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Abstract : This paper investigates the steady state combustion characteristics of LPG homogeneous charge
compression ignition (HCCI) engine with variable valve timing (VVT) and di-methy] ether (DME) direct injection, to
find out the benefits in exhaust gas emissions. VVT is one of the attractive ways to control HCCI engine. Hot internal
residual gas which is controlled by VVT device, makes fuel is evaporated easily, and ignition timing is advanced.
Regular gasoline and liquefied petroleum gas (LPG) were used as main fuel and di-methyl ether (DME) was used as
ignition promoter in this research. Operating range and exhaust emissions were compared LPG HCCI engine with
gasoline HCCI engine. Operating range of LPG HCCI engine was wider than that of gasoline HCCI engine. The start of
combustion was affected by the intake valve open (IVO) timing and the ATOTAL due to the latent heat of vaporization,
not like gasoline HCCI engine. At rich operation conditions, the burn duration of the LPG HCCI engine was longer than
that of the gasoline HCCI engine. CAD at 20% and 90% of the mass fraction burned were also more retarded than that
of the gasoline HCCI engine. And carbon dioxide (CO2) emission of LPG HCCI engine was lower than that of gasoline

HCCI engine. However, carbon oxide (CO) and hydro carbon (HC) emission of LPG HCCI engine were higher than
that of gasoline HCCI engine.

Key words : HCCI (Homogeneous Charge Compression Ignition: ¢ &% ¢}& 2+3}1), DME (Di-Methyl Ether), VVT

(Variable Valve Timing: 7} ¥ B), LPG (Liquefied Petroleum Gas: o} 8} A1 8- 7} %)
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Fig. 1 Schematic diagram of experimental apparatus
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Table 1 Engine specifications

Bore (mm) 82
Stroke (mm) 93.5
Compression ratio 13
Displacement (cc) 494
Intake / Exhaust valve opening duration
(CAD)p & 228 /228
Intake / Exhaust valve lift (mm) 8.5/8.4
Intake valve open (BTDC) -11~29
t‘l’rilljfg Intake valve close (ABDC) 5919
(CAD) Exhaust valve open (BBDC) 42
Exhaust valve close (ATDC) 6
DME injection pressure (bar) 50
DME injector Slit injector
Table 2 Experimental conditions
Engine speed (rpm) 1000
Intake valve open timing (ATDC) -29,-19,-9, 1, 11
DME injection timing (ATDC) 110
AToTAL 2.12,241,257,2.77,2.91
Aoue 3.7
Intake charge temperature (°C) 30
Coolant / Oil temperature (°C) 80 /80
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Fig. 2 CO; emission of LPG HCCI engine in respect to
AroraL and IVO timing at 1000 rpm
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Fig. 3 CO, emission difference between LPG HCCI and
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Fig. 4 CO emission of LPG HCCI engine in respect to
AtoraL and IVO timing at 1000 rpm
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Fig. 5 CO emission difference between LPG HCCI and
gasoline HCCI in respect to ATOTAL and IVO timing
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Fig. 6 HC emission of LPG HCCI engine in respect to A
TOTAL and IVO timing at 1000 rpm
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LPG CAD at mass fraction burned 20%
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Fig. 12 CAD at 20% mass fraction burned of LPG HCCI
engine in respect to AtoraL and IVO timing at 1000
rpm
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Fig. 13 CAD at 90% mass fraction burned of LPG HCCI
engine in respect to Arorar and IVO timing at 1000
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