
Accepted Manuscript

Numerical investigation of the optimal characteristics of a transverse layer of dielectric
barrier in a non-uniform electric field

M. Talaat, M.A. Farahat, Taghreed Said

PII: S0022-3697(18)30363-9

DOI: 10.1016/j.jpcs.2018.05.015

Reference: PCS 8578

To appear in: Journal of Physics and Chemistry of Solids

Received Date: 13 February 2018

Revised Date: 6 May 2018

Accepted Date: 9 May 2018

Please cite this article as: M. Talaat, M.A. Farahat, T. Said, Numerical investigation of the optimal
characteristics of a transverse layer of dielectric barrier in a non-uniform electric field, Journal of Physics
and Chemistry of Solids (2018), doi: 10.1016/j.jpcs.2018.05.015.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jpcs.2018.05.015


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

1 

 

Numerical investigation of the optimal characteristics of a 
transverse layer of dielectric barrier in a non-uniform electric 

field 

M. Talaat*1,2, M. A. Farahat1, and Taghreed Said3 

1Electrical Power and Machines, Faculty of Engineering, Zagazig University, P.O. 44519, Zagazig, Egypt. 
2Electrical Engineering Department, College of Engineering, Shaqra University, Dawadmi, Ar Riyadh, Saudi Arabia 

3Electrical Engineering and Computer, Higher Technological Institute, 10th of Ramadan City, Egypt. 
*m_mtalaat@eng.zu.edu.eg 

 

Abstract 

A numerical equation to satisfy the effect of the transverse layer of a dielectric barrier located at a non-
uniform electric field distribution resulting from a rod-to-plane gap configuration is presented. The 
accuracy of the presented numerical model has been investigated using a simulation model with the 
concept of finite element method.  The investigation of the proposed numerical equation for studying the 
optimum location of the transverse layer of different dielectric barrier materials in a non-uniform field 
configuration has been assessed using COMSOL Multiphysics software. The effects of varying the barrier 
permittivity, position, and thickness on the electric field maximum values are introduced. The proposed 
numerical model effectiveness has been validated and evidenced by the good agreement between the 
simulated results and the proposed equation. The per cent error between the proposed numerical and the 
simulated models is less than 2.74%. The results show that, a thin insulating barrier that have low relative 
permittivity of the studied materials at 20% of the air gap, leads to a considerable increase in the value 
required for the breakdown voltage. Finally, from the numerical and simulation investigations regarding 
to the maximum electric field value, the barrier optimum thickness was found to be 1			. 

Keywords: Dielectric barrier, optimum barrier characteristics, numerical calculation, electric field 
simulation, finite element method, COMSOL Multiphysics. 

1 Introduction 

Recently, the dielectric barrier (DB) has an increasing attention, especially in the dielectric barrier 
discharge (DBD) system applications [1]. Different experimental techniques have been presented to 
investigate the role of DB for proscription arc discharge through a gap subjected to a high electric field 
[2-7]. Also, the role of DB in industrial applications has been investigated by several experimental studies 
[8-12]. In the experiment of regeneration of diesel particles using nanosecond pulsed DB was presented 
considering the polarity and changing the applied voltage [8]. 

In the power generation and distribution systems, the DB plays an important role. This role is very clear 
in Gas Insulated Systems (GIS) [5]. GIS uses either pressurized sulphur hexafluoride (SF6), atmospheric 
air, or gas mixtures with self-restoring gaseous dielectrics as insulating medium having SF6 as one 
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