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Wave energy converters
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Overview of the presentation
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‣ Problem statement

‣ Main goal
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‣ Experimental (wave flume)

‣ Numerical (CFD)

 Results
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‣ Regular wave trains

 Conclusions
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Wave Energy Converter = WEC
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Introduction

 Problem statement

‣ Wave Energy Converters (WECs) are 

arranged in farms  farm effects

‣ OpenFOAM®: solve the 3D viscous flow 

field and the response of a WEC in an 

incident wave field

‣ Why CFD?  viscous forces, turbulent and 

nonlinear effects

 Main goal

‣ Accuracy and validation of the numerical 

model by using experimental data

‣ Free decay test and regular wave trains
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Models

 Experimental (wave flume)

‣ Only heave motion

‣ Shaft inside WEC
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 Numerical (CFD)

‣ No shaft inside WEC

‣ What to do?

mass      20.605 kg

D         0.315 m

Teflon



Motion of a floating body

 CFD

‣ 𝐹 = 𝑚  𝑧

‣ 𝐹𝑒𝑥𝑡 +  𝑗
𝑏𝑜𝑑𝑦

(𝑝𝑗𝐴𝑗 + 𝜏𝑗𝐴𝑗) − 𝑚𝑔 = 𝑚  𝑧

 Analytical

‣ 𝐹𝑒𝑥𝑡 = 𝑚 +𝑚𝑎  𝑧 + 𝑏𝑑  𝑧 + 𝑘𝑧

‣ 𝐹𝑒𝑥𝑡 −𝑚𝑎  𝑧 − 𝑏𝑑  𝑧 − 𝑘𝑧 = 𝑚  𝑧

radiation restoring force
(generation of waves)

‣ m, ma, bd and k

 geometry-dependent
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Numerical model (CFD)

experimental hydro. parameters = numerical hydro. parameters

experimental geometry ≠ numerical geometry

 Natural period

‣ Water-plane area (Aw)

‣ Mass (m)

‣

 Use a modified mass!
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 Modified mass  Linear damper (F = -c·v)

Results: free decay test
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𝑐 = 𝑏𝑑,𝑡𝑎𝑟𝑔𝑒𝑡 − 𝑏𝑑,𝑛𝑢𝑚



Results: centre of mass

 Free decay test

‣ No linear damper

‣ With linear damper
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Results: radiated wave field

 Free decay test

‣ Motion of the buoy 

generates waves

‣ Radiated wave field

‣ Important for the 

interaction between 

multiple WECs
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 Regular wave train

‣ H = 0.04 m

‣ T = 1.60 s

‣ d = 0.70 m

 Courant limit of 0.3 

instead of fixed time 

step

 Amplitude WEC’s

motion ~ amplitude 

waves

Results: centre of mass
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Results: perturbed wave field

 Regular wave train

‣ H = 0.04 m ; T = 1.60 s ; d = 0.70 m

‣ Wave height remains constant for all the wave gauges
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 Regular wave train

‣ H = 0.04 m

‣ T = 1.14 s

‣ d = 0.70 m

 Amplitude WEC’s

motion >> amplitude 

waves

 Resonance!

Results: centre of mass
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Results: perturbed wave field
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 Regular wave train

‣ H = 0.04 m ; T = 1.14 s ; d = 0.70 m

‣ Wave height increases in front of the WEC and decreases behind the 

WEC

wake



Results: 3D flow field during resonance
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Structured grid

251 344 hexahedral cells

Simulation time: 70 s

Simulation speed: 39 h (12 core Intel® Xeon® CPU X5660 @ 2.80GHz)
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H = 0.04 m

T = 1.14 s

d = 0.70 m



Conclusions and further research

 CFD modelling of a single heaving WEC in a numerical wave tank 

using OpenFOAM®

 Model validated against experimental data

 Free decay test to obtain motion of WEC and radiated wave field

 Response of a single WEC subjected to a regular wave trains

 Both tests: results were very comparable to experimental data

 Further research

‣ Importance of viscous forces and non-linear effects

‣ Including turbulent effects
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