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Reduction of Diesel Exhaust Gas Emission with Common Rail System
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Fuel injection system is one of the key technologies in order to reduce diesel emission. This paper describes an

advanced common rail system from some fuel injection systems. We present some test data of automotive engines

with multiple injection using common rail system : Pilot-, Pre-, After-, and Post-injection.
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Fig.1 Approach of emission reduction
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Fig.5 Injector operation
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Fig.6 Pilot-injection
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Table 1 Problem for high pressure injection

Problem

Component

Reliability

Performance

*Mechanical strength

Injector

*High pressure part seal

*High temperature durability
of resin and rubber parts
(Leak fuel amount increase
—Leak fuel temperature rise)

*Electromagnetic valve seat seal
*Nozzle seat abrasion resistance

Supply pump *Mechanical strength

*High pressure part seal

*Pump delivery amount
(Injector Leak amount increase)

*High-pressure sliding area lubricity

*High pressure part seal

Rail *Mechanical strength

*Pressure stability

*High pressure part seal

High-pressure piping || \\echanical strength
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Table 2 Problem for multiple injection

Factor

Problem

Plural number injections

Heat of EDU and driving energy charge speed of injector
Driving energy decrease of injector
+Collection energy increase at injector drive
(Consumption energy= Driving energy - Collection energy )

Closed injection

Injection amount change (Pre-, Main-, After-injection)
-Injector high response
( High response of electromagnetic valve and hydraulic )
-Decrease of pressure pulse and correction

Injection timing

Fuel adhesion to cylinder wall
by injection at piston descent position (Pilot-,Post-injection)
Penetration decrease of atomization

Torque change at exhaust gas temperature rise control (Post-injection)
- Correction of main-injection amount
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Fig.9 Heat release rate with pilot-injection

1.5

1.0

Smoke (BSLU)

0.5

/9

WO Pra

3

Z

]

Interval betwean pre and main Inj. (ms)

20 30

Fig.lo0oOooooooooooooooooog
obooooooOoooooooooocooprPre0noO
MainDOOOOOODOOOOOO0O0O0O0O0DOO0.4ms

coooocooo

Engine L4 | 2L
Me=1850pm Load: S5Mm
Main injaction tming: T
Fre mjection quanlity: 2mm” st
EGR rate 34%

ooboooobooobooooobooobooooooboon

Interval

A

92

a0

E:

\

=

Maoizse (dB)

=

S

WD Prrer

a2
3 2

1 o

Interval between pre and main Inj. (ms)

Fig.10 Effect of pre-injection

0260



ooood

0.3

0.2

P (g/kWh)

0.1

030 Afterd O

Engine:L4 2L
MNe=1750rpm ,Losd: 77Mm
Main injeclion bming TOG
After injaction quantity: 2mm st
EGR rate:25%

WD aftar injection

o

MO [k}

0.5

1.0

Irerval between main and after Inj, (ms)

Fig.11 Effect of after-injection

After D00 0OMainD 0000000000 O0ODOO
o0ooooooooooooooooMaindooQd
goooopmMOOOOOODO

Fig110 00000000000 00ooOoo00d
000000PMONOxO DO OO Afterd O O MainO O
gbooooooooooooooooysmstpPMOO

gooooooooooNoxobooooo

After0 000000000 OFig.120 O O O After
gobooooooboooooooboooooboooon

ooo

Heal refaase rale [NCA)
B

Crank angle ["ATDC)

HC: conceniration of exhausl gas {ppenC)

Fig.12 Heat release rate with after-injection

0270

4.5

4.0

35

30

2.5

Imerval

L WD aftar injection

0.5 1.0

Intarval batwesn main and afier Inj. (ms)

040 Postd O
PostOOOMainDOOOOOOOOO0OOOOO
goboooooobooboooobbooooooon
gobooooood
Fig.130 000000000000 000Postd O
gboooboooooboonrcOnOOoonOnoPoestdO
0obooO0ooATDC130° cAOODOOoOuonoooon
goboooboooooobobopestbObOOoonooon
goboooooobooooooboooooooo
OO000O0OATDC180° cCAOODDOODOOODOOO
gobobooobooobooobooooooooo
PostDODOODOOOODOOOODOOO

:

:

g

:

Past injectian timing {CA ATDC)

Fig.13 Effect of post-injection

Ergne L8 43
Meas3iDlepm Loed TTHm
[ Poat Injection Quantty 2mm’ st
i:wnm::alm in cylincar
_Il" —
'
1 ] Fued adhesion
s i cyfrder wall
100 130 158 180 235 270 315



o.0oon

gobobooboboobboobboooboon
gobooobooobboobbuoobboobb
gbobobobobobobobuoboboobgoo
gboboboboboboboboboboobgo
oo

gobooooobooooboooboooboboog
gobooobooobobooobobuoobobooobo
gobooobooobboobboobboobn
oboboboboboboobooooboooooon
obobobobobobooboooboooboooooon
gbobobobobobobobooboooooon
Oooooooooooooilsokm/hODooooog
goboobboobobobbooboobooboobooo
gobooboobobooboobobooobda

gooooboobooboobooooooooooog
ooogooboboooboooobboooboooboo
gbobobobobobobobuoboboobgo
gboooboooboobobobobobdeFRunto
drive0 0000000000000 O0OOOOOO
goboobogooo

0000ooO0oo0o0o000o0OvoelD O No.O O 2002

ogooooog
HNO0O0O00D00D000D0OO0O0DOO0OD0OO0O0OVolOb30
N0.10(1999) p.85.
2Q0000o0o00ooooooooooooooon
00000000 Vol.8l No.22(1999)01 p.102.
Jy0 0000000000000 00DO0O00O000
000000000000o00ooond(1996)
HOOODODDODOoDOooDOoDOooooooon
ENGINE TECHNOLOGYO Vol.100 No0.4(1999)0
p.94.
5) R.D.Reitz[J et al.
Reducing Particulate and NOx Emission by Using
Multiple Injections in a Heavy Duty D.I. Diesel
Engine, SAE940897
00000000000 U0oDoooooooon
OO00ooNOxOOonOo
01400000000000000019970

PGNP AL LP LG NG AL LGNS LP LGNS LD AP AP LGS AP SN LP LGN LGS AP NS LGNLDNLNAT

goooo

ooooo
oooooooooog

gobooooooooooooo
obooooooooobooboon
oooo

0 280

oobooono
ooooocooobooono

goboooooood
gobooooooooooobooon



