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Numerical simulation of VOC decomposition in an arc plasma reactor
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Abstract A range of techniques have been being developed to remove the volatile organic compounds from paining
processes. High temperature decomposition of harmful VOCs using arc plasma has recently been proposed, and this
work analyzed the extreme hot process by computer-aided fluid dynamics prior to the reactor design. Numerical
simulations utilized the conservation equations of mass and momentum. The simulation showed that the fluid flowed
down along the inner surface of the centrifugal reactor by forming intensive spiral trajectories. Although the high
temperature gas generated by plasma influences the bottom of the reactor, no heat transfer in radial direction
appeared. The decomposition efficiency of a typical VOCs, toluene, was found to be a maximum of 67% across the
reactor, which was similar to the value (approximately 70%) for the lab-scale test.

Keywords : Arc plasma, Numerical simulation, Reactor design, VOCs

1. ME f71Eo] A3 843G mRs FFea Bojalof
s, Abg AR 8734 2

2005 745 Rt A #E SN g spAnl, @438k =8 sl 94
(300l ofste] g 7] AqUolME= Y vOCs7h HrElo] 9lo] ti71e g Fo dglo] Ha ¢l
A 713} E(Volatile Organic Compounds, VOCs) 8+ t}, vOCs= 53] 4k g3} QakAlgl »
BT e AR WY& A8 A TAY ) “alsE VOCs a4 a1l ofAZ etz A ] X Pow o] Folx
w, ololl A=Ytk (BAWME : 15-SF-EN-05).
*Corresponding Author : Young-min Jo(Kyung Hee University)
Tel: +82-10-7121-2485 email: ymjo@khu.ac.kr

Received April 27, 2016 Revised May 23, 2016
Accepted August 11, 2016 Published August 31, 2016




ol skl SARI At ge vage =

scale-up Al T

=
=

2

Al (64.1%), AGAA(16.5%), AEAA(6.4%) 2 71E}

F71EAAE(13.0%) o2 A k2]
VOCs®] Hj

H]&-& oF 2% Wiol

==
5

L
L

5]

ke, 1
=

°

Fgoll A uf

Aet71Ee s =g A AlTd A8E, 2016
J

gl

k]

S 78R 2T gl WA

31

0

gl

A e

3}

of| L 2|94 2] (Energy equation)S A2t3]4] o A

S

A& CFD #7]#]¢] FLUENT

[e]

b

A1
back. olel g ANRALS 344

9

A+

-

°
el

[e]

gletslet. A8

(Momentum equation)¥} ¥H3-7] Ul GAES 3|4
7] 9
16.1

al

<3}
AN

OO]

e Hos
R

o] ol¢
27} 2(Regenerative Thermal Oxidizer,

A4y

Oxidizer, RCO)9| &

o

=

=

= A7
o

=
=

5

VOCs

=
T

L

L

A

oA LAY x
=i

ko] ¥L FA vehdoi3]. webd 8745
20159 1€ 195E 77| dx

VOCs?
%94

RTO) &

i

o
el

1%

A 571, A

L

[e}
L

5
2
Al

A

ap

o 2F8}A](Regenerative Catalytic

=
b

L
L

A
il

el
Hlo

)

174 2)(governing

sttt obgel

)

3

2.1 X|uH
equation) & A&

ke
¢

=

=

Aziel ek olof &

ol=

L

=]

}

I
hal

13
S

L

I} =
H,
o] 7}
Fo] 3% % VOCs

7] 9%

S
o A}

gulo] 23614
Ao L’
22 "1

s
glo] WH(DBD) BH&71E o] §3te] EFAS Al 46%

R
< A

4qr

HE 5% BTXE Sliding Arc

=
=
KR

=

ol A wi

F

oters

af

o

g
Ok=
2

2ol &

].

A= Akl -8

A)
=

AT

S

Zj

ol
(

Fo] ALk
(pkU;)

2]

0T

ox;

o]

AT} [7-8].

(pU)=0

(PU[UJ)
_oP,

ox;

(pk) +

N

2}
ox;
2}
ox;

ot

- Momentum conservation equation :
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- Energy conservation equation :

SEERE

=

°]
o

a}

=

=

L

L
=
=

3}

S

3H4]

2z}

3T

=

H1ell= 217k 3L

[

Zolt}. A plasma torchol A
A 34

£3le] WAl oF 90%,

Al

A

Z]
&

A <3 & (Computational Fluid Dynamics, CFD)

o} e 4

o
ok
g

1
Ak
3}

89%, Adal oF 84% AT PO EM o=
[s}

Plasma(SAP) 374

o]



e

ol§2 ok Beznt w879l voos BN BAAT

- Species transport equation :
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Fig. 1. Schematic configuration of test reactor.

Table 1. Parametric conditions for model calculation

Boundary Types Values
VOCs inlet velocity inlet | 3 ms/min, 300 K
torch inlet velocity inlet | 0.04 m’/min, 3000 K
outlet outflow zero diffusion flux for all variables
other sides wall standard wall function
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Flow patterns in the reactor at room
temperature; (a) tangential inlets and top
torch; (b) streamlines of air flow-in from the
top torch; (c) flow velocity profiles across
the reactor.
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Fig. 5. Iso-surface body of the thermal flow at 1400 K.
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Fig. 7. Distribution of toluene mass fraction across the
reactor.
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