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Simulation of the degradation of methyl red by gliding arc plasmSimulation of the degradation of methyl red by gliding  arc plasm aa
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TheThe processprocess
Treatment of water charged with
organic pollutants by GlidArc reactor

Producing long (O3) and short (O, OH) 
live, but very strong oxidizing species

Good efficiency,  but batch 
proces with very low contact 
area between gaz and water

Gas outlet

Liquid inletLiquid 
outlet

GlidArc

Humid air
NOx

OH°

Countercurrent horizontal reactor

Humid air

Liquid

- Continuous treatment
- Contact area increased
- Possibility of mixing
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TheThe model model 

OH°+ H 2O2 <-----> H2O + HO2° (1)
HO2°+ HO 2° <-----> H 2O2 + O2 (2)
OH°+ OH° <----->            H 2O2 (3)
HO2°+ OH° -----> H 2O + O2 (4)
OH°+ mred -----> H 2O + CO2 (5)

Kinetic model with 6 species and 5 reactions:

3 species
1 reaction

Gas outlet

Liquid inletLiquid 
outlet

GlidArc

OH°+ methyl red H2O + CO2

Humid air

OH° CO2

H2O2

NOx

NOx +NO3
-

NOx

OH°

Gas film

Gas outlet

Liquid inlet

GlidArc

OH°liq + methyl red H2O + CO2liq

Humid air

OH°g CO2

OH° 2D simulation domaine

Liquid film

Interface

Simulation 
domain

1D simulation

methyl red
+ water

1D

2D

1D
6 species
5 reactions

2DNOx
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1D diffusion model 1D diffusion model (setup)(setup)

OH°g is formed by  by e- - M2 collisions
in the GlidArc interelectrode region. 

OH°g ���� OH°l ���� diffusion, reaction liquid phase

Gas
outlet

Liquid 
outlet

GlidArc 
reactor

CO2

OH°

OH°+ methyl red CO2

OH°

Liquid film

Interface

1D Simulation

δx
y

���� Diffusion in the 
liquid phase

CO2lCO2g

Interface 1
gas liquid

2 bottom of the reactor• •
Model used chcdp (see tutorial of Absorption in a Falling film)
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Equations solved in the domain:

Diffusion flux Convective flux Reaction rate of 
the reactions

Velocity gradient dv x/dy

( )( )2
15.1 δ

y
avx vv −=

Species: OH°l, HO2°,, H2O2, O2, mred, CO2

OH°+ H 2O2 <-----> H2O + HO2° (1)
HO2°+ HO 2° <----->  H 2O2 + O2 (2)
OH°+ OH° <-----> H 2O2 (3)
HO2°+ OH° ----->   H 2O + O2 (4)
OH°+ mred ----->  H 2O + CO2 (5)
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•

1D diffusion model 1D diffusion model (setup)(setup)

Boundary limit
settings
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Henry 
constant

Partial pressure 
in gaz phase

Mass transport 
coefficient

Average velocity: 0.0033 m/s

( )     0,0 =− ∂
∂ tD x
c

i
i

for HO 2°,, H2O2, 
O2 and mred

Partial pressure  OH° g in gaz phase: 1620Pa
Partial pressure pCO2  in gas phase: 0, 10 and 20 Pa

Calculations were performed for 1, 10  and 100 seconds. 

Concentrations of                                               as a function of time and depthOH°l, HO2°,, H2O2, O2l, mred, CO2l



6COMSOL2011 Stuttgart

1D diffusion model 1D diffusion model ((resultsresults ))

Depth of liquid film

OH°l

For
1,
10 and
100 s

Hydroxyl radicals are consumed immediately  by reaction 5 

OH° + mred H2O + CO2

probably with H2O2 as an intermediate species

~1010 l/mole.s

For contact times of about 10 s everything happens in the first 0.5 mm!

Methyl Red
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1D diffusion model 1D diffusion model ((resultsresults ))

Depth of liquid film (mm)

OH°l + OH°l ���� H2O2

H2O2 O2

10 s 10 s

H2O2 is formed very rapidly near the interface : then

CO2 is formed by the reaction 6 but is not consumed since there is no reaction for this. 
Normally CO2 should be released in the gas phase. 

2D model

Depth of liquid film (mm)
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2D model setup2D model setup
OH°g is formed by  by e- - M2 collisions
in the GlidArc interelectrode region. 

OH°g ���� OH°l ���� diffusion, reaction liquid phase

OH°l
+ 

mred ���� CO2l + H2O

Gas
outlet

GlidArc 
reactor

CO2

OH°

OH°+ methyl red CO2

OH°

Liquid film

Interface

1D Simulation

δx
y

���� Diffusion in the 
liquid phase

CO2lCO2g

Models used:

1/ Navier-Stokes incompressible (chns)

Velocity and Pressure fields

2/ Convection and Diffusion (chcd and chcd2)

Concentration of  
gaseous species

chcd chcd2

Concentration of  
liquid species

OH°g CO2g OH°l mred CO 2l
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1/ Navier-Stokes incompressible (chns)

Domain 1: Water

Domain 2: Air
Gas
outlet

Liquid 
outlet

Gas intlet: 
0.1 m/s

Liquid inlet: 
0.01 m/s

Triangular Mesh

Streamlines indicate an interaction between the two phases in the right end

Liquid phase can be considered as immobile compared to the gas phase
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2/ Convection and Diffusion (chcd and chcd2)

Domain 
1: Water

Domain 
2: Air

OH°g CO2gchcd chcd2
ac

tiv
e 

chcd chcd2 OH°l mred CO 2l

OH°g: 0.1 mol/m 3

OH°l = Hoh*OHg

x

c
DN gOH

gg OHOH ∂
∂

−=  

Dg ~1e-5 m2/s

Dl ~1e-9 m2/s

OH°l +  mred ���� H2O + CO2l

mred: 
0.1 mol/m 3 2

22 x

c
DN l

ll

CO
COCO ∂

∂
−=

CO2g =CO2l/HCO2

Henry 
constant

Domains

Boundary Limits

OH°g
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2/ Convection and Diffusion (chcd and chcd2)
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2/ Convection and Diffusion (chcd and chcd2)

As in the 1D simulation hydroxyl radical are consumed immediately

OH°l + mred H2O + CO2l~1010 l/mole.sLiquid phase reaction:
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2/ Convection and Diffusion (chcd and chcd2)

CO2l concentration 
(mol/m 3)

CO2 production and diffusion in the gas phase

Carbon dioxide enter in the gas phase domain mainly from the right end of the reactor. 
Under the action  of  the convection, the concentration increases near the outlet.
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ConclusionConclusion

Future Future WorkWork

- It is possible to simulate in 2D, a continuous  two phase horizontal counter-
current reactor, the convection- diffusion process for the treatment of water 
charged with organic pollutants.
- Simulation shows a fast absorption of OH°, formed by the electrical 
discharge, in a few tenths of mm from the interface gas- liquid. 
- However, even if this new reactor is better, compared to the existing batch 
reactor because is continuous, the contact area remains always low. 

So the contact area should be improved .

Setup of a bubble reactor or  a three phase reactor

A lot of A lot of workwork for for modellingmodelling



15COMSOL2011 Stuttgart

Thank your for your attentionThank your for your attention

Questions?Questions?
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