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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
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£33 ilfion from Wave

Energy Scotland for test
in'sea-in 2019 for
‘MOcean S

600 KW WEC deployed at
BiMEP site in 2021

One of key challenges for the sector: lack of accurate and efficient

numerical tool for assessing survivability of WECs



State-of-Art Numerical tool for modelling WECs
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Objectives - What do we plan to achieve

Main Objectives:

» Develop a new numerical modelling suite (\WWavE-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
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Features of WavE-Suite - 02
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Workpackages - How do we do this

= 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

WavE-Suite
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Timeline - when we will achieve them

Year 1 Year 2

Year 3

1] 2| 3] 4] 1] 2] 3| 4] 1] 2

| 3] 4

Milestones and PDRA allocations
(PDRA time is given in months (m))

WP1: MMS WavE-Suite for analysing survivability of

WECs

1.1 M1 M2

1.2 M3

1.3 M4

1.4

M5

M1: Couple ESBI with QALE-FEM; M2:
Couple QALE-FEM with INS and create
the UnifWSI; M3: Couple UnifWSI with
NS2P; M4: Couple ESBI with SWAN; M5:
Develop algorithm for auto-switch models
(PDRA1 7-33 m; CUL PhD student)

WP2: ML algorithms for estimating turbulent effects on

WECs

2.1 M6

2.2 M7

2.3 M8

2.4

M9

M6: ML-damping, merged into QALE-
FEM in M1; M7: ML-eddyV, merged into
INS in M2; M8: ML-Rstress, merged into
NS2P in M3; M9: Refined ML algorithms
and guideline for extending ML-damping
(PDRAZ2 1-36 m 40%)

WP3: Database & repository for WECs in high sea states

3.1 M10

3.2 M11

3.3 M12

3.4 M13

M10: Database (DB) of eddy viscosity for
M7; M11: DB of Reynolds stress for M8;
M12: DB on viscos damping for M6; M13:
Repository for survivability of WECs
(PDRA3 1-12 m; PDRA4 7-18 m)

WP4: Tailored model tests on WECs in survival
conditions (Dashed: to be done by IIT Madras)

4.1 M14

4.2 M15[M17]

4.3 M16

M14: Model test for OWC; M15: Model
test for point absorbers; M16: Model test
for attenuator WEC; M17: Scaling effects
on point absorber (PDRAS 13-24 m, In-
kind contribution by IIT Madras)

WP5: Validation of the numerical suite and
characterisation of survivability of typical WECs

M17: Validated WavE-Suite; M18:
Survival condition of single WEC; M19:
Survival condition for a WEC array; M20:
Quantified extreme loading/responses of
WECs; M21: Characterised flow field for
WECs(PDRA1 7-33 m, CUL PhD student)

| +| *|

Project meeting +; Workshops *

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



Progresses made so far

“*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
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