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Effect of fuel injection timing on the combustion and NOx emission characteristics in
a single cylinder diesel engine applied with diesel fuel for naval vessel and biodiesel
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Abstract: The objective of this work presented here was focused on analysis of in-cylinder combustion charac-
teristic, engine performance, and nitrogen oxides emission characteristic from marine gas oil for propulsion
diesel engine of naval vessels and biodiesel with fuel injection timing in a single cylinder diesel engine. In
addition, combustion process was analyzed with a high speed camera of marine gas oil and biodiesel fuel.
Retarding the fuel injection timing from BTDC25°CA to BTDC5°CA, in cylinder peak combustion pressure
was gradually decreased, however, engine torque showed a tendency to increase. The highest nitrogen oxides
level was measured at BTDCI15°CA, they were reduced at retarded and advanced condition on the basis of
BTDC15°CA. Comparing with combustion process of marine gas oil and biodiesel fuel at BTDC5°CA, self-ig-
nition timing of biodiesel fuel included oxygen content was faster than marine gas oil, however, a cautious
observation indicates a slightly higher flame intensity for marin gas oil than biodiesel as a diffusion flame is
developing.
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Figure 1: Schematic diagram of experimental system

with a single cylinder diesel engine and optical system
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Table 1 : Properties of MGO and Biodiesel fuel

Properties Unit | MGO | BD100

Carbon 86.97 | 77.71

Hydrogen wtd% | 12.64 | 13.05
Sulfur 0.025 -

10% 2275 | 330.5

Tz:it;!f;ﬁ?e 50% | °C | 2964 | 3343

90% 352.8 | 343.0

Density(15°C) kg/m® | 849.4 | 882.7

Cetane number - 52.8 56.3

Kinematic viscosity(40°C) | mm%s | 3.621 | 4.341

LHV MJ/kg | 42.7 36.9

Flash point °C 81.0 | 154.0
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Table 2 : Specifications of a single cylinder diesel engine

Rkt

l

o

Item Description
Displacement(cc) 498cc
Valve system SOHC
Bore x Stroke (mm) 83 x 92
Compression ratio 177 . 1

Number of valve 2-Intake, 2-Exhaust

Bosch common rail

Fuel injection system

IVO BTDC7°CA
L IvC ABDC43°CA
Valve timing
EVO BBDC52°CA
EVC ATDC6°CA

Table 3 : Specifications of a high speed camera

Item Description
Model FASTCAM SA3
Frame rate Up to 2,000fps, Full resolution
Resolution 1024 x 1024
Shutter Global electronic shutter
Camera control | Gigabit Ethernet or RS-422
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Figure 2: Combustion characteristics comparison of

MGO and BD100 with various injection timings
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