

blade tip and root corrections, the introduction of three-dimensional effects. Classic Blade Element 

Momentum (BEM) theory introduces Prandtl tip loss correction, that is an approximation based on the 

analytical calculation of the aerodynamic forces computed with an elliptical lift distribution, while a 

wind turbine blade is designed with different performances. Moreover it is possible to take into 

account also the radial component of the flow and see how this affects the rotor performances and the 

wake. 

 

Figure 1: Concept of the actuator line modelling onto a Cartesian structured grid 

 

These considerations must be conducted using a suitable computational grid, with particular attention 

to the number of grid points along the rotor, that are responsible for the accuracy in the calculation of 

the aerodynamic forces and for the wake description, a description of the forcing is proposed in Figure 

2.. 

Wind turbine experimental testing is conducted at Politecnico di Milano Wind Tunnel on scaled model. 

The data obtained in these tests is not helpful when comparing to full scale rotors, since there are too 

many kinematic, dynamic and inertial differences between the real and the scaled wind turbine, but 

gives valuable data for the verification of numerical codes. Numerical codes run with the input data 

that are inserted, therefore the result depends on the parameters considered. it is possible to validate 

the code using the scaled wind turbine data. 

3 Experimental Model 

The experimental data that are available for comparison with numerical results are achieved using the 

aero-elastically scaled model wind turbine developed by Bottasso et al. (2011). The model is a 1:50 
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scaled model of a real wind turbine: the rotor diameter is 2 meters, the hub height is at half the section 

height. The model is placed in the 4x4m low turbulence test section of the Politecnico di Milano Wind 

Tunnel. The experimental data that are measured are the forces and moments measure by a 6 

components force balance placed under the tower and the torque measured on the rotor shaft through a 

torque-meter. In the next developments will be available also the bending moment at the blade root. 

Not only force measurements can be used for the comparison with the numerical results, but also flow 

measurements are performed in the wake of the wind turbine using hot wire anemometers. In this case 

it is possible to compare the momentum deficit in the flow downstream of the rotor. 

 

Figure 2: Snapshot of the wind turbine operation projected on the Cartesian structured computational 

grid: The rotor is indicated along the line, the width of each blade is proportional to the chord used for 

computing the forces, the color is proportional to the forces introduced in the flow field; the circles in 

the grid are the effective points where the forces are positioned in the computational domain. 

4 Results 

Numerical results show that the model is sensitive to the variation of the parameters. This results in a 

clear change in the value of the mean force and torque, that depends on the local angle of attack but 

also  on the relative wind speed. It is possible to note also the different distribution of the load along 

the blades that depends on the local induction factors as well as to the different approximations used. 

The grid size has a small influence on the overall prediction of the wind turbine operation, but has a 

clear influence on the wake description, since the filtering can become too high and cancel the typical 

flow structure that are characteristic of a rotor wake: tip vortices and hub vortex may be not possible to 

identify, and the wake mixing length may be not correctly captured. 
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Figure 3: Description of the turbine wake by means of iso-vorticity surface. The color is proportional 

to the velocity magnitude. 

5 Conclusions 

The development of the actuator line framework allows for successfully model a wind turbine using an 

actuator line approach. The model allows for the tuning of the different parameters that give major 

influence on the performances predicted by the numerical model, allowing for giving the guidelines 

for future computations. The grid sensitivity has larger influence on the flow description than on the 

overall thrust and power prediction results, but plays an important role if a wind turbine is placed in 

the wake of the first one. 
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