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Abstract : This paper described the effect of the multiple injections on the stability of combustion and emission
characteristics in a direct injection diesel engine at various operating conditions. In order to investigate the influence of
multiple injections in a diesel engine, the fuel injection timing was varied one main injection and two pilot injections at
various conditions. The experimental apparatus consisted of DI diesel engine with four cylinders, EC dynamometer,
multi-stage injection control system, and exhaust emissions analyzer. The combustion and emission characteristics were
analyzed for the main, pilot-main injection, pilot-pilot-main injection strategies. It is revealed that the combustion
pressure was smoothly near the top dead center and the coefficient of variations is reduced due to the effect of pilot
injection. Also, NOx emissions are dramatically decreased with pilot injection because the decrease of rate of heat
release. However, the soot is increased at early pilot injection and main injection.
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Table 1 Specification of test engine

Engine type 4-stroke DI Diesel
Number of cylinder 4
Bore x Stroke 75 % 84.5
Displacement volume(cc) 1.493
Valve type DOHC 4 valves
Compression ratio 17.8
Max. power(kW/rpm) 82.5/4,000
Max. torque(N - m/rpm) 240/2,000

Common rail

iy - =) B0
pressure =] L1
sensor
Exhauﬁt emisss'!on ECU
measuring system
Fuel tank controller
Crank angl
= sition
= D Feensor
&
Data acquisition system

Fig. 1 Schematic of experimental apparatus
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Table 2 Test condition

-Table 3 Operating condition

Injection
Test . .
quantity Variable parameter
pattern
(mg/st)
Without Variable 3°,0,3°
pilot
One Pilot 0.5 BTDC 15°,25° 35°
pilot | Main Variable -3°,0,3°
Lst pilot 0.5 BTDC 15°,25°,35°
. i 10° bef
T'wo 2nd pilot 0.5 leed.at . .be‘ore
pilot 1st pilot injection
Main Variable -3°,0,3°
[Two pllotlnjecuon] v
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Fig. 2 Injection profile and test method
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Engine speed 820 rpm
Engine load No load
Water temperature 80 °C
Intake air temperature 35°C
Fuel quantity Pilot 0.5 mg/stroke
injected Main Variable
Injection pressure 27 MPa
Booster pressure 100 kPa
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Fig. 4 Effect of main injection timing on rate of heat release
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Fig. 5 Effect of advanced main injection on the exhaust
emission characteristics
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Fig. 6 Effect of advanced main injection on the fuel
consumption and COV
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