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Effects of Multi-stage Pilot Split Injection Strategy on Combustion
and Emission Characteristics in a Single-Cylinder Diesel Engine
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Abstract This paper examines the effects of a multi-stage pilot split injection strategy on combustion
and exhaust emission factors in a single-cylinder diesel engine. One analysis noted that in the
single-injection condition, the maximum in-cylinder pressure and rate of heat release were highest. The
pilot injection quantity was evenly divided, showing a tendency to decrease as the number of injections
increased. In another injection condition, when the multi-stage pilot split injection strategy was applied,
IMEP, engine torque, and combustion increased. The COViugr was greatest with the lowest combustion
efficiency. The combustion ability was poor. In a single injection condition, the Oz concentration in the
exhaust gas was the lowest and the CO; was the highest. When the multi-stage split injection strategy
was applied, the low temperature combustion process proceeded, and the oxidation rate of CO:
decreased while the emission level increased. In a single injection condition in which a locally rich
mixture was formed, the HC emission level showed the highest results. A 55.6% reduction of NOx
emission occurred under a three-stage pilot injection condition while conducting a multi-stage pilot split

injection strategy.
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One pilot injection

Pilot 1 Main

2.4mg 5.6mg

BTDC30° BTDC10°
Two-stage
iformi .

uniformity split Two pilot injection

Single injection Main

Pilot2 " Pilot 1

BTDC40° BTDC30°

8mg 5.6mg

BTDC10° BTDC10°

Three-stage
uniformity split
Pilot 3 Pilot 2" Pilot 1

Three pilot injection
Main

0.8mg| |0.8mg| [0.8mg 5.6mg

BTDC50° BTDC40°BTDC30° BTDC10°

Fig. 1. Concept and procedure for multi-stage pilot
split injection strategy

Table 1. Experimental conditions

Items Descriptions
Engine speed 1,000 rpm
Injection pressure(Pin) 40 MPa

Injection strategy Presented in Fig. 3

Single 8 mg
Injection One pilot 2.4 mg+5.6 mg
quantity Two pilot 1.2 mg+1.2 mg+5.6 mg
Three pilot | 0.8 mg+0.8 mg+0.8 mg+5.6 mg

Coolant temperature 70 °C

In-cylinder pressure (500 cycles)

Measuring key parameters Torque (500 cycles)

Emissions (500 cycles)
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Low pressure pump
Common rail  Injector o\ Fuel filter

controller driver

Engine controller and
Data acquisition system

Emission analyzer
<— Exhaust

(Combustion
analyzer

Electric
motor

Motor controller and

Test engine
braking resistor | —

Test engine bed — |

Fig. 2. Schematic diagram of experimental system

Table 2. Specifications of test engine and emission

analyzer
Items ‘ Descriptions
Test engine
Type 4-stroke, sin'gle—cy'ln?def common rail
direct injection
Displacement 498 cc
Valve operation SOHC
Bore x Stroke 83 mm X 92 mm
Compression ratio 17.7 : 1

Number of valve 2-Intake, 2-exhaust

Fuel injection system Bosch common rail

VO BTDC7°
Valve timing Ve ABDCA3"
EVO BBDC52°
EVC ATDCG6°
Emission analyzer

O 0 ~ 25 vol%

CO, 0 ~ 50 vol%

[50) 0 ~ 10,000 ppm

HC 100 ~ 18,000 ppm

NOx 0 ~ 4,000 ppm

Table 3. Properties of test fuel

Properties Unit Values

Carbon 86.97

Hydrogen wt% 12.64

Sulfur 0.025

o 10% recovery 227.5
Distillation 50% recovery °C 296.4

temperature —

90% recovery 352.8

Density(15 °C) kg/m’ 849.4
Cetane number 52.8
Kinematic viscosity(40 °C) mm?*/s 3.621
Lower heating value kJ/kg 42,710
Flash point °C 81.0
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Fig. 3. In-cylinder pressure and ROHR characteristics
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Table 4. Experimental results of combustion
performance and efficiency

Parameters One pilot | Two pilot Tp}hrste

Max. pressure| 6.3% | 1.0% | 0.1% |

Max. ROHR | 57.1% | | 58.4% | | 60.4% |

Performance Max. ROPR | 51.4% | | 52.4% | | 54.4% |

IMEP 20.1% | 10.7% | 42% |

COViyep 9.0% t 1.2% | 9.0% |

Torque 218% ) | 7.2% ) 0.9% |

. Fuel oat9 4 | 77% 4 | 35% 4
Efficiency conversion

Combustion | 16.3% |} 6.0% | 2.5% |
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Table 5. Experimental results of emission characteristics

Emissions One pilot Two pilot Three pilot
(07} 8.2% t 3.8% t 1.6% 1t
CO2 20.3% | 10.6% | 57% }
CcO 124.9% | 248.8% | 285.6% |
HC 26.1% | 18.7% | 12.4% |
NOx 44.0% | 51.0% | 55.6% |
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