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ABSTRACT

This paper describes the effect of the split injection on combustion and emission
characteristics in a common rail diesel engine at various operating conditions. The
combustion pressures and exhaust emissions such as NOx and soot were measured at
various split injection timings. The experimental apparatus of this study is composed of
4 cylinder engine installed with piezoelectric pressure sensor, EC dynamometer, and
exhaust gas analyzer for the measurement of NOx, CO, HC and soot emissions.

Results show that the split injection has a great effect on reducing the rapid premixed

combustion and NOyx emissions.

Key Words : Split injection, Combustion characteristics, Emission characteristics, NOx,

Soot
2l =449
t main  Main injection timing EMS Engine management system
b oior Split injection timing TDC Top dead center
cov Coefficient of variation P .«  Pressure maximum

LM E

2% 4233 2 AFAHEyE Jor fast
zo 9@ AT L98, 023 T, A4, o
Jled 59 8§73 FaA HAY A8 BFAZ o
. eguta oo

+ A& A2} cslee@hanyang.ac.kr
o= Ggdetn VA FEE

T gt AFae f3 WEE AR AF
A AgdA mlg FLE A7 el Ha 9l
o.

53 #¥ TAME 820 dAANY FA
vl &o] Frlate FAdl Ut WA dEE0]
Eol CO: W& %ol He dAddIe AEsr)
g8 gad A7st APHD ok TR BH
= 28 A §71 45 2 AF FAuo] A
Fful Bgel FrksEA fAdR el B
A4ol AFHa glrh zey dRAQDLe stE



Al 313) KOSCO SYMPOSIUM =3 (20068 % F4)

105

SERERER
%9l o] ¥t &
ool o el

<]
g BAse F £ was SAT Aey @
2y 2 }7]g°] L ’-‘1%5]5’— 3

g A2E o8 F ¥4

g 2dFo & aRHez o

& wAsE
cH1 ~5 2y pae ¥
9 Wz A
AUEE ESRE 9

Ast & BAAA Y A0l YR FAL 2Y

27 A&7t 94 %E
Jectn 9#A AcHsl.
gehy B dFelAE

Qa3 FAHE

Al e A

2AF Aol &%

g 23y BT

ofN r

Z9E soote] EA o

Adad o "@AR oA

R P IS PN E

A g
A %

2ASRA BT o Adke] 2
,BE BAS 59 A7lE

H A

A olg Ao 9P AYHoR PHHES

L As

21 A8 FH

2 A

. AE X %

e

2 dAFedMe wi7jFol 1,500ccol® 7t &

Z Ao

gh3HlE 1780]0)
3 2.
Table 1

EratA e LgEA|E &
39 w7l AYg EURO-NV 7158 ©&
471% AW#EY dAde] 11%5]%‘1‘4.
A F8 AY

i
A 7E
Q9
2 Table 1

Specification of test engine

Engine type

4~stroke turbo-charged
DI diesel engine

Number of cylinder

4

Bore x Stroke (mm)

75 % 845

Displacement volume
(cc)

1,493

Fuel injection system

Bosch common rail

Valve type

DOHC 4 valves
per cylinder

Compression ratio

178

Engine management

Bosch system

system
Max. power (kW/rpm) 825 / 4,000
Max. torque (N-m/rpm) 240 / 2,000
Max. speed (rpm) 4,750
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1. High pressure pump, 2. Fuel filter, 3. Fuel tank, 4.
Engine control system (INCA Software), 5. Data
acquisition system, 6. Crankshaft position sensor, 7.
Charge amplifier, 8. Combustion pressure sensor, 9. ECU
(ETK EDC 16), 10. Common rail, 11. Camshaft position
sensor, 12. Injector, 13. Intercooler, 14. EGR-cooler, 15.
E-EGR valve, 16, VGT actuator, 17. Soot analyzer, 18.
Emission analyzer, 19. Muffler, 20. Variable geometry
turbocharger, 21. Air flow meter, 22. Air cleaner

Fig 1. Schematic diagram of experimental
apparatus.
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Fig. 2 Injection profile and test method.
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Engine speed 2,000 rpm

Engine load 100 N'm

Total injection quantity 22 mg/stroke

Injection pressure 100 MPa
Booster pressure 150 kPa
Intake / water temperature 60 /80 T

3. 48 43

AZ1 £ BAN7I, A5 5o d@

F 24
ge s, F EAAYE ATDC 3°
o
o}

o -

7]
3}
31 F BAG A#E PP e
B EJbA0l olxlE g

2 se] $Y 2AY 9L FojuE

S

38 ey

q4 A

dm

HAAWel M dgel EAAZIE AZY 4FF
2 w7154 miAE F88 ¥MFLE A&
¥ Fig. 3& £ &4} flo] F BANY A

ol BAMAIZI9 ®igte] wE dagHEAHS
UEhd Aok £ALe] AlZ A7l F714 5
gs UAAE AFIE 527 AFEE AH

(start of energizing)€ 7|22 3o

A 717 2 gel wet Hndage |
A3 Frlste AEgE Holn o oy dx
#He F7tE AR EHFRAE 714 F YA
T HAE % A9 AdY 2=, I3 F
o R3E JtFATIE dHE A LA "o

160

ojn

140 - main

Combustion Pressure (bar)

5 40 30 20 10 0 10 20 30 40 50
Crank Angle (ATDC deg.)

Fig. 3 Effect of main injection on combustion
pressure for different main injection timings.
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Fig. 4 Effect of main injection timing on the
characteristics of engine performances.
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Fig. 5 Effect of main injection timing on the
exhaust emissions.
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Fig. 6 Effect of one split injection timing on
the characteristics of performance.
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Fig. 7 Effect of one split injection timing on
the exhaust emission.
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Fig. 8 Effect of two split injection timing on
the characteristics of performance (fixed split
injection 1 at BTDC 9°).
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Fig. 9 Effect of two split injection timing on
the characteristics of performance (fixed on
split injection 1 at BTDC 9°).
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Fig. 10 Effect of two split injection timing on
the characteristics of performance (fixed split
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