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Outline

» Water Wave & Current Models
» Wave Dynamics Laboratory
» Wave Interaction With Coastal Structures: Experiment

and Rlumerical Modeling

/ BaCkg round On Tsunami Hazards Free surface (0<VOF<1) & Turbulent Kinetic Energy (TKE)
v" Numerical Modeling on Tsunami-like Long Waves

» Conclusion and Ongoing Works

x(m)

lle VWSE Animation

Solitary Wave @ t = 4.902s

om June 2005
to December 2007

_ niversity
Regular Wave @ t = 42.45s Engineering 3:)
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Water Wave & Current Models

z Deep water Shallow water

__-d

I
| [ —
v Large scale v’ Shallow water equation v~ MOST, COMCOT
v' Limitation of water depth v Boussinesq equation v" CULWAVE, FUNWAVE

and nonlinearity v Mild-Slope equation v REF/DIF

gtential flow theory

v' all types of waves
Depth-averaged Y efficiently simulating waves
models v" cannot solve turbulent flow
wave, wave propagation with
rotation, and energy dissipation

National Cheng Kung University £
Department of Hydraulic & Ocean Engineering 3)
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Wave Dynamics Laboratory

Numerical Modeling
(Large-scale)

g -

Numerical I\/Iodeling!

(Small-scale) |

-

Physical Experiment

Nonlinear Shallow Water Model

Boussinesq Model

A\

Coupling Model
A )

Meshless Potential Flow Model

2D RANS Model

3D Model

ﬁ ( LES Model & FLOW-3D)

Non-Intrusive Measurement (ex: Particle Image
Velocimetry & Laser-Induced Fluorescence)

Intrusive Measurement (ex: wave gauge & pressure
transducer)
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. . Nonlinear Shallow Water Model
Numerical Modeling

(Large-scale)

Boussinesq Model

» Coastal hazard prevention and mitigation:

v' Tsunami ( generation, propagation, amd inundation) | TS R

-

v" Wave field in large scale (wave reflection, diffraction, and refraction. etc.)
S
MOdEling I"eqUirement: How Tsunamis Work: Tsunamigenesis

v’ Large computational domain
/ \ )

v" High efficiency
Depth-averaged Model

-~ V\

] crust

|47




Meshless Potential Flow Model 2014/11/26 5

Numerical Modeling 2D RANS Model
(small-scale)

3D Model
( LES Model & FLOW-3D)

» Fluid-structure interaction problems:

v’ Stationary structures Modeling requirement:
v’ Detailed flow field and pressure distribute
v Porous structures v" Fully nonlinear and fully dispersive

¥' Muti-phase Depth-resolving Model
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| Non-Intrusive Measurement (ex: Particle Image Velocimetry
& Laser-Induced Fluorescence)

Physical Experiment :
Intrusive Measurement (ex: wave gauge & pressure

transducer)

» Free surface measurement
» Flow field measurement

» Fluid transport capture
» Pressure measurement




Solitary Wave Interaction With Coastal Structures:
Experiment And Numerical Modeling

» Background on Tsunami Hazards
Numerical Modeling on Tsunami-like long waves

Large-scale tsunami experiments- ‘.
On the evolution and run-up of break_iﬁg solitary waves on a mild sloping beach

NV

v Small-scale tsunami expgriments— ‘

Solitary wave interaction W
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Background on Tsunami Hazards R

» Tsunami calamity has a evident
relevance to the shoreline movement
on the nearshore beach (run-up & run-
down).

» Understanding a detailed evolution T R—
course and shoreline properties of Significant impact by tsunami waves
- i accompanied run-up & run-down (Sri-
tsunami-like waves are essential and Lanka: Science e paper, 2005)
urgent even for the East-Asia
countries.

Inundation
Evidence

Tsunami-induced underlying bore propagation along  # photos by Prof. Philip Liu and Prof. Lynett (2005,
the lwaki River (Yatsumori, Japan 1983) Science paper)
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Background on Tsunami Hazards

> The solitary wave of Boussinesq (1872) .| =~ =~ = [ wate depth ()= 20.0(em) |

wave height(H) = 3.65(cm) 7

n = Hsech’ %(x—ct)

c=+/g(H+h)

v A tsunami may be generated by a
seaquake , landslide , volcanic eruption
or similar phenomena causing a large
displacement of water.

v' Traditionally, solitary waves are often
utilized to investigate the characteristic
of tsunami behaviors because of their
hydrodynamic similarities.
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On the Evolution and Run-up
of Breaking Solitary Waves on a Mild Sloping Beach

[ % |

» Large-scale tsunami experiments

» Numerical modeling on tsunéi-like long waves
- Boussinesqg Model, =~ " |

> Model Validation —  ——"

» Numerical experiments
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Large-scale Tsunami Experiments

» Laboratory anlmatlon of tsunami wave propagatlon (TH L)

» Tainan Hydraulic Laboratory (THL)

v Equipped with an unique supertank (300mx5mx5.2m) which is capable of
simulating the tsunami-like solitary wave propagation with long distance and
deep water condition.

#Totally 54 trials were carried out in this study
e =H,/h, =0.011 ~ 0.338 ho =1.2m,2.2m,2.9m

% National Cheng Kung Unlver3|ty 4
Department of Hydraulic & Ocean Engin y




Large-scale Tsunami Experiments
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» Synolakis & Skjelbreia (1993) -

Amplitude evolution of a breaking solitary wave on a plane slope

Gradual  |Rapid m Gradual
Zore Shoaling | Shoaling Decay
oou~H"° a<l a2l Ja<-| az-|

nmax

hy

(%)

Envelope of
Maximum Amplitude

V Outer surf-zone ?

\ 4

A ; éc __
<

Surf-zone & Swash-zone

Onshore direction

National Cheng Kung University £
Department of Hydraulic & Ocean Engineering 3)
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Large-scale Tsunami Experiments

» Amplitude evolution

T 1 €=0.041(aA)
B - €=0.052(+)
L me (2 o 1 €= 0.322(x)
£§ 1/ _— €= 0.338(e)
0.02 0.1 " 1 10 20
hy

inal Cheng Kung University D

ant of Hydraulic & Ocean Engineering  ©_



Large-scale Tsunami Experiments

» Maximum Run-up

0.9

0.8
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On the Evolution and Run-up
of Breaking Solitary Waves on a Mild Sloping Beach

[ % |

» Large-scale tsunami experiments

» Numerical modeling on tsunéi-like long waves
- Boussinesq Model %, =~ =" |

> Model Validation —  ——"

» Numerical experiments
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Boussinesg Model -
Water Wave Modeling Efficiency

|ncreasi_ng Solving Nonlinearity Freqguency

Computational Approach restriction dispersion

Time restriction
Linear / Analytic alh~0 kh unbounded —

fully dispersive, in
the linear sense

Depth-Integrated / a/lh~0(1) — kh ~ 0 NLSW
Numerical highly nonlinear | kh < & Boussinesq
Potential Flow & | Fully nonlinear Fully dispersive
v Navier Stokes /

Numerical
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Boussinesg Model-

History of Depth-Averaged Approach

» What is a “depth-averaged” equation?
v A quick derivation:
v’ Shallow water wave equations: u(x, z, t) = A (X, t)

Z
/\ X
\/U(X, 7 ,t)

v" Accurate only for very long waves, kh<~0.25 _
National Cheng Kung University £\
(Wavelength >~ 25 Water depths) Department of Hydraulic & Ocean Engineering 3)
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Boussinesg Model-

History of Depth-Averaged Approach

v" Boussinesq Equations (Peregrine, 1967; Ngowu, 1993):
— 2
u(x,z,t) = A(x,t) +[€* B(x,t) +z *C(X,B]

\/
4 Should be small compared to A(x, t)

/\ X
~— u(x, z, t) |

—

—
—

v" Functions B, C lead to 3" order spatial derivatives in model (eqns)

v" Accurate for long and intermediate depth waves, kh<~3 (wavelength > ~ 2 water
depths) o8, natonal Cheng Kung Universy £3)



Boussinesg Model-
Limitations of Boussinesg Models

2014/11/26 19

v Velocity profile of deep water waves looks like an exponential (%) in the

vertical

v Boussinesg models yield a very poor approximation of this shape

TN T,

—

¥ Velocity profile from linear
potential flow theory

Approaches employed to
overcome this problem
Include the High-Order
velocity profile

National Cheng Kung University £
Department of Hydraulic & Ocean Engineering 3J)
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Boussinesg Model -

History of Depth-Averaged Approach

v High-Order Boussinesq Equations (Gobbi et al., 2000):
u(x, z,t) = A(X,t) + [z *B(x,t) +2z° *C(x,t)]

| /\+ [is*D(X,tLiZ4*E(X’9]
\/u(x, z, 1) X

—

Should be small compared to B,C group

—)

v" Accurate for long, intermediate, and moderately deep waves, kh<~6
(wavelength > ~ 1 water depth)
National Cheng Kung University

v" Functions D, E lead to 5" order spatial derivatives in model O, ioone Creng fung oiversy
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Boussinesg Model -

History of Depth-Averaged Approach

» Difficult to solve the high-order model
v' Momentum equation:

v To solve consistently, numerical truncation error (Taylor series error) for leading
term must be less important than included terms.
v For example: 2"d order in space finite difference:

ou(x,,t) u(x, + Ax,t) —u(x, —Ax,t) Ax® 8°u(x,,t)
OX 2AX 6 ox°

v" High-order model requires use of 6-point difference formulas (Dx® accuracy)
v Additionally, time integration would require a Dt® accurate scheme

D National Cheng Kung University )))

epartment of Hydraulic & Ocean Engineering
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Boussinesg Model -

Employing Multiple Layers (Lynett & Liu, 2002)

» Divide water column into arbitrary layers

v’ Each layer governed by an independent velocity profile, each in the same form
as traditional Boussinesq mogels:

/\

u(z)=A +Bz+Cz°

u,(z)=A +B,z+C,z°
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Boussinesg Model -

Employing Multiple Layers (Lynett & Liu, 2002)

v Regardless of # of layers, highest order of derivation is 3
v" The more layers used, the more accurate the model
v Any # of layers can be used
— 1-Layer model = Boussinesq model
— Numerical applications of 2-Layer model to be discussed

v" Location of layers will be optimized for good agreement with known, analytic
properties of water waves

% National Chena Kunﬁ Universit¥ \)
o
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Boussinesg Model -

Linear Dispersion Properties of Multi-Layer Model

» Compare phase and group velocity with linear theory

1.2

Boussinesq High-Order | L L :
1.15~Equations Boussinesq  * «——Two-Layer Model

(One-Layer Equations Four-Layer

g 117 Model)
- Three-Layer Model Model

(@)
O 1.05/- x /

0.95 r [ r [ r
10 15 20 25 30 35

5
Boussinesg ngh—Qrder kh
Equation\s Boussinesq

Eauatinng ‘
1.2 b | EQquanohs—— I [ [ [ [

7 —— Two-Layer Model

1.15—

1.1 Four-Layer -
Three-Layer Model y
/) y 8 N Model

1.05-

Cy / CgIinear

N T

0.95 r [ r [ r r r
kh
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Boussinesg Model -

Linear Dispersion Properties of Multi-Layer Model

» Vertical profile of horizontal velocity for kh=3

1-Layer 2-Layer
0 - - - 0 : : :
-0.2¢ -0.2¢
-0.4+ -0.4+
< <
N N
-06¢ -0.6¢
-0.8¢ -0.8¢
-1 -1
-0.2 -0.2 0

0 . ; ; : : 0
0.2} / 0.2}
0.4} // - 0.4}

0.6 0.6

08} / : 0.8}
|
-1 _— -1

z/h
z/h
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Boussinesg Model -

Linear Dispersion Properties of Multi-Layer Model

» Vertical profile of horizontal velocity for kh=8

1-Layer 2-Layer

0.8

— 1
02 0 02 04 06 08 -0.2

u/um -
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Boussinesg Model -

Linear Dispersion Properties of Multi-Layer Model

» Vertical profile of horizontal velocity for kh=25

1-Layer 2-Layer
0 : —= 0 . =
0.2 02f _f==""TT
-0.4 &R 0.4
E e ﬁ \\
06f .- -0.6 %
// 3\
0.8} -0.8 \
|
-1 - - : : -1 — - : :
-0.2 0 0.2 04 06 0.8 -0.2 0 0.2 04 06 038
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0 0 .
NPk -0.2 |
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Boussinesg Model -
Back to Water Wave Modeling Efficiency

2014/11/26 28

Increasing
CPU Time

A=21 [k

Solving Approach | Nonlinearity | Frequency dispersion restriction
restriction
Linear / Analytic a/lh~0 kh unbounded — fully dispersive, in
the linear sense
Depth-Integrated / | a/h ~ O(1) — kh~0 NLSW
Numerical fully kh < ~3 (Mh>2) Boussinesq
nonlinear |y < 5 (3/h>1.2) High-Order Bous.
Multi-Layer a/lh~0(1) - kh <~8 (4//h>0.8) 2-Layer
Modeling fully kh < ~15 (A/h>0.4)  3-Layer
nonlinear kh < ~30 (4/h>0.2) 4-Layer
Potential Flow & Fully Fully dispersive
Navier Stokes / nonlinear
Numerical
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Boussinesg Model -
Modeling in The Nearshore

» Fundamentally, the Boussinesg model should not be used landward
of the breaker zone due to its theoretical assumptions of
irrotationality and no viscous effects

v However, we add ad-hoc breaking and turbulence models to
approximate these phenomena

v" Tuned empirically with experimental data to provide reasonable
predictions for a range of setups

12 X-W(:i”) ) 16 ) 18
Subaerial Slide Motion

Large Scale Modeling

Submerged Porous Breakwater

Brébg Sé%tteri?ig
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On the Evolution and Run-up
of Breaking Solitary Waves on a Mild Sloping Beach

8% |

» Large-scale tsunami experiments

» Numerical modeling on tsunai-like long waves
- Boussinesq Model S

» Model Validation

» Numerical experiments




Model Validation

> Breaking solitary wave climping up a slope (1)

0.6
0.4 (a) A ty/g/ho — 38.89
% 0.2} g k
0
-0.2 : :
40 60 80 100 120
0.6
0.4/ (C) t\/g/he = 60.61
% 0.2 A
0
-0.2 : :
40 60 80 100 120
0.6
0.4 (e) tv/9/ho = 106.93

60

80 120
z/ho

100

<
=

=

2014/11/26 31

Hsiao et al. (2008) — 1:60 gradual slope

0.6
0.4/ (b) t\/9/ho — 45.18 € = Ho/ho — 0338
0.2}
0 flo = 1.9m
0.2 ‘ ‘
40 60 80 100 120
06 F =0.0025
04 (d) t\/g/ho = T4.34
0.2} l
0 Py
0.2 ‘ ‘ _ _
40 60 80 100 120 Breaking algorithm (ok)
0.6
04 (f) t\/9/ho = 154.40
“40 60

@ National Cheng Kung University
%D

epartment of Hydraulic & Ocean Engineering

)
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Model Validation

» Breaking solitary wave climbing up a slope (1)

Maximum run-up height

1.5 - - ———— -
4 Li (2000) experimental data(1:15 slope)
1L + Hsiao et al.(2007) experimental data(1:60 slope) i f — 00025
- ® COULWAVE @g ]
Li (2000) — 1:15 slope ﬁ@@g °
&%
= S o
< P #+
&5 R .
£ =
I\
o
0.1 % + + N
+ ]
- Hsiao et al. (2008) — 1:60 slope
A
_|_
0.04 ' ' ' — ' ' ' —
0.01 0.1 0.7
Ho./ho

= National Cheng Kung University £
Department of Hydraulic & Ocean Engineering 3)
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On the Evolution and Run-up
of Breaking Solitary Waves on a Mild Sloping Beach

[ % |

» Large-scale tsunami experiments

» Numerical modeling on tsunéi-like long waves
- Boussinesqg Model, =~ " |

> Model Validation —  ——"

» Numerical experiments
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Numerical Experiments

> Non-breaking waves: R o cotf
» Breaking waves: R o (cot 3)71

1.5

T
—Eq.(2)
- = - Li and Raichlen (2001) Breaking limit

1:60 experimental data
1:15 experimental data
Nonbreaking Ho/ho=0.1
Nonbreaking Ho/ho=0.2
Nonbreaking Ho/ho=0.3
breaking Ho/ho=0.1
breaking Ho/ho=0.2
breaking Ho/ho=0.3

1,

T
1
1
1
1
1
1
1
1
i
1
i
a
o
1

.

1
AR
1

Sobenmp X+

R/hs

\ o &

-

.

ity
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Concluding Remarks - Experiments

» Laboratory experiments are presented to study the tsunami-like
solitary waves propagation and run-up on a gentle slope,

v" A zone behind the gradual decay zone is demonstrated and it
can be well-described by 7mas ~ A"/

v An empirical formula for reasonably estimating the maximum
run-up of a breaking solitary wave on a plane beach is proposed
(15 < cot 3 < 60) ,

— Present experimental results are in reasonable agreements with
available data or methods, (Hsiao et al., 2008)

National Cheng Kung University £
Department of Hydraulic & Ocean Engineering 3)
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Concluding Remarks

— Numerical Results

» Numerical experiments are presented to simulate the properties
of non-breaking & breaking solitary waves climbing up a
sloping beach.

v" For the non-breaking cases, the maximum run-up increases with
the decrease of slope angle.

v" For the breaking cases, the maximum run-up decreases with the
growth of bed slope.

National Cheng Kung University £
Department of Hydraulic & Ocean Engineering {)



Solitary Wave Interaction With a Submergéd ™
Vertical barrier:
Experiment and RANS modeling

8% |

> Motivation

» Small-scale tsunami experiments

» Numerical modeling on tsunﬂi-like long waves
__

- RANS Model
» Model Validation

» Wave Force and Pressure Fields

» Energy Dissipation




2014/11/26 38

Motivation

» Protections of coastal regions from the attack of incident waves have been an
important problem and deep interest for coastal engineers. Man-made
structures are deployed to dissipate wave energy, reduce beach erosion, and for

sustainable development.

Seawall Artificial Reef

[ Chiting, 2007 ]

% National Cheng Kung University £
Department of Hydraulic & Ocean Engineering 2
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Motivation

v" Most of existing studies were focused on conventional hard structure made of large
amount of concrete and rubble mound, which is not cost-effective and may cause

inevitable environmental impacts to some extent.

v An alternative design of breakwater, wave barriers, is considered. A common type of
barrier is thin and rigid as cost-efficient structures in reducing transmitted energy of long

waVves.

—> Onshore Direction

o
, sde o
»Je ——) = sl
§s (e
Emerged Breakwater Bottom-standing Barrier

(Impermeable Barrier)

é‘a National Cheng Kung University £
Department of Hydraulic & Ocean Engineering 3)
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Solitary Wave Interaction With a Submerged
Vertical barrier:
Experiment and RANS modeling

8% |

> Motivation

» Small-scale tsunami experiments

» Numerical modeling on tsunﬂi-like long waves
__

- RANS Model
» Model Validation

» Wave Force and Pressure Fields

» Energy Dissipation




Small-scale Tsunami Experiments
198.76x149.07 mm?

Side view

Two synchromzed FOVs

Interrogation window: 28%84Bxels 41
(50% overlap)

Magnification (M) = 198.76/1600

AX =12 x M =1.4907 (mm) = Ay

v

H/h:OSO, A=14 cm !g::

Acrylic submerged barrier:

Height =10 cmn, Width =2 em

Mosaic FOVs by
moving the CCDs

Top view

50 cm

z A

avoid the
wall effect

I Light sheet

¢6_5 cm

Side view

/

/]

/ |

76 cm

Piston -type
wavemaker

1600 x1200;

Goring (1978) 30 (fps)

[ ]

3 "E| Pulsed laser 3
F

0 Hz

Locations of

controlled table

=

o

3-D mowvable servo

TTL Triggers

b e

wave gauges (em)

Amplifier No. x
1 -579.0
3 1.0
PC with High speed 4 357
titne counters & 5 7038
S — DAQ boards 6 3217

v' Atotal of 35 tests were conducted under identical experimental
conditions for computing ensemble-averaged quantities.

% National Cheng Kung University
Department of Hydraulic & Ocean Engineering

D)
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Small-scale Tsunami Experiments

-Particle Image Velocimetry (P1V)

RPULSE
LASERPULS l *

— ey

TS Of f @ el sl =) B
For b, e 1 B i i ok B bt i Brrorg
Moo |08 28 || B ot Commancer 7. | B Meseoge Corscie[RBinaig - o G0¢ sl wum

PowerView™ 2M camera (CCD) PIV analysis software

% National Cheng Kung University £
Department of Hydraulic & Ocean Engineering L)
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Small-scale Tsunami Experiments

-Image Data Acquisition Method

Frame pair
Camera & Shutter Frame 1 Frame 2
Pulse Laserl
Pulse Laser2
dt

Two - frames / Single - pulse

o ° o, o° e
AS »® ® ° ° o. .0
o ° [ » o O
° OCg ©
i . i . t, ® ° t, Co o
t, t,
) AS : :
Flow velocity > 'V, :ﬁ Flow velocity » Cross - correlation
-

National Cheng Kung University £
Department of Hydraulic & Ocean Engineering 3)
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Small-scale Tsunami Experiments

-Image Analysis

National Cheng Kung University £
Department of Hydraulic & Ocean Engineering 37_)
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Solitary Wave Interaction With a Submerged
Vertical barrier:
Experiment and RANS modeling

» Motivation
» Small-scale tsunami experiments

on tsunﬁi-like long waves

> Numerical modeli
- RANS Model
» Model validation

» Wave force and pressure fields

nergy dissipation

||||||||
|||||||||||
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RANS Model
-Introduction of RANS model

» [COBRAS] COrnell BReaking And Structure (Lin & Liu, 1998 JFM)
v Reynolds-Averaged Navier-Stokes Equation (RANS)

—ensemble averaged flow motions (mean flow motions)
v Turbulence Kinetic Energy (TKE)

— Modified k —& closure model (Lin & Liu, 1997)
v Free surface treatment-Volume of fluid (VOF) (Hirt & Nichols, 1981)

v’ Target solitary wave is generated through the left boundary

— Lee et al. (1982) : Conventional Boussinesq egs.c

o Cornell University
: 3 : : : ‘ : Civil and Environmental Engineerin,
J. Fluid Mech. (1998), vol. 359, pp. 239-264. Printed in the United Kingdom A \E3 BUIELLIS
(© 1998 Cambridge University Press

SEARCH CORNELL: go

Philip Liu's Research Group O Pages @ People more options

A numerical study of breaking waves
in the surf zone

COBRAS

Research home

By PENGZHI LIN anp PHILIP L.-F. LIU

School of Civil and Environmental Engineering
Cornell University, Ithaca, NY 14853, USA comcor

HyPAM

(Received 10 May 1997 and in revised form 15 November 1997)

This paper describes the development of a numerical model for studying the evolution
of a wave train, shoaling and breaking in the surf zone. The model solves the
Reynolds equations for the mean (ensemble average) flow field and the k—e equations
for the turbulent kinetic energy. k, and the turbulence dissipation rate, . A nonlinear
Reynolds stress model (Shih, Zhu & Lumley 1996) is employed to relate the Reynolds
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RANS Model
-Introduction of RANS model

Dynamic Free-surface B.C.

y ou, ou,
— =0 (P=0, =0
z | an 0 n Y on 0 _,
Kinematic Free-surface B.C. ot ax X

Navier-Stokes equations |
5 Outflow Boundary
Mi _ 0, (Radiation B.C.)
- OX of  of |
: +c—=0"

h ot ox
. Opu;, Opuu; op ot; ou; ou
| + =——+p0,+—, =4+

ot OX; OX; OX; oX,  OX,
N '
Inflow boundary i ' C.—2=0
n
n(x;.t)

. . ‘*@ National Cheng Kung UnlverS|ty
u'(XJ’t) Dptmtnyd aulic & Ocean Engineering 2.



2014/11/26 48

RANS Model
-Introduction of RANS model

» Since all types of fluid flows, laminar and turbulent, can be
described by the NSEs, the numerical solution (DNS) for turbulent
flow requires no special treatment except to solve the original
NSEs.

v All turbulence structures, including the smallest Kolmogorov turbulence scale,
must be adequately resolved by the numerical scheme.

v' Based on Kolmogorov (1962), the smallest turbulence length scale (e.g.,
Kolmogorov #) can be estimated as:

( 5) ~ et
1
= When Re = 2,100, the total grids = 30,000,000.

National Cheng Kung University £
Department of Hydraulic & Ocean Engineering 37)
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RANS Model
-Introduction of RANS model

» Reynolds decomposition:
(ou

' _i:O
u, :<ui>+ui} OX
’ ) <
p:<p>+p 8pui+5puiuj:_@+pgi+%
ot OX; OX; OX;

Assuming the turbulent fluctuations are random === (U/)=(p")=0.

(a<ui>zo ¢

J OX, < >< > < > Reynolds stress
dp(u;) 9P (Ui){u;)  o(p) O\Ty) @ o
ot ™ | T, T 6ij "ox (-luti])

Reynolds-averaged Navier-Stokes equations (RANS).

National Cheng Kung University £
Department of Hydraulic & Ocean Engineering 3)
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-Introduction of RANS model

The k-e turbulent closure model:

k= turbulentkineticenergy o “"/ax "o |ley Jox | Ve
_ issipati O¢ [y N9 _ 0 |(b |0
¢ = turbulent dissipation rate E+<uj>a—xj— 8xj _(Gg “Jaxj_
v" Linear mathematic form — isotropic o £, (o) alw)lo) &
[ o(u) 8<u.> , Tkl oex, e Jox, Tk
e\ N i J “ ]
plul)= C"pg[ ox | ox ]+3pk5”'

v Non-linear mathematic form — anisotropic

Lk [C{ama<u.>+a<u,->a<u.>_ge<u.>a<uk> 5]

0%, OX, o, oOX% 3 OX, OX

+C2[8<ui>8<uj> 1a<u|>a<u,>5_}+cg(8<uk>8<uk> 1a<ul>a<u,>5uﬂ_

0%, OX. 3 X,  OX,

J
D National Cheng Kung University 3)
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-Numerical Setup

0.3

—
Onshore direction

y(m)

0.1

» Computational Domain: » Numerical Mesh:

-2.5<x<1.0m structured & uniform rectangular

0.0<y<03m grids of Ax = Ay =1 mm.

» Submerged Barrier: > Wave Condition:

2 cm in width, 10 cm in length water depth (h) =14 cm

located at x = 0.0 m. wave non-linearity (H / h) = 0.50

National Cheng Kung University £
Department of Hydraulic & Ocean Engineering 3)
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RANS Model
-Numerical Results

N Flow Visualhization

Onshore Direction
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Solitary Wave Interaction With a Submergéd ™
Vertical barrier:
Experiment and RANS modeling

8% |

> Motivation

» Small-scale tsunami experiments

» Numerical modeling on tsunﬂi-like long waves
__

- RANS Model
> Model validation

» Wave force and pressure fields

» Energy dissipation
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Model Validation
-Flow Fields

t=0.74 (sec) t = 0.88 (sec)

e LT [ Backward | T
Crnrc | overturning | oy [MPIGEmEn
00 RN I 00 HEEEREEEN
00 0.1 o) 02 03 00 0.1 . 02 03

Experiment Numerical Model Experiment Numerical Model

"

02 03 . . . 3 . .
x (m) x (m) x (m)
x=0.06(m) x=008(m) x=010(m x=012(m) x=014(m) x=016(m) x=018(m) x=020(m) x=0.06(m) x=008(m) x=010(m} x=012(m) x=014(m) x=016m) x=018(m) x=020(m)
2 0.2
“ : o g R
0.1 W Eo1l W
"': > |
0.0 & B & ot . o = 0.0 i B g 5 & 4 il L /!
-1 0 1 -1 01 -1 01 -1 01 -1 01 -1 01 -1 01 -1 0 1 -1 01 -1 01 -1 01 -1 01 -1 01 -1 01 -1 01 -1 0 1
wv (m's)  wvm's) wvim's) wvim's) wvim's) wvm's) wv(m's) wvms wy (m/'s)  wv(m/s)  wv(m/s)  wvm/s)  wv(m/s)  wv(m/s)  wv(m/s)  uv(m/s)

For the first and lower panel, solid lines and circles respectively represent calculations and measurements. For the lower
panel, blue and red indicate horizontal and vertical velocities.
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Model Validation
-Flow Fields

» Some possible explanations for the discrepancies between two results.

v The present model is a single-phase numerical scheme, which means the air is

treated as numerical voids not the real air-fluid interaction.

v Although the experiments are highly repeatable, entrapped air-bubbles in the
wave breaking processes cause unavoidable uncertainties due to the natural

complexity of fluids (Chan and Melville, 1988; Kobayashi and Raichle, 1994).

v' To improve the measurements, the bubble image velocimetry (BIV) technique
should be included to measure the velocity variation near the bubble area
(Pedrozo-Acuna et al., 2011; Ryu et al., 2007).

D National Cheng Kung University )))
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Model Validation
-Turbulence Fields

>

Turbulence generated by breaking waves in coastal regions is considered an
Important factor in leading sediment into suspension and thus affects sediment

transport and topography change.

In present experiment, two velocity components were measured (i.e., u and v).
Velocity fluctuations: u“ =u - <u>, V' = v - <v> ; and <u> and <v> :
ensemble-averaged mean velocities.

Turbulent kinetic energy (k) can be estimated by k = <u'u' + v' v' >, in which
symbol < > represent ensemble average, and N is the number of repeated

experiment (N = 35 in the present study).

For details on the method used to evaluate turbulence characteristics from

experiments, refer to the study of Huang et al. (2009).

National Cheng Kung University
Department of Hydraulic & Ocean Engineering
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Model Validation
-Turbulence Fields

» Solitary wave interaction with a submerged vertical barrier

The turtuulnnf\n tntamart s 1o lavean At Hlaa Acava ~AF oA A~z

vortex. | > The relatively maximum values of
The ﬁ;“ measured and modeled turbulent intensity
by previ at the impinging point are about 0.3 m/s.

t = 0.8 (sec) t = 0.88 (sec)

0.00 0.05 0.10 0.15 0.20 0.25 0.00 0.05 0.10 0.15 0.20 0.25
[T | I [T [T I | [T
Experiment Numerical Model Experiment Numerical Model
02r

® @

——

™~ s

y(mj
y(m)

0.0
0.0 0.1 02 03 00 0.1 02 03 0. 02 03 00 0.1 02 03
X (m) X (m) X (m) X (m)
x=0.06(m) x=008(m) x=010(m) x=012(m) x=014(m) x=016(m) x=018(m) x=0.20(m) x =0.06(m) x=008(m x=010(m) x=012(m) x=0.14(m) x=016(m) x=018(m) x=020(m)
0.2 0.2
° o o r
o
o o 0 ° 0&
= = o %
% 0.1 §_. 0.1
= o =,
o &
00— b - 5 & & B 004 8 ¥ &
0.0 02 0.0 02 0.0 02 04 0.0 02 00 02 00 02 00 02 0.0 02 00 02 00 02 0.0 02 00 02 00 02 0.0 02 0.0 0.2 0.0 02
(2" (') (20" i)

For the lower panel, solid lines and circles represent the numerical and experimental results.



Model Validation > The secondary backward breaking:
-Turbulence Fields the measured and modeled (at x =0.14 m) is

about value of 0.202 (m/s) and 0.408 (m/s).

t=1.02 (sec)

0.00 0.05 0.10 0.15 0.20 0.25
[T | | — [TT—
Experiment Numerical Model
02
-
S o1
=0

0.0 =
0.0 0.1 02 03 00 0.1 02 03
x(m) X (m)
x=0.06(m) x=008(m) x=010(m) x=012(m) x=014(m) x=016(m) x=018(m) x=0.20(m)
0.2
=
g_. 0.1
=
00—+ <
0.0 02 0.0 02 00 02 00 02 0.0 02 04 0.0 02 00 02 0.0 02

(219" (m’s)

For the lower panel, solid lines and circles represent the numerical and experimental results.
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Model Validation
-Turbulence Fields

»Some possible explanations for the discrepancies between two results.

_ < Small ripples appear on the free surface
v At the pre-breaking stage: (Huang et al., 2009), which suggests the

Importance of surface tension.

. > . . .
near the free surface (Exp. > Num.) & Experiment was highly repeatable for 35

e the main vortex’s core (Exp. > Num.) runs, hpwever, the Iocqtion of j[he core of
the main vortex was slightly different for

v" At the post-breaking stage: each test.
: , < The k-¢ model may not reasonably
* the main vortex’s core (Exp. > Num.) estimate the initial stage of breaking

waves: the value of calculated turbulence
Is larger than the measurement (Lin and
Liu, 1998a).

< Some studies on surf-zone dynamics also
overestimate the turbulence after wave
breaking using similar  numerical
approaches (Bakhtyar et al., 2009, 2010;
Christensen et al., 2002).

» splash-up event (Exp. < Num.)
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> Motivation

» Small-scale tsunami experiments

» Numerical modeling on tsunﬂi-like long waves
__

- RANS Model
» Model validation

» Wave force and pressure:fields

» Energy dissipation
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Wave Force and Pressure Fields

» The peak net force occurs

010k ’ I I I —— [T =0, 50
later for lower wave non- @) —lid

= m— I h=0.15
linearity values simply _ -t ) l== 1= 010}
due to lower phase

0.00

velocity.

» The relationship between T oy

the maximum net force

0.05F

Max.F v (kN / m)

and the wave non-

0.00F

linearity is nearly linear.
0.1 0.2 O.;‘a 0.4 0.5

» Liu and Al-Banaa (2004): Hh

= |inear relation between the maximum wave force and wave non-linearity for a
surface-piercing vertical barrier fixed to the seafloor. o8, Netonal cheng Kung Uniersty

- earing =)
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> Motivation

» Small-scale tsunami experiments

» Numerical modeling on tsunﬂi-like long waves
__

- RANS Model
» Model validation

» Wave force and pressure fields

»Energy dissipation
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Energy Dissipation

Derived By Lin (2004)

Itz xdz + J:Z dt_[ Ddxdz I ED = (EP051 + ECcsl)_(EPcs2 + ECCSz) I
I |
t, n(CS;) t, n(CS;) ] ! ED = ( Einc + Eref )_(Etrans) !
—Ddt [ (Po)uydz+[dt [ Z(u)u?+v*)dz i -
L s L s | e :
t 7(CS,) t n(CS,) ] | —E E |
p . _ ref — trans .
—Ddt I (PD>(u)dz+Jdt I E(u><u2+v2>dz ; K = £ Ky £ ,
. —h(CS;) . —h(CS;) ] . .
| |
l ED '
[Edxdz|,., = [Edxdz],, =0 - Ko= [g—=yl-Ke =K ;
L i !
03 === =T = = == == =S s S === e = e e e e =
E : total mechanical energy f N Control Volume ;
(Kinetic energy + potential energy) z :
s CS, =1
D : the rate of local energy dissipation oL - g ! 51
within CV | xm)

Nati I Ch K Uni it
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Energy Dissipation
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KR,KTandKD

Ja—
=

.
00

o
=)

o
T

-
)

o
o

0.1

0.2

0.3
H/h

0.4

0.5

Energy reflection coefficient (Kg)
increases with increasing H/ h .
Energy transmission coefficient (K;)
decreases with increasing H / h from
0.10 to 0.20 then increases from 0.20
to 0.50.

Energy dissipation coefficient (Ky)
increases with increasing H / h from
0.10 to 0.15 then decreases from
0.15 to 0.50.

Max. Ky = H/h=0.15.

Ky > Ko

National Cheng Kung University £
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Conclusion and Ongoing Works

» Scientific computing is a powerful means in solving practical problems in
coastal and ocean engineering. However, to capture and interpret the physical
phenomena correctly, it requires deep understanding of the problems.

» Status of computational research

v'Oyster Larvae (OL) dispersion simulation

v'Coupling model (Shallow water equation +Navier-Stokes equation)

v"Waves propagating over the density-stratified fluid in a submarine trench

v'Solitary wave interaction with a submerged vertical barrier (Slotted /

Perforated Barrier )

v'Meshless Potential Flow Model

v'Plunging wave-interaction with a nearshore platform

% National Cheng Kung University £
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Thanks for your attention~!!!




