Numerical Simulation of Premixed Charge Compression Ignition Processes
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Abstract

In recent years, the premixed charge compression ignition engine is attracting a great interest because it
is high efficiency and capable of reducing both nitrogen oxide and particulate matter emissions significantly.
However, some problems remain not resolved, such as the difficulty of controlling ignition timing and
combustion rate in high load. In order to solve this problem, it is investigated using EGR system and
heterogeneous mixture.

In this study, the auto ignition and combustion process of heterogeneous isooctane-air mixture in a
PCCI engine has been simulated by a multi-dimensional CFD computation. The chemical reaction is
described by using a 5-step global reaction model for hydrocarbon fuels. The initial conditions of
heterogeneity of a fuel-air mixture was given at the intake valve closing time, which generated a statistically
reasonable turbulent fluctuations in both velocity and fuel mass fraction fields. The results show that the heat
release rate for the heterogeneous case is more moderate than that for the homogeneous case. In addition, it is
found that the distribution of fuel mass fraction is important factor for characterize a combustion processes.
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Table 1  Schreiber’s five-step scheme for iso-octane

Reaction (ﬁ]/:?l()) (mofm3-s) IZ/('—)\)
1 F— X 7099 50x10® 18,050
2 X+1250, — P -4709.9 7.0X10° 7,200
3" F+20,— | 539 35x10° 19,500
3 | - F+20, 539 6.0x10° 37,500
4 | — 2y -60.0 6.0x10 5,000
5  Y+0.5F+1150, — P -3913.1 1.0x10° 16,500
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Fig. 1 Computational grid system

Table 2 Engine specifications and calculate conditions

Bore X Stroke 82.6X114.3mm
Compression ratio 120
Engine speed 900 rppm
Equivalence ratio . 10
(Cylinder-average)
Intake valve close 146 deg. BTDC
EGR ratio 40 % , uniform
Wall temperature 370K, uniform
Initial temperature . 310K
(Cylinder-average)
Initial pressure 0.1 MPa, uniform
Fuel iso-Octane
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Fig.3 Averaged length scale of fuel mass fraction
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Fig. 4 Fields of equivalence ratio at initial condition
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Fig. 5 PDF and fields of equivalence ratio at several selected
crank angles
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