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Effects of Fuel Injection Timing on Operation Characteristics of Small Diesel Engines
with EGR Using BDF
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“I Faculty of Engineering, Department of Mechanical Engineering

The biofuel used in diesel engines (BDF) has a higher kinematic viscosity and ignition point than gas oil. Therefore,
it is considered to be disadvantageous for fuel injection systems. The purpose of the study we conducted was to
understand the effects of oxygen in fuel in the combustion process of diesel engines. To this end, engine performance
testing using BDF and gas oil was performed. As a result, although there was a difference in the exhaust gas
characteristics between using gas oil and using BDF, the brake thermal efficiencies of both were the same. Therefore,
there is a possibility that the differences in combustion conditions during the combustion period do not significantly
affect the engine output generation. This study conducted a performance test of changing the fuel injection timing using

gas oil and BDF in a small diesel engine, confirming the effects of fuel ignitability on the ignition delay.
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Table 1  Specifications of diesel engine used in performance examination®

Engine type Horizontal, water cooled,
4 stroke-cycle
Combustion chamber Direct injection  (troydal type)
Cylinder ,~ Bore and stroke [mm] Single 102 x 105
Displacement [cm?] 857
Maximum power [kW] ,~~ Engine speed [min™'] 12.5 / 2400
Compression ratio 17.8
Air charging Naturally aspirated
o Hole number 5

Injection nozzle Hole diameter [mm] 0.12
(According to a survey by FC Design Co. Ltd.)

Cone angle between holes [~ ] 150

Table 2 Specifications of gas oil and BDF used as experimental fuel®

Item Gas oil BDF
Density (288K) [g/cm?] 0.82 0.88
Kinematic viscosity (303K) [m?s] 3.95x10¢ 6.52x10°°
Ignition point  [K] 507 522
Oxygen content  [wt%] 0.10 10.7
Gross calorific value  [kl/kg] 45.6x10° 39.5x10°
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Fig.1 Variations of brake thermal efficiency with fuel injection timing measured by using gas oil and BDF at EGR rate 0% (a) and
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25 25
........................  — D
20 @receozsazzzzis .
B S
2 >
5 215
2 -8
210 g 10
o =1
£ ) 2
% s -O-Gas oil E . O-Gas oil
& -®-BDF Z 0T
EGR rate 40% « r -@-BDF EGR rate 50%
-37 -32 =27 =22
e o -37 -32 -27 =22
Fuel injection timing r1 (Cran]: angle,, Fuel injection timing [~ ] (Crank angle ,
Compression top dead center : 0° ) Compression top dead center : 0° )
(a) (b)
Fig.2 Variations of brake thermal efficiency with fuel injection timing measured by using gas oil and BDF at EGR rate 40% (a)
and 50% (b)
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Fig4 Variations of NOx concentration in exhaust gas with fuel injection timing measured by using gas oil and BDF at EGR rate
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Fig.6 Variations of PM emission in exhaust gas with fuel injection timing measured by using BDF at EGR rate 0% (a) and 40% (b)
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Fig.7 Variations of heat release rate with crank angle measured by using gas oil and BDF with EGR rate set to 0% at fuel injection
timing BTDC37° (a) and BTDC22° (b)
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Fig.8 Variations of heat release rate with crank angle measured by using gas oil and BDF with EGR rate set to 50% at fuel
injection timing BTDC37° (a) and BTDC22° (b)
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