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The Effects of Partially Premixed Pilot Injection Timing on the
Combustion and Emission Characteristics in

a Common Rail Diesel Engine
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Abstract: An experimental study was performed to investigate the characteristics of combustion pressure
and exhaust emissions when the pilot injection timing and EGR rate were changed in a CRDI 4-cylinder
diesel engine. The pilot injection timing and EGR rate have a significant impact on the combustion and
emission characteristics of diesel engine. In this study, the pilot injection timing and EGR rate variation
were conducted to 2000rpm of engine speed with torque SONm. Combustion pressure and heat release rate
were decreased under high EGR rate conditions but increased under the pilot injection timing 20°(BTDC).
IMEP and the maximum pressure in cylinder(Pmax) were decreased under the same injection timing with
the increase of EGR rate. The NOx emission was decreased with increasing the EGR rate. On the other
hand, in the same injection timing conditions, CO, HC, CO, emissions were increased with increasing
the EGR rate.
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Fig. 1 Schematic diagram of experimental apparatus
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Fig. 2 Injector voltage scope of pilot injection timing
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Table 1 Specification of test engine

Item Specification
Engine type 4-Cylinder
BorexStroke(mm) 81x96
Displacement(cc) 1979

Combustion type Direct Injection

Injection Procedure 1-3-4-2

Compression Ratio 177 : 1
Max.Power(kW/rpm) 82/4000
Max.Torque(Nm/rpm) 260/2000
Max.Speed(rpm) 4500

Fuel Control ECU Control
Fuel Pressure(MPa) 145
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Table 2 Experimental and operating conditions

Engine speed(rpm) 2000
Torque(Nm) 50
Injection pilot variable
timing(deg) main(TDC) 0°
Cooling water temp(K) 35343
Intake air temp(K) 293+3
EGR rate(%) 0, 20, 40
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Fig. 3 Effects of pilot injection timing without EGR

on combustion characteristics
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Fig. 4 Effects of pilot injection timing and EGR rate

on combustion characteristics
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Fig. 5 Effects of pilot injection timing and EGR rate

on indicated mean effective pressure
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Fig. 6 Effects of pilot injection timing and EGR rate

on peak combustion pressure
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Fig. 7 Effects of pilot injection timing and EGR rate on pilot injection timing
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