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Characteristic properties of waves 1
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* Wavelength (1): The distance between two consecutive peaks and

Wavenumber (K) 27
Y
* Period (7): The time it takes for two consecutive peaks to pass from a point in space and
Frequency (o) 9
W= —
.T w A
*Phase Speed (C): The speed of a monochromatic wave | ¢ = X T
* Group Speed (C,): The speed of a wave packet .
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+ Wave Energy (E,) Ew = pug(n’) — / 4
o Significant Wave Height (/,;): The average height bR A= 2% \\\\ .
(double amplitude) of the 1/3 G
largest waves Hys =4 <772>1/2 \\\\ \\\ ;
_ . _ 21 X
» Fetch: The length of water over which a given wind 2

*has blown
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Wave Height (m) Oct 3-12, 1992

Wave height as observed by NASA's TOPEX/Poseidon's dual-
frequency radar altimeter



The oceanic wave spectrum
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Working equations
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Linear gravity waves in barotropic fluid
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Boundary Conditions:

at z =0
P = pogn
on
YT o
at z = —H
w:O:>a—P:O
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Kvpuatikéc Aoelg yuu Laplace equation:

P = (Aek’z + Be_kz) cos (kx — wt)




And v oplaxt) cuvOnKn otV R
, , A+ B=p €
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Dispersion relation — 2yéon oiacmopds



y = tanh(z)

w? = gktanh(kH)

/4 < H (short wavelength or deep
ocean) => kH>1

tanh(kH) ~ 1

4> H (long wavelength or shallow
ocean) => kH<I

tanh(kH) ~ kH
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Tsunami
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Water parcel orbits
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Short waves

4 < H (short wavelength or deep
ocean) => kH> 1 £ = e sin (kxy — wt)
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Long waves
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Stokes Drift g

Av dev €QapUOGOVE TNV TOPOTAVOD TPOocEYYLon (dnA. 1 Lagrangian
TayvTNTa o€ xpovo ¢ eivar ion pe v Eulerian taydtnrta ot 0éon x,, z,
GE (POVO 1)

H Lagrangian toy0tnta u, (x,z,t) propel va oprotel pe avamtuén
oe oglpa Taylor tng Eulerian taydtnrag u(x,z,¢) yopw and ta x, z,
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t) = t — — — —
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T — o = noet sin(kxg — wt) U, = Gy — 1 = 77(2)606%20
z— 29 = —npe~*° cos(kxrg — wt)
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- o,  cosh[2k(zo + H)]
Us = nowk —
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Stokes velocity (drift) e v T




n = no cos(kx — wt) + ng cos(kx 4+ wt) = 2ng cos(kx)cos(wt)

Seiches

2kgng cosh [k(z + H)]
u =

o cosh(kH) cos(kx)cos(wt)

Oprokn cvvOnkn:
u=0 at x=0 ka1 L

kL = (n+ 1)r where n=0,1,2, ...
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n+1
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w= 7 an 7

Wave Refraction and the island effect on waves
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H ovveyng lvony

Av g1l6dyovue Kot
TNV EMLQOVELOKN
téon o (oA pikpd,
UNKn Kopoatog, A<7

cm)
0%n
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Mixed capillary-gravity ['a A<4 mm, pure Capillary waves, xoa1: ¢ = N
0

waves: Ripples tanh(kH) ~ 1



Avepoyevv kopoto - “windsea”

“The wind wave is a special water wave as it i1s generated by the action
of wind at the air-water interface. Since the wind wave is associated
with air and water flows above and below the waves, its characteristics
are determined by the coupling process between the boundary layers in
air and water. The important elements in the wind wave are the surface
wave motion, the local wind-drift and turbulence in the air and water
boundary layers” (Toba, 1988)
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Kvpieg paoelg omuovpyiog avepoyevovg KOUOTOG:

1. H topPn tov avépov onuiovpyet datapayes otny emepavela g 8draccag (pressure fluctuations),
oL e€ediooovtal 6 “yooTiKEG avopoAiec/Kopata” peyébovg AMywv exatootav (Phillips
mechanism)

2. O dvepog dpd 6To LIKPA 0LTA KOUOLTO, TOL OTTO10. GUVEY(DS OVOTTLGGOVTOL AGY® TNG OPACTG TNG
OPUNG TOL OVELOV TTAV® GTO TPOPIA TV kKupatev (Miles mechanism)

3. Ta kopata apyilovv va aAANAETIOPOHV SNUOVPYDOVTOG OLO Kol LEYOADTEPA KOLOTO/ KV UOTOTAKETOL
(netapopd evépyelag amd pUikpd A e peydio A).

4. TehMKd To KOUOTA AVTO OVOTTTUGOVY TOYVTNTEG LEYOADTEPES OO AVTEC TOV AVELLOL, 1| LOPPT] TOVG
YIVETOU TTLO OUOIAT] KO OITOLLOLKPVVOVTOL OO TNV TEPLOYT dnpovpyiag pe tn popon swell. 17
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Awtipnon tov Kvpotikd ®acpatog

Avartoény A0yw
Meragpopd HUN-YPOPUIKOTHTAS

50., T T
W—FCQ-VQW =Sy + Sn_1 — Sy

Tomkn e&éhién Avartoén A0yw ArcoAsieg

emiopaons Tov

Athens University - OPAM Group: Wave Forecast

AVEUOD

23/01/09 03:00 UTC : Significant wave height(m) and direction
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Kvpoatwika povtéra:

* WAM

* SWAN

* WAVEWWATCH
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“Yrdowuo kopotos” (Wave breaking)

XV avoiktn 0dhacca, “omAcLo KOUOTOS £YOVUE OTAV ETUPOVELNKE TUNLATO TOV VEPOL (cuVNO®C
KOVTA GTNV KOPLPT TOL KOUOTOC) OTOKTOOV ToyOTNTA LEYOADTEPT) amd TO KO Kot TO “Eemepvouv™.

u > c
H taydmnrta tov vepov, mapovcio KOUATOS (UKOLS KOUATOG A KO TAATOVE XTAGLO
KOUOTOG” £YOVUE OTOV EMUPOVELOKA TUNLATO TOL VEPOU (LVIOWGS KOVTA GTNV KOPLPN TOL
KOUOTOG) OITOKTOVV TaYVTNTO LEYQAVTEPT OTO TO KOO Kol TO “Eemepvoiy”.

PERLN

u = nNokr + Uy
Roller ..... o
& ““4
wave steepness velocity due
to wind stress H andiela evépyeslog omod 10

KOUOTIKO TTEdI0 peTapEpaTat
GTNV KIVNTIKT] EVEPYELD TOV
EMPAVELNKOV GTPOUOTOC,
> LEC® TNG OPUNE TOV QOKET
TO TUNLLO TOV VEPOV “TTOV
E0TOGE” GTNV EMUPOVELD TNG
faracacac.

Wind-stress

20



v mapaxTio (ovn:

* H tayvtto tov KOpatog petwvetot

e To UKOG KOUOTOC LEIDVETOL

* To Vyo¢ KvpOTOC aVEAVETOL

* H popoen tov kopotog yivetor Aryotepo
GUUUETPIKT) (01 KOWMES €fvan 0 emimedeq)

* H ovyvémto napapével otabepn

F’at bo =
Distance and tir’:e >
= 2

(a) SPILLING BREAKER

Steep bottom

Distance and time

(b) PLUNGING BREAKER

(c) SURGING BREAKER

/Ta KOLLOTO YIVOVTOL TTLO OItOTOUL \
(steepness increases) kot Teivouv va
“omdve”. Eumelpikd, otov

H 2?70 1
>

—_—~ —

L N7

kw KOHO yiveTon o.oTaf€c Kot “Gnday

Spilling breaker: H xopve1 Tov kdpatog “katappéet”
(‘spills over’). Evépyeia amelevBepmveTal e OAN
Vv opaktio (ovn. XopPaivel oe oyeTikd pkpn
KAion tov Pvbov.

Plunging breaker: H xopven “koviovpidletan’” (‘curls

over’) umpootd o 1o KOua. H evépyeia
anelevBepwveran andTopa. ZvpuPaivel 6e oyETIKE,
ueydAn kiion tov Povbov.

Surging breaker: Aev mapoatnpeitor GmaAcULO.

Xvupaivel og amdTOUN KAon Tov fvBov. H
EVEPYELD OMEAELDEPMDVETOL TTPOC TNV ALVOIKTY
Oaiocoa.
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ITa. Ecotepika kopoata Bapitnres: AT otpoudTmon

Avo otpopata. Ol eElomoelg Laplace yio,
KéOe oTpoOUQL:

0’P, 0’P R N ——
972 -+ 5.2 =0 P, = (Aekz + Be—kzz) ez(kaz—wt) [ C’
(92P2 82P2 0 P2 _ (Cekz + De—kz) ei(k:m—wt)

o2 Oz2 n= aei(kx—wt)

C- — be’é(kx—wt)

Oploxég GuVONKeG:

877 8P1 8277
o¢
atz:—H——+P1:P2:plg(H—|—n—C)—|-p29§, wlszZE
0P,
at z= -0 --2wy=0=——=0
0z

XPNOYOTOLDOVTAC TIS OPLOKES GVVONKEC:

<:k — 1> (:k |p1sinh(kH) + pa cosh(kH)| — (p2 — p1) sinh(k:H)) =0




Lipdm Avon: Barotropic mode
P gh | T e (Bapotpomucog
H — o, TPOTTOG
4 e TUAAVTOONG)
= P >P,

Agbreon Mon: | w? = gk(pa — p1) sinh(kH)
p1 - 02 COSh(k‘H) + p1 Slnh(k’H)

C

— ['evucd:
4
x Av 0 oKeavog amoteleitan amod n
— GTPOUOTO, Ol TPOTOL TOAAVIMOTG
* 14 14
etvan 1 Bapotpomikoc kot n-1
—_— BapoxAtvikoi (cuvoAikd 1 TpdmTOL
—i I'é
TOAAVTOC
-

<«— Baroclinic mode
-  (Bopoxkivikdg TpOTOg TAAAVTNOGG)



Eocotepika kopato:

Bap’Okam(’)g TPOTOG Short waves e gk(pz2 — p1)sinh(kH)
TUAAVOOTNG kH — oo ~ pacosh(kH) + pysinh(kH)
coth(kH) ~ 1 ~ gk(p2 —p1)
p2 coth(kH) + p;
Long waves
kH <1
sinh(kH) ~ kH w=,|gk P2
\ P2 + p1
cosh(kH) ~ 1
K?H(py —
2 (P2 = p1) _ JR2H
P2
P2 — P1
c=+/g'H 9=y p
2

2.€ TUTIKT] GTPOUATMGCT] GTOV WKEAVO:

Ap=0(1kg/m3) , p,=O(1000kg/m?)

! -3
g =107y (Pz—P1>
n=—¢

P1




Eocotepikd kopata Bapotnrog
(n “éx@paon” TOVC GTNV EMPAVELDL TNG

Bdlacoagc Ko otV Kopuen g
ATUOGPOLPOG)
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