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Study on wave propagation over sinusoidally varying topography

TENG Bin, CUI Jie

(State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024, China)

Abstract: Based on the potential flow theory, the propagation of water waves over finite-length sinusoidal periodic terrain is studied by
using a frequency-domain boundary element method. The grid convergence analysis and the comparison with the experimental results of
the physical model are carried out to verify the accuracy of the numerical model. The influence of the length of sinusoidal terrain and the
amplitude of topographic fluctuation on the reflection of water wave and the wave amplitude along the periodic terrain are studied. It is
found that the variation of wave reflection coefficient with wave number and the variation of wave amplitude in space are enveloped; at
the frequency corresponding to low reflection coefficient near the Bragg resonance region, a very large wave height may appear on the
periodic terrain; with the increase of terrain amplitude, the first Bragg resonance band becomes wider and moves to low frequency.

Keywords : reflection coefficient of water waves; Bragg resonance ; boundary element method ; sinusoidally varying topography ; relative

amplitude; propagation of water waves

A PR K R I IR A% 1 ik A8 25 52 B IS M TR B 52 e SR 0 V0 ORIV DU UL 1) ¥ R b | 5
JE A M AR KR BE b2 2w K A v 1 bt o TR, 2R 98 R S 0 XK e i VE 2 R A 2
S,

Davies' "' i I 8 BRI 5T 745 B 15 5% J&1 300 b TB XoF 7K i 140 B 55, % B0 224 7K I8 10 2 b T 10 K A 1
TR S S 3625 4 N, Heathershaw ! 3 i 4 BIASE RO IE 5L 13X — B0 G2 . R LS 0L (1 A 4 3L o
A HEAS RIS WK Z IR PR K A RA% LR o A s 4R LR AT B T B V0 SO LY AE 1AL
O —ge SR [ 5-6 ] 4 T A8 N TSR B B A HE 1L

HARFOK P AT RIS ILIRBLGR | VF 2757 E5 R R AT 5 Jo] S I X0 74 1) S 23 PR AT, )3 W D % o] 30
& , Davies 1 Heathershaw' " Fl| F 56 T HUJE i85 51 B I 7 B WFSE 1 70N 32 362 AR 300 b 92 %of 7K i 149 S5z 559 Ao it

%5 B #5:2021-03-13
BEE&WA . EFE A RPLEIE4 (51879039) ; [H % S HF &+ (2021 YFB2601100)
1EE RN % Xﬂ:( 1958-) , B ,%ﬁ(& s FEMNFE PR S5 E A MRS, E-mail ; bteng@ dlut.edu.cn



) i3 # T i 540 45

(), 2B AT LT A Rk SRR | (HHA A S S R R A R TR A, [R) A 7R B RE A
SPAR PG . Mei ™ FI 2 RO JRIFIERF I T V030008 K i A h i LR U 42, 11030 1) 2 S5 3 S5 A A 0 4
WG R4F. Davies 55 58 F I EE I RO S0 TR B AE SR B b () A 408 IRV, A 30 4438 PR ISR 100 55 17K
TET RSP T A P, K 2 55 T PR i 2 i S AR EL AR T S ) S 53 R e

X AR AR T | 7T R FHEUE )7 #EA TF5E . O'Hare #1 Davies'™ | Cho 1 Lee " K 3% 52 14 i 7 ¥ 1%
MBI AR S g HE AR B 15 B M SR K 5 L ) RE SR R eR A A T JRE T A i R A AR e 2 R
SEARSR A B IR, DAR A T K DA R % T A4 1) 0 31331 8 00 e 02 %o /K 9 B3t . Kby
e —Fh A RO AR LIRS 1A SR A ISR AR I 1 K D R4 . Hsu S50 R T —Fiogi i)
YRR (EEMSE ) BF9E T A T RSB S R A KA HAs RIS . Liu %17 RNE IR 7 ey
P:(MMSE) #f 78 T 1E 52 #6249 I 98 52 8 1) BT, Dalrymple %57 R 1 B 00 7 ¥ 3 B T Davies 1
Heathershaw[ L7 Iﬁ%\¢%ﬁﬁi@ﬁ5X¢7k{Ei E/‘J}iEJL ’ ﬁﬁ%TE r'ﬂ%n/"’ﬂf'ﬂ/ﬁ(@/\%f?}%/ﬁﬂi&ﬁ/;iﬂ/ﬂ }igf%@( ’ 1%734
TEASZ I HTE B P RS AR 0 B A B A4 R 5 Mei ) 19 2 RO R P i R 56 25 W) & R 4F, Liu
AELOURFH B B IR RS T AL R T A — I ) AR LR 4 T AR R R A ) =R R S i
R ] A AR MR ELAE T 464

SO FH ST S ES M UE E B i ey iR T T RS R I K B M 2 R DAL
P OT R A TR , Xk I AN e AR A , YRR il R v I 28 1k, T 1A = A v Jr 3 B AR AR
R, W HTZ T 2 R GEMAITESE 1 I 5K R ISR T v BE XS S SR AR B S , LA R X I T i S S AR AR
B R PR I 18 13 BE RO U RR A, B T — L A IR AR IE AR

1 B 5k

FIEIKEAEZ A E L AT T AR )8, ani&l 1 s . @S -RRARPR &R, AL T KT B,z Bl
e (0] b o ARBR T ST R IHOE RO A0 B HOE BRTS PN KSFIRER KR d, F d, , WEEIRTT
FEh

-d, x=0
o (27
z=f(x) = —dl+asm()\j 0 <x <X (1)
-d, x = X,

ArbRERHIE IR N o, AIIHOE R A BRI KRN X, o AHATT 8, 181 1 R T P R Y
HOIE o ARG AN AT 4 H IO TCHE , A R ek @ (x,z,0) AFFE . TR/ IR ALT 30 32 A0 1y 42 1
JTRE A RS

V®(x,z,0) =0, flx) <z<0 (2)
>’d oD
atz +gg—0, z=0 (3)
RS (4)
an

A g WEITNERE ¢ it [a] ,Z—f Oy R JEE A T AR BT 1) S, L A AR AN N IE . B M
S RN o FAAPGR AL RR RS, S Sl 238 RN 5 e 7 MRS Oy

@ =Re[ p(x,z)e ™ ] (5)
LR b (x,2) W RIS R AL B 254 R
Vi(x,z) =0, flx) <z<0 (6)
‘2—"’ =%, z=0 (7)
z g
%0, a=fw) (8)



%1 M, A A BRI IE X I b IR AL B )RR 5 3

R 40 FOTRBA O SR ARZ I, BUE 1 IR B PRI S, L S, (S, Sy S, AR
WP ST R W AR AT DK ORI S . b R IR IS S, S, BT IRHIBRIBE RN Ly,

z
o _ S
0 x
S d| ! p) P Sk
T | Se
a}! :
I//////////// /////( THTTHTTTTTTTT7TT

LH LH

2/ (%)
K1 KRB R &

Fig. 1 Sketch of two periods of underwater terrain
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Tab. 1 Reflection coefficients computed by different meshes (a/d=0.64 and n=10)
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0.4 0.015 14 0.015 13 0.015 13 0.015 05
0.6 0.039 74 0.039 71 0.039 72 0.039 67
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Tab. 2 Reflection coefficients computed with different lengths of left and right horizontal sections (a/d=0.64 and rn=10)
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Fig. 3 Influence of sea bed amplitude on the wave reflection ( n =20)

P 3 Rl TR Mei Y A ES MRI T EAR EIAYEE R . AT LI B, I I RN o/d =0.16
B (E13(a)) ,BEM Y455 Mei YIS AREY) & B4 S B IRIE KR a/d =0.32 F10.64 B (E 3(b) (c)),
Mei BYHS IR I AT RS IR TR AR R IX A 45 0 ot o] LA B, o T i R 0 M s K %)
T, Mei HIBEISIRA —E BRI, AR SCH) BEM 325 0] LU T BT B A K B IE | X MU O s 4 K /N e A
PR
2.3 EZMEAET IR RSN

P 4 2 IE 5% T AN BO K I S B 3R BRI, IE 5% HUE A - 35 /K R R 7K T8 K R 34T 0 d =
0.312 5 m, IESZHIIEI KA A =1 m, IESZHIE PR N @ =0.2 m( a/d =0.64) , & 4 5350 J Pl IR 7 4 B 43531
5 m 10 m F120 m IE5ZHIE (JETEAECH n =510 F120) LS5 R BBEAIRHE B kA /7 AL R, =
P L X He T U Y FE SR — AN AR RS JE IR BEIT | ST R B AL 2% B AR — B, 55 — AN A b L PRAy
{14 T 5 RN Sk R BOR/INIE AR N i PR b A B T A8 Ak, L2 S 2R 50 in 20y ) 40 i v G b T A 88 i A8 A
JEHIE B (ML) WIS TE | RS R 00 U 20 SR I 3, B S5 22 50000 U6 2 i 0 155 0 e ) 0 b T2 4 3 i f)
BORR (o /Xy ) o BB A RAK LR A4 S JEE Bt Vi PR b R A B8 A 0l /20 T 28 9, I S 2 5 Vg A M T K B
(R TN

N —
0.8 7N 0.8 f \\
524 / \ ~ f\ N
04F /1 / \ 04F 7 / \\/ \ ( \ N A
/) \ , \ ‘
00 \'// \vy \// \\ yaN \/I\/—\ } \”( \f V I \! \V’/ \\/ //“ AAA \\VW\N\,\
0.5 1.0 1.5 2.0 2.5 0.5 1.0 1.5 2.0 2.5
k\lm kAIm
(a) n=5 (b) n=10
f |
0.8 .
f\{\{ f\ \ N
oy W N{\( /\(q ’ // \\
M I \
0.0 V’ v. M “V ’ I v YVV | WMWY N A
705 1.0 1.5 2.0 2.5
kAl
(¢) n=20

Bl 4 TESZHE RO IR S ) 2

Fig. 4 Influence of sea bed terrain number on the wave reflection
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