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Dielectric Barrier Discharges (DBDs), also known as barrier discharges or silent discharges 

are studied since the ozonizer invention by Ernst Werner von Siemens in 1857. Nowadays DBDs 

are widely used for industrial applications [1, 2], such as gas depollution, surface treatment, 

excimer lamps, ozone generation, plasma display panels, etc. At atmospheric pressure (for inter-

electrode gaps between a few millimeters and a few centimeters) DBDs are generally constituted 

of one ore several plasma filaments, also called microdischarges. In such a regime, the very short 

duration (a few tens of nanoseconds) and the unpredictable feature of the triggering of a filament, 

make them difficult to  study experimentally. 

Last decade, a few authors succeeded to follow the propagation of a single filament (the 

streamer phase) with high resolution in time and space in a double dielectric barrier configuration, 

and thus determined the electron density and electric field in a filament with spectroscopic 

diagnostic [3].  

In parallel, Guikema et al. [4] observed self-organized patterns of microdischarges (for 

frequency on the order of a few kHz in noble gases) controlled by the residual surface charges on 

dielectric surfaces. Recently, Guaitella et al. [5] described the bimodal behavior of the statistical 

distribution of current peaks in a cylindrical DBD, and they concluded that the high-current peaks 

group was due to the self-triggering of several filaments (supposed to be correlated by a radiative 

effect), called “collective effect”. They also studied the impact of this effect on the injected energy 

in the discharge, which directly controls the chemistry. 

More recently, we have shown that a self-organization of microdischarges similar to [4] in 

space and time was possible in air at atmospheric pressure and low frequency (50Hz) [6] and 

demonstrated that this behavior was also controlled by phenomenon of charge deposition upon the 

dielectric.  

The influence of the charges deposited on a dielectric surface in a DBD is then essential to 

understand the behavior of the discharge. In this work, we have carried out experiments and 

simulations to further understand the structuring phenomenon of discharges and the interaction of 

a filament with a dielectric surface. We have simulated the discharge between a needle and a 

dielectric plan and to do so, we have introduced the Immersed Boundary Method [7], initially 

developed in fluid mechanics, in order to take into account the electrode geometry in the Cartesian 

grid in the simulation domain, and then accurately compute the electric field in the vicinity of the 

needle.  
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