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The degree of reliability of CFD combustion models is strongly related to the use of 
detailed kinetic mechanisms, which describe the chemical processes occurring throughout 
the whole range of operating conditions. Nevertheless, their use is often limited by the 
computational load resulting from their application, such that kinetic mechanisms with 
more than ~100 species can rarely be used in these cases. For this reason, in the latest two 
decades proper reduction techniques were developed in order to obtain compact, skeletal 
kinetic models suitable for these purposes. 
In this work, a novel methodology for achieving optimal mechanism reduction is proposed. 
It exploits the synergy between two different approaches to the issue, both targeted at the 
individuation of unimportant species (and reactions, accordingly) in the original model. In 
the proposed strategy, an upstream analysis of reacting fluxes (RFA) within ideal reactors 
is first carried out to rank the species according to their contribution to the overall 
production and consumption rates, and to coarsely reduce the kinetic model at a first level. 
Afterwards, a sensitivity analysis of the reactions constituting the reduced mechanism on 
the formation of the main species is carried out. The importance of the remaining species is 
then assessed by analysing the sensitivity coefficients involving the reactions where they 
are present, as either reactants or products. 
The accuracy of the final model is first assessed by comparison of ignition delay times of 
the reduced mechanism with respect to the detailed one. After that, a more extensive 
validation is performed on jet stirred reactors and through laminar flame speed evaluation. 
The results showed the effectiveness of the proposed approach, since it allowed to 
significantly decrease the size of the final mechanism (once the target accuracy is fixed), 
with respect to a reduction purely based on RFA methodology. Moreover, it is shown that 
the importance of this strategy grows with the degree of complexity of the considered fuel, 
and becomes crucial when surrogate models of real fuels are concerned. In these cases the 
computational savings brought about by a more efficient reduction become more apparent, 
as the computational cost of chemistry scales with the third power of the number of species 
of the kinetic mechanism associated to the concerned model. 
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