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Research tasks for studentResearch tasks for student
• Hydrodynamic modelling of moored floating y y g g

wave energy converters
• Central aimsCentral aims

– effects of mooring on power capture
– WECs in violent seas; reducing mooring peakWECs in violent seas; reducing mooring peak 

loads and to predict fatigue of mooring lines. 
• Focus on numerical modelling with CFD andFocus on numerical modelling with CFD and 

development of numerical tools for mooring
Research should be genericResearch should be generic
Tutor: Claes Eskilsson
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Way back in 1976Way back in 1976

We started work on 
wave energy in 
Göteborgg

In Chalmers weIn Chalmers we 
were very 
sceptical butsceptical but 
were gradually 
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Li thLinear theory
All th k did b d li• All the work we did was based on linear 
theories and superposition

• Preliminary experiments in small tanks 
• Field tests first in a lake and later at seaField tests first in a lake and later at sea

A i f h• Appropriate for energy capture then
• Not OK for design forcesg
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IPS-buoy
El kliElskling

Gamla Gumman
1980 – 1981 

// /http://www.youtube.com/us
er/Waves4Power
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Waves4Power

Göteborg
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N li hNon-linear phenomena
P bl• Problems
– Highly energetic sea states
– Resonant motions
– Large motions even larger than the wave motion
– Nonlinear loads and damping

• Effects on energy capturegy p
– Moorings will affect motions
– Eddy damping and nonlinear motion not y p g

negligible 
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Example: Power take-off as a function ofExample: Power take off as a function of
position of mooring attachment

xx
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PTO as a function of attachment 
positionposition
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Catenary mooring legCatenary mooring leg

MODEX Jan Lindahl 1983
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Parallel finite element simulationParallel finite element simulation 

of mooring forces on floating 
objects

Aliabadi
Abedi
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VoF cellsVoF cells
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Experiments with straightExperiments with straight 
mooring legsmooring legs
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Fluid velocitiesFluid velocities 
around the 
body
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Measured and simulated cableMeasured and simulated cable 
force
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OEC tasks in mooring systemsOEC tasks in mooring systems
H d i lt t f• How do moorings alter capture of wave energy
– Mooring line model with weights and buoys

To be developed in open source FEM toolkit Nektar++• To be developed in open source FEM toolkit Nektar++
– Coupled to hydrodynamic 6 dof. model of device

• Existing OpenFOAM RANS VOF solver for the device, beingExisting OpenFOAM RANS VOF solver for the device, being 
in the water surface, submerged or emerged

– Study effects of mooring system arrangements on 
energy captureenergy capture

– Benefits: New rules of thumb and free numerical tools
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