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Areas and centres pertinent to this presentation:

Y

Wave Energy Research Team

RC

4RPSRVLWE Composite Research Centre

S5HVHDUFK
&HQWUH MSSI

%
@\[%. Mobile & Marine Robotics Research Centre

ENEIS, Optical Fibre Sensors Research Centre -
' Environmental Sensors

Prof E Lewis, Dr T Newe, Dr C Fitzpatrick

Fibre

Funding: - Charles Parsons Energy Awards - SFI, EU Fr amework, Sustainable Energy
Ireland, ERDF - Interreg, Marine RTDI, Enterprise | reland CFTD, HEA PRTLI, Industry —
ESBI, Eboroil, TEL, Ecology Foundation. Etc.
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““Wave Energy Research Team
www.ul.le/wert —

® Director — Dr Ajit Thakker.

¢ Computational Fluid Dynamics

ir - . . . Backward Bent Duct
® Self rectifying turbines for Oscillating Water Colu mn (Ocean Energy Ltd.)

wave energy conversion devices

® Turbine Design , Impulse and Wells turbines

® Turbine Test Facilities -WERT

0.6m Wells and Impulse 3D CFD of Wells
Turbine Test Rig Turbine Blade
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Composites Research Centre

o Study of lightweight composite materials for
offshore applications

* Prof Noel ODowd , Prof M Buggy, Prof Michael
McCarthy, Dr T Young, Dr W Stanley, Dr C McCarthy, Dr
L Figiel

e Areas: Microstructure, fracture mechanics, multi-scale
constitutive modelling, metals and metal matrix
composites, polymer nano-composites, FEA, damage
models, crashworthiness and impact testing, bolted and
bonded joints.
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 Energy Conversion Device technology, prototypes, tank testing, inshore
1/10 scale testing, ....

* Rolling out off shore...  Many R&D areas must be addressed

e Harsh Environment . Inaccessible nature for installation and
maintenance, storm defence

e Sjte selection, bathymetry, flow wave regime, farm layout design, plant —
local field interaction, foundations, electrical power plant, cable routes, ...

e Control and monitoring systems , ongoing monitoring,
maintenance, servicing, ship and ROV support

. ¢
« UL g8 — and partners in ECI/MRI NUIGalway, NUIM focused thus.
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® Team: Dr Daniel Toal, Dr Edin Omerdic
Dr J Riordan, Dr S Nolan, Dr H Ahmad, F Flannery, E Thurman, J Horgan.

Areas:

® Marine Robotics. Sensor Platforms, Ocean Systems En  gineering,
Control

® ROV Latis — Unique Smart ROV designed and built in UL, operated off shore
from RV Celtic Explorer. Depth rated 1,000m+

® Modelling of Waves, Currents and Dynamic Interactio  n with Plant

Marine Robotics, UL ROV Latis
Off shore high resolution survey
Intervention Operations

Patented Multi
Sonar Controller
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Areas cont.
® Ops near seabed and marine structures

® Sonar - Seabed mapping (high-resolution sonar & video)
® Off-Shore Ops Support, Plant Monitoring.
® Real-time simulators, Hardware In The Loop Testing

® Immersive VR Command Centre

® Augmented Reality - Remote Presence in a Transparent Ocean

‘In The Water’ High Technology Solutions
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« Marine Platforms
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- Satellite Communication

WEC Ci
Orscillating Water Column) Acoust,
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Aiding Tools for :

*Planning,

*System Integration,
*Deployment,
*Monitoring,
*Maintenance

of Ocean Energy
Devices

Acoust.
{LBL Transponders)
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““Modellin g of Ocean Waves

Continuity equation: P Ly (w)=0
References: a '
T. Perez. Ship Motion Navier-Stokes equation: 02 - Vo4 v+ oz
Control Course Keeping o i
and Roll Stabilisation Assumptions:
using Rudders and Fins. - - 1. Dot dp
: incompressible fluid: =P _% . . vo=0,
Springer, 2005. * P ™ & +v-Vp=0
O. Smogeli. Marine e jdealfluid: viscosity neglected,
Systems Simulator * jrrotational flow: Vev=10
(MSS), Norwegian
University of Science Potential: v=VDd
and Technology, . ] 5 5 .
Trondheim, 2006. Laplace’s equation: vip. P P oD
('}CE @2 6122
: . ab 1 . .
Relative pressure: p=p,+pez— *{?E_ S p(VDF

Boundary conditions:
» Kinematic free-surface boundary condition:  9< _ 0P,

a @

z=0
« Dynamic free-surface boundary condition: e oD, _
- a- ==l
« Sea bed boundary condition: Dl _,
Charles Parsons Award & |
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Modelling of Ocean Waves

Potential: @ _(x,y.z.t)= Eo i coslar + & — klxcos y+ ysm 7))
0]

Elevation: S y.t)= Csinlat + £ — F(x cos 7 + ysin 7))

Velocity: v (x.y.z.8)= a ™ L cos yein{at + s —k(xcos 7 + ysin 7))

v, (X, y.,2.t)= ae™® Cgin ysin(af + £—k(xcosy + ysin 7))

v_{x.y.z,t)=—ae™™ L coslat + s - k(xcosy + ysin 7))

iy

Long-crested seas: Sxnt)=Y ¢ sinl@? + &, — K, (vcos y + ysin 7))
n=1
En = ZS{_&)* N .

M= [E':J'n —A@/ 2w, +Aw/ 2]

NoM
Short-crested seas: Sy t)=S"S¢ siu'[m*i + &, .~ Kk, xcosz, + ysin 7, )
n=] m=1

Com= J ZS{_fe:r _ST{_ 7 ]'_‘\ @\ y .
@ = [ft}n —Aw/2, 0, + i-lfe:r_.-"'l]* 7 e [ I — A7/ 2, 7, +Ay/2 ]

Charle:

%
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Waves in short-crested seas Waves in long-crested seas
Wave spectrum (mean direction 45 1) Wave spectrum (direction 45 1)
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Off Shore Ops

DP in Small Waves DP in Large Waves

« Ship Model slaved to ship motion in real-time

* ROV model slaved to Real ROV

» OE devices modelled and instrumented,

slaved to motion / state of real OE devices 13



Test Trials March ‘09 (Galway B

Inspection of
Wave / Data Buoy

Ops below surface
Dependant on
ROV cameras and
skilled pilots

Challenging

14



Augmented Reality &
Remote Presence in a Transparent Ocean :
Immersive VR Command Centre

DP in Time-Variant Ocean Currents Vector Field 15



Keep Speed & Course In Time-Variant Ocean Currents  Vector Field

16
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Test Trials (Galway Bay) v

High-Resolution Multibeam & Sides

17



Night
recovery of
ROV Latis
to RV Celtic
Explorer ‘09

Some Other ROV Project
Examples

GO
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