$48%  HxW itF g
2026 4 5 H

Haiyang Xuebao

E N ¢

Vol. 48 No. x
May 2026

VR, £, WL, BET RIS B SRR ™ A 2 1 S I8 SR ERTIE (0], W44, 2026, 48(x): 1-8, doi:
Xu Yang, Wang Gang, Hu Jian. Occurrence Conditions and Propagation Characteristics of Trapped Waves over the Submerged Ridge Based on

Potential Flow Theory[J]. Haiyang Xuebao, 2026, 48(x): 1-8, doi:

BT HREIL R A A R S R M5

AN LR A

(1. INZR A8 2@ MR BT BE JE A1 PR A, LR B R 2501015 2. T I 2 1 17 93 e B 4 BB M S Se e =, VI M e
210024; 3. VT KA W LI 50 R 2B, VLR RS 4t 210024; 4. K ULATE KRBT TG, #1dE 30T 430014)

BE: AFERREERREEAFRE ARG SHBFRT AL, FEL BN EH A BT K ER
EVHETERX, FTERMBERIRAEREGM TR, AT EETHREL, HFTREEH
W EFRENENERS, ARFLERT e MAEBEREREZNRRER TP A FE AL,
FHt—FHHUTHRALELRAHERANR SN EER AR FREN, KARRRSEZH & M
WP EHR, BEMBENGANER, BRBEVCAXEF . AFEXRA KRR REBRAER, KRBT
EAERRER TAKKERNAR, h oA ETEHET T L EFRBERT T HEHEBERE.
KEEIR. F R & DAL RRAT AR R R

HESES: MEIRERS: A

1 55

TR A Ay foe LR ) P K 22—, 3l P
Jo& ML AR | KL A AR YR T I A Al e, R R
JEIIOR | A 5 8 e ELRE B AR TR/ B SRR AEL Y 3
M AN 2 0 30T 3 Ml DX SR 9K, i 2 LGB T i I
AR ERT ARy R EJT 8 R Z 0w 3 i+
DX, it "™ T B RV NS 24 4 7 A 5 Y (]
I, 3 2% 5 ) 81 532 114y DX A TG g v 1l Wl ) v
Ve Wi o 328 37 1) 5% W) ASASL AT 38 & HC 7= A 6 b 78 L
AR AT G, 6 5 HAL R A B Y TR 2 DI AE OGP

T LY TR P RO IR PR LR T A R VR
10 5 2 AR o3, HETE A X IR AT R AR SRAE 2
B T Wl E B8 1 1 50T 28 HLIR X s 37 Ml XA i ok
M EEF A, 237 Py s Wi RS R B, T
TR X IR A 7 AR A SRAE T, ¥ e L2 R0 A
ST AL B B o DT R %, ELAF AR 9 1% 76
R T P R A A 1 ST U, B AR ST

%5 B H#3: 2026-02-28; &1T H #A: 2026-05-15.
HEEWH: BxARB#E4E LT H (51579090),

XERS: 0253-4193(2026)x—0001-08

Z i BN B LB ARIET Y, I 1945 4R 5
b % ( Makran) W 76 2R L (Murray) 15 19 51 548 H
WD HICEA %R $7 AT (Karachi) TR (Achu) P,
2004 4EEVJE IR T T R R AR 9.1 R B RR , 51 &
EILHE VR, 325 1S B BV A i [ G i 22 7 N8
SE o 2T SO0 B R R T 1 B BE A AR RN v
FOE TS, 0 T 5 R ARG 20
ELBEVE: Fh VY R B BE VIR 5 | 0 2 AR 3R U 29 78 5
FUFRE G Y 5~ 10 /N4 2R WA R, T A P4
B RE T VR RN AR ORF- TR v R 5 | T 2 W 17 4K 18 A 7
Je W B K 5 1Y 15~ 24 /NEFHRA AL 6 PE A2 2006
SET WS A A 8.1 ik FIHE (J5IBIENR 7.9
), 51 KB . 7EBLREF T L (Koko Guyot)
FR T (Hess ) HERE RO 51 A R, AR A% 3k i 7
T Z T 24 /N A R A 28 BB H 3 ( Crescent
City) " SR H (7RI R AE 2011 4748 H AR
VW A B T HE— 2B UE s, 2018 4E 85 T (Tadin)
M=V, 8 (Loyal) WS FIAA IS (Pine) W15 1Y 5

YEZ B v YFPE(1994—), 9, ILAR A A BRI, B2 F G HEZE LT 5T . E-mail: 653326021@qq.com
*EEEE: TiK(1982—), B, Atk F Om A, ##2, FENF P IREIZLZE 5. E-mail: gangwang@hhu.edu.cn


mailto:653326021@qq.com
mailto:gangwang@hhu.edu.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn
http://www.hyxb.org.cn

2

GRERE TR

SR 5 BU8 3 (Loyal) F 5 FIAA & (Pine) 1 5 B I
SR BRI i sl U

B X U B 17 2R U 0 B AF 5T, Jones! " 1 4 LB
= B UERT TR AR AR VU W Y ) JE BRI I LA
B FFTEYE o AR HE B S RIR, Va5 17 2R 5 T 43 )
A1 b 3% 2 RN AS 3 22 R0 288 3 2 R T A (AN
AL OBU A 5% A A ) 1 A AF AR U 3 S E U IR it S
e, WA LR (A& By L) b B9 £7 30 ) 322
P IR AE 878 W Ak 1 S S AR 51 . Longuet-Hig-
gins'"* FE L M TR K B 1Y 3L mh L, 45 T EBRK A B
TR A7 3R B A9 8 AT A . Buchwald!™ 4 5 1 Wi il
IR G B B A7 AR BB &R o Miles™”!
2 1| A ST D O\ B 2125 < e A | S S DR T
K F I AR AR P P AT . Mei™ B AR
PSR HER BREL TEF =0 — 4 A BRI 7 3
B FL B 32 3 122, 91X Miles™™ /) BRIS HE4T T 43 #F
45 . Shaw F1 Neu™! i 45 T Buchwald™! F1 Miles”
FIF 5T AR, & HR i 280 ) T FD = AR R ) TR AT
PSRBT, IF AN BE TIEBOCHR | BUuEmR | M
B B SHIENCR . W TR ESLMIE
B TR A7 0 0k, g v 20 0 4R 75 R ) S 4 T R A
RSSO F IR B B, e T ASTE R Oy
] S TR A2 FLRE A5 B M AR AR I O R R o I R 4E R,
AEAS G 25 0OV R B S 07 23 S R T A ROt Ay
SEAVIFHF b AR 0 BT e, I L4651 A I g A
e R IR 3R . Zheng %5128 5% J] Bessel pR 5% #fE
ST R BRI ) 4 R R b A R FR AR A I 1 8 T i AN
BHOE R Rk, MR B T RIS S T 4R
BOWMGH U IRALRE L Y Be g, IF B4R 7R R
A7 T THUET 1) U Wl B T 58 A AR 1 25 F . Wang
AU I T2 M TR OK O B A S TR A% 5% 7 Oy ) T
T X FRAR X FRIEIE T AIF7 30 0% il Ar 2, IF R
F FUNWAVE-TVD {7 4 {FA5 0 5530 HC i $2 3138 .
Wang 5500 25 T SR XTRR 4R SO0 H 7 4K 0k i by 2
WIFAHT T HAZ S 4k . R 52 550 3 P2 K
J7 R, S TP RN B 5 5 U o R A AT B
W, F PR B I 5] I A7 AR X PR 5 R FR 513
H A WK T 3l T 2678 0 1 5% it Bessel PREUE 2.

TR AR B A5 v, el 0 1 i T TR IR 0
A ) X A7 R D T IR A% 4 B A s PE S e, bR 1Y
A PR R R T RIS A A PR RN OCHE . b 5T R s Bl
Chm e L ms & . A AR op 55 ) T 7 A B TR 38 R
BEUE, WIS T 017 3R — M2 T 2878 M B o
TR R GHAE R 8. 40 1996 4F 1) £/ BL 42 45 7 (Irian

Jaya) My 52 165 Wi v, 96 43 Y Wi 38 Hhy T S S AR B L
V.4 ( Mariana) 1 g 45 J& ( South-Honshu) ¥ 4 JiF 1% 3k
fLRE 2 AR, Syt nlRE i S B i i 18 16k 15 By
AR T HEAT 30 JERE, B ST O A R LA
R S AR PLBE

{E 151 B &, Longuet-Higgins!'®, Buchwald!" &
Miles™" Z5XF T 65 By RUGH(7 AR I AR ST R 2 2L T4
PRV DT 7, 2208 T IR0 J AR AR AL 36 0 &, Pt
SRS PRI BRI —E W ZE . T
— 7T, ZF R BURUBSR DY 1) & 2 RG0S T IR X
FESYAE I e 5 ik, Hodh B KOKOF B B e
IR S 5 37 S5 T A0 ) i A e, LR X 4 5 B 3
ST LTIV . BTk, A SCEZ £ AR
45 Miles™" 25 H 18 7K F- 5 B 15 B S 10 R 11 A AT e 1) ik
fili b, B ek TR B HE = 1 S B A 1 AR AR
BT, SRAS R RECHE S BB kiR B ER
B i 7Y bR A A R A, JE RSB i kAR 4
S SCHER R, DT TR AR | S S LA 2
B EE R NP A5 o A S 5] AR
CHESE, REAE HORE i 4 34 & B ROV L 17 AR i
A A5 1B B R, AT Ry 52 B B U ¥ L | e
TR Wi 11 2 R 42 47 ML B Ak 5 A T 5 ) BB AR AR

2. BT

ARSCHE TG IE, FFSEBLRAE 5 B e 1k A4
ARG SIRSALE . anlE 1 FroR, JES7 B ARAR 2R oxyz,
Horh 2 e B 1 oK B THER O, y B E 5
B, x Bl 2 1T G B AR K RS AR AR, R AN I
D3 Do = A X e P AAOK KB Q) AT T K X 3k 2,
A MR X IR Qs 7 AL B X B 5 [ ¥ 4, B
TS P K TRAR ], e I (S5 9F 52 e =0 F92 JC BRI

BB SE L 20, B WUKEEN ), 724 MK R —
B dy (AN 1) o fRE — B 2 BRloiR B A (0, 0,
2) AT, PRI N o, AL T7 105 x B o £
TR ) A AT 3 i S o3 5 eh Uy R x Bl A % 1

‘ | . o
Pl 2 |
T

K1 B RN KRS s 2
Fig. 1 Schematic representation of the bathymetry
of the stepped ridge



X VRRRAE ST IR BIE B RPN L A S 18 S AR T 5T

3

PIAS 4 ik WYy BlAL 56 00 BORTE & B AT #E I, W
x Tl AL 4 B IR AE B3 6 [ 0 BE A 7 G K RS,
KA RS G S e . BT —
PRI G, it 3 v 25 DXl iy 88 A P R 4 R AT R BN
T BEAT A AT R Y.
¢ =— %zo (koz) expliky, (x = b) exp (iko,y) -
% {RO exp [—iko, (x — b)]1 Zy(koz)+

> Ryexplk,. (x-b)Z, (k,”z)} exp (ikyy) (1)

o AN — TR T x 1] A 1 1% B A G 5 2
AR B 1R B IR 1) 26 A 4 B4 S s o =0
NAE Q) DX A G 5 T 65 [ 7K P B A9 38 T i Dk
4 e BB A AL B e 2R, PRI T S BIE AR X TR e
U2 PR A A 3R PR R AR I O T A A X
S T IGURNS IR RS H s RO e, BT R
IS AH L T 2R e B 75 1 T IR v R B A A4 4
Fo N(DH A RIRNE, g HEITIMERE, i N Hfi
B ko ks Zow Z, th R 2 RE

w? = gkotanhk,d,

w* = —gk, tank,d, (m=1,2,---,M)
Z, (koz) = coshk, (z+d,) [ coshk,d,
Z,(k,z) = cosk, (z+d,)/cosk,d,

ky =k, +ks,

k =k -k (m=12,-- M)
X R, (m=0,1,2, -+, M) EFFE R B, Herb U R 8 K =
Rolo €y DI 10y o JEE 35 A B,

jgA
¢y =— % {To explidy, (x—b)1 ¥, (A2) +

(2)

> Texpl-4,.(x-h)Y, unz)} exp (ikyy) (3)

o 85— T N Q) ALK 22 Q, DX Y 35 2 5
S TN Q, DX IS PN 8 KT S U 1) Jr 7 A A 4 D
F, OB T BROK X BRI B 29 R0 . 2R AY, 5U(3)
H dgs s Yoo Y, B RalHAZE:
w? = gAytanh Aod,
w?=-gA,tand,d,(n=1,2,--- ,N)
Y, (Ay2) = cosh A, (z+d,) / cosh Ayd,
Y, (4,2) =cosd,(z+d,)/cosA,d,
A=+
L= -k (=12 .N)
K T,(n=0,1,2, -, N) 2 R KB R 2
K,=1Ty|o

SR A 1A R S R W B S A R R,

(4)

T x=b Ak it T 3 B2 4 3 52 0 T R 3% 5 A A% DL C 4%
PFo BER TSRS

f; ¢,dz=fjh¢zdz (5)
TR R SR S5
o (=d <z<0
%:{aﬁ.( 2<0) (6)
0 (~d,<z<-d)

B2l () Fi=t 3) AR (5) 7T LIS R.

N
TY, () + Y T,Y,(4,2) =

n=1

M

2y (ka?) + lRozo (kD) + > RuZ, (kmz)] (~d, <2<0)
m=1

0 (~d: <z<—d))
(7)

XFF X (7), P[] 3fe A 1] R AE PR AL Y, (A,2)(n =
0,1,2,,N), I H RIS XF 2 B3 45 2

o M
[ lzo (ko?) + RZy (k2 + > R,Z, (kmz)] Y, (4,0)de =

m=1

I [Z T,Y: (m)} de (8)
%’[ n=0 Hd‘:

[ lzo kD) RZ (k) + > R,Z, <kmz)] Y, () de =

m=1

fl T2 (A,2)dz (9)

W p=1,2, - N

o M
{. lzo (ko2 +RZy (ko2)+ Y R, (@z)] Y, (4,9)dz =

m=1

fo, T,Y; (4,2)dz (10)
P T 278 8 — 201 4 U
v + Ao Rubier = (Tudya (11)
Horp
f= fodl Zy (ko2) Y, (,2)dz / fdz Y2 (L,2)dz
1111 S IRACOIAR / [ raad  (12)

X oy #E x J7 ] _FoR S AT IR 2] Q) XK 1 x T 1)
R R
bro=— %ikoxzo (koz) exp [iko, (x— b)] exp (idy,y) —
igf {(—ikm)Ro exp ik, (x—b)1Zy (ko2) +

kame exp [k,..(x—b)1Z, (k,,lz)} exp (i/lo).y) (13)

m=1

X gy 78 x J7 18] FORG 0] LA 3] Q) X8 - x J7 [4)



4 WFPEEAR 48 4
B T & By B E LRI R = AR AL E IR T A B

o =— ZA {MUXTU exp [ido, (x = b)] Y, (Ae2) —
> AuT,expl-4,(x-b)Y, (/lnz)} exp (idyy) (14)

KX (13) F (14) FRARK (6) AT 15

T Yy (D)= Y AT, Y, (4,2) =

n=1

M
iko Zo (ko) (1= Ro)+ > kuR,Z, (k,2)  (=dy <2<0)

m=1

0 (-d,<z<—d)
(15)
XFF2(15), P63 [R] s 3 DA T [a] R AE bR 4K Z,(k,2)
(m=0,1,2, -, M), It HAE A B X3k 3T 2 B4, 2R
S AR A 2
m=0 B,

o N
[ [T =D ALY, (42) | Zo(kz)dz =
—dy

n=1

0
| (ko2 o) (1 =R dz (16)
m=1,2, -, M,
o N
J;%mnnum—iyunmmﬂawm&=
n=1
0
| kRoZ2 (k) dz (17)
H1 I AT LAAS 3 55 Sh— 4 5 FR 2 R
{enhn TRy = {an}(M+l)><(N+l){Tn}N+l ( 18 )
ep=—-1,e,=0m=1,2,---,M)
B o,
Bo=—" [, h@azkade/ [ Z ko),
—id,, (° —
Bu= " [, 102 (o) de / Ji2 ke,
11, 0 0
Bo= " MMMMm@/jémmm
kmx ~& -4
e (0 ' Zod: (19)
Bu=7" [ M0ank2& ) [ Z 6k

P78 (1) F=(18), AFLAK S R, (m=0, 1,2, -+,
M)‘ Tn(i’l:O, 1a23 “'aN)C

HrA R, H:
_ B, fu— €0
R, = o8 A (20)
T, M:
T,=f+AnR, (21)
MR HE K (20) TS G RECH
_ Bo.Jf, —eo
R, = 1= ByA, (22)

GBI 0 SO E R . Y R R R, BIE T
1B, A S RE B & B U 3 ~F 56 42 b 29 R AE 1K X
B, T BRI S . ti=t (22) 1R I IRTE & B it
Gk e A A I A
Ay = kysina (23)

AR IS SO FETOK XL Q, | HAFTE
Wy 7 1 WP x5 ) BB O 0. A
AT LUE Y, 204 SO AR A A TR M 7K X A% )
TRIKIX (B kg>A B )o

Sy LA o] e T8 R B X 5 R R ) e, i B
R TE ZHGHAT 8 61 73 BT 65 B B 5E 26=50 km, 5 Ti
K d=60 m, SN g K I dy=4 500 m, 3% J& ] 43 51 B
T=1 min. 7,=2 min Al T;=5 min, ¥ F&®ZSERA L
J 25 AR (23), AT A2 =B AS [R] JE W (9 9 75 % B By
B b %t A SCSIEI FE AR R 0,=14.85°,
0,=7.42°F1 0,=3.42°, B 2 AS [m] J& 300 30 o A 550 KT
XoF 1 I S A G R B AT e A A U

UMW 1 min. 2 min A1 5 min B9 3% VR 2 DL AR
TA2AGREINE , T [6) J 0 (AL AT N R 2
& 2 2, AT Ti=1 min B9 %5 & 900, A5/
ANTF LGS, AN R 4 R A, WOR IR —
B4 e B R S R 5 DR, g — 3 40 i A T i U =
B B AAMREE K I XS T 7,=2 min F1 T,=5 min £ K
JEVRE IR, A A 3 SR T B A T L A T A
FE A, WOIR BETE 6 W 30 % A A= 58 4 R, T AE
G B MY T 4E KR 52 88 S A 1) St s, B A B
A7 IR

50
5 7 - T T, T,
5 _142?‘,/'\
£ o
=25
=50 . )
0 5 10 15
x/km

P2 AN Ia] S A e TR LA ) AR B 7 3 B
WY LA R R
Fig.2 Schematic diagram of waves with different periods

propagating on a stepped ridge at the same incident angle

3 HRorr

31 EEE

ST oKk i oy AR () Ak (18), wT ISR A5 R,
(m=0,12,---M), T(n=0,1,2,--,N), JE T 34 At i 7
G W IR L 58 R T A R L Al 1 PR, R —



X VRRRAE ST IR BIE B RPN L A S 18 S AR T 5T

5

Bl 2 Pk L 3 N 65 B T AR (0, 0, 2) Ab ALK, 1% 1%
TS x Bl o f o TR AT LAy T y SlORT x
I LR

Y Ty Bl 1) A% 495 04 43 iV TR R I 2 2k
PR AT 2, Lk T ok R Ay 3 5 M R DU g, PR e AT
AT IR x Bl 1 D YR A3 o T | A ) D e e AR
THA SRR BUNR : BIR RN o=2n rad/s, i T K
UK d, = 0.05 m, Bl /KER R d,=0.3 m, 5 R>F58 K b=
1 m, AFHERIE 4=0.02 m. T RGBS, K ik S
B AR 7 RN LIS Q, F1 Q, DX I8 Y 3 #
g HURHEIES: o 55000 1 2005 Fon =0k,
BT 45 20 3 0 123820, Al 3 Fr .

P 3 I TV R 1) 43 A
Fig. 3 Wave amplitude varying across the stepped ridge

3w, @ XIS I B B B L =1 Ao &
Brifi % @ KO B Z b HKIX . Eh)ER T
2 LI B N 55 B v i) 7 000 £ 4 1) e - A 5 Bl
G x=k1 A, NS A AR08 1 5 80 o3 i, — o3
AE B DL BT I E A TROK X Q, X, 55— &R g f LA
SR AGR 8 5 5y @, IS5 Frge AR i SR &, P
JIE P

T AR SO T B 4, B TR RE L A
A 4 B BRARRD AR, AL TR AR @ XA Q, DX
P BB ST AR Y o Q DXI K IR, AT T 15 45/
Q, XK BREER, AR P AR o AR B RE I T 1
Q DI AT R R T, IR i s o (ELAS 48 HT Y 2,
ER PG ML, f TRREARGIAT R AR AL
B, P RAE x=1 JEXF P A7 A B R, (HI
I 08 i P 25 5 7 0 2 B 09 4 OO0 P
32 AEANHBETRHE R kd, FIXF

AR X S ARG (22) HEAT JCEE A A, BRI
KR dy/dy B E RS, S 28805 To R S kod, [H)
BISCE, WA 4 Przs o NIRRT, 25 A6 A 2 0o,
B S35 BB kod, 04384 0 328 068 /)N, O 3 ¥ 8 3T T
F M A AR BE S 300, 45°F0 60°, S5t &R B BE &
keod, B3 o 5 B 5G4 ) s ) AR AL ML : AE kod,=0.7 B

IR BIWE(E, Z 5 Bk T . Ak, 75 A [
kody Z5AE T, NS AR, BT R AR . Bt AT
A, AR dy/d, — B BIETE T, kod, BN 3 TR
LA BE25 5 W 65 B MR A7 3, HLA S R B R i 2
G E B BT IR

0.5

d,=3d,

04t -~

2 4

kod,
B4 ORIEAS AT AT &R AR T 2 NS5 ked, 10
Ak

Fig. 4 Variation of reflection coefficient with dimensionless

parameter kyd, under different incident angles

33 REKEL dyd, T RS REF kd, X R

AR 5 o=0°HT, I RE N I 5 R BT
BEAA L % SRR KR [ dofd, B0 4 18 T S R 3
Ry 5 hody 065, ML S s, 45 BRI 15 do/d, 13
SR A R ST R BT kod, 19 3 00 T 8 4 05
N, B IET 05 24 kod, 52 (LI, I 5T R B BE %
IR TR B dofdy GOSN TR I . TN, 25 dyd, —
BF, ko, B /0N FOE TR0 09 T8 5 5 43 W M O £ 3K
T A5 0 25 4 S TR AE KR . o/, K £ 4 T
R S AR

0.3
— d,=1.5d,
d,=2d,
- d,=3d
0.2 | 2 1
<
0.1
0.0 :
2 4

kod,

5 AEKRI dyfdy 545 T ST R R kod, B9 224K
Fig. 5 Variation of reflection coefficient with d,/d; under dif-

ferent water depth ratios d,/d,

34 ERHEUTANSRES kd, M dyJd, FIX R

Xof 4 B SRR (23) HEAT JC B AN AL R, BT 4 )
BN R ARSI A R A o 5 kd, 1 do/d, 95CFR, 4N
6 17N o S B kody W1 I AH XTI 50 (o B AH X5t
R, M dy/d, W AN KR 55 8 T K IR B A G e



GRERE TR

{E., HER N YRR do/d, —EB, 25T
I A 1 o BEE kod, 193G KTTHE FC; Y kod, 3 2]
— SE AR, I A ST 90° (R FF AN, LA i
HIAF AR AE S 58 A K IR L doldy BT E o X R E TE
RRARE X3, 9 T8 2 Bk 15 B T AR 35 1 A v A0 X3,
RNWER G BAT 3K o Y kod, PREFIEE I, 255 rd (1)
I - A5 £ Bl K R EE doldy W38N T ek /)N s 24 dy/d, 14

N———————— ———————
< /— -
60 ~
> £
E /7 — d,=2d,
0 7 - - d,=3d,
V4 — - d,=4d,
0 .
0 1 2 3 4
kod,

] —E LI, e 5 A A T — A E R (E, A PR
KB HE 8 R kA i I b B B £ AR BE ) 58 4x
kody I PR SE o X F W] PRI R — S I, B S B
K TRARXT B TR TR I R4, 65 B M 1) 17 3 E ) 22
34585 I 25 SMEE AR IR R T UK R I 1k 81— T
ERRENS VAN IN WAy SRR A TR g 2
Wi £5 By M A7 AR RE 1 9 32 R

90

751

ol(°)

60

45

6 IEMT ALAG kd, F dyd, BIR R

Fig. 6 Relationship between incident angle, kyd, and d,/d, under total reflection conditions

4 5B

ACETHRBILHET T G P HE LR
ST, KR EAIESE T 65 B B (AR RS fh TR
TEJEAE I A 1) SR BT e, JF ik — P 40 T R
A 4 S I S AR AR i AR SR A S B R S
AT IR IR do/d, RS F T BT 2 805 Jo i 240
PR ko, BG40 T (R R U H B AR Az B
Mo SRR, R IR AR B4 5 9 65 i R BT 47
AR, IRIRLE dy/dy KR, IE B9 17 2R RE 1 8 [R] i,
ARV B S F B BE I A A S AR SR T
Tt 4 O R I B 26 1 B O 5 A L kod N

SE

dofd, 15 Z : FEAHRHERAR X, PR 5y & A 4 I3 b
TEAT 3, i 76 X i 430 X3 0 AS ) % A 0 R —
B, 75 B Hb R 4 17 2K RE 7 36 90 Bt 5 A K TR 5 8 THOK
VA XT L dofd, (3G KM 1G58, 52 dy/d, 386 0 3] — &
TR I, 5 B H Y (447 3K B8 18 e, R 5503
NEm A M HIE FRRE M ERE R, S5CHET
TR K UM (R BIE 5 M By AR SCR FH 4 /K BR 3 BRI
ZEME T3 T K B R B, SR bR R T B
RUEAT AR AR 07 A 2 FE B ke i o ISR
AJ SRy TR0 B iV A 4G 1 e R T R U B 3 B ]
PEAEIEO AR, %o I8 165 Vg i ¢ 1 TR0 55 XU DA L
BEREE Y,

(1] BkEEFS, SPYER, Sfnft. 18w TR A B VR (] R S8 BRI [J]. 7K B Hs 1, 2025, 46(4): 469-478.
Geng Baolei, Qi Zuoda, Jin Ruijia. Summary of research on long-period wave problems in coastal engineering[J]. Journal of Waterway
and Harbor, 2025, 46(4): 469-478.

[2]  Wilson R I, Admire A R, Borrero J C, et al. Observations and impacts from the 2010 chilean and 2011 Japanese tsunamis in california
(USA)[J]. Pure and Applied Geophysics, 2013, 170(6/8): 1127-1147.

[3] Rabinovich A B, Woodworth P L, Titov V V. Deep-sea observations and modeling of the 2004 sumatra tsunami in Drake Passage[J].
Geophysical Research Letters, 2011, 38(16): L16604.

[4] Heidarzadeh M, Satake K, Murotani S, et al. Deep-water characteristics of the trans-pacific tsunami from the 1 April 2014 M,8.2
Iquique, Chile earthquake[J]. Pure and Applied Geophysics, 2015, 172(3/4): 719-730.

[5] Gusiakov V K. Strongest tsunamis in the world ocean and the problem of marine coastal security[J]. Izvestiya, Atmospheric and Oceanic
Physics, 2014, 50(5): 435—444.

[6] Hilditch J P, Thomas L N. Trapping of near-inertial waves and critical layer formation in baroclinic currents[J]. Journal of Fluid Mechan-
ics, 2026, 1031: A40.

[7]  Kowalik Z, Horrillo J, Knight W, et al. Kuril Islands tsunami of November 2006: 1. Impact at Crescent City by distant scattering[J].
Journal of Geophysical Research: Oceans, 2008, 113(C1): C01020.

[8] Rabinovich A B, Lobkovsky L I, Fine I V, et al. Near-source observations and modeling of the Kuril Islands tsunamis of 15 November
2006 and 13 January 2007[J]. Advances in Geosciences, 2008, 14: 105—116.


https://doi.org/10.3969/j.issn.1005-8443.2025.04.002
https://doi.org/10.3969/j.issn.1005-8443.2025.04.002
https://doi.org/10.3969/j.issn.1005-8443.2025.04.002
https://doi.org/10.1007/s00024-012-0527-z
https://doi.org/10.1029/2011gl048305
https://doi.org/10.1007/s00024-014-0983-8
https://doi.org/10.1134/S0001433814050041
https://doi.org/10.1134/S0001433814050041
https://doi.org/10.1017/jfm.2026.11336
https://doi.org/10.1017/jfm.2026.11336
https://doi.org/10.1017/jfm.2026.11336
https://doi.org/10.5194/adgeo-14-105-2008

X VRRRAE ST IR BIE B RPN L A S 18 S AR T 5T 7

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

271

(28]

[29]

[30]

[31]

[32]

[33]

[34]

Swapna M, Srivastava K. Effect of Murray ridge on the tsunami propagation from Makran subduction zone[J]. Geophysical Journal Inter-
national, 2014, 199(3): 1430—1441.

Rabinovich A B, Candella R N, Thomson R E. Energy decay of the 2004 sumatra tsunami in the world ocean[J]. Pure and Applied Geo-
physics, 2011, 168(11): 1919—-1950.

Horrillo J, Knight W, Kowalik Z. Kuril Islands tsunami of November 2006: 2. Impact at Crescent City by local enhancement[J]. Journal
of Geophysical Research: Oceans, 2008, 113(C1): C01021.

Wilson R I, Admire A R, Borrero J C, et al. Observations and impacts from the 2010 chilean and 2011 Japanese tsunamis in california
(USA)[J]. Pure and Applied Geophysics, 2013, 170(6/8): 1127-1147. ZEFIF_LFeR}, AL&CHR 545 2 &3CBRES, HHA)
Rabinovich A B, Titov V V, Moore C W, et al. The 2004 Sumatra tsunami in the southeastern Pacific Ocean: new global insight from ob-
servations and modeling[J]. Journal of Geophysical Research: Oceans, 2017, 122(10): 7992—-8019.

Rabinovich A B, Woodworth P L, Titov V V. Deep-sea observations and modeling of the 2004 Sumatra tsunami in Drake Passage[J].
Geophysical Research Letters, 2011, 38(16): L16604. ER M _ BB, A &CHRSE 3 LCRREX, BRI

Kowalik Z, Horrillo J, Knight W, et al. Kuril Islands tsunami of November 2006: 1. Impact at Crescent City by distant scattering[J].
Journal of Geophysical Research: Oceans, 2008, 113(C1): C01020. (22 BI_E2ekl, &SR S58 7 £3CREE, IHHIN)

Roger J, Pelletier B, Duphil M, et al. The My, 7.5 Tadine (Maré, Loyalty Islands) earthquake and related tsunami of 5 December 2018:
seismotectonic context and numerical modeling[J]. Natural Hazards and Earth System Sciences, 2021, 21(11): 3489-3508.

Jones D S. The eigenvalues of VZu + Au=0 when the boundary conditions are given on semi-infinite domains[J]. Mathematical Proceed-
ings of the Cambridge Philosophical Society, 1953, 49(4): 668—684.

Longuet-Higgins M S. On the trapping of waves along a discontinuity of depth in a rotating ocean[J]. Journal of Fluid Mechanics, 1968,
31(3): 417-434.

Buchwald V T. Long waves on oceanic ridges[J]. Proceedings of the Royal Society A: Mathematical, Physical and Engineering Sciences,
1969, 308(1494): 343-354.

Miles ] W. Kelvin waves on oceanic boundaries[J]. Journal of Fluid Mechanics, 1972, 55(1): 113—127.

Mei C C. The applied dynamics of ocean surface waves[J]. Ocean Engineering, 1984, 11(3): 321.

Griffith D J, Ruppeiner G. Introduction to electrodynamics[J]. American Journal of Physics, 1981, 49(12): 1188—1189.

Shaw R P, Neu W. Long-wave trapping by oceanic ridges[J]. Journal of Physical Oceanography, 1981, 11(10): 1334—1344.

Mgt SCHERR, 8 A KBS J12A M. JEat: Bl iR, 1984,

Mei Qiangzhong, Dai Shigiang, Zhou Xianchu. Dynamics of Water Waves[M]. Beijing: Science Press, 1984. (25 B B_L ¥k}, RBH 4
FICIRISCEIEE B, W)

SRR, AR BE B FRE FHMY. BT B2 AL, 2005,

Zou Zhili. Water Wave Theories and Their Applications|[M]. Beijing: Science Press, 2005.

REANUE, b, M. Yy BN AR PSS R RI[CY/AR L P () TR ARDHE S CE (). BT T ElE
HETREE2E, 2015: 544-551.

Xiong Mengjie, Wang Gang, Zhen Jinhai. Theory of trapped waves over parabolic oceanic ridges and its applications[C]//Proceedings of
the 17th China Marine (Coastal) Engineering Academic Symposium (Part 1). Nanning: China Society for Marine Engineering, 2015:
544-551. (ZEF W _LFER, RRBIARZSRISCEIER L, HHIN)

T, B0, e, & SUM AL IR PR T SEUE RS (J]. 1R, 2018, 40(5): 15-23.

Wang Gang, Hu Jian, Wang Peitao, et al. Analytical and numerical investigation of tsunami trapped waves over a hyperbolic-cosine
squared ocean ridge[J]. Haiyang Xuebao, 2018, 40(5): 15-23.

Zheng Jinhai, Xiong Mengjie, Wang Gang. Trapping mechanism of submerged ridge on trans-oceanic tsunami propagation[J]. China
Ocean Engineering; 2016, 30(2): 271-282.

JIMG, Fd, T, R ST AT A BE AR FRARDE L[], HEESEAR, 2019, 41(11): 35-39.

Wan Peng, Wang Gang, Yu Hongquan, et al. Mechanism of trapped wave over an ocean ridge based on the ray theory[J]. Haiyang Xue-
bao, 2019, 41(11): 35-39.

Wang Gang, Liang Qiuhua, Shi Fengyan, et al. Analytical and numerical investigation of trapped ocean waves along a submerged
ridge[J]. Journal of Fluid Mechanics; 2021, 915: A54.

Wang Gang, Zhang Yiwei, Zheng Jinhai, et al. Analytical investigation of trapped waves over a submerged exponential ridge[J]. Ocean
Engineering, 2023, 273: 114002.

XVEREE, T i, S0, 55, PRI PRI 5 | ik SE B T B [J]. T E2A4I, 2023, 45(6): 36-43.

Liu Jianhao, Wang Gang, Guo Hai, et al. Complete analytical solutions for guided waves along a parabolic symmetrical ridge[J]. Haiy-
ang Xuebao, 2023, 45(6): 36—43.

Koshimura S I, Imamura F, Shuto N. Characteristics of tsunamis propagating over oceanic ridges: numerical simulation of the 1996 Irian
Jaya earthquake tsunami[J]. Natural Hazards, 2001, 24(3): 213-229.

R, B PR AEFIAOVEIIM]. 3 B bR R AR, 2015

Li Yucheng, Teng Bin. Wave Action on Maritime Structures|M]. 3rd ed. Beijing: China Ocean Press, 2015.


https://doi.org/10.1093/gji/ggu336
https://doi.org/10.1093/gji/ggu336
https://doi.org/10.1093/gji/ggu336
https://doi.org/10.1007/s00024-011-0279-1
https://doi.org/10.1007/s00024-011-0279-1
https://doi.org/10.1007/s00024-011-0279-1
https://doi.org/10.1002/2017JC013078
https://doi.org/10.5194/nhess-21-3489-2021
https://doi.org/10.1017/S0305004100028875
https://doi.org/10.1017/S0305004100028875
https://doi.org/10.1017/S0305004100028875
https://doi.org/10.1017/S0022112068000236
https://doi.org/10.1098/rspa.1969.0014
https://doi.org/10.1017/S0022112072001685
https://doi.org/10.1016/0141-1187(83)90044-5
https://doi.org/10.1175/1520-0485(1981)011<1334:lwtbor>2.0.co;2
https://doi.org/10.3969/j.issn.0253-4193.2018.05.002
https://doi.org/10.3969/j.issn.0253-4193.2018.05.002
https://doi.org/10.1007/s13344-016-0017-7
https://doi.org/10.1007/s13344-016-0017-7
https://doi.org/10.3969/j.issn.0253-4193.2019.11.005
https://doi.org/10.3969/j.issn.0253-4193.2019.11.005
https://doi.org/10.3969/j.issn.0253-4193.2019.11.005
https://doi.org/10.3969/j.issn.0253-4193.2019.11.005
https://doi.org/10.1017/jfm.2020.1039
https://doi.org/10.1016/j.oceaneng.2023.114002
https://doi.org/10.1016/j.oceaneng.2023.114002
https://doi.org/10.12284/hyxb2023095
https://doi.org/10.12284/hyxb2023095
https://doi.org/10.12284/hyxb2023095
https://doi.org/10.1023/A:1012038121972

8 GRERE TR

Occurrence Conditions and Propagation Characteristics of Trapped
Waves over the Submerged Ridge Based on Potential Flow Theory

Xu Yang', Wang Gang™®, Hu Jian®

(1. Shandong Provincial Communications Planning and Design Institute Group Co., Ltd, Jinan 250101, China; 2. Key Laboratory of Min-
istry of Education for Coastal Disaster and Protection, Hohai University, Nanjing, 210024, China; 3. College of Harbour, Coastal and Off-
shore Engineering, Hohai University , Nanjing 210098, China; 4. Yangtze River Shipping Development Research Center, Wuhan 430014,
China)

Abstract: Oceanic ridges can channel tsunami energy as trapped waves that propagate over distances exceeding ten
thousand kilometers. Owing to their distinct propagation characteristics, these waves carry substantial energy to re-
mote oceanic regions, posing serious threats to coastal engineering structures and to human life and property. Us-
ing potential flow theory, this study derives an analytical solution for trapped waves over a stepped ridge. It is math-
ematically demonstrated that trapped waves over a step-type ridge arise from wave reflection at the abrupt topo-
graphic change, and an explicit expression is provided for the critical condition required for total internal reflection
to occur—thereby enabling wave trapping. The results show that lower-frequency wave components are more read-
ily trapped by the stepped topography, and that the trapping effect becomes increasingly pronounced as the incident
wave angle increases. By adopting the full-depth potential flow theory; this study overcomes the limitation of previ-
ous theories that are applicable only to shallow-water waves, thus offering reliable theoretical formulations for in-

vestigating trapped waves over realistic, steep ridge topographies.

Key words: Trapped Waves; Stepped Ridges; Analytical Solution; Potential Flow Theory; Tsunami
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