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Development of an Auto-generation System for Detailed Kinetic Model of Combustion
Akira Miyoshi

An auto-generation system for the detailed chemical kinetic model for hydrocarbon combustion has been
developed and evaluated. The goal of the system is to provide a tool for designing suitable fuels for the specified
type of the engine, as well as for designing the engine suitable for the specified type of the fuel. The design and the
purpose of the system are described and the result of the evaluation of the initial version of the system is presented.
The potential to elucidate the feature of the variety of fuel molecule not only by the well-known rating such as the

octane number, but also by new rating is also discussed.
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Fig. 1 Schematic Diagram of the Auto-generation System.
Edged rectangular ((___]) denotes an executable, rounded
rectangular (__)) shows the major program unit (class), and
italicized text (input) indicates the input or output.
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List. 1 Example Code Using the 'molecule’ Class

molecule fuel, radical;

fuel .setFrom(alkane);

radical = fuel;

radical .beRadicalAt(idxAtom);

if (radical '= radical_exist) { ...
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Fig. 2 Comparison of Calculated and Experimental Ignition
Delay Times of n-heptane / air and i-octane / air mixtures
at ¢=1.0and 40 atm. Lines denote calculated ignition
delays; —: i-octane, -+ : n-heptane and symbols denote
experiments using shock-tube ©; B: i-octane, O: n-heptane.

Table 1 Test set molecules and size of models
fuel RON  Nge Ny | fuel RON  nge N
C3 112 67 296 | 23DMC5 91 411 1377
Cé4n 94 99 381|3MC6 52 568 1934

2MC3 102 80 333 |24DMC5 83 240 794
22DMC3 86 77 307 | 25DMC6 56 444 1351

Cbn 628 138 510 | 34DMC6 76 551 1632
2MC4 93 182 671 234TMC5 103 272 876
23DMC4 104 145 495 | 4AMC7 27 694 2161
Cén 25 194 662 | 224TMC5 100 361 1197
3MC5 75 257 872 | 22DMC6 73 448 1498
22DMC4 92 179 634 | 223TMC5 110 459 1481
2MC5 73 302 1049 | 233TMC5 106 462 1497
3EC5 65 298 942 | 2MC7 22 643 2194
C7n 0 274 919 | 33DMC6 76 567 1894

33DMC5 81 264 857

23DMC6 71 827 2676

223TMC4 112 201 685 24DMC6 65 677 2252

22DMC5 93
2MC6 42

456 1556

302 1020 | 3MC7 27 957 3226

RON: research octane number.

species in the model.  ny,: number of reactions in the model.

Abbreviations of fuel molecules are such that; C7n
n-heptane, 33DMCS5 = 3,3-dimethylpentane, etc.
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Fig. 3 Test set fuel molecules represented in RON (research
octane number) - carbon number diagram.
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Fig. 4 Calculated Ignition Delay Time versus RON.

O: straight chain alkanes, ®: mono-methyl substituted, a:
di-methyl substituted (without quaternary), v: di-methyl
substituted (with quaternary), #: tri-methyl substituted.
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Fig.5 Non-PRF Behavior of Fuels.
0.00011 (a) PRF4q = i-0ctane, PRF, = n-heptane, PRFg, = i-octane 60
vol% / n-heptane 40 vol% mixture. (b)—(e) See the caption of
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Table 1 for alkane name abbreviations (3MC6 etc.). Values in the

parentheses following the alkane names are RONSs.
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