CHetxMsts| =2 %! Research Paper

Journal of the Society of Naval Architects of Korea

elSSN:2287-7355, Vol. 60, No, 5, pp. 341-350, October 2023
https://doi.org/10.3744/SNAK.2023.60.5,341

Km Check for updates

ZE - meia
SAThelE AL St

On the Interaction of a Solitary Wave and a Wave—Packet

Jong Eon Kim-Taek Soo JangT

Department of Naval Architecture and Ocean Engineering, Pusan National University

This is an Open—Access article distributed under the terms of the Creative Commons Attribution Non—Commercial License(http://creativecommons,org/licenses/oy—nc/3.0)

which permits unrestricted non—commercial use, distribution, and reproduction in any medium, provided the original work is properly cited,

In this paper, numerical experiments are performed to examine the collision between a solitary wave and a wave—packet

(dispersive wave) in shallow water, We attempt to introduce the improved Boussinesq equation governing the experiments, which
is solved by using a semi—analytical approach, called Pseudo—parameter lteration method(PIM), Using various numerical
experiments, we have observed that the wave—packet (propagating dispersive wave) experiences a phase shift after collision

with a solitary wave, This phenomenon may be considered as a nonlinear wave-wave interaction in shallow water,

Keywords : Improved Boussinesq equation(Zh41El EA LA S BI-AL) - Solitary wave( D&, wave—packet(IH=IZ), Pseudo—parameter
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Fig. 1 Schematic illustration for the initial condition.

7 =002, 0<2<2 (21)
m =0, x<0and z>2

x

Il
Jﬁ T =

golozt
—65m,65m),t = [0sec, 15sec]Olch. x| ArS
A F7|= 2 Gl Axr=0.25m 0|2 A2+ A
At =0.1secOlCt H|M3 MSEZ0]| LS x| Alg
35| o|Mof| DRlmiel Skt Ziziof chist Mut S|
chal Lozt
Fig. 2= €71=0| ol| ol S[51HM MMst= Tl
Zlo| Mu} 2pdg LIERH Zdo|ck Fig. 2(b)E EH mplo| 71 &=
O Mot 2Z0lM Mifstl UCt PIMSZ ¥ mirujZlel &
AEAE =0 st B2 Jang (2017)2] A7l RbMIS| Lo}
oI,_—_|.

40 8
a

12
2
_?_

ﬂJIO

—_

Fig. 32 MR IS &7| =HOZ FUS A2, x| AEst
0f d2 HAIE AlZF 7} 282 5 sec, 10 sec 21T 15 secd
m, AlM| et u|mst Zdo|ct 2|11 Table 10M= AlZE =15

t=
sec! Mff, DRime| ZEHZ AMA| sl QXIE A (22)2 &
il LIERARICE 2= WESZ2 0.21 % O|LIZ Elst Z2

2oiZ=CHA] (22)2] | + |, =12 NomE 2lo[3kch). o), §7|

E242 Fig. 134 20| SAloll F0f BlME AA8o| Tt 4]
SRl

-

Fig. 4= Jgluiet utrijzio| HI’.‘JE* HSALZ0]| ek A

Fig. 20fAet Zo| HMLPZI= 248 2 4 2Ach i 1ol
49, HEuZlS XLpiHA ZIZ0| o|as Sdeict i,
jrufZl2 defollM ol H= HEE 2O[X| pheC

Nwau (Tt = 15sec) — 0" (z,t = 15sec) |2

Frror(t) = (22)

|n8111(1(i (3:717 = 15SGC) |2

Table 1 Error when time t is 15 sec.

Amplitude Error(t)
0.066 m 3.0651x107°
0.133 m 2.7178x10*
0.266 m 0.0021
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(a) Temporal change of a propagating wave—packet

Fig. 2 Propagating wave—packet.
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(a) Propagation of a solitary wave, amplitude : 0.066 m
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(b) Propagation of a solitary wave, amplitude : 0.133 m
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(c) Propagation of a solitary wave, amplitude : 0.266 m

Fig. 3 Propagation of a solitary wave with different
amplitudes.
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(b) 2D plot of a propagating wave—packet when t=15 sec
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(a) Nonlinear interaction, a solitary wave : 0.066 m
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(c) Nonlinear interaction, a solitary wave : 0.266 m

Fig. 4 Nonlinear interaction between a solitary wave and
a wave—packet
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Fig. 5 Nonlinear interaction with different wave amplitudes.
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Fig. 7 Nonlinear interaction compared to linear one:
amplitude 0.133 m.

Table 2 Error with respect to time.

Time Error
1 sec 3.3407x 10
2 sec 0.0031
3 sec 0.0147
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Fig. 8 Nonlinear interaction compared to linear one:
amplitude 0.266 m.
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Fig. 9 Comparison of nonlinear interaction with different
wave amplitudes.
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Fig. 15 Higher magnification of Fig. 14
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