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Numerical simulation of plasma actuator

F.B. Yeh

Department of Marine Mechanical Engineering
ROC Naval Academy, Taiwan, R. O. C.

ABSTRACT

Isothermal surface plasma can be generated
using a dielectric barrier discharge to induce
fluid flow and operate as an actuator for flow
control. In the present work, we present a two-
dimensional simulation of dielectric barrier
discharge (DBD) using the finite element based

plasma module of COMSOL numerical software.

The plasma and fluid flow are treated as a two-
fluid system coupled by body force. The body
force can be calculated using the ion density and
the electric field. The two-species hydrodynamic
plasma model coupled Poisson equation and
Navier—Stokes equation are solved to predict
flow structure. Parameters related to the
electrode operating variable such as voltage,
frequency and geometric arrangements are
varied to investigate the characteristics of the
plasma and induced flow.

KINETIC MODEL AND ANALYSIS

In this work, the schematic of an asymmetric
single dielectric barrier plasma actuator is shown
in Fig.1.

Simplified form of plasma model

The species number densities and the
momentum transport are solved using plasma-
fluid equations along with the Poisson equation
for the potential. The continuity and momentum
equations of ions are

% + v : (nivi) = neSie - mine (1)
ot
n,uE—-V(n,D;) =n;v; 2

The continuity and momentum equations of
electrons are

on

2 +V'(neVe) :nesie _mine (3)

nClLtCE - v(nCDC) = nCVC (4)

The electric field E is obtained using the
solution of the Poisson equation, given by

V-(¢,E) = —e(n"g_ n.) (5)
0

Body force approach for plasma-fluid flow
coupling

Shyy et al. proposed to devise a source term is
to account for the plasma effect in the form of
the body force in the momentum equation. The
primary collision loss between the heavier ions
and the neutral particles is considered. To
neglect the diffusion flux, the loss due to
collision balanced by the Lorentz force acting
on the charged ions is derived. Consequently
this collision loss can be viewed as the
instantaneous local body force acting on the
neutral fluid particles and can be modeled as a
source term in the Navier-Stokes equation.

Governing equations of the fluid flow

In the present article we look at low Reynolds
number flows in both the laminar and
transitional turbulent regimes. We can decouple
treatment between the plasma and the fluid. The
numerical model consists of the continuity and

momentum  equations for a  steady
incompressible viscous flow.
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Bes

F, and F are the body force components, which

carry the effect of the plasma discharge on the fluid
flow. A source of constant average body force in
time is considered and defined

F =E, > q.n, (11)
k

F,=E,» q.n, (12)
k
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FIGURES
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Fig.1 Schematic of an asymmetric single
dielectric barrier plasma actuator.



