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Abstract 
 
This paper presents the effects of electric field induction using electrodes perforated shape and hexagonal shape for ozone 
generation which are experimentally investigated and simulated as well. Dielectric barrier discharge reactors using a planar 
configuration with ac power supply and soda-lime glass as the dielectric material. The effects of the electric field induction 
at sharp edges make electron avalanches around sharp edges during the discharge process, a high ozone concentration is 
obtained. Ansys Software 18.2 was carried out to conduct finite element analysis. The increasing electric field and current 
direction vector confirm the increasing ozone concentration by using hexagonal shape as 30,6% higher than perforated 
shape. 
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1. Introduction  
 
Dielectric barrier discharge (DBD) can also be called a silent 
discharge formed by two electrodes mounted in parallel 
where either electrode or both electrodes are coated with a 
dielectric material separated by a dielectric barrier. Dielectric 
material is used to limit current, charge and power in micro 
discharge. These purpose to distribute micro discharge 
throughout the surface. The air gap between the electrode and 
the dielectric material has a homogeneous discharge volume 
along the reaction chamber thus that the resulting temperature 
does not require a cooling system. DBD systems are used 
under atmospheric pressure consequently known to be a good 
and cost-effective ozone production method [1]–[8]. 
 Dielectric barrier discharge uses a dielectric layer made of 
glass soda lime, quartz, ceramic or polymer materials placed 
between the electrodes. Generally dielectric barrier 
discharges operate at atmospheric pressures ranging from 0.1 
to 1 atm, with voltages of 1-100 kV and frequencies from Hz 
to MHz [8]-[9]. Dielectric barrier discharge can produce 
ultraviolet light, ozone and hydroxyl radicals [10], [11]. One 
of the popular research in DBD system is ozone production. 
Ozone is strong oxidizing agents that doesn’t have byproduct 
in the environment. Many applications that have utilized 
ozone include sterilization, water purification, air 
purification, food preservation and etc. [12]– [16]. DBD has 
been continued to be developed to get optimum ozone 
production. DBD in ozone production is affected by 
breakdown voltage, gas, pressure, electrode material and 
electrode geometry [17]. Optimum air gap can be obtained by 
designing the dielectric barrier discharge reactor as well to get 
the maximum output of ozone concentration [18]. Based on 
previous research using perforated holes, has been carried out 

[19]-[20]. This paper discusses comparison of different holes 
shape electrodes using simulation and experimental. In this 
research, different two holes shapes are used, the first is 
perforated holes shapes, and the other is hexagonal holes 
shapes. Simulation and experimental of both holes shapes are 
compared to get the optimum ozone production by using DBD 
method. 
 
 
2. Reduction – Oxidation Model 
 
Ozone formation will have a high electron energy between 1-
10 eV produced by the DBD method [4]. The basic principles 
of ozone formation reactions are as follows: 
 
e + O2  à 2O + e     (1) 
 
O + O2 à O3      (2) 
 
O + O3 à O2 + O2     (3) 
 
e + O3  à O2 + O     (4) 
 
 Based on reaction formulae 1 – 4, it showed that ozone is 
able to react quickly and return to oxygen due to the ozone 
decomposition process. 
 
Simulation Setup 
The geometry used in this simulation and experiment 
represents solid model of electrodes as showed in Fig.1 and 
Fig. 2 which will be analyzed for its electrical characteristics. 
 This simulation using Ansys Software Program 18.2. For 
the step, makes a grid to describe the geometry in which 
electric field is applied. This simulation uses a mesh size set 
at 0.5 mm to obtain high accuracy. The resulting electric field 
distributions for perforated and hexagonal are presented in 
Fig. 4 and Fig. 5.  
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Fig.1. Geometry perforated shape 

 

 
Fig.2. Geometry hexagonal shape 

 
 

 The Finite Element Analysis (FEA) theory is used in 
simulations to get structural analysis, conduction to 
electromagnetic [21]. General electromagnetic equations in 
the form of differential integrals are shown through eq. 5 – 6 
below: 
 
Maxwell - Ampere equation: 
 
∮𝐻##⃗ °𝑑𝑙 = ∫ *𝐽, +

./##⃗

.0
1 °𝑑𝑆3        (5) 

 
Faraday equation: 
 
∮𝐸#⃗ °𝑑𝑙 = ∫ *−.6#⃗

.7
1 °𝑑𝑆3        (6) 

 
 Where E (N/C) is electric field intensity vector, H were 
used to Magnetic field strength and direction (A/m), Current 
density (A/m) indicated by J. 
 Two equation sets were used to describe the evolution of 
a micro discharge [22]. The continuity equations for the 
charged species ni (electrons, positive and negative ions) with 
source and sink terms Si (describing ionization and 
attachment) can be written as: 
 
89:
8;

 + ∇ . (vni  + Di∇vni ) = Si    (7) 
 
where ν = µE is the drift velocity, defined as mobility µ times 
electric field strength E and Di is the diffusion coefficient. E 
again is defined as the gradient of the potential φ, E = −∇φ. It 
is related to the charge density ρ by Poisson’s equation: 
 
∇2φ = - =

ɛ
      (8) 

 
Experimental Setup 
A schematic diagram of the experimental setup is shown in 
Fig.3. All experiments were performed at atmospheric 

pressure. The ozone concentration was generated using ozone 
analyzer BMT 964-bt.  
 The input gas using oxygen with flow rate 0,1 L/m. The 
oxygen in the ozone chamber was discharged by high voltage 
probe (Tektronix P6015A, 1000:1,3.0 pF, 100 MΩ) and 
voltage waveform was recorded using Picoscope 3206B (200 
MHz, 500 MS/s). The input voltage from 1 kV to 7 kV to the 
reactor chamber DBD. Ozone concentration was generated 
using ozone analyzer bmt 964-bt. The rest being exhausted to 
the atmosphere. The experimental arrangement used to 
compare the electrode holes shape between perforated and 
hexagonal. The gap spacing using 1 mm. 
 
Dielectric Barrier Discharge Model 
The main principle in the use of these electrodes is to produce 
high ozone concentrations due to sharp edges thus produce 
high electric fields. These electrodes are connected with 
copper wire sticked together using conductive silver as a 
conduit of electric current into the electrodes (Fig.4). 
Electrodes that have been connected with copper wire are 
placed into the DBD chamber and then placed glass at one 
side of the electrode. The gap between dielectric material and 
electrodes is 1 mm apart.  
 

  
Fig 3. Experimental setup 
 
 

 
Fig. 4. Dielectric Barrier Discharge Model [20] 
 
 
3. Results and Discussion 
 
Simulation Results and Discussion 
Electric field computations for both holes shape were carried 
out using simulation software (Ansys 18.2) to simulate 
electromagnetic fields and current density. As shown in Fig.5 
– Fig.8, generated electric field are related to eq. (5 – 8).   
 The simulation is carried out using two holes shape 
models, perforated and hexagonal shapes. Simulations are 
carried out to determine the pattern of electric field 
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distribution and current density in two different holes shape 
models. 
 

 
Fig. 5. Effects of electric field on increase voltage (perforated shape) 

 
 

 
Fig. 6. Effects of electric field on increase voltage (hexagonal shape) 
 
 The distribution pattern of the electric field is 
concentrated at the edges of the holes and has a high value at 
the perpendicular to the potential difference and has a 
relatively low value in the direction of the potential 
difference. Fig.5 and Fig. 6 show the comparison of the 
electric field between perforated shape with hexagonal shape, 
it appears that the electric field in hexagonal shape is 30.6% 
higher when compared to perforated shape, but perforated 
shape has an electric field distribution pattern that tends to be 
more evenly distributed than hexagonal shape. High electric 
field strength makes the movement of electrons faster which 
forms electrons avalanche on the electrode surface resulting 
in high ozone concentrations 
 

Fig. 7. Effects of current density on increase voltage (perforated shape) 
 

 Increased voltage results in higher current density. The 
shape of the holes also influences the pattern of current 
density distribution significantly. In Fig. 7 and Fig. 8, there 
are increasing current density of the angular part of the holes 
and the highest part is contacted with the tangent of the holes. 
The hexagonal shape appears to have a maximum current 
density of 30.6% higher compared to perforated shape, but the 

perforated shape has more even distribution pattern of current 
densities. 

 

 
Fig. 8. Effects of current density on increase voltage (hexagonal shape) 
 
 
 From the results gathered in Fig. 9 and Fig. 10, there are 
voltage increased impact on current density and electric field 
with different holes shape. The results obtained also proved 
that main effect of the electric field is increasing the ozone 
concentration with different holes shape. When voltage 
increases, electric field and current density are increasing as 
well. These results make an impact for ozone concentration 
that already known when voltage is increasing, ozone 
concentration will be increased as well [23]-[24].  
 Based on Fig. 9, the electric field from 4kV to 7kV has 
been increased by 43% for perforated shape and 42,9% for 
hexagonal shapes that make hexagonal-shaped electrodes 
induce higher electric field linearly than the perforated one. 
While the current density of hexagonal shaped electrodes was 
also higher compare to perforated ones (Fig.10). 
 

 
Fig. 9. Effects of electric field on increase voltage  
 
Experimental Results and Discussion 
 
Comparison using electrodes with two different holes shape, 
specifically perforated and hexagonal shape with 2 mm 
diameter. Soda lime glass use as dielectric material with 
thickness 1 mm. The results of ozone concentration obtained 
by electrodes in a hexagonal and perforated shape at 7 kV. 
 The results of increase ozone concentration in Table 1 
shows the hexagonal-shaped is 72% higher ozone 
concentration when compared with the perforated-shaped. 
This result is influenced by the number of dense holes, the 
effects of sharp and small edges on the surface of the 
electrodes thus as to produce high electric field strengths and 
amount of charge. The amount of charge generated and 
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separated influences the increase in ozone concentration. The 
electric charge is formed when the electric field accelerates 
the electrons thus the electrons have enough energy to ionize 
the oxygen molecules in the reactor [25].  
 

 
Fig. 10. Effects of current density on increase voltage 
 
 
Table 1. Comparison of ozone concentrations in different 
holes-shaped electrodes with hexagonal and perforated shape 

Parameter Different holes-shaped 
Electrodes with soda lime glass 
dielectric material 
Hexagonal Perforated 

Open area (%) ** 93,5 80,74 
Capacitance (pF) ** 1,36 3,17 
Ozone concentration 
(ppm) 

2185,31 611,8 

 
 In the overall voltage variation, the difference shape of the 
holes results in a change the distribution pattern of electric 

field. The greater voltage gains greater electric field. The 
distribution pattern of the electric field is concentrated at the 
edge of the holes and has a high value at the perpendicular to 
the potential difference and has a relatively low value in the 
direction of the potential difference. 
 From the results known through Fig.5 - Fig.8 shows the 
effect of voltage on the current density and electric field with 
different holes shape. The results obtained also prove the 
impact of increasing electric field on the ozone concentration 
with different holes shape. When an electric field increases, 
the concentration of ozone produced is higher. These results 
are in accordance with previous studies [19] on perforated 
aluminum using simulation (Ansoft-Maxwell 2D) with the 
Electric Field Strength (EFS) method states that there is an 
influence of the electric field on sharp edges. Other results 
also show the effect of geometric shape and sharp edges on 
ozone concentration [26]. 
 
 
4. Conclusion 
 
In this paper, the effect of electric field and current density of 
DBD reactor were studied, and effects on ozone concentration  
re compared. The experimental investigation was performed 
by used high voltage and the simulation was confirmed the 
effects of different hole shapes. Ozone concentration is higher 
when using hexagonal holes shape than perforated holes due 
to the sharp edges. The electric field has induced sharp edges 
that make electron avalanches moving faster thus dissociation 
and ionization with molecule oxygen and atom O hence 
recombination form ozone. Consequently, an increase in the 
electric field might increase the concentration of ozone. 
 
This is an Open Access article distributed under the terms of the Creative 
Commons Attribution License. 
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