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C7HI16, 02, N2, CO, CO2, H, H2, O, H20, OH, HO2, H202, CH4, CH3, CH30, CH2CO, CH2, CH20, CH302, CH402,
HCO, HCCO, C7HI15-1, C7H15-2, C7TH1502, C7TH1402H, C7H1402HO2, C7KET21, C6H12, CSH11CHO, CSH11CO,
CSHI11, C4H9, C4H, C4H2, C4H3, C3H7, C3H6, C3H5, C3H4, C3H3, C3H2, C2H, C2H2, C2H3, C2H4, C2HS, C2H6,
N20, NO,N, C3H8, CH2CHO, CH3CHO, CH3CO, CH20H, C, CH, HCCOH, CH30H, CH2(S), NH, NH2, NH3, NNH,
NO2, HNO, CN, HCN, H2CN, HCNN, HCNO, HOCN, HNCO, NCO, AR.

oSy 85l STy oSTs 8l oSy
Yys C7H16+02=C7H15-1+HO2 YYv C7H16+02=C7H15-2+HO2
YYA C7H16+H=C7H15-1+H2 yya C7H16+H=C7H15-2+H2
Y C7H16+OH=C7H15-1+H20 ) C7H16+OH=C7H15-2+H20
YYyY C7H16+HO2=C7H15-1+H202 yyy C7H16+HO2=C7H15-2+H202
Y CTH16+CH3=C7H15-1+CH4 1o C7H16+CH3=C7H15-2+CH4
¥re CTH16=C7H15-1+H Ty C7H16=C7H15-2+H
¥YA C7H16=C4H9+C3H7 ¥ra C7H15-1+02=CTH1502
Yvef. C7H15-2+02=C7H1502 ARA C7H1502=C7H1402H
YEY C7H1402H+02=C7H1402HO2 FEY C7H1402HO2=C7KET21+OH
\Ais C7KET21=C5H11CO+CH20+0H ¥EO CS5H11CHO+02=C5H11CO+HO2
Y5 C5H11CHO+OH=C5H11CO+H20 YEY CSH11CHO+H=C5H11CO+H2
YA C5H11CHO+0=C5H11CO+OH Y¥a CSH11CHO+HO2=C5H11CO+H202
Yo- C5H11CHO+CH3=C5H11CO+CH4 Yoo C5H11CHO+CH302=C5H11CO+CH402
Yoy CSH11CO=C5H11+CO Yoy C5H11=C2H5+C3H6
Yof C7H15-1=C2H4+C5H11 Yoo C7H15-2=CH3+C6H12
Yor C6H12=C3H7+C3H5 Yov C7H15-2=C4H9+C3H6
YOA C7H15-1=C7H15-2 AR C4H9=C3H6+CH3
Y- C4H9=C2H5+C2H4 Y& C3H7=C2H4+CH3
ey C3H7=C3H6+H ey C3H7+02=C3H6+HO2
et C3H6=C2H3+CH3 Y#o C3H6+H=C3H5+H2
o5 C3H6+CH3=C3H5+CH4 Yoy C3H6+02=C3H5+HO2
YA C3H6+OH=CH3CHO+CH3 Y#a C3H5=C3H4+H
YV C3HS5+H=C3H4+H2 V) C3H5+02=C3H4+HO2
Y'Yy C3H4+OH=C2H3+CH20 vy C3H4+OH=C2H4+HCO
YVY¥ C3H4+02=C3H3+HO2 Yvo C2H4+HO2=CH3CHO+OH
Yve C2H4+CH30=CH3CHO+CH3 Yvy C2H4+CH302=CH3CHO+CH30
YYA CH3CHO=CH3+HCO Yva CH3CO+M=CH3+CO+M
YA CH3CHO+02=CH3CO+HO2 YA CH3CHO+H=CH3CO+H2
YAY CH3CHO+OH=CH3CO+H20 YAY CH3CHO+0O=CH3CO+OH
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YAY CH3CHO+CH3=CH3CO+CH4 YAQ CH3CHO+CH2=CH3CO+CH3
YA# CH3CHO+HO2=CH3CO+H202 YAY CH3CHO+CH302=CH3CO+CH402
YAA CH3CO+0=CH3+CO2 YAQ CH3CO+H=CH3+HCO
ya- CH3CO+OH=CH3+CO+OH Yay CH3CO+HO2=CH3+CO2+0OH
yay CH3CO+CH3=C2H6+CO yay CH30+CO=CH3+CO02
va¥ CH3+02=CH302 Yao CH302+HO02=CH402+02
AYd CH302+CH4=CH402+CH3 yay CH302+CH3=CH30+CH30
YaA CH302+0=CH30+02 yaa CH302+H=CH30+OH
f.- CH302+CH20=CH402+HCO ARA CH302+C2H6=CH402+C2H5
f.v CH302+CH302=CH30+CH30+02 f.v CH302+H202=CH402+HO2
f.f CH402=CH30+OH f.0 CH302+C2H4=C2H3+CH402
.5 CH402+0OH=CH302+H20 f.v CH402+0=CH302+0OH
A H2+02=0OH+OH f-q O+OH+M=HO2+M

. H202+0=H20+02 1 H2+HO2=H20+OH

Ty HCO+HCO=CH20+CO Y HCO+HO2=CO2+OH+H
Y CH3+H=CH4 10 CH3+CH30=CH4+CH20
7 CH2+02=HCO+OH vy CH2+02=CO2+H2

TIA CH2+02=CO+H20 14 CH2+CO2=CH20+CO
fy. CH3+HCO=CH20+CH2 AR CH3+CH3=C2H4+H2
Yy C2H4+0=CH20+CH2 Yy C2H4+0=C2H3+0OH

Yy C2H4+OH=CH20+CH3 Yo C2H4+HO2=C2H3+H202
fys C2H4+H=C2HS5 Yy C2H6+02=C2H5+HO2
YA C2H4+02=C2H3+HO2 fra C2H4+C2H4=C2H5+C2H3
fy. C2H5+HO2=C2H4+H202 T C2H2+02=HCO+HCO
fry C2H3+CH2=C2H2+CH3 fry C2H3+HCO=C2H4+CO
fre C2H3+C2H3=C2H2+C2H4 Yo C2H3+0=C2H2+0OH

fye C2H2+CH2=C3H3+H frv C3H3+OH=C3H2+H20
YA C3H3+0=CH20+C2H fra C2H3=C2H2+H

ff- C2H2=C2H+H AR C2H2+C2H=C4H2+H
fYY C3H4+0=C2H3+HCO FY C3H4+0=C2H4+CO
\AAs C3H4+0O=HCCO+CH3 A\ C4H+H2=H+C4H2

\Ard C4H2+OH=C4H+H20 Yy C4H2+0=C3H2+CO

YA C3H2+0=C2H2+CO ffa C3H2+OH=HCO+C2H2
o C2H2+C2H=C4H3 A C3H2+CH2=C4H3+H
fov C4H2+H=C4H3 fov C4H3+H=C2H2+C2H2
fof C4H3+H=C4H2+H2 AN C4H3+OH=C4H2+H20
for C2H2+HCCO=C3H3+CO fov C3H2+02=HCCO+CO+H
fOA C3H3+02=CH2CO+HCO o4 C4H3+02=HCCO+CH2CO
7. C3H8+C2H5=C3H7+C2H6 At C3H8+C2H3=C3H7+C2H4
\idl C3H7+CH3<=>CH4+C3H6 fry C3H6+C2H5=C3H5+C2H6
f7¥ C3H6+0=CH3+CH3CO
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English Abstract

A Comparison of two Different Configurations of Multi-Zone Combustion
Model for Natural Gas/n-Heptane Blend in HCCI Combustion Engines

A. Rahimi Mamaghani', R. Khoshbakhti Saray” and E. Fatehifar'

1- Department of Chemical Engineering, Sahand Universdityof Thecnology, Tabriz
2- Department of Mechanical Engineering, Sahand Universdityof Thecnology, Tabriz

In this work, a detailed combined chemical kinetics mechanism (76 chemical species, 464 reactions) for a
mixture of natural gas and n-heptane with arbitrary mass fractions of natural gas between 36 and 85 percent
was developed from the combination of the detailed reaction schemes for natural gas and n-heptane fuels.
Then, essential reactions were determined through performing a sensitivity analysis on the combined
mechanism. In addition, genetic algorithm was applied to optimize the Arrhenius rate coefficients of the
specified reactions by means of sensitivity analysis. Finally, accuracy of the presented mechanism was
investigated through two different zone configurations (6 zones and 11 ones) of a multi-zone combustion
model as well as available laboratory results. Also, the results of the two considered zone configurations
from the multi-zone combustion model were compared, whereby it was found that the two zone configurations
considered could properly predict combustion, performance parameters (i.e. start of combustion), burn
duration, indicated mean effective pressure, indicated thermal efficiency as well as important HCCI engine
emissions (i.e. unburned HC and CO emissions) in good accord with the experimental data. Also, it was
discovered that the results of the 6 zone combustion model were closer to the results of the 11 zone
combustion model. But the required computational time for the 11 zone combustion model was approximately
twice that of the 6 zone combustion model.

Keywords: HCCI Combustion, Sensitivity Analysis, Chemical Kinetics Mechanism, Multi-Zone Combustion
Model, Genetic Algorithm.

g



