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Simulations of wind turbine rotor with vortex
generators
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DTU Wind Energy, Technical University of Denmark, Ris Campus, Denmark

E-mail: niet@dtu.dk

Abstract. This work presents simulations of the DTU 10MW wind turbine rotor equipped
with vortex generators (VGs) on the inner part of the blades. The objective is to study the
in uence of di erent VG con gurations on rotor performance and in particular to investigate the
radial dependence of VGs, i.e. how VGs at one section of the blade may a ect the aerodynamic
characteristics at other radial positions. Furthermore, the performance of di erent sections on
the blade is compared to their corresponding performance in 2D  ow.

1. Introduction
A vortex generator (VG) is a small vane which is typically attached to the suction side of
wings/blades, where it causes local mixing in the boundary layer and thereby can delay/prevent
ow separation [22]. Therefore, VGs can enhance the aerodynamic performance of blades/wings
at high angles of attack which is also why VGs today are widely used for passive ow
control.[10, 9, 21, 20, 25]
The engineering design codes used by wind energy industry today typically take into account the
e ect of VGs by using modi ed aerofoil characteristics. These data are usually obtained through
wind tunnel experiments [5]. However, such measurements are costly and can be di cult to
perform at su ciently high Reynolds numbers as well as on the relatively thick aerofoil sections
which are normally used on wind turbine blades today. Furthermore, measurements on aerofoil
sections in 2D does not take into account possible 3D e ects and radial dependence which are
know to exist on wind turbine blades. Alternatively, one can use CFD to compute the e ect
of the VGs. S rensen et al. [19] presented RANS simulations of a 30% and 36% thick aerofoil
section, equipped with a VG, in which the VG was resolved with a grid. The simulated lift on
the thin aerofoil was generally in good agreement with measurements but when the VG was
placed aft on the aerofoil the lift was generally somewhat underestimated. For the thick aerofoil
the simulations generally overestimated maximum lift. For both aerofoils the computations
underestimated drag. The reason for the deviation are partly due to the well know limitations
of RANS turbulence and transition models and partly because the VGs in the measurements
were mounted on the aerofoil via a baseplate, which was not included in the simulations. Despite
the di erences, their work showed that CFD is capable of predicting the qualitative e ect of
VGs and can be used to compare di erent VG setups. However, due to the large range of scales
present for a wing equipped with VGs, it is not computationally feasible to directly simulate a
full wind turbine blade equipped with many VGs. To overcome this di culty Bender et al. [3]
developed the so-called BAY model in which the VGs are modelled by adding body forces in the
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momentum equations and thereby removing the need of a mesh around the individual VG. This
model has been validated and calibrated against both measurements and fully gridded CFD for
a variety of ow cases [9, 1, 3, 4, 7].These studies has proven that the BAY model is capable of
capturing the e ect of VGs with far fewer grid points than fully resolved CFD.

In this work we present simulations of a wind turbine rotor with and without a row of VGs on
the blades and compare the results to corresponding simulations on extruded aerofoil sections.
In the simulations the wind turbine rotor and aerofoils are fully resolved by a grid, while the
VGs are modelled using a modi ed version of the BAY model. The objective is to compare
extruded 2D and 3D aerofoil characteristics and study how these are a ected by the presence of
VGs.

2. Methods

The model used for simulating the VGs is based on the BAY model [3], in which the VGs are
represented as body forces which are determined by the VG shape and the local ow conditions
using an analogy to thin aerofoil theory. Unlike the original BAY model, the model used in
this work [24] more accurately represents the actual shape of the VGs, by modelling them as
in nitely thin triangular actuator disks. All simulations are carried out using the incompressible
Reynolds Averaged Navier-Stokes (RANS) solver EllipSys3D [12, 13, 16]. This code solves the
incompressible nite volume Reynolds-Averaged Navier-Stokes (RANS) equations in general
curvilinear coordinates in a collocated grid arrangement to facilitate complex mesh geometries.
The VG body forces are applied into the computational domain by using the actuator shape
model [15] and a modi ed Rhie-Chow algorithm [14, 23] to avoid odd/even pressure decoupling.
In order to compare 2D and 3D aerofoil characteristics of aerofoils with and without VGs,
simulations were carried out on both a full wind turbine rotor and on selected aerofoils with the
same cross sections as on the wind turbine rotor.

2.1. Rotor simulations

The DTU 10 MW wind turbine [2] with and without a row of VGs tted on the inboard part
of the blades was used as a basis for the 3D rotor simulations. This turbine is an open source
research turbine, including fully documented geometry, aero elastic and structural models as well
as 3D CFD rotor meshes. The rotor has a radius of 89.166 m and uses the publicly available
FFA-W3 aerofoil series along the entire blade.

Two di erent VG con gurations are considered in the present work: C1) The leading edge of the
VGs are positioned along a line starting at a chord-wise position of 0:5¢ at a span-wise position
of r=5 m (r/R=0.06) and ends at approximately 0:21c at r=30 m (r/R=0.3), where ¢ denotes
the local chord length and R the rotor radius. C2) As in C1 but where the leading edge of the
VGs are all at 0:21c.

In both con gurations the VG set-up is as shown in Figure 1, where = 16°, h = 0:01cmax,
| = 0:04Cmax, 1 = 0:045Cmax and 2 = 0:055Cmax, Where Cmax = 6:2 m is the max chord of
the blade.

The spacing, angles and size of the VGs used in the two con gurations are chosen rather
arbitrarily but are representative for a standard VG setup. The positioning along the chord is
also somewhat arbitrary but allows for a fundamental study of the radial dependence VGs may
have on each other.

Figure 2 compares the chord-wise position of the leading edge of the VGs with the corresponding
position of maximum thickness.

The simulations used the steady state moving mesh option in EllipSys3D [18] and assumed a
fully developed turbulent boundary layer on the blade surface using the k 1 SST [11] turbulence
model.

The use of steady state RANS is of course questionable for representing the highly separated
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Figure 2. Comparison of chord-wise position of maximum thickness and VG leading edge.

and unsteady ows on the inboard part of the blades, however, it is a necessary simpli cation to
keep the computational costs at a reasonable level. A risk of using steady state simulations to
represent ow regions which are unsteady and/or oscillates between multiple states, and therefore
will not converge, is that only one state is captured. This issue is partly addressed by averaging
the aerofoil data over the last 3000 iterations of the simulations. It should be emphasized
that even unsteady RANS and DES are also questionable for representing the ow at high
angles of attack due to limitations in boundary layer turbulence and transition modelling. The
computational mesh is the same as used in previous work [24]. The surface mesh was generated
using the Python based in-house developed Parametric Geometry Library (PGL) tool. PGL uses
simple parametric inputs about the blade, i.e. twist, chord and thickness distributions as well
as aerofoil series, to automatically generate the surface mesh including the root and tip regions.
The rotor surface mesh consisted of 256 cells in the chord-wise direction and 480 cells in the
span-wise direction with a 64 64 cells tip cap on each blade tip. In the region of the blades
where VGs are installed the cell length in the span-wise direction is 0:0775 m, corresponding to
8 cells per VG pair in agreement with the requirements found in previous work [24].

The volume mesh was of the O-O type and was generated using the hyperbolic mesh generator
HypGrid [17]. To obtain a y+ of less than 2 the height of the rst cell in the boundary layer
isset to 2 10 & m. The volume mesh is grown away from the surface using 128 cells in the
normal direction to form a sphere with a radius of approximately 20 rotor radii.
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2.2. Aerofoil simulations

Extruded 2D simulations were carried out on aerofoils with the same cross-sectional shape as on
selected sections of the DTU 10 MW wind turbine. The simulations were conducted in steady
state using the same turbulence model as the rotor simulations and at the same Reynolds
number so that a one-to-one comparison could be made of their performance with and without
3D rotational e ects.

The grids used for the aerofoil simulations were of the O-mesh type. The domain height and
span-wise extent was set to approximately 30 and 0.4 chord lengths, respectively. The grid
resolution was the same as used in the rotor simulations, i.e. 256, 128 and 32 cells in the chord-
wise, normal and span-wise direction. Note that the used span-wise resolution corresponds to 8
cells per VG pair and thus that 4 VG pairs were modelled in these simulations.

3. Results
Figure 4 visualizes the ow over the inner part of the blade both with and without VGs at a
free-stream velocity of 10 m/s, where the turbine operates with a rotational speed of 0.841 rad/s
and a pitch of 0°.
When there are no VGs the ow clearly separates and shortly after begins to ow radially
outwards due to the centrifugal force. When VGs are present they induce counter rotating
vortices which add momentum to the boundary layer. In C1 these vortices e ectively prevent
ow separation for r > 21 m causing the ow to be rather 2D in that region. Further inboard
the VGs in C1 cannot prevent separation but seems to slightly delaying it. The inner most VGs
in C1 are on the other hand located downstream of the separation line for the clean blade and
therefore are ine ective in preventing stall. In C2 the VGs delays separation in the region from
9 m < r < 12 m however, the price paid are regions further outboard (12 m <r < 16 m and
22 m < r < 25 m) with highly separated ow which are not seen in C1.
Figure 3 compares the tangential and normal force distribution in the three cases. As expected
the VGs in C1 increase performance from 21 m < r < 30 m compare to the clean case. The
distributions in C2 are characterized by signi cant dips at the radial positions where the ow
stalls. These dips causes the rotor to perform worse with VGs in C2 than in the clean case.
Figure 5 and 6 show the lift and drag curves of the blade sections at r = 24 m and r = 28 m,
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Figure 3. Tangential (a) and normal (b) force distribution in the three cases.

respectively both with and without VGs. The 3D aerofoil data was computed using the azimuthal
averaging technique (AAT) [6, 8].
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Figure 4. Surface restricted streamlines and tangential vorticity at the inboard part of the blade
at a free-stream velocity of Vo = 10 m=s. a) no VGs; b) VG con g. 1; ¢) VG con g. 2
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