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State-of-Art Numerical tool for modelling WECs
The momentum for developing wave energy is quite strong.
The programme funded by EPSRC (about £8m); and

HiWave-5: €16m support, 
commercial-scale C4 Wave 
Energy Converter in 2021

One of key challenges for the sector:  lack of accurate and efficient 
numerical tool for assessing survivability of WECs 

£3.3 million from Wave 
Energy Scotland for test 
in sea in 2019 for 
MOcean

600 KW WEC deployed at 
BiMEP site in 2021



State-of-Art Numerical tool for modelling WECs
• Nonlinearity, wave breaking and 

turbulence play important roles 
for WECs survivability.

• Long duration and large spatial 
domain modelling required to 
provide reliable extreme 
loading and motion events.

• Turbulence in breaking waves 
is a huge challenge as the 
existing turbulent models are 
not suitable for many breaking-
waves cases and modelling it is 
very costing.

• Existing models are either too 
simple and inaccurate or too 
computationally expensive.



Objectives - What do we plan to achieve
Main Objectives:
 Develop a new numerical modelling suite (WavE-Suite) equipped with 

advanced machine leaning algorithms by coupling five individual numerical 
models that are suitable for physics of different scales and nature, supported 
by dedicated databases, which is efficient and accurate enough.

 Realise that WavE-Suite has the ability to deal with irregular waves together 
with current and to simultaneously capture both large and small-scale physics. 

 Validate the WavE-Suite by bespoke experiments and sea trial data.

 Demonstrate WavE-Suite to be able to identify the survival conditions and 
quantify extreme loads and motions of WECs



Features of WavE-Suite - 01
Multimodel multiscale 
simulation(MMS) principle:  
• Two-phase NS models only run at 

very violent cases for quantifying 
flow details in smaller domain 
around WECs;

• Single phase NS model used as 
alternatives;

• Nonlinear wave fields with current 
simulated by potential models 
(QALE-FEM and/or ESBI);

• Regional wave spectrum evolution 
modelled by phased averaged 
models. 

• Different coupling approaches 
adopted



Features of WavE-Suite - 02
Nature and flexibility:
• All models built in;
• Automatically selected using 

the information for input and 
tasks;

• Accept global weather 
forecast;

• Accept measured sea state;
• Also accept spectra specified 

or lab conditions;
• Full range of survival analysis 

tasks:  identifying the survival 
conditions; quantifying 
extreme loading and 
responses and characterise the 
pressure and velocity field.



WP1: MMS modelling software for analysing survivability of WECs
WP2: ML Algorithms for estimating turbulent effects on WECs 
WP3: Databases and repository for WECs in high sea states 
WP4: Tailored model tests on WECs in survival conditions 
WP5: Validation of WavE-Suite and characterisation of survivability

Workpackages - How do we do this



Timeline - when we will achieve them

• Last for 36 months
• Clear defined milestones 

for each WP, 
corresponding to 
deliverables

• Project meeting and/or 
workshops every 6 
months;

• Project partners play 
important role;

• Advice and suggestions 
from all advisory board 
members are welcome



WP1 - (a) large area field modelling;  (b) Coupling QALE-FEM 
with single phase NS  to form UnifWSI; (c) 
Coupling UnifWSI with two-phase NS (qaleFOAM)

WP2 – (a) Machine learning algorithm for predicting the 
turbulent dynamic viscosity (b) Case study on turbulent dynamic 
viscosity around a point absorber

WP3 – Data base for point absorber

Progresses made so far
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