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Abstract : This work reports an experimental investigation of optical and electrical parameters of coaxial Dielectric barrier 

discharge (DBD) used for the production of ozone at atmospheric pressure. The discharge was produced using high voltage power 

supply, (0-18kV) operating at frequency of 50 Hz. The optical characterization was made by taking the spectrum of discharge by 

optical emission spectrometer in order to estimate the electron temperature and electron density. The electron temperature and 

density was estimated by line intensity ratio method and found to 1.74×1017cm-3 and 1.8eV respectively. Further, the electron 

density was measured by current density method and found to be 2.16×1015cm-3. In addition discharge was characterized by 

measuring current and voltage, which was recorded by oscilloscope in order analyze electrical parameter. The voltage was varied 

from (7.8kV-11kV) and gas flow rate was varied from (4.5L/min -15.5L/min) and measured by venturimeter. The energy 

dissipated during discharge was measured by the area of lissajous diagram, which is a plot of the charge against the discharge 

voltage. The obtained result showed that the energy dissipation in the system used in the present study depends on applied voltage 

as well as on gas flow rate. 

 

IndexTerms - APDBD, Electrical characterization, Lissajous diagram, Optical characterization. 

INTRODUCTION 

Dielectric Barrier Discharge is auspicious approach in producing non-thermal plasma, which is widely used in variety of  

application [1,2,3]. Lately DBD have gathered much attention, as they are feasible and simple to construct. The application of 

non-equilibrium plasma produced under atmospheric pressure has been efficacious tool for biomedical application, surface 

modification, pollution control [4,5] etc. Recently DBD is being widely used for the production of ozone, which is use for the 

treatment of water [6,7]. The electrical gas discharge evolved due to high voltage in the gap between electrodes with at least one 

of them covered with dielectric material such as glass, quartz etc is known as dielectric barrier discharge [8]. It is also referred as 

silent discharge since; it does not produce any type of noise during discharge formation. The barrier placed act as a current limiter 

and prevents the formation of spark or an arc discharge [5].The electron density, electron temperature and power are most radical 

parameter in a gas discharge and plays very momentous role in understanding the discharge physic and optimization of plasma 

[9]. The numbers of approaches are being available to measure electron density and temperature. Some of the methods includes 

Languimure probe, Microwave interferometer, Laser Thomson scattering and optical emission spectroscopy (OES). Among the 

various method, OES technique is suitable for measurement of  electron density and electron temperature [10]. Since, other 

method is difficult to use due to the small plasma dimension where, strong collision process in atmospheric pressure discharge 

takes place. The characterization of dielectric barrier discharge is very important because it allows investigation and optimization 

of microdischarge properties in small laboratory set up to very large-scale industrial application. The optical and electrical 

characterization can be investigated by measuring applied voltage, discharge current, power consumed during discharge 

formation, energy dissipated during discharge etc. 

 

EXPERIMENTAL SET UP 

This project aims to design of DBD reactor at atmospheric pressure for ozone generation. It consists of two cylindrical co-axial 

electrodes. The inner is a copper rod of 54.5 cm in length and 2.5 cm in diameter. The outer electrode is aluminum foil of 29.8 cm 

in length and 0.5 mm in thickness. The gap between the two electrodes is 4 mm. The borosilicate glass tube of length of 49.5 cm 

with external diameter and internal diameter 2.6 cm and 2.4 cm is used as barrier. The high voltage AC transformer (0-18kV, 

50Hz, NEEK) was used to supply necessary voltage to the reactor. The DBD reactor consists of fourteen identical tubes in an 

array adjusted by the teflon. The flow rate of gas was controlled by indigenously designed venturimeter. The air blower (ALPHA, 

A4285, 0-50Hz, 450W, 25m 3 /min) consists of device named dimmer, which controls the flow of air in the reactor. The applied 

voltage to the discharge was measured using 10:1 voltage probe (Tektronix 2000TDS), and the discharge current was recorded by 

using a current probe. In addition digital oscilloscope was employed to obtain the voltage and current waveform. Optical emission 

spectra were recorded by Oceam optics (USB +2000) spectrometer for optical characterization of discharge. 
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Fig.1 Schematic diagram and photograph  of  atmospheric pressure dielectric barrier reactor. 

 

Where, 1=High voltage transformer, 2= Venturimeter, 3=Air blower with dimmer, 4= Ground, 5= Central electrode, 6= 

Ozonometer, 7= Voltage variator, 8= Ground electrode ,9= Current probe, 10= 10KΩ resistor, 11= Hight voltage probe, 12= 

Oscillospe, 13= Computer, 14= 5MΩ resistor. 

 

 

 

ELECTRICAL AND OPTICAL DIGONOSTIC 

  

Measurement of Electron temperature and electron density by Line Intesity Ratio method. 

          
Fig.2: Optical emission spectra of atmospheric     

pressure discharge produced in air                                              

Fig.3: Optical emission spectra of atmospheric 

pressure discharge in the range of (300-450)nm. 

             

Fig.2 shows the OES discharge between the wavelength 100 nm to 1100 nm with the 4mm electrode gap with applied voltage 

8.31kV. The electron temperature is estimated by using the line intensity ratio method [11,12,13].  For the measurement of 

electron temperature, four suitable Nitrogen lines (two for NI and NII) were selected. The formula involved for the measurement 

of electron temperature is given by following equation (i) [14]. 
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Where, R is the ratio of intensity of two lines, I is the intensity of spectral lines . Aij  is the transition probability of the transition 

from i to j . gi is the statistical weight of upper level, λ is Wavelength of radiation and Ei Energy of the upper level. Te,  Electron 

temperature and k is Boltzman constant. 

Consider two NI lines of wavelength 600.48 nm and 746.83nm and two NII lines with wavelength 460.14nm and 499.43nm. 
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Table.1 Different Nitrogen lines with wavelength and intensities obtained from the recorded OES and parameters from NIST 

atomic spectra database [15]. 

 

Lines Wavelength(nm) Intensities(a.u) Aij E(eV) gi Ratio 

NI 600.84 514.80 Apq=3.58×106 Ep=11.60 gp=2, I1 

NI 746.83 484.51 Ars=1.97×107, Er=10.34   gr=6, I2 

NII 460.14 480.01 Auv=2.22×107 Eu=18.46 

 

gu=3, I3 

NII 499.43 469.85 Axy=2.62×107 Ex=25.50  gx=5, I4 

 

Using the above data in equation (i), we obtain                              
𝑅1

𝑅2
 = 4.17×10-2 exp [

5.7647

𝐾𝑇𝑒
] 

 

 

 

 

 
                                

        Fig.4: Plot of R1/R2 as a function of electron temperature (Te). 

 

Fig.4 is the graph plotted between Te and R1/R2 and used to determine the electron temperature by using value of R1/R2 obtained 

from observation. From the observation, R1/R2 = 1.1533 which corresponds to electron temperature1.80eV. The electron density 

is estimated by using line intensity ratio method and equation employed is given by equation (ii) [14,16] 
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Taking two lines NI(600.84)nm and NII(460.14)nm, the wavelength and other parameters were obtained from the NIST atomic 

spectra data base and intensities is obtained from the OES data recorded by spectrometer. 

 

Table.3 Different Nitrogen lines with wavelength and intensities obtained from the recorded OES and parameters from NIST 

atomic spectra database [15] 

 

Lines Wavelength(nm) Intensities(a.u) Aij gi Ratio 

NI 600.847 514.808 Apq=3.58×106 gp=2, I1 

NII 460.148 480.018 Auv=2.22×107 gu=3, I2 

 

R1/R2 KTe 

1 13.31 

1.3 3.52 

1.6 1.53 

1.6 0.87 

2.2 0.58 

2.5 0.42 

Table. 2: Electron temperature 

and corresponding intensity 

ratio 
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Using the data from table.3 in Equation (ii) with electron temperature Te=1.8eV and ionization potential of nitrogen 15.58eV [15], 

the electron density is obtained to be 1.74×1017cm-3. 

 

Measurement of electron density by current density method.  

 

The peak voltage and current are approximately 7.75 kV and 456mA measured by the high voltage and current probes.  From the 

current wave we can calculate the average current density 

Jave using relation (iii) [17,18]. 

    Jav e= 
𝐼

𝐴
 …………………… (iii)             

where A= 2ԥrh is the cross sectional area of the tube,  h is 

length of outer electrode and  r is the radius of the tube.  

The electron density can be estimated by current density 

formula given by expression 

 

         J = neμE ……………… (iv) 

 

where, e is the elementary charge. For the electron mobility 

we use µ = 3 × 10−2 m 2/V [16], the strength of the electric 

field E = ∆V/D is calculated by taking ∆V = V, i.e. the 

voltage drop equals the amplitude. D is the distance between 

the electrodes. In our experiment we use r=2.4cm, 

h=29.8cm, D=4mm 

E =  
𝑉

𝐷 
 =  1.94×106Vm-1 

 A = 2.25×10-2m2    

                                                                                                                                                                 

   Fig 5:  Characteristics I-V curve with applied voltage 8.31kV. 

 

Using these values in equation (iv) the electron density was calculated and found to be  ne= 2.163×1015cm-3. 

 

Energy dissipation during discharge 

The key parameter for measuring the efficiency of the device is energy consumed per cycle. During the optimization of the device 

into large-scale installation, study of energy consumption by the device is required. The plot between the charge transferred and 

input voltage is responsible for the calculation of the energy, which is injected to the gas during the discharge. The plot between 

the charge (Q) and input voltage (V) is called the lissajous figure. The area enclosed by the lissajous figure determines the energy 

dissipated during a complete cycle[19,20].  

 

         
Fig.6:  Characteristics I-V curve and Lissajous figure at applied voltage 8.31kV. 
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 Fig.7:  Characteristics I-V curve and Lissajous diagram with applied voltage 8.84kV. 

                                         

Fig. 6 and Fig. 7 shows the characteristics I-V curve and Lissajous diagram at applied voltage 8.31kV and 8.84kV respectively. 

Additionally, similar trend is followed for other applied voltage and gas flow rate. 

 

Effect of applied voltage on dissipated  energy 

In filamentary mode plasma formation, conductive channels are restricted to form the microdischarge. The non-ionized gas 

present between the gaps serves as background a reservoir to absorb the energy dissipated in the microdischarge collect and 

transport to the long-lived species, which are 

created in the plasma. The total charge 

transfer in the microdischarge depends on 

the gas properties, flow rate of gas, applied 

voltage; it is influenced by the gap spacing 

and by the properties of dielectric material 

placed as a barrier. The discharge starts even 

at the small-applied voltage but at this 

condition significant amount charge cannot 

be transferred. When the voltage is increased 

the charge transfer to the gas increases this is 

due fact that applied voltage causes the 

breakdown [1]. When the applied voltage is 

sufficient for the discharge, the charge 

during the discharge is accumulated on the 

dielectrics, which reduce the electric field 

and consequently quenching of the discharge 

filament takes place. Higher the applied 

voltage higher is electric field that increases 

the chances of electron impact [21]. 

Fig.8: Evolution of energy dissipated as the function of applied 

voltage with varied airflow rate. 

The evolution of the dissipated energy per cycle as function of applied voltage with gas flow rate from 4.5 l/min to 15.5 l/min is 

shown in Fig.8. The figure revels that electrical energy increases as the applied voltage increases. It is due to the fact that, 

increasing the applied voltage increases the number of microdischarge consequently the rate of reaction increases and more 

excited species and radicals along with other particles increases. The increase in the plasma filament leads to increase in the 

charge transfer from very high reactive electron to the gas and results to increase in the energy injected to the gas present between 

the gap. The transported charge increases non linearly with increase in applied voltage. Greater the amount of transported charge 

result in higher plasma reaction and causes greater discharge energy [22]. As the voltage is increased, the energy dissipated to the 

dielectric barrier discharge increases. The increase in energy is due to increase in surface resistance, which cause to increase in 

the energy consumed during the charge transfer from the discharging region to the non-discharging region [22,23]. As voltage 

increases, the number of microdischarge increases and hence discharge current increases which increase the transported charge 

and results to increase the dissipated energy. An increase of the electric field strength in the air gap of the reactor may lead to 

increase in the discharge intensity and increase of microdischarge channel in the discharge space. This results more charge 

transfer in the space, which consequently increases the dissipated energy. 
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Effect of gas flow rate on dissipated energy. 

 

From Fig 9, it is evident that there exists a value of flow rate at which the energy dissipation is maximum.  Moreover, the value of 

flow rate, at which the energy dissipation is maximum, is different for different applied voltages. As it can be seen from Fig.9 the 

energy dissipation is maximum with the flow rate 4.5 l/min with applied voltage 7.8 kV. However, the maximum energy with the 

applied 8.31kV and 8.84kV is at 6.5L/min. 

Figure clearly shows that maximum energy 

consumed during the discharge formation for the 

production of ozone is 8l/min with applied 

voltage 9.33kV and 9.84kV. In addition, the 

maximum energy dissipated during the discharge 

formation with applied voltage 10.35kV and 

10.86kV is 9l/min. 

The increase in dissipated energy per cycle with 

gas flow rate is due to the following reason; 

when the gas flow rate is increased rate of 

collision between the electron and gas atoms 

increases. The collision plays a vital role to build 

up reactive species by step ionization 

mechanism. The reactive species generated 

within the plasma during the discharge formation 

plays a key role to transfer the charge during 

collision between electron and gas atoms.                                                                                                                         
The increased charge transfer increases the 

dissipated energy with rise in flow rate, since the 

charge transfer is proportional to dissipated 

energy.   

                                                                                                    Fig.9: Variation of energy dissipated as the function   of airflow  

                                                                      rate   with varied applied voltage. 

However, rise in flow rate higher then certain flow rate, the applied voltage ionizes less number of gas atom lowering the number 

of reactive species within the electrode gap. On the other hand, decrease in dissipated energy may due to smaller residence time of 

gas molecules within the discharge gap and coiling effect. As a result, collision rate between the gas atoms and electrons falls 

down resulting less number of charge transfer. So the decrease in dissipated energy is observed with higher gas flow rate. 

CONCLUSION 

In this work, a co-axial dielectric barrier discharge plasma device with 4mm electrode gap at atmospheric pressure has been built 

up in order to generate ozone. The optical and electrical parameters of the device such as electron temperature, electron density 

and dissipated energy have been determined. The electron density (ne) is determined by line intensity ratio method and by current 

density electrical method. The electron density (ne) and electron temperature determined by line intensity ratio method have been 

found to be 1.74×1017cm-3 and 1.8eV, whereas the electron density by electrical method has found to be 2.163×1015cm-3. For 

measuring the dissipated energy, procedure is based on Lissajous curve obtained by plotting charge against voltage i.e ( Q-V) 

curve. The area inside the closed Lissajous curve have been calculated to obtained energy consumed per cycle during discharge 

formation. The effect of applied voltage and gas flow rate on the dissipated energy has been investigated. It is concluded that the 

dissipated energy increased with increase of applied voltage. Similarly, variation of dissipated energy per cycle as a function of 

gas flow rate was observed and it was found that there exists a value of flow rate at which the energy dissipation is maximum. 

Moreover, further rise in gas flow rate decreases the dissipated energy during discharge. 
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