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Abstract: NOx (Nitrogen Oxide) reduction system periodically needs a rich or stoichiometric operating condition to
reduce NOx. A new method that optimizes the control of external HC injection into a diesel exhaust pipe for HC-type
LNT (Lean NOx Trap) catalyst system has been developed. In this paper, these catalysts are called HC-LNT catalysts.
The concentration and amount of HC can be controlled by controlling the external injection. In this study, we
investigated the relationship between the spray behavior of hydrocarbons injected into the transparent exhaust pipe and
NOx reduction characteristics. From the results of this experiment, we obtained useful information about the optimum
injection and position of HC injector to the exhaust pipe. Further, we obtained useful information about the optimal
injection condition for an HC-LNT catalyst system with a gasoline PFI (port fuel injection) typeinjector.
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Fig. 1 Configuration of the engine and after treatment
system
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Table 1 Experimental conditions
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Table 3 Experimental conditions

Inj. pressure 4bar
Inj. frequency & duration 40Hz, 10ms
Number of injection 80
Temp. of reductant 40C
RPM of engine 2000 rpm

Attached angle of injector 0°, 10°, 20°, 30°, 45°

Table 2 Experimental conditions

Inj. pressure 4~7Tbar, 0.5bar interval
Inj. frequency & duration 40Hz, 10ms
Number of injection 10
Temp. of reductant 40T
RPM of engine 1750 rpm
Attached angle of injector 0°

Injector
&1 cooling
— device

Visualization
tube(pyrex)

Visualization
tube(pyrex)

Injector

Fig. 3 Spray visualization system in the exhaust pipe
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Inj. pressure 4bar
Inj. frequency & duration 40Hz, 10ms
Number of injection 60
Temp. of reductant 40C
RPM of engine 1750 rpm
The d1staniczltgrl(;rsnt injector to 20em, 45¢m, 70cm

Fig. 4 The distance from the injector to catalyst
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Fig. 5 RMS image with various supply pressure at 90°
bended exhaust pipe

2.5 19F oo AHelo| wWE Nox d=t 5
M =X

1A o %UHQ Ael Wste] wE Nox A3}
544 5439 Fig 4 & Fvl9 9x& Wl
AZIEA QAE e FZuote] Anls 24 5 9l

_|>|

.'_



3.1

M rlo o
-
= ot i o
Bl e
-
>
>
N
N
=2
=
o

ot

r~1m

10
oltt.

3lo] w}g} HFggko] WolAL-
o] Fig. 6 o W nke} o] dAw
o FrEArE i
ZAojAm R
wHeb A Fgol

Qlet7] 913k 23S ?6@6}"34 Fig.
o]

ox o,

ofn it
o

am

x
gl
>
iR
i
2
ml
=
N
ki
=
Ao
4o
N

Ak AN s A RMS Bshe 1
2RelA w vhot o) 24 qhelo] 27}

5 A %

FUAe RLIGS
7

F29 %] el JAAHZHEH 10cm~20cm F-
o] Aol JojA e EFATES AAE §FF
7}kl tjste] 7hAlslele] RMS ket 19 o]
ol QIAE FAZE 09 79 Aol uishe
X WAl 7Y Hlow RAAET AAFH
EEGGLe HY 56%0A HA 30%7HA FA=
v A%e e ol FFzmrE A
wpel el 23 EAFele] Impingement <l
g W F EAo] duldor AA Yehs dde
2 JdE

T T T T T T T T T T T
55 —m—P=4.0bar, Duration=65ms 1
50 —®— P=4.5bar, Duration=65ms A
P=5.0bar, Duration=65ms V//O//.-/.
€ %[ —v— P=6.0bar, Duration=65ms y/ﬁ”.-/. ]
E 4} P=7.0bar, Duration=65ms vie w 1
= vyem
S35 N ]
c N, &
2 30 /V/|//‘/ ]
- 7 %
S 25+ /V/‘//‘ 1
Y
: wl . )d*d‘ ]
15[ J 8
& .

10 Spray velocity : 1
5F 7.0>6.0>5.0>4.5>4.0 ]
of & ]
5 | 1 1 1 1 1 1 1 1 L L

175 200 225 250 275 3.00 325 3.50 3.75 4.00 4.25 450 4.75

After start of injection(ms)
Spray tip penetration lengths at various fuel
supply pressures

=2 o];ﬂs} .

°|71%

Fig. 8 7} Fig. 9 © LNT vl $ehoA 2] NOx <
THC % 54 Yeld 22 o]t} 40Hz, 10ms
2 80 3] AHFEAE 60 = HAHoE FAFSHY

LNT Evjle] Nox & 147 A4saT. B4
$4} Alpbth THC 9 NOx ¢ ¥Ei #3hHom

A I =2AE FASY slip HE FFS

L gle.m, 1% Sufe] @ AAeA &Y HE
Hdow waeh o|F THC 9 NOx FEE #
A3 2 }04 Fdabge vebdivh. 183 Fig
10 2 ko] THC slip Fol F45 S A= =
L e F% AA dvErwd wl B4 Alwch
NOx 9] sx7} AR & F A3 F7tst
o7 sfghsls 'l woln] o= Wi 93
usol 71skel SdAel o3 dFeletn wekd
ok RIAE AR 000 A5 Alste sjEe] A
o] WolA iz Ao mop Ml g =i

I EEE
Bl A3

AR oz QlAE RAZGE 00 Z9 NOx ¢
THC ©] Slip #o] 7Hd ZAl JepuA sk 12
FAAETE Al el A vehdth Ao

=2 JAAE FAAETF AR wet Fsta g 7t
23 ©)& Fig. 7 9 Ay} o] WEH Z7t
of oste] YA FEI} i‘ﬂ%vl &oF LNT el
A 2dE NOx 7F SHl¥ A &L Slip 7] W&
o7 ek}

Rich Lean

o1 AE BB

(0~10cm)

0°

20°

30°

45°

Fig. 7 RMS image of each attached angle at 90° bended
exhaust pipe



e QAEE TS HOLNT Sulo] 48517 918 H4 $A 200 Bt A7 125

120 T T T T T

110 | |—— O degree

HC Injecti
—— 10 degree -~ C Injection
100 | |—— 20 degree
90 | |~ 30degree
—— 45 degree

NOX (ppm)

L L L L L
0 100 200 300 400 500 600
Time (sec)

Fig. 8 Effect of the attached angle on NOx reduction
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Fig. 9 Effect of the attached angle on THC emissions
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Fig. 11 Comparison of NOx conversion efficiency with
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