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Effect of Fuel Injection Timing on the Performance and Exhaust
Emissions in IDI Diesel Engine Using Biodiesel Fuel
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Abstract : Biodiesel fuel(BDF) which is easily produced from vegetable oils such as soybean oil and rice bran oil can
be effectively used as an alternative fuel in diesel engine. However, BDF can affect the performance and emissions in
diesel engine because it has different chemical and physical properties from diesel fuel. To investigate the effects of
injection timing on the characteristics of performance and emissions with BDF in IDI diesel engine, BDF derived from
rice bran oil was considered in this study. The engine was operated at six different injection timings and six loads at a
single engine speed of 2000rpm. When the injection timing was retarded, better results were obtained, which may
confirm the advantage of BDF. The reduction of NOx and smoke was observed for a 2° retarded injection timing
without any sacrifice of BSEC.
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BSEC : brake specific energy consumption rate
dP/d @ : pressure rise rate
dQ/d @ : heat release rate
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Table 1 Specifications of test engine

Item Specification
Engine model HD D4BA
Bore X Stroke 91.1 X 95 (mm)
Displacement 2476 (cm’)

Compression ratio 21
Combustion chamber Pre-combustion
Injection timing Variable
Coolant temperature 80x2°C J

Table 2 Properties of test fuel

Item Diesel fuel | Biodiesel fuel
Gravity(15/4°C) 0.8373 0.8796
Viscosity(50°C, cSt) 3.0 42
Lower heating value(MJ/kg) 45.88 39.163
Cetane number 514 579
Carbon content(wt.%) 85.83 76.22
Hydrogen content(wt.%) 13.82 12.38
Nitrogen content(wt.%) 0.16 0.14
Oxygen content(wt.%) 0 11.24 J
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Fig. 1 Schematic diagram of experimental apparatus
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Fig. 2 BSEC versus engine load at a injection timing of
BTDC 6°CA and a speed of 2000rpm
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Fig. 3 Pressure and pressure rise rate at a injection timing of
BTDC 6°CA and a speed of 2000rpm
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Fig. 4 Temperature and heat release rate at a injection timing
of BTDC 6°CA and a speed of 2000rpm
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Fig. 5 BSEC, smoke, and NOx with diesel fuel versus engine

load at various fuel injection timings and a speed of

2000rpm
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Fig. 6 BSEC, smoke, and NOx with BDF 20% versus engine
load at various fuel injection timings and a speed of
2000rpm

Transactions of the Korean Society of Automotive Engineers, Vol. 12, No. 2, 2004 79



EEER

Fuel injection timing
w— TDC

=oeme: BTDC  2°CA
w BTDC 4°CA
e BTDC  6°CA
= BTDC 8°CA
senem BTDC 10°CA

25

20+

15+

BSEC[MJ/kwh]

o

60

40 1

Smoke[%]

20

1000

NOx[ppm]

0 25

50

Engine load[%]

Fig. 7 BSEC, smoke, and NOx with BDF 100% versus
engine load at various fuel injection timings and a
speed of 2000rpm
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Fig. 8 BSEC, smoke, and NOx versus engine load at a
injection timing of BTDC 6°CA and a speed of
2000rpm
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Fig. 9 BSEC, smoke, and NOx versus engine load at
optimum fuel injection timings and a speed of
2000rpm
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