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ABSTRACT 

Euler-Lagrange (EL) and Euler-Euler (EE) techniques have been widely employed for solving particle, 
droplet, and bubble-laden flows of engineering and environmental importance. Since flow around individual 
particles is not resolved at the microscale, the accuracy of the technique depends on the fidelity of the force 
laws and Reynolds stress models employed. As a result, their predictive capability EL and EE approaches 
are often severely restricted by the serious limitations of the closure models employed. We still simulate 
real-world problems in much the same way we did four decades ago, perhaps with much larger 
supercomputers, substantially improved numerical methods, but only with incrementally better closure 
models. The main focus of this talk is about how we can leverage emerging machine learning and other AI 
techniques to our advantage. This will require us to use these powerful techniques as very sophisticated 
instruments (as opposed to blunt tools) and integrate them with our decades of physical insight. Ultimately, 
can we develop best-possible closure models, which will allow reduced-order EL and EE techniques to 
recover fully-resolved-like accuracy at orders of magnitude lower cost.  
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