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Performance Evaluation of Seawater-Exchanging Breakwater
Using Helmholtz Resonator
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Abstract (] In the present paper, Helmholtz resonator, which is widely used as a sound-amplification device, is
applied to the development of scawater-cxchanging breakwater. The incident waves can induce a large response
in the resonator when incident wave frequency is close to one of natural modes of the rcsonator. Largely
amplified potential energy due to the resonance supplies clean seawater into the harbor side throughout the
channcl. Flow supplied by the resonator circulates the seawatcr of harbor and helps to improve water quality.
Within the framework of linear potential theory, matched asymptotic expansion methed is employed to analyze
the wave responses in a resonator. The semi-circular shape of the resonator has been chosen as an analytic model
for mathematical simplicity. The wave responses of both single and arrays of Helmholtz resonator are investi-
gated. To validate an analytic solution, model test is conducted at 2-dimensional wave tank. Wavc heights in the
resonator and velocity at the channel are measured for the state of valve-on and valve-off.

Keywords : seawater-exchanging breakwater, Helmholtz resonator, resonance, matched asymptotic cxpan-
ston method, amplification factor
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Fig. 3. Amplification factor in a semi-circle for single Helm-
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Fig. 4. Amplification factor in a semi-circle for arrays of Helm-
heltz resonator (s/R=1.2).

A=A FEn7} Trase AL 2 4
Fig. 69l= al43lle] el4de 7AEs)l) 9skd A
a4H(boundary element methodyZ o881 S=x)5)} v
23 ARE AAEEHBrebbia and Dominguez, 1989).
AdRde FHTEEe] 17 F49 e ZAgeltth &
Al YAkte] s vlsle olFte] E) Zels) =t

b/ a=0.2
12
10 ]
InifA i
8- ! i ——— WRE12
|,' P ........ ‘fR=1_4
LA\ —— aR=1§
& i 5 \‘ — - $/Rainfinity

2.0

0.0 05 10 15
kR
(c} bla=0.6

Fig. 5. Amplification factor in a semi-circle for arrays of Helm-
holtz resenator.

the 7ga $TEEe] uiXge] s ulad =
g REtE %S Ede @2 2ol olH@
SRS Brstn s|Msls)l SRsle Ao pe A
g F3 9o
Fig 7& RRUAL Fal Qe 292Ash s
ZIEE wg Tagelut. FETRE 2¥e] Ade



EEE FHIAIE o187

A1ge]l 188 cm, Y74 Aol= lem, 79 £ 10
emd} 8 eme|th. AL £ 2 Fol 60em

olog Aakre] FdrzEe] widrtd 255 60cm

12

[nifA
10 4 - :
—— o/R=0.05(analytic)
A R a/R=0.1
s —— a/R=0.2
il *  a/R=0.05(humerical)
: Fm, o «/R=01
54 2 4 v a/R=02
4
2]
a - v Y
&0 95 1.0 5 209

Fig. 6. Comparison of analytic and numerical results in a semi-
circle for single Helmholtz resonator {a/R=0.1).

Inl’A —— analytic fesults
5 {| @ expermentalresults

0.4 06 0.8 1.0 1.2 1.4

(a) 2a=10cm
]
/A
hl — analytic results
51 ®  expariment] results
4 4
34
2 4
[ ]
1 _
0 v T . y —r T
04 0.6 0.8 1.0 12 1.4
f{Hz)
(b) 2a=8cm

Fig. 7. Amplification factor at v;= R/2, 8, = w2 of a semi-circle
resonator of £ =18.8 cm, 26 =1 cm, 25 = 60 cm : solid
line : theory, @ : experiment.

smaka wile) Asas} 9

~]

olth. FAL 60 cmE DA, EFEE &2 )
olt}. whtAle] YA r=R2, 6= m2olTh A3
HYANE AYHeR H wEptl S B A
o}, 7o) = W] wE FE6|E ME H|usid,
el Q7o) Fo) Folgd TS FEN7}
7¥hs awtRe g UehiARt dddze 33
dAe] FFule ook & Wyt glon FRFskr
7t Ao e ot olFsheE FEE RoFETh
ol Ml xs FAIRE WHelxe] slaoht
Ao Bglel] o3 oA £4 Fxt ddEnelE
ElgtY] W E-oln},

Fig. 82 E2E 2% We} U8 de] F3|
o] AgZag 9t -2 ulriEA] vmsgch o
79 Aol 1emZ TAARTE d79] Fo] Eo5F
E 3% FHAMY FFHe Fol=e WS B F
ot ole shlM= AFEldRe] shrlsilla] viepbe
NEG o] AFETeME ARREE dngitt, =

of & 3o fr

5

niA
4 4
a P
z “
—&— 2a=10cm
14 —O— 2am8em
—v— 2a=6em
-} : T v & T -
0.4 0.8 o8 1.0 12 14
(a) Valve Off
5
[nifA
4 4
3 4t
2 -
—&— 2a=10cm
14 O 2amBem
—— 2s=6cm
0 T v T T T r
0.4 08 0.8 1.0 12 1.4
f(Hz)
(b} Valve On
Fig. 8. Amplification factor at r;,= R, =72 (R=18.8cm,
2b=1cm).



93 =z

04 0e s 1.0 1.2 14

(a} 2b=lcm
12
JUI#A
10 4
8
5 _
—o— Zb=1cm
—O— 2b=Zom
4 P.
2 .
0 . . . . , .
04 08 08 1.0 12 14
fHz)
(b) 2a=8cm

Fig. 9. Flow velocity at channel (R = 18.8 cm).
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