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Abstract

A numerical modeling has become increasingly popular and more important to the study of water waves
with a rapid advancement of computer technology. However, different types of problems are induced
during simulating wave motion. One of the key problems is re-reflection to a computation domain at the
incident boundary. The internal wave generating—absorbing boundary conditions have been commonly
used in numerical wave models to prevent re-reflection. For the Navier-Stokes equations model, the
internal wave maker using a mass source function of the continuity equation has been used to generate
various types of waves. Nonetheless, almost every numerical experiment is performed in two dimensions
and only a few tests have been expanded to three dimensions. More recently, a momentum source function
of the Boussinesq equations is applied to generate essentially directional waves in the three dimensional
Navier-Stokes equations model. In this study, the internal wave maker using a momentum source function
is employed to generate targeted linear waves in the three-dimensional LES model.

Keywords : internal wave maker, Navier-Stokes equations, momentum source function
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Table 1. Conditions of Numerical Simulation

BN 1.0m 3L H) 0.0I'm
x—"3F | Total cell: 1400 (uniform cell size 0.1 m)
T=2 sec y—& | Total cell: 10 (uniform cell size 0.1 m)
Cell
T=3 sec z—"3F | Total cell: 60 (non—uniform cell size 0.005m~0.055m)
Total Computed cell number=840,000 (140.0 m><1.0 mx<1.05m)
x— "3k Total cell: 1400 (uniform cell size 0.2 m)
T=5 sec y—43 | Total cell: 10 (uniform cell size 0.2 m)
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T=7 sec = | Total cell: 60 (non-uniform cell size 0.005 m~0.055m)
Total Computed cell number=840,000 (280.0 m><2.0 m><1.05m)
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Fig. 1. Comparisons between Numerical Results Developing Inside the Computational Domain and
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Analytic Solutions (T=5.0 sec)
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— Numerical model
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Fig. 2. Comparisons between Numerical Results (fully developed) and Analytic Solutions with Different
Wave Periods
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XX, X, X

Fig. 3. Momentum Source Line (Wei et al., 1999)

Table 2. Conditions of Numerical Simulations

X X%, X

Fig. 4. L-shaped Momentum Source Line

Description Components
Water Depth (d) 0.20 m
Wave Period ( 7) 2.0 sec
Wave Height (H) 0.0l m

xr-axis direction

140 (uniform: 0.1 m)

y-axis direction

140 (uniform: 0.1 m)
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oAl &= A7 LASHA ) o] d A A T 719] ste-S HARA 2348h7] 98 e Y o
AZre] A S e 49 F EAVE HA AR, 9] Egs. (18)~(Q0)oN A A =8 4= 9lem, o]|& &F3|
FAIZE Fafof sk Tk Mg digk Aol 3 x5l i3l AAR Al R8sk o=l gl ulFxat &
St QA5 WHAIAIA PR Aol A7HsE JEd-S A T °‘3]'. Hhdol y ol tial] AR A M ashe g2 o
Hrh ol tjsl] sk g 5w YdEds Haustst
2] e2pe] M-S Fol7] Y4l of F& = glov HEHstd 53 YA oo

q& st BAA JAkskE T
o W29tk Fig. 4= LA e —LJ‘r"ﬂ‘ﬁ =y
YeRl™, LA Fejo] xutg oo m e Zuty Tk
F7HARI BAIZAS] A8 Jlo] Hxatd-S A TX]T
Zof A 4= vk LA FEje] UlRxs d9e A}
43 HH 7122] Wei et al. (1999)0] AJA3F Wb 3} &
2] ghake] xgtaks zhzte] Sofl tial vhrol A
TS FesjoF st wabA Fig. 4004 vebd A
xSl tist ghge] A 9, 02 ySol o
o] LS 0,2 Aot 3akd F3olA vl

5
Z,

Ei

-{N-‘iﬁﬂoﬁm

454 Z64E 20124 6H

Eqgs. (21)~(22)¢} 2t

ksing, D(k.0,)
w

LS™™ = gexp(— fa?) cos [(ksind, )z —wt] (21)

g(28y)exp(— By?)

D(k,0
LS =— (w 2) sin [(ksinf, )y — wt] (22)

o714, dre] LS vehlls Bl 0,3 0,
717k g gk M ER 5% 999S 488 9 o
& Fofsfof gtk 7 Soll viek A FLFS Uehi= 6,
7} 9,9 FAE 6, =90° —¢, 2 JERA 5= QI

551



(c) t=28.0 sec
Fig. 5. Directional Wave Propagation in Three Dimensions (9=30.0")
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(c) t=28.0 sec

(d) t=48.0 sec

Fig. 6. Directional Wave Propagation in Three Dimensions (9=45.0")
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(a) along the z—axis direction (y=5.0 m)

—— Numerical model

— - — Analytic solutions

2

¥ (m)

(b) along the y—axis direction (z=5.0 m)

Fig. 7. Comparisons of Free Surface Displacements between Numerical Results and Analytic Solutions
(9=45.0")
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— Numerical model — - — Analytic solutions
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2 wim) 8
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— Numerical model — - — Analytic solutions
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¥ (m)

(b) along the y—axis direction (z=5.0 m)

Fig. 8. Comparisons of Free Surface Displacements between Numerical Results and Analytic Solutions
(9=30.0")
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Fig. 9. Directional Wave Propagation on a Plane
Beach (9=30.0")
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