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A Study on the Spray and Combustion Characteristics of
Direct-injection LPG
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Abstract: As advantages of LPG-DI engine, LPG is directly injected into combustion chamber during
compression stroke to reduce compression temperature, prevent knock and spontaneous combustion, and
adjust engine output using the amount of directly injected fuel, thereby reducing pumping loss caused
by throttle valve. Stratified charge can be supplied nearby spark plugs to allow for overall lean
combustion, which improves thermal efficiency and can cope with problems regarding emission
regulations. In addition, it is characterized by free designing of intake manifold. Despite the fact that
LPG-DI has many advantages as described above, there is lack of detailed investigation and study on
spray characteristics, combustion flame characteristics, and ignition probability. In this study, a
visualization experiment system that consists of visualization combustion chamber, air supply control
system, emission control system, LPG fuel supply system, electronic control system and image data
acquisition system was designed and manufactured. For supply of stratified charge in the combustion
chamber, alignment of injector and spark plugs was made linear.

Key Words : LPG-DI(Liquefied Petroleum Gas-Direct Injection), Spark-Ignited(SI), Visualization System,
Ignition Probability, Flame Propagation
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Table 1 Material properties of LPG

Table 2 The quality standard of LPG

Standard
Component Cs more than 90
(Mol. %) Butadiene less than 0.5
Sulfur(ppm) less than 100

Vapor pressure(40C, MPa) less than 1.53

active sulfur-copper strip
corrosion (40°C, 1h)

less than 1

Residual material(m¢, 100me) less than 0.05
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Table 3 Experimental conditions

Item Conditions

20 mm from the

Spark plug position L-shaped nozzle exit

Injection pressure
LPG
(MPa) 0.6, 0.7, 0.8, 0.9
Propane | Propylene | n-Butane i-Butane
Molecular formula C3Hg C3Hg n-C,Hjo i-C4Hyo .
— Ambient pressure
Liquid MP 0~0.3
(water=0.1MPa,|  0.501 0914 0.579 0.557 (MPa)
specific 294K) -
aravity | Gas Ambient temperature 300, 350
(air=0.1MPa, 1.522 1.452 2.006 2.006 X
289K)
Boiling point (K) 231.9 226.3 273.5 262.3 Spark plug gap 05
H . zati mm .
eat of vaporization 407.2 43932 | 38682 | 367.92 (mm)
(KJ/kg)
Spark timing (ms 6
Vapor pressure 0.835 1030 0.210 0.310 p g (ms)
(MPa, 294K) — -
Heating | (KJ/kg) 50526 | 49,098 | 49,728 | 49,602 Injection duration 10
value (KJ/m?®) 25,662,000 - 29,022,000 - (ms)
Combnstion rangs 210950 | 2%~ | 180-840|1.80-8.44
(in air, vol%) ’ ’ 10.00 ’ ’ ’ ’ L-shaped nozzle 2
1 i inner diameter (mm
complete combustion 15.71 14.80 15.49 15.49 (mm)
air content (kg/kg)
Octane number 125 85 91 929
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