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The disintegration of liquid fuels and spray formation prior to 
combustion plays a significant role in predicting the combustion 
efficiency and emission outcome in diesel engines and liquid 
rocket propulsion systems. Resolving the detailed behavior 
of the spray formation process at relevant engine conditions 
with very high resolutions is a formidable task experimentally 
and computationally. A novel approach using direct numerical 
simulation DNS and vorticity dynamics is sought to enable resolving 
the liquid surface disintegration into smaller liquid structures with 
an unprecedented resolution. Liquid protrusions such as lobes, holes, 
bridges, and ligaments, which are the precursors to droplet and spray 
formations have been captured. Three distinct physical domains of 
break up were identified for the first time to characterize the effects 
of engine conditions on droplet size distribution. The second part 
of this talk focuses on mixing and combustion of diesel sprays after 
end-of-injection via highly-resolved multidimensional numerical 
simulations to explore the physics underlying recent experimental 
observations of combustion recession and validating reduced 
chemistry mechanisms for diesel fuel surrogates. The significance of 
low-temperature chemistry in the prediction of combustion recession 
was identified.
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