
Let us solve the following Poisson problem in 1D:
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FEM Discretization

• Let us define a Hilbert space L2(Ω)

– The elements of the vectorial space are functions. 

– The square of the functions have a finite quadrature. 

– The scalar product is defined as

• Where f and g are L2(Ω) vectors.
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FEM Discretization

• Let us define an approximated Hilbert space

– Vectors are polynomia which depend on “h”-

parameters

– Notation � ( )Ω2

hL



FEM Discretization

• The FEM gives a solution contained in 
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FEM Discretization

• =Basis functions.

– Let be a node in the dominium

Defined as:

– Linear and continous
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FEM Discretization
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FEM Discretization
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FEM Discretization

0

1

1[ ] [ ]0,11,02 ×=ΩD

30

( ) ( )
( )





=Φ
=Φ

Φ
≠ 0

1

3030

30

30

30

j

j
x

x
verifyx



FEM Discretization
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Green’s Theorem

(Integration by parts)
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Stiff matrix R(i,j) Mass matrix M(i,j)
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Stiff matrix
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Errors

• Model simplifications.

• Quadrature errors.

• Linear solver errors.

• Roundoff errors.

• FEM order error.



Model simplifications

• All models have simplifications

• Example: Stationary flow around a NACA 

profile.



Previous errors

• Incompressible fluid�

• Non viscous and irrotational fluid (µ=0)�
• 2D case

• Straight walls

• No gravity effects or surface tension.

• Ideal boundary conditions

• Non stationary flows
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Quadrature errors
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Errors

• Linear solver errors.

• Truncation and roundoff (computational

errors)
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Error FEM

• φj order k (linear k=1)

• h = Max{di}

• Under several conditions the error is limited

by:
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