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Abstract : This paper describes an investigation of the performance and emission characteristics of a commercial
cylinder direct injection diesel engine operating on natural gas with pilot diesel ignition. Engine tests for variations in
the pilot injection timing were performed at an engine speed of 1500 rpm. This study showed that the performance of
the dual-fuel diesel engine increased as the engine load increased and as the pilot diesel injection timing angle
advanced. The peaks of cylinder pressure, pressure rise rate, and heat release rate all increased while the fuel ignition
timing advanced with the pilot injection timing. The engine operation was stable, and the least smoke was produced at a
pilot injection timing of 12° before top dead center. NOx emissions were only exhausted under high-load conditions,
and they increased as the pilot injection timing angle advanced.
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BMEP : brake mean effective pressure
BSEC : brake specific energy consumption
BTDC : before top dead center

CNG :compressed natural gas
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Table 1 Specifications of test engine

Item Specification
Engine model ND 130
Number of cylinder 1
Bore x Stroke (mm) 95 x 95
Displacement (cm®) 673
Compression ratio 18
Combustion chamber Open chamber

Coolant temperature (°C) 70+2

Injection type Direct injection
Fuel injection system Bosch common-rail
Number of injection hole 7
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Fig. 1 Schematic diagram of experimental apparatus
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Performance and Emission Characteristics of Dual-fuel(Diesel-CNG) Combustion in a Diesel Engine

Table 2 Properties of diesel fuel used in this study

Item Unit Diesel fuel Test method
Flash point PM, °C 42 KS M 2010 : 2004
Kinematic | oo mmeis| 252 | KS M 2014 : 2004

viscosity
Sulfur mg/kg 8 KS M 2027 : 2005
Cetane index - 54 KS M 2610 : 2005
Density 15°C, kg/m® 826 KS M 2002 : 2006
Lowerheating | 00 | 43116 ASTM D240
value

Table 3 Properties of CNG used in this study

Item Unit CNG
Net heating value MJI/Nm® 4358
Specific gravity compare to Air 0.55
Burning range % 5~15
Ignition temperature °C 537
Methane Vol. % 85.12
Ethane Vol. % 9.32
Propane Vol. % 4.58

Component -
i-butane Vol. % 0.56
n-butane Vol. % 0.42
Nitrogen Vol. % 0.01

Table 4 Test conditions

Item Test condition
Engine speed (rpm) 1500
Load Low (BMEP <0.4 MPa) 0.18, 0.37
|e?/i| Medium (0.4<BMEP<0.7 MPa) | 0.56
High (BMEP>0.7 MPa) 0.74
Pilat Pressure (bar) 300
1O niection timing (BTDC, °CA) | 22, 17,12, 7, 2
injection —
Amount of injection (mg/cycle) |0.12
Injection pressure (bar) 6
CNG —
..~ | Injection timing (°CA) ATDC 1~
injection — -
Amount of injection (°CA) variable
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Fig. 2 Effect of pilot injection timing on IMEP at engine
speed of 1500 rpm
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ig. 4 Characteristic of BSEC versus pilot injection timings

at various engine loads and engine speed of 1500 rpm
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