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Abstract : Combustion and fuel distribution characteristics of heavy duty engine with the liquid phase LPG
injection(LPLI) were studied in a single cylinder engine. Swirl ratio were varied between 1.2, 2.3, and 3.4 following
Ricardo swirl number(Rs) definition. Rs=2.3 showed the best results with lower cycle-by-cycle variation and shorter
burning duration in the lean region while strong swirl(Rs=3.4) made these worse for combustion enhancement.
Excessive swirl resulted in reverse effects due to high heat transfer and initial flame kernel quenching. Fuel injection
timings were categorized with open valve injection(OVT) and closed valve injection{CVT). Open valve injection showed
shorter combustion duration and extended lean limit. The formation of rich mixture in the spark plug vicinity was
achieved by open valve injection. With higher swirl strength(Rs=3.4) and open valve injection, the cloud of fuel
followed the flow direction and the radial air/fuel mixing was limited by strong swirl flow. It was expected that axial
stratification was maintained with open-valve injection if the radial component of the swirling motion was stronger than
the axial components. The axial fuel stratification and concentration were sensitive to fuel injection timing in case of
Rs=3.4 while those were relatively independent of the injection timing in case of Rs=2.3.

Key words : Liquid phase LPG injection engine(LPG 2} 4}& Al ol Z1), Lean burn(3] B+ 42), Fuel stratification($d &
4] 23}, Acetone laser induced fluorescence method(o} 4l & 2l o] A -1= & 31), single cylinder engine(tt7]% <l 21)
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Nomenclature OVvi : open valve injection
R PLIF : planar laser induced fluorescence
BTDC  : before top dead center SOl P
: start of injection
°CA : crank angle degree WOT ! |
. I . : wide open throttle
COVimgp  : coefficient of variation of imep ) P ]
. : equivalence ratio
CVI : closed valve injection ¢ k .
. L . A : wavelength, nm or air excess ratio
imep : indicated mean effective pressure
LPL{ : liquid phase LPG injection
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Table 1 Specification of single cylinder engine

“|Single cylinder engine Base diesel engine
Ignition type Spark ignition  {Compression ignition
Bore x Stroke 130 x 140 mm —
Displacement 1858 cc -
volume
Air aspiration Natural aspiration <«
system
Number of
. 1 6
cylinder
Compression 9.3,10: 1 17:1
ratio
Combustion |51 in-piston -
chamber shape p
ical di
Fuel supply LPLI system ]\./lejcha.mcal irect
system injection system
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Fig. 1 Laser sheet beam configuration for bottom and side view
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Lean Burn Characteristics in a Heavy Duty Liquid Phase LPG Injection SI Engine
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Lean Burn Characteristics in ‘a Heavy Duty Liquid Phase LPG Injection SI Engine
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Fig. 12 The averaged side view images of fuel distribution
during the compression process for Rs=2.3, and
overall equivalence ratio( ¢)=1.0
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