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1. Introduction

Surface Dielectric Barrier Discharge (SDBD) plasma devices, which operate at
cold atmospheric pressures, have gained considerable attention in recent years due
to their wide range of applications in material processing, environmental
remediation, and medical treatments. The efficiency and performance of these
devices are strongly influenced by the geometry of the electrodes used in their
construction. Different electrode configurations can significantly alter the
discharge characteristics, including power consumption, micro-discharge
uniformity, and the thermal properties of the plasma.

This study explores the impact of various electrode geometries—specifically
square, hexagonal, and circular configurations—on the performance of SDBD
plasma devices. This research aims to provide insights into how the design of the
electrodes affects the electrical and thermal characteristics of the plasma. The
findings of this study are important for optimizing plasma device performance,
particularly in applications where uniform discharge and low thermal production
are critical. Understanding the relationship between electrode configuration and
plasma behavior makes it possible to tailor these devices for more efficient and
controlled applications in industrial and research settings.

2. Methodology
To evaluate the influence of electrode configuration on SDBD plasma
performance, a series of experimental tests were conducted using devices
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designed with three different electrode shapes: square, hexagonal and circular.
The SDBD devices were fabricated and tested at the Plasma Research Institute of
Kharazmi University under controlled conditions. The experiments focused on
three key performance metrics: (1) power consumption (2) uniformity of micro-
discharges and (3) plasma production temperature. Power consumption was
evaluated using a Lissajous curve, while the consistency of the micro-discharges
(MD) was examined through visual observation. Furthermore, the temperature of
the plasma was monitored utilizing a thermal camera system, which is a non-
invasive method that allows for the accurate assessment of the plasma's thermal
characteristics without disrupting its functioning. These models enhanced the
comprehension of the influence that geometric factors, including the symmetry of
the electrodes, have on the electrical and thermal behavior of the plasma.

3. Results and Discussion

The results indicate that electrode shape influences both discharge power and
uniformity. One of the most significant findings is that the symmetry of electrode
geometry influences the overall power consumption of the devices. Regarding,
discharge uniformity, the circular electrode configuration outperformed the
square and hexagonal designs. The balanced configuration of the circular
electrode facilitates a more stable and consistent plasma discharge, minimizing
fluctuations in the Micro-discharges that possess distinct characteristics. This
outcome is especially significant in applications where uniformity is essential,
such as surface treatment or material processing, as irregular plasma behavior can
result in unfavorable results. Another key finding relates to plasma temperature.
The circular electrode configuration consistently resulted in lower plasma
production temperatures compared to the square and hexagonal configurations.
This thermal characteristic of the circular configuration makes it particularly well-
suited for applications where heat control is a priority.

4. Conclusion

This study highlights the significant role of electrode configuration in the
performance of SDBD plasma devices. Although circular electrodes tend to
consume more power, they offer superior discharge uniformity and lower plasma
temperatures, which are critical for certain applications. In conclusion, the optimal
electrode configuration depends on the specific needs of the application. Further
research should focus on exploring other factors, such as voltage and frequency
variations, which may also influence plasma characteristics. Additionally, the
scalability of these findings to larger, industrial-scale plasma devices should be
examined in future studies. Understanding these dynamics will pave the way for
the design of more efficient and versatile SDBD plasma devices for a wide range
of technological applications.

Keywords: Surface Dielectric Barrier Discharge (SDBD), Electrode Geometry
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