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Internal Generation of Waves on an Arc In A Rectangular Grid System
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Abstract : This paper presents the techniques developed using the line source method to internally generate
waves on an arc in a rectangular grid system. For five different types of wave generation layouts, quantitative
experiments were conducted under the following conditions: the propagation of waves on a flat bottom, the
refraction and shoaling of waves on a planar slope, and the diffraction of waves to a semi-infinite breakwater.
Numerical experiments were conducted using the extended mild-slope equations of Suh et al. (1997). The fifth
type of wave generation layout, consisting of two parallel lines connected to a semicircle, showed the best
solutions, especially for a small grid size.

Keywords : internal generation of waves, wave generation arc, numerical experiment, wave refraction,

shoaling, and diffraction

LM B

A} E g R o] BAGY WellA sge] A
& & Adsir] %’4 SiAe ikl =g ACA 4
53] zsfso] AF QFoF A Hujs|ojof gict. wegh, A
FIYG WolA viabE s 214 of= glo]
ZAAE T 5 wAvrtor $vh. O¥A) o vha

Z3 AN A wiAtE o] ARG el of IS
XA 2 et} o]eh 22 stae] A M o] A
AL 2AIE a2y Hs) WRES o] AREE AL, 9
A 2EAZ] =AU WRzsrEe A =
W3 Y 2R7He R EREn A 29

1:1 rlo

4

HEz Al O

o

& gols) 54 SEIE gol Z1gEe.
2 A o A, RS BT
4o Fohuch

}—J]r 192 Larsen and Dancy(1983)7} E4#} &
(water mass)©] A FEE(C)0.2 AT 713
Perigrine(1967)2] Boussinesq 821l A3 ARE-3F51 T}
©]%-, Lee and Suh(1998)% Lee et al.(2001) 1735
E=(C) Al &9 AHAEFE(C)E AHE-3] Radder
and Dingemans(1985)%] $74AREA 412 Nwogu(1993)%]
343 Boussinesq W20 A 27 |HE zhzy HFH

o2 A&t AL T 7 A2 fx
5e w&Eon

*A|Z) 8t 5879 F &K Corresponding author: Department of Civil & Environmental Engineering, Sejong University, Seoul 143-

747, Korea. clee@sejong.ac.kr)

(Al R o] Y 7] T 2 (Daeyoung Engrg, Co., Ltd., Seoul, Korea)

sx(F)a)| QR & C 7] A+

4~(Hyein E&C Co., Ltd., Seoul, Korea)



2 o)FE - MY -

Madsen and Larsen(1987)2 $78Ap1-g2]d] tja &
A7 M o] DR ZIHE Heo = FHEdHT 1
Foll Wei et al (1999 8148 14213} Peregrine®]
Boussinesq *8-34), Z12]31 Nwogu®) €43 Boussinesq ¥
2l Gauss Y9 AFFE AMEBIH Y. 2= 29}

st QAP 213 5 Alole] T BAT 2
71 930, Green <& o)gsle] QS Eatoh A
sl 71 ENg2e fradoh A2olE Kim et al.

(2004)°] Suh et al.(1997)7} Lee et al.(2003)2] 243
AAAL gl HEHe HPFE FeHn)

A7 R-za7 e A Zabdol Mt s
= 2o ofsfE it wtel shgo] 23l o) o] W
T ZalEThd, 4 wel Zopdo] asiAl 9. &,
x5} y=ol HaYgh Zupido] At ARt ZukEle n)
FolluAe 2789 Zapde] 202 vhipis HdilM &
TEE FRodRet F F Qiot. o] EAlE Azt
2 A3 e Y] 29 s E W] Y93¥ez 4
Zshd dE 4 S Aotk B 7= 45y uiRz
vpol] T3t Aol A 2gelA 7|01 2S ThEUT). Al
32 AT sge dn, AFAAE A A
oy shafe] F} W4 Wk whapA oA 3]7H )
heh A RS AT u]-x]‘l}_& Al 4L A7)
& aokstn FEAAE AT

2. S8 Ws=0ol&

Mz e Sae n'g 7\eRsos Ae 4
WS ;"% o BaFA B,

n+tl _ ”model+’7* (])

AWA 1 5 Ahe
= vhg 4

A7, = FHEES 1
AE oJu)gict. ZapdolA wjazt Bl y
2.2 FoZth(Lee and Suh, 1998).

jC At
77 —277 AA cos0 2)

A7, o T S SRS, C RS,

& xEe] AN, At AN, o

= lolt). £ubae %3} Hals)

AZ sl vgo) Eapiol FEo Hstkulr] wfF-o]
o, &3H40) &3 BYT A9l HelNE e

297
Ay
¥ A
n = ang—e——tsin|9| 3)
Ay
shego] 4

J40] ohigt FAeAM 23 o) e F
ZdelM AEE 4 (2), Q) T A& 7P
ok xFol] o) W g Aulshs B9t BF 471
9] 7} EAY5H, Fig. 12 233442 294 a, b
¢, d 4714 A5 vepdy,

Fig. 2()9] a 2349 2%, 299 F3NL &7
ol Zfo] 45°ola}7} Hrh. Zude) $220] y5} of
FE S ot 31, a 29N AR E 3Pl A)
T yF Y] AT Ao =ud Aoltt, zupdd] 4
o wllA)7} Anlshs Azls Aycosao]t}. 97
dle 5714 Zvke] 399 47} Atk ray 1(0°<6<90°)7%
ray 2(-a<6<0°)9} ray 4(90°<6<180°-a)2] %%, AR
AZ 4= whapdel A0 2 dsina+oyt B}, 1)
B2 SR HajAE e ohest 2

on it rx

* C,Atsi
N =2n' Ae sin(o. +6) )
Y cosa

ray 3(0 <-a)F ray 5(02 180°— )] A%, A tgtake

F4e) v o g o] sk AAE A gt
Fig. 2(b)2} b 29P39) A9, 23] #2842 xZat

o] Zto] 45°]er} Hrh. 29 A Mo] xF T o)

HRNSREETRY :
'==§E-—"gnnnnnnsnn-nn
7}
SEREE n;-“nuu g
2

S enaRaaaaTD
;ﬁﬁiﬁzsgnunuzl
08 PRI 0 6 201 0 OF 00 8 O 1 DK AR
R
55 151 O 5 5 1 o

41! % SAFIEERT:
Blﬂkui‘.‘!

RN TN T TR IR TR, i

S 5 9 0 O A
ll'lﬁi‘.
It
b AR

EIIIHIIIKIBHE
unnnc-uunnuunn-n-nlnnlunnn
lmmsmllmnnuunnulnnl!.nulnlusnl X

Fig. 1. Wave generation points on an arc.
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Fig. 11. Comparison of normalized wave heights on the transects: (a) section 1, (b) section 2, (c) section 3, (d) section 4, (e) section
5, (f) section 6. Line definitions: dash-dotted line: third layout type, dashed line: fourth layout type, solid line: fifth layout
type, solid line with O: exact solution.

slioh 3kl oS HelFe, sk ABshel 2 y
AT AR 3 el Ale) 7)ske}
A A9l AT ER, wbol olal WAk sponge v -
S FelldAl= WubA)e) Aoz WAzt 6=-45° g Ui .
oA mhe] ddsfell g 3709 Dol B g .
o] alshsh mwated Fig. 149 AABGC. WoiAe] N .
s Fl A S ute] B¢ Fig. 14(b)~(c)oll A AAE
TRt dshzt dAISHATh WAl AHAA, Fig, o
1yl AAE sk Qe 7t 2ol E Hal
o kA Awel WAl QE A Aol 2o prockvatd |
Afolrt. 7)ol AAIE ARNA g AApA7]] H]
&) LIAx=24% SFErt SRS} ey, WA o — .
AIE o A8 A As) B9t o Bad Re sonlin] o
Z AgHYg.

Fig. 155 RE-8 oAl 9=0"2 sk o] 5
W 9ol gk AN} =X o]H)R2 EAE 1Y Fig. 12. Computational 'd.omai_n for testing diffraction of
o)tk 2= X317} B8] Wuka] el Ut 2 A waves to a semi-infinite breakwater.

1000m

1 360m | 1000m 1000m | 360m |




ALY AR A oA 2] 15 H Rz}

200!

150

50

0 500 1000 1500 2000

x (m)

(b)

2000

1500

Fig. 13.Image of water surface elevations of waves pro-
pagating at 0=—45° to a semi-infinite breakwater: (a)
numerical solution, (b) exact solution.

512] egsket. webA], A HE RAANEC R 45° &
g3, v SR G Ao ] 15l xFA 9=45°2
k= BYSIA. Fig. 16(pl AMFHE =189
Fig. 16(b)oll A =HHA ] X3l Fig. 15(a)ellA Ho
A FA R} Fig. 15(b)llA] 2ol 2 ALsfiel o 7
A vkt

Fig. 172 9=0"4 37]1¢} @dellx Fx19] mjae] 4=
2Aset dLE vlwgt 1olch AFAYG S 45° A
g do] £ (53], DAY 7FERE ) 2k 2
Ay B AEHA] & Wl 73k s ET U] AEs ARE e
shck. o g A F9 Zupdo] Tie] 7PgA)

normalized wave height normalized wave height

normalized wave height

Fig. 14.

0 L e e }
0 400 800 1200 1600 2000
y (m)
1.2 (b)
T ]
0 400 800 1200 1600 2000
y (m)
12—
(© A
0 T | T I T [ T I T |
0 400 800 1200 1600 2000
y (m)

Comparison of the numerical solution to the exact
solution of normalized wave height for waves pro-
pagating at #=-45° to a semi-infinite breakwater: (a)
section 1, (b) section 2, (¢} section 3. Line definitions:
solid line: numerical solution, dashed line: exact

solution.



12 o)FE - HY

2000

1500+

1000

y (m)

5004

0 500 1000 1500 2000
x (m)

(b)

2000+

1500

y (m)

1000

5004

0 500 1000 1500 2000
x (m)
Fig. 15. Images of water surface elevations of waves pro-

pagating at 6=0° to a semi-infinite breakwater: (a)
numerical solution, (b) exact solution.

2} go] HolA) ghe W, 2 e Aol 4
Zopade A9 Pk o0 S el

4.4 B

A Z971HE AMESte] AwEtaA| 9] S Ul
IS 7)akEt el Suh et al.(1997)2] 23

[e]
S WA Aol £ 4B S st A

256,/2m

1000/zm
4

10005 M
wavemaker

3602

1 266/3m) 10007m : 10005 m 1.3602m,

530 1000 1500 2000 2500 3000
X' (m)
Fig. 16. (a) Computational domain rotated 45° counterclockwise,

(b) image of numerical solution of water surface
elevations.

He 53 229 W TN 5709 ThE 2R A
el AT, A 1BARE A3FAANE H 25
A& Audog A A

AR o EM e =
2900 A8 vie] HmHoR T A
delo] A28 viel BAD How YT 5
5ol Shake) Az, DEAAE A
onxu 225 1%, VR YAl 5129
stk AsPA M-S A 59,
X}ﬁﬂoﬂﬂ T e dE e ¢ g 4 2
7ol 958 EopEE ARTFIINE S8
@ % glom, 0144 AAAANG A FRaio
2 39T & 98 Aok

>
ot ofh
o1
fo rlo
u:

-N: wh

(S

=)
r& 1o

24 o) rfr
f1° L&



normalized wave height normalized wave height

normalized wave height

Fig. 17.

Hajzky AAAANASY U5 ezt 13

04 S I
0 400 800 1200 1600 2000
y (m)

0 T ] T | T | T } T —l
0 400 800 1200 1600 2000
y (m)

0 — 77—
0 400 800 1200 1600 2000
y (m)

Comparison of the numerical solution to the exact
solution of normalized wave height for waves pro-
pagating at 8=0° to a semi-infinite breakwater: (a)
section 1, (b) section 2, (c) section 3. Line definitions:
solid line with O: numerical solution with rotation,
solid line: numerical solution without rotation, dashed
line: exact solution.

B A7E EUaAAUlET gol £8E N
= B

FE71EE AAAY AAY “aht dA T A 2
) BLw 27IE AT GHEINE&CS 2ol F

G W1 A8 IR “YIPLE BIE 9)
H

3 W AE BAad $XEY AT A7EH Y A
AL o} FPElEFUTE T GAle] Aol TAIEH
Yk

28

Kim, G, Lee, C. and Suh, K.D. (2004). Generation of
incident random waves in numerical mild-slope equa-
tion models using a source function method. Proceed-
ings of 2nd Int. Conf. on Asian and Pacific Coasts,
Makuhari.

Kirby, J.T,, Lee, C. and Rasmussen, C. (1992). Time-depen-
dent solutions of the mild-slope wave equation. Proceed-
ings of 23rd Int. Conf. on Coastal Eng., Venice, 391-404.

Larsen, J. and Dancy, H. (1983). Open boundaries in short
wave simulations - a new approach. Coastal Eng., 7, 285-
297.

Lee, C., Cho, Y.-S. and Yum, K. (2001). Internal generation of
waves for extended Boussinesq equations. Coastal Eng.,
42, 155-162.

Lee, C., Kim, G and Suh, K.D. (2003). Extended mild-slope
equation for random waves. Coastal Eng., 48, 277-287.
Lee, C. and Suh, K.D. (1998). Internal generation of waves for

time-dependent mild-slope equations. Coasta! Eng., 34, 35-57.

Madsen, P.A. and Larsen, J. (1987). An efficient finite-differ-
ence approach to the mild-slope equation. Coastal Eng,., 11,
329-351.

Nwogu, O. (1993). Alternative form of Boussinesq equations
for nearshore wave propagation. J. of Waterway, Port,
Coastal and Ocean Eng., 119, 618-638.

Penney, W.G. and Price, A.T. (1952). The diffraction theory of
sea waves by breakwaters and the shelter afforded by
breakwaters. Phil. Trans. of Royal Society of London,
Series A, 244, 236-253.

Peregrine, D.H. (1967). Long waves on a beach. J. Fluid
Mech,, 27, 815-827.

Radder, A.C. and Dingemans, M.W. (1985). Canonical equa-
tions for almost periodic, weakly nonlinear gravity waves.
Wave Motion, 7, 473-485.

Sommerfeld, A. (1896). Mathematische theorie der diffraction.



14 OB - H¥A - LT

Mathematische Annalen, 47, 317-374. in Boussinesq models using a source function method
Suh, K.D., Lee, C. and Park, W.S. (1997). Time-dependent Coastal Eng., 36, 271-299.

equations for wave propagation on rapidly varying topog-

raphy. Coastal Eng., 32, 91-117. Received July 1, 2005

Wei, G, Kirby, J.T. and Sinha, A. (1999). Generation of waves Accepted November 23, 2005



