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Abstract {1 This paper describes the generation and maximum run-up heights of cnoidal waves with varying
periods by the numerical model. The model solves the Reynolds equations and the k-epsilon equations for the
turbulent analysis. To track free surface displacements, the volume of fluid(VOF) method is employed. It is
shown that profiles of the numerically generated cnoidal waves agree well with analytical solutions. The
computed maximum run-up heights are compared with laboratory measurements and those of the boundary
element method. The present model provides more agreeable results to laboratory measurements that the
boundary element model.
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Fig, 2. Generation of cnoidal waves.

Fig. 3. Mesh generation for a computational domain

142 163] Awo)=uE AN T, 2972 HE] 80m
Golzl Aol A Farg ZAs) YAlgE st
Fig. 32 Ohyama®] e|REAPE Hofsl= FX|AL
A3 Axjpke] kol A (o)l 2347171 =]
AT, AAA G L Ohyamad] 2| A EA 5L
A4 8l 29712 RE 9.0m ol o HXAA
FAL 02 m, YArEe] A (HAE 0.05~0.20
olm2 Huo) HLE=o|(R7} 0.1 mE ZTslA] & A
o2 s y & 03 mE SR, yF WY AR
£ 0,004 mZ Y3 kAT o5 %3&91 7 } tAe
0.04 mE 7| O 3lP o}, AAAE 2 A
< ©& g8 87) f8f #3t X, B

.-ﬂ N2 o

E1 xWA= AR



84 Z84 -

0.5 - o - - B e
E. BEM
04 - Ohyara
v presert i
03 k
= vy N
& ) ¥ ¥
02 R ¥ !
v ¥
B 4
0.1 4 f
3
ol- .. . . . ,
0.06 6.08 0.10 0.2 0.4 .16 0.18 0.20
Hh
(@) 7" =12
05 ————n e e - —
. BEM .
o4t Ohyama
b v present )
0.3; Y
S T g ¥
02 v v
¥
v ¥
o1t
3 0 S S
0.06 0.08 0.10 0.12 0.14 0.16 0.18 020
Hh
) T =14
05— - e e . —
,,,,,,, BEM i
0.4 o Ohyarma !
© W presnt
03 v yvr
N y * .
02 b =
¥ YT U
01 : o i
0 ————— . + « )
0.06 0.08 0.10 0.12 014 0.16 0.18 0.20
Hh
© T =16

Fig. 4. Maximum run-up heights on a 30° slope.

A2 0.02 m2 3ETH
w3 B Ao Ae 4 (16)3 o] FA)] HaE )
233k Tof Fx]5]4-S 39t

T= Tﬁ, {=C"h (16)
8

A7IM, T F & 22 T8 AFeEEed dig
29 W0, pe FAlolth

B e gder ddE Fiolsab=s 270 Bo
g m3o] AAdEo] Hl M gEol7t A A= A
o] o] A WAle} F WA sk Aol TIAFA] &
o HAPANHE o]Fe= A U FEE AL ol
A o]F 7IF o2 Hu) HLgFEolE 3T

Fig. 4~6& 242} 74Ak2o] 30° 45° 2 60°%1 Aol
FAA F7)74 12, 14 R 162) Z0)=37} QAKgE
9] H H2EFCI(RE WER Zo)th 2gelA XM
2 Liu and Cho(1994)7F AA| R Ao 2 FA]3)43 2
o)1, Akz}ES Ohyama(1987y7} 4383 el RN
of ZAgtole}. ej 4FztEo] oyl ArollA gt 4
o] Azolch, el BE & 5 1Ko, 42x]3)

3
05— v - S
| ------- BEM
OAT o Chyama
| v present
03} .
5 v
vy F
. v
0.2+ i ]
v
01 v ¥
Ol e
0.06 0.08 0.10 0.12 014 0.16 018 020
Hh
@ T =12
05 . e
s BEM
04+ 1 Ohyama
Pw present .
03 B v -
| v
5 -
02 B ¥ .
¥ = i
01} ™ v 3
2 |
0\_1____._& - - ————— e
006 0.08 010 012 014 0.16 018 0.20
Hh
) T =14
[ e R .
Lo---- BEM .
04 N Ohyama
v presen
03 v v M
=
2 \d
02 B ¢ v ¥
i v =
0.1 x ¥
Y e .
0.06 0.08 0.10 012 014 0.16 018 020
Hh
© T =16
" . . 0
Fig. 5. Maximum run-up heights on a 45 slope.
05 ¢ e e
BEM
04 " Ohyarm
v present
03 .
v
5 v
02 vy v X EoLE ‘
v v
01: -y ¥ v !
S
006 0.08 0.10 0.12 014 0.16 018 020
Hh
(@) 7" = 12
0s. - . . )
. BEM :
04 : Ohyama 1
Cv present
03 v
02 vy " v
- - v ¥ -
01 w ¥
. v
0— St
0.06 008 0.10 012 0.14 0.16 018 020
Hh
b) T =14
05 — e e ]
BEM
04 ) Ohyarma
v present
03 v
v
g vt 7 -
02+ . ;
v vy
: v Y
: ¥
01 y M C L
i ¥
01 - S e ——— e
0.06 008 010 0.12 014 016 018 0.20
Hh
© 17" =16

Fig. 6. Maximum run-up heights on a 60° slope.



Aeol=ste] Bt Ao A eFwol 85

He) A AP e FATLS T 5 Y, WA
o7 ZAakel o8 Azt SelRgage) 574
25} TS F AL g B 5 9k ol VORI
& olgald AT AfGEsle] Fdo] 7P, 4
A AL fARE A AAIZ ) 71 2Rlel e
F Qe FEAE 23} B3] HEelt B8, 533
sl mhe ) AeEkolE T8 F AP olgst
of TR ALl Asghuch RE A9 48 44
sled 1 2h7te] Qg Fatel BHYS PPN

6.7Ed %

of

B A7l Reynolds W34S Aulgg2ez &
31, VOF 7113} k-g ZE-& AMES R34 RS o]
£3lo] Fojrule] WAT Ao Ao EFold i &
o}1 9k}, Reynolds B2 =4 H® A5 o]
1} Boussinesq 4417 2] B 2AHrHAN Y] A
3 F4E ANteks o] 7bs sttt g, 9xst
A2lg o]-8-gt VOF 7| o8 Af<rHW S A st
B2gHo2 FAF 4 9lon, ke Bl TYUI o=
of G2 2= o]del gt sl o] 7153t

B ApalM= F7)71 12, 14 2 1650)3 937} 0.1 me)
Areolouls WAAIA SAEIE vlwsl] KHleh 71 AT} A
F7) BeA S8} SAs)7E vl A YAE B
Ak =S T2 7071 12, 14, 16013 ZHSIL(H/R)
7} 0.05~0.22) Fx=o| =3} 30°, 45° 2 60° Q) AAA
Aol EEPL wjo] ) HLEEO|E ANt R
HAHo] A& L AA LAY 2)F Fx]5)9} vlwst
Aot £ 7] A gelRgdd g5 vie- 2
Al om, AA S A 93t FRSEG H2 AFE
& Bk mEbA, 54 2 28 TE £ % 3
|12 o o)t

o

#HAtel 2

2 A7E Fa1en AP AT @At
sielFslT A0 2 S ol Alelg E3hict,

ot

Ik

ikJ

ol

Z82, SEE, 1996. FAAPIA Feol=ste] HQF, 3
2t - Bl EH A, 8(1): 44-51.

Zg2 o183 FElFE, 1999. F715e] Ho HEolel
BY A7, BREAAI =B, 326): 649655,
Brocchini, M., and Peregrine, D.H., 1996. Integral flow prop-
erties of the swash zone and averaging. Journal of Fluid

Mechanics., 317, pp. 241-273.

Chorin, A.J., 1968. Numerical solution of the Navier-Stokes
equations. Math. Comput. 22, pp. 745-762

Chorin, AJ., 1969. On the convergence of discrete approxi-
mations of the Navier-Stokes equations. Math. Comput.
232, pp. 341-353

Lin, P. and Liu, P. L.-F, 1998. A numerical study of breaking
waves in the surf zone. Journal of Fluid Mechanics, 359,
pp- 239-264.

Liu, P. L-F. and Cho, Y.-S., 1994. An integral equation model
for wave propagation with bottom frictions. Journal of Water-
way, Port, Coastal, and Ocean Engineering, 120, pp. 594-608.

Liu, P. L.-F and Lin, P, 1997. A numerical model for breaking
wave: the volume of fluid method. Res. Rep. No.. CACR-
97-02, University of Delaware, USA.

Ohyama, T., 1987. A boundary element analysis for cnoidal
wave runup. Proceedings of the Japan Society of Civil
Engineers, Japan, 381, pp. 189-198(in Japanese).

Rodi, W., 1980. Turbulence models and their application in
hydraulics - a state-of-the-art review. International Associ-
ation for Hydraulic Research, Delft, The Netherlands.

Shih, T.-H., Zhu, J.L. and Lumley, J.L., 1996. Calculation of
wall-bounded complex flows and free shear flows. Inter-
national Journal of Numerical Methods in Fluids, 23, pp.
1133-1144.

Synolakis, C.E., Deb, M.K. and Skjelbreia, J.E., 1988. The
anomalous behavior of the runup of cnoidal waves. Physics
of Fluids A, 31, pp. 3-5.

Received February 10, 2003
Accepted April 10, 2003



