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Laboratory experiments

University of Tokyo – Ocean Engineering Tank
Waseda et al.



Examples of numerical wave tanks

● Xue et al. (2001) – Boundary element method
● Grilli et al. (2001) – Boundary element method
● Fructus et al. (2005) – (Grue’s talk yesterday)
● Bateman et al. (2001) – Fourier expansions
● Fuhrman et al. (2004) – « Boussinesq » model
● Bonnefoy et al. (2004) – Spectral method
● …
● Dyachenko et al. (2002) – Conformal

transformation (2D and semi 3D)



Potential flow : ∇ 2 φ = 0  in Ω
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Boundary conditions :

- free surface : kinematic and dynamic boundary conditions 

DR / Dt = u  ; Dφ / Dt = - gz + 1/2 ∇ φ .∇ φ - pf /ρ on Γf

- fixed boundaries : no-flow boundary condition  ∂φ / ∂n = 0    on Γb

- moving boundaries : specified motion (for example, wave-maker motion on 
the open sea boundary)

Governing Equations and Boundary
Conditions





Boundary element method 6

Discretization of the 
boundary into N collocation 
nodes (typically several 
thousands)

Local interpolation of the 
geometry and field 
variables using shape 
functions

m=16    C2 continuity at the intersection                 
between 2 elements

Use of M higher-order 
elements (typically several 
thousands)



Time integration 7

Free surface time updating is achieved using a 
mixed Eulerian-Lagrangian (MEL) method, based on 
explicit 2nd-order Taylor series expansions for 
both the potential and the geometry : Lagrangian
trajectories of free surface nodes

The time step Dt is adapted at each time as a 
function of the minimum distance between two 
nodes on the free surface and a constant Courant 
number. The time stepping scheme is explicit.



An additional approximation 8

Close contribution can 
be represented by 
Green’s function

Far away 
contribution can 
be approximated 
by an expansion 
of the Green’s 
function

Evaluation point

Contributing element

Approximated Boundary Integral Equation

Greengard, Rokhlin (mid 1980s)
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Comparisons 10

Do we obtain the same solution with the new 
method for the same level of approximation ?

But with a smaller time ?



Comparisons 11

Conservation of volume and energy (mesh 40*10*4)
(breaking of solitary wave)

Error on volume

with multipoles : x
without multipoles : o

Error on energy

0.1

with multipoles : x
without multipoles : o

% %

0.01

Parameters : 5 levels, multipoles degree = 8 Same wave profiles



Comparisons 12

Computing time
solution of the first linear system

(solitary wave case)

~ factor 6

with FMA

without FMA

Number of nodes

Time (s)

3000

2000



Comparisons 13

Complexity ~ linear above 4500 nodes

Time (s)

Number of nodes



Description of the wavemaker 14







Motion of snake wavemaker 17

The wave-maker motion follows Dalrymple’s linear theory so that waves 
focus at a given point inside the wave tank.



Free-surface evolution 18

T = 10.66

T = 23.23

T = 30.37

T = 33.76



Vertical and horizontal slices 19

T = 33.76 

Y = 0

Internal velocities
are shown

T = 33.76

Z = half way through the
wave



Velocity fields on the free surface 20
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Time evolution of a 3D wave leading to breaking
21

Animation
#1

Animation
#2



Various surface wave fields 22

d=1

d=2

d=3

40 deg 45 deg 50 deg



Future work 23

Validation

- Experiments conducted by Kimmoun
(First wave tank, Toulon)



Applications and future work 24

Applications

- More and more complex 
bathymetries

Gold Coast Artificial Reef bathymetryGold Coast Artificial Reef indicated
by the two offshore breaking
sections of wave in the foreground
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