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Characteristics of Wave Response in a ‘Y’ Shape Water Channel Resonator
Using Resonance of Internal Fluid
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Abstract : In this study, the wave responses in a ‘Y ’shape water channel resonator for amplifying wave energy of
a low density has been investigated. A water channel resonator is composed of the long channel and wave guider
installed at the entrance. If the period of the incident waves coincides with the natural period of the fluid in a
water channel resonator, resonance occurs and the internal fluid amplifies highly to a standing wave form. In order
to analyze the wave response in a water channel resonator, we used the matched asymptotic expansion method and
boundary element method. The both results were in good agreement with the results of the model test carried out
in the two-dimensional wave tank of Jeju National University. Wave guider has an optimum length and installa-
tion angle according to the period of the incident wave, and especially effective in enhancing the amplification
factor in a period range deviated from the resonance period. It is expected that the wave energy can be effectively
extracted by placing the point absorber wave energy converter at the position of anti-node where the maximum
wave height is formed by the internal fluid resonance.

Keywords : wave energy, water channel, wave guider, wave response, fluid resonance
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Fig. 1. Conceptional design of a ‘Y’ shape water channel resonator.

zh=tt, ofelgh 4= YAkt F7)¢h == Ao
¥ = WAL oY 5717 9Alghe
TSE gnkaxla o] FRUe] s AT
A SEeth F2F ¥ Ee] e
S8 H Y frAkshe Abyeh =34
S5 AEHAQl A7} e E o] gith. o] Fofe]
iles and Munk(1961)+= A+ gwkef of
188, T30t} Ippen and Goda(1963)= Ak
% Aol sgtel thsh siMelE etk el EE A
o} Bl BkSivk. HEk Lee(1970)= AAIAR! B2
geto] o] 29l A AE A= vluste] o]=0]
I ]85 B3It} Hwang and Tuck(1970) 231}
o] 4lo] A alofuliell 1919] B 2= W
T gH TAE @483t Untiiata and Mei(1975)i=
UAREES] mhgo] iglHRe] FHHT) ol Arhk= g et 4
&9 (perturbation)®] YFR1 HAHLANHEE o838t A
& Ftel] tigt s siE ekl ofwl Rk ellA g
sk whg]of] ot ofufx] Ao st REke 3 a1 aial

=

_10
D o ot Y B

_N O% o

_4 ﬂl O.u.,
¢

ol-J

)

BN

W
o &

EHZ
i

o] Hol—

rf

%

olo

o}:oﬂ}\ﬂ o]i ] A]

ok
rNJ,JHU
oo

oo 2
o 2

A
.
s

=
1 =AE

_E

tlo (i _1), N oft
o

Lo Kol o2 N opor Y
~

ia

T} Rogers and Mei(1978)= 5] 52 2AH2H8 &k 3%
< HA3 Boussinesq WA4S Fo] dXsIGict A
Lepelletier(1981)> 2| 234 E %} v FARFS o)&
3lo] el dojih= oyx] EAAG B3 382
= AlFeRith. Cho(1991)= AFFE el Al Auks
APGA| = 7 ste] Bk shE-gw} 11 Qo] Al A8t

9l EF5Fel Ut o] &S Wt slSItt. Isaacson and
Qu(1990)2} Chou and Han(1993)> 3hy] QFHofA o] &
AR 35 /PR AR A S E=dete] bl sheg
& BALLEHE AFESE] 31418131, Jeong et al.(1999)=
Chen(1986)°] A|AIgF et aw] x5 gk 9l+-2] of
Vx| =48 3185te] 7 del 48313tk Bellotti et al.
(2012)3= @t} o] Hat xpekd J oy e] R4kt A
s T8k A 7195 Al]retsich

R | el @ § —’Fi% IETEEY sy 54
< Xﬂlﬂﬁ__i N'J%Eﬂ
AHFRE S F2Y FETRES IEE A FARIE
7 70 (matched asymptotic expansion method: MAEM)
< o] gsto] ARttt $hH FEYT] o] £l &
A= A8 H A 24 (boundary element method:
BEM)& AHE-8to] degw Alibalqlnt. o]&2 o s -5t

XL

Wave

&
/\/\/\ PVVN
Internal fluid
Sea bottom
(b) Side view
sallel sl ATk 24 kel e B

23 Aho} v|wste] AZEITH B S oA = o)a}u}
o] #2715 vH7b FEY FHeE SAS ARty
2 fA3K0] W 20 segge 23] S}
siolom, Huvlals 3XEAE WS FAl] Ak
71 w2} 9215 DElsh= 35 (anti-node)ol| A LA
ok FEUC] =g HE

Fol7] flate] AAeE fewe] 4
o]9} M5 ulg 7 ZF21] (amplification factor)E A
HEpoh FEY FESH RAe 3319 few A
A& F3l 5 TN w2 SE0E A T AT

ARKE £ FYTLES B9 oA 35
2 wol7uh SelagA el -85l 8 2 <)
Aoz At

HA7[H

ol

2.

2.1 YEEZHINY

FERIO] Gl E 2q, 7o) L3 MY FYTEE0] 74
) wERAS] 5ol g W) YA BHTEEE Pl
YL Fg et FATEE) o] Qrlste] skg(uel
o AL, sheh FYTRERNG) vhE 8l £ el v
2ol S5t X £Ae Pk AFERA ol 2L 7}
Hato] SEZNRL BT FES T35 0F 23 A
Rl weh 2eh-5S STk Sk, SELAES A1)

(e}

5 o] % 4 9tk

(M

D(x, y,z,1) = {A Hx, y )coshk(z + h) _,m}

coshkh
EAgkrl 7 WS iy, )&} dlx, y)2] TS vt Ak

n(x, y) = fA #(x, ). ©)
714 A= QIAte] A Eolnt,

T - v, yye AEP oI 221 AEE2~(Helmholtz)
A28 vk, Sk g A EAR (0 = ghtanhkh)
& W,

Vin+kn=0, 3)

AL AMNNLE 2-83F7] YA Fig. 20 YeRA 217}



172 s - 2UY
=TT T~ ~Q
g R Outer region(2)
4
A}
;261 I, y \
1 1 A \
Vi i X \| Wave
:_ _______________ Inner region(i) P p b > 1 ANANN
______________________________________ '
D ——— e /
! L \ Entrance region /
Y 4
N 7’
~ 7
\\ ’/

______

Fig. 2. Definition sketch of a water channel resonator without wave guider.
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