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Effects of Pilot Injection Quantity on the Combustion and Emissions
Characteristics in a Diesel Engine using Biodiesel-CNG Dual Fuel
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Abstract

The effect of pilot injection quantity on the combustion and emissions characteristics of a compression ignition engine with
a biodiesel-compressed natural gas (CNG) dual fuel combustion (DFC) system is studied in this work. Biodiesel is used as
a pilot injection fuel to ignite the main fuel, CNG of DFC. The pilot injection quantity is controlled to investigate the char-
acteristics of combustion and exhaust emissions in a single cylinder diesel engine. The injection pressure and injection timing
of pilot fuel are maintained at approximately 120 MPa and BTDC 17 crank angle, respectively. Results show that the indi-
cated mean effective pressure (IMEP) of biodiesel-CNG DFC mode is similar to that of diesel-CNG DFC mode at all load
conditions. Combustion stability of biodiesel-CNG DFC mode decreased with increase of engine load, but no notable trend
of cycle-to-cycle variations with increase of pilot injection quantity is discovered. The combustion of biodiese]l-CNG begins
at a retarded crank angle compared to that of diesel-CNG at low load, but it is advanced at high loads. Smoke and NOx of
biodiesel-CNG are simultaneously increased with the increase of pilot fuel quantity. Compared to the diesel-CNG DFC, how-
ever, smoke and NOx emissions are slightly reduced over all operating conditions. Biodiesel-CNG DFC yields higher CO,
emissions compared to diesel-CNG DFC over all engine conditions. CO and HC emissions for biodiesel-CNG DFC is
decreased with the increase of pilot injection quantity.
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Table 1 Specifications of test engine

Item Specification
Engine model ND 130
Number of cylinder 1
Borexstroke (mm) 95%95
Displacement (cm®) 673
Compression ratio 18
Combustion chamber Open chamber
Coolant temperature (°C) 70+2

Injection type Direct injection
Fuel injection system Bosch common-rail

Number of injection hole 7
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Fig. 1 Schematic diagram of experimental apparatus
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Table 2 Properties of fuels used in this study

Item Unit Diesel fuel|Biodiesel | CNG
Flash Point PM, °C 72 78 -
Kinematic o )

Viscosity 40°C, mm</s| 2.52 42 -

Sulfur mg/kg 8 1 -

Cetane index - 54 54 < -
Density  |15°C, kg/m®| 826 882 -
Lower Heating |\ pyp 0 | 43116 | 40.001 | -
value
Net heating |y /y s ; - 4358
value
Specific compare to
gravity Air ) ) 0.55
Burning range % - - 5~15
Ignition o ) ) 537
temperature
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Table 3 Test conditions

Item Test condition
Engine speed (rpm) 1500
0, 0.12, 0.24,

Engine load (BMEP, MPa) 0.36. 0.48

Pilot fuel Diesel, Biodiesel

Pilot |Injection pressure (MPa) 120

fuel |1njection timing (BTDC, °CA)|17

Injection duration (us/cycle) |380, 410, 440

Main Injection pressure (MPa) 0.6
fuel |Injection timing (°CA) BTDC 30
(CNG

Amount of injection (°CA) variable
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Fig. 2 IMEP and COVine, of dual fuel combustion modes
versus various engine loads

Engine speed :1500rpm
Presure of pilot Injection : 120MPa
Pilot fuel: Biodiesel fuel
Pilotinjectionrate :

E380ms @E410ms @440ms

024 0.36 0.48

BMEP [MPa]

Fig. 3 COVinep of Biodiesel-CNG dual fuel combustion
mode versus various engine loads according to
pilot injection rates

TR daES Uehd Aotk FistelM =
Tl A8 FVHESE AdEol ke 54
o dRFsL SUHEFE AAH R ALHE
o] ZolAlE EAE B0 Hdsdge] A
metd e 5Ee AaiEe] S4S JeEA ottt
ol AR} TR QA3 ALd 2 Aso] U]
Az FAMEF SR A% ARG ALwFel o 2
FFL vF7] Yoz AaEy, dRRse] FIt2
ola) Aad £=7} d5ddl wet ds9 #3r) kY
Hog o]folxl i FREIIME ALd 257 A
Hoz vr] wite] dAhekgge] Hojxl Zlog
Zazl=N

Fig. 49} 55 X33 BMEP 0.24 MPaclA 2]
AR HANE STt wE ZH-CNG EFA 48} vlo]
QUA-CNG £ 49] §H, shedss 3 ddd s
< ZH7F e Zlojth 7 ALY BF] 9ol A
el AR Aol FUhetel whet A4 Al
o] A7tES & 4 UL, HL A4, H 4Ed



120

Engine speed :1500rpm
Injection Pressure : 120MPa
100 Pilot Injection : BTDC 17CA”
Fuel : Diesel - CNG

BMEP : 0.24 MPa
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Fig. 4 Characteristic of cylinder pressure, pressure rise
rate, and heat release rate versus pilot injection
rates in Diesel-CNG Dual fuel Combustion at
engine load of BMEP 0.24 MPa and engine speed
of 1500 rpm
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Fig. 5 Characteristic of cylinder pressure, pressure rise
rate, and heat release rate versus pilot injection
rates in Biodiesel-CNG Dual fuel Combustion at
engine load of BMEP 0.24 MPa and engine speed

of 1500 rpm
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Fig. 6 Comparison of diesel fuel and biodiesel fuel as a
pilot injection fuel according to pilot injection
rates in Dual fuel Combustion at engine load of
BMEP 0.12 MPa

Fig. 8 Effect of pilot injection rates on smoke at (a) diesel-CNG and (b) biodiesel-CNG dual fuel combustion modes
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