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Overview

Successful students will receive following diploma:

m MSc in Chemical and Biochemical Engineering delivered by Mines Saint-Etienne

m Laurea Magistrale (Master of science-level) in Chemical and Sustainable Processes Engineering, Chem-
ical Engineering degree class delivered by the Politechnic University of Turin

m MSc. In Materials Science and Engineering delivered by Technical University of Munich

The programme spreads over two years (4 semesters), during which MULTIPHASE students will visit three
universities:

m one semester in Mines Saint-Etienne (France)
m one semester in Politechnic University of Turin (Italy)

m one semester in Technical University of Munich (Germany)

Two winter schools and an 18 months-long project driven by industrial partners are also offered.
The fourth semester is devoted to an internship with MSc thesis, in industry or academia.

Please, note that this program is subject to (minor) changes to reflect the evolution of the state-of-the-art
disciplines and the multiple constraints experienced by the Consortium’s institutions.
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Figure 1: Overview of the curriculum.
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1. Semester 1 in Saint-Etienne, France

1.1 CSO1: Fluid dynamics (11 ECTS)

Content:
m Fundamentals

- Conservations laws (local and global) and constitutive equations, introduction to hydrodynamic
instabilities

- Micro-, meso- and macroscales : models for constitutive equations at different scales
m Complex flows

- Turbulent flows (Navier-Stokes equations for turbulent flows (Reynolds stresses, ...); turbulence
scales (Kolmogorov scales, ...); numerical resolution of turbulence) + boundary layer; RANS, LES,
k-epsilon models,...)

- Reactive flows (combustion)

- Rheology of complex fluids
m Multiphase flows

- Liquid-gas flows: physics of interfaces; flow patterns for horizontal and vertical flow in pipelines;
modeling of multiphase flows (homogeneous model, Lockhart-Martinelli correlation, ...); shallow
water equations for thin films)

- Fluid-solid flows : behavior of a single particle (hydrodynamics); behavior of many particles (hy-
drodynamics, DLVO theory); rheological model of suspension flows

= Introduction to CFD

- Different approaches for CFD
- Toy code of Finite Volume Method (shifted mesh, SIMPLE stationary algorithm)

- Mesh-based methods (FDM, FVM, FEM), Particle-based methods, Explicit vs. Implicit solvers, CFL
stability condition, algorithm, time stepping methods, visualization

- Numerical practical work on Fluent

Learning outcomes:

m explain the link between microscopic properties of a fluid and its rheological and thermal behaviour
m choose and implement the appropriate method for modelling turbulent flows
m explain the Finite Volume Method, write a toy code and critically

m evaluate the influence of material properties and operating conditions on the flow regime
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Chapter 1. Semester 1 in Saint-Etienne, France

m discretize an EDP according to a given numerical scheme
m write a toy code to compute flow field on benchmark configuration
m use the different softwares on the chain (geometry, mesh generation, solver, visualization)

m know the main open-source and industrial codes

1.2 CS02: Physical chemistry (5,5 ECTS)

Content:
m Transport phenomena

- Momentum, energy and mass balances

- Heat transfers by conduction (Fourier’s Law), by convection (natural and forced convection, corre-
lations) and by radiation (Stefan’s Law)

- Mass Transfer by diffusion (Fick’s Law) and convection (correlations), Film theory
m Industrial crystallization

- Germination, growth, agglomeration
m Solid-phase chemical reactions

- Adsorption
- Point defects
- Heterogen reactions kinetics

Learning outcomes:

m describe the main transport phenomena and propose their modelling equations
m write and solve equations to predict a concentration or temperature evolution in a reactor

m differentiate the different crystallization processes at play during precipitation or solid-state transfor-
mations

1.3 CS03: Experimental characterization methods of solids and fluids (5,5
ECTS)

Content:
m Radiation-matter interaction

- Theory
- Application to characterization techniques (IR-Raman, ...)

m Morphological and structural analysis

- SEM and TEM (theory, practical)
- XRD (theory, experimental visit)

m Physico-chemical analysis



1.4. CS04: Particulate processes (6 ECTS)

- Thermal stability analysis
- Elementary surface analysis (XPS and Auger spectroscopy)
- Porosity (mercury intrusion) and specific surface (BET)

m NDT for Health monitoring (1,5 ECTS out of 5,5 ECTS)

- Introduction to metrology, signal processing chain, Introduction to measurement statistics, Sensor
behavioral modeling and calibration, "Inspection and monitoring"

- Bleeding, thermography, Fiber optic sensors, and fiber optic sensor network for structural analysis,
Ultrasound and acoustic emission

- Seminar on structural health monitoring

Learning outcomes:

m understand the theory underlying the experimental characterization tools

m know the working principles and the limits of the main characterization methods of dispersed systems
(solids, fluids)

m operate some of these instruments, in autonomy or under guidance

1.4 CS04: Particulate processes (6 ECTS)

Content:
m Physics of granular matter

- Micro-mechanics (force chains, finite size effects, ...)
- Heat transfers in granular packings and porous media

m Industrial processes

Size reduction (grinding, abrasion, attrition) and enlargement (agglomeration, granulation, caking)

Compaction and sintering

Pneumatic transport and fluidization

Atomization (suspension spray-drying; metal powder synthesis)
m Numerical Simulation

- Discrete methods (event driven, soft sphere and hard sphere)
- Contact laws and calibration, scale-up, coarse graining and homogeneization
- Continuous methods (KTGF, mu(l))

Learning outcomes:

m choose the appropriate sequence of unit operations to handle and transform powders and grains
m describe the main phenomena at play in these devices/reactors

m design some reactor properties and operating conditions to handle a particular granular matter

m critically identify the advantages and drawbacks of a unit operation

m write a toy code implementing the basic physical laws



Chapter 1. Semester 1 in Saint-Etienne, France

m use a highly parallelised research code and/or an industrial one

m propose a method to calibrate the numerical parameters and guarantee the validity of the simulation
outputs

m customize an existing code to take into account new phenomena



2. Semester 2 in Turin, ltaly

2.1 CTO01: Sustainability in the chemical industry (8 ECTS)

Content: Impact of sustainability of anthropogenic activities, multiphase production systems, optimization
matter and energy consumption, use of renewable materials, Energy Sustainability Index (ESI), Energy Return
On Investment (EROI) and Energy Payback Time

Learning outcomes:

m design of new approaches for the development of sustainable production processes
m assess the interaction between natural cycles and anthropic activities

m perform analysis on energy and production processes sustainability e.g. Life Cycle Analysis (LCA)

2.2 CTO02: Fixation and recycle of CO2 for Green House Gas mitigation (6
ECTS)

Content: Carbon cycle, main greenhouse gases, CO2 sequestration and conversion processes, synthesis
of urea, dry reforming, conversion of CO2 into inorganic carbonates, power-to-X, photo-catalytic, electro-
catalytic and photo- synthetic processes

Learning outcomes:

m nature and chemistry of the natural carbon cycle on the planet
m properties of the CO2 molecule and the consequent poor chemical reactivity

m CO2 capture processes, chemical reactivation through the use of renewable energy and H2, CO2 en-
trapment in "end-of-life" compounds

2.3 CTO03: Multiphase chemical reactors (8 ECTS)

Content: Gas-liquid and liquid-liquid reactors, catalytic heterogeneous reactors, porous catalysts, modelling
of multiphase chemical reactors, three-phase chemical reactors, mixing and scale-up

Learning outcomes:

m master and control mixing in multiphase chemical reactors
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Chapter 2. Semester 2 in Turin, Italy

m design multiphase chemical reactors with optimal mass, momentum and energy transfer

m design multiphase chemical reactors for sustainable engineering applications

2.4 CTO04: Hydrogen for sustainable mobility (3 ECTS)

Content: Energy transition, hydrogen economy, production, storage and use of H2 through electrolysers
and fuel cells. Basic theory on electrochemistry. Momentum, mass, heat, charge transport phenomena

Learning outcomes:

m explain the basic fundamental aspects of electrochemistry

m understand the working principles, advantages and drawbacks of electrolysers and fuel cells (mainly
PEMFC and SOFC)

m use models to evaluate the influence of the materials on electro- catalytic properties

2.5 CTO5: Population balances (3 ECTS)

Content: Definition of population balances, application of population balances to multiphase systems for
sustainable engineering applications, solution methods and coupling with CFD

Learning outcomes:

m ability to formulate and solve a population balance
m numerical solution of population balances with different methods

m coupling of population balances with CFD



3. Semester 3 in Munich, Germany

3.1 CMO1: Multiscale modelling (5 ECTS)

Content: Systematic overview of the developments and challenges in multiscale modeling with emphasis
on fundamental principles and overaching issues

Learning outcomes:

m master numerical models from scale-separation analysis
m ability to compute coarse-grained (CG) models for molecular dynamics

m use CG models for general applications in science and engineering

3.2 CMO02: Mathematical modelling of materials (5 ECTS)

Content: Linear FEM for elasticity with volume locking, error estimators and non-linear analysis, discussion
of limits for phase transition and fracture problems

Learning outcomes:

m understand and apply linear and nonlinear FEM
m apply FEM using advanced software packages

m master FEM for continuum mechanics, phase transitions and fracture mechanics

3.3 CMO03: Probability Theory and Uncertainty Quantification (5 ECTS)

Content: knowledge of fundamental methods in uncertainty quantification problems, ability to represent
and quantify mathematically uncertainty in order to optimize technical systems. Uncertainty propagation,
Uncertainty back-propagation, Design in the presence of uncertainties

Learning outcomes:

m have knowledge of fundamental challenges in uncertainty quantification problems

m become familiar with the state-of-the-art in terms of numerical techniques for a range of model prob-
lems

m learn how to represent mathematically uncertainty in the parameters of physical models
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Chapter 3. Semester 3 in Munich, Germany

m be capable of performing model calibration and validation tasks for a wide-range of mathematical mod-
els

m be capable of propagating parametric uncertainty through physical models to quantify the induced un-
certainty on quantities of interest

m be capable of carrying out optimization tasks in a wide-range of engineering systems in the presence
of uncertainties

m develop a probabilistic thinking in carrying out analysis and design tasks in engineering simulation

3.4 CMO04: Particle-simulation methods for Fluid Dynamics (3 ECTS)

Content: Introduction on theoretical basics of Particle- Simulation Methods for Fluid Dynamics ranging from
molecular dynamics (MD), Monte-Carlo methods (MC) over Lattice-Gas automata (LGA)/Lattice-Boltzmann
methods (LBM) to continuum methods (Navier-Stokes)

Learning outcomes:

m understand basics and principles of microscopic methods (MD, MC)
m understand basics and principles of mesoscopic methods (LGA, LBM, DSMC, DPD)

m understand basics and principles of macroscopic methods (Navier- Stokes, SPH, PIC)

3.5 CMO5: Practical course (4 ECTS)

Content: Four (4) ECTS must come from the following list of modules. The Education Committee regularly
updates the Practical Courses catalog. The list will be announced on the degree program web page. List of
available modules:

m MW2134, Computational Thermo-Fluid Dynamics

m ED140016, Computational Methods for Operator-based analysis
m MW1277, Simulation of Thermofluids with Open-Source Tools

m MW2451, Hands-on Deep Learning

3.6 CMO06: Multiphase flows CFD (5 ECTS)

Content: Introduction to state-of-the-art numerical methods for multiphase flow simulations using sharp-
and diffuse-interface models

Learning outcomes:

m understand multiphase systems and their challenges on numerical methods

m use diffuse-interface (vof) and sharp-interface (level-set) methods for compressible and incompressible
flow problems

m critically assess validity, efficiency and accuracy of opposed methods in different flow configurations
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4. Semester 4 for internship

The Internship will last 5 months, during which the student will work on his/her Master Thesis. It is the
opportunity for the students to apply the knowledge and know-how delivered during the 3 first semesters
of the MULTIPHASE master to a challenge which is both involving a multiphase system and an application
oriented towards sustainable engineering.

Students will have the choice to join an academic laboratory, especially among the full partners and the aca-
demic Associated Partners, or to go for an internship in an industrial environment.

In addition to the Internship described above, which is compulsory, the students may be offered the possibility
to perform an activity within one Full Partner’s institution. This activity has the same educational goal as the
internship described above but can have a different format (duration, total volume, number of hours per week,

)
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5. Green Line Research Project (GLiP)

Groups of three students will work to solve a real-life challenge provided and supervised by an industrial
partner, with a special focus on sustainable development. It will be the opportunity to establish a durable and
interactive relationship with an industrial Associated Partner and:

m experience a collaborative work over a long period of time (18 months)
m learn how to manage human relationships in a team
m learn how an industrial company is leading an R&D project with scientific and economic aspects

m have the opportunity to report their work in a professional environment (oral presentation, written re-
port)

The different phases of the GLiP are synchronized with the overall curriculum:

m S1: in-depth study of the product or material to be manufactured (physico-chemical properties and
theories underlying these properties and the experimental characterization methods)

m S2: technological implementation, physical and chemical phenomena involved during the manufactur-
ing, Life Cycle Analysis and identification of innovative production ways with an improved sustainability

m S3: identification of all reasonable modelling approaches to design and optimize the production pro-
cess, selection of one of them and development of the associated computer model

Students will have the possibility to go in the industrial partner buildings during two periods of 6 weeks each.

The results of the GLiP will be presented during the September week, just before the graduation, in presence
of the industrial Associated Partners and the incoming cohort.

Students will present their results in the form of a scientific article, that will be critically reviewed and pub-

lished in the internal "MULTIPHASE master Journal". This will be a good preparation for students willing to
engage in a PhD after the Master.
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6. Application seminars

One or two Applications seminars series are proposed to students every semester. Each application seminar
series can be condensed in 2 to 4 consecutive days or spread along the semester. Most often, a seminar will
focus on an application field.

As an example of organization, for a condensed format, morning presentations can be given by renowned
researchers and/or invited scholars. They will give insight in a specific theory related to multiphase systems
and describe novel methods and applications published in the field, whereas afternoon presentations can be
delivered by industrial representatives explaining the practical and technological challenges they are facing.

Below is the provisional planning for the first three semesters. Beware that it is subjected to significant
changes, due to speakers (un)availability. Attention has been brought to present scientific state-of-the-art
challenges and their impact on society. Provisional agenda includes:

m Societal and technological impacts of nuclear fuel for CO2-free electricity and health diagnosis
m Critical metals processing and recycling + Society readiness to open new mines

m Bio-refinery and bio-fuels

m Catalysis, Hydrogen and fuel cells. Impact on transportation and way of living

m Sustainable development, climate resilience and smart industry

m High-Performance Computing, Data Center and digital twins
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7. Winter schools

In a mountain village, two successive cohorts of students will spend 3 to 5 days.

The program is:

m morning for hard-skills: scientific lectures delivered by top international experts in multiphase systems
for sustainable engineering

m afternoon: team building activities

m evening for soft skills: entrepreneurship, innovation methods, ethics and how-to-find-a-job, ...
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