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Abstract 

Recent advances in the massively parallel computing technology have enabled first principle 
simulations of laminar and turbulent reacting flows to unravel fine-scale physics with ultimate 
realism and accuracy.  To achieve this mission successfully, however, it is essential to develop 
reliable algorithms that are free from turbulence modeling errors and numerical dissipation. 
Furthermore, the implemented submodels should be able to describe the essential physical and 
chemical processes, such as radiative heat transfer, spray dynamics, and soot formation. This 
presentation will provide an overview of recent research activities using direct numerical 
simulations (DNS) with detailed chemistry and transport. In particular, DNS of auto-ignition in 
the presence of mixture stratification is analyzed to provide insights into the characterization of 
auto-ignition regimes and as a means to develop improved mixing models for turbulent 
combustion simulations. Recent development in sooting flame simulations and droplet 
combustion will also be discussed. The presentation will also provide a brief overview of 
ongoing activities and research opportunities at KAUST Clean Combustion Research Center. 
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