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Abstract: 
The results of numerical simulation of the positive corona development in atmospheric air in a needle placed in the 
inner cylinder of a cylindrical coaxial arrangement are presented. The Poisson’s equation was simultaneously solved 
with the continuity equations for electrons, positive ions and negative ions, including the effects of ionization, 
attachment, recombination and photo ionization. The values of electric field and corona current are shown and 
compared with the experimental ones. Comparisons of two different discharge channels are shown. A truncated 
cones and a cylindrical discharge channel were investigated. 
 
Key-Words: 
Positive corona, streamer, continuity equations, Poisson equation, particles density, numerical techniques, 
photoionization, attachment, recombination
 
1. The theoretical “equations and 
parameters” 
The discharge geometry is an assumption in the corona 
effect calculation. Its geometric form has been obtained 
of experimental observations. Many experimental 
results have shown that the discharge presents a 
filamentary geometry [5]. Nevertheless, some authors 
have shown that the geometry discharge in low 
pressures is not quite filamentary, in some cases, it has 
been seen that the discharge channel on the cathode is 
twice the radius of the anode side. In order to determine 
and compare which one is the discharge geometry, in 
this arrangement truncated cone geometry has been 
chosen. Electron, positive and negative – ion continuity 
equations including ionization, attachment 
recombination and photoionization were simultaneously 
solved with Poisson’s equation. The solutions of the 
convective flow of particles were obtained using a Flux 
– corrected – Transport algorithm [15, 16]. 

The coupled continuity equations for electrons, positive 
ions, and negative ions are: 
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Where t is time, x the distance from the anode; Ne, Np, Nn 
and Nm, are the respective electron, positive ion, 
negative ion and molecule densities; and We, Wp and Wn 
the respective electron, positive ion and negative ion 
drift velocities.  The superscript i denotes the ith 
excitation coefficient of a molecule level and also 
photons emitted from that level. δi is the excitation 
coefficient level, µi and τm

i are the respective photons 
absorption coefficient and the excited molecule lifetime 
from that level . Nph(r, θ, φ,t) is the photon density at r in 
real space per steradian in the direction of velocity in 
polar coordinates (θ, φ). The symbols α, η, β, and D 
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denote the ionization, attachment, recombination and 
electron diffusion coefficients respectively, c is the 
speed of light, ς the photon velocity and S is the source 
term due to photoionization. 
Poisson’s equation is: 
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where: ε is the dielectric constant, e the electron charge 
and φ the electric potential. The electric field, E, is 
computed as: φ−∇=E .    (7) 
 
The current I, in the external circuit, due to the motion 
of electrons and ions between the electrodes, was 
calculated using Sato’s equation [14]: 

∫ ⋅⎟
⎠
⎞

⎜
⎝
⎛

∂
∂

+−−=
d

L
e

eennpp
a

dxE
x

NDWNWNWN
V
AeI

0
 (8) 

where: Va is the applied voltage, A is the cross sectional 
area of the discharge channel and EL is the LaPlacian 
electric field.  
 
The background electric field Eback was calculated with 
the values obtained using the program Ansys ®, in a free 
space charge condition. The electric field due to the 
spatial charge Ec was calculated using “the disc method” 
or better known as “one and one – half method” [11]. 
Thus, the axial total electric field E(x) at the point x was 
calculated as: 
( ) ( ) )(xExExE cback +=       (9) 

To start the computation at t0, an electron density was 
considered (103 cm-3) in a Gaussian distribution. To 
keep the calculation time between reasonable limits, a 
uniform 20µm mesh with a total number of axial 1500 
elements was used to represent the 4 cm interelectrodic 
gap distance. For the electric field calculation, in the 
cylindrical channel discharge simulation a 4µm radius 
was considered, and for the 2D simulation a truncated 
cone with 0.4µm radius on the anode side and a 0.15mm 
on the cathode side. 
 
 
2. Experimental Set-Up and Results [17, 
18] 
The air streamer development calculations were 
performed at the atmospheric conditions of Bogotá, 
Colombia (2600m o.s.l.). The experimental setup was a 
coaxial cylindrical arrangement with a corona-electrode 

radially placed on the inner electrode surface. The 
corona-electrode was a brass rod terminated on a 
0.15mm radius of curvature hyperbolical tip. A 5.9 kV 
voltage was applied to the external cylindrical electrode, 
while the internal cylinder was earthed across a 
measuring resistor. Current was measured with a 
LeCroy oscilloscope LC574AM. The measured current 
is shown in Fig. 1. 
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Fig. 1. Measured streamer current when a DC voltage 
amplitude of 5.9kV was applied to the external cylindrical 
electrode. 
 
2.1. Simulation Results 
Fig. 2 shows that the waveforms obtained for both 
geometries are the same but the current magnitudes are 
different. For the conical simulation the current peak is 
596µA, meanwhile in the cylindrical simulation is 
2.81mA. The direct current component has the same 
behavior, for the conical discharge geometry is 68µA 
and in the cylindrical geometry is 110µA. It can be 
conclude that the best-fit discharge geometry is the 
cylindrical, and then the discharge has a filamentary 
geometry. 

EXTERNAL CURRENT FOR DIFFERENT DISCHARGE GEOMETRY
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Fig. 2. Current behavior for different discharge geometry. 
Notice that peak and direct current values are different for 
each case.  
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Different time stages where compared, the initial 
streamer formation (13ns), the slow streamer 
propagation (45ns), the streamer decay (150ns) and the 
streamer termination (645ns). As all figures show the 
particles density distributions are similar, but they 
differs in magnitudes. Additionally, the particles moves 
along the interelectrodic gap space at almost the same 
velocity. 
 
In the first stage, Fig.3, electrons and ionic particles are 
located in the same interelectrodic gap space for both 
geometries. In the cylindrical discharge channel the 
particles densities are ∼4 times higher than the particles 
behavior for the conical geometry. In both geometries, 
the most important charge is the positive ion density. 
Comparisons of the maximum and minimum 
magnitudes of the different particles show that in the 
conical geometry the reasons between positive and 
negative ion densities and positive ion and electron 
densities are higher than in the cylindrical geometry. 
The electron density in the conical geometry is 0.51 
times the positive ion density; meanwhile in the 
cylindrical geometry electron density is 0.35 times the 
positive ion density.  
The negative ion density presents the same behavior, 
negative ion density in the conical geometry is 0.6 times 
the positive ion density, while in the cylindrical 
geometry negative ion density is 0.4 times positive ion 
density. The positive ion density is located in the tip of 
the point for both geometries. The conical discharge 
radius is smaller in this region than in the cylindrical 
channel, and then the positive ion density is smaller in 
the conical geometry than in the cylindrical one.  
 
In the slow streamer propagation stage 45ns (Fig. 4), the 
particles densities differ 4 times between the cylindrical 
and the conical discharge channel. Ionic density 
differences maintains: negative ion density in the 
conical geometry is 0.5 times the positive ion density, 
meanwhile in the cylindrical geometry negative ion 
density is 0.4 times the positive ion density. Electron 
density difference has reduced and electrons are 0.2 
times positive ion density in both geometries. This 
means that electron recombination and attachment takes 
place faster in the conical geometry than in the 
cylindrical geometry. Furthermore, Fig. 4 shows that 
electrons in the conical geometry move faster than in the 
cylindrical geometry. 

In latter times 150ns (Fig. 5.), streamer decay stage, 
particles densities are located in the same interelectrodic 
gap space, positive ion density is still the most important 
charge density and three different regions are visible: 
positive ion density location, negative ion density region 
and electron density which is moving through the 
interelectrodic gap space. Electron densities maximum 
between both geometries are located in different 
interelectrodic regions as in the past stage; this is 
probably due to the larger radius in the conical discharge 
channel than in the cylindrical.  
In the streamer termination 645ns (Fig. 6), ionic charge 
density is the most important particle density in the 
interelectrodic gap space, electron density is only the 
1% of the total charge along the gap. Cylindrical 
geometry particles density is 4 times conical geometry 
particles density. In the past stage, in the conical 
geometry electrons were faster than electrons in the 
cylindrical geometry; in this stage electrons slow down 
and are located almost in the same interelectrodic gap 
space 
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Fig. 3. Particles density at 13ns. Notice that particle 
distributions are equals in both cases but their magnitudes are 
different. 

PARTICLES DENSITY AT t = 45ns

0,0E+00

5,0E+14

1,0E+15

1,5E+15

2,0E+15

2,5E+15

3,0E+15

3,5E+15

4,0E+15

4,5E+15

0,0E+00 1,0E-03 2,0E-03 3,0E-03 4,0E-03 5,0E-03

Z gap [m]

Pa
rt

ic
le

s 
de

ns
ity

 in
 c

on
us

 
ge

om
et

ry
 [1

/m
^3

]

0

2E+15

4E+15

6E+15

8E+15

1E+16

1,2E+16

1,4E+16

1,6E+16

1,8E+16

Pa
rt

ic
le

s 
de

ns
ity

 in
 c

yl
in

dr
ic

al
 

ge
om

et
ry

 [1
/m

^3
]

Negative Ions conus

Positive Ion conus
Electrons conus

Negative Ions cylinder
Positive Ions Cylinder

Electrons cylinder

 
Fig. 4. Particles density at 45ns. Notice that cylindrical 
discharge channel has a higher particles density than the 
conical discharge channel. 
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PARTICLES DENSITY AT t = 150ns

0

1E+15

2E+15

3E+15

4E+15

5E+15

6E+15

0,0E+00 1,0E-03 2,0E-03 3,0E-03 4,0E-03 5,0E-03 6,0E-03 7,0E-03 8,0E-03

Z gap [m]

Pa
rt

ic
le

s 
de

ns
ity

 in
 c

on
us

 
ge

om
et

ry
 [1

/m
^3

]

0

2E+15

4E+15

6E+15

8E+15

1E+16

1,2E+16

1,4E+16

1,6E+16

1,8E+16

2E+16

Pa
rt

ic
le

s 
de

ns
ity

 in
 c

yl
in

dr
ic

al
 

ge
om

et
ry

 [1
/m

^3
]

Negative Ions conus

Positive Ion conus

Electrons conus

Negative Ions cylinder

Positive Ions Cylinder

Electrons cylinder

 
Fig. 5. Particles density at 150ns. Notice that there are three 
different defined regions: the positive discharge region, 
negative discharge region and the electrons moving through 
the cathode. 

PARTICLES DENSITY AT t = 645ns
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Fig. 6. Particles density at 650ns. Notice that ionic charge is 
the most important charge particle in the interelectrodic gap 
space, electrons move slowly along the interelectrodic gap 
space. 
 
 

3. Discussion 
When a conical discharge channel is used, the positive 
ion density became smaller than in the cylindrical 
discharge geometry, due to the smaller discharge radius 
of the conical geometry a fewer ionization and 
recombination region for process positive ion generation 
will exist. In a truncated cone the radius is increasing the 
region where attachment process will take place and the 
negative ions density is higher than in the cylindrical 
geometry. Additionally that is why negative ion density 
at initial time is comparable with positive ion density in 
the conical geometry. 
 
The peak current in the conical discharge geometry is 

not high as the peak current of a cylindrical discharge 
channel. Electrons are responsible of the current grown 
and its density depends of the discharge channel, at the 
initial stage in conical discharge geometry the small 
discharge radius does not permit that electron density 
grows high enough to produce a higher external current. 
 
The initial current pulse could be explained as the 
electron density growth during the first time stage (0 < t 
< 19ns). This fast electronic growth is due to the initial 
avalanches in the high electric field region.  
After 19ns positive and negative ion densities became 
the most significant part of the current. As positive ions 
are the heaviest, they can be considered almost static 
along the streamer development process. Negative ion 
charge density increases with time but its velocity along 
the interelectrodic gap space is very slow. Therefore, the 
ionic charge is the most important charge to be 
considered when the current is decreasing. Therefore, it 
can be concluded that during the streamer-decay and - 
termination stages an ionic current will develop. 
 
As the calculations have shown, the most important 
input variables are the gas parameters and discharge 
channel geometry.  

 

 

4. Conclusions 
(1) The calculations gave detailed predictions of 
particles behavior as function of time and interelectrodic 
gap space. Spatial resolution over the electrode 
separation of 40mm is one of the most important 
parameters to obtain an accurate particle behavior.  

(2) In the coaxial arrangement, the geometrical 
discharge form is cylindrical; this means that the 
discharge is filamentary. The discharge geometry 
determines the particles density and then the external 
circuit magnitude. However, it does not change the 
particles behavior or waveform in the interelectrodic 
gap space. 
(3) The performed calculations were essential to 
understand the following aspects of the positive corona 
discharge: 

- The fast current impulse rise time and amplitude 
were mainly explained by the electron density 
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performance, while the essential secondary 
process for the streamer development and 
propagation was the photoionization process.  

- The main cause for the DC current component 
was the ionic current due to the negative and 
positive ion densities. 

(4) Comparing the measured current with the simulated 
with the cylindrical channel it can be concluded, that the 
high electric field left along the gap space makes 
possible that another streamer will develops before the 
positive ion density is absorbed by the anode. Due to the 
fact that another streamer was measured after 700ns, the 
positive ion density it is not able to reach the anode. 
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