
Some Exercices For freefem++.

Cracked Domain
freefem++ does not allow to mesh a cracked domain: it can’t duplicate the

degree of freedom along a crack. While you could bet that Frederic will add
such a feature one day or another, it gives us a nice opportunity for a little
exercice. Different approaches could be used to solve this problem. We don’t
claim that the one developped here is the best.
The main idea is to solve our PDE (Poisson equation to make it simple) using
discontinuous finite elements. To get a correct solution, we simply have to
impose that the finite element belongs to H1(Ω\Γ), where Ω is the domain and
Γ the crack.
1. Classical Formulation. First solve the EDP{

−∆u = f in Ω
u = uD on ∂Ω

using freefem++. Chose wathever you want for the domain Ω, for f and for the
Dirichlet boundary condition uD.
What you need: mesh, border, buildmesh, fespace, problem, int2d, dx, dy,
on, plot.
2. Discontinous Elements. Implement the following formulation: Find
(uh, σh) ∈ P1dc × (P2)2 such that for all (vh, τh) ∈ P1dc × (P2)2,

∑
K∈Sh

∫
K

∇uh · ∇vh − fvh dx

+
∑

K∈Sh

∫
K

∇uh · τh + uh∇ · τh dx+
∑

K∈Sh

∫
K

∇vh · σh + vh∇ · σh dx

−
∫

∂Ω

uD(τ · n) ds−
∫

Ω

εσh · τh dx = 0,

where P1dc is the space of P1 discontinuous elements and P2 of P2 Lagrange
elements, ε is a small postive real. Compare the result with the one obtained
with the classical formulation.
What you need: (N.x, N.y)=normal to the boundary.
3. Include a crack. Change the definition of the mesh of the domain Ω to
include a crack Γ and solve the following formulation. Find (uh, σh) ∈ P1dc ×
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(P2)2 such that for all (vh, τh) ∈ P1dc × (P2)2,∑
K∈Sh

∫
K

∇uh · ∇vh − fvh dx

+
∑

K∈Sh

∫
K

∇uh · τh + uh∇ · τh dx+
∑

K∈Sh

∫
K

∇vh · σh + vh∇ · σh dx

−
∫

∂Ω

uD(τ · n) ds−
∫

Ω

εσh · τh dx

−
∫

Γ

δ−1(σ · n)(τ · n) ds = 0,

where δ is a small postive real.

Rigid ball in a fluid
We want to study the dynamic of a rigid ball B in a fluid domain Ω. A

simple way to perform such a thing consists in considering the domain occupied
by the ball as a fluid with very strong viscosity. This enables us to compute the
velocity of the fluid and the ball in a single setting using Navier-Stokes equation.
Finally, at each step the speed of the gravity center of the ball can be computed
and the ball displaced accordingly.
1. Incompressible Navier Stokes. We start with Navier-Stokes alone.
Define a domain Ω and solve this Navier-Stokes formulation: Find (u, p) ∈
V 2

D × L2(Ω), such that for all (v, q) ∈ (H1
0 (Ω))2 × L2(Ω),∫

Ω

ρ
∂u

∂t
v + (u · ∇u)v + νe(u) · e(v) + (∇ · v)p+ (∇ · u)q − εpq dx = 0,

where
VD := {v ∈ H1(Ω)2 : v = uD on ∂Ω},

e(u) = (∇u+∇uT )/2, ν is the viscosity, ρ the density and ε is a small positive
real. Choose the geometry you want (you are also free to chose ν > 0 and uD

with uD · n = 0).
What you need: convect.
2. Include a ball. Change the definition of the mesh to include a disk.
Using the keyword region get the value of the label inside and outside the ball.
Change Navier Stokes system to make ρ and ν dependant on the region. Choose
a large value for the visocity of the disk.
What you need: region.
3. Move the ball. At each time step: Compute the average velocity of the
ball, Compute the new center of gravity of the ball, rebuild the mesh taking
into account the new position of the ball.
What you need: buildmesh.
Note: Using movemesh is a not so go idea... you can try if you want.
4. Add some weight to the fluid and the ball.
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