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Effect of gas pressure and electron advection on self-organized structures in DBD
micro-plasma
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In this study, we experimentally produced hexagonal disposition filament structures in dielectric barrier discharges
(DBDs) and observed the changes due to pressure and electron advection. We used experiments and numerical
simulations to investigate the effects of pressure on the hexagonal patterns formed by self-organization in micro-gap
DBDs. In simulations with changing advective velocities, the filament diameters were 1.524 mm at 0.00794 m/s and
1.786 mm at 0.952 m/s. In experiments with changing gas flow velocities, the filament diameters were 0.215 mm at 4.8
m/s and 0.479 mm at 19.2 m/s. In other words, diameters increased with increasing flow velocity.

1. Introduction

Plasma organizes autonomously under special
dielectric barrier discharge (DBD) conditions, and
the discharge also becomes spatially
inhomogeneous. Plasma photonic crystals are an
anticipated application of this inhomogeneous
discharge [1,2]. There is a contribution of gas flow
perpendicular to the electric field when an
inhomogeneous structure becomes homogenized.

In this study, we considered the effect of electron
advection on the formation of self-organized
structures. We obtained the diameter of a filament
and considered the validity of the experiment by
simulating a model that added an advective term to
the discharge system.

2. Experimental setup

Figure 1 shows the experimental setup. A
microgap was constructed with a dielectric, a spacer,
another dielectric, and a driving electrode on a 100
mm x 100 mm copper plate.

The dielectrics and spacer were made of glass with
a thickness of 140 pm and a relative permittivity of
6. The width of the flow channel serving as the
discharge region was 5 mm. The driving electrode
was indium-tin—oxide to enable observation of
emissions from the discharge. The introduced gas
was six nines (99.9999%) pure He. The buffer area
was set up at the upper side of the microchannel for
the gas installation. The microchannel was open
underneath, where the gas was directly emitted. The
gas flow velocity changed in the range of 4.8 m/s to
28.8 m/s. The source voltage was 450 V. The
emission upon discharge was observed with an
intensified charge-coupled device camera. The
applied voltage was measured with a high voltage
probe. The current was measured by a Rogowski

coil.

Photo Multiplier
Tube

=ooiss

o
0}
0}
0}
0}
g
i
oooooo
(]
T 0
=
000 o ag)
om0 i
meeeue]

H aF
HV. | Optical Emission
Probe\/ [l Spectrometer
| s

a
Inlet

80In0g 4y
H ﬁIjR
\

Fig.1 Experimental setup

3. Experimental result

Figure 2 shows the discharge aspects when flow
velocity was changed. The flow velocities were (a)
4.8 m/s, (b) 9.6 m/s, (c) 14.4 m/s, (d) 19.2 m/s, (e)
24.0 m/s, and (f) 28.8 m/s. The images at the top
show the upper stream of the gas, and that at the
bottom shows the lower stream. Many filaments
appeared and formed hexagonal structures when the
flow velocity was 4.8 m/s. The homogeneous
region expanded with an increase in flow velocity.
The diameters of the filaments in Figures 2(a)-2(d)
were (a) 0.215 mm, (b) 0.396 mm, (c) 0.475 mm,
and (d) 0.470 mm. The filament diameter increased
with increased flow velocity.
4. Model

Equations (1) and (2) comprise the discharge
system reaction diffusion equation [3].
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Where U is the active factor and N is the depressant
factor. U shows the voltage drop of the discharge
gap; N shows the charge carrier density of the gap.
U and N are represented as a function of time t, at

position X, y. 7y js the time constant of the line, 7y



(a) 4.8 m/s (b) 9.6 m/s (c) 14.4 mis

(d)19.2m/s (e) 24.0 m/s (f) 28.8 m/s
Fig.2 Discharge aspect

is the lifetime of the charge carrier, Uy is the source
voltage, and ¢ is the constant of the discharge gap

and is expressed by Equation (3).
Sl
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Where e is the charge, p is the mobility, & the
permittivity of the vacuum, &, is the relative
permittivity of He, Cy is the capacity of dielectric
barrier, and Cg is the capacity of the gap. a is
expanded to a = 1/tyUp and is the constant that
settles the critical voltages that transit from N(t,x,y)
= 0 to N(txy) > 0. b and N* are the
phenomenological parameters of Equation (2). Dy
and Dy are the diffusion coefficients of U and N,
respectively, and meet the workable condition of
the Turing mechanism that states that the depressant
factor’s diffusion is faster than that of the active
factor (Dy > Dy). In this simulation, the fixed
parameters area = 3.4,b = 34,¢c = 1.64x 10"
cm?/sec, 7y= 107 sec, 7, = 10 sec, N* = 1.5 X 10°
cm?, Dy = 0.625 cm’sec, and Dy = 0.045
cm¥/sec. Vyis the electron flow velocity that moves

by gas flow. In our simulation, the flow velocity
measures the direction of the y axis. The calculation
areaisa-1<x<l .1 <y < 1 square region, and the
boundary condition that flux zero is on the
boundary of x = £0is a condition in which the
incursion flux is equal to the effusion flux
(Equation (4)).
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The initial condition of U is U(0,x,y) = 240 V. The
initial condition of N is

. - 6, —(x%+37) /0.001 .
N(0.x.y) = 108~ ¥ as the regional

perturbation.
5. Simulation result

Figure 3 shows the 2D distribution density plot of
N(t,x,y). The flow velocities of (a), (b), (c), and (d)
were 0.00794 m/s, 0.0397 m/s, 0.794 m/s, and
0.0952 m/s, respectively. Filaments appeared and
formed hexagonal structures over the calculation
area. The filament diameters were (a) 1.524 mm,
(b) 1.540 mm, (c¢) 1.746 mm, and (d) 1.786 mm,
becoming larger with increased flow velocity. This
result cannot be compared directly but is consistent
the experimental results.

-
LAA A LA 2 2 I
-

.
AT

(c) 0.0794 m/s (d) 0.0952 m/s

Fig.3 2D distribution plot of N (t,x,y )
6. Conclusion

We investigated the effects of pressure and

electron advection on the hexagonal patterns
formed by self-organization in micro-gap DBDs.
We conducted a discharge experiment by changing
the flow velocity in microgap DBDs and conducted
a numerical simulation using a model that added an
advective term to the discharge system. While the
dispositions cannot be directly compared, results
showed that the diameter of the current filament
became larger with increasing flow velocity in both
the experiment and simulation; therefore, this
model can replicate the disposition of the
experiment.
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