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Abstract : The selective catalytic reduction(SCR) system used to reduce NOx in diesel engines requires an NO/NO,
ratio of about 1 in exhaust emissions to realize the fast SCR mode at temperatures lower than 300°C. This study
investigated the characteristics of a plasma system as a pre-active apparatus for the fast SCR reaction mode of an SCR
system. Plasma was generated by the pulse corona discharge(PCD) method with a four-channel wire-cylinder reactor.
This study showed that plasma was easily generated in the exhaust gas by the PCD system, and the peak voltage of the
normal state condition for plasma generation was generally 12 kV. The PCD system easily converted NO into NO; at
lower temperatures and the NO/NO, conversion ratio increased with the discharge current for plasma generation. But
the PCD system could not convert NO into NO, at higher engine speeds and higher engine loads due to the lack of
oxygen in exhaust gas. The PCD system also activated the diesel oxidation catalysts(DOC) system to reduce CO

emissions.

Key words : Diesel engine(T] & 7], Plasma(Z2FZ"}), Pulse corona discharge(E 2= 2 UHFA), SCR(A ) 4
A, NOx(HAaAtshsE)

Nomenclature .M B
PM : particulate matters H st = Y ARE AR sl &7 s T AE v
LNT  :lean NOX traps SA717] YI8A] Izl A7) S vl Eehe] 42
LNC  :lean NOx catalyst Al =gl gk A7t el A XL vk 5
SCR :selective catalyst reduction 3], Euro 6 7] RH5A1717] 841 f3lli &=
PCD  :pulse corona discharge S NOxE =LA AFA|A KT 3h= @Al Fo] 9l
DOC  : diesel oxidation catalyst o} NOxE A 7HA17]17] 93 o2 2 LNT
Ipm : liter per minute (Lean NOx Traps), LNC(Lean NOx Catalyst), SCR

(Selective Catalytic Reduction) 52| 3 2] A|=8l&
o] 7w o) A 249} LR OHNH;)E
o]-8-gk SCR o] ] A&stHar = Aol

o} 2-4)

"Corresponding author, E-mail: khryu@kunsan.ac kr

70



CIE ATl FX{2Z|ZX|ZM PCD

SCR Al=®1¢] A, 7|24 o5 v uj7] o] 4
22EHE T 2F90% o] O % o] Fo1 A U= NOE
22 o] dryolol whg-she] ANy = HEHA]

+ “standard SCR” Wh-&-ol] o]a) A NOx& A 3HA|
=, o] §F-3-2-300°C 01’6«] o Ak A E
#7} vk S3S 2 vk @, NOSH N0, 7}
A Eole} 1S OP‘— “fast SCR” ¥H3-2 “standard
SCR” RF-g-1.t} vl -9- wh= 131 53] 300°C o] &}e] A
ol A% NOx AdEa7t 2 Ao delx] 9lo]
B2 A7AE o] “fast SCR” W& o] -8-3F¢] NOx
= A7A 7 1A} w2 &b g0

1} “fast SCR” WE-8-S fl3 A= W=7k~
o] NO/NO,®| H]7} 19| 7W7h-&545 & 32 o]”
ol AT %= NOy 7t E A sted of st o] A<l
o] MlE&=F NOx 2] e NO= HH 7]
ol NOE NO,= Z kA Aok F=ofo} al= A7
zka 9l ol flEiA Yol A= DOC(Diesel
Oxidation Catalyst)Z SCR Athol] A X]slo] NOS
AAA 3L gl Aol

2 ATl A= A o] w7 el = 5 NOx
A A 717] 913 W O = “fast SCR” WH3-S &%
@_o_i:'lz“ﬂ_}\];‘va] o]‘—)\i OJEa] .H/\ 1/],
Z(Pulse Corona Discharge, PCD)"W2] o] Z-&}=1} A
2gle] A8 aEstiTh PCD WA o] Feh=

Fl

o Mo > 2 om

i) érz
m

2 ]

Ealxo AlAglol BE o7

M) E7}2o] ]2

AR

AlEel Hal Z)eRatel 719 & mTt eddy
=]

I(W-130, SCHENCK)®ll 2] 3}

o] ok 7 AEE Sk Ao AFEH A
Z1¢] 32 A}FS Table 191 YERHA AT
AR YzhpE 25 80+2°C = LA BHA Aloja}

o=

7}
Fom, dF 3 HTE 1,200rpmE-E] 300rpm {HA
2400pm7H4] WA 7 A AL e

Table 1 Specifications of test engine

Item

Specification

Engine model

Number of cylinder

Bore x stroke (mm)
Displacement (cmz)
Compression ratio
Combustion chamber
Coolant temperature (°C)
Injection type

HD D4BB

4

91.1 x 100

2607

22

Pre-combustion chamber
80+2

In-direct injection

O = 5 iecti
n} WA B4 lL]-Q—],'o}—J—J_’ PCD Z&}=u} A|2H 0] Injection pressure (bar) 140
PCD Reactor DOC F‘;,',',:é?,‘,f;;’?e Ig
- 088 I [ )
IT PCD In P_rco out
P_rco In‘
A/F
\ T_rco out
DAQ Board
i =9
(1] IIIII
| (i
Exhaust Gas Opacimeter
Analyzer

Fig. 1 Schematic diagram of experimental apparatus
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Table 2 Test conditions

Item Test condition

Engine speed (rpm) 1200, 1500, 1800, 2100, 2400

Engine load (%) 0, 25, 50, 75, 90, 100

Without plasma, Plasma 500W,

PCD condition Plasma 600W

DOC condition DOC, PCD+DOC
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Photo. 1 Plasma reactor system
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Table 3 Specifications of PCD reactor used in this test

Cylinder Wire
RPM | Di i i
Diameter Structure|  Material Diameter | Supporting
(mm) (mm) | method
1200 25 Quad I | Tungsten 0.3 )
1500] 30 | Quad2| Tungsten | 03 | Fixedby
compressio
1800 30 Quad 2 | Tungsten 0.3 .
n spring
2100 25 Quad 2 | Tungsten 0.3
2400| 30 | Quad2 |Molybdenum| 025 F”;Z‘itby

Photo. 2 Image of Plasma in the 25mm Quad cylinder reactor

14 0.8
12 Voltage Test Reactor : $25 Quad Cyl.
N Current -— Rep. Frequency : 30 kHz
10 TPS Time : 3 psec 40.6
DCV Setting : 160 V (Input 145 V)

9 8 TestGas : 2.2 mslmin, Air 0.4
R <
g 4 0.2 E
£ £
g 3
> 0 0.0

2

a4l 0.2

6L

L I ) ' ) .04
5.0 2.5 0.0 2.5 5.0 7.5 10.0
Time (psec)

Fig. 2 Voltage and current for the Plasma generation
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Fig. 3 Oxygen concentration of exhaust emissions
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Fig. 4 PCD inlet temperature in exhaust pipe
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(b) 2nd test after ageing test of PCD reactor
Fig. 5 Ageing test result of PCD reactor
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Fig. 6 Effect of PCD reactor on NO emission without DOC
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Fig. 7 Effect of PCD reactor on NO, emission without DOC
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higher engine loads and engine speeds



CIE ATl FX{2Z|ZX|ZM PCD

rir
Tn
]
o]

Fig. 30l A 3L 21
A o] Fehzetel wig
NOE NO,= HghA] 714
7} 0 2 SCR E&714

glo] 7] #l84+= NO7t
S - AL aRstel A o] Fefkzvt vk
FENONO,E i3 = Ql== 7}
o WagHe & 4 ek 1ol ¥
gHNO, H& 575 A

ol A1 2] SCR && 7|4l T34 oletar

sk Fig 92} 10 1,500rpm S} A3 3] 7
75%°] <X HF-afpoll A z}zk PCD Al Z=Hl
DOCE ﬂﬂs}ﬂ s
o7k coel W& gl v
o|th Fig. 9o & 4= ¢
= Zek=rht 3l
o] & HolX
o] A ztol #

off
i =
POUNN s

=7} 7

o £
jz lm
i 2
oM
ol
o =
13 ﬂ~
mlO >+ﬂ
g2 o r?i'
Lo o
A% fob o L Bx

ol
o

oo
b

o
X

R

—1—’ﬂ—’

it}
_E o2

N
==

of
i He

[¢]

29w ey oo &Ko o X

iC) )
1%4 e re
—_ 0
= S
oo >
= B
5 o

mﬁﬂﬁ

%
it
2 L

2 0

o
o2 -

jodl
ik
w L5 b
i 2 o
SRS )
o and
= o
o o E{E
RN
o B2
o =Y

Ko
xo, If
2 o
AL

[o [N
4
~

X o

o L2

2 8
ol
S5
5O
-
!
s}

140

120 2
100 |
E s}
k=3
O 60
(@]
“1 No PCD
Engine speed : 1500 RPM o
20| Engine load : 75% —— PCD 500W
PCD Inlet Temp. : 288~303 °C —— PCD 600W

0 | | | | | | | | |
0 20 40 60 80 100 120 140 160

Time [sec]

Fig. 9 Effect of PCD reactor on CO emission without DOC

100

—— DOC only
—— PCD 500W + DOC

80

60 |

Engine speed : 1500 RPM
40 Engine load : 75%
PCD Inlet Temp. : 291~304 °C

0 20 40 60 80 100 120 140 160

Co [ppm]

20

Time [sec]

Fig. 10 Effect of PCD reactor on CO emission with DOC
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