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Modeling and algorithm optimization of global reaction
mechanism based on elementary reaction
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Abstract: Taking chemical kinetic system of kerosene/oxygen as an example, internationally
advanced techniques for modeling and computing method of global reaction mechanism based on
elementary reaction were introduced, and the whole flow of the process from modeling of global
reaction mechanism to solution of the chemical kinetics equations is generalized. Firstly, n-dodecane
was chosen to be the substitute fuel of kerosene. Through DRG+CSP mechanism reducing mefhod,
the detailed reaction mechanism of 203 components and 738 reactions was simplified to n-dodecane
32 components and 36 reactions. The gained global mechanism considered the underlying elementary
reactions, reducing computing cost and chemical stiffness, and maintained high- accuracy at the same
time. In order to calculate global reaction velocity, linear quasi-steady-state approximation (LQSSA)
method is applied to decouple the nonlinear coupling between QSS components, and improve the

stability and computational efficiency of the algorithm while the computational accuracy is
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guaranteed. At last, the chemical kinetic equation set is solved by VODE rigidity integral solver, and

a subroutine which can be coupled with CFD main program is formed for chemical kinetics

computation.

Keywords: chemical kinetics; reduced mechanism; quasi-steady-state component density; linear

quasi-steady-state approximation
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Tab. 1 Comparison of heat value and H/C ratio

between kerosene and n—dodecane
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Fig. 1 Flame propagation speed comparison between
experimental data and detailed mechanism

£20am T, BEHR 10, MKRBEE
800~1 400 K JE RN, Xt TR BT S KEER
BHRIATE, R SEMLEEERXT LA 2.

o Experimental data °
f —Detailed mechanism

o
o
—

9
1E-3f

1E-4F

Ignition time by OH peaks/s

1E-5F

0..7 0..8 OI.9 1..0 1..1
1000/T,1/K
B2 HEYIE SRR SRR B XL
Fig. 2 Ignition delay time comparison between
experimental data and detailed mechanism
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Fig. 3 Flame propagation speed and ignition delay comparison among detailed mechanism,

simplified mechanism and experimental data
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