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Abstract : An experimental investigation of an early injection strategy was conducted on a small single cylinder
common-rail DI diesel engine to reduce the oxides of nitrogen(NO,) emission. The main objectives of this study were to
investigate the emissions, performance and combustion characteristics in a diesel engine with early and two-stage
injections. The two- stage injection was conducted to reduce the wall-wetting of early injected fuels on the cylinder wall
or to promote the ignition of premixed charge. The engine test was performed at conditions of 1500rpm, injection
timing ranging from TDC to BTDC 80°. The experimental results show that NO, emissions were decreased in both
cases of early injection and two stage injection compared to the conventional diesel combustion by the near TDC
injection. However, soot and products of incomplete products (i.e. HC and CO) are slightly increased. Also, the second
injection near TDC promoted the ignition of premixed fuel, therefore, IMEP was increased.
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Table 1 Specifications of test engine
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Description Specification
Type DI diesel engine(NA)
BorexStroke(mm) 75.0%84.5
Swept volume(cc) 3733
Valve type DOHC 4
Compression ratio 17.8
Combustion chamber type Reentrant
Intake valve Open BTDC §°
Close ABDC 52°
Exhaust valve Open BBDC 87
Close ATDC 38°
Fuel injection system Bosch common-rail
Injection nozzle 6 holes
Nozzle diameter(mm) 0.128
Spray angle 156°

Chamber

Pressure
sensor

‘ Charge Data
i) amp. acquisition
Exhaust gas system
analyzer

{NOx, saot, HC, GO} oo-
dynamometer

-
N —

i A
Injector driver Triggering system

Fig. 1 Schematic of experimental apparatus
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Table 2 Experimental conditions

Item Specification
Oil temperature(°C) 70
Cooling water temperature(°C) 70
Engine speed(rpm) 1500
Injection pressure(MPa) 50, 100
EGR rate(%) 0,30
Single |Mass of injection fuel(mg/cycle) 8
injection | Injection timing(deg BTDC) | 80, 60, 40, 20, 0
Mass of injection fuel(mg/cycle) D 6
Two stage Mand 2
injection Injection SOLg 60
timing(deg BTDC)| SOl 2,10, 30, 50

=g, AR BAed 2

(ERELEE L

WA 7] T& RStAA

3.1, Tl BA}
Fig. 232 @ FAbe] 9ol FAMAZ 17t A &
Aol MA e Qe Dolry) Yate] A E
TDCo| A 5-€] BTDC 80°7}4] %17} Al7] 74-$-9] 41

R A7 AagE D AUAES e Folt,
E A 0] 50, 100MPag] 5 45 5% o
& Holi glow, AA7)7F TDCY 7
BTDC 20°¢) Z-9 A% 4 dzle] Q45
doz Auagol 3 vhehta glont 2a1A)7)
7} BTDC 40°0] 1 0.2 SFd A 4] A =W < ura) o)
2 515kat A n ALk ol FASA Fashs A

EOI ST EE A YE FH ER AL WS

2

2o Ag—g— ol g}

it 7] BARS) Aol M3 Ak greli
% oet BB 5491 TC oIl A 31
% vrobr A Az &2e) &

\__
20 AR AYE &

Hwall-wetting) o] ¥rAsle] AAqtalo] G235 1

18 BXSAIZeE=2E HUA MBS, 2006

l
8
i

*» o~
-3
-1

o

w
=3
=3

o
=3
Rate of heat release (J/deg)

Combustion pressure(MPa)
~nN £

-

@

-10 10 20 30
Crank angle{deg ATDC)
(a) Pipj = 50MPa

[

sl RN e SOI=0
PR - - -80I=-20° 120
\
Ly VRN -+ S0I=-40°
6 o= AN esne SOI=-60° o
DL NN $OI=-80° ]
[

o

©w

Combustion pressure(MPa)
N £

Rate of heat release(J/deg)

-

oL [P

WW o

4 1 I L L 1 L 1 1 L I

50 40 30 20 0 O 10 20 30 40 50 60
Crank angle( deg ATDC)

(b) Pjnj = 100MPa
Fig. 2 Effect of injection timing on combustion characteristics
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Fig. 4 Effect of injection timing on emission characteristics
(Pinj: 1 OOMPa)
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Fig. 5 Comparisons of combustion characteristics between
single injection and two stage injection
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injection and two stage injection
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