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Summary:
Active flow control with the aid of surface dielectric barrier discharge (SDBD) plasma actuators is a recent
development in flow control, which involves manipulating a flow to impart a desired change. The main advantages of plasma actuators over other actuators are their robustness, simplicity, low power consumption and their ability for real-time control at high frequency.
In the imposed electric field plasma particles are accelerated and collide with the neutral gas causing
momentum transfer, called the electro-hydrodynamic (EHD) force. Thus the SDBD plasma actuator can
induce a flow of a neutral gas like ambient air.
To incorporate the effect of the plasma actuator in flow solution methods, a model is needed for the electro-hydrodynamic body force. Several models for SDBD’s have been developed: approximate, semi-empirical, phenomenological models suitable for engineering prediction and optimization methods; as well as
models based on first principles. The models based on first principles are generally more accurate and
provide insight in the details of the generation of the “electric wind”. However, they do require extensive
computation time, which for example limits the size of the domain in which the solution can be computed.
The aim of the present research is: to study and compare existing first-principles based models; to
choose a model which provides a good balance between accuracy and computation load; to implement
the selected model.
The transport equations are derived from the Boltzmann equation. The plasma dynamics is modeled in a
self-consistent manner using a first-principles based hydrodynamic plasma model in which the Poisson
equation for the electric field is coupled to the transport equations for the three species considered; viz.
one type of positive ion, one type of negative ion and electrons. The equations are discretized using a
vertex-centered finite-volume method and the fluxes are treated with the Scharfetter-Gummel scheme or
alternatively with a flux-vector-splitting scheme.
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