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ABSTRACT:

The fast computational method derived by Clamond & Grue (2001) for the fully nonlinear waves
is utilized to simulate the fully nonlinear waves propagating in the opposite direction upon a steady
unidirectional irrotational current. The results indicate that the fully nonlinear waves, like the linear
ones, can be blocked and reflected by currents, though no linear superposition of the incident and
reflected waves can be seen in the regions far away from the caustics because of the high nonlinearity of
the wave fields. This high nonlinearity cannot however obscure the situation that a deep trough
precedes a steep forward face in the caustic regions, implying that freak waves will very likely occur in
these regions.

The Clamond-Grue method is computationally fast and can prevent the sawtooth instabilities
without losing energy. As a consequence, this method is particularly suitable for long time simulations
of wave fields with appreciable size, which are required for the study of the blockage phenomenon of
waves by currents. The computer program designed by using this method is tested in two versions.
Simulations of nonlinear wave fields without currents and simulations of linear wave fields with currents
compare very well with the analytical solutions of the Stokes wave and the blockage phenomenon of
linear waves by currents respectively. In simulation of that of the nonlinear waves by currents, the
soundness and consistency of the results are also remarkable.

BENEFITS:

The substantiation of the situations that the fully nonlinear waves, like the linear ones, can be
blocked and reflected by currents and in the caustic regions there exists a steep forward face preceded by
a deep trough, can clarify the idea that the blockage and reflection phenomenon of waves by currents can
actually occur in the ocean and induce freak waves in the caustic regions. This idea will significantly
benefit the future development of a freak wave forecasting system.

APPLICATIONS:

The results given here will in the fourth year of this project be applied in a case study to decide
whether or not the boat casualties occurred previously in the regions near Taiwan are mostly due to the
blockage and reflection of waves by currents. If this is true, the development of a reliable freak wave
forecasting system will become possible. Also, the theory developed here will in the coming year be
extended to the case when the currents become three-dimensional and rotational.
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VS (freak, rogue, or giant waves) HE B & 7E W MITE— A R BV L1
B BE AT REE RN 2 RS KDL SRR B ERE, EET

- RS, Mallory (1974) SHERREZ 11BN, R 1HH4, IEHE

Vs EE B A BT Agulhas current EIF# (2R Smith 1976), F4t Irvine
& Tilley (1988) ﬁfﬁ& Agulhas current £, HERKOREZE (synthetic aperture
radar) FrEBKERAENY, BE¥TE Agulhas current b, AIELRERE (2R

White & Fornberg 1998).

FEEEMNATE R, R TR HRSCERRTS B2 B, Sug T ER _ LERERIR
REHE, LENREEEEBNIEERRAEE4EEE, EEREMEEATREL,
AT PSR 2 B S MG B S T AE I LR B, R DI B £ E I TR I 17
S, IREEEHITEN L, A5 IS RABRNERINAER, :

ERPTER L, EROBEEEE LBCAES (convergent), TRENEETESR
2, HFrEER MR AR &R, BIfR#E Longuet-Higgins & Stewart (1960; 1961)
RUEE, HESREA, BRISEE, MERENE, EREEEREE (FREVEEE) A
FEEAHSHRE, ARIB Smith (1975) MER, BHERMYE, RIKHEREER RS, RATE
FRERMIELE -BREAE - REANEE FHEFT2R Shyu & Tung 1999)
H—3% 8 Mallory (1974) Btz maBRiik+28M (B EE—Eole in the

sea’)o

PSR HFRAE A RAVERERERE, ERERNRR—T2IEREE, SR
EREEDAHENRDREE T Eh R i E R K aREs 8, HAKRE, 58

W2 IR IS AR, R B A M i R R4, %7 It — 8, Smith (1976)

% Peregrine & Smith (1979) SRR H EER I FREEEREERRNHE
W, PR RIS ERR . K—BREERSARN, EREHSEFH
B, SRR BELEENRE. ARNBEIARELE Wu (2004) 2 BIER
b (25 Mei, Stiassnie & Yue 2005), B AE EREEARMBREERERIAE
RESTS1%, RMLARE—SERTL2IERMEL, AR ERERBERERER.
B2 EREENBE T EERSE, BMESFER UM ET 2% Tsai & Yue
(1996), Dias & Kharif (1999) & Mei et al. (2005). FESE s R, 2 (A mixed
Euler-Lagrangian method) s EREE, HEE LK ARREIERERTEE-ARE
b, RERERL, KEEEERRY, H—BATENER, B—8HE, 11 W
(2004) FT¥RAHK high-order spectral method, BEEHEBHRE, EREHTEKER
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FYRBER, WEEBREEREL, %%&?ﬁ%%%@%ﬁ&ﬁ%%#ﬁﬁ@? S[iitEd
HEBESTERE.

%ﬁ@;‘%_{:;}tﬁ@ﬁ:ﬁ% Clamond & Grue (2001) B#REH—ErREFEE2IER |
W BUE %, WETET RSB MR, BTRETRE, A JE PR R e
4% Laplace equation BBk HAHRER. K—HRAZRD HETKIERE
/IR ELHERERE, ELE R iterative scheme SRELSERE, WA, L ATEHER
BESH, — R R BRIATRA, TRERE, BB EFEIEY, RS RGHLR
B — A= wrie WA EARESREER. A Clamond-Grue method #{f
W8 52 2 IR B 0D TR ULIE 28 3 S5 |

SRR BN — B MR S L R KA RS BATRE, W05
BREHBRT, R2RE IR TR R ER RS, MR EESERME
S 2 IR BT — SR L 0, RS TR AR EE
R, EHAAS BEMERIW LSRR R R R AR BENRE,
FR L R B A RS R AR REE L M R B A S A R v 2
RRSREAN, HAM, ARRE TR —+ A B R,
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= A Clamond- Grue method FifEIZHI7SER

EARED MG Clamond & Grue (2001) Fr#iH Z sl A REREM, HEEAR—
SERFERUEFIITEE—BE _#IERR L, ERMEEEF TR E—HRT, B8
EETREIEREE R —#, #H velocity potential gb& stream function YEBERE, L

#E Cauchy-Riemann relations

¢ = pra ¢’y =~y (_00 <y<n) (2.1)
Rt REAT A AR yRESER L AABE IS ERR RSy = E2Z
KRELI .

L ARE Clamond & Grue (2001) RERFBNEFEMESELEER, HKHHE
EFGWEART L AEEER, Ht—BURS | BTk EIER B dh R e RS
B, B, BERERFEMERBRBERRERRR, MERZHPERERBIRR,
MEBLHE, RME-FRTEREHRUEKT FANBENERE, BERIE,
FEMEZERERT R | LU, /U| (LEREER) BATHRS0.01, HHEL TR RS, RIMERIEAH
ﬁ% Uma'{]]‘ﬁo —FEIRE Wu (2004) B4R (R Mei, Stiassnie & Yue (2005)),

TEMERRCBE,

a%%l: R TFIERT, m%iﬁﬁﬁﬁﬁé E%E.tﬁ’]@@]@ﬁﬁ#?i%ﬁ
mt+ (Gt Ua=¢, at y=m, .(2-2)
%71, H chain rule of differentiation
Yz = (Yo + Yyno) ly=n, | (2.3)

S tilde BIRFR By = nRMoREM L2 B (BUFER). A (2.1) 1 (2.3),
ERAERES (2.2) HAIXES |

M + Uty + 9 = 0. (2.4)

+3FE Clamond & Grue (2001) 2R, B RES(LEREER, HlkR
BRI HBRAZEAGEE A EERRUE R S EREER, BAEETR
HPEEREEWRER THRES E%EiZEﬁﬁéi‘?ﬁ@ %{ﬁﬁﬁ%@%%ﬁﬁu Ui
RERH, RESHLREOER.




ESFER, B Bernoulli’s equation R ## 5 &R IR B B RE LRSI
SRR

ot gn+ 3 ¢2+ %-1-}—9—-—0 at y=m, (2.5)

ﬁ@pﬁ*ﬁﬁ%‘ﬁ;@i% BHRELNEL (MR—EEXNR—BAEECER) gRES
IEE, FREEEH chain rule of differentiation FiESZ

€z’t = (¢t + Pymt) ly=n, éz = (¢z + PyNz)ly=n

& (2.3) K, EABAFERZ (2.2) X, THBER

142 — ?/)x + 2502s
2 14 n?

be+gn+ = + p_ 0.

P
H—5RBREE Clamond & Grue (2001) #Z (2.1) & fEﬁDAE%‘FéﬁEﬁﬁE
_%h&%ﬁ

¢ "/)m + 2%%%

U
b: + ¢x+gn+2 472

p
+==0 2.6
; (2.6)

(8% (2.4) TE—BXEHRHE).

HELRE (24) F, FIERAMSHESNNEEY, HRELHERE—ERE,
B (2.4) f1 (2.6) EREEAR non-overturning waves, 1§ IR {EF 2 A EHIREUE
Bisr, BN B AIGBER I B LARR (WRIESZAEMBES evolution equations
or prognostic equation), TIEZEIH B &Y, HFIAEE B ERHBHER R SRR
Fp, WHERA (2.4) 7 (2.6). |

i, REEEEERTZ Cauchy integral theorem & 41

qé—%—n,&——PV%

@2.7)

HPVH#* Cauchy principle valueﬁ%%&@%ﬁz =2z + iy$7§}_t—‘§€f PAHERER, T
FEMHBEARE L, HEEHO + 19I5 — analytic function. ERH¢ = ¢(2', 1),
¢ = ¢(2,1), etc, B2IMIEC L, K EXPHERSES Cauchy principle value, H
PERAERNEREKRE, HTSCREE EE%EC}ELEEEWT@@@ﬁﬁ:@Z#EI
HARCHE, BEC, LZBABRE, & (2.7) LER

g5+iz]}=l,1>v/ dz
w1l . R —

Cy

i) | (2.8)

4
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HPEEE HRERS
d;’ = dz’ + indy’ = (1 +in,)dz/, (2.9)

1 1 1 _1-iD 1
Z—z 1+ilZz'—z 1+ D¥z' -z

(2.10)

$ehD = (of —n) /(2 — 7), BHE (2.9) 71 (2.10) RA (2.8), IS HHEE R

-1 © D@ =) =& —nd da’
¢ = ;PV[OO T —— (2.11)
B B 1 %) é!_n;z;I+D(q’E!+n;$I> dz’
b = 7rPV/_co e P (2.12)

ERENE, LEARERTH (2.8) RE LHE—ERY, EEEER, L77RFRNH
FABRIRCRMEFST 7, T (2.11) W (2.12) WA /A RIHEE—EIRRS TR 2 5
A EH %o |
EnRIPEH, B L ERERS R EA—EE T RiEY, BEHFER iteration 5
% (RERREHERGT JEHRELEATEN). f— iteration AT EHERIKER
AR BUER S R EEN—IS, B BRISEEEATEMREEFEENEE
A, # Clamond & Grue (2001) B TRBRBH—ETKIEREERENSE,
W—HEERR (2.11) ERR (2.12) BE, Eit Clamond & Grue (2001) %
(2.11) HBERF—ERA, , .
 BRE |z — x| — oo, DI — x| L2 HETR, #FE Hintegration by parts
GIE:)|

%/_Z[mctan(D)]as;d@’:%l/w ¢ [ e _ D }d:c’,

T)l+D?2 |2 —2 2—=z

Eit (2.11) TRES

- o0 T . oo 1 T,
¢ = —%PVf ,7/) dxi-{-;rl-PV/- ?3 z dx’—gPV/ ' —&df

. . 7
o T —x e T =2 U

+—17; /00 [arctan(D)v-— D]&;Ad/:r"fl— lfoo D(D = np)¥' _dz’ . (2.13)

—00

T) o 1+D?* 2'—=x
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EAPRERETIR reqular integrals, FI=THHIE singular integrals, {6 8% Hilbert
transform B, BEEES

H{ﬂc:%PV gﬁgﬁmﬂ, H'=-H.

-0

# (2.13) XARHES
b = M{$} +nds + H{nH{¢.}}

—H {%/;w[arctan(D) D]¢. da’ ~|~ i D(11)+ DU:;)V) m,dx } (2.14)

=y HISZE evolution equations (2.4) 1 (2.6) &S Ve, REYEL, # Clamond
& Grue (2001) B LAY, F2

QZx = H{gz’x} + 63:{"75:0} + 81:{7-({77%{5%}}}

1 [ DD —n.)¢., do 1 [ D(D —n.)Y., do’ '
'fﬂ{g—m 1+ D2 f—x_?[m v 7o) O

HApERASE—THEEA integration by parts, H#%—ERIER integration by
parts 4}, Wﬁﬁ@ﬁ‘f%_ﬁ

O [DD-n) 1 ] 8 [DD-m) 1
oz 1+D? o' —z| Oz 1+D? -z

£ (2.15) # Hilbert transforms AJEM fast Fourier transform #% (2RZ
1997), Tz 53 BEIRRITE Fourier space 1T, M EBAK L¥RE, B—F
B, 7 (2.15) HEYMME regular integrals, RESBEEL — 2z, FFEED, WEK
MOBEHI A/ MEEF B2’ — 2| 3F|z’ — 2| 2R0REER, BHAE(2.15) HHm
(AR Z I EE, T [—o0, +oolfiB[z — A,z + A, EFNGETHREENMLHA
%, BH—BREHHERNANER.
EEEENE, EATE regular integrals H&n,, Tk, BHRERBRES
BEne = 0, SIETRIGEIN A RORAERS , LRT(E regular integrals 2 HRA HBEU |2/ —
2|2 — | TSRUMEER, R A BT BT BRI A K
R, o | |
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B (2.15) R B—FHEBR, % regular integrals REBERL LT B
I

. 1 NeNes
1 = =
P11 Do~z 214n2

ISR ABER 10 Fnee— A5 out of phase, REMHIRBIGE A, R R AEH) I
R LRI ZRAKHEAN, ERBIER iteration 7516 ke HB# A+ 2 A,

y I~
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E—= H Clamond-Grue method K3 L&

EE_EMNBEHN= (s R (2.4), (2.6) B (2.15) {#&n, oF)=1Hkm
B, ENS SRS ES AR, H (24), (2.6) B (2.15) WXy, sFIRIE,
REBEM Cauchy’s integral formula RoFIWEAKE L THIE, EFEE LB EE
BT 5 R, R T EE A R

Bk, %n%ﬂézgﬁfgﬁf&ﬁ{i ARFER iteration HIEBE (2. 15) ), Tf’ﬁ%?@
H initial guess &

Yo = H{¢s} + Ou{nda} + HO{nH{ds}}. (3.1)
B o
i (3.1) EERE (2.15) 2 =KEM. 55F,Clamond & Grue (2001) IREESRSE

B
» ‘ 5 T4+
Dswr =g —H {— ] D(D—"’“‘)H{%} do’ } 62)

T Jo—X x!

TR

:r-!-)\D D ), = | -, dz’
¢4$A—¢2x-H{W/_A —ng)(%,m“D%)x,fm} (33)

EREEAEREE explicit, HETEBERME, TTAEER iteration i, BILATEE
KBS ERR, HEREERE Clamond & Grue (2001) HEHE, %n, < 0.58,(3.2)
T+ R TR RIS R B L, Ti i, ~ 18%,(3.2) BB S HLTHERE, E (3.3)
AR AR R, ATTE R B PSR R ek, BEEORERE, KaES

RN, B (3.3) RS iteration BEHZ E—ER (BB, ,), BRA

BRI (3.3) Rz, REHER iteration BREHZ B AR, ) 2, WEHE—B

2, Bk
. | =X D(D — 1,) dz’
%ég,A,j+1 zbzx ‘ {71' /—A W(wé"k’j [ (3.4)

BRI EEEE 5 LR 1 — e B0 x 107081, KR
EEEWE, ETRRAESNE R ERYE, BROSERE (BN0RES) = 2L)

8




B EAERERERTEERE, Hln BAE, f—EEARELER, BERMSR
# teration ETRBIRHIR 500, M —RBILR K NORBREEE, RIVERER
I B R B 5 R LB T LR AR,

AR 2, HRB R 2 nfg, e, AR EASERSER (2.4) F (2.6),
RAET— (AR -2 nF1d,, MM T R AT BE R R R R R LR, ATIRT
B IE AT RE < BIEMST 8 A #5,Clamond & Grue (2001) #% (2.4) A1 (2.6) %&
S, EETE K8 (Fourier transform), Y HHT & c = RMA B Fourier
space W3E1T, It—#k, EFER fast Fourier transform , AI{EEHE ¥EmE B A%,
HERE (2.4) 7 (2.6) XATHES

O F(n} = — hF{da} — F{Ung} (3.5)
S | _ . 32 — 2 + aathe
OF (Bl = - gf{nm}—f{pm/p}—lkf{¢ e }
— kF{Ug¢s} : (3.6)
Hoh PR KR,

EFEMFFT # (3.5) 1 (3.6) < EREENERER, HE—EL ERBERS
¥ fourth-order Runge-Kutta scheme KT —{ERFRIEE k2 F{n, }FF{¢. HE, B
FE R B AR B, T, AENSER —(ERSRAPE B 318, TI MM — SR, BN
ER R FRRR, |
: M Runge-Kutta scheme B strongly stable, # R E BRI 25/, HiF
P RETEERER, BEEFREERERR, —ERERTBERSKESE
REVERZE, MERHIIIARAE R EE,
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EME  (CRESRTETES

D& ERERBERN T EEgEE —BRENTRERR, K—HKE
BRiZ Clamond-Grue method HNFEHE (RE 1a). RIGBHETRERR, Ut
R moving average BREEHAE Z low-pass filter 51, HEBBAERRZE,
@Jﬁtﬁf&%‘, a1 Clamond & Grue (2001) A&, MERBEBAWTRIEER, IRMEHRH
NS BERER, WEBERRETRR—BRREEE, ROEERTE2EL (RE 1),
HER I, Clamond & Grue (2001) t Fi—f&‘de-aliased’ computations J5i%, K&
FERMETES B Canuto et al. (1987) B BHRERIMRH. |

M (3.1)-(3.6) , B e ELIS S KM (Hilbert transform B
oA IER FFT SGEK), D -

w(z) = u(z)v(z) (4.1)

W = U O, (4.2)
m+n=k
Hrp
1 2 ) . .
Wy, = o7 o w(z)e ! dz, (4.3)
0 . W
ulz) = ) Ume'™ |
i > | (4.4)
v(z) = Z Dpel™
n=—00 )

(4.2) BV convolution sum, {85, Flo, B RA8 75— (@ B P B N BEL A T HE
B REHETES, i (42) B o

m+n=k :
Iml,|n|<N/2 '

$1[k| < N/2. B (4.5) TEH, EEEEE convolution sum Ay, RFTEZ
EHRBHBO(N?). H—FE A EE RS RHRBERERTT, %7 Clamond-

10
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Grue method FAEEMA (4.5) Ky, MELETHE REHR

N/2-1 . )
Uj = Z ’&kelkmj
Sl ¢ i=01,..,N~-1 (4.6)
‘/‘7 _ z ,Dkelkmj
k=-N/2 )
BX |
W; = U;V; i=0,1,...,N—1 (4.7)
REWE RERERS
N-1 ‘
v _ LN etk __ N N
Wk—N;W}e i k=-%,.. 51 (4.8)

;E:‘!:ij = 271’]/N
LBRERR CERRBERO(N log N) é‘&’“"N{Ekﬁ% h—BELEREM (4.5)
AIEARETERHE. RTA

Wk - Z '&m'z}n + Z '&'m@n

mA4n=>k min=ktN

= W+ Z U U, ‘ (4.9)
mAin=kxN A

(2R Canuto et al. (1987)), éiﬁlﬂi-—-' BN ELE ahasmg error, M EEEL—RE,

RIWE (46) F1 A7)V %E

M/j2-1 3

U‘? P Z '&};eikxj
yrrss L j=0,1,...,M -1 (4.10)

Vi = 2w

k=-M/2 /

Wi=UV; j=0
BB M > 3N/2, z; = 2nj /M, T

1. M—1 (4.11)

, e k| < N/2
mz{m]M_Nﬂ (412)

0 otherwise

11




iR o

M~
M M
o~ ik = ... =—1 1
; e k=-—,...,5 -1 (413
]
We= Y tmbn+ Y im;bp (4.14)
m-rz=k m+n=k+M

HRBRFARERYEE < N/ 22 WBER, HEHERW,, BM > 3N/28, ..t’mjﬁﬁé
—EHhEERE (H (4.12) R), Bl (4.10)-(4.13) RF—i& de-aliased’ computa-

tlonso

B o i = ahasmg error ﬁ%@%ﬁ?%%ﬁ%mﬂ%ﬁ L0 K10, B R E R EER

KETEAR, 1B L SRIE(3 / 2S5 ME E R R 2 RIEFIETERTE AR aliasing error, MR
Clamond & Grue (2001), SRIBEIXIEFEL aliasing error, TEFHAER4/2ME.
ARTTHERE (3.6) PASE(1+n2)7), #(3.6) ZIHWELIERRE, BHE (3.4)
NME&(1+ D), EREEHE, R BEEFR T2 R, ARt RE
%% aliasing error G R 4, (BB NI EREEHF2ERIMIE, (OFTEE] partially de-
aliasing FOME, EHE TEOHED, SHEREIELRETA, BERATRERS
B 1c Frr, BPEEEE, MEFTERBERAESRAR, BENRERKHR,
B EEERECER.

12
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SFhE AEEKREN

| ERE=ENENENARARAE, NUHEENME2EBEER, BHFEAR

iiﬁ%U(x)ﬂ]Eﬁﬁ(x 3. BRTERMEU (x)R943- M08 2 B, B EERTY
BU = —0.00lzms™!, MERMERASEUEr = 14096 mERPE, kAR
FEUNE RERAITRH—-ERET 2.

B 298U (z)hR—FHE, BEARR—EEREWEERREAARER, ALE
BAERE L, BXE ARk, EA—RBEHE (pneumatic wavemaker) i&3, Al
PR REAAERATE, TRBRIERNER, ERNHEEERN = 1.225rads ™!,
BiiitEx = +2000 mEHEERRS. BRBEREIERYE, ER—ETI Ty TaEER T
EEAR BRI, MR —RRRRR —4096 < z < 4096 mEERN, REEE=
ENRARZHEE RBGE T AR E RS (B0l & R R —AER8192m
2 EHER). ERME—SIRBEEEEE—FEEXY, ISREEKSTEY, %8
BEE, W EAERRSHEETE-FEINEI<z < 4096 m, R TEI A AR ERE
ERMEKELREE.

BRI MR ARIClamond & Grue (2001) HRZ REBERH, FRENEL < OFF,

=0, MEt > OfF '

ey g B - k2 (kY2
f{ﬁx/ﬂ}=ia5\/gkoexp< 22 )(EB) sin(+/ gkot), (5.1)

Heha g S HFTE £ BIE R EMER 2 IEIE kIS E wave-number, fiw? = glklo
ERTIBRZHFEHE, 8,/ oA BT HE, K/ oESEEE. BiiadbANERIE-
PRI RRIME, Bk BIEES0.153125radm™!, —wave-number SNk
BU = OB, HBEESH £z 1.225rads ™, |

#(5.1) RA (3.6), MFERAE=FEME M T4 7RI R FER S RITEE
—EXRER EFEENRL, BERREMEARS, EETEREEN, S TEHE
BRIFRFANEREARTRER, AMAHEXPHUERSS, KEMLEE, BHHE
S Stokes waves ZBATHELLE:, B 3R B MG BRATR RN EHTESN B
{EiE, TIEGERIRREREES].225 rads L2 R M BN BN IE. HBESRBEETE
H, HakofERARS, MBS BERMERK, ATEBITHA Stokes waves ZH=R
EfnE = gk(1 + k?aQ)Z{EiSQI”E,E; wave-numberk, RUE 48R, EHMAEZE
o, FihakolEB A, SRR SR+ 8E. B4, BIMA Stokes waves

13
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2 profile BB =FEHEML
1= acoskz + %Iza?‘ cos 2kzx + §k2a3 cos 3kx

FYEB4THES, THEES HESURE, AMERTNERRCESRISNEE
BEAE (BRREkBAR), BEakE kR, MERSEREERL, BABTH]
— AR I, R E R B ISR R TE IR R R RO BB R [ RE

ERRTIM B B, BT RBRMGHREREA R RE R RS
ERRE, SRIMEN, RIWE (5.1) THEESE/), KRBt EERs
Shyu & Phillips (1990) Z ¥R MM 2 R R SRR BIT RIS, H—MkZ AR
SUFIAT, TYRTE (3.5) K (3.6) PO, UEHBER 2 MRS, 88 M E IE Ak
SRR BRI TR, |

12 6 SRR AR A BRI EBIER, E4a = 0.000001 m, WEFHEE = 50 min.
PSR, TiMsRISER Shyu & Phillips (1990) ZHEHT#E, i BIBHE LR
R R R — BB EHR IR A B2 R R, A8 BB AR R B S R
HsE R, BB 6 BFR BB BUE R ARAT A B RS, TiESME R
%, BB EY R (FIRE SREERETRERENEENTR, B
BN WEEE S EERERD ), EEE L EER, SEERTHNRM
£ (2.4) 10 (2.6) HRMATEEEUREERM, ELEEE Shyu & Phillips (1990) &
B EmUEE, BatMOERTH, SEEEVERENEE, MIeYEEEY
b, WE6 RS RO BN BREATRUEHNREEEL, ERMRE, A
ERHFRATRBFEREUMNE, BREEHERBMTEN ERREERS,
BB E RGBSR, |

14
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FNE  FRITREREERRBER

ELHEEFIBMER Clamond-Grue method Fiskstw BESER5ZRE, R
REREABRATETEAASERE (FATH) WRT, SHAERS, SREke
MR R .

@7+, Ea = 0.01 mi¥, ﬁ&ﬁxé@lGZ%&iﬁﬁﬁﬁx%*ﬁM EREREETHED

[, RENMNBERERESRNG, EEREENTHRUERNERRE. R, EoZ

WHE AR, R UERWE WU BRES (REERKERSE), HAFPER
MR EEZRTZEE A, FlilEe = 0.05 mby, EREHEBRBER KR, AMEDRSE
—FUEHATHEAE—FIE S b2 R, EERESME F R — e RImRE, ZEE
TR RBE, HREE, BRI BHRAE, RRGBREN) FEESE

- EFERMER, SEBEYIERE(RESHEI), HEEAERERMIBRFEZBR
- EAREREAERTER, B#ETIREFE.

5T EREMBERIRERIE, B TREM o EANBRMMEE, BEE 102
R, W RET, HRESIRE ERTHERRERSBES, BNBE RTA
SERR SR BN R, FEEEERE eSS THE. BT EERE 108
BRDSEHETEERRHEMER, RITHERESAE (Fille = 0.1 mfER),
R R 2 KBRS A G E L L FE 12, BB RME B, ERAREIHEE
7, B TR (R EE R, (B R EEr = 2120 mihEE R
RIS DU, 7ERHZEEE (l— 2 FETETIB B R, BISENE 122 = 2120 miHEZ (i
B) THONZHSETHN, BEERRREHBSEIENE, REBTSETE, RER
BB, IR, R R R B, W AR 5
Bt B IE R E R (RE ML), EEAMARE RS BERTREE RS LR
mﬁuﬁEKmTEuﬁﬁﬁﬁwmﬁmx=2mm@ﬁﬂﬁ~ﬁ%ﬁﬁﬁﬁﬂmﬁ%
#7120 m) ZHE.

BTEETEIT 2 AEMBEERERBORES, MERESRE RIUE5
{BoEEE b (HAEER 120 ARE 13 ERNARET) LAEEEREEYEL
ST 13, BRI, TEE WIMBUERE S | £ KERBHEMAWSH (~ 21/1.225)
R AR S, £ R R R, A ARSI E AT, MR A
B, EGEIBUESR R TRAIR G, TIZEEEENNE, RERREREAT AT
(BE13 2B TF). BB 137FET, EIRZEREH S B A ST EA R 55 8 B AT B
SENB R, WABETEE, BU TR, WEEEE (2R Shyu & Tung (1999) Z
figure 17), Tign4 2 FFERI7RER Shyu & Tung (1999) ZEwiEfT.
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I 132 ARIHRR T O HEE RIS, BARTHEI SR, TS
TEFRERNVEERIER TR, £8 14T HMREHEn, ME ({h7E Fourier space N
H1T). BREERBERTRERSBHCK, B0 R E M n, | TAZ0.7, T
TERBIR SIS, | n, | EABR0.8, LEBRTNE, 78 14, #a = 0.1m, @5
Za = 1.2miiE—EEE, EMERENEE, KETESREYN, CREENAE
D—7), BERBE(NBREXN=72—), #FHwave slope AEZEHNBE S 2 02—
(RE11), MEEE—SHEREE, £ wave slope ERSEARES, AREERER,
=B Ma > 0.1 mZBEEN, BT R SRR AE R

%o = 0.1m, BE/TEEEELN R, #(2.15) FiEZ iteration B &EE
H¥iFTEI500% 2 FR. BT ERBENFT LREE, RMASL00KE LR, EHst
B, B RE 122 B TS RIS, REEE 15, MR Ef RS EEETA,
HBMREE BRIFTET LR R UM EBE, 54, £F 16F RFI7FEHE 122 S RHE itera-
tion REEMRM 1 (MEEBIER (3.3) 1R) FIEBER, BEMEEHEIHFE
Tl A, BRI E R RS, AHER iteration 5

¥R (2.15),
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BCE ARRER

BRETE2HFRTEEEETNEER, URARAERRS, Zf1EA Clamond &
Grue (2001) ZREFHE T2 R M BIERR 75k, REFFER MR E —IERER
REERARER, SECHE BRARECEEHUBESE/D, EHR locally TR
HEAR, BUERTERETRERERE, AERRIEEER, BRI HREER
K&, T ERINBERTERERET, RR2ERERIRIRIHER RS

B|\U|EREB/NE |UREERERURKEILE, T —BRERNER, HtBaiATE
B CHNRMNEEDER, REEERSHETEFERERCHERE, BEER
M#ELIEM, {2 Clamond-Grue method B Laplace equation B#R—HER
SR, FERSHETTANBEE MO ESERER, BERK—-BIEA :itera.tive"
scheme REERF, R HEE, HMEE# Clamond-Grue method FE&-+40%,
BRIk BT 48k AR 3R 4% B RO TR

FER Clamond-Grue method Frakst 2 ERETE AR HIFE, HEHEE R H Stokes
waves BB RREEERAER R REENETIYE. B, EREFERER
WO ER RS EE, HERTERARNZ RN R RBHBESHER X,
A B AR B E R FE+ 27 2

HES B E WA OE SE AR B v SR, TOJE LR IE AR BRI B, s R
BREURER, BB S RIS R (e B —Rr et (BU,% action
conservation equation FRA[{EASHKEBNNERT, RIEEEE K, LERE ac-
tion equation T EAENIRSIER, MAMKU, T E SIF S 2 IRIER L REAY
BEEEZ—E), BEMENY, BENORERRPITREE, EHESEZEES
EEwA, BeREET—-BBEE—ES, B—EbUEAMRBEIERES
1, FE A B T A £ B IR BT A, ME TR Y B4, B e
(B, BEERERNFAT—N, XAB—EEURE, SESRA0R L, LR
PELEE T—RE, TS RER TR,

EAD FFR, AR RERAE T —BEEMEA TSR GRS
BIEER RS 50, WS BN E R, AR EERR TEERREER RS
B8, OTHIATRSR, DRl B4, BERI, 2B e e Ve
G SRR B AT RIS, DIERE MRT ARG EER R
ERRHREEN. AN, IREREIUERRER, i%ﬂﬂ@_r—ké}%&&zmﬁ
IR R

17
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