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In this paper, the eﬀect of Gurney ﬂap shapes on wind turbine blade airfoil S809 has been studied by numerical simulation. First, the
O-type grid is used in the numerical simulation. By comparing with experimental data, such as the lift force, the drag coeﬃcient,
and the pressure distribution, the accuracy of the simulation method is validated. Second, the research on the widths of three
kinds of rectangular Gurney ﬂaps at the trailing edge of the S809 airfoil is carried out. Rectangular Gurney ﬂaps can
considerably increase the lift in both the linear and nonlinear sections, and the maximum lift coeﬃcient can be increased by
20.65%. In addition, the drag and the pitching moment are increased. However, the width of the rectangular Gurney ﬂap has a
small impact on the lift, the drag, and the pitching moment. Finally, the eﬀects of rectangular and triangular Gurney ﬂaps on
the aerodynamic characteristics of the S809 airfoil are compared. The results show that the triangular ﬂaps can obtain an
increase of maximum lift coeﬃcient by 28.42%, which is better than 16.31% of the rectangular ﬂaps.

1. Introduction
With the development of renewable energy, the utilization of
wind power has undergone impressive progresses as a major
clean energy source. Blades are the key component of a wind
turbine to capture the wind energy, while airfoils are the
core element of a blade. Therefore, the aerodynamic characteristics of the airfoil have a huge impact on the overall
aerodynamic characteristics of the wind turbine. Questions
such as how to improve the aerodynamic characteristics of
the airfoil, how to increase the ability of the wind turbines
to catch wind, and how to control the local loads on the
blades have remained hot issues for researchers worldwide.
Gurney ﬂaps can signiﬁcantly change the aerodynamic
characteristics of airfoils. An experimental study on the
installation of Gurney ﬂaps at the trailing edge of the airfoil
was ﬁrst carried out by Liebeck [1] (see Figure 1). His
research indicated that Gurney ﬂaps could increase the
circulation and the lift of the airfoil. Later, researchers from
various countries conducted a large amount of research on
the mechanisms and the control eﬀect of Gurney ﬂaps using
wind tunnel tests and numerical simulations.

Gurney ﬂaps have been widely used and studied in airfoil
static/dynamic stall control [2–5], ﬂutter control [6], ﬂapping
airfoil control [7], ground eﬀects [8], and rotor blade load
control [9–13]. In these applications, the increases in the lift
and the drag are closely related to airfoils, ﬂow conditions,
and the ﬂap geometry.
Wang et al. [14] discussed the high-lift mechanism of
Gurney ﬂaps and their applications in low-speed airfoils,
supercritical airfoils, lifting devices, and delta wings. For
low-speed airfoils, the eﬀects of the Gurney ﬂap height, the
mounting position, the mounting angle, and the layout on
the lift, the drag, and the pitching moment are also discussed.
Cole et al. [15] discussed the eﬀects of Gurney ﬂap heights
and positions on the aerodynamic characteristics of ﬁve
diﬀerent airfoils, showing that the lift-increasing eﬀects of
diﬀerent Gurney ﬂap heights and installation locations for
diﬀerent airfoils are not the same. Myose et al. [16] discussed
the eﬀects of Gurney ﬂaps on the aerodynamic characteristics
on single or multielement airfoils, three-dimensional wings,
and reﬂection plane models, indicating that diﬀerent Gurney
ﬂap heights have signiﬁcant eﬀects on both the lift and the
drag coeﬃcients of the model. Nikoueeyan et al. [17] carried
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Figure 1: Hypothesized Gurney ﬂap trailing-edge ﬂow conditions
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2. Numerical Method and Validation
The numerical simulation of the S809 wind turbine airfoil
is performed by CFD++ software. The steady ReynoldsAveraged Navier-Stokes (RANS) equations and the SpalartAllmaras one-equation turbulence model are used to carry
out the numerical study. The Reynolds number is 106, the
Mach number is 0.0716, and the range of the angle of attack
is -2°~20°. An O-shaped grid is used with a far-ﬁeld radius of
45c, as shown in Figure 2. The normal layers in an O-mesh
are 146, and the wrap-around points are 400. The ﬁrst layer
spacing is 1 × 10−5 c and total number of cells is 5 8 × 104 .
The boundary conditions are the nonslip wall boundary
condition and the far-ﬁeld boundary condition based on
the characteristics of the ﬂow.
To validate the numerical method, the experimental
data of the S809 airfoil provided by Delft University of
Technology [20] are compared with the numerical results.

(a) Leading-edge region grid schematic diagram

0.05

y/c

out wind tunnel tests on Gurney ﬂaps mounted at the blunt
trailing edge of the wind turbine blade airfoil DU97-W-300,
indicating that Gurney ﬂaps on the lower surface of the airfoil
at the trailing edge can increase the lift, while those on the
upper surface can reduce the lift. He et al. [18] investigated
the Gurney ﬂap lift-enhancement for a low Reynoldsnumber airfoil with a numerical simulation, and the ﬂap
heights varied from 0.25%c to 3%c. The paper presented
the pressure distribution, the ﬂow ﬁeld, and the drag coeﬃcient on the airfoil with Gurney ﬂaps. Graham et al. [19]
investigated the eﬀect of the Gurney ﬂap thickness on the
SD7062 airfoil performance with an experimental method,
showing that the lift augmentation due to the ﬂap increased
with the ﬂap height and decreased with the ﬂap thickness.
In summary, the research on Gurney ﬂaps mostly uses
the traditional rectangular ﬂaps focusing on ﬂap heights, ﬂap
mounting positions, and installation angles. Presented in this
paper is a study focusing on the eﬀect of the Gurney ﬂap
shape on wind turbine blade airfoil S809. The ﬁrst purpose
is to investigate the inﬂuence of the Gurney ﬂap width on
the aerodynamic performance of the S809 airfoil and reveal
the ﬂow details of the airfoil. The second purpose is to
compare the eﬀects of the traditional rectangular Gurney ﬂap
and the triangle Gurney ﬂap on the aerodynamic performance of the S809 airfoil.
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(b) Trailing-edge region grid schematic diagram

Figure 2: O-mesh for the S809 airfoil.

The Mach number (Ma = 0 0716) and the Reynolds number
(Re = 1 × 106 ) for the numerical simulation are the same as
those of the wind tunnel test. The chord of the S809 airfoil
is 600 mm. The simulation results are compared with the
experimental data in Figure 3. The results show that the lift
and pitching moment agree rather well with the measurement for the range of angles of attack from -2° to 8°. After
the ﬂow separation occurrence, the lift is a little overpredicted but within an acceptable degree and the variation
trend is well captured. The drag is obviously overpredicted.
The possible reason is that the S809 is a laminar airfoil, and
there probably exits transition on the airfoil surface in the
experiment. The numerical simulations are carried out under
the assumption of full turbulence which causes the drag
larger than that of a laminar ﬂow. So, the drag could be
overpredicted. Overall, the numerical results agree fairly
well with the experimental data, indicating the accuracy
of the numerical method in this paper. Xu et al. [21] also
used the similar validation strategy as this paper to validate
their numerical results. Therefore, the subsequent research
in the present paper will use the full turbulence model to
carry out numerical simulations.
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Figure 4: Schematic diagram of the three Gurney ﬂap widths.
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Figure 3: Comparison of aerodynamic coeﬃcients of experimental
data and CFD simulations.

3. Results and Discussion
Tsai et al.’s work [11] shows that the Gurney ﬂap mainly
changes the eﬀective camber of the airfoil, which has a significant impact on the small AoA. Hence, the range of the angle

of attack for subsequent numerical simulations is -2°~16°. In
order to study the inﬂuence of Gurney ﬂaps on the aerodynamic characteristics of the airfoil, the simulation conditions
are set as Re = 1 × 106 and Ma = 0 0716.
3.1. Eﬀect of Gurney Flap Width. In this section, we discuss
the eﬀect of the ﬂap width on the aerodynamic characteristics
of the airfoil S809, when rectangular Gurney ﬂaps are
mounted at the trailing edge of the airfoil. Three Gurney ﬂap
widths are displayed in Figure 4. All Gurney ﬂaps have a
height of 12 mm (2%c), and their widths are, respectively,
0.2%c, 0.6%c, and 1.0%c, which are denoted as “GF_W2,”
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“GF_W6,” and “GF_W10,” respectively. The clean airfoil
without Gurney ﬂaps is denoted as “Baseline”.
Figure 5 exhibits the aerodynamic performances of the
airfoils with diﬀerent Gurney ﬂap widths. As can be seen,
the Gurney ﬂaps with widths of 0.2%c, 0.6%c, and 1.0%c
can signiﬁcantly increase both the lift of the linear and the
nonlinear sections. The lift coeﬃcients at AoA = 1 03° are,
respectively, increased by 102.33%, 91.79%, and 89.23%,
and those at AoA = 7 1° are, respectively, increased by
28.33%, 26.97%, and 23.36%. Furthermore, the maximum lift
coeﬃcients are, respectively, increased by 20.65%, 20.29%,
and 16.31%. Therefore, the Gurney ﬂap can generate higher
lift coeﬃcients, as the ﬂap thickness decreases, which is
consistent with Graham et al.’s conclusion [19]. A substantial
increase in the lift, the drag, and the pitching moment is
observed; however, the change in Gurney ﬂap widths has a
small eﬀect on them.
In order to study the eﬀect of the width of the ﬂap on the
lift-to-drag ratio of the S809 airfoil, the percentage increase in
the lift-to-drag ratio is deﬁned here, i.e., KGF ‐KBaseline /
KBaseline , where “KGF” and “KBaseline,” respectively, represent
the lift-to-drag ratio of the airfoil with and without Gurney
ﬂap. The eﬀect of GF widths on the lift-to-drag ratio for the
S809 airfoil is shown in Table 1. The results show that the
Gurney ﬂaps of diﬀerent widths can increase the lift-todrag ratio in the linear section. At high angles of attack, the
lift-to-drag ratio is reduced. It can be seen from Figure 5 that
the drag is small in the linear section, the lift-enhancement
eﬀect of Gurney ﬂap is remarkable, and the lift-to-drag ratio
is increased. The Gurney ﬂap can also increase the lift at
high angle of attack, but the drag is signiﬁcantly increased,
resulting in a decrease in the lift-to-drag ratio.
Comparison of the streamline over the airfoil trailing
edge under diﬀerent Gurney ﬂap widths at AoA = 1 03° is
displayed in Figure 6. The results show that the ﬂuid near
the trailing edge without Gurney ﬂaps ﬂows smoothly past
the trailing edge. The Gurney ﬂap at the trailing edge of the
airfoil causes a large vortex in front of the ﬂap and a pair of
opposite vortices behind the ﬂap, and the streamlines of the
upper and lower surfaces at the airfoil trailing edge converge
not far behind the opposite vortices. This indicates that the
vortex structure downstream of the Gurney ﬂap can increase
the eﬀective camber of the airfoil.
Figure 7 presents the comparison of surface pressure
distributions for diﬀerent Gurney ﬂap widths. As can be seen
in the ﬁgure, Gurney ﬂaps can signiﬁcantly reduce the
pressure on the upper surface, while increase that on the
lower surface. Thus, the integral area and the suction peak
are both enhanced. The inﬂuence of Gurney ﬂap widths on
the pressure distribution is small, which is consistent with
the lift curves in Figure 5(a).
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3.2. Eﬀect of Gurney Flap Geometry Shape. In this section, we
discuss the eﬀect of shapes of Gurney ﬂaps on the aerodynamic characteristics of the airfoil S809. The Gurney ﬂaps
in diﬀerent shapes with the width of 1.0%c and the same
height as GF_W10 are presented in Figure 8. We ﬁrst keep
the leading edge of the rectangular Gurney ﬂap and cut half
of the Gurney ﬂap to form a beveled triangular ﬂap, labeled

Figure 5: Comparison of aerodynamic coeﬃcients of the airfoils
under diﬀerent Gurney ﬂap widths.

“GF_W10_A.” Then, the trailing edge of the rectangular
Gurney ﬂap is kept, and half of the Gurney ﬂap is cut to form
a beveled triangular ﬂap, labeled “GF_W10_C.” Finally, we
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Table 1: Eﬀect of GF widths on the lift-to-drag ratio for the
S809 airfoil.
GF_W2

GF_W6

GF_W10

1.03°
3.04°
5.15°
7.1°
9.27°
11.27°

56.15%
16.83%
3.51%
-3.7%
-14.77%
-19.0%

48.2%
13.64%
3.15%
-1.74%
-10.89%
-16.28%

47.54%
12.92%
1.29%
-5.5%
-15.22%
-18.23%
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Figure 7: Pressure coeﬃcient distribution comparison of the airfoil
with diﬀerent Gurney ﬂap widths.
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Figure 6: Comparison of the streamline at the airfoil trailing edge
under diﬀerent Gurney ﬂap widths (AoA = 1 03° ).

remove the leading and the trailing edges of the rectangular
ﬂap and take the midpoint of the bottom of the rectangular
ﬂap to form the isosceles triangle ﬂap, labeled “GF_W10_B.”
Figure 9 presents the aerodynamic performances of the
airfoils with diﬀerent Gurney ﬂap shapes. The results show
that the lifts of both the linear and nonlinear sections of the
airfoil with the Gurney ﬂaps in three shapes are all improved
to a certain extent, compared with Baseline. The lift coeﬃcients at AoA = 1 03° are increased by 100.86%, 108.52%,
and 114.81% for GF_W10_A, GF_W10_B, and GF_W10_C,
respectively, and the lift coeﬃcients are, respectively, increased
by 31.73%, 34.57%, and 36.25% at AoA = 7 1° . Moreover, the
maximum lift coeﬃcients are increased by 24.78%, 26.90%,
and 28.42%, respectively. This illustrates that the eﬀect of the
triangle Gurney ﬂap is remarkably better than the rectangular
one and GF_W10_C is the best.
The eﬀect of GF geometry shapes on the lift-to-drag ratio
for the S809 airfoil is shown in Table 2. The results show that
the Gurney ﬂaps of diﬀerent geometry shapes can increase
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Figure 8: Schematic diagram of various Gurney ﬂap shapes.
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the lift-to-drag ratio in the linear section. The ﬂaps also
can increase the lift-to-drag ratio of the airfoil when there
is a slight separation ﬂow over the airfoil surface (e.g.,
AoA = 7 1° ). By comparing the data in Tables 1 and 2, it
can be found that the lift-enhancement eﬀect of the triangular Gurney ﬂaps is better than that of the rectangular
Gurney ﬂaps and GF_W10_C is the best.
The comparison of the streamlines over the airfoil trailing edge with diﬀerent Gurney ﬂap shapes at AoA = 7 1° is
depicted in Figure 10. There is a distinct separation vortex
near 0.95c at the trailing edge without Gurney ﬂaps. For
rectangular Gurney ﬂap GF_W10, three separation vortices
appear on the upper surface of the trailing edge, before and
after the ﬂaps. With respect to the baseline airfoil, the
separation-vortex region of the trailing edge on the upper
surface is reduced. For triangular Gurney ﬂap GF_W10_C,
the separation vortex on the upper surface of the trailing edge
disappears completely and that in front of the ﬂaps is
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Figure 9: Aerodynamic coeﬃcient comparison of the airfoils under
diﬀerent Gurney ﬂap shapes.
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Table 2: Eﬀect of GF geometry shapes on the lift-to-drag ratio for
the S809 airfoil.
AoA
°

1.03
3.04°
5.15°
7.1°
9.27°
11.27°

GF_W10_A

GF_W10_B

GF_W10_C

51.39%
16.19%
5.34%
1.22%
-13.78%
-17.18%

57.28%
18.85%
7.25%
2.34%
-9.1%
-16.91%

63.03%
21.65%
8.54%
3.69%
-13.76%
-16.45%

signiﬁcantly reduced. The results show that the Gurney ﬂaps
are eﬀective for suppressing the separation on the upper
surface of the trailing edge and the triangular ﬂaps are
superior to the rectangular ones.

4. Conclusions
This article discusses the eﬀects of diﬀerent Gurney ﬂap
shapes on wind turbine blade airfoil S809. The conclusions
are as follows:
(1) The rectangular Gurney ﬂap can considerably
increase the lift in both linear and nonlinear sections,
while the drag and the pitching moment are concurrently increased. The Gurney ﬂap can increase
the lift-to-drag ratio of the airfoil at a small angle
of attack
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(2) The eﬀect of widths of the rectangular Gurney ﬂaps
on the aerodynamic coeﬃcients (such as the lift, the
drag, and the pitching moment) is small. For
GF_W2, GF_W6, and GF_W10, the maximum lift
coeﬃcients are, respectively, increased by 20.65%,
20.29%, and 16.31%
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(3) The eﬀect of the triangular ﬂaps is conspicuously
better than that of the rectangular ﬂaps. Triangular
Gurney ﬂap GF_W10_C is the best, whose maximum
lift coeﬃcient is increased by 28.42%
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