
Advanced models and numerical methods for fluid 
mechanics

 ECTS
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hours
35h

Presentation

Description

Program (detailed content) :

Modeling of turbulent flows and applications (18h45)

* Physics of turbulence: origin, Kolmogorov cascade, 
mechanisms of mechanical energy dissipation.
* Statistical modeling: RANS equations, Boussinesq 
model, k-eps and k-omega models
* Large eddy simulation (L.E.S.)
* Turbulent boundary layer and notion of wall laws.
* Labwork 1: Writing of a 1D finite volume code in 
PYTHON language for modeling turbulent flow in a pipe. 
Comparison with empirical laws.
* Labwork 2: Calculation of flows around an airfoil with 
FLUENT software.

Numerical methods and applications (16h15)

Finite volume method for hyperbolic systems of conservation 
laws. Application to compressible fluid mechanics - Labworks 
in PYTHON language

Organisation :

Conventional lectures/tutorials + class work (labwork)

Main difficulties for students:

  Balance between mathematical rigour and the level of 
approximation necessary to obtain physical models adapted 
to the desired level of description.

Objectives

At the end of this module, the student will have understood 
and be able to explain (main concepts) :

* the different models used to describe the dynamics of 
turbulent flows
* the principles and the theoretical background of the 
finite volume methods used for hyperbolic systems of 
conservation laws and in computational fluid dynamics.

This course completes and deepens the basic notions of the 
S8 course entitled: "Numerical models and methods for fluid 
and structural mechanics".
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The student will be able to :

* Understand the models used to describe the dynamics 
of turbulent flows,
* Know the underlying assumptions and the limits of 
validity of these models,
* Know/understand the main numerical methods used in 
CFD and apply them,
* Use a model and a numerical method adapted to the 
fluid mechanics problem to be solved and the desired 
accuracy.

Pre-requisites

Basic skills in computational fluid mechanics (dynamics of 
incompressible flows, general principles of the finite volume 
method)

Knowledge check

How do you assess that the objectives have been reached?

Class work (labwork) and a final written exam.

How does your assessment system help the student to reach 
the objectives?

Useful info

Contacts

Education manager
PHILIPPE VILLEDIEU
 pvilledi@insa-toulouse.fr
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