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The effect of a novel plasma Gurney flap on the aerodynamic characteristics of a NACA 0012 airfoil is studied by

solving the Reynolds-averaged Navier–Stokes equations. The plasma actuator is simulatedwith a phenomenological

model. The results indicate that the plasma Gurney flap can increase the lift and nose-down pitching moment of the

airfoil, and the mechanism is the same as that of the conventional Gurney flap. The flowfield presents that the

vonKármán vortex street disappears near the trailing edge of the airfoil with a plasmaGurney flap, which decreases

the airfoil’s drag and thus increases the lift-to-drag ratio before stall. By comparing the lift and nose-down pitching

moment increments with the conventional Gurney flap and the jet Gurney flap, the equivalent height or jet blowing

momentum coefficient of the plasma Gurney flap are estimated.

Introduction

T HEGurney flap is a small tab attached to the pressure surface of
the airfoil at a right angle in the vicinity of the trailing edge, with

a height that can vary from 1 to 5% of the airfoil chord (the detail of
the configuration is shown in Fig. 1). This trailing-edge device can
improve the performance of a simple airfoil to nearly the same level
as a complex high-performance device. Originally, the Gurney flap
was installed at the trailing edge of a rectangular racing car wing by
Dan Gurney, a car driver in the 1960s and 1970s, to improve the
downforce with the flap.

TheGurneyflap had been used in racing for several years before its
true purpose becamewell known. In 1978, Liebeck [1] conducted the
first significant wind-tunnel experiment with Gurney flaps and
introduced this concept to the aerodynamic community. The results
showed a significant lift increment for the Newman airfoil with a
Gurney flap compared with the baseline. In general, the drag of the
airfoil increases with the addition of a Gurney flap, but the lift incre-
ment is relatively greater, resulting in an lift-to-drag ratio increment
and therefore a better performance of the airfoil. Liebeck suggested
that the optimal height of theGurneyflap should be on the order of 1–
2% of the airfoil chord. Based on the data of different investigators,
Giguère et al. [2] indicated that the proper scaling parameter should
be the boundary-layer thickness of the pressure side at the trailing
edge of the baseline airfoil. For optimal Gurney flap performance, it
turns out to be most important that the flap should be submerged
within the boundary layer.

In his wind-tunnel experiment, Liebeck [1] noted that separation
bubbles appeared near the trailing edge of the airfoils with a thick
trailing edge or at moderate lift coefficient. When the Gurney flap is
applied, two regions of separated flow appear: a small bubble just
upstream of the flap and a pair of counter-rotating vortices down-
stream of the flap (see Fig. 2). As a result of this downstream
vortical wake, the flow over the upper surface remains attached to
the airfoil’s trailing edge, which eliminates the separated flow. Later
dye-flow experiments in a water tunnel [3] and numerical studies [4]
supported Liebeck’s [1] hypothesis. Jang et al. [4] stated that the

mechanism responsible for the Gurney flap effect is a violation of
the Kutta condition at the trailing edge, because the flap moves the
stagnation point at the trailing edge toward the pressure surface. The
violation of the Kutta condition, in essence, causes a pressure differ-
ence at the trailing edge. According to Jeffrey et al. [5], it is this
pressure difference that causes increased loading over the airfoil.
The drag increased slightly with the introduction of a Gurney flap.
The data presented by Jeffrey et al. indicated that a pair of counter-
rotating vortices formed downstream of the flap. These vortices are
nonstationary and equal to a von Kármán vortex street.

Because of its simple geometry, the construction of the Gurney
flap is simple, the weight is low, and the implementation of the flap
system can be easily accomplished. Gurney flaps have been exten-
sively investigated and used inmany applications (e.g., alleviation of
airfoil static and dynamic stall [6,7], flutter control [8,9], and rotor
blade load control [10]). Except for two-dimensional Gurney flaps,
three-dimensional Gurney flaps were used to modify the aerody-
namic performance of rectangular wing [11], delta wing [12], and
other aircraft models, such as forward-swept-wing aircraft [13] and
micro air vehicles [14]. More details about the Gurney flap applica-
tions and the effects of configuration parameters such as position,
mounting angle, etc., can be seen in the review paper by Wang et al.
[15]. In these applications, a Gurney flap was found to enhance the
lift. The drag penalty varies depending on the airfoils used, the
Gurney flap configurations, and the flow conditions.

As mentioned already, the simple mini Gurney flap can enhance
the lift of airfoils, wings, and aircraft models, but it also introduces
drag increment. Although the maximum lift-to-drag ratio can be
optimized by using a small Gurney flap immerged in the boundary
layer on the lower surface of the airfoil trailing edge, it is not a good
solution to the drag increase of the aircraft in cruise at low angles of
attack.

Meyer et al. [16] indicated that the drag increment associated with
the Gurney flap may be lessened by creating discontinuities in the
flap. The discontinuities serve to introduce three-dimensional flow
into the wake, helping to attenuate the von Kármán vortex street that
has been observed to form downstream of the flap. They used slits
and holes in the Gurney flap to stabilize the wake downstream of the
trailing edge of HQ17 and FX73 airfoils. The drag can be reduced by
these devices compared with that of the airfoil with a standard
Gurney flap, but is still larger than a clean airfoil.

From previous investigations, it can be concluded that it is
impossible for a static Gurney flap to keep the same drag value as a
clean airfoil. To apply a Gurney flap to the engineering, the only way
is to design an active Gurney flap, which can be retracted during
cruise to decrease drag. But it is quite difficult to design such a
mechanical structure near the trailing edge, which is too slim to
contain the moving parts. The strength of the structure will also be
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corrupted by this device. An alternative is the jet Gurney flap, which
has the same function as the conventional Gurney flap and can solve
the drag-increase problem in cruise.

Traub et al. [17] carried out wind-tunnel investigation to examine
the possibility of using a jet flap for hingeless control of a
NACA 0015 airfoil. The slot was located 2% chord upstream from
the trailing edge. Tests included jet momentum coefficient variation
and comparison with a Gurney flap located at the same location. The
data showed that the jet flap generates lift and moment coefficient

increments, which is similar to a 0.75% chord Gurney flap for the jet
blowing momentum coefficient C� � 0:01. However, whereas the
conventional Gurney flap showed a zero-lift drag coefficient penalty,
this was not presented for the jetflap.Analysis showed that the power
required by the jet flap airfoil for similar lift and moment increments
was less than that required by theGurneyflap airfoil at low incidence;
this trait reverses at higher incidence.

Trevelyan et al. [18] used the shear stress transport �-! turbulence
model to investigate the effects of standard and pneumatic Gurney
flaps on theNACA4415 airfoil. The results also indicated that the lift
coefficients at a 4 deg angle of attack matched for three different
momentum coefficients (C� � 0:005, 0.01, and 0.02) with three
different Gurneyflap heights (0:006c, 0:015c, and 0:024c). Different
from the drag penalty introduced by standard Gurney flap, the drags
for the three cases with pneumatic Gurney flaps are reduced
compared with that of the clear airfoil. By decomposing the drag into
two parts, one caused by the pressure difference between the upper
and lower surfaces of the airfoil and the other caused by the Gurney
flap, they found that the drag increment of the airfoil withGurneyflap
is due to the pressure difference between the upstream and down-
stream sides of the flap. With the pneumatic Gurney flap, the drag of
the airfoil was dramatically reduced compared with that of the airfoil
with mechanical Gurney flap. This conclusion is also supported by
Jeffrey et al.’s [5] experimental data, which measured the surface
pressure along the Gurney flap itself.

Although the jet Gurney flap is more attractive because it
overcomes the drag penalty of a conventional Gurney flap, it needs
an air source and pneumatic pipe to generate an efficient blowing
jet. This is too critical for engineering applications. In the present
study, we will propose a new kind of Gurney flap to replace the jet
Gurney flap. The plasma actuator produces a blowing jet without a
pneumatic system. Investigations on aerodynamic flow control
based on a plasma actuator are now in expansion because it is fully
electronic with no moving parts, it has extremely fast response and
very low mass, it needs low input power, and it is easy to simulate
its effect in numerical flow solvers [19]. In particular, it is flexible,
and so it can be formed to various shapes and located on air vehicles
with relative ease. There are no other known actuators that have
such flexibility [20].

The plasma actuator considered here is based on surface dielectric-
barrier discharge (DBD). This newdischargemethodwas realized by
Roth et al. [21] and protected by a U.S. patent since 1995. This
surface plasma has considerably influenced the research on airflow
control, because its simplicity allowed many researchers in aerody-
namics towork on this subject, without necessarily being a specialist
in plasma physics [22]. The single DBD plasma actuator consists of
two electrodes: one exposed to the air and the other covered by
dielectric material. The typical asymmetric electrodes configuration
of the single dielectric-barrier discharge (SDBD) is shown in Fig. 3.
Velocity measurements indicate that the primary result of the
averaged plasma-induced flow is the formation of a wall jet that
imparts momentum to the fluid [19]. In the present study, a SDBD

h

Fig. 1 Typical configuration of a Gurney flap on a NACA 0012 airfoil.

Fig. 2 The flow structure near the trailing edge (Liebeck [1]):
a) conventional airfoil at moderate CL and b) hypothesized flow near a
Gurney flap.

Fig. 3 Sketch illustration of asymmetric electrodes SDBD plasma actuator and its induced wall-jet flow.
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plasma actuator indicated in Fig. 3 is attached to the aft surface of an
airfoil (as shown in Fig. 4), and the plasma-inducedwall jet will serve
as a jet Gurney flap to alter the airfoil trailing-edge Kutta condition
and to produce enough pressure difference between the upper and
lower surfaces of the airfoil.

Governing Equations and Numerical Method

In the present work, the plasma-induced body force is repre-
sented by a phenomenological model [23]. The method provides the
primary control mechanism introduced by the plasma actuator,
which, as described earlier, will yield a wall jet by momentum
injection. Furthermore, recent computations [24], which compared
the phenomenological model with a first-principle approach, dem-
onstrate that the same qualitative flow control behavior is captured
with both methodologies.

In this model, the flowfield is assumed to be described by the
Reynolds-averaged Navier–Stokes (RANS) equations, augmented
by terms representing the local forcing of the SDBD device [25].
For steady incompressible flow, the conservation of mass and
momentum equations can be written as

@ui
@xi
� 0 �

@�uiuj�
@xj

� @p
@xi
�
@�jj
@xj
� Fi (1)

In the momentum equation, the body force induced by the plasma
actuator is given by

Fi � #��cec�tEi� (2)

where # is the frequency of the applied voltage, � is a factor to
account for the collision efficiency, �c is the electron number
density, ec is the charge of the electron, �t (during which the
plasma is formed) corresponds to one half-cycle, Ei is the electric
field strength in the i direction, and � is the Dirac delta function of
space. The Dirac delta function means that the body force acts only
in the regions in which the plasma is present [23]. The delta function
ensures this restriction and is written as

��
�
1 E > Ecr

0 E � Ecr

(3)

All the computations presented here were carried out using the
segregated solver in the FLUENT code. A steady form of RANS
equations was used as the governing equations. The SIMPLE
algorithm was used to generate steady-state solutions. The convec-
tion terms were discretized using the QUICK scheme, and the
diffusion terms used second-order central differencing scheme. The
high-order terms were treated using a deferred-correction approach.
The discretized algebraic equations were solved using a pointwise
Gauss–Seidel iterative algorithm. For this segregated solver, the
convergence criteria used was to require the normalized residual to

be less than 10�6 for the energy equation and less than 10�3 for all
other equations.

The Spalart–Allmaras turbulence model [26] was selected as the
turbulence model for all results discussed here. The Spalart–
Allmaras model is robust and efficient and can handle general
aerodynamic flows, including cases when flow separation and
reattachment occur. In the model, the eddy viscosity is directly
determined from the solution of a single transport equation. No
ambiguous length scales need to be evaluated, as is the case with
many previous algebraic and one-equation models. The model has
been tested extensively. For high-lift flows, the Spalart–Allmaras
model performs as well as higher-order models and better than
algebraic and other one-equation models [27].

Geometry Modeling and Grid Generation

In this study, the steady-state and two-dimensional computations
were carried out on a NACA 0012 airfoil with a plasma Gurney flap.
The chord length of the airfoil is 1 m, and the freestream velocity is
10 m=s. This yields a Reynolds number of 6:84 � 105, based on the
airfoil chord length. The thickness of the airfoil trailing edge is 3mm.
A delta-shaped electric field induced by the plasma actuator is
assumed to adhere to the trailing edge, with the height a� 1:5 mm
and the width b� 3 mm. With the plasma actuator on, the ambient
neutral air is absorbed by the plasma region and forms a wall jet,
which is perpendicular to the lower surface of the airfoil trailing edge
and serves as a jet Gurney flap (as show in Fig. 4b). The parameters
adopted in the present study are the same as those in Shyy et al.’s [23]
investigation, which used a typical SDBD plasma actuator configu-
ration as in previous experimental study [28]. Thevarious parameters
here are the frequency of applied voltage #� 3 kHz, the charge-
electron density �c � 1:03 � 1011=cm3, the applied voltage Ua �
4 kV rms, the breakdown electric field strengthEb � 30 kV=cm, the
discharge time �t� 67 �s, and the distance between the plates
d� 0:25 mm. All of these parameters about the plasma actuator
model have the same values as those in Roth et al.’s [28] experiment.
Shyy et al. [23] also compared the induce velocity and the wall-jet
velocity profile with the experiments, which match well with the real
case, and so the plasma actuatormodel adopted in the present study is
reasonable. More details about the electric field distribution and the
body-force calculation can be seen in Shyy et al.’s paper.

To scale the strength of the plasma actuator, a nondimensional
parameterDc is adopted to represent the ratio of the electrical force to
the inertial force [25]. It is given by

Dc �
qcE0L

�U2
1

(4)

where qc is the charge density and can be calculated as �c:ec; thus,
the strength of plasma actuator Dc in the present study is 9.14.

All of the computations were performed using a C-grid, as shown
in Fig. 5a. The top and bottom far-field boundaries are 10 chord
lengths from the airfoil. The upstream velocity inlet boundary is nine
chord lengths away from the airfoil leading edge, and the downstream
outflow boundary is 20 chord lengths away. The grid is constructed
using the grid-generation code Gridgen. The algebraic stretching
function ofTANH is used to determine the circumferential and normal
point distributions of the airfoil surface. To examine the effect of grid
resolution on the aerodynamic forces, three structured 2-D grid
systems (i.e., the coarse, medium, and fine cases) with grid points of
250 � 75, 350 � 100 and 450 � 130, respectively, are adopted. It is
observed that the aerodynamic forces calculated with the medium
grid and fine grid almost have no difference, but the forces with the
coarse grid are a little smaller than those with the former two grid
systems. Therefore, the medium grid is proper for the present study
and is used in the following simulations.

Figure5b showsa closer viewof thegrid in thevicinity of the airfoil
trailing edge. The 1:5 � 3:0 mm plasma region adhered to the airfoil
trailing edge is also included with a different shade. To add the body-
force source term to the momentum equation in this region, the
plasma region is defined as a separate control volume in FLUENT,

Fig. 4 Sketches of the a) conventional Gurney flap and b) plasma
Gurney flap
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and the body force is added by user-defined function incorporated in
FLUENT code. Grid clustering is evident near the surface of the
airfoil, as well as near the trailing edge, to obtain reasonable
resolution of the boundary layer and the plasma region. The first grid
point above the surface is located at y� � 1.

Results and Discussions

Thevalidation of the numericalmethod used in the present study to
simulate the plasma actuator induced flow has been done by Shyy
et al. [23]. The predicted velocity profiles at different upstream and
downstream locations match well with the experimental results.
They also gave the effects of the incoming flow velocity, the applied
voltage frequency, and the magnitude of the maximum wall-jet
velocity induced by the plasma actuator. The results also had good
agreement with theoretical analysis. In the present study, we just
validate the accuracy of the numerical method to predict the
aerodynamic characteristics of a NACA 0012 airfoil. The lift
coefficient vs the angle of attack is plotted in Fig. 6, which contains
the present simulated result and previous experimental data by
different investigators [29–32]. Because the Reynolds numbers of
these experiments vary from 1:6 � 105 to 3 � 106, the linear lift-
curve slopes have a little difference and the stall angle of attack
changes from 9 to 16 deg. The Reynolds number adopted in this
paper is 6:84 � 105, and so the linear part of the lift curve falls in the
divergence band of the experimental data, and the numerical
predicted stall angle of attack is acceptable compared with the
experimental data. Furthermore, the objective of the present study
is to investigate the plasma Gurney flap on the aerodynamic
modification of the airfoil before stall. In the linear region, the main

influence of the plasma Gurney flap is to alter the trailing-edge Kutta
condition of the airfoil, which changes the airfoil camber. This effect
can be regarded as the potential flow interaction without flow
separation, and so the Spalart–Allmaras turbulence model is ade-
quate for the present study. The comparison in Fig. 6 also supports
this point.

Figure 7 presents the aerodynamic characteristics of the
NACA 0012 airfoil with the plasma Gurney flap actuated on/off. It
is obvious that the plasma Gurney flap at the trailing edge of the
airfoil has much influence on the lift and pitching moment of the
NACA 0012 airfoil. The linear part of the lift curve of the airfoil with
the plasmaGurney flap is almost parallel with that of the clear airfoil,
but with magnificent augmentation (in Fig. 7a). The zero-angle lift
coefficient reaches 0.18. This feature is the same as that caused by a
conventional Gurney flap on the NACA 0012 airfoil, both in
experiments [33,34] and simulations [35]. The jet Gurney flap
investigated in Traub et al.’s [17] experiment and Trevelyan et al.’s
[18] numerical simulation presented the same effects on the lift and
pitching moment of the NACA 0015 airfoil and NACA 4415 airfoil,
respectively. These indicate that the plasma Gurney flap proposed in
the present study has the same function as the conventional Gurney
flap and the jet Gurney flap, and it can replace these two kinds of
Gurney flap for its additional advantages, such as no moving parts,
very fast-acting, more flexibility, etc. In the region after stall, the
numerical results show that the effects of the plasma Gurney flap
diminish. Because the flow over the upper surface of the airfoil is
totally separated from the airfoil trailing edge and the plasmaGurney
flap is immerged in the vortex wake, it cannot influence the flow
around the airfoil, which is similar to the conventional Gurney flap.
To improve the airfoil performance after stall, it is necessary to use an
unsteady plasma Gurney flap, accounting for the airfoil’s separated
vortex-shedding frequency and the shear-layer instability frequency.
This part needs further investigation in future work. Figures 7b and
7c present the lift vs drag (polar curve) and the lift-to-drag ratio vs the
angle of attack, respectively. It is obvious that the drag coefficient of
the NACA 0012 airfoil with the plasma Gurney flap is a little larger
than that of the clean airfoil at the same lift coefficient before stall, but
it is much less than the lift coefficient increment. This causes the lift-
to-drag ratio to increase for the same angle of attack from 0 to 10 deg.
Meanwhile, the maximum lift-to-drag ratio also increases. These
features indicate that the plasma Gurney flap could avoid drag
increase for themechanical Gurneyflap, which has been presented in
previous experimental [33,34] and numerical [35] studies. With the
lift enhancement, the quarter-chord nose-down pitching moment
coefficient of the airfoil is increased, as shown in Fig. 7b. The
pitching moment coefficient increment is one order less than the lift
increment, but it is enough to provide moment for the aircraft’s
longitudinal flight control. By switching the plasma actuator on/off
and changing the strength of the plasma-induced wall jet, the plasma
Gurney flap can be considered as a hingeless control method for the

a)  

b)  

Fig. 5 C-grid system: a) the grid distribution around the airfoil and
b) details of grid in the vicinity of the trailing edge, including the
1:5 � 3:0 mm plasma region.
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Fig. 6 Lift coefficients of a NACA 0012 airfoil obtained in the present
simulation and previous experimental studies.
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new concept aircraft, as indicated by Traub et al. [17] on the jet
Gurney flap. Meanwhile, if the plasma Gurney flaps on the left and
right wings of the aircraft are actuated asymmetrically, the roll and
yaw movements can also be controlled by this active flow control
method.

In addition to the integrated force and moment variation induced
by the plasma Gurney flap, the changes of pressure coefficient
around the airfoil with/without a plasma Gurney flap at �� 0 and
8 deg are plotted in Fig. 8. The flap increases the pressure difference
between the upper and lower surfaces, particularly in the vicinity of
the trailing edge. This leads to the increased lift and additional nose-
down pitching moment. The increase in trailing-edge loading was
also observed in the experimental pressure distributions [5,33,34]
and the numerical simulation results [4,18], which illustrates that the
effect of the plasma Gurney flap on the increase manner of the airfoil
loading is the same as that of the conventional Gurney flap.

To investigate the mechanism of a plasma Gurney flap on the
airfoil, Fig. 9 gives the streamlines in the vicinity of the airfoil trailing
edge and the contours of velocity magnitude. For a clean airfoil with
0.3% chord thickness at the trailing edge, the wake exhibits a
shedding vortex similar to the wake of the bluff body (in Fig. 9a).
With the plasma Gurney flap, the plasma actuator adhered to the aft
surface of the airfoil produces a wall jet with a maximum velocity of
about 10 m=s. The blowing jet is almost perpendicular to the trailing
edge of the airfoil and serves as the Gurney flap. Although the
direction of the plasma-induced jet deflects downstream, interacting
with the flow from the lower surface of the airfoil, the jet can still
block the flow on the lower surface near the airfoil trailing edge and
produce a small separation bubble similar to that of a conventional
Gurney flap [1] (as show in Fig. 2). This flow structure is the key for
the plasma Gurney flap to enhance the lift of the airfoil. Another
change of the flow structure is that the von Kármán vortex street
disappears in the wake of the airfoil. For the jet Gurney flap, it can
reduce the drag of airfoil compared with that of a conventional
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Fig. 7 Lift and pitching moment curve variations with/without a
plasma Gurney flap.
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Gurney flap, because the main part of the drag comes from the
pressure difference between the upstream and downstream sides of
the Gurney flap, as indicated by Jeffrey et al. [5] and Trevelyan et al.
[18]. But the jet slot usually locates about 2% chord upstream from
the trailing edge to set the pneumatic system, and so the flow sepa-
rated from the upper surface of the airfoil will interact with the
flow from the lower surface and the von Kármán vortex street
forms [18]. With advantage of flexibility and with no moving parts
required, the plasma actuator can be adhered to the aft surface of
the airfoil, and the flow from the upper surface of the airfoil will
be absorbed into the plasma region, and so the flow separation is
prevented and the von Kármán vortex street is eliminated. This
characteristic of the plasma Gurney flap is favorable to the drag
reduction compared with the jet Gurney flap, and so the lift-to-
drag ratio of the NACA 0012 airfoil shown in Fig. 7c increases
before stall.

The plasmaGurney flap is a circulation control device, similar to a
jet flap, which increases the circulation of the airfoil by the flap-
induced positive-camber effect and shifting the location of the Kutta
condition. It is totally different from the circulation control device
using the Coanda effect, as indicated by Trevelyan et al. [18]. For the
Coanda circulation control airfoil, the essential condition is the
rounded trailing edge, and so the jet can adhere to the airfoil surface
and push the separation point aft to the lower surface of the airfoil.

In the present case, the airfoil is cut at the trailing edge (as shown in
Fig. 9), and so it has a flat-plate back surface with two sharp edges.
The plasma-induced wall jet separated from the trailing edge serves
as a jet flap, and so the separation point is fixed at the lower trailing
edge and will not change with the strength of the jet, compared with
that on a circulation control airfoil based on the Coanda effect.
Because the trailing edge is sharp, the drawback for the plasma
Gurney flap is the separation bubble on the aft surface of the airfoil
near the upper trailing edge,whichmay cause a little drag increase. In
the next step, the upper trailing edge could be rounded to suppress
this flow separation bubble, and a new effect for jet flow control
called the Coanda effect can be integrated with the plasma Gurney
flap.

To scale the effect of the plasma Gurney flap on the aerodynamic
modification of the airfoil, Fig. 10 compares the lift and quarter-
chord pitching moment increments of the airfoil at zero angle of
attack induced by present plasma Gurney flap and the conventional
Gurney flap in previous experimental studies [33,34,36,37]. The
experimental data in these papers have small divergence. The lift and
pitching moment obtained by Li et al. [33] and Lee [36] have good
agreement. The lift increment at zero angle of attack in the two
experiments is higher than that of Jeffrey andHurst [34], whereas the
pitching moment is much smaller. Recently, Liu and Montefort [38]
predicted the increments of lift coefficient and pitching moment
coefficient of the airfoil induced by mechanical Gurney flap using
thin-airfoil theoretical interpretation. They theoretically predicted
that lift and pitching moment curves all matched well with the
experimental data of Li et al. [33]. Furthermore, the ratio of the lift
coefficient increment to the pitchingmoment coefficient increment is
independent of the height of the Gurney flap by Liu and Montefort’s
analysis [38], which should be a constant as�CL=�CM ��4. The
experimental data of Li et al. [33] support this, but the ratio from
Jeffrey and Hurst’s data [34] is about �0:94, which is far from the
theoretically predicted value.Weprefer to use the data of Li et al. [33]
and Lee [36] for comparison, and the experimental data of the other
two papers [34,37] are just plotted in thefigure for reference. Because
the objective of the present study is to coarsely estimate the effect of a
plasma Gurney flap, the divergence of the experimental data will not
affect the present conclusion. From the lift and pitching moment
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Fig. 9 Details of the flowfield near the trailing edge of the NACA 0012
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plots, the data all suggest that the plasmaGurneyflapwithDc � 9:14
in the present study has the same effect as a 0.78% chord height
conventional Gurney flap. From this estimation, it is convenient to
extend the results in the conventional Gurney flap studies to the
plasma Gurney flap. In the study of Traub et al. [17] about the jet
Gurney flap, they concluded that the jet Gurney flap generates lift
and moment coefficient increments similar to a 0.75% chord
conventional Gurney flap for the jet blowing momentum coefficient
C� � 0:01. The plasma Gurney flap used in the present study is
comparable with the jet Gurney flap with the jet blowing momentum
coefficient C� � 0:01.

Conclusions

A novel type of Gurney flap, the plasma Gurney flap, is proposed
in the present study. The plasma Gurney flap is a jet flap without
pneumatic source by attaching the plasma actuator to the aft surface
of the airfoil, which produces a wall jet perpendicular to the lower
surface of the trailing edge of the airfoil and serves as theGurneyflap.
The effect of the plasma Gurney flap on the aerodynamic charac-
teristics of the NACA 0012 airfoil is studied by solving the
two-dimensional steady incompressible Reynolds-averagedNavier–
Stokes (RANS) equations. The plasma actuator is modeled by a
adding body-force source term to the momentum equations.

The results indicates that the plasma Gurney flap can increase the
lift and nose-down moment of the airfoil in the same way as the
conventional Gurney flap. The main feature of the flow pattern and
the loading variation on the airfoil are also similar to that of the
conventional airfoil. Furthermore, with the plasma Gurney flap, the
von Kármán vortex street downstream of the airfoil trailing edge,
which is present in the wake of the conventional Gurney flap,
disappears. This leads to the drag reduction of theNACA0012 airfoil
with Gurney flap and improves the lift-to-drag ratio performance of
the airfoil.

By comparing the increment of the lift and nose-down pitching
moment among the plasma Gurney flap, the conventional Gurney
flap, and the jet Gurney flap, the results suggest that the plasma
actuator used in present as the Gurney flap with the strength Dc �
9:14 has the comparable effect of a 0.78% chord height conventional
Gurney flap and a jet Gurney flap with the jet blowing momentum
coefficient C� � 0:01.
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