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|.  Introduction
Wave-tide interactions in ORE
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Il.  Effect of tides on the wave energy
A simplified approach based on the Airy wave theory
More sophisticated approaches based on the COAWST

IIl. Conclusion
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Wave-tide interactions processes
|. Effect of tides on waves (CEW)

0 Tidal currents (Unsteady)
v' Doppler shift
v'  Bottom friction
v' Wave generation
° Tidal depth variation
v Wave refraction
v Wave speed

EFFECT OF TIDES ON THE WAVE POWER? &

|. Effect of waves on tides (WEC)

Wave radiation stresses
Non-conservative wave forces
Bottom stress

Turbulence

Ejfrect of WAVES on the TIDAL powers
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Ocean renewable energy project development

Engineering

i

Oceanography

Social, economic,.. sciences

Funding Services




Wave-current interaction effects

Power efficiency and ) Engineering /* Wake and turbulence
economic feasibility modelling
Fatigue

Hydrodynamic design
Mechanical design
Electrical design
Mooring

Lab scale models

CFD and FEM modelling
Fluid-structure interactions
Hydrodynamic loading
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Oceanography

) (eoee-

Wave, tide and sediment \
modelling -measurements
* |mpact on marine

e Resource assessment
and site selection
* Environmental loading

e Environmental impacts — ecosystem, (mammals, birds,
e Permitting, lease,.. benthic organism and
e Grid connectivity \ habitats ) /
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) Social, economic,.. sciences Vs >

* Socioeconomic
impact assessment

——>| « Involvement of local

communities

\U J

Risk and reliability
Stake holders
Financing

Political support
Social acceptance

4




Linear wave theory, approach
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Doppler shift
c+kU =w
k = wave number,
h = water depth.
o =the relative wave frequency - moving
w*=the absolute wave frequency - stationary

C* = UL+ \/ki tanh k*h

N’y

Water depth

oo — s 2
g 2 ~ sinh 2k*h

Wave celerity \ Wave number

* Affected by tide
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Application to NW European shelf
ROMS and SWAN models
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(c) T=12s

Effect of tides on the wave power



ShOI‘tCOmlngS Fast Fourier Analysis
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IIl.  Effect of tides on the wave refraction ~ MO T
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The method is good as a first estimate; More sophisticated modelling?

Model coupling?

Coupled-Ocean-Atmosphere-Wave- Sediment Transport
Modelling System (ROMS-SWAN-WRF) COAWST Modeling System
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COAWST One-way coupling SWAN, uncoupled
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Conclusions

Simplified method, rapid and convenient, order of
magnitude estimate

Up to 10% impact on wave resource estimation
Currents are the main source of error

More impacts on lower wave energy and higher tide
regions

Detail high resolution models for specific sites

Model coupling challenges (Finding the best
formulation, including the relevant processes, scaling
issues)
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Wave height (m)
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Pembroke Buoy January starting at 10-

Observed
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Increasing uncertainty in model coupling?
Uncertainty >>The process ??

SWAN technical manual

* The effect of a mean current on the wave energy dissipation
due to bottom friction is not taken into account in SWAN.

* The reasons for this are given by Tolman (1992b) . He found
that the error in finding a correct estimate of the bottom
roughness length scale has a much larger impact on the
energy dissipation rate than the effect of a mean current
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Transverse Mercator
WGS 1984 UTM Zone 31 N

of 12°W, model cell size approximatety 60km.
ately 12k in ail other areas
will be less robust in shallow waler (<20m) and
Y.
Wave data are based on hourly model hindcast values over 7 years.
Full Wave Field Power is calculated using the summation of
power allributed to wind-wave and swell components.
power is calculated for each horizontal metre of wave crest using
the energy period calculation (T
March 2008, n 2.
7. ® Crown copyright, Al rights resarved
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Theoretical background

Effect of tide on wave

Water Level Change
Steady and Unsteady Currents

%= gk tanh kh c=w-—k.U
k = wave number,
h = water depth.
o =the relative wave frequency - moving coordinate system
w = the absolute wave frequency - stationary coordinate system

* Doppler Shift
* Depth and current refraction
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Theoretical background

Effect of waves on currents

* Wave radiation stresses

Syx = Zg [2n (cos )% + (2n — 1)]AcA8
Sxy = Syx = X Ensinf cos 0AcAb
Syy = 27 [2n (sin6)? + (2n — 1)]AcA

E = wave energy, S = radiation stress, 8 = angle of wave propagation

C 1 2kh
— 9 __
n=—=-==(1+
C 2( sinh2kh)

n = 1in shallow water n ~ 1/, in deep water,

*  Wave induced forces
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