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ABSTRACT

This Research Develops One Dimension Shoaling And Breaking Model And Refraction-Diffraction Water
Wave Model Using Non-Linear Potential Flow Water Wave That Are Formulated In Non-Linear Condition,
I.E. The Formulations Were Done Without Assumptions Small Wave Amplitude And Deep Water Conditions.
Also The Formulations Were Done For Sloping Bottom So That The Potential Flow Contains Shoaling
Phenomenon. Breaking Phenomenon Also Exists At The Potential Flow That Can Be Stated With An Equation
Similar In The Form To Miche’s Breaking Criteria. The Effect Of Non-Linearity In Wave Amplitude Is Showed
In The Wave Length, Where Wave Length Is Not Only Affected By Wave Period And Water Depth But Also
By It’s Amplitude. The Result Of Shoaling And Breaking Model Shows Conformity With The Result Of A
Number Of Researchers Connecting Initial Waves Height And Wave Length In Deep Water With Breaking
Wave Height.Based On The One Dimension Shoaling And Breaking Model, The Refraction-Diffraction Model
Is Developed. The Execution Of Refraction-Diffraction Model In A Bay Shaped Bathymetry Shows A
Phenomenon Of Wave Energy Spread, Whereas Execution Over Submerged Island Bathymetry Shows A
Concentration Of Wave Energy At The Island Center. Those Two Phenomena Show That Refraction-
Diffraction, Shoaling And Breaking Phenomena Can Be Simulated Well By The Model.

Index Terms: Nonlinear Water Wave Potential Flow, Shoaling And Breaking Water Wave Model ,
Reffraction, Diffraction And Breaking Of Water Wave Model.
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I. INTRODUCTION

Information On Waves Is Generally
About The Wave Condition In The Deep Water.
The Construction Of A Coastal Building Requires
Information On Wave Height At The Shallow
Coastal Water Where From The Deep Water
Toward Shallow Coastal Water, Wave Will
Experience Some Transformations Or Changes
Which Include Among Others Are Refraction-
Diffraction, Shoaling And Breaking. As A
Consequence, Wave Transformation Model Needs
To Be Continuously Developed.

In This Research, A Wave Transformation
Model Is Developed Based On Potential Flow
Equation Containing Breaking Phenomenon
(Hutahaean 2007a-B, 2008a-B, 2015) With The
Aim Of Obtaining A Model Capable Of Simulating
Various Wave Transformation Phenomenon Well.

The Model Is Developed Using An
Equation Of A Wave Moving In The Direction Of
& Axis That Forms An Angle Of € Against X

Axis, And The Calculation Of Wave Parameter
Change In The Direction Of X Axis Was
Conducted. In Other Words, In This Research A
Method Is Developed To Calculate Amplitude
Change And Wave Direction Toward X, For A
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Wave Moving In The Direction Of £ Axis That

Forms An Angle Of & Against X Axis, Where
The Differential Equation That Is Formed Is
Parabolic Differential Equation.

I1. NONLINEAR WATER WAVE
POTENTIAL FLOW.
Potential Flow Equation Is The Result Of
Laplace Equation Solution, For Wave Moving In
The Direction Of & Axis (Hutahaean 2007a-B,
2008a-B, 2015), With Axis System As Presented In
Figure (1).
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Figure (1). Water Wave Sketch And Axis System
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% Is Seabed Slope. The Horizontal Velocity Of

Particle In The Direction Of & Axis Is
: 1 oh .
u=Ge" B(z)| ksink&é ————cosk¢& |sin ot
A )( &~z éj

Vertical Velocity Of Particle At The Direction Of
Z AXis

w = -Ge""k/3,(z)cos k& sin ot
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Water Surface Equation, 77 = Acosk¢& cos ot

2.1. Wave Length

At Potential Flow Equation, Equation (1), There
Are 2 Unknown Constants, .LE. G And K. The
Equations For Calculating Those Two Constants
Are Formulated In This Section.

Hutahaean (2007a-B Dan 2008a-B, 2010)
Formulated The Method Of Calculation Of The
Two Constants Using Kinematic Free Surface
Boundary Condition And Momentum Equation ,
Where The Free Surface Boundary Condition Is
(Dean, 1984):

0 0
W,7 = 77+U,7 7

ot OX
u, Is Particle Velocity Toward X Horizontal

Direction And w, Is Particle Velocity Of Vertical
Direction, Both Are On The Surface. By

Substituting u, And w, And 2—77 From
X
Equations (8), (9) And (10), And By Working On
The Condition
cos kx =sinkx = cos ot = sin ot =%,
Equation
kA G ¢oh kA
oA = Ge¥k Gke®" gl
£iln)-Gke" pln)=-+ - — ¢ Bln)=
.......................... (11)

Can Be Obtained. The Kinematic Free Surface
Boundary Condition Is An Equation For G And
k That Can Be Written As

kA Goh (n)kA_O

6 K)=-ok el 2+ & Ty

As The Next Equation Is Surface Momentum
Equation, Hutahaean And Achyari (2017),
u, A, on 138

u————(uu +WW) ga—
a  plp) "ot 2o P

Or,

u,  Bin) 0 on
£(Gk)=— ey Ty = 2 (2 4wt 4 g = =0
GK) o Bl u”@t+26x(u +W)+g

n At ,6’(77) And ﬁl(n) At Kinematic Free
Surface Boundary Condition Equations And
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A
Surface  Momentum Equation Is E This Is

Considering That Equation (14) Is Executed At The

Conditions
cos kx =sinkx = cosot =sin ot =%.

At Equation (14), Velocity And Surface Water
Equations Are Substituted And Executed At The

Condition cos kx = sinkx = cos ot =sinot . By
Using Equations (12) And (14), G And k Can
Be Calculated With The Input Wave Amplitude A,

. 2
Wave Period T, Where 0'=?And Water

Depth, With Iteration Method From Newton-
Rhapson, I.E.

of, of (%] [f(GK)
G ok _

of, of,

G ok || f,(G,k)

...................... (15)

Table (1) Shows The Result Of The Calculation Of
Wave Length For Wave Period Of 8 Seconds, With
Varies Wave Amplitude, I.E. 0.40 M, 0.80 M, And
1.20 M. The Table Shows That Wave Length Is
Affected By Wave Amplitude Where The Higher
The Wave Amplitude, The Shorter The Wave
Length. Whereas, Comparing With Wave Length
Of Linear Wave Theory, It Is Show That Wave
Length Of The Model Is Shorter Especially In
Shallow Water.

Table (1) The Effect Of Amplitude On Wave
Length For Wave Period Of 8 Seconds.

A=040m | 4=080m | 4=120m | Linew
10 68.68 67.37 f6.44 0.9
9 63.81 £4.68 f3.34 68.03
8 62.64 61.49 60.33 6.9
] 3912 5793 36.73 6141
b 3316 3304 3271 573
b 30.68 404 4312 33.08
4 4332 4413 4181 40
3 3841 3793 36.48 42.03
2 3184 30.17 2137 3469

Table (2) The Effect Of Bottom Waters Slope On
Wave Length, For Wave Period Of 8 Seconds,

Amplitude A =0.80m.
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Bottom slope ﬁ Limear
d& Wave
h —0.005 —0.01 - 005
10 68.58 68.46 67.57 70.9
9 63.69 63.57 64.68 68.03
g 62.5 62.37 61.49 64.9
7 58.93 58.81 57.93 61.41
6 34.93 34.81 33.94 313
3 30.3% 50.27 494 33.08
4 43.14 43.02 44.13 48.01
3 38.9 38.78 37.93 42.03
2 31.14 31.02 30.17 34.69

As Shown On Table (2), Beach Slope Shortens
Wave Length. According With Sleath, J.F.A
(1984), Galvin (1972) Suggested That Breaker

0

Type Depends On The Parameter ——————
L, tan* @

HO
Where @1s The Beach Slope And L_ Is The

0
Deep Water Wave Steepness. This Parameter
Indicates That Wave Length Is Affected By Beach
Slope.

2.2. Breaking Characteristics
From Potential Flow

Equation ¢ = Ge*" 3(z)coské sinet,
Where G = % , Hence At

F — 0, ¢ Becomes Infinite, This Is A Breaking
Condition.

From Equation 3),
I.E.

e[ A) gAY - L on kA
e [kﬂ{z] ﬂ(zj(k 2h6§j2J
, For F=0 Applies

A A 1 oh kA
w35z
A
KA K 1(2)

2 =
oA k- Lon
2 2h o0&
In The Case Of Very Small Slope,

A
a P 1(2)

“ A

If The Effect Of Slope Is Totally Ignored
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KA _ tanh k(h N ﬁj
2 2
Substitute kK = 2—” And A= ﬂ
L 2

E = gtanh k(h +AJ
L 2

T
Miche’s Criteria (Tomoya Shibayama (2009) ) :

% > 0.143tanhkh. Both Equations Have Same

Form But Differ In Their  Constant Value.
Comparison Breaking Conditon Of The Model
With Miche’s Criteria, Beyond Scope Of This
Paper And Will Be Done In  Next Paper.

2.3. Wave Profile
Hutahaean (2010) Developed  Water Surface
Equation By Integrating Kinematic Free Surface
Boundary Condition Equation Against Time T
With Inversion Integration Method. The Kinematic
Free Surface Boundary Condition Is
w, =21y, 21

ot OX
This Equation Is Written As Water Surface
Equation,

........................ (16)

Substitute Equations (8),(9) And (10) To Equation
(16),

%z—Ge"hﬁl(n)k cos kxsin ot
. 1 oh .. 0ny
—Ge k| sinkx—————coskx sinot—~
( 2kh ox )ﬂ (r)sinet 2
............................... 17)
The Equation Is Multiplied With dt And

Integrated Against Time-t,
7(x,t) = ~Gke"" sinkx Iﬂl(n)sin ot dt
t

Iﬂ(n)sinotaa—ndt. To Integrate Those
X
t

Equations, Integral  Inversion Method Is
Conducted. Integral Inversion Method Can Be Seen
In Hutahaean (2010) Where With Precision

LeveIO(52), Water Surface Equation Can Be
Obtained, I.E.

n(xt)= SF coskxcos ot
(o2

............................... (18)
F =e "k

BLPRY:, BLSPYR  ) EP
a2t 2) - & a2
+e“k

2kh ox X o ot ox o otox

.......... (19)
The Value Of F Is Calculated With The Condition

V2

coskx =sin kx=cosd(=sinot=7

(Pia—h)(ﬂ(n)a—n Kpp2ln_ lﬂ(ﬂ)ﬁ]

Where 7 = Acoskxcos ot zg
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Figure (2). The Profile Of Cnoidal Wave For
Waves With Period 8 Seconds, Amplitude

A =0.60m, Water Depth 2.0 M.

Figure (2) Show Wave Profile Produced By
Equations (18) And (19) Which Is Cnoidal Profile.

—Gke" | sin kx—ia—hcos kx Iﬂ(n)sin ot on dCnoidal Water Wave Profile Was First Discovered
2kh ox t OX

There Are Two Integrations Of Non-Linear

Function, I.E. Iﬁl(n)sinddt And
t
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By Kortweg De Vries (Sharpkaya, 1981). With
This Wave Profile, Where The Wave Trough And
Its Trough Length Region Is Very Small, Then
Wave Amplitude Can Be Considered As The Wave
Height. In Addition, With That Cnoidal Profile,
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Waves Can Move In Very Swallow Water From h, Water Depth To Shallower h, Water
Whereﬂ >1. Depth, Wave Length Reduction Or Wave Number
k Enlargement Will Occur. Equation (5) LE.
A
I11.ONE DIMENSION SHOALING 8k(h+j
AND BREAKING MODEL = O, Can Be Written AS,
Shoaling Is The Enlargement Of Wave Height As o¢
A Result Of Water Shallowing, Where Waves
Move From Deep Water To Shallower Water kz(hz +i} = kl(hl +ﬁ} or
Always Experience This Shoaling Phenomenon.
The Enlargement Of Wave Height Occurs
Continuously And Breaking In The End (hl + Alj
2
3.1. Wave Amplitude A ky =k —Az
Equation (3) Can Be Written As An Equation For (hz + j
Amplitude A. 2
...................... (21)

Azgekh(kﬁl( )—kpB(n )k—A ——,3( )kAj 3.3. Constant G

2 2hox
Value Of Constant G Decreased Also  When
Wave Moves To Shalower Water Depth, Equation

This Equation Is Differentiated Against &, By oG G

'I;:ing Tt;gecount The Equations Aizve o 4 % = _ﬁ% Is Used. The Equation Can
=Mk -k —t——

o o o0& ( ,31(77) ﬁ(ﬂ) 2 2h o0& 'B( ) ZBJ Written As, %:—%%. The Equation Is

Integrated From Point 1 To Point 2,

S - pf P 0 )ﬂj:e['“el‘z“"kf'"“ﬂ

s o& 2 2n28gaE" " 20 )i (22)
oG G oh 3.4. Example Of The Result Of Shoaling-
Substitute Equation (4), — =———, And Breaking Model
o5& 2hog The Following Section Shows An Example Of The
OkA Result Of Shoaling And Breaking Model, For
Bearing In Mind Equation (5), —— = 0, Hence Waves With Periods Of 7 Seconds, 8 Seconds, And
o¢ 9 Seconds With Wave Amplitude 0.80 M, And At

oA Aoh G o kA T(‘Hq Bpito jar\Slope 0.01. The Result Of The
m_ "9l P _ oK :
ox 2hoé o [85 ﬂl( ) o& 'B( ) ?@ﬁ&w In Figure (3).

This Equation (20) Is Wave Amplitude Change
Equation, Where From Equation (5),

ok _ 1oh Y
oc = oc Whereas ﬁ(n) ,6’( > ]

And £3,(n7) = ﬂl(%j Where A, Is Initial Wave

Amplitude. This Amplitude Evolution Equation Is
A Parabolic Differential Equation That Can Be
Executed Using Finite Difference Method With
Scheme Forward Difference.

3.2 Wave Number K

www.ijera.com DOI: 10.9790/9622-0803051726
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Incid ) No | Reseacher | Code Critenta
ncident wav‘e N i o sl EGT —
' Still water level P Caughen ﬂ:ﬂ.iﬁi i i E
(197) B, \L)
2 Ogawa and [ 0384 o I
S (1984) i=l1.68rrr"""i 5 i
50.0m H, \L)
seabed T |Smk i SK g
Keaus (1990) E =034 _E'HM'.‘L_:‘_E
T | Ratapitkon | RS000 1
H ; 2 AR
ad —E(10.02m° - T46m" +1.32m+055) =2 |
5000 m Sz g ’ L)
(2000)
25 T . .
E 2 For Another Comparison, Wave Height At
3. Breaker Depth Of The Model Is Calculated Using
2 Shoaling Equation Of Linear Wave Theory (Dean
g  —— 1980). The Result Of The Comparison Is Shown
g 05 On Table (4)
S 0+ s . . . . A
0 1000 2000 3000 4000 5000 6000 Table (4) Comparison Breaking Height Of The
i) Model With Breaking Height Of
Breaking Index Equation In The Form
——T=7sec =———T=8sec T=9sec
: : : of | —2
Figure (3) The Result Of Shoaling-Breaking H 0
MOde' Varies Wave Pariad
V. CALIBRATION OF SHOALING- Hoohm h=0m me00
Period . (meter) Shoaling (H
BREAKING MODEL AGAINST Modsl | Komar | Ozwz | Smith- | Rattanpitikon e . IuT-.I
BREAKING INDEX EQUATION @ | 1 *:1 ““:“" |
In This Section, Result Of The Model Compare nﬁ iﬁf} §§ll
With Breaking Index Or Breaker Index Equation s 12 1205
H T =104t kc;icn; m=0.01
H_b Result. The Selection Of This Equation Is 7, e — | e (2]
0 Modsl| Hom | OFF | Fo | ERE T
Because Of Its Simplicity, I.LE. Only One i
Unknown, E.G H,. Table (3) Shows Some Eié
- . - Hb = ? |/£|
Breaking Index Equations With The Form H_ : sodat| oz | ogewa | smitn- | Rataspion TR
O 661 2,5;4 = 0817
As Cited From Tomoya Shibayama (2009). Toor i 51s
Table (3) Breaking Index Equation In The Form 5 T Y70 N 0 K5 X 0 YT W Y7
H In The Review Of Varies Wave Period, Model’s
of | —2 Result Is Close To  Smith-Krauss’s Criteria, But
0 For High Wave Period Komar’s Criteria Is

Closest..

In The Review Of Varies Wave Amplitude, With
Fixed Wave Period, The Breaking Index Equation
That Gives Breaking Wave Height Closest To The
Model Is Smith-Krauss Equation. From The
Review Of Seabed Slope, Shoaling From Linear
Wave Theory Give The Closest Result.

In General, The Breaking Height Produced By The
Model Is Close To The Five Comparators. .
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V. REFRACTION-DIFFRACTION
MODEL

5.1. Coordinate Rotation

y ()]
(xy)

Ny
/

X

Figure 4. Rotation Of Coordinate Axis

The Relationship Between (.f, /1) Axis And (X, y)

Axis, That & Forms An Angle Of @ Against X
Axis(Figure(4)) Is As Follows,

& =xcos@+ysind

A =-Xxsin@+ycosé

The Two Equations Produced:

%zcose And %zsiné’
OX
%:—sine And %zcosﬁ
OX

Chain Derivative Rule:
E=¢&(xy) A=Axy)
f = f(£(xy)Axy)

X OF Ox A4 Ox
i:icosé’——sm@
X Of

..................... (23)

5.2. Wave Parameters Evolution Due To Water
Depth Change

a. Wave Amplitude
Equation (2) Can Be Written As Wave Amplitude

. GF : .
Equation A = —— And Derived Against &,
o

A_FG GoF
0 o 0F o OF

www.ijera.com

Substitute Differential Nature Of G , Equation (4),
@ 1 oh

oA _GF 8h+G oF

8 20M ¢ o OF
Substitute Equation (2)
GA Aoch G 8F

+
8 2hoE o OF

Differentiation Of Equation (3) Against &, For
2

Small Changes h , Whereg 5 =0, Can Be
Stated With  Linear Equation,. Using
A

6k(h+)

2 ag KN
o¢ o¢
ok

And 2 =0.
¢

oF ok ok 1 ohoh\kA

Sl A8 e

08 | o¢ 05 2h" a5 os ) 2

.................. (25)

0

Where — = —C0S# +—sind

Wave Amplitude A Evolution Equation In The
Direction Of X Axis Can Be Obtained By Bearing

InMind A= A(cf(x, y), /1(X, y) , Hence
oA 6_A o0& +%@

X OF X 01 ox

Wave Moves In The Direction Of & Axis, Where
The Value Of A Is Constant (In This

oA
Case A =0), or— =0, Hence Change In Wave

OX
Amplitude In The Direction Of X Axis Is,
% aA é . Substitute %zcose,
OX 85 OX OX
a—A:%cose
ox o0&
................ (26)

This Equation Is Wave Amplitude Evolution
Equation In The Direction Of X Axis, In The
Form Of Parabolic Differential Equation.
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b. Wave Direction Seconds And Initial Amplitude 0.80 M Wave, Is
Wave Direction Can Be Stated With The Following Used.
Equation,
\")
0= atan(—”}
u’]
................................ 27)

Substitute & =xC0S@+ ysind, To Potential
Flow Equation (Equation 1),

¢ = Ge*" B(z)cos k(xcos 6 + ysin @)sin ot
The Surface Horizontal Velocity Of X Direction,
kh : ; ;
u, = Ge ,B(?])k cosé sin k(XCOSl9+ ysin 9) sinot A EEEEE)
Figure (5.A) Bay-Shape Seabed Bathymetry

—%ek“ﬂ(n)cos k(xcos @+ ysin @) sin ot -

1004
The Surface Horizontal Velocity Of y Direction
v, =Ge" (i )ksin Osink(xcos &+ ysin §) sin ot

-1004

oG . .
———e"" B(n)cosk(xcos @ + ysin @) sin ot 01
(29) 0 100 le] 360 460 560 5[5[] 760 660 960
"""" K Figure (5.B) Wave Amplitude Contour Over Bay
c. Wave Number Shape Bathymetry

The Evolution Of Wave Number K, For Wave
Moving From Water Depth hX With  Wave
Amplitude A, To Shallower Water h,,
Where Wave Amplitude A,,; (Hutahaean 2015)

Is
Ax+§>< Ax
[Inkx—ln Nyt —In| h,+—=> j
k><+b‘x =€ [ ? J ( ? ]
............ (30)
d. G Constant Figure (5.C) 3 D Wave Amplitude Contour Over
Whereas Changes In  Wave Constant G Bay Shape-Bathymetry

(Hutahaean 2015) Is,

(In GX—%(In Ky sc—INKy )J

VI. THE RESULT OF REFRACTION-
DIFFRACTION MODEL

In This Section The Refraction-Diffraction

Model Is Executed At The Bathymetry Of Bay

Shaped Coast And At Submerged Island. 8
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Incident wave
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Figure (6.A) Submerged Island Bathymetry
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1T

0 100 200 300 46[] 560 560 760 Bdu 960 1000
Figure (6.B) Wave Amplitude Contour Over
Submerged Island

>

With The One Produced By Shoaling And
Breaking Model, 1.E. About 1.80 M

VII. CONCLUSION

Model Can Simulate Shoaling-Breaking
Phenomenon Quite Well, Where Breaking Wave
Height Produced By The Model Is Quite Close To
Research Result Of Some Researchers, Specifically
From Smith-Krauss Equation.

Wave Refraction-Diffraction Equation
That Is Produced In This Research Is In The Form
Of Parabolic Equation That Can Be Solved Easily
Using Finite Difference Method. In General, Model
Can Simulate Refraction-Diffraction Phenomenon,
Shoaling And Breaking. Diffraction As A Result
Of Energy Difference With Normal Direction
Toward Wave Direction, As Occurs In The
Breakwater, Has Not Been Accounted For.
Therefore, Further Development That Needs To Be
Done Is Involving Diffraction Phenomenon As A
Result Of Energy Difference.
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