
Results

• Small (<35 species) and accurate 
(error in ττττ < 10%) reduced 
mechanisms were developed for
each selected scenario.

• Small (<40 species) and accurate 
(error in ττττ < 10%) reduced 
mechanisms were developed for 
seven of the regimes.

• A 39-species reduced 
mechanism was obtained which 
reproduces ignition delay times for 
all cases in regimes 1-7 with an 
average error of 3.9% for lean and 
stoichiometric mixtures containing 
10% propane / 90% methane as 
fuel, for pressure and temperature 
ranges of 10–40 atm and 876–
1465K.

The species list of this mechanism:
H, H2, O, O2, OH, H2O, HO2, H2O2, CO, 
CO2, CH2O, HCO, CH3O, CH3O2H, CH3O2, 
CH4, CH3, C2H6, C2H5, C2H4, C2H3, C2H2, 
CH2CHO, CH2CO, CH3COCH3, CH3COCH2, 
C3H8, iC3H7, nC3H7, C3H6, C3H5-a, C3H5O, 
iC3H7O2, iC3H7O, CH3CHCO, C4H8-1, 
iC4H8, N2, Ar

Mechanism reduction

The error of the concentration of the 
major species was minimized, because 
this determines the error of the ignition 
delay time.

Reduced mechanisms were developed 
for:
• each scenario
• most of the regimes
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Mechanism reduction methods

Species elimination reduction methods allows us to keep the original 
species and elementary reactions in the reduced mechanisms.

• SEM-CM method: Simulation Error Minimization Connectivity Method1

• DRGEPASA method: combination of the DRGEP (Directed Relation Graph 
with Error Propagation)2 and the DRGASA (Directed Relation Graph-Aided 
Sensitivity Analysis)3 methods

Introduction: Natural gas, the primary fuel for industrial gas turbines is 
mostly methane (CH4), but its composition varies depending on its origin, 
extraction, and transport processes. Fuel-flexible gas turbines are of 
interest to the power generation and combustion research communities. The 
higher-order hydrocarbon, here ethane (C2H6), propane (C3H8) and 
butane (C4H10), content of the natural gas requires the application of 
detailed chemical kinetic models describing the oxidation of not only 
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Scenarios, regimes

• investigated cases were same as in the experiments of Healy et al.5

• methane/propane mixtures (CH4/C3H8 ratios of 70/30 and 90/10)
• temperatures of 713–1465 K
• pressures of 7–40 atm
• equivalence ratios of 0.5, 1.0, 2.0 and 3.0
• altogether 174 cases
• similar cases were grouped giving 11 different regimes
• 19 representative cases (scenarios) were selected from them for 
mechanism reduction

Simulations
Adiabatic, constant volume calculations using code TIBOX
• part of the program package used for the mechanism reduction
• predicts same ignition delay times as CHEMKIN-PRO® (Reaction Design)
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methane, but also of the larger hydrocarbons. Curran and co-workers have 
recently developed a detailed reaction mechanism for the description of 
the oxidation of such mixtures. The size of this detailed chemical kinetic 
model is far larger (above 200 species) than can be used directly in 
computational fluid dynamics (CFD) calculations. The simulation can be 
accelerated using reduced mechanisms. The primary parameter of 
interest here is the ignition delay time, ττττ.
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Accepted mechanisms: the calculated ignition delays deviated by less than 10% compared to the baseline, 
detailed mechanism calculation

Chemical model

The latest version of the C4 mechanism that was recently developed by 
Curran and co-workers4 was to be reduced.
This mechanism contains 230 species up to 4 carbon atoms and 1327 
reversible reactions.
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