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Abstract :

Generally, a reduced chemical mechanism of n-heptane is used as chemical fuel of a 3-D diesel engine

simulation because diesel fuel consists of hundreds of chemical components and various chemical classes so that it is
very complex and large to use for the calculation. However, the importance of fuel in a 3-D simulation increases

because detailed fuel characteristics are the key factor in the recent engine research such as homogeneous charged

compression ignition engine. In this study, normal paraffin, iso paraffin and aromatics were selected to represent diesel
characteristics and n-dodecane was used as a representative normal paraffin to describe the heavy molecular weight of
diesel oil (C10~C20). Reduced kinetics of iso-octane and toluene which are representative species of iso paraffin and

aromatics respectively were developed in the previous study. Some species were selected based on the sensitivity

analysis and a mechanism was developed based on the general oxidation scheme. The ignition delay times, maximum

pressure and temperature of the new reduced n-dodecane chemical mechanisms were well matched to the detailed

mechanism data.
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Nomenclature
CAI  : controlled auto ignition
NTC  :negative temperature coefficient
PAH :poly-cyclic aromatic hydrocarbon
USC  :university of southern california
EGR :exhaust gas recirculation
HHV : high heating value
LHV :low heating value
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Table 1 Reduced n-dodecane chemical kinetics

No Reactions A n E.
1 NCI12H26 + 02 = PXC12H25 + HO2 4.00E+14 0.0 50930.0
2 NCI12H26 + OH = PXC12H25 + H20 2.73E+07 1.81 868.3
3 NCI12H26 + HO2 = PXC12H25 + H202 1.21E+06 2.65 17496.0
4 NCI12H26 + H=PXC12H25 + H2 6.45E-02 4.70 3679.0
5 PXCI12H25 + 02 =PC12H2502 3.00E+48 -11.66 10000.0
6 PXCI12H25 =2C4HS8-1 + pC4H9 6.00E-01 4.0 20000.0
7 PC12H2502 = P1200HX2 1.00E+11 0.0 12500.0
8 P1200HX2 + 02 => OC1200H + OH 4.00E+11 0.0 0.0
9 OC1200H => CH20 + 4C2H4 + C2H5 + OH + CO 7.00E+14 0.0 20000.0
10 C5H10 + H=C4H8-1 + CH3 3.20E+22 -2.39 11180.0
11 nC3H7 + H = C2H5 + CH3 3.70E+24 -2.92 12505.0
12 nC3H7 + H=C3H6 + H2 1.80E+12 0.0 0.0
13 nC3H7 + OH = C3H6 + H20 2.40E+13 0.0 0.0
14 C2H4 + C2H5 = pC4H9 1.50E+11 0.0 7300.0
15 pC4H9 + H = C2HS5 + C2H5 3.70E+24 -2.92 12505.0
16 pC4H9 + H = C4H8-1 + H2 1.80E+12 0.0 0.0
17 pC4H9 + OH = C4H8-1 + H20 2.40E+13 0.0 0.0
18 C4HS8-1 + H=C2H4 + C2H5 1.60E+22 -2.39 11180.0
19 C4H8-1 + H=C3H6 + CH3 3.20E+22 -2.39 11180.0
20 O+0OH=02+H 6.40E+14 -0.5 15002.0
21 H2+0=H+OH 1.82E+10 1.0 8900.0
22 OH+OH=0+H20 6.00E+08 1.3 0.0
23 H20 + H=H2 + OH 9.55E+13 0.0 20300.0
24 H202 + OH = H20 + HO2 1.00E+13 0.0 1800.0
25 H20+M=H+OH+M 2.19E+19 0.0 105000.0
26 H+02+M=HO02+M 3.61E+17 -0.70 0.0
27 HO2 + OH = H20 + 02 5.01E+13 0.0 1000.0
28 H202 + 02 =HO2 + HO2 3.98E+13 0.0 42640.0
29 H202 (+M) = OH + OH (+M) 3.00E+14 0.0 48500.0
30 H2+M=H+H+M 2.19E+14 0.0 96000.0
31 CO+0OH=CO02+H 6.32E+06 1.50 -497.0
32 CO +HO2=CO02+0OH 1.51E+14 0.0 23650.0
33 CO+0+M=C0O2+M 6.17E+14 0.0 3000.0
34 HCO + 02 =CO + HO2 3.98E+12 0.0 0.0
35 C3H6 + OH = C2HS5 + CH20 1.00E+12 0.0 0.0
36 C3H6 + OH = CH3 + CH3CHO 1.00E+12 0.0 0.0
37 C2H5 + 02 = C2H4 + HO2 1.00E+12 0.0 5000.0
38 C2H4 + HO2 = CH3CHO + OH 2.20E+13 0.0 17200.0
39 CH3 + HO2 = CH30 + OH 4.30E+13 0.0 0.0

40 CH3CHO + HO2 = CH2CHO + H202 3.00E+13 0.0 15000.0

41 CH30 +M=CH20+H+M 5.01E+13 0.0 21000.0

42 02 + CH2CHO = OH + 2HCO 2.35E+10 0.0 0.0

43 CH20 + OH = HCO + H20 3.59E+11 0.0 170.0

44 CH20 + 0 =HCO + OH 1.010E+20 1.00 35000.0
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Development of Reduced Normal Dodecane

Table 1 Reduced n-dodecane chemical kinetics (Continue)

Chemical Kinetics

No Reactions A n Ea.
45 CH3 + HCO = CH20 + CH2 3.000E+13 0.00 0.0!CGS
46 CH3+0=CH20+H 8.000E+13 0.00 0.0!CGS
47 CH2+02=C0O2+H+H 1.600E+12 0.00 1000.0
Note: A units mole_cm_sec K, Ea units cal/mole
Species considered (25)
nC12H26 PXC12H25 PC12H2502 P1200OHX2 OC1200H
C5H10 C4H8-1 pC4H9 nC3H7 C3H6
C3H6 C2H5 C2H4 CH20
0 02 HO2 H202 H20 OH H H2 CO CH3 N2
Table 2 Simulation conditions
il 2= (bar) 3] L E(K)
1 0.5
—— 2 20 !
3 2 750 ~ 1250
4 0.5 (50K 2+4)
5 40 1
6 2

=3 H-abstraction
ey [sOMeE¥ization
=—==3 Small Hydrocarbon
H Decomposition

v

Fig. 1 Major reaction path of parent fuels in the low temper-
ature region
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Fig. 2 Ignition delay time of reduced n-dodecane chemical kinetics compared to the detailed n-dodecane chemical kinetics in
phi = 1 and initial pressure 20 and 40 bar
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Fig. 3 Ignition delay time of reduced n-dodecane chemical kinetics compared to the detailed n-dodecane chemical kinetics in
phi = 0.5, 2 and initial pressure 20 and 40 bar
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Table 3 Maximum pressure and temperature of reduced
n-dodecane chemical kinetics compared to the
detailed n-dodecane chemical kinetics in phi = 1 and
initial pressure 20 bar

%7 3% (K) #3194 (bar)
< 5E(K) A EEN A e
750 2955 2955 85.3 85.3
800 2975 2975 80.6 80.6
850 2996 2996 76.5 76.5
900 3016 3016 72.8 72.8
950 3036 3036 69.6 69.6
1000 3056 3056 66.6 66.6
1050 3076 3076 64.0 64.0
1100 3096 3096 61.6 61.6
1150 3116 3116 59.4 594
1200 3136 3136 57.4 57.4
1250 3156 3156 55.5 55.5
A= Qs FFoly gyt dEpdvd F4
3pehat-g- AU E S AFEE 5= gl A Eo
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