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A Study on the Combustion Characteristics and the Control on the Fuel Flow
Rate of LPG Intake Port Injection Engine
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ABSTRACT

In this paper, characteristics of a port injection type LPG fuel system were investigated to
adopt the system to a spark ignition engine through rig test. Engine combustion characteristics
for limited conditions and the precise control method of LPG fuel supply were also studied. As
a basic experiment, the effects and the relationships of parameters such as orifice area, fuel
delivery pressure, fuel temperature and flow coefficient were established. From this, one
dimensional compressible flow equation can be applied to control gaseous fuel flow rate by
setting pressure difference between vaporizer and manifold to a certain range, for example
about 1.2 bar in a naturally aspirated engine. The combustion analysis results of LPG engine
were also compared with those of gasoline engine according to spark timing and load change.
At part load and stoichiometric condition, the MBT spark timing of LPG fueled engine is
retarded by 2° - 4° CA compared to that of gasoline engine. On the contrary, the spark
timing of LPG fueled engine can be advanced by 5° - 10° CA at WOT, which results from
higher Octane Number and burned fraction of LPG fuel compared to gasoline.

ZFQq7)|&89] : LPG fueled engine, LPG fuel injection system, vaporizer, LPG fuel control

Nomenclature A/F : air fuel ratio
@ : equivalent ratio y specific heat ratio
g . crank angle R gas constant
P, . manifold pressure
* 34, ol Wity P, supplied gas pressure
o 3, obFiEa 714 % 4 FHF T, supplied gas temperature
wee ARG AEHR C; : Discharge coefficient
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A . area

AP ¢ pressure different

LPG : Liquefied petroleum gas(CsHio)
MPI : Multi point injection
MBT : Maximum brake torque
PCM : Pulse code modulation
PWM : Pulse width modulation
ECU : Engine control unit
WOT : Wide open throttle
DBL : Detonation border line
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Fig. 1 Schematic diagram of LPG port injection

system test rig

1.LPG tank 2.flow meter 3.water pump 4.flow meter
S.heating controller 6.heating core 7.pressure gauge 8. valve
9.thermocouple 12.pressure
transducer 13.terminal 14.data aquisition PC 15.LPG injector
driver l6.injector 17.blower 18.air cleaner 19.laminar flow

10.vaporizer  1l.converter

meter 20.pressure sensor
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Fig. 2 Schematic diagram of LPG gas injector
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Fig. 3 Forces acting on a balanced Regulator
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Fig. 5 Schematic diagram of experimental apparatus
for LPG fueled engine

1L.LPG tank 2.throttle controller 3.PC 4.A/D converter
S.UEGO sensor amplifier 6.pressure sensor 7.amplifier
8.UEGO sensor 9.gasoline fuel rail 10.air cleaner 11.step
motor 12.gas injector 13.vaporizer 14.fuel flow meter
15.gasoline tank
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