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Abstract: The present study is dedicated to the 2D steady state simulation of ionic wind and
ozone produced by a DC corona discharge between two parallel wires in atmospheric
pressure air. A simplified air kinetics model is used to simulate charged species and ionic
wind velocity. A chemical kinetics model of ozone involving neutral species is proposed to
predict the ozone distribution in dry and humid air.
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1. Introduction

Inhaled dust particles, airborne microorganisms and
aeroallergens can cause adverse health effects such as
asthma and allergic diseases [1]. Corona discharges can be
used for air purification by electrostatic precipitation. The
ions produced by corona discharge deposit into the
particles and the charged particles can then be attracted to
grounded surfaces, resulting in electrostatic deposition,
thus purifying the indoor air.

Coronadischarge in air is accompanied by the generation
of toxic gases especially ozone. Many experimental studies
have revealed the dependence of ozone production on the
discharge polarity, current levels, electrode size, air
temperature and relative humidity [2], [3]. This work
presents a model to predict ozone and ionic wind
production in corona discharges in dry and humid air.

2.Numerical Model

The computational domain (10 x 6 cm?) for the two
parallel cylindrical wire geometry is shown in Fig. 1. The
two electrodes are 9.0 mm apart. The anode is 0.2 mm in
diameter and is biased to a high positive voltage. The
cathode is 2 mm in diameter and is connected to the
ground. A structured quadrilateral mesh is used near the
two electrodes, and an unstructured triangular mesh is used
in the rest of the domain allowing a homogeneous growth
of the meshes until the limits. A mesh convergence study
is performed to obtain the optimal balance between
accuracy and runtime. The present model is a continuation
of the work of Bérard et al. [4], [5]

When the corona discharge is operated, the high electric
field ionizes the gaseous species surrounding the thin
electrode. In the corona region (i.e. in the vicinity of the
thin electrode) electron impact ionisation dominates over
electron attachment, while outside the corona region,
electron attachment prevails. Under the effect of the
electric field, positive ions drift towards the grounded
electrode, resulting into flow movement via momentum
transfer from the ions to the neutrals. The driving term in
the momentum equation (4) is the Lorentz force expressed
as the product of the electric field by the net charge density.
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Fig. 1. Computational domain

The electric potential in the presence of charged species is
calculated by the Poisson equation (1). The steady state
drift-diffusion equations for electrons (2), positive and
negative ions (3), neutrals (4) are solved simultaneously.
Second order implicit scheme is used for all computations.
Numerical simulations are made with the commercial
software ANSYS Fluent CFD [6].
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Where V and E represent the electrical potential and the
electric field, n,,n,,n_ and n, are the densities of
electrons, positive ions, negative ions and neutral species
respectively. u,D and S are the mobilities, diffusion
coefficients and source terms of indicated species, i is the
bulk velocity of the fluid and 7 is the viscous stress tensor.

The chemical model in dry air involves electrons, one
species of positive ions, one species of negative ions, the
excited molecule No(B) that contributes to the dissociation
of oxygen molecules, and 7 neutral species (O, Nz, O, N,



O3, NO, N20). The model considers 18 chemical reactions
listed in Table 1. The rates of electron-impact reactions are
recalculated at each iteration, as it depends on the electric
field and electron density.

To study the effect of the relative humidity on ozone
production, a list of chemical reactions involving H,O
related species are added. The additional chemical model
contains 18 reactions and 7 species (H20, OH, H, HO,
H202, HNO,, HNO3) as shown in Table 2. The prediction
of the complete model have been compared - for different
degrees of relative humidity - with other models proposed
by Peyrous [7], Chen [2] and Sarrette [8]. Simulation of the
temporal evolution of the relevant species studied were in
good agreement. In this work, we assume that the
formation of ozone in dry and humid air is not strongly
influenced by excited and ionized species [7]. Additional
charged species in particular water cluster ions, will be
considered in future work to determine their influence on
the formation of ozone in corona discharges.

Table 1. Chemical kinetics model for dry air, A* stands for
the generic positive ions (Oz2*, N2*). M is a third body.

Table 2. Additional reactions for humid air

No. Reaction Ref.
19 e+H0=>H+OH+e [7]
20 O+0OH=>03+H [7]
21 OH + 03=>HO2+ 02 [7]
22 20H=>H,0+0 [7]
23 2 0H + 02 => H20; + O2 [7]
24 2 OH + N2 => H202 + N2 [7]
25 OH + HO2 => H.0 + O2 [7]
26 H+ O2+ N2=>HOz + N2 [7]
27 H+ O3=>0H + 02 [7]
28 H+HO2 =>2 OH [7]
29 N+OH=>NO+H [71
30 NO + OH + N2 => HNO2z + N2 [7]
31 NO + OH + O2 => HNO: + O; [7]
32 NO + HO2 => NO; + OH [7]
33 NO2 + OH + O2 => HNO3z + O2 [7]
34 NO2z + OH + N2 => HNOs + N2 [71
35 HO2 + NO2 => HNO: + O2 [7]
36 H0+0=>20H [7]

3.Results and Discussion

3.a) Charged species and ionic wind production:
Fig. 2 shows the density profiles of charged species

No. Reaction Ref.
1 e+Ar=>2e+ A" [4]
2 e+0:=>0+0 [4]
3 e+A=>A+A [4]
4 Ar+0 =>A+0 [4]
5 O+M=>e+0+M [4]
6 e+N2=>e+2N [9]
7 e+02,=>e+20 [9]
8 e+03=>e+0+0> [9]
9 e+ N2 =>Ny(B) + e [9]
10 N2(B) + O=>NO + N [9]
11 N2(B) + 02=>N, +2 0 [9]
12 O0+02+02=>03+02 [9]
13 O+ 02+ N2=>03+N2 [9]
14 O3+02=>0+0,+0; [10]
15 O3+N2=>0+02+ N [10]
16 03+0=>0:+0 [9]
17 O3+ NO =>NO; + O, [9]
18 N+0O2=>NO+0 [9]

along the inter-electrode line calculated at 9 kV. The
electron density decreases rapidly away from the anode
because ionization is the highest near the anode and
because of dissociative attachment (R2). The number
density of positive ions increases rapidly and reaches
values much greater than the number densities of negative
ions and electrons over most of the inter-electrode zone,
leading to the creation of positive unipolar region between
the two electrodes.

The rates of ionisation and attachment, and the diffusion
coefficients of electrons are fitted from Bolsig data for an
air-like mixture [N2]:[O2] = 4:1 [5]. The mobility of
electrons is taken from Chen et al. [11] as:

Ue = 1.2364E 02165 2y —15-1 (6)

The mobilities of generic positive and negative ions are
Uy =25%x107*m?/V/s and u_ = 2.7 x107*m?/V/s
respectively, they are taken from Bérard et al [5]
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Fig. 2. Density of charged species along the inter-electrode gap,
gap distance: 9 mm, anode voltage: 9 kV.

A comparison of the electric fields calculated in vacuum

and in the presence of charges is shown in Fig. 3,



indicating that the charge density distribution presented in
Fig. 2 induces a small distortion in the Laplacian field.

The one- and two-dimensional profiles of ionic wind
velocity are plotted in Fig. 4. Between the two electrodes,
velocity magnitude reaches 1.7 m/s as a maximum at an
applied voltage of 12 kV. These results show that the
present kinetics model can reproduce the increase in
velocity induced by increasing the anode voltage. At high
voltages, the values are relatively in accordance with
measurements [5] with an estimated error less than 2%,
while at 9 and 11 kV the calculated velocity is lower than
the measured one, mainly due to the simplified kinetics
model used for charged species.
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Fig. 3. Comparison of the electric field calculated in
vacuum and with charged species.

3.b) Ozone production in dry and humid air:

The distribution of ozone density along the inter-
electrode line in dry air and for different degrees of relative
humidity are compared in Fig. 5. The rate of ozone
production decreases with increasing relative humidity. As
shown in Table 3, the ozone production rate decreases by
more than 50% with RH = 10%.

Table 3. Effect of RH on o0zone production rate

Relative humidity
0% 10 % 50 % 100 %
Ozone production
rate [molecule/m?s] 9.45e14 | 4.31e14 | 1.35el4 | 7.26el3
Decrease in ozone o o o o
production rate [%] 0% 54 % 86 % 92%
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Fig. 4. a) Two-dimensional profile of ionic wind velocity.
b) lonic wind velocity profile along the inter-electrode
gap at different voltages.
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Fig. 5. Density of ozone along the inter-electrode gap in dry
and humid air, gap distance: 9 mm, anode voltage: 9 kV.

4.Conclusion and perspectives

In this work, a numerical model is developed to simulate
ionic wind velocity and ozone production by corona
discharges in dry and humid air. The model solves Poisson
equation and the drift-diffusion equations with plasma
chemistry and transport phenomena. The kinetic model of
ozone involves only neutral species. The effect of relative



humidity on the rate of ozone production is in agreement
with other results [2], [7], [8]. The simulations will be
extended to consider the ionized species that are created by
the presence of water vapor in air (water cluster ions) to
elucidate their influence on ionic wind and ozone
production.
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