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Abstract—A numerical study was carried out to investigate
the effects of a Gurney flap on the aerodynamics
performance of the NACA 0018 aerofoil and an associated
three-blades rotor of a H-type Darrieus wind turbine. The
flow fields around a single aerofoil and the Vertical Axis
Wind Turbine (VAWT) rotor are studied using URANS.
The height of Gurney flap ranges from 1% to 5% of the
aerofoil chord length. The flow fields around a single
aerofoil and the Vertical Axis Wind Turbine (VAWT) rotor
are simulated using URANS. The results show that the
Gurney flap can increase the lift and lift-to-drag ratio of the
aerofoil. As a result, adding a Gurney flap can significantly
improve the power coefficient of the VAWT at low tip speed
ratio, where it typically gives low power production. The
causing mechanism is discussed in detail

Index Terms—Gurney flap, CFD, wind turbine, aerofoil

I.  INTRODUCTION

With the development of industry and economy, the
demand for energy has rapidly grown in recent years.
Fossil fuel, such as coal and oil, has supported industrial
growth in the last century. However, the excessive
consumption of fossil fuels has made humanity face an
increasing pressure of energy shortage and environment
problems, such as global warming and acidic rain. This
energy crisis has become a global challenge. The need for
alternative environmental friendly energy sources is more
acute than ever before

Wind power is one of the most popular renewable
energy sources, because of its wide distribution around
the globe. A wind turbine can produce electricity by
transforming the Kinetic energy from wind to the
mechanical and electrical energy. Unlike fossil fuels, it
produces very little or no greenhouse gas at all, and thus
can help efforts in reducing global warming.
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Because of the increasing importance of wind energy,
improvement in efficiency of wind turbines is of priority,
leading to growing research in this area.

There are two types of wind turbines, Horizontal Axis
Wind Turbine (HAWT) and Vertical Axis Wind Turbine
(VAWT). The former is more popular compared to the
latter one, due to its higher aerodynamic power
coefficient. However, VAWTs offer some unique
advantages that HAWTs do not have. The power
production of VAWTSs is independent of the incoming
direction of the flow. In addition, VAWTs can be
deployed to a wide range of wind velocity and produce
lower noise. They have relatively simpler mechanical
structures and are easier to maintain than HAWTSs.

Wind turbine efficiency is mainly determined by the
blade shape. The aerofoils are the basic element of the
blade. They have significant influence on the
aerodynamic performance of the turbine. Nowadays,
many methods, such as optimizing blade shape [1, 2],
adding intelligent control system and improving the
configuration of generator, are available to improve the
aerodynamics of wind turbine and overcome the
drawbacks. Among them, flow control of wind turbine
blades is one of the widely used techniques to improve
the power coefficient of the rotor.

The Gurney flap, which is named after its inventor, an
American race car driver legend Dan Gurney [3], is a
simple but effective passive control device for an aerofoil.
Various studies have been carried out to understand the
performance of the aerofoil with a Gurney flap and its
application on aircrafts and land vehicles. However, its
application on the wind turbine blade has not been much
investigated.

In the following, the analysis of aerodynamic
performance of the Gurney flap on H-type Darrieus wind
turbine blade is presented. Detailed flow features around
aerofoils is also be discussed.
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Il.  CASE SETUP AND NUMERICAL METHODS

A.  Geometry Definition

In this study, unsteady flow computations were carried
out for the NACA0018 aerofoil with a Gurney flap. The
Gurney Flap is a thin flat tab attached to the trailing edge
of an aerofoil on its pressure side. It is normally
perpendicular to the chord line[3]. Its length is usually
ranging from 0.5% to 5% of the chord. Many wind tunnel
tests and numerical studies have been conducted on
airfoils with Gurney flaps of different sizes. It was found
that this simple device can improve the aerodynamic
performance of an airfoil.

Fig. 1 shows the structure of Gurney flap. Its main
function is to increase the pressure on the pressure side
and decrease the pressure on the suction side of the
aerofoil. This results in a higher lift coefficient. This
device can also help in delaying separation. Jang et al [4]
suggested that the cause was related to the Kutta condition
on the airfoil, which means that flow cannot turn around
the sharp trailing edge of an aerofoil. The Gurney flap is
typically attached perpendicular to the chord line of
aerofoil. However, in some cases, a different angle
between the flap and the chord can used.

In the simulation of a single aerofoil, the chord length
is 0.246m and the free stream velocity is 10 m/s. The
Reynolds number based on the aerofoil chord length is
160K and the Mach number is 0.03, i.e. the flow is
incompressible. The C-type structured grid is adopted and
the total number of grid points is 70k. There are 200
points along the surface of aerofoil. The radius of the
whole computing domain is 30 times of aerofoil chord
length.

Gurney flaps of h=1.0%, 2.0%, 3.0%, 4.0% and 5.0%
of the chord length were employed. Fig.3 shows the far-
field and zoomed view of the computational mesh. No-
slip wall boundary condition is implemented on the
aerofoil surface. Velocity inlet and pressure outlet
boundary condition were used for the computational
domain.

In the second part, a study was conducted on a H-type
Darrieus wind turbine. The schematic view of this turbine
is given in Fig.2. This style of wind turbine has a simple
configuration, which is consisting of three vertical blades,
one vertical support and six horizontal struts.

The rotor performs in a fixed angular velocity ®. Hence,
the blades have a velocity of Ro. The Tip Speed Ratio
(TSR) is defined as A=Rw/V (V stands for the wind
velocity). Thus the velocity ‘seen’ by the blade is
composed of these two components. Normally the wind
turbine is propelled by the force tangential to the struts
and the normal force into the struts has no use, except
causing stresses.

For this work, a relatively smaller rotor was chosen. To
reduce time and resources needed for numerical
simulation, a 2D cross-section of H-type turbine was used.
This wind turbine is based on the NACA 0018 aerofoil,
which can give high lift-to-drag ratio [9]. The main
turbine parameters are given in Table I.
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Figure 1. Gurney flap on the aerofoil

TABLE . ROTOR PARAMETER
Number of 3
blades
Blades aerofoil NACA 0018
cho?c:e(lﬁ)e[m] 0.246
Radius(R)[m] 0.85
Wind 8
speed(V)[m/s]
Tip speed ratio 1-35

Figure 2. Flow velocity of H-type Darrieus wind turbine

Figure 3. Farfield and zoom view of the computational mesh

The geometry is given in Fig.4. To simulate the
rotation of the rotor, the computational domain was
divided into two sub-domains (rotor and stator) with an
interface between them. The rotor domain is a circular
inner zone that includes the actual wind turbine rotor. The
wind turbine rotor and the rotor zone have the same
rotational angular velocity. The stator domain is a large
stationary circular domain outside the inner zone. The
mesh on both sides of the interface have the same cell
size to achieve a smooth and sliding transition between
the two.

The turbine was assumed to operate in an open field.
To avoid wall blockage, the computing domain should be
large enough. In this work, the radius of stator domain is
10 times of radius of turbine. The radius of rotor zone is
1.5 times of the turbine.
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The inlet boundary was set as velocity inlet boundary
with a constant wind speed of 8 m/s and the outlet was set
as pressure outlet with atmosphere pressure value. The
turbine operated with a fixed wind speed and the rotation
speed of turbine changed, to achieve different tip speed
ratios.

Structured mesh was chosen for the whole domain to
reduce the computational time. Fig.5 shows that the
dimensionless wall distance (y plus) of the first point
away from the blades surface was less than 3. This
indicates that mesh in the boundary layer was well
resolved.

Interface  / \

Figure 4. Gometry and mesh of H-type Darrieus wind turbine.

B. Numerical M ethods

In this study, ANSYS Fluent was used to generate the
2D CFD model. A finite volume method was applied.
The solver was set as pressure based in the unsteady
RANS version. Spatial and temporal second order
accuracy was used. The SIMPLE approach was used for
the time marching and scheme convergence was observed
per time step.

The SST (Shear Stress Transport) k-o turbulence
model was chosen in this work as it has shown good
performance in turbo-machinery experiencing flow
separation[5] as expected for the blades of VAWT during
part of the rotation. The time step was set as 0.001 second,
leading to about 670 time steps for one cycle of rotation
when the tip speed ratio (TSR) was one. For a larger TSR,
a lower time step was chosen to keep about the same
number of time steps per cycle.

The simulation was run until a periodic behavior was
achieved. If the instantaneous torque coefficient of
turbine was less than 1% different than the value on the
same azimuth angle of last period, the simulation was
considered to be converged. Typically, this happened
after around 10 revolutions. The phase averaged values of
the following 5 revolutions after the convergence were
used as the final result.

I1l.  RESULTS AND DISCUSSIONS

A. Isolated Aerofoil

Figs. 6 & 7 show a comparison of the lift and drag
coefficients between our numerical and available
experimental results in the literature [6]. As can be seen,
the numerical results agree well with the measurements.
The “clean” data is from the aerofoil without a Gurney
flap, whereas the lines denoted as ‘GFx%’ are the cases
where the aerofoils are equipped with Gurney flaps. The
length of the Gurney flaps is ‘x%’ the aerofoil chord
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length. In Fig.6, the time averaged lift coefficient (C))
increases as the Angle of Attack (AoA) rises. However,
the stall angle decreases from 14~ of the clean aerofoil
case to 12° of the case with a 5% Gurney flap. The lift
coefficient at AoA=0"also increases significantly and it
reaches 0.5 for the 5% Gurney flap case.

Fig. 7 shows the time-averaged drag coefficient for the
same configuration. Obviously, as the angle of attack
increases, the drag coefficient increases as well. It is also
clear that the aerofoil with a larger Gurney flap has a
higher drag coefficient.

Fig. 8 presents the pressure coefficient distribution
around the aerofoil with and without Gurney flap at
A0A=5< It can be seen that the Gurney flap can
effectively increase the loading on the aerofoil. With the
increasing height of the Gurney flap, the pressure
difference between the lower and the upper surface of
aerofoil becomes larger, especially near the trailing edge
where the Gurney flap is attached. This is consistent with
the change of the lift coefficient versus angle of attack
given in Fig.6.

Fig. 9 shows the pressure coefficient at AoA=13",
Compared to the smaller angle of attack at 5°, the loading
increases due to the presence of the Gurney flap including
near the leading edge of aerofoil. When the height of the
Gurney flap is larger than 2% chord length, the loading
could not be improved anymore with a further increase of
the Gurney flap height.
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Figure 6. Lift coefficient of aerofoil[6]
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Figure 8. Pressure coefficient on the aerofoil at AoA=5°

Fig. 10 gives the variation of the separation point on the
suction side of aerofoil with different Gurney flap lengths.
It is clear that the Gurney flap changes the flow separation
significantly. The Gurney flap delays the onset of
separation point.

At AoA=5< compared to the clean aerofoil, the 1%
chord Gurney flap moves the separation point downstream
by 2%. This value can reach 5%, if the height of Gurney
flap increases to 2% chord length. At AoA=10<the effect
of Gurney flap on the separation point is much stronger. A
Gurney flap of 2% chord length moves the separation
point downstream by 18%. However, it should be noted
that the separation point does not change for the Gurney
flap length larger than 2%.

To understand the influence of Gurney flap on the
aerofoil performance better, Figs. 11 to 13 compare the
streamlines of flow field with and without Gurney flap. At
A0A=0"in Fig.12, there is no separation near the trailing
edge of the clean aerofoil. However, two separation
regions form, one downstream of the Gurney flap, and the
other upstream of the Gurney flap on the pressure surface.
Due to the presence of the Gurney flap, the pressure on
the pressure surface increases, and thus the lift increases
as well. In addition, there are two strong vortices at the
downstream of the Gurney flap. These vortices reduce the
adverse pressure gradient near the trailing edge, which
delays the separation on suction side. For all the reasons
above, the Gurney flap is an effective and efficient device
for the lift enhancement.

© 2019 Int. J. Mech. Eng. Rob. Res

S
T

Pressure Coefficient
no
T

|
0 5.1072 0.1 0.15 0.2 0.25
x(m)

Figure 9. Pressure coefficient on the aerofoil at AcA=13"
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Figure 10. Separation point variation versus angle of attack of different
aerofoils

Fig.12 predicts time-averaged velocity distribution near
wake region at A0A=9< It is obvious that a separation
bubble appears near the upper surface on the trailing edge
of clean aerofoil because of the adverse pressure gradient,
which reduces the suction pressure significantly. However
there is no noticeable separation bubble on the suction
side if the Gurney flap is added. A similar result was
found by T. Yu [10]. This phenomenon agrees well with
the calculated separation locations given above.

Fig.13 presents the effect of the size of the Gurney flap
on flow separation. The separation bubble on the suction
side for aerofoil marked with GF3% is much stronger than
that of GF5%, which can give an explanation why the lift
force increased with the increasing of size of Gurney flap.

A numerical simulation was also conducted to
investigate the effect of the angle between the Gurney flap
and chord line on the aerodynamic performance of the
aerofoil. In this work the Gurney flap with a size of 1%
chord length was chosen for discussion. As shown in
Fig.14, “GF1% X" refers to the angle between the
Gurney flap and chord line of aerofoil as “X”. It can be
seen that the Gurney flap perpendicular to the chord has
better performance for improving lift force compared to
other two angles near the stall condition by around 5%.
On the other hand, the angle of Gurney flap has relatively
small influence on the drag force as seen from Fig.15.

B. The VAWT

The verification of the computational framework of
VAWTSs was conducted by comparing to the published
results. Fig.16 shows the comparison of measured data
and CFD results in terms of power coefficient versus tip
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speed ratio. The rotor’s characteristics in current study is
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It is obvious that our simulation results agree well with
the CFD results of F. Balduzzi [9]. This good match is
partly due to the fact that in the experiment a very long
blade was chosen to reduce the influence of the tip-loss
[9]. This result demonstrates that the present CFD
procedure is suitable for predicting the aerodynamic
performance of this rotor model.

The performance of a wind turbine is determined by
several factors. The shape of aerofoil is a crucial element
among them [1]. The VAWT performs at TSRS from 1 to
3.5, where the power output from turbine is of practical
interest.

Fig. 17 shows the power coefficient variation at
different TSRs. Gurney flaps with different lengths have
been installed on the trailing edge of aerofoils. The clean
aerofoil case is also superimposed for comparison. From
the figure, it can be seen that adding the Gurney flap
increases the power coefficient at lower TSRs (from 1 to
2.5). However, as TSR goes above 2.5, the Gurney flap
reduces the power coefficient.

The power coefficient does not change too much with
different lengths of Gurney flap at TSR=1. However, as
the TSR increases to 2, a noticeable variation of power
coefficient can be observed from different Gurney flaps. It
is interesting that the peak performance of clean blade is at
TSR=2.5. However, when a Gurney flap is installed, the
power coefficient peaks at TSR=2. It also should be noted
that there is an optimal length of Gurney flap which gives
maximum power coefficient at TSR=2. For current study,
the optimal length of Gurney flap is 2% chord length.
When the height of the Gurney flap is larger than 2%
chord length, the power coefficient starts to decrease.

(a) (b)

Figure 19. Instantaneous velocity contour at azimuth angle=310 Torque
coefficient versus azimuth angle for different VAWTSs (a) Clean aerofoil
(b) GF3%

Fig.18 shows the torque coefficient versus azimuth
angle in one revolution for one blade with and without
Gurney flap, at TSR=2. As seen in the figure, the first half
of the revolution, the turbine with clean aerofoil has
higher power output than that with a Gurney flap.
However, during the second half revolution when the
blade is at the rear, the blade with a Gurney flap performs
better. This means that the tangential force on the blade
was increased. The benefit of Gurney flap at the second
half of the revolution is larger compared to the reduction
at the first part. This can be further explored by exploring
the flow field around the blade. Fig.19 illustrates the flow
field near trailing edge of turbine blade. It shows the
instantaneous velocity contour at azimuth angle=310“and
TSR=2. It is clear that there is a vortex downstream of the
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Gurney flap, where the flow velocity is relatively high.
As a result, the pressure difference between the leading
edge and trailing edge is larger than in the clean blade,
which leads to a large tangential force on the turbine
blade.
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Figure 21. Torque coefficient versus azimuth angle for different
VAWTSs, TSR=1.5
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Figure 22. Torque coefficient versus azimuth angle for different
VAWTSs, TSR=2

Fig. 20 shows how the installation angle of Gurney
flap affects the aerodynamic performance of the wind
turbine. The Gurney flap of 1.5% chord length was
investigated. As we can see in the figure, the Gurney flap
perpendicular to the chord of aerofoil performs best
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compared to other angles. This finding agrees well with
the result of single aerofoil.

The torque coefficient versus azimuth angle at
different TSR are present in Fig.21-23. At TSR=1.5 and
2.5, the turbine with Gurney flap of an installation angle
of 90 perform s better with a larger torque coefficient at
the first half of rotation. The similar conclusion could be
drawn from Fig.24 and Fig.25, which show the flow field
near turbine blade. It is clear that the pressure difference
between the leading edge and trailing edge is larger when
the installation angle of Gurney flap is 90.
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Figure 23. Torque coefficient versus azimuth angle for different
VAWTs, TSR=2.5

Figure 24. Instantaneous velocity contour at azimuth angle 120 [
Torque coefficient versus azimuth angle for different VAWTS
(a)GF1.5%_90 (b) GF1.5%_45

Figure 25. Instantaneous velocity contour at azimuth angle=240 Torque
coefficient versus azimuth angle for different VAWTS (a) GF1.5%_90
(b) GF1.5%_45

IV. CONCLUSIONS

Numerical simulation was performed on the two
dimensional aerofoil NACA 0018 and H-type Darrieus
wind turbine to examine the aerodynamic performance of
adding a Gurney flap. Good agreement between the CFD
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results and available experimental results were observed
both for a single aerofoil and a small scale Darrieus wind
turbine.

The results showed that both lift coefficient and lift-to-
drag ratio could be increased when a Gurney flap was
installed on the trailing edge of the aerofoil. This
enhancement become even greater when the height of
Gurney flap increased. However. There is an optimal
hight, beyond which, the performance starts to decrease.
The results also showed that the Gurney flap
perpendicular to the chord line of aerofoil had the best
effect compared to other installation angles. Adding a
Gurney flap yielded an increase in the power coefficient
for low tip speed ratios from 1 to 2.5.
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