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Dielectric barrier discharge (DBD) is used for many important applications in various sectors of science and 
technology. For example, for ozone generation, surface modification of polymers, in plasma medicine, and 
for decomposition of heavy volatile organic compounds. Nowadays, one of the actual problems is getting 
of uniformity of discharge distribution for high quality treatment of materials surfaces. To achieve uniform 
distribution of the discharge, several methods are available, one is to use different types of noble gases, and 
another is to use AC power supply with frequency varied in wide range. But besides this, another of the 
potential methods for obtaining a uniformly distributed discharge is to blow through the discharge gap flow 
of air. This method was used in this paper to conduct experiments which consisted of oscilloscoping voltage 
and current values, high-speed imaging, also gas flow simulation for comparison with the experiments. The 
obtained results show the dynamics of microdischarge motion in laminar and turbulent flow regimes, which 
supported by flow simulation. 

Key words: plasma, dielectric barrier discharge, gas flow, gas flow modelling, microdischarges.
PACS numbers: 34.80.Bm, 34.80.Dp, 51.50.+v, 52.80.Dy. 

1 Introduction

Dielectric barrier discharge (DBD), also called 
‘’barrier’’ or ‘’silent’’ discharge, is a typical 
nonequilibrium AC discharge at atmospheric 
pressure [1]. The most important characteristic of 
the dielectric barrier discharge is that conditions 
for the generation of nonequilibrium plasma can be 
provided much more easily [2] compared to other 
types of alternative discharges [3] such as low-
pressure discharges, high-pressure pulsed discharges 
or atmospheric pressure uniform arcs. Its simplicity 
in terms of geometric configuration, operating 
medium and operating parameters is irreplaceable. 
The conditions optimized in laboratory experiments 
can easily be adapted to large industrial equipments. 
The presence of a dielectric is the key to the limiting 
the current of the discharge. It limits the charge 
transported in the discharge, i.e. it limits the current 
flow into the system and almost uniformly distributes 

the discharge over the entire electrode area. Recently 
two main types of DBD designs have been proposed: 
volume barrier discharge (VBD), and surface barrier 
discharge (SBD)[4]. VBD consists of two parallel 
dielectric plates with electrodes mounted externally 
or two electrodes on one side of the dielectric. SBD 
device has a dielectric surface with a small but 
elongated electrode on one side of the dielectric 
and a metallic electrode coated on the opposite side 
[5,6]. Such devices are advantageous for industrial 
use because vacuum equipment can be avoided 
and DBD-based devices operate in the atmospheric 
pressure range. 

In the electrode gap, following an electrical 
breakdown, current pulses or a charged plasma 
channel are generated. These current pulses are 
shaped like filaments, hence the term “filamentary 
discharge” could be used. These filament channels 
are also called microdischarges (MD), because 
the current through the filaments is very low. The 
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location of the occurrence of microdischarges on 
the electrode surface is random. However, after 
ignition, the microdischarges remain at this point 
for a long time (periods) – up to 300 half-periods at 
an applied voltage of 100 kHz (more precisely, the 
microdischarges slowly move through the monitoring 
area). This means that the displacement of the 
microdischarge in one half-period is less than 0.25 
µm, which is negligible, compared to the diameter 
of the microdischarge. Thus, it can be concluded 
that there is a spatial memory in the microdischarge 
in the stationary DBD, the microdischarge in each 
subsequent half-period does not jump to an arbitrary 
point on the electrode surface, but appears exactly at 
the point of the surface where it was in the previous 
half-period. Currently, there is no standard point of 
view regarding the temporal and spatial ‘memory’ 
of microdischarges. The cause of the spatial memory 
effect for a subsequent microdischarge is the residual 
surface charge deposited on the barrier by a previous 
microdischarge. This charge can locally increase the 
electric field during the next half-period and hence 
provide a gas breakdown (i.e. the occurrence of a 
subsequent MD), preserving the site of occurrence. 

The influence of air (gas) flow on the dynamics of 
MD channels in DBD is of great interest both from the 
point of view of fundamental research and for solving 
applied problems. At present one of the urgent tasks 
is to obtain uniform discharge distribution in DBD 
for high quality treatment of material’s surfaces. To 
obtain such a discharge distribution there are several 
approaches, one of them is to use various types of noble 
gases and the other is to use AC power supply with 
high frequency. But apart from this, another potential 
method to obtain a uniformly distributed discharge in 
DBD is by blowing out the discharge gap with an air 
flow [7-10]. DBD in a gas flow is actively used in so-
called cold plasma jets (cold plasma jets) in the field 
of plasma medicine and surface treatment of various 
materials. The presence of gas flow in the discharge 
gap allows efficient cooling of the discharge walls 
and the plasma channel itself to room temperature 
and controlling plasma chemical processes to obtain 
the desired biologically active components. Another 
application of gas flow in DBD is active control of 
gas flow dynamics in plasma actuators in order to 
stabilize turbulence at the interface with the surface 
of solids. These studies are mainly carried out with 
the help of surface DBD in the air atmosphere and 
have great perspectives for aeronautical applications 
[11]. Microdischarge DBD with actively blown gas 

in the discharge gap is often used in reactors for 
plasma-chemical decomposition of heavy volatile 
organic compounds ( VOC) [12], for carbon dioxide 
(CO2) utilization and synthesis gas generation 
[13], and for dry methane reforming and hydrogen 
production. From this it can be concluded that studies 
of the effect of gas flow on the dynamics of micro-
discharge channels for different modes of flow itself is 
an relevant task. In the present work we have carried 
out experiments to determine the effect of gas flow 
velocity on the structural and dynamic characteristics 
of microdischarge channels. Laminar and turbulent 
modes of blown gas flow into the discharge interval 
of a DBD with flat-parallel geometry of electrodes 
were considered. The trajectories of microdischarge 
channels have been determined by means of video 
imaging. In case of laminar mode of gas flow, the 
microdischarge channels move strictly in the central 
region and follow the direction of gas flow. For 
the turbulent mode, the presence of vortices in the 
trajectories of microdischarge channels is revealed. 
The corresponding gas flows have been simulated 
with the Comsol Multiphysics software package 
for specific experimental conditions, and have been 
compared with real trajectories of MD channels. The 
results showed that the MD channels completely 
follow the direction of gas flow in the discharge gap 
for laminar mode. In the turbulent mode, vortices 
and backward to the flow collective motion of MD 
channels are also observed. 

2 Experimental set-up

A gas-discharge cell with a flat-parallel 
configuration, as shown in Figure 1, has been 
constructed for experiments with DBD. The design of 
electrodes in discharge cells has a flat geometry and 
consists of two parallel quartz plates, which play the 
role of dielectric (ε = 3.5), with parameters of 60mm 
x 60mm and a height of 2 mm. The air gap between 
the surfaces of the plates is h = 3 mm. One plate has a 
transparent conductive glass top coated with indium tin 
oxide (ITO), and is earthed via a low-inductive current 
shunt with resistance R = 51 Ohm. An aluminum foil 
is applied to the back of the second quartz plate and a 
high voltage from a PVM 500 sinusoidal generator is 
fed through it. Given the dimensions of the dielectric 
inserts for fixing the wires, the area of the discharge 
zone is 40x40 mm2. The frequency and amplitude of 
the sinusoidal voltage varies between 20-30 kHz and 
10-15 kV respectively.
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(a)

 
(b)

Figure 1 – Scheme of the experimental setup (a)  
and geometry of the gas discharge cell (b).

All experiments were performed in a stream of 
air (at room temperature) directed along the walls 
of the plate. The gas flow velocity was varied up to 
30 m/s inside the cell. Measurement of flow velocity 
was performed at the cell outlet, using Pitot tube with 
diameter 0.5 mm, equipped with micromanometer 
MMN-2400 (5)-1. The schematic in Figure 1 b explains 
the synchronized operation of a sinusoidal high voltage, 
a 4 channel digital oscilloscope (LeCroy WJ354A, 500 
MHz) and a high-speed camera (Phantom VEO 710S). 

Microdischarge was photographed, with an overhead 
view through a transparent ITO conductor and a 
quartz plate. The whole circuit is started by switching 
on the key K1, which supplies the high voltage sine 
wave generator. The signal from the delay generator, 
received from the power supply, starts the high speed 
camera at the same moment. The discharge voltage 
was measured with a Tektronix P6015 high voltage 
divider (1:1000). The discharge current was measured 
with a current shunt.
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Figure 2 – Typical dynamic volt-ampere oscillogram of the DBD with plane-
parallel electrode geometry. Each current spike in the oscillogram corresponds 

to the occurrence of one or more microdischarge channels.
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Figure 2 shows a typical voltage and current 
waveform of a volumetric barrier discharge. From 
this graph, it can be seen that, the voltage and current 
were indicated black and red color respectively. 
The highest number of voltage was approximately 
12.5 kV, and with frequency 28.6 kHz. The current 
consisted of two parts, which involve a sinusoidal 
part called conductivity current and sharp ends called 
bias current. 

3 Results

The resulting images for DBD without airflow, 
at h = 3 mm for a flat-parallel electrode geometry are 
shown in Figure 3. The images were acquired using a 
high-speed camera with a frequency of 25000 frames 
per second and an exposure time of 40 µs. Also, the 

number of microdischarges is calculated from 500 
pictures and averaged.

In Figure 3 (a) the voltage U applied to the 
electrodes is 9.7 kV and the breakdown voltage is 
4.8 kV. The average number of microdischarges is 
equal to 17. Further in the Figure 3 (b) U is equal to 
10,45 kV, in this section more or less stable number of 
microdischarges is formed equal to 31. Increasing the 
U to 11.61 kV, in figure 3 (c) we get a fully filled gas-
discharge cell in which the number of microdischarges 
is 53. And when U reaches 12.57 kV in a fully filled 
gas discharge cell more microrischarge appear and so 
the distance between the microrischarge decreases, 
as indicated in the Figure 3 (d). It can also be seen 
that on a maximally filled cell, the arrangement of 
microdischarges have a strict pattern and is an example 
of a self-organized structure [14,15].

U=9.7 kV
(a)

U=10.45 kV
(b)

U=11.61 kV  
(c)

U=12.57 kV
(d)

Figure 3 – Photographs of the VBD (top view) obtained using high-speed  
video recording without airflow, with different applied voltages,  

at h = 3 mm. and exposure time of 40 µs.
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4 Modelling results

When affected by the air flow [16-20], the 
microdischarges begin to move in the direction of the 
flow. By observing this phenomenon, it can be seen 
that depending on the flow velocity, the movement 
of the microdischarge has a different character. It is 
known that there are three types of gas dynamic flow 
regimes, changes between regimes are depended on 
the flow velocity of the gas. For this geometry, the 

Reynolds number for all three types of flow modes 
at certain flow velocities has been calculated. For 
clarity, microdischarge motions in laminar and 
turbulent flow are shown in Figure 4 below. In the 
figure 4 (a), it’s first case, the flow velocity is 5 m/s 
and Reynolds number is 2100, which corresponds to 
laminar mode. In the figure 4 (b), it’s second case, the 
flow velocity is 30 m/s and Reynolds number is 6200, 
corresponding to turbulent mode. Both figures were 
obtained at 24 fps, with an exposure time of 41 ms.

(а) (b)

Figure 4 – MD motion in laminar flow (a) and turbulent flow (b),  
frame rate 24 fps, exposure time 41 ms.

2(а) (b)

Figure 5 – Visualization of airflow in laminar mode, flow lines (a),  
surface velocity distribution (b).
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Gas flow was modelled using the Comsol 
Multiphysics software. The Computational Fluid 
Dynamics (CFD) package was used for this purpose. 
The area between the active electrodes through which 
air is blown was chosen as the calculation area. The 
results are shown below as flow visualizations and as 
graphs. 

Figure 5 (a) shows streamlines, i.e. flow lines, 
and Figure 5 (b) shows the velocity distribution of the 
gas flow in the interelectrode volume. The velocity 
values can be determined from the color scale on the 
right side of both figures. As the simulation results 
show, the maximum velocity value is 6 m/s. It can 
be seen from the flow visualization figure that at low 
velocities, the flow is uniform, but the area covered 
is limited. That is, the flow lines do not cover the 
entire inter-electrode area, but only that part which is 
coaxial to the inlet channel.

An increase in flow velocity leads to a transition 
from laminar to turbulent gas dynamic mode. 

Looking in detail at the flow simulation results in 
the turbulent mode, it can be seen that the flow 
lines gradually start to shift to the left side, then 
reaching the edge of the electrodes, passing along 
it, as shown in Figure 6(a). The velocity distribution 
itself over the electrode area is shown in Figure 
6(b). The average flow velocity is in the range of 
30-35 m/s. The flow velocity through the tube at 
the inlet of the discharge cell is 30 m/s. Further, 
with expansion of the discharge volume, the flow 
velocity reduces significantly and reaches 15-20 m/s 
at the exit through the inter-electrode space. It can 
also be noticed that near the opposite wall of the 
discharge cell the flow velocity starts to increase, 
indicating the occurrence of vortices inside the cell.

On the right edges of both figures are indicators 
that shows the velocity at a certain point on a color 
scale. When the gas velocity reaches turbulent values, 
the movement of the MD is vortex-like, as are the 
flow lines of the blown air.

(а) (b)

Figure 6 – Visualization of airflow in turbulent mode. 
Flow lines (a) and surface velocity distribution (b).

Figure 7 shows the velocity line cutting plots at 
different distances from the inlet channel, which are 
derived from figures 5 (a) and 6 (a). For laminar 
flow, (Figure 7a) three lines have selected and their 
positions from electrode width are 10 mm, 20 mm, 
30 mm. The inlet channel is located at the position 
17 mm of electrode length. As the electrode width 
position increased, the speed value of flow decreased, 
it can also be seen in the decrease in velocity peak 

along the inlet channel axis. At the same time closer 
to the walls the flow velocity starts decreasing 
and reaches some peak near the side walls of the 
discharge cell. At a position 30 mm from electrode 
width, the gas flow velocity increases along the 
edges of the main flow and there is a tendency for 
the flow to be more evenly distributed. For turbulent 
flow, Figure 7 (b), similar to the first case, 3 lines 
are chosen, but with different distances from the 
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electrode widths of 15 mm, 30 mm and 50 mm. It 
can be seen that the velocity near the inlet channel 
is at its maximum and then the velocity peak shifts 

closer to the walls. This observation indicates the 
presence of eddies in the air flow lines and the 
formation of backward flow. 
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Figure 7 – Velocity line slice graph at different distances from the inlet channel (a)  
for laminar flow, (b) for turbulent flow.

It is necessary to pay attention to the collective 
motion of MD’s in the discharge gap and the 
similarity of their trajectory and gas flow lines at 
different gas-dynamic regimes. The simulation 
results obtained in laminar mode (Figure 5) 
completely repeat the trajectory of gas flow lines. 
The MD channels move only along the central axis of 
the inlet channel, with only some perturbations away 
from this axis. In the turbulent regime, the collective 
motion of MDs has a vortex-like character, which is 
consistent with the simulation results. In both cases, 
neutral atoms and molecules of the blown air in the 
flow transfer momentum to the active particles of 
the plasma channel (ions, excited atoms) through 
frequent collisions. In this case, the volume residual 
charges of the microdischarge channel begin to 
move along the flow and create a new location of the 
plasma on the electrode surface. Despite the discrete 
structure of the microdischarge channels, when 
imaging with relatively long exposure times, the 
trajectory and motion of the MD channels appears 
to be continuous. Our results further confirm the 
possibility of controlling the collective dynamics of 
the MD channels by airflow and the importance of 
gas-dynamic flow regimes for this purpose.

5 Conclusions

Careful analysis of the presented results on DBD 
microdischarge in gas flow shows that the overall 
discharge behavior, also the dynamics and structure 
of the MD completely change with increasing 
flow rate, as has been shown under different flow 
regimes. In this paper, results have been obtained 
on the MD dynamics in a flat surface multi-layer 
DBD and compared with the flow simulation results 
on Comsol. The discharges have special electrode 
arrangements in the form of “flat parallel plate” and 
are generated by a variable (27-32 kHz) sinusoidal 
voltage. Rapid visualization of the filaments and 
their synchronization with electrical diagnostics 
using an oscilloscope show that the discharge has 
different phases depending on the flow rate and gas-
dynamic regimes. The obtained results of simulation 
of gas flow in the discharge gap are similar to the 
movement of MD under different gas-dynamic 
regimes. Comparison of experimental results with 
simulation results shows that the microdischarges 
move uniformly along the flow direction at laminar 
flow velocities. However, as the flow velocity 
increases up to turbulent mode, the MD motions have 
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a vortex-like character. Directional air flow strongly 
influences the dynamics of microdischarge channels 
in the DBD and allows studying different properties 
of the discharges and the possibility of controlling 
the collective dynamics of MDs.
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