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WAVE DIRECTION AND EXISTENCE LIMITS OF HIGHER ORDER FREE LONG
WAVES OVER A SUBMERGED STEP
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Scattering and trapping of the higher order free long waves over a submerged step are investigated. As
incident waves, two wave components with slightly different frequencies and obliquely incident angles to
the step are considered. The forced waves and the free long waves are obtained up to the second order of
the perturbation method. Applicability of these solutions are investigated. It is found that depending on
the wave and the step conditions, the free long waves of the progressive mode can not exist in the deeper
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region but can exist in the shallower

Key Words : Non-linearity, free long waves, forced waves, scattering and trapping

1. [FEHIC

EBENICERL TO MBI MREEREEZ T2
=R LE, EARMICIIEBERNORIRENC X DK
BENCHIRICE DD DEEBE L OND, ZOBESKEEH
EXEI2EREIERAHEREICHALEEZOND,
T, RAHEBEOEBBENICRT 2 AHAIX. &l
FEHEZEZTHRRERICKEERLTNS, £H - [
5 (1998) XA T v FREEMFEEZ HT. £ZIT 1K
SERAFTEHEE, BOFBETHBICL Y BHERN
RAETHZ LERLEZ, AEZSIEHE,. WEREI
HEEEEEEEK L, BRER CTKENOKEE
TOBOEIZ SOV TGERRNEZHET DL IITRDT
W3, AFETIE, AT v TRBEREENRE L,
BMEICREEEREZEZERB L CTHRIT2ITO L E L,
L)L, B 2He S5O RE%E2RAE
TRDOEHZ S, GibbsODBRRBEESATFREERZD, K
BHEREORIBICEES2E5X25LE20NDD
BBV Tik#EwR LRV, ATy IR LTAE
EROTEAFEORETIBICL > TRETIEAE
HERBREOEMIZOWTIXCibbs DRZDEE L%
FlanZ Enn, RESBEHEOERMICOWTHM
RFT 2 Z 2B ET 5, FICETHEERED
RAERRNG, 2T v 7 LOERCTRAHEBER
Trap§ 2 E %77,

2. XEHENXLERE

BERR

BERIIRT Yy Afiie L, B-10 X 5 72 BIE
REAVWD, FERT VU LOICETAIERSFRE
K, BREFITIUTOX D122 5,

AD =0 @2.1)
®.=1n,+Vn-VO on z=n 22)
®,+gn+%kV®f+¢5ﬂ=0 on z=q @3)
®,=0 on S (24)

®,=0 on S (2.5)

I ThidKEEME L, V=(8/0x,0/0p) -
A=(B%&* + 6% 3 + &%) £ B,

—363 —



$h. VAT Y TRES, O ERFEETT,
WM DB S ZRTRTA—F T, @&
n & RERET 5,
® =0 +20% +. (2.6)
n=en" +&’n?® +. @7
QQ&Qﬂ%:@W@&kRAL\UT®l5K
A — L TEHRT D,

1RA—4
ADD =0 2.8)
@, m _ (l) on z=0 2.9
(I) +g77(1) =0 on z=0 (2.10)
(D;(]) =0 on S, @11
(Dv(l) =0 on S (2.12)

2RA—4
AD? =0 (2.13)
(Dz(z) __77’(2) _ _77(1)(1)2:(1) +V77(]) VO on 2z=0
(2.14)

¢%0)+gﬂ“)=—Um¢%“”—%kv¢052+(®f”f}

on z=90 (2.15)
®?=0 on S, (2.16)
®,P=0 on S 2.17)

3. 1RA—FDRE (BR88)

A
I Y I
) SE— ‘
A K .
o !
-2 REAT L

AFEOAREREE o & L, BHExs bV (F-
2) #EZETHE, 1RA—FOEERT v v
ONILTOI S IRETE D (FFE, 1., T34
mERT) ,

(Dl(l) = _g 8 it ity {( o Ce™ ) coshk; (Z + hr)
17

coshk; iy
a cosk (z + h)
2 AR tce. ()
Z in€ cosk;, h }
20 coshkyhy
* ZAHne_a""" w +c.c. (3.2)
n=l1 cosky, iy

ZIT ce 3HEEREERL,
o =k'-2 =k -2

O, =\/kln2 -2, %y, =\]kn,,2 -2
o, FBERRITENENOHER T,
w® = gkitanhk; by = gk; tank, b n=12,..- (3.3)
o’ = gk, tanhk, b, = gk, tanhk,, h, .
n=12;.-. (3.4)
£ 5. BREC,.Cpr 4, 4,12z E (x= 0) 2
Bk, BERZGICL-TRESNS,
HERT v L@ OEESEEE LT,
oV=0," on z<-h (3.5)
RT ¥ LOERMS O, OERRME. SERZE
L LT,
® m

Tlx

o, = on z<-hy

=0 on -h<z<-h (3.6)
ERB, TO (3.5, GOEFFEAL, M-30LiC;
it (x=0) I, ERIMOBSE M B, FRI
TNBEEET 5, —H. G.1). G0k
M. N&T5, (35). 36Dz DHEEF 2 DR
RIZDWTHRAL, B IHDII &L, FE
Cp:Cys Ay, » Ay, DRET B,

In?

X

H-3 B|RE
4. 2RA—-F O (HERRK)
B 2HAEEE XD, 2 ODANFEOA K

EEFRG-IMBe,. 0,8T25E 1RKORT
VX IVITUTO L 51243,
OV =g e +¢,e +cc. (4.1)

DITEELE, g0 &g F—oORKTHL,

W1 TIRARE., KK, BREEERZSSI Tk
Ea. BREEREZSATVWELDETS, 7=,
BN TIRTF j 13& 4« OREENS (j=10K g, .
j = 2 0)5#02) %%To

1ROfEE LT,
'—z— _Myan coshyj(z+h)
bt ) cosh u h
(=12
57 EBEERE,

a)j2 =gu;tanh g h (j=12)



i, &4 OBEBITIRIT DHREIT.

FRI 1

@y ==0;, @ =a;, @,="i0,,

By=1, B =Cy, B, =4, -
Hio=kys by =kys gy, =ik, oo (/=12)
ki

Qo =@, Ap=i0;, @p=ia;,, -
Bjo=Chj» - By =4;, Bjp=4;,, -
Hio=k;: wp=ik;, pp=ik,, = (j=12)
&5,

RIC2EDIRIZOWTIL, 2HROBEDHE.

(2.14), QIS bkkx 2B LB EEZOND
B, AHETRERAMLSS 0, - 0, T2V TERI H

ST LT B, Ko T 2ROMEBIL,

DD =gl 4 cc, “2)
E7%, =K. 2ROFWREBHT~EKERM
@1, A2)%Q2.14), QISHZRAL, O, p?
BMET DL,

—(o, — 0,4 + 4P = i0,$, Vg, 1)

oy~ )0, + 26, 99,0 4.4, 05,0}

on z=0 (4.3)

L7325, ZIT. ¢, idp, ORBERK LTS,
IhbonZ b, EBREFEXQI13)., EFKS

BRTHIKEERMHA3)., EEEHFQRI16)ERHI-T
2 ROV (.,

¢(2) — iic e—i(&_x,z)ye[(al"_azm)x COShV"m (Z + h)
nm ——
n=a m=a COShVnmh

“4.4)
ZZ T,
Vim = '\[(’1! _}“2 )2 +(a1n _aZm )2
DntlnE;
tanhv,, h— (0, - o, )

nm nm

. 2
_aa8

nm

- 4(0]0)2 gV

B 202
D"m=w1(;am)2—wz(ﬂm)2+w'w2(w‘ ZZ)(@‘ )

2 2
+(o, —wl)[za.nam +24,4, +5’—“’—j
g

kB,
5. 2RA—SOfE (BHRK)
INET, QIN~QRI6OEMI-THERZEN L

7=, MEEIIAT y FTRIEOERFEHEQIT L #
Ak EH- LTy, ZThifETsboE L

THRESRAEL, MRELEHETTRTOER
FEEWRTHILDOTHD, BHEOERSEN,
BEREMEEUTIIRY,

AD,P =0 (5.1)
®,P+g0,P=0 on z=0 (5.2)
®,.Y=0 on S, (5.3)
@, =0 on S (5.4)

I I TAREHRMEGDIEFRFRATH D,

BB 0, -0, T 6.1)~(E3)Th b O5RHE
723 B B,
BRI T T,

ang

Q. =i
o l(‘”l -,

R Eoem"' x coshkg I(_z + hl)
coshkg Ay

+ iEn et COS§I n(Z + hl) ei(wl’wz)f
n=l CoS& My

(5.5)
SRR T,

aa -
_ADE ik F,e
) —w,

—iapyx COShK -y (z+ hy)
coshk,.hy

®FH =1

+ iF e-O',:",.x COS&HH (Z + hII) ei(w,—a)z)l
n=1 ! coséy, Ay

(5.6)
LB,
Z IOk BaREIE,
(0)1 -, )2 = gk tanhkg by = -g&, tan& by (5.7)
(@ -, )2 = gk ptanhkg gy = —g&y tangy hy (5-8)
(5.5). GOFTDREKE,. F,iZ. 1 KOBOHREF
BE. LTSt 27 v TRIEOEREEF LD
®¥E B,

2 2 2
: (5.9)
2 2 2 2
q)l.x( ) +(Dl"1x( ) = (Dllx( ) + @y, on z<-hy
=0 on -h<z<-hy
(5.10)

6. EITHRBHBHEORERR
FIH I (4.4) DK F5 [ OB L.

/(@10 Ban)x =it~ As)y
ERY, ATy TREE (x=0)TOD y HFEOEEK
A -2, ThD, ARBEIEIAT v 7R EE R
BMELTVWBRI LD, BEEOD y FROFEHITH
WK & —H LT hiEi bz,
Ay =Agy = A =4y

—%. BEEO®BEEKT. 6.7) . 8Dk
RA06/BoND, #oT, xFADERK e, FUT
DX RBEENSEIND,

—3656—



K, =(@5,4 - 4,) (6.1)
ky = (@, 4 =) (6.2)
t L< i,
a.’ = kil =(A4 = 4)° (6.3)
amz =km|2 -(4 —/12)2 (6.4)

(6.3). (6HDHEILHBRADHE. B HEIT x FEIZHE
HL, ETEOABAKL2OR, JHX2HHD
AHBEOBEHE N7 bz k. k, & L, AREDOHK
BT bVidk, -k, ETH L, R4LE-5KY,
K, —K,| 2k ~k, 2k (6.5)
LB, AR 0. 0, &—ELTDE (k.
kyZ#— ) « Ay - A, DEKER |k -k,| TH D,
2T, 4 -4, BBRROKE, KABHELND,
A=Ay 2k, (6.6)
THIE A -4, >k, DR, EITHEOBBRERSREEY
TN A -4 =k, CyBUCFTICETT DB E 2D
ZEERLTNS,

[

@, F ]
10 ]

@y =W,

0 kr ki -k, 10k, ki 20

-4

E-5 1 REEHREDRBARY FILOMER
I, 0TI, #iC

h > hy
ThHHb, BEIZEAL T, 3.3). B4HLY

k, <k,
LB, o T, EITHDOBEBRESRET ZEET
BRI L0 BERIBKREY, THIIFEDAHA
TAF L72BE, @RI ZHETHEOBRENR
ATHENSIZEEZRLTWS, ZOHEE, ERI
DRIZHBELENHNIE, BELLBEBRERRT v
THRIMZRBN, y FROEKIFA L THE1HHE
UG LETHD B BEORENEIET 3 - L 27
w35,

7. BREER

HHEBEORBIERER LOMBREDZNOKE &
ICIRTEL, MIRBIZ 2 KROAKESRE A ) 1B 1K
BICL->THRES, Thth, BREOREZHERT
BHNCS., LKOBF % MZONTELL AT
Z&bT5, E-6(a), b) ITHEHEIR(x=0)DiE
BERT v v FOERMS KRR > TRA
UADELHELELDTHS, E-6() 251K
DORT e VKT, T TEH, BEHE bi—
BLTWAIZ ENgN3E, RIZE-6(b)IX, x=0T
BWERTVry VOERMBSERLIELOTH D,
TNRBEATEHEREFN—BELTWEH, #RLUSN
TH—HEEPFRERHBLTWBZ L8905, ZOBHS
IXGibbs DB R T, BFRMF., AT v THIEDOEIR
GER LT RWI ENRSN D, BEF0KEy
WL THHEICGbbsDBRRMBELZ DT, ThiZ
EKETHEHABEORIBICSOWTHME LI L
35,

(@

ok .
EE (fES D)
— o REF (W\KED)
£
I 4
§ -0.2 lﬁﬁﬂ (faKE 1)
REP (fBIT)
-0.4 .
0 1
(b
of ' -
T x4 1
S lag @D (BEI_\
Bk 02 L
¥ B (FR1)
REP (FAKE D)
04 . . A ‘ oo 4
" o 2 0

E-6 EHBERL(x=0)D1 R
h, =0.4m, h, =0.2n, @="5s""
M=40, N=20

(@) EERTUOv L
(b) EERT > v ILDEBRMS

—%. BHEEOEE L ERITAREDOSBBERE
FRBEOEEIZL > TRED, GibbsDBRDKE
ERi2v, B-T~9%, HFICETHEBREORE

— 366 —



~(a) 180

90t

2k AStfi(degree)

158 A8 (degree)

90

2k B AStfi(degree)

1

90 180

15 B Aftfi(degree)

25+ H  Aftfi(degree)

T
1

180

90

15 EB  AStfi(degree)

B-7 ASACHTHETHEERROEERR
o, ~®,=10s". h =04m

=30 5", ®,=20s"

(@ h, =0.3m
() h, =0.2m
(©) h, =0.1m

(@ 180

2
o
s
e
8 g} ]
m
&
S
o
% 90 180
15 E  ASifi(degree)

(b) 180 .

3

o

s

&

& g0} ]
m

R

®

N

G0 180
158 A§tfi(degree)

(© 180 .

3

o

s

'

Z g} ]

i

K

"

(aV]

00 ‘ 9I0 180

— 367 —

1858 ASf(degree)

E-8 ASAICHT HETEERRORELERS

®, =305, h =0.4m. h, =0.2n

(@) @, —w,=0.5s"

b @ —w,=075s"
© @ —-®,=10s"



(3 180
M
o
(o]
3
&
59&
m
&
®]
N
% ] 90 180
15 E  AS3fi(degree)
(b) 180
2
o
(]
S
&
§9m
m
R
®
N
% 90 180
15 H A4t (degree)
() 180
3
o
38
&
Egm
m
[N
R
N
% 90 180

1778 Astfi(degree)
H-9 ASIBICT I ETHEBHEORERR

o, —®,=055",
h,=0.4n. h, =0.2m

(@) w, =3.0 5~
b ®, =4.0 s~
(©) @, =50 s~

WHICHOWTHELEZLDOTH D, il 1585 B
(@) DAFAZRL, fitihI 2o B (0, DA

HATHD, 2 OOFEBROMITHEE I CHEITIEE S
BERDFTWHT, 2Oo0MBROBIIFEKTIDOENT
H>d, B-Ti31, 20O ABE K. fEKk I OKRI
BEEL, ERIOKEZELZREZLDOTHD, Z
DORERMS, NI DKENEL 423 &, EIRIT Tk
THEBRBICARDRDT NI EEARLTWS, H-81F
IRDEOABEEZEEL, RETHIEHRBEDA
B2 ELER-bDOTHDH, ZORMNE, K
I, I¢HLICEHEOARBBENRES BITLE
BoT, EITHEHEOREMBLKRKERL>TW
NS5, B-9IFAET DB BEOMH R
PEEL, 1RPBOAREKEEELEELLOT
Hb, ZORML, FUARKEHOBRKHBET
B0 6IE, AFHEORBEER /NS VI EETHED
HEEOBAEGELIKENI EXGMD, /2. =
NHEOTRTOKT, ETHBERENGHEK 1 T4
B9, BRI CTRELTWATEANGEET D Z &M
Bnd,

8. ¥&H

AT 97 LE2HRSENEBT DL XITRHETD
ERAMBBEICOWT, BE TR LT,
1KRA—FOMITRRETHREERDTVE D
GibbsDEBMNEN D, T DI-HRALIS THERISR
., A7 v TRIEOERGEEZ 1 KRORT ¥ v )b
DEBRBS BB SRV b, $4ETHEBRK
DIRIBIZOWTIZER LD 2T,

2ERDENENTENAEERF > TART LA,
RAETHIHBBRTETHEABE., MRS
ey, EITH B BB EE ] TRAEREY, K
OTRERALTWHWAHEANPGETIIENL, 20X

5 7pGECit, SO ORICREDBEETHEE
R OEIESHEET A RN H B LV 2B,

A%OBEL LTiE, CibbsDEB % B 5 i
FraEz., BREORIEBIZ OV THEMICRET 24
BEHH B,

S K

DEARE, MBRE—: BFEAT v 7 LOEREH
RFBLBERR, BELIERCHE, W68,
pp. 46-50, 1998.

2) Agnon, Y. and C.C.Mei: Trapping and resonance of
long shelf waves due to groups of short waves, J. Fluid
Mech., Vol.195, pp201-221, 1988.

3) Massel,S.R.: Harmonic generation by wave
propagation over a submerged step, Coastal Engg., Vol.7,
pp357-380, 1983.

— 368 —



