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Description

The first part of the lecture introduce to mathematical modeling of fluid mechanics and the numerical resolution of the associated
equations. Equations are classified by three main families of models:

1. environmental problems: yield stress fluids (Bingham type) for granular matter, e.g. snow avalanches, mud or ice flows, erosion,
landslides and volcanic lavas.

2. industrial problems: viscoelastic fluids (Oldroyd type) for plastic material processes, and metallic alloy.

3. biological problems: elastoviscoplastic fluids, for blood flows, liquid foam flows, and for food processing (mayonnaise, ketchup,
etc).

Equations and models are presented in a continuum setting, and then approximated in time and space. Then, the efficient numerical

resolution is addressed with some examples of practical applications.

The second part of the lecture propose a deeper analysis of granular models. The mathematical study of these complex matter
is an important numerical and physical challenge. We will show how it requires a general view related to nonlinear PDEs. The
objective of this course will be two-fold:

« Show how the compressibility and the viscoplasticity of the phenomenon can play an important role
« Discuss congestion phenomena in granular media (maximum packing) that can be compared mathematically to floating structure
phenomena in the presence of a free boundary.
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Students who complete the course will have demonstrated the ability to do the following:

« formulate and solve a large number of nonlinear physical and mechanical problems.

« demonstrate a familiarity with fluid mechanics and complex materials

« synthesize and implement efficient algorithms for various applications of industrial type.

The main idea of this lecture is to motivate by examples interdisciplinary collaborations needed to deal with complex situations.

Course parts

Lecture Teaching Unit (UE) 36h
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