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Abstract

The objective of this work is to numerically reveal the effect of equivalence ratio change on the simultaneous reduction
of NOx and soot emissions from the simulated-EGR compression ignition engine containing CO». An experiment was con-
ducted by using a single-cylinder common-rail injection system engine, an intake control system, and exhaust emissions ana-
lyzers. The numerical analysis results were validated under the same experimental conditions. To investigate the effect of
equivalence ratio by simulated-EGR containing CO,, the O,, N,, and CO; mole fraction were changed in the initial air con-
ditions to the cylinder. The results were analyzed in terms of peak cylinder pressure, indicated mean effective pressure, indi-
cated specific nitrogen oxide, and indicated specific soot. It was revealed that ignition delay characteristics and heat release
rate (ROHR) characteristics were not significantly different according to the equivalence ratio. However, as the equivalence
ratio increased from 0.68 to 0.83, the maximum combustion pressure and IMEP decreased by about 6.5% and 9.4%, respec-
tively. In the case of ISFC, as is well known, the trend is opposite of IMEP. In the case of ISNO, as the equivalence ratio
increased, less NO was generated, and as the equivalence ratio increased by 0.05, the ISSoot value of about 10% increased.
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Table 1 Detailed specification of test engine and injector
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Table 2 Sub-model for numerical analysis>'?

Item Specification Phenomenon Model
Engine type Single cylinder Turbulence k-zeta-f
Bore / Stroke 75.0 mm / 84.5 mm Break-up Wave
Engine
Displacement 373.25¢cc Evaporation Dukowicz
Compression ratio 17.8 Wall interaction Mundo-Tropea-Sommerfeld
Nozzle 6-hole mini-sac type Combustion ECFM-3Z
Injector Hole diameter 0.128 mm NO Extended Zel’dovich
Inclined spray angle 156 deg Soot Kennedy-Hiroyasu-Magnussen
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Table 3 Composition of initial air in the cylinder accord-
ing to the overall equivalence ratio

CO; mole | O,mole N> mole Overall
fraction fraction fraction | equivalence ratio
[0] [%] (%] ()
16.2 63.8 0.68
15.1 64.9 0.73
20
14.1 65.9 0.78
13.3 66.7 0.83

Table 4 Detailed experimental and numerical analysis

conditions
Contents Conditions
RPM 1,200
Injection pressure [MPa] 100
Injection mass [mg] 14
Start of energizing timing [ATDC deg] -17
Intake temperature [K] 320
CO; mole fraction [%] 20
Equivalence Ratio [-] 0.68 ~ 0.83
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Fig. 1 Effect of equivalence ratio on the cylinder pres-
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Fig. 2 Effect of equivalence ratio on the max cylinder
pressure in simulated-EGR CI engine containing
CO
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ig. 3 Effect of equivalence ratio on the IMEP and ISFC
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Fig. 4 Effect of equivalence ratio on the ISNO and ISSoot
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Fig. 5 Relation with NO mass fraction and cylinder tem-
perature under the different equivalence ratio con-
ditions (Pinj= 100 MPa, mjyj= 14 mg, teng= 17 deg
BTDC, tasi = 14 deg, CO2= 20%, rpm = 1,200)
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Fig. 6 Relation with equivalence ratio distributions and
soot mass fraction under the different equivalence
ratio conditions (Piyj = 100 MPa, miyj = 14 mg, teng
=17 deg BTDC, tasoi = 14 deg, CO, = 20%, rpm =
1,200)
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