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Aladoon BaAaoolwv KULATIOMWY Kol EPOAPOYEC

* H LEAETN MAWTWY CWHATWY, CUCKEU WV TIOPAYWYNC EVEPYELOC OTIO TN
BdAaooa kaBwc kat N Asttoupyia MAOLWY O0TO TOPAKTLO TtEPLPAAAOV
amatel mAnpodopia yLo To KUHATLKO TIedL0/TIC KUMATLKEC CUVONKEC o€
QUTO.

* H 6uadoon twv BaA0coLlwV KULATIOMWY aTto TV avolkti 6dAacca otnv
napaktio {wvn emnPeAleTal ONUAVILKA ATto
O TIG LeTaBoléc TG BaBupetplag
O TNV MAPOoUCial PEVUATWV
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Aladoon BoAaocoiwv KUUATIOMWY Kol EPOPUOVEC

e JKOTIOC TN MOAUETOUC EPEVVAC KOIL CUVEPYAOLOG:

o H Bewpntikn HeAETN Kal aplBuntikn eniAvcn tou tpoBAnpotoc
oAAnAenidpaonc KOMATOC - peVHOTOC - BaBupetpilog oe
avopoloyeveg Balacolo neptBaAlov kol Tnv epappoyn Twv
AVATTTUXBEVTWY HEBOSWV yLOL TNV QVTLUETWTILON TIPOPBANUATWY
HNXAVLKOU.

o H a&lonoinon Baoswv dedopéEvwv aktoypatic, BaoBupetpioac Kol
XPOVOOELPWYV KUMOTIKWYV TIAPOAUETPWY GE CUVOUOOHO LLE KUMOTLKA
HOVTEAQ 0€ OAOKANPWHEVA UTTOAOYLOTLKA TtEPLBAAAOvVTA yLa TNV
OUOTNUOTLKN TIOPAYyWYN OVTLOTOLXWV XPOVOOELPWY OTNV TIOPAKTLAL
(wvn KABwC Kol TNV OTATLOTIKA TOUC avaAuon,.
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MeBodoloylo KATAOKEUNC TWV KUUOTLKWV

LLOVTEAWV

e XTa mAaiola Twv utoBeoewv TNG Bewpiag SuvapLkou Kat peta tn dtadoplkn
Slatumwon Tou TPOBANMATOC WC TTPOC TO AYVWOTO KUUOTLKO SUVAULKO, T
Baoka peBodoloyika Brpata yla TNV KATOULOKEUN TWV KU LLOTLKWY LOVTEAWV
ntav :

o Kataokeur katdAAnAng avamapaotacng Tou AyVwoTou SUVALKOU HE TN
nopodn abpoiocpatog culeVYUEVWV WOLOHOPDPWV PE KATAAANAOUC OpOUC
TIOU VA LKOWVOTIOLOUV TLC CUVOPLOKEC CUVONKEC oToV TIUBUEVA KaL TNV
e\eVBepn erupavela

o MetafoAwkn dtatunwon Tou MPOoBANUATOC

o Edappoyn tng HeTaBoAKAC SLOTUTIWONCG KOL TNV QVATIOPACTAONG VLo TNV
KOTaokeun Twv S1adopLlkwv €ELOWOEWY WE TIPOC TOL AYVWOTA ULyadIKA
NAATN oto opl{ovTLo emtinedo

o Kataokeun KatdAAnAou aplOpnTIKoU oXAUATOC YLa TNV ETAUCN TWV
eElowoewv He xpnon neBodwv mapaAAnAng emeepyaoiac yla tnv
OVTIMETWTILON TIPOLANUATWY LEYAANC KALLOKOLC
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Avarapaotoon Tou SUVALLKOU OE OELPO TOTILKWV

LOLopopdwv

* To mpOPAnpa yLo to SuvapLko mou oxetifetal pe tn Stadoaon/mepiBAacn TwWV KUPATIOUWY 0T
neptoxn pe petaBoariopevn Babupetpia erhuetal pe kataAAnAn enektaon touv MovteAou
2ulevypEVWYV ldLopopPpwv

[Consistent Coupled-Mode model, Athanassoulis, G.A. & Belibassakis K.A. 1999, JFM]

* Ta duadopa povtéla mou avarmtuxonkov Bacifovtal otnv BeEATLWHEVN AVOTTOPACTACH TOU
OUVALKOU O€ CELPA TOTILKWV LOLOHoPpPWV :

o0

0, (X,2) =0, (X)Z_(2;X)+ ¢, (X) Z, (z:X)+ D ¢, (X) Z, (z;X)

~ [

IS1opop PR KeKAINEVOU A10d106uevn 1810p0P PN AtrooevOpueveg
TTUBuéva ISIOMOPPEG

* O emunAéov 6pog ¢_1(x)Z_1(z; x), n 6lopopdn kekApuévou nubpéva, eivat 6pog 510pbwong o
omotog KaBLoTA TNV avanapaotaon Suvenr Ke tn ocuvBnkng Neumann oto cUvopo Tou
MUOUEVA 0 MEPLOXEG HE HeTaBaAAOpevn BaBupuetpia.

* Xtnv epyacia Papoutsellis et al 2018, European Journal of Mechanics/B Fluids, n apoanavw
QAVOTTOPACTOON EXEL EMEKTAOEL yLa TNV AVTLLETWTILON TOU TANPOUG UN-YPAULULKOU TTPORARMATOC.
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Avarapaotoon Tou SUVALLKOU OE OELPO TOTILKWV

LOLopopdwv

Katakopudn doun tou nediou:

cosh| k, (x)(z+h( ))J snov,  #h(x)=k(x)h(x) tanh(k(x)h(x))
cosh(ky (x)h(x))

2, (2:%) = COSCES(E:)(E(Z):FE)X)))J’”‘1’2"” uh(x)=—k(x)h(x) tan (k (x)h(x))

u=oc’lg, o=w-U-K

ZO(Z;X):

Katakopudpn doun tng tdbtopopdpng KEKALUEVOL TUOUEVA (K-TT).
Muo kotdAANAN eivat n akdAoudn: agp(x’ Z)/@Z

Z.4(2=h(9) ((2/n ()" +(z/m(3))) @(ﬂ(x,z)/%)(
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EpapLOYEC TWV KULATIKWY HOVTEAWV

e MeAETn KVpATIOPWY o€ UTtoBaAdcoLo dapayyl

Kupotika Sedopeva o€ mayKOoLa KALpoKaL

YSépoeghaotikn) avaAuon oAU HEYAAWY TAWTWY CWUATWY

Wave Energy Converters (WECs)
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YrnioBaAaoaolo papayyt

Pacific Ocean
South California

Swell dominated | :
|

West — Northwest I |

Tp =12 — 22s I |

|

Corresponding I I

wavelength: ' I

A =200m — 700m L=

[Gerostathis, T., Belibassakis, K.A., Athanassoulis, G.A., 2008, JOMAE, Vol.130(1), 011001]
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H avarmnopdaotacn Tov cuVoAlkoU Suvaplkou

d(X.y,2)=¢(x,y,2)+d (X,y,2) =9 (x,z)e"“()l)s"‘e1y + 4y (X,y,2)

|

Total wave potential Obliquely incident potential Diffraction potential

h(x,y)
— hl(x) + hd(xJY)
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To poAnua yia to Suvo ko meplBAaonc
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To cuoTnua WC¢ TtPoC ta culevypeva opLlovTia

TIAQTN TWV LOLOOP WV

Z (XY) V20, (X.Y) 41, (X,Y) Vo, (X,¥)+Co (x.Y)@n (X.Y) =8, (x,y), m=-101,... (x,y) €dD:(R,)

0 a ’ . .
2. am(X.Y) (w—lké”%(x,y)}o, m=-101,.. m=-104,.... (x.y) e0’DY(R, )
n=-1
Za . G(Dn(x Y) _ik® B - -
m(xY) | = kg, (x,y) | =0, m=-101,... (x,y)ed’D(R,)
Sa, (xy) ) = 104,... (x.y) D2 (R,)
mn 'y) an =0, m 0.1,... (X,¥y)eo D, (R,
n=-1
h
where gm(X1Y) = [ (;(yz _) + Vh-Vﬂ(X,y,—h)JZm(—h ;X,y) = g(x’y)zm(_h ;X,y)

An important feature of the solution by means of the enhanced representation, is that:
it exhibits an improved rate of decay of the modal amplitudes: ‘gon (x,y)‘ = O(n“‘)

Thus, only a few number of modes suffice to obtain a convergent solution.
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YrnioBoAaoolo papayyl. ZUVOALKO OUVAULKO

ToXUTNTOC YLlo TPOoTILtToV Kupa tepltodou 15s
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YrnioBaAaoolo papayyt. Modes tou dSuvapikou

neplOAaonc ya mpooTintov Kupo meplodou 15s

propagating mode (n=0) first evanescent mode (n=1)

sloping-bottom mode
(n=-1)
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YrnioBaAaoolo papayyl. Meploxn LETPNOEWV

rnedLlou

Observed offshore
swell system
incident from west

with:
Hs = 1.08m, Point (a)
Tp = 14.3s.

buoy 35

e large area of the order
of several kilometers

/Oint (b)
* very complex buoy 37

bottom topography

e many wave frequencies
and directions

=> huge amount of
calculations!
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H cuvaptnon petadopac — YITOAOYLOLOC

bACHOTOC

Su (@; X, y,z):J K (@,6;x, y,z)|2 ‘S (@,0)d0

-/ \

Nearshore frequency Transfer function Offshore wave spectrum
spectrum at point (x,y,z) (calculated using
deterministic model)
M (x,Y,z;®,0)

where: K (a), g; X, Y, z):

H (a))/2
and M (X, Y, Z,, 9) the associated quantity with the spectrum, e.g.:

(X, y;w,@):IEwCD(x, y,z=0;0,0),

p(X.y,2;0,0) p=io®(X,Y,z;0,0)
U(X,Y,2;0,0)=V,;®(XY,2;0,0)
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METAoXNUATIOMOC KULATIKWY ouvONKwvV

SWAN 40.41 CCMM

Distribution of the significant wave height Hs. Offshore : JONSWAP frequency spectrum with
cosh-type spreading function with Hs = 1m, Tpeak = 15s
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METAoXNUATIOMOC KULATIKWY ouvONKwvV

Offshore spectrum, Hs=1.08m, Tp=14.3s

S (msirad)
25

051

'buoy 35

251

i
05f | \
L

B """.:-\3\.

|buoy 37

0 ! == "
0 0.05 0.1 0.15 0.2 0.25

f(Hz)
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Kupatika Sedopeva o€ TTAYKOO Lo KALLOLKOL

Subdivision of main (continental)
geographical regions
Bathymetry: NAVOCEANO 2002, DBDB-V, Version 4.0: Naval Oceanographic Office
http://128.160.23.42/dbdbv/dbdbv.html

Continental Region lll: Africa and Arabic peninsula

Coastline GMT — GSHHS: Wessel, P., Smith, W. H. F., 1996, ‘A global, self-consistent, hierarchical,
high-resolution shoreline database’, Journal of Geographical Research, 101, pp. 8741-8743.
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Kupatika Sedopeva o€ TTAYKOO Lo KALLOLKOL

-} WORLDWAVES Toolbox - South - Central Europe

b The global WAM data base Consists of File Map Database Histogram Partiion Offshore Statistics OtN Transformation  Mearshore Statistics Tools  Help
6 hourly time series of Hs, T and B8] 50| [Q %] e

direction for wind sea and swell as Region: [30°W, 50°E] x [30°N, 70°N]
well as wind speed and direction. N ————— T

* A 10-year database globally is " s oo £ soom. 1o @015
available initially and only offshore : el -
data along the global coastline are ~ \
calibrated against Topex and buoy N Al = 3 ke o

Information

d ata . : . ; N A Current Point

* This initial model data consists of LEar - ;
o ERA-40 (hindcast) data at 1.5°

resolution for 1994-1996,
o Operational data at 0.5° o __ |
resolution from 1996-2003 wen [ ] bee ' e —
(updated globally each month), it e -
o Satellite ERS-1 and ERS-2 data A . i o
have been assimilated
operationally. Lat:  39°45'48"N Long: 16°58 13"E Depth: 453 m QLR
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aTLKA SEOOEVA OE TTIAYKOOULOL KALLOLKOL

) Monthly mean Hs (Sea and Swell) T ——
-a and Swell) Grapl —Inlﬁl

File
File Analytic PDF
- i

m kernel [Gamma x| ker. [1 =] ow Juow <]

Monthly mean values of Significant wave heig —_—
B Ereiical POF Data point(; i Statistical Parameters

—— wE 1. MED 6443 (0.5 (3
— —  teaN Period of observ. 1992

Monthis} : 1. 2. 3. 4. 5. 6. | Stend. Dev.

Total number of observall 5 Var. Cosft {Sea and SWE"]
Kurtosis Coeff
Sampie Min

Sample Max > t{s) identification

Mesn Value =108

30°N, 26°E)
Parameters of 0T P
07.01 - 2002.08.20
Analytic PDF == Statistical Parameters
KDE w = 140%
LogN u = 01683
7505

Mean Value

Monthly mean H, [m]

Stand. Dev.

I

Data point( Var. Coeff.
1. MED.8443 { Skewn. Coeff. ‘arameters

Data:1982.07.( 4.86

Sample Min

Month{s): 1, 2, Sample Max
Total number ( H ; ; ; : : : : F

JAN  FEB MAR APR MAY JUN JuL  AUG NOV  DEC

Months E Parameters of
Analytic PDF

KDE 120 % | |ters of
120 % c PDF
02450 || T%*
= 1.5522
0.7504 = 0.2376
1.5622
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Kupatika Sedopeva o€ TTAYKOO Lo KALLOLKOL

- } WORLDWAVES Toolbox

File Map Database Histogram Partition Offshore Statistics

SEIENE

3|

9k (8]

35° 30°N

35° 200N

35°10°N

Lat:

OFM Transformation  Mearshore Statistics

Target point: (Lat = 35°9' 52" N, Lon = 25° 46' 22" E, Depth = 92m)

Tools  Help

Region: [25° 30" E, 26° E] x [35° N, 35° 30" N]

Boundary point:
ID: 1
Lat: 35°30°N

Long: 25°30°E

Input total parameters:

Hs: lf [m]
TE-10} If [zl
Theta : | 330 [deg]
Tp (suggested) : 5.53 [=]
Tp: 5.53 [s]

Steepness :  0.0420

Long:

=100

ested): [ 21 (N )

5 { [m] ——— Side "

(Nested): | 5000 | (Mested):
Water level: 0 |

Bortom type of big grid
Flat: o Rippled:

D50:

Bed roughness (Big): 15 |

Bortom type of nested grid

Flat: o Rippled: @

D50:

o
SbanuR R




YopoeAaotikn avaAucn oAU HEYOAWY TAWTWV

OCWHATWV o€ TtEpLoXN HeTaBarlouevnc Babupetploc

[Gerostathis, Th.P., Belibassakis, K.A., Athanassoulis, G.A., 2016, JOEME, Vol 2, 159-175]
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YopoeAaotikn avaAucn oAU HEYOAWY TAWTWV

OCWHATWYV o€ Tteploxn HeTafarlopevne Babupetplog

Boundary-Value problem (V2 +6§)(o =0,
in —h(x,y)<z<0, (x,y)eWUE

Boundary conditions : 09— up=0 on z= O,(x, y) cW
0,p+VhVp=00n z=-h,(xy)eWUE
Dynamical equation on plate: VZ (dVZW)Jr(l_g)W: iﬁ¢(x) onz=0,(xy)eE
@

itions - A A
Plate edge conditions : ~ + (2 —v) — =0 at (X,y)edw - elastic modulus
(the ends of the plate are free on No<s )
t: plate thickness

of shear force and moment) 9 2 : o

O°W O°W at (X y) c oW v: Poisson’s ration

N TV Pre =0 ’ p: fluid density

n S M: mass per unit area
where ¢=mo’/pg d=Et /12(1—1/2),09 of plate
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YopoeAaotikn avaAucn oAU HEYOAWY TAWTWV

OCWHATWYV o€ Tteploxn HeTafarlopevne Babupetplog

Wavefield, in the case of
waves of period T=15s
normally incident on a
large floating structure
over the smooth shoal.

A strong diffraction

pattern is predicted by the

present method with

dominant reflective effects
0 | | in front of the plate.

(L=240m, B=120m)

| 1
0 500 1000 1500

Emiotnuoviko 2uvedplo «Kupata, MBavotnteg kot AVAVI|OELS» TIPOC TIUNV
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YopoeAaotikn avaAucn oAU HEYOAWY TAWTWV

OCWHATWV o€ TtEpLoXN HeTaBarlouevnc Babupetploc

a) Distribution of normalized plate deflection of the elastic plate. The wave incidence is normal.

b) Normalized plate deflection along the longitudinal and transverse sections shown in (a).
5/7/2022 Emiotnuoviko 2uvedplo «Kupata, MBavotnteg kot AVAVI|OELS» TIPOC TIUNV
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YopoeAaotikn avaAucn oAU HEYOAWY TAWTWV

OCWHATWV o€ TtEpLoXN HeTaBarlouevnc Babupetploc

Modulus of plate

deflection. Variations on
(a) horizontal the wave field
bottom and the elastic

plate deflection

(b) undulating for undulating

bottom with 15%

bottom with
amplitude, corrugation
(c) undulating amplitude
bottom with 30%
amplitude.
0
-10 —-’\/\f\/\/\f\/“
_20 l 1
0 500 1000 1500
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uotolxiot WEC o€ petaallopevn PabBupetpla

* The free-surface elevation and the wave velocities are
assumed small. The problem satisfies the linearsed water

i X
waves equations. A
REGION OF
* We consider time harmonic wave field potential and free  resionor R, TRANSHISSION
. INCIDENCE
surface elevation, .-,

®(x,z;t)=Re _lgH (X,z; 1) -exp(—iot)
| 18i>(x2,az):¢0) " }
U(X’t):_g ot

. gD(X, Z, ,U) is the normalized complex potential in the freq.
domain. From standard theory,

20° :
(X, 2) =0, (X,2)+ ¢y (X,2)+ ga)H Pr (X, 2) ./
N 6 :fr\::i\?ee?:;,s)

N
¢D(X’Z):Z¢D,k(x’z CDR X Z Zzgkf(”kz X Z

k=1 k=1 ¢=1

Diffraction potentials  Radiation potentials
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uotolxiot WEC o€ petaallopevn PabBupetpla

5/7/2022

X2

, (Belibassakis EABE 2008)

The problems of the diffraction and radiation potentials, are treated by means of low-
order Boundary Element Method

Por(r)= | o(r)G (rin)ds(r), reD, where G (r|r)=1/4z |r-r|

Dy,

o(r)= ;Fpﬂbp (r), Vo(r)= ;FpUp (r)

®,(r),U,(r) :induced potential and velocity by the p-th element to point r

Emiotnuoviko 2uvedplo «Kupata, MBavotnteg kot AVAVI|OELS» TIPOC TIUNV
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Yuotowyia WEC oe petafallopevn Babupuetpia
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Yuotowyia WEC oe petafallopevn Babupuetpia

Cylindrical WEC: radius a=10m, draft d=1.5a, depth h=3.5a

Heave RAO for cylinder a/h=0.28571, d/h=0.57143
T T

ol ] (1): Bs/bm =10
%’?2_ 1 (2): Bs/bm =20
= 1 | 1 (3): Bs/bm =30
%.2 0‘14 0.6 0!8 1 112 1.4
om*sqrt(a/g)
2 5 , . - Bs: Power Take Off
éz- (PRO) dumping
2.l coeff
gL == bm: mean value of
a 0.2 04 06 0.8 1 1.2 1.4 .
om*sart(a/g) hyd rodyn amic
1 ' ‘ | damping
E o5 K_ | !
%.2 0!8 1 1,i2 14
om*sqrt(a/g)
w\/a/g wva/g
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Yuotowyia WEC oe petafallopevn Babupuetpia

Cylindrical WEC
Radius a=10m,
Draft d=1.53,

Non-dim. freq: wh/g =15

free surface of diffraction field sway motion

[Belibassakis K., Gerostathis
Th., Athanassoulis G.A.,
2016, RENEW]

heave motion pitch motion

E 5 JUVE ) : ) '
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Yuotowyia WEC oe petafallopevn Babupuetpia

Diffraction pattern for 3x2 WECs for the case of 45deg incident wave conditions ( ¢ /hm /g =15)
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Yuotowyia WEC oe petafallopevn Babupuetpia
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Yuotowyia WEC oe petafallopevn Babupuetpia

Power output of the array for w\h 1g=15 (a) alg :0.8)
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2UUTIEPACLOTOL KOL TTPOTAOELC

JUMTEPACHOTO

* H Bewpia oulevypevwy olopopdwv Unopel va epopuocbei ot
nAnBwpa npoBAnUATWY WC Pactkod povteAo urtofabpou yia tov
UTtOAOYLOLLO TOU KupatikoU Tiedilou og oAANEC epaployvEC. H yprivopn
OUYKALON ETUTPETIEL TNV XPNON LOVO €VOC UIKpoU aplBuol blopopdpwv

* O oUVOUAOUOC TWV HOVTEAWV e peBodouc mapaAANAnG enetepyaoiog
LUtopeLl 0dNyNOEL OTNV QVTLUETWTILON TIPOPANUATWY LEYAANC KALLOKALC.

Mpotaoelg

e EMEKTAON TWV EGOPUOYWV LE XPAON A0BEVWC LN YPOUULKWY N TIANPWG
LN VPOUULKWY LOVTEAWV oUL{EVYUEVWYV LOLOOPP WV

e Avamtuén cuyxpovou aVOLKTOU TTOKETOU AOYLOULKOU, o€ YAwaooa upnAou
eTUMES OV, e povteAa oulevyEVWY LOLlopopdwv Kol xpnon mapaAAnAng
enetepyaoiac oe CPUS kat GPUS.
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Adokale o’ evyoplotw!
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