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ABSTRACT

Loading a dielectric barrier discharge plasma excitation on a Savonius wind turbine can improve its
performance. To study the mechanism of performance improvement, the effects of three pairs of plasma
excitations at different positions were comparatively studied by means of numerical simulation, and it was
found that the middle position was the best for plasma excitation loading. Then, two plasma excitations in
opposite directions were set at this position, and the effects were compared. The results show that plasma
excitation can generate a high-velocity airflow, which can affect the velocity distribution around the blade,
thereby changing the pressure distribution, and therefore the performance of the Savonius wind turbine. The
effect of two opposite directions of plasma excitation loaded at the optimum position on the performance of the
wind turbine varies with the change of the TSRs. When the TSR is relatively small, the influence of the two
directions is very different. While the TSR is relatively large, the influence of the two directions is close.

Keywords: Savonius VAWT; DBD plasma; Numerical simulation; Excitation position; Electric field force;
Aerodynamic performance.

NOMENCLATURE
A sweeping area k equations of turbulent kinetic
As aspect ratio M output torque
a height of the triangular AOB R radius of the rotor
b length of the triangular AOB At plasma discharge time in one excitation
Ct torque coefficient period
Cp power coefficient U incoming wind speed
D rotor diameter Uo excitation voltage
Do end plate diameter
d electrode spacing o charge collision efficiency factor
E electric field intensity 0 Dirac function
Eo maximum electric field intensity 0 phase angle
Eb cut off electric field intensity on the A tip-speed ratio
boundary of the triangular action area pe charge density
€c electron charge constant o blade thickness
F electric field force 1) specific consumption rate
f frequency of applied voltage w1 angular velocity
G overlap ratio 2 rotational angular velocity
dependence on fossil energy. With the ever-
1. INTRODUCTION

Energy is a precious resource prerequisite for social
development (Gielen et al. 2019; @stergaard et al.
2020). Human production and life show a strong

increasing energy consumption, the earth's average
temperature is rising rapidly, the greenhouse effect
continues to intensify, and the concentration of
atmospheric carbon dioxide gradually increases,
which has brought a serious threat to human
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civilization (Harjanne and Korhonen 2019;
Mikhaylov et al. 2020). However, human civilization
continued prosperity and development require a
certain amount of energy supply. Therefore, clean
and environmentally-friendly renewable energy has
attracted widespread attention worldwide (Zhu et al.
2018).

As typical renewable energy, wind energy has allow
life-cycle emissions and benefits public health and
environmental protection (Veers et al. 2019). In the
past decades of research and development, the use of
wind energy has become increasingly mature, and
significant progress has been made. In the past two
decades, the cumulative installed capacity of wind
power on a global scale has increased yearly, and
large-scale wind turbines have been widely installed
in the distribution network (Blaabjerg and Ma 2017).
However, with the increase of large-scale wind
power plants worldwide, some scholars believe this
may bring some climate and environmental problems
(Wang and Prinn 2011; Dai et al. 2015). Therefore,
decentralized small wind turbines could be a
sustainable choice for producing renewable energy
(Tummala et al. 2016).

The Savonius VAWT (S-type) invented by the
Finnish engineer Savonius is a classic small wind
turbine driven by resistance. The Savonius wind
turbine has good starting characteristics, can rotate in
any direction with the wind, and can operate stably
in low wind speed areas (Lee et al. 2016; Tahani et
al. 2017; Belabes et al. 2016). However, due to the
drag-driven relationship, the efficiency of the
Savonius wind turbine is lower than that of the other
types of wind turbines (Tummala et al. 2016). Thus,
scholars have carried out much research on it. Under
different blade helix angles, Lee et al. (2016) ensured
that the actual wind-receiving area of the fan blades
remained unchanged, and studied the changes of the
power coefficient and flow pattern of the Savonius
wind turbine with the helix angle. Chan et al. (2018)
aimed at the maximum power coefficient, used the
evolutionary GA to optimize the blades of the S-axis
wind turbine, which increased the average power
coefficient by 33%, and explained the mechanism
behind the flow improvement. Kothe et al. (2020)
investigated the aerodynamic performance of a
helical Savonius rotor model by applying numerical
simulation and experimental methods, where the
blades are twisted of 180°. Besides, the results were
compared with the two-stage S-type wind turbine
with similar parameters in static torque, dynamic
torque, and power coefficient. The research results
suggest that although the spiral wind turbine
manufacturing process is more complicated, its
torque is more stable with a higher power coefficient.
Tahani et al (2017) modeled an innovative Savonis
wind turbine designed for building ventilation and
power supply problems. A twisted wind turbine with
a tapered shaft and a variable cross-section wind
turbine are proposed. Besides, through numerical
simulation, it is inferred that the conical shaft twisted
wind turbine has better aerodynamic performance.
Bethi et al. (2019) placed the S-type wind turbine
next to the steady train in the train tunnel. They
numerically verified the practical relevance of S-type
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wind turbines for collecting wind energy in unstable
and high-speed wind currents generated by trains.
Because the traditional S-type wind turbine cannot
collect energy under this working condition, they
proposed a new design that can collect energy and
generate power without affecting the efficiency of
train travel and evaluated it.

The active flow control technology is considered as
a way to reduce the cost of wind energy (Cooney et
al. 2016), and has been widely used in aerodynamics
(Shmilovich et al. 2016; Lin et al. 2016). Among
them, the plasma flow control technology can
commonly be used to control boundary layer, delay
dynamic stall, restrain flow separation, reduce drag
and increase lift (Li et al. 2019; Adamiak 2020).
Usually, according to the discharging principle and
plasma characteristics, plasma excitation can be
divided into arc discharge, dielectric barrier
discharge (DBD), nanosecond pulse discharge, and
other excitation types (Li and Wu 2020). As a
relatively novel flow control technology. By
applying a sufficiently high AC voltage to the
electrodes, the DBD plasma active flow control
technology can accelerate the fluid near the driver
and provide momentum (Abdollahzadeh et al. 2018;
Yang et al. 2016).

The dielectric barrier discharge plasma has received
extensive attention from scholars since it can control
the large global flow by local and small airflow
disturbances (Chen et al. 2020). Baleriola et al.
(2016) realized the loop control strategy, where three
sets of multi-dielectric barrier discharge plasma
drivers at different positions are arranged on the
wind turbine wing with a circular trailing edge. In
this way, the aerodynamic load fluctuation on the
blade was reduced, and the effectiveness of control
through load and pressure measurement was shown.
In the small horizontal axis wind turbine rotation
experiment, Jukes (2015) characterized and
evaluated the control of the plasma driver on the stall
characteristics. The research results show that
generated by the plasma driver placed along the span,
the chordal volume force presents little effect on the
flow separation. The plasma driver along the blade
chord generates a radial volume force, which
successfully reduces the rotational stall. Pescini et al.
(2017) evaluated the control potential of the DBD
plasma driver for separation flow by studying the
characteristics of the boundary layer at low Reynolds
numbers. The results show that there is a large
countercurrent and high turbulence intensity in the
separation zone in the case of no drive. However, the
driving of the plasma reduces the separation zone,
flow angle, and turbulence intensity. Vernet et al.
(2015) verified the ability of the DBD plasma driver
to delay flow separation and reduce drag by studying
the flow around a half-cylinder under the action of a
turbulent boundary layer. Moreover, the drag
reduction effect was optimized through the
parameterized study of the position and driving
voltage of the drivers. Mazaheri et al. (2016)
proposed an improved phenomenological model to
simulate the effect of the DBD plasma driver on the
aerodynamic performance of the DU 91-W2-250
airfoil. It is found that when the DBD driver is
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installed in the middle, the lift coefficient is
increased by 70.1%. The lift-to-drag ratio is
increased by more than 550%. Lombardi et al. (2013)
proposed a closed-loop plasma drive control scheme
and applied it to a periodically oscillating airfoil. In
the light stall state, the comprehensive lift of one
cycle is increased by 12%, and the maximum
pitching moment is reduced by 60%. In order to
improve the aerodynamic performance of the NACA
0015 airfoil, Wong et al. (2020) conducted an
experimental study on a novel sawtooth DBD plasma
actuator. When the airfoil was Re=7.7 X 10%, the stall
angle was delayed by 6°, and the maximum lift
coefficient was increased by 28.6%.

The resistance difference between the blade two
sides drives the Savonius VAWT to rotate and do
work. However, the resistance caused by the impact
of the airflow on the convex surface will hinder the
workmanship. In contrast, DBD plasma excitation
can affect the boundary layer. In order to reduce the
resistance of the airflow on the convex surface, DBD
plasma excitation is added on this side, hoping to
improve the wind turbine's function. Firstly, we
studied the effect of the installation position on the
torque coefficient. Secondly, the velocity and
pressure fields around the blades are analyzed in
detail to explain the variation in wind turbine
performance. Finally, in the most suitable
installation position, two plasma excitations in
opposite directions were loaded, and their effects
were compared.

2. CALCULATION MODEL

2.1 Geometric Model

This paper chooses the 2D Savonius VAWT as the
study object (Fujisawa and Gotoh 1994), as shown in
Fig. 1, where the overlap ratio G=0.15, the rotor
diameter D=300mm, the blade thickness c=4mm, the
end plate diameter Dg=1.1D and the aspect ratio
As=1. At the incident wind speed U=6m/s, the tip-
speed ratio 4 value range between 0.233 and 1.3. The
wind turbine rotates counterclockwise around the
center of the rotor with an angular velocity w;. At the
initial moment, the phase angle & is 0°.

Fig. 1. Structure of Savonius VAWT.

To generate fully developed flows, the computational
domain of the model is now designed as a rectangular
area, as shown in Fig. 2, with a size of 100D¢x60D.
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Fig. 2. Savonius VAWT calculation domain.

The boundary conditions are set to speed inlet, and
pressure outlet, and the upper and lower sides are
symmetrical boundaries. The surface of the blade is
anon-slip wall. Sliding meshes are the most accurate
method of simulating the flow field against a moving
reference system and are suitable for periodic
unsteady problems. Therefore, the rotation of the
wind turbine is simulated using a sliding mesh. The
computational domain includes two domains: the
rotating domain on the inside and the stationary
domain on the outside, and their overlapping
boundary is set to the slip interface.

2.2 Plasma Excitation Model

The phenomenological model put forward by Shyy
et al. (2002) is used. As shown in Fig. 3, the triangle
AOB represents the area of action of the model, and
in order to make the model easier to understand, the
electric field force is replaced by the body force. In
this region, to simplify the model, the electric field
force is assumed to be linearly distributed and
parallel to the AB side and has a maximum value at
point O. Under the action of the spatially
inhomogeneous electric field, the electrons move in
the opposite direction of the electric field, and the
positive ions move in the direction of the electric
field, in which the electron momentum is much
smaller than the ion momentum, and the momentum
exchange can be neglected. The ions collide with
neutral gas molecules in moving with the direction
of'the electric field gradient (Nie et al. 2012), thereby
exchanging momentum. As a result, a jet can be
generated from the OA edge.

The electric field intensity E distribution is:
E=Eo_k1x_k2y
EO = Uo/d

(M
@

where Up, Eo, and d are the excitation voltage, the
maximum electric field intensity and the electrode
spacing, respectively.

With linearly distributed electric field force, then
ki = (Eo — Ep)/b 3)
ky = (Eo — Ep)/a “)

where F) is the cut-off electric field strength; b is the
length of OB; a is the length of OA .

In the area, the electric field force F distribution is:

F = fap.e AtES 5)
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where ¢ is the Dirac function; f'is the frequency of
applied voltage; At is the plasma discharge time in
one excitation period; a is the charge collision
efficiency factor; e. is the electron charge constant;
pe is the charge density.

a=0.01m and b=0.02m are the parameter settings of
the plasma excitation in this paper. The charge
density is 1x10"'C/cm?, the electron charge constant
is 1.602x1071°, the discharge time is 67us, the electric
field boundary cut-off voltage is 30kV/cm, the
electrode spacing is 0.25mm, the excitation voltage
is 6000V, and the voltage frequency is 1000Hz. The
corresponding momentum source term is added for
the Navier-Stokes equation. In this way, the plasma
exciter in the simulation will caused the volume
force with a control effect. The UDF is adopted to
load volume force with plasma excitation.

Dielectric Lower

clectrode

Fig. 3. Simplified model of plasma excitation.

3. NUMERICAL CALCULATION AND
VERIFICATION

3.1 Meshing and Turbulence Model

A structured mesh is adopted in the blade boundary
layer during the meshing process, which has better
mesh quality. To satisfy Y*<1, the first layer is set to
4.9x107 as the grid height. For a single blade, the
number of nodes is 495 on the surface. The central
rotor area uses an unstructured grid, and the rest uses
a structured grid. The unstructured grid uses
triangular mesh. Totally, the number of grids is about
100,000. The overall computational domain grid and
the central rotation area grid are shown in Figs 4 and
S.

The finite volume method is applied to discretize the
control equations in ANSYS Fluent. As a very
popular eddy current-viscosity model, the SST k-®
model has the advantages of both the free flow k-¢
model and the boundary layer flow k- model and
has a good performance in the stability and reliability
of the solution. Chan et al. (2018), Kothe et al.
(2020), and Tahani ef al (2017) all used this model to
conduct numerical simulations of Savonius vertical
axis wind turbines. To accurately simulate the
rotation of the wind turbine, the SST k-w turbulence
model, a two-equation eddy viscosity model, is used
in this paper.

3.2 Performance Calculation

The second-order upwind style is adopted in the
equation of the turbulent kinetic energy K to obtain
more accurate calculation results, as well as the
specific consumption rate w. The pressure implicit

124

e
-0.15

P s
-0.1

S TS, 143 02424140 s S b4 EE LAY v AT Y
005 0
x/(m)

Fig. 5. Rotating area grid.

operator is used to split the pressure correction
algorithm and the PISO velocity in the calculation
process. In the simulation, the wind turbine model
was simplified, and only the blades were retained
without considering the central rotation axis and the
support.

The tip speed ratio (TSR), torque coefficient, and
power coefficient are defined as follows:

A= wR/U 6)
C, = M/(1/2pU?AR) 7
C, = Mw/(1/2pU3A) ®)

where 1 is the TSR; w is the rotational angular
velocity; C: is the torque coefficient; M is the output
torque; R is the radius of the rotor; U is the incoming
wind speed; 4 is the sweeping area; Cp is the power
coefficient.

3.3 Independence Verification and Model
Verification

The independence of the grid needs to be verified by
the boundary as mentioned above conditions and
calculation methods. Three sets of grids including
100,000, 210,000 and 350,000 are constructed. The
calculated torque coefficient error between 100,000
and 210,000 grids is 0.58%, and the error with
350,000 grids is 0.4%, with the TSR 4=0.992. It
shows that the requirements of calculation accuracy
are met when the number of grids reaches 100,000,
so there is no need for further refinements of the grid.
Therefore, to avoid unnecessary calculations and
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reduce computing costs, 100,000 grids is chosen to
perform subsequent calculations in this paper.

In addition, three groups of time steps, 360, 720 and
1080 were selected, and their independence was
verified. After the calculation converges, the torque
coefficient values are obtained accordingly. The
torque coefficient error between 720 and 1080 steps
is less than 0.1%. Thus, a cycle of 720 time steps will
be applied for the following simulation.

Moreover, the power coefficient selected in this
article under different TSRs is calculated. Moreover,
the same comparison results between the computed
results and experimental data is presented in Fig. 6
(Fujisawa and Gotoh 1994). Because the wind
turbine model in the numerical simulation is
simplified, without considering the central rotation
axis and the support, the power coefficient obtained
by the calculation is larger than the experiment
results. The positions of the optimum TSRs in the
numerical simulation and experiment are around
0.992. Therefore, the simulation method is believed
to be reliable and can present relatively good results.
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Fig. 6. Comparison of power coefficient variation
curves.

4. ANALYSIS AND DISCUSSION

Figure 7 is a schematic diagram of the installation
positions. There are three pairs of plasma exciters,
including Posi&Poss, Pos:&Poss and Pos3&Posa,
which are the first, second and third pair. Besides,
1000Hz is chosen as the voltage excitation frequency
in the model. The plasma exciters are set at the above
positions separately, and their effects on the torque
coefficients with different TSRs, including 0.233,
0.794, and 1.080 is studied.

4.1 Analysis plasma excitation effect of
Pos1&Poss

In Fig. 9, when plasma excitation is placed in the
blades Posi&Poss, the low-speed area on the
windward side is slightly reduced. However, the
high-speed airflow appearing at the outermost ends
of the two blades has a more significant impact on
the leeward side. When 1=0.233, the airflow on the
concave surface of blade 1 is hindered by the high-
speed airflow excited by the plasma. In the region far
from the rotation center, the airflow velocity
decreases and the pressure rises, thereby increasing
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Fig. 7. Schematic diagram of the installation
position of the plasma exciter.

the pressure that promotes the rotation of the blade.
At the same time, the pressure on the windward
surface of the blade 2 is increased, and the pressure
on the leeward surface is decreased. This makes the
difference of positive pressure increase and promotes
the rotation. That is, the wind resistance on blade 2
increases. The plasma excitation increases the
resistance difference between the two blades under
this operating condition. However, due to the small
TSR, the incoming flow passes through the center of
the wind turbine. Air jets are formed between the
original wind turbine blades and perform work on the
blade 1 concave surface. The application of plasma
excitation suppresses the jet. It causes a loss of
practical work. Therefore, the wind turbine's overall
performance is slightly reduced.

If the TSR is 0.794, the airflow with high-speed
driven by the plasma excitation greatly decreases the
pressure of the outermost ends of the two blades on
the convex side. At this time, for blade 1, its concave
surface pressure increases, and the high-pressure
area of the convex surface is significantly reduced,
which increases the pressure that promotes the
rotation of the blade and reduces the pressure that
hinders the rotation, so the output torque increases.
Due to the reduction of the concave pressure,
although the forward pressure difference of the blade
2 is reduced, the reduction is small. In general, the
plasma excitation under this working condition
promotes the wind turbine overall performance.

4.2 Analysis for plasma excitation effect of
Pos:&Poss

The plasma excitation is added at Pos2&Poss, As
shown in Fig. 9. Whether it is a small TSR or a large
TSR, the blade convex side produces a wide range of
high-speed flowing airflow. When the TSR=0.233,
the reason for the large increase in the torque
coefficient, as shown in Fig. 11, is mainly because
the pressure of the blade 2 on the concave side has
been significantly increased under the action of
plasma excitation. The originally small positive
differential pressure was significantly enhanced,
while the negative differential pressure was reduced,
which greatly facilitated the rotation. At this time, for
blade 1, the positive pressure difference that
promotes the rotation also increases slightly. They
work together to increase the output torque and
enhance the power.

If the TSR=0.794, on the blade 2 concave side,
although the plasma excitation did not cause the
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(b)With plasma, 1=0.233

(c)Without plasma, 1=0.794

(d)With plasma, /=0.794
Fig. 8. Comparison before and after adding
plasma excitation at positions Posi1&Poss.

pressure to exceed its convex side, the pressure
difference between these two sides is significantly
decreased. This reduces the negative pressure
differential across the vanes 2, weakening the
impediment to rotation. At this time, the pressure
around the blade 1 does not change significantly.
Overall, the output torque of the wind turbine
increases.

4.3 Analysis for Plasma Excitation Effect of
Pos3;&Pos4

If the TSR is 0.233, due to the plasma excitation,
high-speed airflow is generated at positions
Pos3&Pos4 and continuously passes through the
center of rotation. This essentially hinders the flow
of free flow. It can be seen from the velocity cloud
diagram in Fig. 10 that the air velocity near the
plasma excitation increases significantly. However,
since the location where the excitation is applied is
close to the wind turbine shaft, the generated torque
is short. Besides, the induced high-speed airflow
increases the wind turbine torque to a small extent,
and the excitation effect suppresses the original air
jet between the two blades at that moment. This
causes a significant reduction in the torque generated
on the blade 1, reducing the wind turbine overall
performance.
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(d)With plasma, 1=0.794
Fig. 9. Comparison before and after adding
plasma excitation at positions Pos:&Poss

If the TSR=0.794. It can be seen from the velocity
cloud graph that the air jet formed between the two
blades is small. It does minor work on blade 1. So,
after applying plasma excitation, this part of the
energy will not be lost. Meanwhile, plasma
excitation's high-speed air flow does not completely
pass through the wind turbine rotation center. To a
certain extent, the positive pressure difference is
increased between the two sides of blade 2, and the
wind turbine performance is enhanced. However, for
blade 1, the pressure on the concave surface is
reduced, and the pressure on the convex surface is
basically unchanged. Thus, the negative pressure
difference increases, which offsets the positive
pressure difference generated by a part of the blade
2. Under this working condition, the wind turbine
torque coefficient slightly increased. In summary, the
aerodynamic performance of the S-type VAWT can
be also maximized while applying a plasma exciter
at Pos2&Poss.

4.4 Comparison of Plasma Excitation

Effects at Different Positions

In Fig. 11, the TSR increases as the torque coefficient
decreases. When 4=0.233, Plasma excitation at
positions Pos1&Pos6 reduces torque coefficient
slightly; the torque coefficient decreases
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(d)With plasma, 1=0.794
Fig. 10. Comparison without and with adding
plasma excitation at positions Pos3&Poss.
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Fig. 11. Torque coefficients of wind turbine
under different excitation positions.

significantly with adding plasma excitation at
Pos3s&Poss. However, Pos:&Poss can dramatically
improve the torque coefficient. When the TSR are
0.794 and 1.080, the torque coefficient grows up for
all these three pairs of excitation positions. When
4=0.794, the second pair shows the best effect, while
the first and the third pair are close. When 1=1.080,
Pos2&Poss shows the best result, while Posi&Pose is
the worst.

The main reason for the above phenomenon is that
after the plasma excitation is set, the fluid around the
blade is disturbed since the action of the volume
force. The flow field velocity around the blade
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changes, which affects the distribution of pressure
field around the blade. Fig. 8 to Fig. 10 show the
distribution of velocity and pressure around the
blades before and after plasma excitation is installed
at different positions, and the moment when the
excitation effect is most obvious is selected for
comparative analysis. Since plasma excitation has a
similar impact on wind turbines with TSRs of 0.794
and 1.080, a working condition of 0.794 for the
primary analysis in the two TSRs is chosen.
Furthermore, adding plasma excitation will generate
high-speed airflow at the corresponding position.
Moreover, it's more obvious under the small TSR.
This is because the speed is slower when the wind
turbine is at a small TSR. The air velocity around the
blades is small. It is easier to be disturbed under the
same volume force.

4.5 Analysis of the Effect of Electric Field
Forces in Different Directions

A plasma exciter is installed in the middle of the
Savonius wind turbine blade with a different electric
field force direction. As shown in Fig. 12, these are
denoted as Pos2'&Poss'. Besides, the numerical
simulation research is conducted when the TSR
equals 0.233, 0.794 and 1.080. Direction A is for the
installation position of Pos2&Poss, while Direction B
is for the installation position of Pos2’&Poss’. Fig. 13
shows the specific calculation results. When
TSR=0.233, compared with Direction B, Direction A
shows better effect. When TSR equals 0.794 and
1.080, in both Direction A and Direction B, electric
field forces' enhanced effect on the torque coefficient,
and the enhancement effect of both directions is
relatively close.

o

Pos,’
'

Poss

(0)

Fig. 12. Schematic diagram of the plasma exciter
after changing its direction.
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different directions.
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To analyze the causes of the above phenomenon, the
time when the excitation effect is most apparent in
one rotation period after the calculation converges
(the time shown in Fig. 9) is taken. The blade surface
pressure coefficients were compared with and
without the addition of two pairs of plasma
excitations in opposite directions. (Fig. 14 and Fig.
15). In the figure, y is the vertical coordinate value
of the blade. At this time, the concave surface of
blade 1 and the convex surface of blade 2 are
windward. Therefore, for blade 1, its concave
pressure is greater than the convex pressure. The
pressure difference with positive value promotes the
wind turbine to work. However, for blade 2, the
convex pressure is greater than the concave pressure.
The pressure difference with negative value inhibits
the wind turbine from working.
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Fig. 14. Surface pressure coefficients on both
sides of the blade when 1=0.233.

Combining Fig. 14 and Fig. 15, it shows that if the
TSR=0.233, on blade 1 in Direction A, the electric
field force increases the forward pressure difference,
which drives the rise of the output torque on this
blade. However, in direction B on blade 1, the
electric field force increases the partial pressure
difference. Besides, part of the pressure difference is
reduced at the same time. The two offset each other
and have no significant impact on the blade. Due to
the action of the plasma excitation, the electric field
forces on blade 2 in both directions reduce the
negative pressure difference. Among them, Direction
A has a better effect. Moreover, on the blade segment,
which is about 0.07<y<0.12, compared with the
convex side, the pressure on the concave side is
greater, which is consistent with the phenomenon
presented in Fig. 9. When the TSR=0.794, the
excitation effects of the two plasmas are similar. The
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Fig. 15. Surface pressure coefficients on both
sides of the blade when 1=0.794.

place on blade 1 where the pressure difference
increases and the place where the pressure difference
decreases offset each other, which results in an
insignificant change in positive differential pressure.
For blade 2, the electric field force in both directions
can reduce the pressure difference that hinders
rotation, thereby increasing the output torque.

Therefore, distributed in two directions, the electric
field forces can lessen the performance of the
Savonius VAWT. However, compared with Direction
B, the reasons why the effect of Direction A is better
under small TSR are when the wind turbine speed is
slow, the high-speed air flow driven by the plasma
excitation is greatly affected by the incoming flow;
At the moment when the high-speed airflow has an
influence on the wind turbine, the direction of the
high-speed airflow in direction A coincides with the
of the incoming flow direction, and its effect is
enhanced; In direction B, the direction of the high-
speed airflow is opposite with the incoming flow, and
its impact is weakened.

5. CONCLUSION

In this paper, combined with the phenomenological
model, the plasma excitation is loaded into three
pairs of wind turbine blades through UDF. The
influence mechanism of plasma excitation on the
overall performance of the Savonius vertical axis
wind turbine under different working conditions was
studied by numerical simulation method, and the
optimal installation position of the plasma excitation
was found. At the optimal installation location, the
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effects of electric field forces in different directions
on the overall performance were compared. The
following are the conclusions:

(1) The high-speed jet generated by plasma
excitation can change the velocity distribution near
the blade, resulting in the change of the pressure field,
which changes the magnitude and direction of the
pressure difference, and finally affects the overall
performance.

(2) The TSR has an important influence on the effect
of plasma excitation. When the TSR is small, the air
velocity around the blade is also small. The high-
speed jet generated by the plasma excitation can
easily change the velocity distribution near the blade,
thus having a greater impact on the wind turbine.
When the TSR is relatively large, the air velocity
around the blade is also larger, and the disturbance to
the air under the same body force is weakened, so the
effect of plasma excitation on the fan is not obvious.

(3) The optimal installation of the plasma excitation
is the middle position. When the plasma excitation is
loaded at this position, the performance of the wind
turbine is always significantly improved. This is
because, at this position, the jet generated by the
plasma excitation can have a greater impact on the
flow field around the blade, and since the middle
position is relatively far from the center of rotation,
the moment caused by the pressure change on both
sides of the blade is also larger.
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