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Abstract - The purpose of this study is to gain a better understanding of the effects of thermal stratification
and partial fuel stratification on reducing the pressure-rise rate and emission in HCCI combustion. The engine
is fueled with Di-Methyl Ether(DME) which has unique 2-stage heat release. Computational work is conducted
with multi-zones model and detailed chemical reaction scheme. Calculation result shows that wider thermal
stratification and partial fuel stratification prolong combustion duration and reduce pressure rise rate. But too
wide partial fuel stratification increases CO and NOx concentration in exhaust gas, and decreases combustion
efficiency.

Key words : engine performance, combustion, emission, numerical analysis, Homogeneous Charge
Compression Ignition(HCCI), DME, pressure rise rate, CO, NOx
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Fig. 1. The histories of in-cylinder gas pre—
ssure for various DME/air equivalen-—

ce ratio.
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Fig. 2. In—cylinder gas pressure rise rate as a
function of equivalence ratio.
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Methane n-Butane W DME 2] &4 %] & YEelylit) &
Table 1. Test fuels.
Normal Di-Methyl
Name Methane Butane Ether
Molecular Structure 0@. X 00,
Self Ignition Temperature [K] 905 678 623
Molecular mass [g/mol] 16.049 58.123 46.069
Lower heating value [MJ/kg] 48.3 45.6 28.8
LTR X o o
Ratio of Heat Release in LTR [%] 0 4-12 25-40
DME/Air
@ 100 H ¢DME=Q.315
g = [| Experiment High
o g [ ow «— Temperature
g =) 50 [Temperature Reaction
52 [ Reaction \_/ (HTR)
X35 NG
§° Tt AN
-40 -35 -30 -25 -20 -15 -10 -5 0
Crank Angle [deg aTDC]
Fig. 3. Low temperature reaction and high tem-

aperature reaction in HCCI combustion
using DME/Air mixture.
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Table 2. Assumed engine specifications.

Process Only 1 Compression & Expansion
Bore XStroke 112mmX115mm

Displacement 1132cc

Length of Conrod 205mm

Crank Radius 57.5mm

Intake Valve Close Timing |aBDC 47°

Exhaust Valve Open Timing [bBDC 47°

Compression Ratio 100
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N: number of zones
ni: number of moles
Cp,i: Specific heat at constant pressure of ith zone
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Fig. 10. Calculation condition (Thermal strati-
fication).
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Fig. 11. Influence of degree of thermal stra—
tification on the pressure rise rate
(Thermal stratification).
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