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Effect of fuel injection timing and pressure on the combustion and spray behavior characteristics of

diesel fuel for naval vessel
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Abstract: The objective of this work focuses on the analysis of injection rate and macroscopic spray behavior characteristics
with injection pressures as well as combustion and exhaust emission characteristics with injection timing and injection pressure
by using a common rail single-cylinder diesel engine. The injection rate was measured by applying the Bosch method, and
macroscopic spray behavior characteristics were analyzed with a constant-volume vessel and a high-speed camera. In addition,
combustion and emission characteristics were analyzed in a common-rail single-cylinder diesel engine with precise control of
fuel injection timing and pressure. For injection pressures of 30MPa and S0MPa, the injection rate was higher at 50 MPa, and
the spray development (penetration) was also higher in the same elapsed time. The peak in-cylinder pressure and rate of heat
release showed a tendency to decline as injection timing was delayed, and the peak in-cylinder pressure and rate of heat re-
lease were slightly higher for higher injection pressures. Higher injection pressures also reduced the mean effective pressure,
while the indicated mean effective pressure and torque increased as injection timing was delayed to TDC. Nitrogen oxides had
a peak level at injection timings of BTDC20°(30MPa) and BTDC15°(50MPa); carbon monoxide emissions were reduced by de-
laying injection timing from BTDC30°.

Keywords: Injection rate, Macroscopic spray, Indicated mean effect pressure, Carbon monoxide, Nitrogen oxides

Nomenclature NOx  Nitrogen oxides
CE Combustion efficiency Py Back pressure
CcO Carbon monoxide | Injection pressure
EOC End of combustion Quev  Chemical energy from fuel
HSD  High sulphur diesel ROHR Rate of heat release
mpe  Fuel mass SOC  Start of combustion
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Figure 1: Schematic diagram of injection rate test system
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Table 1 : Properties of diesel fuel for naval vessel

Properties Values
Carbon(wt%) 86.97
Hydrogen(wt%) 12.64
Sulfur(wt%) 0.025
S 10% 227.5
S i
i 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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Figure 2: Schematic diagram of spray behavior test system
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Figure 3: Schematic diagram of combustion and exhaust

emission test system
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Table 2 : Specifications of main experimental system

Items ‘
1. Test engine
Displacement(cc) 498
Valve Operation SOHC
Bore x Stroke (mm) 83 x 92
Compression ratio 177 : 1
2-Intake, 2-Exhaust
Bosch common rail

Descriptions

Number of valve

Fuel injection system

Intake open BTDC7°
Valve Intake close ABDC43°
timing Exhaust open BBDC52°
Exhaust close ATDC6°

2. Test Conditions
Engine speed 800rpm

Injection pressure(Piyj)
Injection timing

30MPa, 50MPa
BTDC30°~TDC(5° interval)
13mg/stroke
60 °C

linjection mass(Myer)

Coolant temperature

3. Combustion analyzer
Maker & Model Mobiltek MT-7002S
Main ensemble data P-6, P-V, IMEP, dQ-d6, dP-d6
4. Emission analyzer

Maker & Model Testo-350K
NO 0~4,000
Analysis range COX 01 6 005;91; HI;

5. Signal Amplifier
Maker & Model
Piezo Sensor

Kistler 5018
Kistler 6056A

30
Muel = 13mag, Pb = 4.2MPa

25 | Pinj=+30MPa —&—50MPa
—_—
wn Max. 22.0mg/ms
E
=
o) 20
E
2 Max. 15.5mg/ms
E 15 |-
c
.2
o 10
2
E Advanced of

5F injection delay

[ _"/*"/
o 1 L 1 1

0 1 2 3 4 5
Time after the start of injection(ms)

Figure 4: Injection rate characteristics with injection pressure
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Figure 8: Effect of injection timing and pressure on the
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