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The Deformation of Nonlinear Waves Pass Through Inclined

Thin Barriers

Student : Chih-Wei Chan  Advisor : Yung-Chao Wu

Institute of Civil Engineering National Chiao Tung University

Abstract

Based on the boundary element method (BEM), a time stepping
lagrangian technique is developed to simulate the generation of nonlinear
water wave by a piston type wavemaker in a numerical wave tank. The
second order free wave which generated by wavemaker, due to finite
displacement, is eliminated in this study. Besides radiation condition, a
sponge layer is set in front of the end of the wave tank to reduce wave
reflection. To demonstrate the accuracy of the proposed numerical
scheme, the surface elevation is computed and compared with the fifth
order Stokes wave theory. The numerical scheme is also applied to study
the interaction of nonlinear waves with vertical thin barriers. The
transmissivity predicted by this study i1s compared to laboratory data and
numerical results from other investigations.

After having verified the accuracy of the numerical scheme, the
interaction of nonlinear waves with inclined thin barriers is investigated
in detail. Our numerical results show that transmissivity is affected by the
width, the submerged depth, the inclined slope of barrier, and the
clearance between two barriers. Generally, the transmissivity decreases as
the relative water depth increases; the transmissivity decreases as the
wave steepness increases. Increasing the depth, the width and the inclined
slope of barrier decrease the transmissivity. The numerical results indicate
that the multiple barriers become more efficient than one barrier.
Resonance occurs at a certain clearance between two barriers at which
transmissivity becomes extreme.
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£ %2 [HHe[R]E 2 &0 T & S ma ki 8 o B Foig 2
»38(3-10) 0 H MRS L ES 2 F o B PH T EELE |
[CR Rl Il

[AlX }=1{F} (3-11)
P Xl E AR (Flic aow o [AlGliced » {7 2T A

gl

IR 2 O frd, o

3-2 pd ke 2 iR

TR D kG P2 kRS AE - FREIRS DB E R &

<~ # * Eulerian-Lagrangian # it /# <98 4 (Dold and Peregrine > 1984 ) »
| * L F R deiE o REER A Z 2V RE R - PR RS R

ETIRS
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—
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¥ 2 dic(Taylor series)E B 77 ¥ % 77 =

d§ d*é&(a) 3
o(st 3-12
$'=&+ dt2 jeat () ( )
dg d*s (&) |
'=c+ =8 +—= +0(a 3-13
§'=¢+ = (&) (3-13)
o -0+ 385,42 E) (3-14)
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BY B AU AT L A B ks I 98 0Py
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2 2
. d*és d¢ d'o ro 2t . i
W s FF e s Freaiireal c R PN R E R B
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- P2 2. fiB 4T
_dg o . o
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at s 0P g snF on (3-15)
dg oP oD
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dt

£ (3-17)¢ 2 %‘Dﬂd DFSBC #f % i 2 (2-17) %% « &g d ko + &

+(V-V)D (3-17)

FRTI AR PR LT N AT
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oX ox oz 01 on
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[( )+ ( )} u®+jxlax®onrfdx+(as)+(an>

- %[(—) } o [ Lo

ARl ke bR B R e a=0 0 L NG-18)E 7 2

ey
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dx (3-18)

onl’¢

2l ¥
= &
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£
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B. fd kot P REO:d G-lA)F Pl BE B LT
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oD 1 & (ROl «
= __- o - | Lo dx 3-20
an c ( max X aX onl’¢ ) ( )

He o Ztgstih ag ) w2 E R -

D. 2&RFR(FPARKFET »\BRF)FERD » i O
WiERELE R R o

it R b ER A F R T RER - PR R R 2@
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~
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PRLEREO M P LR HKG AR PRI ST

% Ri® o

2 2 2
reparopramade 09 4, iy 25 Grilletal.

dt*>  dt? dt?

1989 #7dk d1enff Th 5

d’s du [oo, L 003’0 80 00,
dt> dt | os "5 o on os

cos [

0D 0°D 0D D OB, B, . |.
+|———————L == +Ww") |[sin 3-21
on 0s* .@s-0s’ - on 85( Jsing )

(U® +w?) [cos B

d’g _dw _| 0D 0P O’® 00 00, , 0
dt> dt | on on 65> Os Os  os

)
+ sy - C2D+628d)n +8CI)I sin 3 (3-22)
0s 0s on 0s 0s
22 B SN NI \'/dzq)y
wpod Ko oS i'J?‘E"ﬁ'éﬁl R 4 mdtz %
d’o d ou
e dt[ gg+— (u +W’)— 'U(DJFLI—&(DO“Dd} (3-23)
1 ®F# L %02 Pl (Leibniz rule) ¥ #-F 58 532 3
d’e  ds  d%
——=—-g—=+U w
a . Sarde dt2
dd (xou dd ou ou
—u—+ | == dx ————ud| _ +——ud 3-24
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B. fd -k Lm%" d(2-17)5 17
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0s 0s 0s’ 0s
Rl E S
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od
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Z—fa 96y . #d (3-17)5 e &£ DFSBC £ @ o, 2 92 .

. o BRE b i, ~ D, Ex yFlF AR AR EREAR A
n;"J"JQ)t\Q)m’j»é’/g‘Ejﬁr](‘iﬁ’J@mo
7. d pd Rabend 2 &~ o & MiTEFE LT pd ke 2
o0,
oS
8. d B kG D, R g oI d BUTIETE R Ak F 2
o0,
oS
0. d kG bR g cIF E BUTIES S RE P A kR 2
B
oS
10\;}?\;}7}4‘]"7(1) \@s\acpt\ﬂ\a@t\a(pn
oS 0s
96 1 x (321) ~ (3-22) ~ (3-24) & (3-25)5 » 3

05
Ly
20




d’d
atZ

o

e o de de dd d%
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dudw
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ZARERIFKh 2 KR H/ILE T » N F el RKiFRdDd ~ E &b ~
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A A BRI R TR 2 SR B T
pdgtehpd Kada)e 4ol 4-1.3 #77 » KFERE R S 10 B & >

He xiea kLR 5 3 B B TER™ S h=1.0m> kh=08 °

26



H/L=0.03 > #FP-Azdnid R (SR T en® 40 % dp 2. p o ko 3 kg
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3 4-1(a) A APA B FHEZ B HIET A Ap R ERR
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AiE % 1 h=0.466m b/h=0.1 L=2.743m H/L=0.0105
b Ap ¥ -k iR (d/h) 0.20 0.31 0.65 0.92 0.96
Weigel’s experiment 0.930 0.882 0.575 0.285 0.200
Nonlinear theory 0.978 0.953 0.720 0.358 0.289
Linear theory 0.977 0.899 0.383 0.038 0.017

4-1(b) b8k ~ MP R BT R EZ S HFET

B % By %

» B RR

AiE i+ T h=0.466m Db/h=0.1 L=2.743m H/L=0.0172
B4 4p i -kiE(d/h) | 0.20 0.31 0.65 0.92 0.96
Weigel’s experiment 0.938 0.845 0.575 0.301 0.180
Nonlinear theory 0.973 0.952 0.72 0.36 0.29
Linear theory 0.977 0.899 0.383 0.038 0.017

F 4-1(c) ERMEA -RMPRABRIHREZL S HIE T AP RFIFR
R 1% By %

AiE 2 D h=0.466m b/h=0.1 L=2.743m H/L=0.0244
B 4p ¥ -k iR (d/h) 0.20 0.31 0.65 0.92 0.96
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AiE 2 1 h=0.466m b/h=0.1 L=1.375m H/L=0.011
B AR iz kiR (d/h) 020 | 031 | 065 | 092
Weigel’s experiment 0.748 | 0.527 | 0.198 | 0.112
Nonlinear theory 0.809 | 0.554 | 0.102
Linear theory 0.774 | 0.369 | 0.024 | 0.002
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% 4-1(e) MM - MHP B EFHREZEHFTET AP RAEIER
RE T By %

A2 D h=0.466m b/h=0.1 L=1.375m H/L=0.022

AR -ki®(d/h) | 020 | 031 | 065 | 0.92
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Nonlinear theory 0.634 | 0.454 | 0.081

Linear theory 0.774 | 0.369 | 0.024 | 0.002
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