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Context of the
research
activity

Porous media are omnipresent in chemical engineering. Packed-bed
catalytic chemical reactors, filters, metallic and ceramic foams, aquifers are
common examples. Very often multiphase flows are established in porous
media, involving solid particles, liquid droplets or gas bubbles, carried by a
continuous liquid phase. In this PhD project we aim at developing and
validating (with experiments) an innovative modelling framework, based on
CFD and machine learning, to describe these complex systems.

The ambition of this project is to develop a computational model capable of
describing multiphase flows in porous media for environmental applications
[2]. The multiphase flow is constituted by solid particles (or liquid droplets or
gas bubbles) carried by a continuous liquid phase, through the pores and
voids, left by the stationary grains constituting the porous media. The
computational model will be based on computational fluid dynamics (CFD)
and population balances, and will start from our previous work on this topic
[3]. These simulations are however computationally very demanding, and
even resorting to high-performance computing (HPC) facilities, result in very
long computational times. In order to be able to simulate very large
geometries, representing for example a large portion of a porous medium or
a laboratory scale column, where usually experiments are performed, a
surrogate model, built with machine learning, must be developed [4-8]. The
modelling activities start by building reliable digital replicas of the porous
media [1] and will then focus on the developments needed to account for the
multiphase flow nature of the flow and for the effects of particle aggregation,
breakage, attachment and detachement, within the porous medium. The
experimental data needed for validating the model will be produced thanks to
the extisting collaboration with DIATI.
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Skills and
competencies
for the
development of
the activity

The PhD candidate must be familiar with the theory of transport phenomena
and computational fluid dynamics. The computational tools employed are
openfoam, Yade and Blender, and libraries from keras, tensorflow pytorch.
The PhD candidate must have basic programming skills in C++ and python.


