Gelombang Laut
(Ocean Waves)



Definisi

* Undulasi (naik-turunnya) muka laut akibat
transmisi (perjalanan) energi

 Mediumnya tidak ikut bergerak
(berpindah) bersama enerqi, tetapi partikel
yang menyusun media hanya bergerak
naik-turun dan maju mundur (pola orbit)
saat energi melintas



Properti (karakter) Gelombang

1) Memindahkan goncangan (disturbance) dari satu
bagian dari medium ke bagian lainnya.

2) Goncangan (disturbance) bergerak melintasi medium
tanpa adanya pergerakan menyeluruh dari medium

tersebut.

3) Goncangan juga bergerak tanpa distorsi (perubahan)
yang berarti terhadap bentuk gelombang.

4) Goncangan kelihatannya bergerak dengan kecepatan
yang tetap.




Gelombang Lepas Pantai Gelombang Pantai
Kangean, Jawa Timur Pelabuhan Ratu, Jabar




Kenapa perlu mempelajari gelombang?

Giant Kelp, Teluk California Abrasi Pantai di Carita,
Anyer

Contoh lain: Sediment Resuspension



Resuspensi sedimen adalah suspensi dan
redistribusi partikel sedimen yang sebelum-
nya diendapkan di kolom air karena gaya
hidrodinamik.

Suspensi sedimen adalah mobilisasi dan
perangkap partikel sedimen dari dasar
perairan karena gaya hidrodinamik.
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(1) Waves enter the
shell chamber raising
the water level

(2) The increased water lever

compresses air inside chamber,

as waves leave the shell air
decompresses
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(1) Waves enter the
shell chamber raising
the water level

(2) The increased water lever
compresses air inside chamber,
as waves leave the shell air
decompresses
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Sifat Dasar Gelombang

Frekuensi Gelombang

- Wavelength 4——————

: Period T
. Crest

Height H _ ~ Distance _

@

2

T

or time

! ——— Trough

Celerity = C = Wavelength/Period=4/T
(a) WWAVE PARAMETERS

Bilangan Gelombang

Catatan: Definisi in berlaku juga
untuk gelombang radio, sinar
gamma dan gel cahaya.

Pada kasus ini, perbatasan
(interface) adalah antara lautan dan
atmosfie atau antara dua lapisan
yang berbeda densitasnya
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Refraksi Gelombang dan Gelombang pecah (bila (H/A)<1/7 or
H/d~0.8

crest -- progressive wave
breaker -- " -

still water level

' o wave height
shore ' translation wave

wave has'e
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Gelombang permukaan laut

L
+A
H
—A
Definisi:
Bilangan (number) gel

Kecuraman E 7 I — number of peaks
(Steepness) I le ngth
gelombang

Frekuensi

b= number of peaks
L time




Gelombang Permukaan Laut
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____________ oo N\ N N .
Definisi lainnya:
The energy of : Ocean Surface Wave
Progressive Wave : .
the wave _ exist because of 2 restoring forces
if moves energy
through the water ]
1 gravity
2 .
L= —ng surface tension

3



Wave Speed C = —

Wave crest
tl
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Wave period
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(After Blair Kinsman, Wind waves: their generation and propagation on
the ocean surface, © 1965. Reprinted by permission of Prentice-Hall,
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Figure 11-4 Wave Classification by Wave Period



Periode Gelombang tidak berubah

Panjang Gelombang: fungsi dari periode

Kecepatan (celerity): fungsi panjang gelombang

c-~
.

Gel panjang bergerak lebih cepat dari gel pendek



Teory Gelombang Linier:
“Small Amplitude” Waves(Gel amplitudo kecil):|[H/A <1/ 20

Kenyataan, kecuraman (steepness) gel amplitudo kecil (H/A) <1/50
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(a) YWAVE PARAMETERS

Celerity = C = Wavelength/Period =4/T

or time
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1): Undulasi muka laut ( 7)
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2) Kecepatan fase gelombang (Celerity)

C=kec fase gelombang progressive (bergerak),
Incompressible dan irrotational

Amplitude

tanh («h)




Penyederhanaan:
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C - [gtanh(x h)}/

K

Deep water wave: A < 2k ( h is depth ) or Short wave

This means that A is small and kh is large

tanh(x h) ~ 1

g1" \/7 \P \/ﬁ T
C = | — = = —_ = =
|:K:| J 2r K J 27 J 27

Shallow water wave: A > 20# ( h is depth ) or Long wave

This means that A is large and kh is small
tanh(x h)~ x h




Dua batas dalam kec gel (C)

d
Z>>1 DEEPOCEAN - [85—C tergantung

(L<2d) 27 panjang gel
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Shallow Water Intermediate ”
Waves 2

K K

c=2- [g tanh(x h)]

o’ = gk tanh(x h)

Dispersion relation
(hubungan antara frequency
dan bilangan gel )
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Deep waves are
dispersive

Shallow waves are
non-dispersive




Perambatan Gelombang (Transformasi gelombang)

}‘ Fetch ‘—I: Dispersion -
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View
Seas Ocean swell
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Profile

(a) DEEP-WATER WAVE TRANSFORMATIONS




Pengaruh Dispersi Gelombang (in deep water)

energy spreads out
along wave fronts

wind
direction
O
gionm ..
area w
LN il

* Dispersi gelombang adl perubahan bentuk gelombang ketika merambat melalui satu medium



Gelombang memasu

Intermediate wave

Ki perairan dangkal

<« Shallow-water wave + Surf _’_lq_Swash__‘

Zone Zone
Ly Ly L]

| m water depth

» Breaker {;:’Sr
T 3 4 H

L>L>L,>L
H; < Hy < Hy < Hy < Hs

wave speed decreases -

vertical exaggeration = 20X wave |ength decreases -

wave height increases -

(b) SHALLOW-WATER WAVES IN PROFILE




Pembentukan, perambatan dan gelombang
pecah di pantai




Kelompok Gelombang
(Group Wave)

Waves in the area of the
fetch

Group Velocity C, =
Velocity of the wave
envelope

c{ 2x h }_6&)

c. =<1 _ oo
9= 2| sinh(2ch) | ox

In deep waters:

C,=0.5C

In shallow waters:
Cg =C
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Gel hijau bergerak ke kanan dan gel biru bergerak ke Kiri:
Perjumlahannya Gel Merah (gel kelompok atau amplop gelombang
atau wave envelope)

Amplitude

G 100 200 300 400 500 b0 oo

Distance



Pergerakan partikel gelombang (u) dan (w):

Motion of the * Direction of wave motion H 2=
Wave Form u= ?e 2 cos(xx — wt)

27z

’4 w=¢eﬂ sin(xx — ot)
L

H

Circular
Motion

e oy 5

\ Q | Q
L} L] 1] LW
27z

water depth Eé— wavelength == 2 e * sin(xx - ot)

27z
c=,¢ 2 cos(xx — wt)

a) DEEP-WATER WAVE
Short Deep Water Waves

wind waves and swell offshore



u= g < cos(xx — wt)
Elliptical
Motion w = ﬁ(1 + Ej sin(xx — wt)
T\ h
| | |
| — — —
[f ::I | < > |-:<: ::l
Sea bottom
water depth <55 wavelength & = —EPS"‘(KX —t)
47 \ h

H z
= |1+= _ ot
(b) SHALLOW-WATER WAVE g 2( +,,]°°S(Kx ot)

Long Shallow Water Waves What about INTERMEDIATE WATER
WAVES?

Tides, Tsunamis, Seiches,
waves in shallow water
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« Direction of
wave motion

No mass

| m /_ transport

I \M{ YN, 7 7&
N/ %L Wave
O \_)c

O losed orbit
g/ after one period

‘ \________._-—-— Mass
transport

Wave

No wave motion

Open orbit
Sea bottom after one period

b) ORBITS OF WATER PARTICLES c) STOKES DRIFT

Orbits of water particles are not quite closed -- net displacement = STOKES DRIFT




Ada 4 faktor yang mempengaruhi tinggi dan bentuk
dari gelombang yang dibangkitkan angin (wind wave)

Kecepatan Angin: Proporsional

Lamanya angin bertiup: mis. synoptic vs. angin darat-laut
(sea-breeze)

Fetch: Jarak dimana angin bertiup .

Kondisi (status) awal (Original Sea State): mulai dari
permukaan yang rata (smooth surface) atau muka laut
beriak/berombak (rough)



Increased
Wind Speed
causes
waves with
increased
height,

and period

Wave height (m)
Woave period (sec)

Fully
developed
sea --

waves can
no longer
grow

i Wavelength

400

200

0
0 50 100
Wind speed (km/hr)
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Average and Significant Wave Height
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Wind Speed

Ave. Hgt —=— Sig. Hgt.

Significant Wave Height = average of highest 1/3 of the waves.




Significant Wave Height
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Small amplitude waves: Steepness < 1/20 (1/50 in real ocean)
nN= A cos(kx - wt); A=H/2, k = 2m/A, w=2n/T

deep waves (short)

intermediate waves

shallow waves (long)

A< 2h 2h < A < 20h A > 20h
1
Phase speed or wave T g 2 2 1
celerity C C= g,, = g = g C= [K tanh(x h)} = " =grtanh(ch) C=[g h]A
wavelength 2 2
2=9T 1=97" tanh(x h) A=CT
27 27
Group velocity C, C =0.5C C 2« h C,=C
g C,=_|1+ g
(x h >>1) 9 2| sinh(2«h) (xh<<1)

Wave particle
horizontal velocity u

27z

u="_"e* cos(xx —wt)
T

y_HaT cosh(2z[h+ 2]/ 1)

cos(xx — ot)

2 A cosh(2zh/4)

u= Hﬁcos(xx — wt)
2\h

vertical velocity w

27z

woHaT sinh(2z[h+z]/A)

w=""e* sin(xx— ot = ' - _AH(, 2 _
(i - o) 2 4 cosh@mhi) SMUX-et) |w=" (1+ h)s'"('(x ot)
Horizontal 2 _ _Hcosh(2z[h+2]/2)_, __TH 9 gintix — ot
displacements s=—,e* sin(xx — ot) $=7% cosh(27h/ 1) sinfo-of) | €774 \p ( )
Vertical H = _Hsinh(2z[h+2]/2) _ _ H( Z) _
displacements c=se % cos(xx — wt) ;= 2 cosh(2rh 1) cos(xx — wt) §=5 1+ P cos(xx — ot )
Subsurface pressure 2m cosh(2z[h+z]/4)

p=pgne* —pgz

cosh(27h/ 1)

p=pg(n—z)







Santa Barbara Harbor Dredge discharge

Old sea cliff Breakwater Dredge \ Area
\ threatened

by erosion

after harbor
Dreakwater
was bunit
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In shallow waters, waves refract, diffract, reflect and/or

Wave

Refraction Wave energy energy
concentrated e B dispersed
on headland &= L

Change of —{ jﬁ e
wave - o
celerity il S P P P ay'{leadla'
(bending of - 7
rays) due to
changes in

bathymetry



Diffraction

Change of

wave celerit
(bending of
rays) due to

the presence

of an
obstacle

Wave Diffraction Past an Island Chaii

Waves moving

e

(Eveny tenth wave crest shown)

Areas of wave crest reinforcement
due to diffraction and interference
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Waves Reflection




Dise Flat ":'.m-
'Stanca and ﬂm.ﬂ

(a) SPILLING BREAKER



_El-‘; - -
Steep bottom

D.lstance and g
e

{b) PLUNGING BREAKER



(c) SURGING BREAKER



Table V1-5-1
Types of Wave Breaking on Impermeable Slopes and Related £ -Values

_ _ A SPILUNG £, <06

PLUNGING 05<£,<8

= COLLAPSING &é,=3 & 3.5

/ SURGING  §,>35




where
a = slope angle
5, = deepwater wave steepness (= H, /L)
H, = deepwater wave height
L _= deepwater wavelength (= gT°/21)
T = wave period

g = acceleration due to gravity



Internal Waves
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An INTERNAL WAVE
create regions of
convergence and divergence
in the layer between the surface and the internal wave

sea-surface (free surface)

@l s

convergence

«—g—m—- -




Convergences at troughs



Internal Waves

Wind waves
on surface




Beberapa hal berkaitan dengan gelombang
internal:

* Pulsa energi gelombang internal terjadi di lapisan
interface misalnya: lapisan pycnocline di laut

« Ditandai dengan adanya naik-turunnya lapisan air

« Gelombang internal merambat lebih lambat bila
dibandingkan dengan gelombang permukaan

« Karakteristiknya menunjukkan periode dan panjang
gelombang yang besar

« Ordo tinggi gelombang internal dapat mencapai
beberapa meter bahkan dapat mencapai 100 m



Standing Waves: Perjumlahan 2 gelombang yang sama tetapi berlawanan arah

Antinode Node Antinode

Antinode Node at

Natural standing wave (lake, harbor, estuary) ---- seiche

Closed basins
* teacup

e lake

» ocean basin

Open basins
* estuary
* harbor

- 4]
T= = sec
Jgd



Tsunami

» Created by earthquakes, underwater landslides, meteorites --
cause a series of waves or wave train

« “Harbor wave” definitely not a “tidal wave”

« T=15minto 1 hour

« Wave length = 100s of km

« Speed of shallow water surface wave

C =./gxd =~/10x4000 =200m/s
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2004 Tsunami in the Indian Ocean

http://en.wikipedia.org/wiki/2004 Indian_Ocean_earthquake

http://www.digitalglobe.com/tsunami_gallery.ntml






