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Abstract

CO, emission has been gradually increased due to rising fossil fuel use. A gliding arc plasma scrubber (GAPS)

was proposed to destruct CO,. For optimum design of GAPS, a CFD analysis has been conducted in different

configuration for the system. The parameters considered included gas injection velocity at the nozzle and gas flow

rate to gap between electrodes. The reactor configuration affected velocity fields which caused changes in the

mixture fraction and the retention time. The mixing effect of CO, and supplied gas (CH, and steam) was enhanced

by installing a orifice baffle. This revealed that the orifice baffle is effective in CO, conversion by positioning the

reactants in the gas into the center of plasma discharge.
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Fig. 1. Schematic diagram of 3-phase gliding arc plasma.
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Table 1. Conditions of parametric screening study.

Case Case R Case 1 Case 2
Injection velocity (m/s) 41.4 64.9 81.5 98.1 165.8 41.4
Gas flow rate (L/min) 25 25 15 20 30 50
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Fig. 2. Calculated velocity and vector in a gliding arc plasma reactor.
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Fig. 5. Calculated temperature in a gliding arc plasma reactor.

ol o 1 e e R —05
B | ——— Velocity-with orifice | 7
! —HH— Velocity-without orifice L ]
L | ——@—— Mixture fraction-with orifice | i
4+ ——©—— Mixture fraction-without orificer {04 X H0.4 &
- ——aA—— Retention time-with orifice 2 A )
—~
v o —A— Mixture fraction-without orifice, | N L
£ r w X
< L o )
>a< 3 B 2 03 N
© I S T B
N[ 1 5] o
w— i
o L 4 E
2 2F Ho2 @ H02°%
o = 4 o
30 1 g1 2
L S
> I £]1 %
1~ b S H0lx
0 0 -0

0.035
Semidiameter of X asix (m)

(a) Simulation result of X asix direction

50 50 —0.008

L W With orifice [CYRRE i

L —= [ Without orifice i
S a0 40
>t 1 0008
I, C 1 & 4
& 19 g
S a0 302 ] %
2 F 2 £
g 9 —0.004 E
g @ =
S I °1 w
= 2r 0 8 1 2
o & .
s L T
R —0.002
9 10l 10

C H, H, Eenergy -0
destrucnon converslon selectlvny selecnvny decumposmon
rate rate efflclency

(b) Results of experiment

Fig. 6. Comparison of simulation and experiments.

Se]v| 27t A"

A3 e A% CHYCO, v], F4 7t= &=, 712F
He 1A F37] vne] WA evx G4
o wE CO, A7k 33 sheteteleh O, 3 CHA

=) 7] 27 8ts] 2] A 304 A4 %

382> FA Zol7k Al kAL, 2Bl v} A
2 797k 23 2 Y= 22920} A"
735, olakstekA F wlek A3 T2 ouvA] 2
2 Z}7}; 35.5%, 42.5%, 0.0048 L/min - WS 1}e}
.L]_/;i Qlal] Hlxedede] FAlH =z n)

W M ER RN E BN
WA el HE4g AL Behzs 08 e
= A% A2 4 9ok T 3] 53 ARelA



i
64.9 m/s 98.1 m/s 165.8 m/s

(a) Velocity of contour and vector

41.4 m/s 81.5m/s

9% Feholq ok Fepze} 22 345

e 2] $A]A Ak

20||||||||||||||II|||II|IIII|III
B | ——@— Injection velocity = 41.4 m/s |
- ——HH—— Injection velocity = 64.9 m/s )
- ——<&—— Injection velocity = 81.5 m/s |
- ——©O—— Injection velocity = 98.1 m/s !
15— ——A—— Injection velocity = 165.78 m/sl

Velocity of Z asix (m/s)

0.03 0.035

Semidiameter of X asix (m)

(b) Velocity of Z asix direction

Fig. 7. Calculated velocity and vector of increasing nozzle velocity in 3-phase gliding arc plasma.

64.9 m/s

41.4 m/s 81. Sm/s 98.1 m/s

(a) Mixture fraction of X-Z area

165.8 m/s

0.5 L L L B L BRI BB LR
| ——— Injection velocity = 41.4 m/s
—H— Injection velocity = 64.9 m/s
. ——<&—— Injection velocity = 81.5 m/s
0.4 | ——6— Injection velocity = 98.1 m/s
'

—A— Injection velocity = 165.78 m/s

0.3

0.2

Mixture fraction ratio of Z asix

0.1

Semidiameter of X asix (m)

(b) Mixture fraction of X asix

Fig. 8. Calculated mixture fraction of increasing nozzle velocity in 3-phase gliding arc plasma.

eejslag AASER A4 Aol whE FAZ
22132 WA WAS Hase Bl AFAel
Sieh 2219t gl A4, Behnh wed el
e S Faa wA hasrel F7kslel,
CO, Aghgo] Faal Ase o

3.2 =& Fel =A
a8 72 EFehzeh o) W R4 e =S

E7P 57}5,;}

Case R-/] ZZNA & £55 WIS}
gt=zu} ¥27) W &3 285 e A
8(a)x W71 AA el AFAIZE

o mln

J. KOSAE Vol. 30, No. 4(2014)



64.9 m/s 81.5m/s 98.1 m/s

(a) Retention time of X-Z area

41.4 m/s

165.8 m/s

LS e AV
——&— Injection velocity = 41.4 m/s |
—+H—— Injection velocity = 64.9 m/s !
——<&—— Injection velocity = 81.5 m/s |
——©O©—Injection velocity =98.1 m/s 5600

o

IS
T T T T T T T T T T T T T T T

4200

I
'
I
'
| —A—— Injection velocity = 165.78 m/sl
'
I
'
I
'

2800

Retention time of Z asix (sec)
N

Retention time of Z asix (sec)

1400

IS =S S )

0 0.03 0035 004

Semidiameter of X asix (m)

(b) Retention time of X asix

Fig. 9. Calculated retention time of increasing nozzle velocity in 3-phase gliding arc plasma.

5338 6i 338 6
81.5 m/s 98.1 m/s

3386
64.9 m/s

(a) Temperature of X-Z area

200 ||||---||||||||||||||||||||||luu
——— Injection velocity = 41.4 m/s

H ——H— Injection velocity = 64.9 m/s H
I ——<&—— Injection velocity = 81.5 m/s I
! —O— Injection velocity = 98.1 m/s !
p ——A—— Injection velocity = 165.78 m/sl

150

Temperature (°C)
o
8

50

0.03 0035 0.04
3386 . .
165.8 m/s Semidiameter of X asix (m)

(b) Temperature of X asix

Fig. 10. Calculated temperature of increasing nozzle velocity in 3-phase gliding arc plasma.

2
=
ol
o
oft
o
o =
u
%
>
N
S
Rl
ﬁ
=
)
59
lo

& 4 ek
I3 9% Case R9] 7oA =& £x=5 W33}
R o Eekzrt vkgT) W AFATE veRd A
ojth. & &=rt FUHE A ] FA 999
[e) E

k)

AFAEE S7HEE Aoz Ads e

3] eejv|a ARo] FHAM A FAZEe] F4

=) 71373813 #] A 3049 A4 5

2 /e Aoz deldt e x& &x0] F
7V7b AFAZE SHgezA AS Abelellr] Eet
Zu} e A o] uks-Eo] AFAIZHE F7HTE
a3 79 2 &S MR 4 oS Hlew A
b 981 mis o 9] wE SmelAt ojvls A
o EHe] wukg el Tk A o 4 Sk

% 102 Case RO 27NN =& £55 W33}
Ae W Fekzvl wey] o 2w wEE el
Zeleh. 18 10(a)E dH7] AA Fdeln 2= W
35 vehlen, 28 100b)E 97 FA oz HE
wAueko 2 g At 93 ALY dHolEE




oAbEtElA: S 917 FEteld ot Fepzvl ATEule FAAA 347

5 T || T TT | T TT | T TT | T TT | T T | ||| T
C ——m—— Gas flow rate = 25 L/min X
L —+H—— Gas flow rate = 15 L/min
L —<&—— Gas flow rate = 20 L/min |
4 ——O6—— Gas flow rate = 30 L/min !
B —~A—— Gas flow rate = 50 L/min |
—~ B Ll 1
[ -
£ [ |
x 3! !
2 | |
N L i
S b I
g 2 _— ' '
s [ I
> L '
1= 1
= 1 1
0 -| || [N AN A N
0.03 0.035
; | Semidiameter of X asix (m)
15L/min 20L/min 25L/min 30L/min 50 L/min
(a) Velocity of contour and vector (b) Velocity of Z asix direction

Fig. 11. Calculated velocity and vector of increasing gas flow rate in 3-phase gliding arc plasma.

o [l e AN B e e

- | —— Gas flow rate = 25 L/min |

r ! —+H—— Gas flow rate = 15 L/min !

o5k | —©—ocasflowrate=20LUmin |

% r —6—— Gas flow rate = 30 L/min '

o C —A—— Gas flow rate = 50 L/min |

N - '

5 02 |

° C !

g C |

5 05F .

e ! |

o o1f |

5 C '

X L |

Z o5k i

oF
. ) . X Semidiameter of X asix (m
15 L/min 20 L/min 25 L/min 30 L/min 50 L/min m
(a) Mixture fraction of X-Z area (b) Mixture fraction of X asix

Fig. 12. Calculated mixture fraction of increasing gas flow rate in 3-phase gliding arc plasma.

bl Aeleh wBelAl BAEE ks fel 27h AAE SReAE st 79 shasel ZvksR

ol w}a} N e R N I A o R
A% & % ook ek,

a9 125 wFe FFEE S kD e

3.3 HATIAY Wt 7] sherella] FUEE Fhs e ZAAA o=

39 118 9e7) ) 4 @ske ek Aelsh ] ) SRS ekl Roleh £ Tk

sk 79 shagrel Z7hgel ek AT 2R fakel ZARST =B Taskasl SRRl T

S Aol A WAskA goieh it eelslagh  FE shaske] E3tel Fkstel gl Aasiee

J. KOSAE Vol. 30, No. 4(2014)



0.0
NO.SN
0.9

15 L/min 20 L/min 25 L/min 30 L/min

(a) Retention time of X-Z area

Lo o i e
r l —@— Gas flow rate = 25 L/min
L —H— Gas flow rate = 15 L/min
—<&—— Gas flow rate = 20 L/min
i ——©—— Gas flow rate = 30 L/min
0.6 —A—— Gas flow rate = 50 L/min

Retention time of Z asix (sec)

0.03 . 0.04 0.04!

Semidiameter of X asix (m)

50 L/min

(b) Retention time of X asix

Fig. 13. Calculated retention time of increasing gas flow rate in 3-phase gliding arc plasma.

20 L/min

15 L/min

25 L/min 30 L/min
(a) Temperature of X-Z area

50 L/min

L o o
l ——&—— Gas flow rate = 25 L/min
—H— Gas flow rate = 15 L/min
—<&—— Gas flow rate = 20 L/min
——O6—— Gas flow rate = 30 L/min

0.6 —A—— Gas flow rate = 50 L/min

Retention time of Z asix (sec)

0.04 0.04!

Semidiameter of X asix (m)

(b) Temperature of X asix

Fig. 14. Calculated temperature of increasing gas flow rate in 3-phase gliding arc plasma.

;ﬂu 132 9bg7] W AFAITE delid Aeln
FU7E FEFel MRS E AR
Kd gy ]"—‘ AHE Yehon, 53] 7|E 2714 25
L/minel|A] 30 L/min& & x}o]& Ho|x] &x]=l, 50
L/mine| A= A FA)7ke] 0.2sec 0|3t FHAs}g]c)
weba A4 T34 W9l oF 25~30 L/mine]
A5 Aoz dorEeld.

29 14t FeErl 0e] o Sx RS U
W Aol 25°C AR W) kel LT
o] ZIIgel wet Yol o5 HE wE 2=

_,;
rﬂd N
L

=) 7)8 4832 4304 A4

ek Asts el

.4 B
# pelae Febze) W) o e w9
oz Zv A2 & glx 2s)ne] G el

ru rlr

x84 R A A7E $Yeigo S A
25 =2] Phoenics V2012& A}8-3}o] 4=3)3}5] o}
71&2] geteld bz Fehzube AS Abele]



oAbEtElA: S 917 FEteld ot Febzvl ATEuie FAAA 349

wel Fehze} A7 43¢ woltd S Hx

slsleh & AFoIA ANE 223 nE 448 Bet

zo} g7 e Fehzel g deles WSEE ©

uzeol SJs) AFeh] FUFO2M ANE wFE
=

Agsie 4wk xg 2 ADHE 247,
AN Az Behzeh eI Skt A A

7 mFolA FFEE Tkl 3 = Q%S
A e 2juarh AAEH EFEEe] AAEEA
A 27eA elasteka ARHES ¥ & SE
L4z ALEGT AL B3 ARl AE ol%
sto] Aol A g3te] B Ak AT Abelo]
S¥A AAE kA B3RS STMIA oibEtE
& AZmgo] yomr duibHel Feteld ofa &
ghzn} S o s AAE w2 FF] At rbhed
< galskact

2tAtel

o] TEE 012d% AR (@EE) 4] 49
oz ¥FATARL AL Yo} SAH 7|27
A3 ) (No. 2012R1A1A2007144).

References

Bird, R.B., W.E. Stewart, and E.N. Lightfoot (1960) Transport
Phoenomena, John wiley and Sons.

Chiu, S.Y., C.Y. Kao, C.H. Chen, T.C. Kuan, S.C. Ong, and
C.S. Lin (2008) Reduction of CO, by a high-density
culture of Chlorella sp. in a semicontinuous photo-
bioreactor, Bioresource Technol., 99(9), 3389-3396.

Chun, Y.N. (1999) Numerical Simulation of Dump Combustor
with Auxiliary, KSME International Journal, 13(12),
948-961.

Fridman, A., S. Nester, L.A. Kennedy, A. Saveliev, and O. Mu-
taf-Yardimci (1998) Gliding arc gas discharge. Prog.
Energ. Combust, 25(2), 211-231.

Hirata, Y., M. Ando, N. Matsunaga, and S. Sameshima (2012)
Electrochemical decomposition of CO, and CO gases

using porous yttria-stabilized zirconia cell, Ceram.

Int., 38(8), 6377-6387.

Indarto, A., D.R. Yang, J.W. Choi, H. Lee, and H.K. Song
(2007) Gliding arc plasma processing of CO, con-
version, J. Hazard. Mater, 146(1-2), 309-315.

Jin, W., C. Zhang, X. Chang, Y. Fan, W. Xing, and N. Xu
(2008) Efficient Catalytic Decomposition of CO, to
CO and O, over Pd/Mixed-Conducting Oxide Catal-
yst in an Oxygen-Permeable Membrane Reactor,
Environ. Sci. Technol., 42(8), 3064-3068.

Khalil, E.E., D.B. Spalding, and J.H. Whitelaw (1975) The Cal-
culation of Local flow Properties in Two-Dimensi-
onal Furnaces, Int. J. Heat Mass Transfer, 18, 775-
791.

Kim, S.C., J.H. Jeon, and Y.N. Chun (2013) Characteristics of
Carbon Dioxide Destruction with a Plasma Torch
and Effect of Additives, J. Korean Soc. Atmos. En-
viron., 29(3), 287-296. (in Korean with English abs-
tract)

Kim, S.C., M.S. Lim, and Y.N. Chun (2014) Reduction Char-
acteristics of Carbon Dioxide Using a Plasmatron,
Plasma Chem. Plasma P, 34(1), 125-143.

Li,R., Q. Tang, S. Yin, Y. Yamaguchi, and T. Sato (2004) De-
composition of Carbon Dioxide by the Dielectric
Barrier Discharge (DBD) Plasma Using Ca, ;Sr, 3 TiO5
Barrier, Chem. Lett., 33(4), 412-413.

Park, C.M., W.J. Ahn, W K. Jo, J.H. Song, K.J. Kim, W.J. Jeong,
B.K. Sohn, B.K. Ahn, M.C. Chung, K.P. Park, and
H.G. Ahn (2013) Study on Conversion of Carbon
Dioxide to Methyl Alcohol over Ceramic Monolith
Supported CuO and ZnO Catalysts, J. Korean Soc.
Atmos. Environ., 29(1), 97-104. (in Korean with
English abstract)

Patanker, S.V. (1980) Numerical Heat Transfer and Fluid Flow,
Hemishphere Publishing Corporation, New York.

Rim, B.S., S.H. Kim, and Y.G. Park (1999) The Decomposi-
tion of Carbon-dioxide and Methanation with Acti-
vated Magnetite, J. Korean Soc. Atmos. Environ.,
15(2), 183-190. (in Korean with English abstract)

Spalding, D.B. (1989) PHOENICS Training Course Notes, TR
/300, CHAM, 1989.

Spencer, L.F. and A.D. Gallimore (2013) CO, dissociation in
an atmospheric pressure plasma/catalyst system: a
study of efficiency, Plasma Sources Sci. T., 22(1),
1-9.

Wen, Y. and X. Jiang (2001) Decomposition of CO, Using
Pulsed Corona Discharges Combined with Catalyst,
Plasma Chem. Plasma P, 21(4), 665-678.

J. KOSAE Vol. 30, No. 4(2014)



	이산화탄소 전환을 위한 글라이딩 아크 플라즈마 스크러버의 수치계산
	Abstract
	1. 서론
	2. 연구내용 및 방법
	3. 결과 및 토의
	4. 결론
	References


