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Abstract 

Large-eddy simulation (LES) is a promising technique to accurately predict 

reacting multi-phase flows in practical combustors involving complex physical 

phenomena of turbulent mixing and combustion dynamics. Our goal in the present 

work is to develop a computational tool based on particle-tracking schemes capa- 

ble of performing hi-fidelity multiphase flow simulations with models to capture 

liquid-sheet breakup, droplet evaporation, droplet deformation and drag. An Eule- 

rian low-Mach number formulation on arbitrary shaped unstructured grids is used 

to compute the gaseous phase. The dispersed phase is solved in a Lagrangian 

framework by tracking a large number of particles on the unstructured grid. The 

interphase mass, momentum, and energy transport are modeled using two-way 

coupling of point-particles. A series of validation simulations are performed in 

coaxial and realistic gas-turbine combustor geometries to evaluate the predictions 

made for multiphase, turbulent flow. 

1 Introduction 

Turbulent multi-phase flows are encountered in a variety of engineering applica- 

tions, viz., internal combustion engines, liquid and solid propellant rocket motors, 

gas-turbine aircraft engines, cyclone combustors and biomass gasifiers involv- 

ing swirling motions. The combustion chambers of propulsion systems involve 

intriguing processes such as break-up and atomization of liquid fuel jets, i evapo- 

rationlcondensation and collision/coalescence of droplets, turbulent mixing of fuel 

and oxidizer giving rise to spray-flames. Owing to the complexities of the under- 

lying processes, accurate quantitative observations of the flowfield are formidable 

and often subject to large measurement errors. Better understanding of such flows 
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