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Models used:

1/ Navier-Stokes incompressible (chns)

Velocity and Pressure fields

2/ Convection and Diffusion  (chcd)

Concentration of  
pollutant in the reactor
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1/ Navier-Stokes incompressible (chns)
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Umax=0.25 m/s in the 
discharge region

Streamlines show a 
rather good mixing
between of active 
species and the pollutant
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2/ Convection and Diffusion  (chcd)

Diffusion of thiol in the 
discharge region.

Experimental results
show a film formation 
in the discharge
region. 

Change of the design of 
the reactor is necessary

[Thiol]
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2D

Matlab 1D model

The active species reacting with the pollutant
are created by colisions oxygen-electrons in the 
discharge region
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Electron Electron densitydensity determinationdetermination

HV100 points

Calculation by resolution of a system of 4 equations:

Equation of Poisson and three continuity equations, 
for electrons, positive ions and negative ions

Flow

Pollutant
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2D
Electron Electron densitydensity determinationdetermination

ResolutionResolution of 4 of 4 coupledcoupled equationsequations ::

)(2
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e −−−=∇
ε

ϕEquation of Poisson relating V with distribution of 
local densities of charges. 

three continuity equations: for electrons, positive ions and negative ions:

jj
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∂
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. with EnqsignnD jjjjjj µ)( +∇−=Γ
Flux of 
particles

Source term
for particles j

1D model

HV100 points

Diffusion 
flux

Flux due to the drift 
of charged particles

J: e for electrons , p for positive ions and n for negative ions

peeee nnvnS βηα −−= )( pnpeeep nnnnvnS ββα −−= pneen nnvnS βη −=

The species
are created by 
the reactions

e+A  � A+ +2e e+A+ � A e+A  � A-A- +A+ � A
αααα ββββ ββββ ηηηη

Ionization Recombination Attachement

Discretization Cranck Nicholson  and linearization Raphson Newton

[e[e --] ] ≅≅≅≅≅≅≅≅ 101014 14 cmcm --33
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ReactionReaction Engineering Engineering LabLab
0D kinetic model of Willy Morscheidt:

(LGPPTS)

14 reactions, 
12 species

e+O2

O
O2(1∆∆∆∆g)

O3

Average velocity: 0.15m/s

u~

Residence time:~10ms

The model The model willwill bebe exportedexported in COMSOL in COMSOL MultiphysicsMultiphysics module module 
t (s)
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Velocity

Concentration

TheseThese concentrations and concentrations and velocityvelocity willwill bebe usedused as as InletInlet BL in BL in chcdchcd and and 
chnschns modelsmodels respectivelyrespectively, in the post , in the post dischargedischarge reactorreactor

Flow and concentration Flow and concentration fieldsfields

0.0236

chnschns and      and      chcdchcd modelsmodels
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00

SetSet--upup of 3D of 3D reactorreactor and and velocityvelocity fieldfield
model model usedused chcdchcd

Pollutant
inlet

Active species inlet

Electrode

Inlet velocity: 0.018 m/s

Residence time:
1 to 2 seconds

Reactions:   SH  + 
O

O3

ProductsProducts

Rate Constants (cm3/s)
K1=1.2e-12

K2=9.6e-12



12COMSOL2009 Milan

P
os

t d
is

ch
ar

ge
re

gi
on

3D
  s

im
ul

at
io

n

OO O3

Concentration
(mol/m 3)

0.16

0

0.02

model model usedused chcdchcd
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Concentrations of active species in the inlet BL from 2D model

Active species inlet
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thiol
products

C(mol/m 3)

0.04

0

1.376208e-8
[mol/s], Expression: 
ntflux_cthiol_chcd, 
Boundaries: 22, 23

[thiol]=0.041 
mol/m3

model model usedused chcdchcd

Concentration Concentration fieldsfields of of pollutantpollutant and and productsproducts

BL:22, 23

-2.353674e-7 
[mol/s], Expression: 
ntflux_cthiol_chcd, 
Boundary: 12

C(mol/m 3)
0.44

0

Conversion Conversion 
of thiol:~90%of thiol:~90%

Experimental results show a depletion from 40% to 
100% depending on the induced specific energy
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ConclusionConclusion

CurrentCurrent and future and future workwork

- It is possible to simulate a convection- diffusion process in 3D chemical 
reactor for the treatment of VOC. However due to the lack of CPU memory 
the reactor must be divided in 3 parts and the whole process must be 
treated sequentially. So the diffusion of the pollutant in the discharge region 
is not taken into account.

-Calculations show a qualitative agreement with experimental results. The 
prediction can be sensibly improved for kinetic models with more reactions.

-Use of more powerfull PC with larger memory for the treatment the whole 
process in one step.

--Implementation of the discharge model directly in COMSOL
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Thank your for your attentionThank your for your attention

Questions?Questions?

Suggestions?Suggestions?
Any idea for the implementation of DBD model in COMSOL is welcome 




