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WHY ?
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Why ?

To make prediction
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WHY ?
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The framework of applications
The framework of applications

r · (u � u) � ⌫�u + r p = f

div u = 0

• Bounded domain, heterogeneous material laws

• Suitable boundary conditions

A. Bu↵a (EPFL-MATHICSE-MNS) Advances and challenges in IGA 3 / 24

The framework of applications

Pavia, 16.10.2012 L. De Lorenzis 

EXAMPLES - IV: large deformation, large sliding 

•  3D examples div (�) = f � = C
�
F(u)

�

div (u) = 0

g(u) � 0 , �n � 0 , �ng(u) = 0 contact

• Bounded domain, heterogeneous material laws

• Suitable boundary conditions

A. Bu↵a (EPFL-MATHICSE-MNS) Advances and challenges in IGA 3 / 24

The framework of applications

curlH = i � D + J curl E = �i � B

B = µH D = "E
div (B) = 0 div (D) = �

• Bounded domain, heterogeneous material laws

• Suitable boundary conditions

A. Bu↵a (EPFL-MATHICSE-MNS) Advances and challenges in IGA 3 / 24

The framework of applications

curl curl E � �2
E = 0

E = E
inc

+ E
sc

+ Radiation condition at 1

Exterior domain problems

A. Bu↵a (EPFL-MATHICSE-MNS) Advances and challenges in IGA 4 / 24
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Large deformation of the spherical bushing

The framework of applications

� = 2µ " + � r · u 1

" = rs
u

div (�) = f

� ! 1 incompressible limit

• Bounded domain, heterogeneous material laws

• Suitable boundary conditions

A. Bu↵a (EPFL-MATHICSE-MNS) Advances and challenges in IGA 4 / 24

The framework of applications

� = 2µ " + � r · u 1

" = rs
u

div (�) = f

� ! 1 incompressible limit

• Bounded domain, heterogeneous material laws

• Suitable boundary conditions

A. Bu↵a (EPFL-MATHICSE-MNS) Advances and challenges in IGA 4 / 24

A. Bu↵a (EPFL-MATHICSE-MNS) Advances and challenges in IGA 3 / 1

fluids

Elasticity

electromagnetics
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ONE EXAMPLE
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Why not ?

Ethanol - water interaction

3 / 5A well known phenomena that reduces the efficiency for the extraction of oil by 
injecting water in a reservoir !
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ANOTHER EXAMPLE
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Large deformation of the spherical bushing

Spherical bushing - GUERIN F. - 3/10/2013 6 \ 

A. Bu↵a (EPFL-MATHICSE-MNS) Advances and challenges in IGA 31 / 1Non linear mechanical behaviour: joints made with rubber
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ANOTHER EXAMPLE
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Large deformation of the spherical bushing

A. Bu↵a (EPFL-MATHICSE-MNS) Advances and challenges in IGA 32 / 1

Non linear mechanical behaviour: joints made with rubber
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CONTENTS OF THIS CLASS
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Lectures
➤ Design of numerical methods 
➤ Study of their mathematical properties 
➤ Understand accuracy and its lack thereof
➤ Theorem proving 

Exercises
➤ Try numerical methods
➤ Code our own numerical toolbox

Miniprojects will be proposed! 
They will count for the final grade - to be defined soon
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SOME EQUATIONS
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Why ?

ˆu
ˆt + u · Òu ≠ �u + Òp = f

≠�u = f

≠�u + b̨ · Òu + u = f ˆu
ˆt ≠ �u = f

ˆ2u
ˆt2 ≠ �u = fˆu

ˆt + b̨ · Òu = f
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-
poisson problem.

heat equations

-

N .S.


