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The process

Treatment of water charged with

organic pollutants by GlidArc reactor

1l

Producmg long (O3) and short (O, OH)
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- Continuous treatment
- Contact area increased
- Possibility of mixing [
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The model
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Kinetic model with 6 species and 5 reactions:
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1D diffusion model (setup)

GlidArc Ty ------- A \ ~~~~~ Interface Species: OH°, HO,°, H,0O,, O,, mred, CO,
reactor X S ’
"] i im OH°, is formed by by € - M, collisions
Gas S . . . .
B oo | outlet in the GlidArc interelectrode region.
OHolD Simulation co
. . O 2 . . . . .
Liquid J I 4 H°g —> OH°®, => diffusion, reaction liquid phase
outlet OH+methyfred —»co, [ ;7
o [ OH°+H,0, <----->H,0+HO,* (1)
| HO,°+ HO,° <w> H30,+0, (2)
! OH°+OH°  <--->H ,0, 3)
! HO,°+ OH®  ----- > H,0+0, (4
A OH°+mred - > H,0+CO, (5)
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@ 2 bottom of the reactor

Model used Cthp (see tutorial of Absorption in a Falling film)

Equations solved in the domain:

-D, 5 +V, 5> R =0 inQ

xax

Diffusion flux ~ Convéctive flux ~ Reaction rate of
the reactions

Velocity gradient gv,/d
2
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1D diffusion model (setup)

OHlo : _Di%(o’t):kg,OH(pOH ~ConHon)
-D%(0t)=0@ -
Boundary limit xR _ . _
settings o e (O D W(O’t);vkg’wz ( Peox ™ Ceo, H'(ioz)

Mass transport  Partial pressure  Henry
coefficient in gaz phase constant

Average velocity: 0.0033 m/s Partial pressure OH®  in gaz phase: 1620Pa
Partial pressure P, in gas phase: 0, 10 and 20 Pa

Calculations were performed for 1, 10 and 100 seconds.

s

Concentrations of OH®, HO,®, H,O,, O,, mred, CO,, as a function of time and depth
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1D diffusion model (results)
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Depth of liguid film

Depth of liquid film . . . .
Hydroxyl radicals are consumed immediately by reaction 5

OH° + mred |~101 |/mole.s>> H,O + CO,

probably with H,O, as an intermediate species

| For contact times of about 10 s everything happens in the first 0.5 mm!
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1D diffusion model (results)
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H,0, is formed very rapidly near the interface : OH° + OH°,> H,0, then \

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

2D model
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2D model setup
OHc, is formed by by € - M, collisions
in the GlidArc interelectrode region.

reactor

OH®, —> OH°®, => diffusion, reaction liquid phase
Liquid film
T Gas o OH"
O OH° DS . outlet +
OH° |r.n.y’lat|on co,
Liguid J :‘Jz 4 mred - CO, + H,0O

outlet ‘ﬁ OH% metl'a'. |:Ed —»CO, r CO é CO Diffusion in the 4J
. 29 2l liquid phase

L X, 0

GlidArc T y % I """""""" Interface

Models used:

1/ Navier-Stokes incompressible (chns) 2/ Convection and Diffusion (chcd and chcd?2)

Subdomain Settings - Incompressible Navier-Stokes (chns) Subdomain Settings - Convection and Diffusion (chcd)

Equations Equation

Ty = o[- T
puPu = V{-pl+n(Vu + (Vu)J] +F Vi-DWVc2) = R - u'¥cZ, c2 = concentration

gt

Concentration of Concentration of
gaseous species liquid species

Vu=0

Velocity and Pressure fields

OH®, CO,, OH°, mred CO,,
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Flow simulation

1/ Navier-Stokes incompressible (chns)

Triangular Mesh

Gas intlet: : ; Gas

0.1 m/s Domain 2: Air outlet
Liquid : Liquid inlet:
o:?t:gt Domain 1: Water 0.01 m/s

Surface: Yelocity Field [m)fs]

0.1
0.03
0,06
0.04
0.0z

Max: 0,155

Liquid phase can be considered as immobile compared to the gas phase
Streamlines indicate an interaction between the two phases in the right end
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2/ Convection and Diffusion (chcd and chcd?2)

DOmaInS Domain
2: Air
@ ched chedz. | OHS, cO.
1: Water

Boundary Limits

| | | D, ~18-5 m?/s
OH°_: 0.1 mol/m3 de ’
g OH® Noy, = Doy, —5>
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OH®, = Hoh*OHg D, ~18-9 m?/s
Henry
constant

UPMC

COMSOL2011 Stuttgart 10



2/ Convection and Diffusion (chcd and chcd?2)
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2/ Convection and Diffusion (chcd and chcd?2)

Liquid phase reaction: OH°, + mred [~1010 |/mo|e> H,O + CO,,
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As in the 1D simulation hydroxyl radical are consumed immediately
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2/ Convection and Diffusion (chcd and chcd?2)

CO, production and diffusion in the gas phase
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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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Conclusion

- 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

Future Work

Setup of a bubble reactor or a three phase reactor

A lot of work for modelling
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Thank your for your attention

Questions?
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