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The finite element method
2D / 3D Problems2D / 3D Problems

Elements and nodes
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The finite element method
2D example2D example

s 1

Natural coordinate system
inside each element (r, s)
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The finite element method
2D four – nodes element2D four nodes element
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The finite element method
2D four – nodes element2D four nodes element
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The finite element method
2D four – nodes element2D four nodes element
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The finite element method
2D four – nodes element2D four nodes element

s

1
2

h4

r

1

+1

3 4

8
www.simytec.com



The finite element method

to be able to represent constant 
temperature situationsp

Are these meshes acceptable?

YES
YES

NO YES YES
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The finite element method
Good MeshGood Mesh
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The finite element method
Good MeshGood Mesh
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The finite element method
Good Mesh

However!!!

Minimize the element distortions to have good predictive capability

Target for each element: det(J)=const
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The finite element method
Isoparametric elementsIsoparametric elements
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The finite element method
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From Bathe, Finite Element Procedures



The finite element method

From Bathe, Finite Element
Procedures
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FEM heat transfer
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FEM heat transfer

SUPG: Streamline Upwind Petrov 
Galerkin Method :The weighted functions 
are different of the approximation are different of the approximation 
functions
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FEM heat transfer
SUPG: Streamline Upwind Petrov Galerkin MethodSUPG: Streamline Upwind Petrov Galerkin Method

18
www.simytec.com



Laminar Flow

Boundary conditions in
in

in

in

Initial conditions
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Laminar Flow
Non-linearityNon linearity

Picard Method

N t R h M th dNewton-Raphson Method

20
www.simytec.com



Laminar Flow
Galerkin Method – Newton Raphson MethodGalerkin Method Newton Raphson Method
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Laminar Flow
SUPG MethodSUPG Method
VP formulation
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Laminar Flow

SUPG Method
Penalization formulation
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Channel
GeometryGeometry

Boundary conditions at the walls: non-slip

Boundary conditions at the entrance: velocities
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Channel
Laminar flowLaminar flow

Velocity = 10e-4 m/s
Reynolds = 10
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Channel
Laminar flowLaminar flow

Velocities in the central line

Velocity = 10e-4 m/s
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Reynolds = 10



Channel
Laminar flowLaminar flow

Velocity = 10e-3 m/s
Reynolds = 100

27
www.simytec.com



Channel
Laminar flowLaminar flow

Velocity = 0.01 m/s
Reynolds = 1000
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Cavity with sliding wall
GeometryGeometry
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Cavity with sliding wall
Boundary conditionsBoundary conditions

Velocities at the upper wall No slip at the other walls
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Laminar flow

Cavity with sliding wall
Laminar flow
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Backward Facing Step 
GeometryGeometry

Boundary conditions at the walls:Boundary conditions at the walls:
No slip (B´s verdes)
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Backward Facing Step 
Laminar flowLaminar flow

Velocity = 0.00022 m/s
Reynolds = 440
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