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Effect of pre-post injection timing of diesel fuel for naval vessel on the combustion and
emission characteristics in an optically-accessible single cylinder diesel engine
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Abstract: The objective of this study is focused on the analyzing combustion, carbon monoxide and hydro-
carbon emission characteristics of marine diesel oil, utilized for naval propulsion engine, with varying
pre-post injection timing of an optically accessible single cylinder engine. And also the combustion process is
analyzed by means of a high speed camera visualization. On the result of retarding pre-injection timing to-
ward main injection timing, the mean effective pressure and maximum pressure of combustion chamber are in-
creased; however, the heat release rate is decreased. Furthermore, the emission rates of carbon monoxide and
hydrocarbon are reduced in this case. In hence, when a post-injection timing is advanced, the mean effective
pressure and maximum pressure are increased, because the combustion has been performed under the high
temperature and high pressurized environment during main injection time, and the emission rates of carbon
monoxide and hydrocarbon are increased. From the experimental results, it considered that retarding of pre-in-
jection timing affects to shorten the ignition delay of main injection clearly, and to raise the flame intensity
comparing to the advanced state. The ignition delay during post-injection is not appeared at any post-injection
time, but the flame intensity has been weakened gradually according to the retarding of post-injection timing.
Keywords: Heat release rate, Pre-post injection timing, Carbon monoxide, Hydrocarbon, Ignition delay
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Nomenclature

ABDC After bottom dead center

ATDC After top dead center

BBDC Before bottom dead center

BTDC Before top dead center

CA Crank angle

CO Carbon monoxide

fps frame per second

HC Hydrocarbon

LHV  Lower heating value

MTi;  Main injection timing

MDO Marine diesel oil

NOx  Nitrogen oxides

ROHR Rate of heat release

SOHC Single overhead camshaft

TDC  Top dead center

Pinj Injection pressure

PDiyj  Pre-injection duration

PM Particulate matters

Pm Maximum pressure

Pre Mean effective pressure

POD;,; Post-injection duration

PTinj Pre-injection timing

Res. Resolution

ROPR Rate of pressure rise

rpm revolution per minute
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Figure 1: Schematic diagram of experimental system
with an optically-accessible single cylinder engine

Table 1 : Properties of marine diesel oil

Properties Values
Carbon(wt%) 86.97
Hydrogen(wt%) 12.64
Sulfur(wt%) 0.025
Disillat 10% 2275
Temlpsetlra?:IrCeT"C) 50% 296.4
90% 352.8

Density(15°C, kg/m®) 849.4
Cetane number 52.8
Kinematic viscosity(40°C, mm?/s) 3.621
LHV(MJ/kg) 42.7

Flash point(°C) 81.0
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Table 2 : Specifications of main experimental system

Items | Descriptions
1. Test engine
Displacement(cc) 498
Valve Operation SOHC
Bore x Stroke (mm) 83 x 92
Compression ratio 177 . 1
Number of valve 2-Intake, 2-Exhaust
Fuel injection system Bosch common rail
Intake open BTDC 7°
Valve Intake close ABDC 43°
timing |  Exhaust open BBDC 52°
Exhaust close ATDC 6°
2. Test Conditions
Engine speed 800 rpm
Injection pressure 30 MPa
Main injection timing BTDC 5°
Main injection duration 1.0 ms
Pre-injection timing BTDC 30°~BTDC 15°
Pre-injection duration 0.6 ms
Post-injection timing ATDC 5°~ATDC 20°
Post-injection duration 0.6 ms
Coolant temperature 60 °C
AR 3 A¢= FIH Al 800rpme.zZ A A
atel AFES AL, ARZARE (P2

o
30MPa, 159 A FEAIZHPDy)E 0.6ms, T+ &+
AF1ZHMDi)& 1.0ms, % FAF7]17HPOD;y)
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AT F FAMAZ|(MTi)E BTDC 5°% 31733}
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