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ABSTRACT 

Among different effects of a gas discharge (space and surface charge generation, chemical reactions) 

there is also the ambient gas flow, called the secondary electrohydrodynamic (EHD) flow. For many 

years this effect was ignored until researchers and engineers have realized its practical importance. In 

some applications, for example in electrostatic precipitators, the EHD flow is undesirable, reducing 

the dust collection efficiency. In others, for example in cooling electronic devices, it can drastically 

improve the process effectiveness. 

The presented paper deals with one more application of EHD flow, which can potentially 

revolutionize the aircraft technology. A surface electric discharge generates a surface jet-like flow, 

which changes the velocity distribution in the flow boundary layer. This could be a simple way to 

control the aerodynamic drag, or turbulence level, without any moving parts, using just electrical 

signal. Two different electrical discharges have been proposed: corona and dielectric barrier (DBD) 

discharge. The second one is considered to be more promising [1].  

Previous author’s works presented a successful numerical model for simulating the EHD flow 

generated by the surface DBD discharge, assuming a flat dielectric layer with two tape electrodes: 

one exposed, supplied with a high sinusoidal voltage of some frequency, and another, buried, which 

was grounded [2]. The critical element of this model was prediction the surface charge accumulation. 

It was assumed that these charges are formed by deposited ions, generated near the discharge 

electrode, and remain motionless, unless they are neutralized by ions of the opposite polarity. In most 

cases, the assumption of motionless charges is not true, as they can drift along the surface due to a 

finite electrical conductivity of the substrate, moved by a tangential electric field.  

The effect of the surface conductivity on characteristics of the DBD boundary layer actuator will be 

discussed in the proposed paper. The problem was simulated for a conventional two-electrode DBD 

structure. The electrodes and dielectric layer have been assumed to be sufficiently long, so the 

problem can be considered in 2D. The numerical model includes electric field distribution, gas 

ionization, surface charge accumulation and transport, and gas velocity distribution. All phenomena 

were simulated using the Final Element Technique. The obtained results include: electric field, space 

and surface charge density and velocity distributions at different phases of the sinusoidal excitation. 

These distributed parameters allow calculation of the total drag force, which includes: viscous drag, 

pressure and electrical components.  
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