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Abstract:

A common situation in fluid dynamics is the flow of a gas with dispersed solid particles and/or liquid
droplets. Such multiphase flows, i.e. flows with multiple immiscible phases, appear often in
engineering situations involving heat and/or mass transfer. In aviation, liquid fuel is injected into



https://www.me.washington.edu/facultyfinder/john-aaron-palmore-jr
https://umich.zoom.us/j/97182797138
https://calendar.google.com/calendar/event?action=TEMPLATE&tmeid=bWIwNGttczRzYTRrbTluMWJhZ2tlM3E3OGMgYW5kZnVsQHVtaWNoLmVkdQ&tmsrc=andful%40umich.edu

the engine as a spray of droplets which subsequently evaporate and combust. The rate of
combustion, power output, and pollution production from the combustion are all limited by the
process of droplet dispersion, evaporation, and vapor mixing in the combustor. This talk will discuss
some results from our investigations into droplet dynamics in turbulent flows.

The main goal of this work has been improving the state-of-the-art in modeling droplets in turbulent
flows. Standard modeling techniques using the classical Lagrangian Particle Technique (LPT) neglect
many crucial details necessary to accurately model the trajectory, evaporation rate, and combustion
properties of droplets as they appear in spray combustion. To fill in the gap, the work uses a
combination of analytical theory and numerical simulation to develop next-generation models of
droplets in sprays. Mathematical analysis is used to develop theories of droplet evolution in sprays.
The theoretical results are extended through comparison to simulation data from our in-house high-
fidelity interface-capturing direct numerical simulation code.

As a result of our investigations, we confirmed that droplet deformation due to the aerodynamic
forces induces faster evaporation and combustion rates. And we proposed physical mechanisms to
explain the phenomenon. Overall, an increase by as much as 20% was noted for the tested
configuration. For trajectory, we've confirmed that the deformation of droplets and the aerodynamic
shear-induced flow within droplets have strong affects the droplet drag. And we suggest corrections
to standard models to account for this affect. Finally, we apply our results to make improved LPT
models of droplet in turbulent flows. Our initial investigation suggests that traditional models
underpredict the amount of droplet dispersion in turbulent flows, and therefore do not correctly
predict the dynamics of droplet and spray combustion in aviation engines.

Bio:
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