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To evaluate the effect of wind on corona discharges occurring on the tip of a grounded rod during a negative charging process
of thundercloud, a two-dimensional numerical model has been improved by considering the wind velocity as a driving force for
the movement of the corona charges. It was found that not only wind speed but also wind direction have a significant effect on
the distribution of corona charges, the local electric field around the rod, and the corona current. (1) Under the same wind speed,
a larger horizontal wind can result in less accumulation of corona charges, a larger electric field, and a larger corona current.
However, when the speed is less than 5m s−1, the effect of wind direction on the corona current was weak. (2)Under the same wind
direction, a larger wind speed can cause a larger corona current. However, when the horizontal wind component is smaller than
the vertical, the larger wind speed would cause a smaller electric field. Thus, it is necessary to take the effects of the wind direction
into consideration, rather than to consider its speed only, when studying the corona discharge and its effects on the upward leader.

1. Introduction

Asnoted byMacgorman et al. [1], the corona discharge, which
is often referred to as a “point discharge,” usually occurs in
a variety of situations and locations, whenever the ambient
electric field exceeds the corona onset threshold. The impact
of the space charge generated from the corona discharge
on the electric field at ground level or on the lightning
attachment process has been an important issue studied by
many scholars for a long time [2–6].The corona discharge, as
the initial discharge stage when the lightning flash attaches to
ground objects, such as the buildings and transmission lines,
may produce sufficient space charge which has screening
effect on the local electric field. Consequently, the corona
discharge may inhibit the inception of the streamer discharge
and delay the inception and propagation of the upward
leaders [7–10] and further affect the lightning attachment
process.

Many factors, such as the aerosol particle density, the air
humidity, rain, and wind, can affect the corona discharge.

The effect of wind on corona discharge has been studied
both experimentally and numerically by various authors [11–
15]. D’Alessandro [12] measured the relationship between the
peak value of corona current and the speed of wind, and
Du et al. [14] have measured and analyzed the variations in
corona charge intensity and corona current under different
wind conditions. Bazelyan et al. [13] used a one-dimensional
approximation model presented by Aleksandrov et al. [16] to
evaluate the effect of wind on the glow corona of a grounded
electrode under thunderstorms and found that a moderate
wind speed of 15m s−1 increased the corona current peak
value by more than 150%. However, they assumed that the
wind blew radially from the rod tip, which is of no practical
significance. By using a 2D symmetrical model, Becerra [17]
argued that the simulated results of Bazelyan et al. [13]
overestimated the influence of the corona discharge. Zou
et al. [15] have developed a 2D time-dependent model and
found that the corona current increases almost linearly with
the horizontal wind speed, but the effect of vertical wind
on the corona current was not considered. Furthermore, in
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the observation of upward lightning in winter thunderstorm
in Japan, self-initiated upward lightning always starts from
the stationary tower under a larger wind speed [8], because
the removal of space charge by wind may facilitate the
initiation of an upward leader. During a thunderstorm, the
wind may blow in any direction, that is, may have horizontal
and vertical components. But, in the above researches, only
the wind speed has been considered while direction has
not. On the other hand, because of the presence of wind,
the distribution of corona charges would be asymmetric.
Therefore, a numerical model in the Cartesian coordinate
system, which can simulate an asymmetric structure, is
necessary. The models above, no matter in 1D or in 1.5D (2D
in symmetrical), can hardly simulate the wind as a vector.

In this paper, we will improve the two-dimensional time-
dependent numerical model in the Cartesian coordinate
system developed by Guo and Zhang [18], by considering
the wind velocity as a dynamic term in the model. Then we
will study in detail the effects of wind velocity on the corona
discharge initiated from a grounded rod tip in the electric
field produced by a thunderstorm.

2. Formulation of the Two-Dimensional
Time-Dependent Numerical Model

2.1. Introduction of the Time-Dependent Numerical Model of
Corona Drift. Although in most of the current numerical
simulations [9, 10, 13, 16, 17], the corona discharge on the
grounded objects is seen as symmetric. In practice, corona
discharges on a grounded object during a thunderstorm can
hardly avoid the presence of the wind. When the wind is
present, the drift of the corona ions is usually asymmetric.
Thus, when studying the effect of wind on corona discharge,
the axisymmetric mode is inapplicable and the model in the
Cartesian coordinate system is necessary. Although the effect
of wind on corona discharge on a grounded object is a three-
dimensional problem, it is assumed in this study that the
wind in the whole 3D space is the same and the chosen
vertical plane for the study is parallel to the wind vector.Then
the 3D problem can be simplified as a 2D problem. Based
on the two-dimensional numerical model in the Cartesian
coordinate system developed by Guo and Zhang [18], which
was achieved to compute the corona discharge on two height-
unequal objects without wind; we improved this model to
study the corona discharge on a single rod with wind present.

Under the negatively charged thundercloud (see Figure 1),
the background electric field at ground level is upward and
the corona discharge is positive, and the positive corona
ions are produced from the tip of an object. From Guo and
Zhang [18], two assumptionswere used to simplify the corona
discharge process. First, becausewe are interested in the time-
dependent production and evolution of corona ions in larger
space domain of several hundreds of meters, the thickness
of the ionization layer within several of millimeters near the
corona discharge surface is ignored. According to Kaptzov’s
assumption, the local electric field near a corona-producing
surface is equal to onset corona field (Ecor) [16], whose
assumption is valid for a nonstationary corona when the
background electric field changes slowly [19, 20]. Secondly, it
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Figure 1: Configuration of the two-dimensional (2D) time-
dependent numerical model.

is assumed that only the positive corona ions are considered
and move away from the corona-producing surface, while all
the negative ions in the ionization layer are instantly absorbed
by the anode.

According to the above assumptions, the set of continuity
equations [18] for small positive ions n+, large positive aerosol
ionsN+, and aerosol neutralsN𝑎 in 2D Cartesian coordinates
are given by

𝜕𝑛+
𝜕𝑡
= 𝐷 ⋅ ∇2𝑛+ − ∇ ⋅ (𝑛+ ⋅ 𝜇𝑛

+

⋅ E) − 𝑘𝑛𝑁 ⋅ 𝑛+ ⋅ 𝑁𝑎 (1)

𝜕𝑁+
𝜕𝑡
= 𝐷 ⋅ ∇2𝑁+ − ∇ ⋅ (𝑁+ ⋅ 𝜇𝑁

+

⋅ E) + 𝑘𝑛𝑁 ⋅ 𝑛+ ⋅ 𝑁𝑎 (2)

𝜕𝑁𝑎
𝜕𝑡
= 𝐷 ⋅ ∇2𝑁𝑎 − 𝑘𝑛𝑁 ⋅ 𝑛+ ⋅ 𝑁𝑎, (3)

where t is the time, 𝜇𝑛
+

and 𝜇𝑁
+

are the mobility for small
positive ions and large positive aerosol ions, respectively,
𝑘𝑛𝑁 is the attachment coefficient of small ions to aerosol
particles, D is the diffusion coefficient, and E is the electric
field. According to the literatures [2, 17, 18], the values of 𝜇𝑛

+

,
𝜇𝑁

+

, 𝑘𝑛𝑁, andD are 1.5 × 10−4m2 s−1 v−1, 1.5 × 10−6m2 s−1 v−1,
2.9 × 10−12m3 s−1, and 1m2 s−1, respectively. Because the size
of aerosols is not considered, the value of D is chosen as an
average value [2]. Equations (1)–(3) are coupledwith Poisson’s
equation given by

∇2𝜑 = −
𝑒 (𝑛+ + 𝑁+)
𝜀0
, (4)

where 𝜀0 is the permittivity of air, e is the electron charge, and
𝜑 is the electric potential.

In the computed method, the second-order upwind
difference scheme [19, 20] is used to discretize the convection
terms (the second term on the right side of the (1) and (2))
from (1) to (3) in order to eliminate numerical oscillation,
and the central difference scheme is used to discretize the
diffusion terms (the first term on the right side of (1)–(3)).
Poisson’s equation is solved by the five-point finite difference



Mathematical Problems in Engineering 3

method (FDM), and the successive overrelaxation (SOR)
method is used for solving linear systems. Once the potential
distribution is obtained, the electric field is calculated as
follows:

E = −∇𝜑. (5)

2.2. The Improved Model for Analyzing the
Effect of Wind on Corona Discharge

2.2.1. Introduction of the ImprovedModel. In order to analyze
the effect of wind on the production and drift of positive
corona ions generated from the tip of grounded structure,
both of the blowing direction and the wind speed have been
considered. As shown in Figure 1, the wind direction is
described by the angle 𝜃 (degree).

Wind as another driving force plays an important role in
the movement of the corona charges and the aerosol particles
in the corona discharge. Thus, the continuity equations
(1)–(3) in Guo and Zhang [18] should be rewritten as follows:

𝜕𝑛+
𝜕𝑡
= 𝐷 ⋅ ∇2𝑛+ − ∇ ⋅ [𝑛+ ⋅ (𝜇𝑛

+

⋅ E + k)] − 𝑘𝑛𝑁 ⋅ 𝑛+

⋅ 𝑁𝑎

𝜕𝑁+
𝜕𝑡
= 𝐷 ⋅ ∇2𝑁+ − ∇ ⋅ [𝑁+ ⋅ (𝜇𝑁

+

⋅ E + k)] + 𝑘𝑛𝑁 ⋅ 𝑛+

⋅ 𝑁𝑎

𝜕𝑁𝑎
𝜕𝑡
= 𝐷 ⋅ ∇2𝑁𝑎 − ∇ ⋅ (𝑁𝑎 ⋅ k) − 𝑘𝑛𝑁 ⋅ 𝑛+ ⋅ 𝑁𝑎,

(6)

where k is the wind velocity, which is a vector, and others are
as the same as what has been defined in (1)–(3).

It should be stated that the wind considered in this study
is mainly focused on the horizontal air flow and the updraft
under a thunderstorm while the downdraft is not studied,
because the area at ground level underneath a thundercloud
with downdraft present is usually accompanied by precipita-
tion while updraft is often without it [21].The precipitation is
also a factor that can affect the distribution of corona space
charges. The effect of downdraft on corona discharge cannot
be investigated without the presence of precipitation. So the
downdraft wind condition is distinguished with the other
two wind conditions and its effects will not be investigated
in this study but will be studied in the future. Thus the
effect of wind on corona discharge is only considered in
updraft and horizontal air flow for excluding the influence of
precipitation.

It is known that, in the ionization layer, the magnitude of
electric field is about several MVm−1 and the velocity of ions
is at least in several hundred meters per second. The velocity
of wind at the ground level, which is usually about 10m s−1
during thunderstorms, is much smaller than the velocity of
ions drifted in the ionization layer. Thus, the effect of wind
on the drift of ions in the ionization layer is ignored and
that in the ions diffusion area is mostly investigated in this
study. The diffusion area defined in this model is all the

area out of the rod surface. And because the thickness of
the ionization layer of the corona discharge is ignored, the
hyperfine spatial resolution of the computational grids is not
a necessity when simulating the ions drift in the diffusion
area of a corona discharge in a large space domain. And there
is another reason that we choose a coarse spatial resolution.
One purpose of this study is to call attention to the effect
of wind direction on the corona discharge and to show the
numerical model used to simulate this case should be in the
Cartesian coordinate system. And we mostly focused on the
qualitative analysis of the effect of wind on corona discharge
not on the quantitative analysis. Although the gird size may
have great influence on the value of the corona properties,
the relationship between corona properties andwindmay not
change too much in the studies with different grid size.

2.2.2. Model Set-Up. The space domain of the analysis is
defined from the ground level to the upper boundary with the
height of 500m while the width in the horizontal direction is
200m. The structure and its tip are simplified as a lightning
rod placed in the middle part of the space domain on the
ground. The height of the rod is 60m with a radius of 0.5m.
Thus, the spatial resolution of the computational grids is
uniform in the domain and is set to be 1m× 1m.The temporal
resolutionmatches the spatial resolution and is set to be 0.01 s.

The boundary conditions for the electrostatic calculation
are defined as follows. A potential applied to the upper
boundary is equal to 𝐸𝑏 ×𝐻, where 𝐸𝑏 is the time-dependent
background electric field (shown in Figure 1) and 𝐻 is the
height of the upper boundary above the ground level. During
the formation of a negatively charged thundercloud, the
background electric field close to the ground level slowly
increases from the fair weather field (about 100Vm−1) up to a
few tens of kilovolts per meter [2] in about 10–30 s [10]. After
this, the thundercloud electric field is approximately constant
for several minutes until a lightning discharge occurs. Thus,
according to Becerra et al. [17, 18], it is assumed that the 𝐸𝑏
increases linearly up to 20 kVm−1 in 10 s, and then remains
constant. The right and left vertical boundaries are defined
as electric insulators, and the other boundaries including the
rods surfaces are set to be the ground potential.

Also, for solving the continuous equations (6), the ground
is considered as a zero flux boundary and other boundaries
are set to be convection edges.The rod surface where the local
electric field equal to or larger than the onset corona field
𝐸cor is defined as the concentration boundaries, generating a
corona discharge according to Kaptzov’s assumption, and the
number of small positive corona ions (n+) created from light-
ning rod surfaces is estimated by this assumption. In order
to evaluate the number of small positive ions created from
lightning rod surface according to Kaptzov’s assumption, the
electric field at the rod surface should maintain its electric
field within the range 𝐸cor ± 1% in this model. The details of
Kaptzov’s assumption can be referred to Guo and Zhang [18].
The initial conditions are as follows: the number density of
aerosol neutrals N𝑎 is assumed to be 1011m−3 in the air [18],
and the initial values of n+ and N+ are assumed to be zero.

It should be noted that the corona onset electric field
𝐸cor, commonly estimated with Peek’s law, is an extremely



4 Mathematical Problems in Engineering

109

1010

1011

1012

30

40

50

60

70

80

90

100

110
H

(m
)

80 100 120 14060
x (m)

(a)

109

1010

1011

1012

DAS

r axis (m)
50403020100

−10

0

10

20

30

40

50

z
-a

xi
s (

m
)

(b)

Figure 2: Contours of the number density of small positive corona ions (per cubic meter) produced by the corona from a 60m tall grounded
rod tip computed with the 2D model in the Cartesian coordinate system (a) and contour plots adapted from Figure 14 in Becerra [17] (b).
The result corresponds to the background electric field reaches at 20 kVm−1 produced by thunderstorm.

important critical condition. It can be found from Peek’s law
that the 𝐸cor is a constant for a lightning rod with a fixed
dimension in a certain relative air density. However, in the
computed method, the computed electric field on the rod
surface is greatly dependent on the chosen spatial resolution;
different spatial resolutions can lead to different computed
results of the electrostatic field [22]. Based on the relationship
of the electric field at the rod surface with the spatial
resolutions shown by Tan et al. [22] and the onset electric
field 𝐸cor set in Guo and Zhang [18], 𝐸cor under the standard
condition with the uniform spatial resolution of 1m × 1m
is 1.107 kV cm−1. Therefore, in our model the computed field
value of 1.107 kV cm−1 is chosen as the ionization threshold
field.

2.3. Validation of OurNumericalModel. Figure 2 displays our
computed contour plot of the density of small positive ions
without considering the effect of wind. From comparison, it
is found that our simulated results are very similar to that
presented by Becerra [17] (see their Figure 14). However,
in our modeling, our computed time lasts 5.7 s, while their
computed time is 10 s; therefore, the diffusion region of small
positive ions as shown in Figure 2 in our model is a little
smaller than theirs. Figure 3 further shows the computed
time variation of the corona current, which is very similar to
the variation tendency of the background field assumed in
our model. It is because the fact that the corona discharges
have a close relationship with the increment of the ambient
electric field. The more increment of field value results in a
more corona discharge. However, the corona discharge will
decrease when the background field keeps a constant. The
total ambient electric field around the rod tip can be divided
into three parts, which are the background electric field from

the thunderstorm, the screening electric field from the corona
space charges, and the two electric fields intensified by the
rod. For a rod with a fixed dimension, the variation of the
electric field is dependent on the change of the background
electric field and the screening electric field. When the
background electric field is kept as a constant, the variation
of electric field around the rod tip is only caused by the drift
of the corona charges in the space around it. But this electric
field variation caused by corona charges movement is weaker
than that caused by background electric field, and then the
generation of new corona charges begins decreasing. It makes
corona current decrease. In other words, the physical process
of our model is reasonable and can be used to study the
corona discharge generated from the rod under the different
wind condition.

3. Analysis of the Simulated Results

3.1. The Effects of Wind on the Diffusion Region of Corona
Charges. When the computed field value on the surface of
the rod tip exceeds the ionization threshold field 𝐸cor, the
corona discharge occurs, and different directions and speed
values of wind can result in different temporal and spatial
distributions of corona ions. As shown in Figure 4, when
the background electric field reaches its maximum value at
𝑡 = 5.7 s, the spatial distributions of the positive corona
ions are different in different wind conditions. Both the wind
direction and speed have considerable effects on the spatial
distribution of the corona ions. For the horizontally blowing
wind (see Figure 4(b)), the positive corona density above the
rod tip ismuch less than that of other cases, and space charges
are mostly cumulated at the rod’s leeside. For the same wind
speed value, the more horizontal wind component can result



Mathematical Problems in Engineering 5

0.0

5.0 × 103

1.0 × 104

1.5 × 104

2.0 × 104

E
-fi

el
d 

(V
Ｇ

−
1
)

1 2 3 4 5 6 7 8 90 10

Time (s)

0

20

40

60

80

100

C
or

on
a c

ur
re

nt
 (

A
)

Figure 3: Computed time variation of the corona current (blue curve) of a 60m tall grounded rod tip under the background thundercloud
electric field (black curve).

in an easier corona discharge, because more corona ions are
blown farther away from the rod. Therefore, under the nega-
tively charged thunderstorm, it is easier for the upward leader
to propagate when the more horizontal wind component
blows. And, in themeantime, the electric field will be reduced
on the leeside of the rod because of the shielding effect of
corona space charges. This may support the observation of
[8] that the thunderstorm electric fields at which upward
lightning discharges occur are usually very low.

3.2. The Effects of Wind on the Local Electric Fields above the
Rod Tip. From Section 3.1, different wind conditions result
in a different space distribution of corona ions density above
the rod tip, which further affects the local electric fields
around the rod tip. The space charge is distributed in the
space volume and no unique position can define where the
shielding effect is acting. But in order to study the effects of
wind on the local electric fields above the rod tip, we just
select point A as an example which is located at 4m above
the rod tip. Figure 5 shows the effect of wind on local electric
field at point A as shown in Figure 1.

Figures 5(a) and 5(b) show the effect of wind direction
and speed on the temporal evolution of the electric field at
point A, respectively. To view as a whole, it can be found
that the local electric field at point A increases linearly and
then keeps a constant value. From Figure 5(a), it is found that
the larger the horizontal wind speed, the more the local field
value, because the larger horizontal wind speed results in a
more obviousmovement of corona ions which further reduce
the screening effect on the local field of point A. For example,
the peak value of the electric field at 𝑡 = 5.7 s increases from
65 to 85 kVm−1 as the horizontal wind speed increases from0
to 15m s−1. From Figure 5(b), for the wind speed of 15m s−1,
when the direction of the wind changes from horizontal to
vertical (e.g., the degree 𝜃 increases from 0∘ to 90∘), the peak
value of the electric field at 𝑡 = 5.7 s decreases from 85 to
56 kVm−1.

Furthermore, Figures 6(a) and 6(b) present the peak
electric field at point A as a function of the wind speed and

its direction, respectively, at 𝑡 = 5.7 s at themoment when the
thunderstorm field reaches a maximum. From Figure 6(a),
the effect of the horizontal wind on the field value at point
A is different from the vertical wind. For the horizontal wind
(see the line for 𝜃 = 0), the largerwind speed results in a larger
field value, while the larger wind speed results in a lesser field
value for the vertical wind (see the line for 𝜃 = 90∘), because
the former causes the corona ions to deviate from the rod
tip (see Figure 4), while the latter causes the corona ions to
move up and result in a more screening effect on the point A
near rod surface.The field peak value at the point A increases
linearly with the wind speed for the direction angle less than
45∘ but decreases linearly with the wind speed for 𝜃 greater
than 45∘.

In other words, the local field value at point A is closely
dependent on the space distribution of positive corona ions.
When the horizontalwind component ismuch larger than the
vertical wind component, the larger wind speed results in a
more field value, and when the horizontal wind component is
much less than the vertical wind component, the larger wind
speed may result in a less field value.

3.3. The Effects of Wind on the Corona Current at the Rod
Tip. The corona current is an important physical parameter,
because it is closely related to the variation of the background
electric fields. Several authors even detected the thunder-
storm background field by measuring the corona current
occurring at the rod tip under thunderstorm process [23, 24].
However, the corona current is dependent on many factors
including the air humidity, rain, and wind [13, 25, 26]. In
the following section, we will study the effect of wind on the
corona current.

Similar to the field characteristic at point A, as shown
in Figure 7(a), the corona current at the rod tip linearly
increases with the background thunderstorm electric field,
and the corona current decreases after the background field
reaches a maximum at 𝑡 = 5.7 s. Because after keeping the
background electric field as a constant, the increment of the
total electric field around the rod tip is only dependent on the
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Figure 4: Contours of the corona charge density (Cm−1) above the rod tip of 60m for wind speeds V = 0 (a) and V = 10ms−1 with different
directions (b, c, and d), and the simulated results correspond to the background electric field of 20 kVm−1 produced by thunderstorm.

decrease of the screening electric field caused by the corona
space charge drifted away from the rod tip. But this electric
field increment is weaker than that caused by the background
electric field, and then the generation of new corona charges
begins decreasing. It makes corona current decrease. For
the horizontally blowing wind, the peak value of the corona
current increases from 70 to 145 𝜇A as the wind speed
increases from 0 to 15m s−1. From Figure 7(b), for the same
wind speed of 15m s−1, when thewinddirection changes from
horizontal to vertical (e.g., the degree 𝜃 increases from 0∘ to
90∘), the peak corona current decreases from 145 to 100 𝜇A.

Figure 8 further shows the peak corona current as a
function of the wind speed (a) and the direction (b). It is
shown that both of the more horizontal wind components
or larger wind speed will result in a larger corona current.
Because they can cause the positive corona ions to draft away

from the rod tip andmake amore decrement of the screening
electric field. The corona current has a linear variation with
the wind speed. And this relationship also has been found in
the experimental study by D’Alessandro [12]. The simulation
result is close to that of the experimental study, which further
validates the effect of this numerical model. Furthermore,
this study shows the variation of the corona current with the
wind direction. When the speed is fixed, the more vertical
components will result in a smaller corona current. However,
when the wind speed is less than 5m s−1, the effect of wind
direction on the corona current is not obvious.

4. Conclusions and Discussions

The impact of the space charge generated from the corona
discharge on the electric field at ground level or on the
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Figure 5: The time-evolution of the field value at the point A for different wind speeds with the same direction (a) and for different wind
directions with the same speed value (b).
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Figure 6: The peak electric field at the point A as a function of the wind speed (a) and its direction (b).

lightning attachment process has been an important issue
of concern to many scholars for a long time. Although the
effect of wind speed on corona discharge has been studied
both experimentally and numerically by various authors, the
studies are rarely found to consider the wind as a vector and
to discuss whether or not the wind direction can affect the
corona discharge and to evaluate the degree of its effect on the
corona parameters. Therefore, in this paper, we have studied
in detail the effects of wind on the corona discharge initiated
from a grounded rod tip in the electric field produced
by a thunderstorm by developing a two-dimensional time-
dependent numerical model.

It was found that both of the wind speed and direction
have significant effects on the draft regions of the corona
charges, the local electric field above the rod tip, and
corona current. Firstly, under the same conditions, the more
horizontal wind component can result in an easier corona
discharge because more corona ions are blown farther away
from the rod. Under the negatively charged thunderstorm, we
speculated that the upward leader or the upward lightning
can propagate easier with a larger horizontal wind com-
ponent. Secondly, the local field value at point A at 4m
above the rod tip of 60m is closely dependent on the space
distribution of positive corona ions. When the horizontal



8 Mathematical Problems in Engineering

 = 0∘

2 4 6 8 100
Time (s)

5 m Ｍ−1

10 m Ｍ−1

0 m Ｍ−1 15 m Ｍ−1

0

20

40

60

80

100

120

140

160
C

or
on

a c
ur

re
nt

 (
A

)

(a)

 = 15 m Ｍ−1

2 4 6 8 100
Time (s)

30∘

45∘

0∘ 60∘

90∘

0

20

40

60

80

100

120

140

160

C
or

on
a c

ur
re

nt
 (

A
)

(b)

Figure 7:The time-evolution of the corona current for the same blowing directions but with different wind speeds (a) and for the same wind
speeds but with different blowing directions (b).
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Figure 8: The peak corona current as a function of the velocity (a) and the direction (b) of wind.

component is much larger than the vertical component, the
larger wind speed will result in a higher field value. When
the horizontal wind component is less than the vertical wind
component, the larger wind speed may result in a lower field
value. Because the larger horizontal wind speed results in a
more obvious drift of the corona ions, which further reduces
the screening effect on the local field of point A. The larger
vertical wind speed leads to an accumulation of corona ions
upon the rod tip, which further increase the screening effect
on the local field of point A. Thirdly, it was shown that the
more horizontal components or the larger speed will result in

a larger corona current, because both of them can cause the
positive corona ions to drift away from the rod tip. However,
when the wind speed is less than 5m s−1, the effect of wind
direction on the corona current is not obvious.

Furthermore, the results of this study support the reasons
explained by Wang and Takagi [8] why the upward lightning
self-initiated on a tall object is commonly observed under
a strong wind condition and the electric field observed at
ground level is smaller than normal. Because only when the
strongwind is with a large horizontal components and a small
vertical components, the shielding effects of the corona space
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charges on the object tip are small. But in the meantime it
will cause a large shielding effect on the leeside and make
the electric field at ground level small. Based on the result
of this study and the observation of Wang and Takagi [8], it
can be supposed that the upward lightning or leaders might
be initiated easier from the objects when a strong wind with
large horizontal components and small vertical components
is blowing. Thus, it should be noted that the direction of
the wind as a parameter is important as the wind speed, no
matter whether in numerical simulations or in observation
experiments, when studying the effect of wind on corona
discharges and on lightning initiations and attachments.
In addition, the results of our numerical simulation are
potentially important to those who are studying not only the
behaviors of upward leader initiations and propagation, but
also the lightning protections. But we remind the reader that
the uncertainties in the technique used herein to calculate the
electric field and estimate the corona charge distribution by
a two-dimensional numerical model may yield some errors.
We will be dedicated to developing the 3D model with fine
mesh in the future, for achieving a more accurate result and
for quantitative analysis. Direct measurements of the charge
density around the tip of objects and the corona current in
those tips under thunderstorm condition at different wind
conditions, especially at different wind directions, are needed
to verify our tentative findings. Furthermore, only one kind
of structure is considered for studying the effect of wind on
corona discharge. What about the corona discharge on other
structures affected by wind, such as on a building with a flat
roof, a windmill, or a skyscraper? And it will be our future
work.
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