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1. Particulate matter
2. Homogeneous Charge Compression Ignition
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Table 1- Properties of the fuels

Fuel DME Methane
Chemical structure CH3;0CHjs CH,
Cetane number 55 0
Boiling point -24C -161/5C
Stoichiometric A/F ratio 16/82 9
Lower calorific value 28/8 (MJ/kg) 50/3 (MJ/kg)
1. Misfire
2. Knock

3. Natural gas
4. Dimethyl Ether
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Table 2- engine specification

Parameters Specification
Bore 170(mm)
Stroke 190(mm)
Compression Ratio 17
Engine Speed 1500(rpm)
IvVC 20(ABDC)
EVO 40(BBDC)

1. CHEMKIN
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Figure 2- generate mesh at TDC Figure 1- generate mesh at BDC
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Figure 3- Mesh independency based on the in-cylinder pressure history
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Table 3- Results of the mesh independence study

Case | Number of Cells | Max Pressure (bar)
1 8000 108.027
2 15000 136.236
3 17000 141.170
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Figure 4- Comparison of measured and predicted in-cylinder pressure histories
(Tive=430K, Pivc=2bar, N=1500rpm, phi=0.3)
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1. High Temperature Reactions
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Figure 5- predicted in-cylinder pressure
(Tive=430K, Pivc=2bar, N=1500rpm, phi=0.3)
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Figure 6- predicted in-cylinder Temprature
(phi=0.3, Tive=430K, Pivc=2bar, N=1500rpm)
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1. Low temperature reactions
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Figure 7- Computational heat release rate
(phi=0.3, Tivc=430K, Pivc=2bar, N=1500rpm)
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Figure 8- NO Molar fraction
(phi=0.3, Tivc=430K, Pivc=2bar, N=1500rpm)
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Figure 9- CO Mass fraction
(phi=0.3, Tivc=430K, Pivc=2bar, N=1500rpm)
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Figure 10- CO, Mass fraction
(phi=0.3, Tive=430K, Pivc=2bar, N=1500rpm)
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Figure 11- Fuels and Emmisions Mass fraction
(phi=0.3, Tive=430K, Pivc=2bar, N=1500rpm)
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Homogeneous charge compression ignition (HCCI) is regarded as the next generation combustion trend in
terms of high thermal efficiency and low emissions. It is difficult to control autoignition and combustion
because they are controlled primarily by the chemical Kinetics of air/fuel mixture. In this study, a
homogeneous mixture of natural-gas and air was used in a compression ignition engine to reduce NOXx
emissions and improve thermal efficiency. In order to control ignition timing and combustion, a small amount
of Dimethyl Ether (DME) was mixed with the natural-gas. In this paper, a multi-dimensional computational
fluid dynamics (CFD) model coupled with chemical kinetics mechanisms was applied to investigate the
effects of various temperatures, pressures, equivalence ratios and fuel compositions on the combustion
performance and emission characteristics of an HCCI engine. The mixture could run the engine quietly and
smoothly over a wide range of loads. Under the present test conditions, finite amount of DME was necessary
in order to achieve ignition of the mixture. In addition, thermal efficiency was higher than that of methane
fueled engine, when the DME proportion was optimized. NOx emissions were extremely low, however, the
emissions of total unburned hydrocarbon were high.

Keywords: HCCI, DME, Fuel composition
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