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RESEDNCH Review: 2010

o Parijcla lrglelefe VeIOCImetry (PIV) Was! Used' to record deformatlon o)
Weler WaVes passing over a fully submerged tension leg platform
@IERIRalrng 200+ test runs in Stevens wave tank facility during
/0 J0: " ihE datial documented wave height increases in excess of

500

SbEiaNiom 2010 indicate that wave heights (and corresponding
S Energy densities) increase and peak at various locations over or past
S anearsuriace TLP as a function of incident wave periods, wave
B = heights, and platform parameters (e.g. geometry, mass, depth, and
- orientation). After waves peak, they tend to decay back to near
Incident wave helghts in spectral forms after passing over the
platform if no surface piercing structure is tethered to the TLP (see

next slide).
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amplitude of +0.3cm (~SWL), ES at-2'30mm; s
=plane flow direction towards the'beach
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Maximum Water Particle Velogitiesy
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ligmCinear \WWave Theory
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0.061m, 2s monochrome waves:
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= Theoretical U max = 0.1m/s

PIV recorded velocities exceed 0.3m/s

due to wave deformation and platform
motions
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Qiaitifying Wave Form Changes
WibieUL Surface Piercing Objects:
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ave Heights:
= eBefore Platform:
*5-1cm (2.0 in)
= —+0Over-Platform:
~ *12.7cm (5.0 in)
*Wave-Height

Increase: 150%
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oniiem Wave Results =

rl =0,05 L2101,

Cg = |~e /s at 1.98m tank depth
’_j_, M2 2
6ras W/m

aled Wave

=

-"EFI'— 0.127m (5.0in)

~Cg = 1.14 m/s at 0.15m platform depth
~E =20.25 J/m/2

P=23.07 W/m

259% increase in power density
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Platform:
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= “Over Platform:
'(;mv (7.0 in)
~ —sIncrease in Wave Height:
— 71%

*Note: waves dropped

below the wave wire over

the platform resulting in

an apparent “flat” bottom
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IOEIEI \WaveResultss

SNORI04mI (4. 11m)
c) = *" /s at 1.98m tank depth
| :58 JmA2
26y 7AN/m
- aled Wave
-"EFI'— 0.178m (7.0in)
-~ Cg = 1.14 m/s at 0.15m platform depth
E = 39.78 J/m~2
P =45.32 W/m
69% increase in power density
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SedliligrPowerConcentrationy@rl= 10

i A

0.5 7s = 2 O4kW/m
_I m tuned power = 7.30kW/m
' 4m /s = 8.47kW/m

“' 78m tuned power = 14.34kW/m

_’
’

’ J Note Froude scaling is used as power
take-off estimates are based on the wave

making resistance of a surface float




WeVer oad Avoidancesss
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SVeVENoading can be reduced by lowering
sIERIERP aWay. firom the free surface
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Wave— 1.10cm Platiermir Deptin™
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NfERCal Wayve TanksRestlts™
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SANIUITEICal grld ofi the wave tank at Stevens
Webigenerated by Romaini Gare and Len Imas

PNEEHMmeLry and mass properties of the TLP were
== sed terdevelop a numerical grid of the TLP

_,,,, & STihe wave-TLP interactions were simulated using
e given locations and calculated mooring
stiffness of four mooring tendons
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2 Dec -mlne and control thelecation of peak Wave; energy: density.
2135 2l ftrletlor) of Welve ool el nlele)sle, Eplel
szrr parameters
mine wave height, wave period, and platform parameters
qu d 0 ?enerate peak energy den5|ty at the transverse

rllne offa fully submerged TLP

2NGataito Validate a numerical wave tank (CED)

2 J:" Validated CED to determine platform parameters required to

= generate peak energy density at the transverse centerline of
,s':?-gﬁumerlcal TLPs

—— % Quantify incident wave power using accelerometers, structure mass
— and displacement properties, and a hydraulic power take-off system
(Under construction)
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BENENts forExisting Designs:

BN -

SESUIIMERGEANIICPS Canl provide steeper L
WEVESHOIEXISting systemsisuch as the I“
aPBIWERDLIGY ~ developed! by Ocean ] T

ov\ af Technologies (OPTT), and the == PER
EPelamis” developed by Pelamis Ltd. T

‘"Jé-'- dstinglwave energy conversion FET

—= systems can damp waves more
efifectively using submerged TLPs to
protect offshore and shore based ‘

structures PP
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EETCY Storade, Systemps

s iNong fullfscalerplatform

J 3"r'r""’ volume, 80 — 3001 Accumulators

S=4m> = 12m°> working volume
torage pressure = 3000psi (200 bar)

Adlabatlc Storage capacity = 303kWh
(1.09GJ)
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shiehge Rate with 28m Wide, i
ifiace Structure at 355 Efficiency

<
\J

n X /. 30kW/m X .35 = 71.5kW
% 14.34kW/m x .35 = 140.5kW

d Waves charge the energy storage
e stem In 4 hours 15 minutes

s _‘
.0'_ —

’
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=% Moderate waves charge the energy
storage system in 2 hours 10 minutes




D]sh' dlder Rates
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> 79 Wi hours
' ;<W iOr 2 hours
SOOIV 1 hour

WEfor 30 minutes

1 2MW- for 15 minutes
e 2. 4AMW: for 7 minutes 30 seconds
e 4. 8MW for 3 minutes 45 seconds



Wia/ASIMWW-Plate. Capacitiy?”

VISHEXCE] DEMO
@ IM depuh
/rrm Incident waves ~ 300kW @ 35% efficiency
SIfIFGS Incident waves ~ 690kW
& -85 incident waves ~ 1.2MW
:i‘j = ¥ Tuned wave platform depth = wave height
~ o 2m tuned to 4m ~1.1MW @ 35% efficiency
- ® 3m tuned to 6m ~2.8MW

® 4m tuned to 8m ~5.4MW

-
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Brozidds Impact. Goalssws

-
i A

y /JJIrI nd moderate waves can be converted to

Uf g and energy. storage capabilities

=4 RREdlindant systems with foam-filled
_fij‘mmpartments provide buoyant integrity and
= eliminate single point failures

~® \/ariable depth platforms provide the capability
to avoid extreme loads during storms
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SIGNIFICANT WAVE HEIGHT -~ (METERS)
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I8 Dominant. Period
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