
Free surface flows with ALE in Code Saturne

Stefano rolfo1

J. McNaughton1, I. Afgan1, T. Stallard1, D. Apsley1,
P. Stansby1,

& M. Ferrand2

1School of Mech., Aero. & Civil Engineering,University of Manchester, Manchester,
United Kingdom

2EDF R&D France
stefano.rolfo@manchester.ac.uk

April 9th 2013

Rolfo et al. Free Surface with CS



Overview

1 Boundary conditions for free surface

2 ALE definition
Method to compute the mesh velocity
New Code Saturne ALE algorithm

3 Solitary wave.
Test case definition
Results

4 Regular wave.
Test case definition
Results
Corrections

5 Conclusions

Rolfo et al. Free Surface with CS



Overview

1 Boundary conditions for free surface

2 ALE definition
Method to compute the mesh velocity
New Code Saturne ALE algorithm

3 Solitary wave.
Test case definition
Results

4 Regular wave.
Test case definition
Results
Corrections

5 Conclusions

Rolfo et al. Free Surface with CS



Free surface boundary condition

Kinematic Boundary condition

ṁFS = 0

Dynamic Boundary condition

n · Γ · nT =
1

We

(
1

R1
+

1

R2

)
t1 · Γ · nT = 0

t2 · Γ · nT = 0
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1
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∇u + (∇u)T

)
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Expansion of the tangential stress condition

Example on t1
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Special case (1)

Bi-dimensional case in x − z plane

n =

 −ηx/N
1/N

 t1 =

 1/N

ηx/N


with N =

√
1 + η2

x
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N.B.: This BC is applied at the actual free surface (i.e. z = h+ η)
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Special case (2)
Orthogonal mesh with gz 6= 0 and flow in x
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∂z
⇒ p =
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N.B.: This BC is applied at the undisturbed free surface (i.e.
z = h⇒ linearisation)

Rigid lid approximation

∂u1

∂x2
=
∂u3

∂x2
=

∂p

∂x2
= u2 = 0
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ALE Eqs Algo

Method to compute the mesh velocity w

Solve a Poisson equation

div
(
λ grad w

)
= 0

w |Γ(t) = imposed velocity

∂ (w − w .n n)

∂n

∣∣∣∣
∂Ω\Γ(t)

= 0

w .n|∂Ω\Γ(t) = 0

ALE algorithm

for n to n + 1 do
Set w -Boundary Conditions on Γ(tn+1)
Compute wn+1

I by solving the Poisson equation
Reconstruct mesh velocity at nodes wn+1

N
Update the mesh from Ωn to Ωn+1 with wn+1

N
end for
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ALE Eqs Algo

New ALE algorithm in Code Saturne

Algorithm 1 Implementation of the
ALE module with free surfacein
Code Saturne V 3.0

for n to n + 1 do
Compute total mass flux
ρ (u − w)nf .S

n

Compute the predicted velocity ũn+1
I

on Ωn

Compute the pressure corrected ve-
locity un+1

I on Ωn

Compute mass flux un+1
f .Sn

Compute wn+1
I with free-surface

BCs un+1
f .Sn

Reconstruction mesh velocities at
nodes wn+1

N

Update the mesh from Ωn to Ωn+1

end for

Algorithm 2 Implementation of the
ALE module with free surfacein
Code Saturne V 3.1

for n to n + 1 do
Solve the NS and in the Algorithm 1
Reset mesh to initial time 0
Evaluate ALE BC in order to move
the mesh from 0→ n + 1
Solve the ALE on mesh at time 0
with BC at n + 1
Reconstruction mesh velocities at
nodes wn+1

N

Update the mesh from 0 to Ωn+1

end for
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ALE Eqs Algo

Verification with imposed mesh movement (linear
piston)

(a) ηFS = a · sin(ωt) (b) ηFS = a

(
x − xmin

xmax
+ 1

)
sin (ωt)

Figure: Free surface movement externally imposed
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ALE Eqs Algo
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Def Res.

Definition

Inlet definition

η =
A

cosh2 (kx − ωt)
c =

ω

k
d = 1m

u =
cη

d + η
ω =

2π

T
A = 0.2m

w =
2kdu tanh (kx − ωt)

d + η
z k =

2π

λ
g = 9.81m/s2

Convective outlet

∂Φ

∂t
+ U

∂Φ

∂n
= 0⇒

Φn+1
F − Φn

F

∆t
+ U

Φn+1
F − Φn+1

I∥∥IF∥∥ = 0

Φn+1
F =

1

1 + CFL
Φn
F +

CFL

1 + CFL
Φn+1
I with CFL =

U∆t∥∥IF∥∥
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Def Res.

Code Saturne V.2.3 vs V.2.0

(Loading movie)

Rolfo et al. Free Surface with CS


Comp_version.mov
Media File (video/quicktime)



Def Res.

Code Saturne V.2.3 vs V.2.0
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Def Res Corr

Test case definition

Inlet definition

u = A
gk

ω
cos (kx − ωt)

cosh (kz)

sinh (kd)

w = A
gk

ω
sin (kx − ωt)

sinh (kz)

sinh (kd)

ω2 = gk tanh (kd)

Dimensions x × z Mesh resolution

M1 10π × 1 500× 20

M2 10π × 1 1000× 40

M3 50π × 1 2500× 20

M4 660× 45 Several
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Def Res Corr

M1 vs. M2: free surface elevation
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Def Res Corr

M1 vs. M2: pressure history
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Def Res Corr

Time step variation: free surface elevation
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Def Res Corr

Time step variation: pressure history
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Def Res Corr

Corrections definitions

Inlet Outlet

BCP p = p − c∆t

Lx
ρg∆ p = p +

c∆t

Lx
ρg∆

QDM
dp

dx
= −ρg ∆

l

Def Ref l

∆H hth(t)− h(t) k

∆D d − davg d

Running average definition

〈d〉n =
∆t

aT
hn +

(
1− ∆t

aT

)
〈d〉n−1
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Def Res Corr

BCP correction: free surface
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Def Res Corr

BCP: pressure history
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Def Res Corr

QDM correction: free surface
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Def Res Corr

QDM: pressure history
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Conclusions & Future work

A V&V procedure of the ALE using free surface flows has been
conducted

Findings

Verification of the ALE using inviscid wave propagation (solilatary
and regular waves)

Introduction in Code Saturne of a convective outlet

Problem of mass conservation with very long time simulations

Viscus calculation of open channel at several Reynolds number

Future work

Extension of the FS BC with the inclusion of viscous terms

Extension of the open channel to responding free-surface
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