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Ionic wind induced by direct-current corona discharge has attracted considerable interest because of its low energy
consumption, low noise emission, flexible designs, and lack of moving parts. The purpose of this study is to investigate the
configuration parameters to improve the velocity of the ionic wind. Accordingly, this study develops a three-dimensional
(3D) model of circular tube with multi-needle-to-mesh electrode configurations, in this model, the influences of various
parameters were explored，such as the mesh gap, the distribution of needle electrodes, the number of needle electrodes,
and the radius of the circular channel. The numerical research results showed that the mesh gap, the distribution of needle
electrodes, and the radius of the circular tube significantly affected the velocity of the ionic wind. When mesh gap is 12 mm,
which indicates that there is an optimal mesh gap which can enhance the velocity of the ionic wind. What is more, changing
the distribution of needle electrodes and increasing the number of needle electrodes can effectively improve the velocity of
the ionic wind, the optimum distribution α of needle electrodes is 0.7–0.9, which greatly increase the velocity of the ionic
wind. However, for multi-needle-to-mesh structure, the improvement of the radius of the circular channel is conducive to
enhance the velocity and improve the velocity distribution.

Keywords: corona discharge, ionic wind, numerical simulation, wind velocity
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1. Introduction
Corona discharge is one of the most interesting natural

phenomena in plasma science, often accompanied by a faint
light purple halo, hissing noise, and ozone generation. The
air jet can be excited near the location where the corona dis-
charge occurs, but it is not easy to observe because the air
jet velocity is very small. The air jet caused by corona dis-
charge is generally called ionic wind. It is generated molecules
near according to the following process: when a high poten-
tial difference is applied, the air near the corona electrode is
ionized to generate an electron avalanche if the applied volt-
age reaches the inception voltage, furthermore, the ionized
gas travel towards the collector electrode, colliding with neu-
tral air molecules resulting in transferring momentum to the
surrounding molecules, thus forming the ionic wind.[1–3] The
phenomenon of ionic wind is well known as electrohydrody-
namic (EHD) effect due to its low power consumption, low
noise emission, and lack of moving parts. EHD phenomena
have attracted considerable attention for their various appli-
cations, such as EHD flow control,[4] EHD cooling,[5,6] EHD
drying,[7] EHD gas pump,[8–10] and the EHD thrust.[11–13]

During the past several years, there has been a growing
interest in increasing ionic wind velocity. As the mechanism
of ionic wind in simple geometries has been well understood,
researchers began to find new approaches either in the elec-
trode geometry or the discharge generation to maximize ionic
wind performance and wind velocity. That is, the challenge

in the field is no longer one of understanding the physics but
of investigating configuration parameters such as electrodes,
geometry and so on to get better ionic wind performance.

There are several different configurations used in ionic
wind generators such as needle-to-ring, wire-to-plate, wire-
to-mesh, needle-to-mesh, etc.[1] For single emitting electrode
configuration, Rickard et al.[14] designed a needle-to-ring
electrode system with a converging nozzle, with an intention
to accelerate the gas flow under the downstream of the collec-
tor electrode. However, the maximum velocity only increased
slightly from 1.6 m/s to 2.4 m/s when attaching a converg-
ing nozzle, and as the shape of the nozzle got smaller, the
maximum velocity was almost maintained at about 2.4 m/s.
A wire-non-parallel-plate EHD gas pump was investigated by
Tsubone et al.[15] This system achieved a maximum velocity
of 1.9 m/s and volumetric flow rate of 44 L/min. Moreau[16]

found that the most efficient electrode gap G depends on the
tuber diameter D. Their results indicate that the optimized
configuration was that G/D must be between 0.5 and 0.75.
However, the maximum wind velocity at the tube center is still
less than 10 m/s.

Compared to a single emitting electrode, one of the hot
topics in ionic wind field is to increase the ionic wind veloc-
ity and flow rate using multiple emitting electrodes. For in-
stance, multi-needle-to-mesh and multi-wire-to-mesh config-
urations were investigated and their ionic wind velocity per-
formances were experimentally assessed by Fylladitakis, et
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al.[17] They found that multi-wire-to-mesh configuration can
give a higher wind velocity than multi-needle-to-mesh, but the
multi-needle-to-mesh configuration produced flows at applied
voltages ∼ 1.5 kV lower than the multi-wire-to-mesh config-
uration. Kim[8] investigated an ionic wind blower with multi-
needle-to-ring electrodes disposed on inner wall of the cylin-
drical, and multiple corona electrodes were disposed in ring
form. The results indicated that the maximum ionic wind ca-
pacity of the proposed electric discharge system is approxi-
mately 131 cc/s and the energy consumption is 2.5 W.

However, the incorporation of additional emitters is not
purely additive, the interactions can be favorable or detrimen-
tal. For instance, experiments with multi-needle-to-plate ionic
wind generators have been performed by Huang et al.[18] They
found that a dense needle arrangement can incur electric field
interference between adjacent electrodes. Therefore, for a
given electrode height, there is an optimal electrode array be-
low which the required area exposed to the corona wind is
apparently insufficient, and beyond which the flow interfer-
ence caused by adjacent electrodes offsets the effective per-
formance. Lee et al.[19] fabricated an array of 36 point-to-
ring corona discharges on a single circuit board. However,
their work highlighted some of the inherent challenges in this
approach. When run in parallel, the ionic wind jets inter-
fered with each other causing the individual discharges to
produce smaller flow speeds relative to the discharges oper-
ating individually. They reduced the interference effect by
introducing a shielding layer between the emitter and col-
lector electrodes. Feng[20] reported ionic wind devices with
multi-needle-to-mesh and multi-needle-to-fin configurations,
in which the needle electrodes were fixed in the pinholes on the
conductive strip, and the interval between each adjacent nee-
dle was 10 mm. He confirmed that 2.5 mm and 5 mm were the
preferred electrode gaps for multi-needle-to-mesh and multi-
needle-to-fin configurations and increasing the number of nee-
dle electrodes can improve the outlet average velocity. but re-
duce the maximum velocity because the interaction between
adjacent corona electrodes of the multi-needle structure weak-
ened the electric field of each other.

Besides the experimental investigation, various numeri-
cal investigations are carried out by researchers to investigate
the ionic wind. The ions generated by the ion wind produce
a certain error in the speedometer measurement. In addition,
due to the low spatial resolution of the velocity sensor, exper-
imental measurements cannot provide changes in ionic wind
velocity in a small spatial range. Therefore, compared with ex-
periments, numerical simulations can provide a substantially
detailed analysis of the electrical and flow characteristics of
the ionic wind, so numerical model of EHD flow has become
essential for the development and optimization of technolo-
gies in the EHD field. For example, Jewell-Larsen et al.[21]

presented a numerical couple physics model for EHD flow us-
ing COMSOL Multiphysics. Numerical model results were
compared with experimental results for the same configura-
tion and agreed well with each other, including corona on-
set voltage, average output airflow, and output airflow pro-
file. Zhang[9,10] adopted a numerical model to optimize the
configuration parameters, including needle electrode configu-
ration, needle diameter, grid size, gap between electrodes and
the distribution of the needle electrodes to obtain a consider-
ably high outlet average velocity. Chen[22] numerically inves-
tigated electro aerodynamic driven aero plane, in this study, a
two-dimensional (2D) unipolar ion drift model coupled with
Naive–Stokes equations is developed and validated by experi-
ments. The electric field, space charge distribution, ionic wind
velocity and body force are obtained. The flight velocity, the
lift, and distance of the ionic wind-based aero plane in the
experiment and in an extreme case are analyzed theoretically
based on the modeling results.

Although numerous configuration parameters of ionic
wind have been reported, so far few of them investigate the
arrays of emitting electrode based on the shape of the channel,
which directly influences the characteristics and development
of velocity field. In this article, we study a multi-needle-to-
mesh ionic wind generator. In this generator, the needle elec-
trodes are arranged on a circle which is concentric with the cir-
cular channel. This configuration is different to that reported in
the references where the needle electrodes were attached to the
inner wall of the channel. To aid the investigation, numerical
simulations have been conducted. Mesh gap, the distribution
of needle electrodes, the number of needle electrodes, and the
radius of the circular channel are regarded as adjustable pa-
rameters to investigate their influences on the ionic wind. Ac-
cordingly, the best configuration parameters of the ionic wind
generator can be selected to obtain the optimal velocity of the
ionic wind. This article is structured as follows: Section 2 in-
troduces the numerical modeling of the ionic wind; Section 3
gives the results of numerical simulations and discussions on
the results; and Section 4 summarizes the work of this paper.

2. Numerical modeling
2.1. Physical model

The basic configuration parameters of the ionic wind gen-
erator are shown in Table 1. Figure 1 shows the physical model
of the ionic wind, air enters from the circular channel inlet,
ionic wind is generated between needle electrodes and mesh
electrodes and flows out from the circular channel outlet. Air
is considered as dry air, atmospheric pressure is considered as
standard pressure, the reference temperature is 293.15 K and
the influence of humidity is ignored in this numerical simula-
tion.
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Table 1. Basic configuration parameters.

Variable Parameter Simulation value

r radius of curvature at the needle tip 100 µm
d needle electrode diameter 1 mm
L needle electrode length 7 mm
G gap between needle and mesh electrodes 10 mm
εr relative dielectric permittivity of air 1

density of air 1.23 kg/m3

µE ion mobility coefficient 2.7×10−4 m2/(V·s)
ε0 dielectric permittivity of free space 8.8542×10−12 F/m
E0 breakdown electric strength of air 3.31×106 V/m
D diffusion coefficient 5.5×10−6 m2/s

The values of εr, µE, ε0, E0, and D come from Ref. [23].

needle electrodes

mesh electrodes

circular channel

L

d

r

G

z

y
x

Fig. 1. Physical model of the ionic wind.

2.2. Governing equations

Ionic wind induced by corona discharge under direct-
current voltage is described by the following equations. The
electric potential V is governed by Poisson’s equation[23]

∇
2V =−q/ε0, (1)

where q is the space charge density, which is the measure of
electric charge per unit volume, and ε0 is the dielectric permit-
tivity of air.

The electric potential is represented by electric field in-
tensity 𝐸 as[23]

𝐸 =−∇V. (2)

The current density 𝐽 from the conduction, convection,
and diffusion can be described by the following transport
equation[23]

𝐽 = µE𝐸q+𝑈q−D∇q, (3)

where µE is the mobility of ions in air, D is the diffusion co-
efficient. Considering that the velocity of charged particles is
far larger than the air flow velocity and diffusivity coefficient
of ions is quite small to the conduction,[23] so the transport
equation is simply defined as[23]

𝐽 = µE𝐸q. (4)

The current density should satisfy the conservation of charge
(continuity) equation[23]

∇𝐽 = 0. (5)

The velocity of the ionic wind is calculated by the Naive–
Stokes equation and continuity equation for steady state in-
compressible Newtonian fluid[23]

∇ · (ρ𝑈𝑈) =−∇𝑃 +ν∇
2𝑈 +𝐹 , (6)

where ρ is the gas density, 𝑈 is the velocity, ν is the kinematic
viscosity, 𝑃 is the pressure, respectively. 𝐹 is the Coulomb
force, which can be expressed as follows:

𝐹 = q𝐸. (7)

The radius of the ionization zone can be calculated by the fol-
lowing Peek’s empirical formula[24]

Eonset = E0

(
1+0.308/

√
0.5 · r

)
, (8)

where r is the needle electrode’s radius and E0 is the break-
down electric strength of air. In the present work, r is equal to
0.01 cm, then the Peek value Eonset is approximately equal to
1.66×107 V/m.

2.3. Solution method and boundary conditions

To calculate the velocity characteristics of the ionic wind
according to the different conditions, three modules, such as
electrostatic module, transport of diluted species module, and
laminar flow module, in COMSOL MULTIPHYSICS are used
to calculate the velocity. First of all, to calculate the Poisson’s
equation, a constant high positive DC voltage is applied to the
needle electrodes, and the mesh electrodes are grounded, zero
charge is set as boundary condition on the other surfaces. For
charge motion, the initial space charge density is applied to
the needle electrodes. The Katpzov hypothesis was adopted
to calculate the initial space charge density. It is assumed that
the electric field will remain its corona onset value after the
corona discharge is initiated, and the Peek’s law determines
the value of electric field. The other surfaces are assumed to
be zero flux. Finally, the velocity field is simulated in the lam-
inar flow. The no-slip condition is applied to the surfaces of
the needle electrodes, mesh electrodes, and the channel, and
pressure condition is applied to the inlet and outlet to calcu-
late the velocity characteristics of the ionic wind. Figure 2
shows the mesh of the model and detailed boundaries con-
ditions. Regular tetrahedral mesh sets are generated for the
simulation process. The mesh around the needle and collector
electrodes has been densified to improve the calculation accu-
racy. The mesh is divided smaller with the minimum element
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size of 0.1 µm in the area near the needle tip and the surface of
the mesh electrodes. In other surfaces the minimum element
size is 0.03 mm, which can grow to 2.81 mm with a growth
rate of 1.15. This mesh is used to determine three interdepen-
dent variables: electric field distribution, space charge density
distribution, and velocity distribution.

(a)

(b)

(c) boundary 1
(needle electrodes)

boundary 3
(inlet)

boundary 2
(mesh electrodes)

boundary 4
(outlet)x

y
z

Fig. 2. The mesh of the model: (a) mesh for the needle electrodes; (b) mesh
for the mesh electrodes; and (c) mesh profile for the whole geometry.

2.4. Numerical model validation

In order to verify the reliability of the simulation method,
a numerical simulation model is established, which was simi-
lar to the experimental model conducted by Chen.[26] Regular
tetrahedral mesh sets are generated for the simulation process.
The mesh around the needle and collector electrodes has been
densified to improve the calculation accuracy. Five mesh sets
(i.e., 664, 880; 1016, 654; 1296, 126; 1864, 267; and 2174,
984) are generated in the mesh independence analysis. The
evaluation index is the average outlet velocity, which increases
by only 1.5% between the fourth and fifth mesh sets when the
mesh number increases by 117%. Therefore, the fourth mesh
set (i.e., 1,864, 267) is chosen for the numerical simulation.
Then the simulation values of the outlet velocity are compared
with the reference experimental results. The results of the sim-
ulation validation are presented in Fig. 3, it shows that sim-
ulation results are in good agreement with the experimental
results, and the maximum relative deviation of the outlet ve-
locity is 8.57% under an applied voltage of 10 kV. Therefore,
the simulation method is reliable.

4 6 8 10

0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

experimental results
simulation results

V
e
lo

c
it
y
 (

m
/
s)

V (kV)

Fig. 3. Verification of the simulation method.

3. Numerical parametric studies on velocity of
ionic wind
In the following sections, the influence of the mesh gap,

the distribution of needle electrodes, the number of needle
electrodes, and the radius of the circular channel on the ionic
wind velocity performance are investigated.

3.1. Influence of mesh gap

As it can be seen in Fig. 4, the mesh gap is a vital parame-
ter of the mesh size, which can significantly affect the velocity
of the ionic wind. In the investigation of the mesh size, various
parameters were set as follows: the number of needle electrode
is 1, which is placed in the center of the channel; the gap be-
tween needle electrodes and mesh electrodes is 10 mm; the
radius of the circular channel is 15 mm. Owing to the velocity
of the ionic wind under positive DC voltage performing better
than negative DC voltage under the same voltage amplitude,[1]

the positive DC voltage is set as 10 kV.

m
e
s
h
 g

a
p

s
id

e
 l
e
n
g
th

Fig. 4. The schematic diagram of the mesh size.

The influence of the mesh gap on the maximum veloc-
ity and average outlet velocity is illustrated in Fig. 5. It can
be seen that average velocity increases with the increase of
mesh gap and slowly declines after maximum value. How-
ever, maximum velocity decreases with the increase of mesh
gap, and slowly rises after minimum value, the declines af-
ter maximum value. The maximum value of average velocity
is 2.56 m/s when the mesh gap is 12 mm; and the maximum
value of maximum velocity is 5.93 m/s when the mesh gap is
2 mm. When the mesh gap is 2 mm, average velocity is low,
but maximum velocity is high.

Figure 6 clearly illustrates the velocity distributions for
different mesh gaps, it can be inferred that the mesh elec-
trode becomes too dense, thereby average velocity is greatly
decreased owing to the resistance of mesh electrodes, on the
other hand, when the mesh gap is getting bigger, the velocity
will also decrease slightly, because the available collector area
for the mesh electrode becomes smaller as the mesh gap be-
comes larger, thereby possibly reducing the outlet velocity in
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this case. Thus, 12 mm could be chosen as the optimal value
of mesh gap for subsequent investigations.

1 3 5 7 9 11 13 15

1

2

3

4

5

6

average velocity
maximum velocity

V
e
lo

c
it
y
 (

m
/
s)

Mesh gap (mm)

Fig. 5. The velocity characteristics with the mesh gap.

(a) (b)

(c) (d)

(e) (f)

6

5

4

3

2

1

0

x

y

z

Fig. 6. Velocity distribution for different mesh gaps: (a) mesh gap = 2 mm,
(b) mesh gap = 4 mm, (c) mesh gap = 6 mm, (d) mesh gap = 8 mm, (e)
mesh gap = 10 mm, (c) mesh gap = 12 mm.

3.2. Influence of distribution of needle electrodes

To investigate the influence of the distribution mode of
needle electrodes on performances of the ionic wind velocity,
figure 7 shows the distribution of needle electrodes when the
numbers of needle electrodes were set as 3. As is shown in
this figure, the circle formed by the needle electrodes and the
circular channel are concentric circles. In this situation, r1 rep-
resents the radius of the circular, which is composed of needle
electrodes, and r2 represents the radius of the circular chan-
nel. Dimensionless parameter α (α = r1/r2) is regarded as a
crucial parameter to investigate the effect of the distribution
of needle electrodes on the working performances of the ionic
wind, with α = 1 referring to the channel walls, α = 0 refer-
ring to the center of the wall. On condition that the number
of needle electrodes is 3, the applied voltage is 10 kV; the gap

between needle electrode and mesh electrodes is 10 mm; the
radius of the circular channel is 15 mm.

r1

r2

Fig. 7. Distribution of three needle electrodes.

Figure 8 shows the influence of α on maximum velocity
and average velocity. As can be seen from this figure, maxi-
mum velocity and average velocity increase with the increase
of α and decline after maximum value. The maximum ve-
locity achieves maximal value, which is 7.7 m/s, the average
velocity achieves maximal value, which is 4.2 m/s, when α is
0.7.

0.5 0.6 0.7 0.8 0.9 1.0

2

3

4

5

6

7

8

average velocity
maximum velocity

V
e
lo
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it
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 (

m
/
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α

Fig. 8. The ionic wind velocities for different distributions of the needle
electrodes.

(a) (b)

(c) (d)

(e) (f)

6

5

4

3

2

1

0

x

y

z



Fig. 9. Velocity distributions at cross-section (z = −5): (a) α = 0.5; (b)
α = 0.6; (c) α = 0.7; (d) α = 0.8; (e) α = 0.9; (f) α = 1.
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Figure 9 illustrates the velocity distributions at cross-
section (z = −5) for six configurations, it can be concluded
that when the needle electrodes are closer to the center or the
wall of the tube, both maximum velocity and average velocity
do not perform better than other conditions. On the one hand,
if the needle electrodes are closer to the center of the tube, the
electric field between them will become more and more in-
tense, then velocity close to the wall will rapidly decline. On
the other hand, if the needle electrodes are close to the wall
of the tube, it will have negative impacts on the velocity close
to the center of the circular channel. But the velocity distribu-
tion of the circular channel becomes more uniform. By com-
prehensively considering the velocity, the α = 0.7 is selected

under the condition that the number of the needle electrodes is

3.

3.3. Influence of the number of needle electrodes

To explore the influence of the number of needle elec-

trodes on the working properties of the ionic wind velocity

characteristics. Figure 10 shows the distribution of needle

electrodes when the numbers of needle electrodes were set as

3, 4, 5, and 6. In our study, the number of needle electrodes

is chosen as 3, 4, 5, and 6; the applied voltage is 10 kV; the

gap between needle electrode and net electrodes is 10 mm; the

radius of the circular channel is 15 mm.

r1

r2

r1

r2

r1

r2

r1

r2

Fig. 10. Distribution for different number of needle electrodes.

It can be concluded that different needle electrodes have
different optimum α , and with the increase of the needle elec-
trode number, the optimal α is getting bigger, which are 0.7,
0.8, 0.83, and 0.9 respectively when the number of needle
electrodes is 3, 4, 5, and 6. Figure 11 shows the influence
of needle electrodes on maximum velocity and average veloc-
ity, when the number of needle electrodes is 3, 4, 5, and 6,
the maximum average velocity is 4.2 m/s, 4.4 m/s, 4.46 m/s,
and 4.57 m/s, maximum velocity is 7.6 m/s, 7.75 m/s, 7.2 m/s,
and 7.1 m/s respectively. Figure 12 shows the velocity distri-
butions when needle number is 3, 4, 5, 6. It is noticed that
the velocity under the mesh electrodes is much smaller than
other positions because of the resistance of mesh electrodes.
In spite of increasing the number of needle electrodes, the av-
erage wind speed only increases slightly, and the maximum
wind speed decreases instead. We conjecture that the inter-
ference between the adjacent needle electrodes may primar-
ily cause a reduction in ionic wind velocity. Figure 13 shows
peak space charge density under different numbers of needle
electrodes, when α is 0.7. It is observed that as the num-
ber of needle electrodes increases, the value of space charge
density decreases, and the peak space charge density value
of the 3 needles is much larger than other conditions. This
clearly demonstrates that when the needle electrode number
increases, the interaction between different electrode needles

becomes stronger and stronger, thus resulting in the weakness
of the space charge density. The space charge distributions (x–
y plane, z=−1) inside the channels are shown in Fig. 14 under
the condition α = 0.7. The influence of the needle electrodes
can be clearly seen from the cross-section. As the number of
needle electrodes increases, the radius of influence from each
needle decreases. It is also noticed that in this situation, the
configuration with 6 needle electrodes has the lowest value of
the space charge density, while the configuration with 3 nee-
dle electrodes has the highest space charge density value. As
demonstrated in Refs. [18,19], this interference will have a
negative effect on the ionic wind performances.
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Fig. 11. The change in ionic wind velocity when increasing the number of
needle electrodes.

014701-6



Chin. Phys. B Vol. 30, No. 1 (2021) 014701

(a) (b)

(c) (d)

6

5

4

3

2

1

0

x y

z



Fig. 12. Velocity distributions for different numbers of needle electrodes:
(a) 3 needle electrodes; (b) 4 needle electrodes; (c) 5 needle electrodes; (d)
6 needle electrodes.
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Fig. 13. The peak of space charge density under different needle electrode
numbers.
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Fig. 14. Space charge distribution for different numbers of needle electrodes
(x–y plane, z = −1): (a) 3 needle electrodes; (b) 4 needle electrodes; (c) 5
needle electrodes; (d) 6 needle electrodes.

3.4. Influence of radius of circular channel

Evidently, the radius of the circular channel is a crucial
configuration factor which directly determines the develop-
ment of the ionic wind. To investigate the radius of the cir-
cular channel on performances of the ionic wind, the applied
voltage is taken as 10 kV, mesh gap is 12 mm, the number of
needle electrodes is 6, furthermore, α is 0.9.

For a single needle electrode, both maximum velocity
and average velocity decline with the increase of the radius

of the circular channel. However, for multi-needle electrodes,
as shown in Fig. 15, maximum velocity and average velocity
increase with the increase of the radius of the circular chan-
nel and decline after maximum value. The maximum value of
maximum velocity is 6.7 m/s when the radius of the circular
channel is 15 mm, and the maximum value of average velocity
is 4.7 m/s when the radius of the circular channel is 16.5 mm.
Figure 16 illustrates peak space charge density under different
radiuses of the circular channel, when α is 0.9. It can be seen
that as the radius of the circular channel increases, the value
of space charge density increases, and the peak space charge
density value of 13.5 mm is much smaller than that under other
conditions, which obviously indicates that when the radius of
the circular channel decreases, the interaction between differ-
ent electrode needles becomes stronger and stronger, thus re-
sulting in the weakness of the space charge density. When the
channel radius is bigger than 16.5 mm, the peak space charge
density does not rise as fast as before, which indicates that as
the channel radius increases, the interference between the nee-
dle electrodes is not as intense as before. The space charge
distributions (x–y plane, z =−1) inside the channel are shown
in Fig. 17 for five radius configurations under the condition of
α = 0.9. The influence of radius can be clearly seen from the
cross-section. For the configuration with radius of 13.5 mm,
the charge density is weaker than any other cases. It is con-
cluded that when the radius of the circular pipe gets smaller,
the interaction between different electrode needles becomes
stronger and stronger, thus resulting in the weakness of the
space charge density. On the other hand, with the increase of
the radius, the distribution of air jet sources is more scattered,
and the average velocity will decrease accordingly. Thus, a
bigger circular channel could get an inferior velocity perfor-
mance, the improvement of the radius of the circular channel
is conducive to enhance the velocity and improve the veloc-
ity distribution, when the number of needle electrodes is 6,
the optimum radius of the circular channel is 16.5 mm, which
performs better than other conditions in our investigations.
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Fig. 15. The ionic wind velocities under different radiuses for circular
channels.
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Fig. 16. The peak of space charge density under different radiuses of circular
channels.
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Fig. 17. Space charge distribution for different radiuses of the circular chan-
nel (x–y plane, z =−1): (a) R = 13.5 mm; (b) R = 15 mm; (c) R = 16.5 mm;
(d) R = 18 mm; (e) R = 19.5 mm.

4. Conclusion
In this paper, the influence of the mesh gap, the distri-

bution of needle electrodes, the number of needle electrodes,
and the radius of the circular channel on the performance of
the ionic wind have been investigated numerically. Specific
conclusions are drawn as follows:

(i) On the condition of the same other configuration pa-
rameters, there is an optimal gap of meshes: too large, or too
small, a mesh size will inhibit the development of the ionic
wind. The optimum value of the mesh gap is 12 mm in this
study.

(ii) The distribution of needle electrodes has significant
impact on the velocity. In this investigation, the more uniform
the needle electrode distribution, the greater the velocity of the

ionic wind. The optimum α is 0.7–0.9, which greatly increase
the velocity of the ionic wind.

(iii) The number of needle electrodes affects velocity sig-
nificantly. However, if the radius of the circular pipe is not
suitable for the needle electrode number, increasing the num-
ber of needle electrodes cannot increase the velocity of the
ionic wind effectively in our investigations. Thus, the radius
of circular channel is most important for improving the perfor-
mance of the ionic wind.
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