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Abstract: As Homogeneous Charge Compression Ignition (HCCI) can largely decrease the fuel
consumption and emission of the gasoline engine, it is a significant technique to improve thermal efficiency
in the future. Nevertheless the auto-ignition timing of HCCI is hard to control, to improve the thermal
efficiency, numerous factors including intake temperature, excess air factor and compression ratio (CR)
need to be well controlled. 3D numerical simulation can analyze the influence on combustion and emission
of different factors, and is now becoming an important approach to study on HCCI. This paper firstly
simulates the combustion process of a PFI gasoline engine on 2000r/min and IMEP 4bar condition, and the
numerical result matches well with the experimental data. Based on the validated turbulence and
combustion model, numerous factors including intake temperature, intake pressure, compression ratio, EGR
ratio, excess air ratio (Lambda) and tumble ratio are studied, and complex interconnections exist among
these factors. Results show that intake temperature has significant influence on the ignition timing of HCCI
combustion. For a combustion process with high tumble ratio, CR13 and Lambda 1.5, as the intake
temperature increase from 373K to 393K, thermal efficiency peaks at 383K and the emission is at low level.
As the CR increases to 17, thermal efficiency decreases for the negative work of crank and NOx emission
deteriorate for the high in-cylinder temperature.
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Tab. 1 Main specification of the engine
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Fig. 1 Combustion system CAD model
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Tab. 2 Boundary condition
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Tab. 3 Physical model setup
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Fig. 2 Cylinder pressure of simulation and test
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Fig. 3 Cylinder pressure and hear release rate of different intake temperature and compression ratio
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Fig. 4 Combustion phases of different intake temperature and compression ratio
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Fig. 5 IMEP of different intake temperature and compression ratio
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Fig. 6 ISFC and fuel mass trapped in cylinder of different intake temperature and compression ratio
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Tab. 4 The in-cylinder temperature and the auto ignition distribution with compression ratio 13
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Tab. 5 The in-cylinder temperature and the auto ignition distribution with compression ratio 17
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Fig. 7 Emissions of different intake temperature with compression ratio 13

[

333K-CR17
H353K-CR17
W373K-CR17

.

W

=)

FIETBCVR DRI il 6 k2 3%

=

Soot NOx HC co

K 8 IRAaLt oy 17 I, AS[RIE R B A HEe xS B

Fig. 8 Emissions of different intake temperature with compression ratio 17
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