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INTRODUCTION

The role of modeling in the development of advanced engine technologies continues to grow, as computational fluid dynamic (CFD) calculations with detailed chemistry are now being utilized for applications ranging from understanding fuel effects in engine performance [1] to optimization of start of injection (SOI) in novel engine concepts [2].  Quantitative prediction of relevant engine phenomena hinges on accuracy of the underlying physical and chemical models.  As a result, there have been substantial research efforts devoted to the construction and continual development of detailed chemical models for conventional and alternative fuels.  These detailed chemical models are comprised of tens to thousands of reactions with rate constants assembled from a variety of data sources.  However, available approaches for constructing combustion models do not take full advantage of information from the full spectrum from molecular interactions to combustion behavior.
Here, we present an approach [3] that integrates theory and experimental data in a single mathematical framework that encapsulates the full range of chemically-relevant scales (Fig. 1) from molecular parameters to global combustion behavior.  Since this type of approach allows for full consistency of information across all relevant scales, it allows more optimal use of information from a variety of sources and final optimized solution that allows physically based extrapolation to unexplored conditions.
RESULTS

The approach has been applied to the H2O2 decomposition system and low-temperature propane oxidation system, which are comprised of many elementary reactions.  Various uncertain theoretical kinetics parameters for the key reactions, such as the energy barriers of the transition states, average energy transferred per collision, correction factors for various partition function attributes, and imaginary frequencies for tunneling corrections were optimized against targets from electronic structure calculations, elementary reaction experiments, and global combustion experiments, with appropriate uncertainties for each.  The approach has led to crucial insights into long-debated problems (Fig. 2) and shows promise for physically based model improvement for complex chemical mechanisms informed by global systems data.
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Figure 2: The OH + HO2 = H2O + O2 reaction has been a persistent source of debate for the last several decades in combustion and gas-phase chemistry communities.  Reinterpretation of data from ab initio calculations, elementary reaction rate measurements, and global systems experiments using multi-scale informatics has allowed a single description of the reaction consistent with all available data [3].
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Figure 1: Multi-scale models consist of a set of theoretical kinetics parameters (with constrained uncertainties) that are related through kinetics calculations to rate constants (with propagated uncertainties) that in turn are related through continuum models to global behavior (with propagated uncertainties).  The model is informed by data spanning the full range of chemically relevant scales from quantum chemistry to global systems behavior.

















