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Wave Absorbing Characteristics of a Horizontal Submerged Punching Plate
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Abstract [ In this paper, wave absorbing characteristics of a horizontal submerged punching plate are
investigated throughout the calculation and the experiment. The punching plate with the array of circular holes
can force the flow to separate and to form eddies of high vorticity and cause significant energy loss. As an
analytic tool, the linear water wave theory and the eigenfunction expansion method is applied. Darcy's law that
the normal velocity of the fluid passing through the punching plate is linearly proportional to the pressure
difference between two sides of the punching plate is assumed. The proportional constant called the porous
coefficient is deeply dependent to the porosity. To obtain the relationship between the porosity and the porous
coefficient, the systematic model test for the punching plates with 6 different porosities is conducted at 2-
dimensional wave tank. It is found that the porous coefficient is linearly proportional to the porosity( »=57.63P-
0.9717). Tt is also noted that the optimal porosity value is near P=0.1 and the optimal range of submergence depth
is d/h < 0.2 within entire frequency range.

Keywords : wave absorber, punching plate, porous coefficient, porosity, reflection coefficients, model test,
eigenfunction expansion method

LM B

sjFgsl BaE BAS Hoshs e o,
ey 2 selwgAges Held & ok A AF
Bel WEE S0l FHE WAL Bolw 9o
W, dsiele] B4e $HEYE BT D@ 44

obz] FNLHA] X3 dejolmg FRIUPL fued

E43& Esket o] 338 Fa% 7THe] shuE
oY}, SRR F AP e Gl YR EZS 5
Z Wollx BE3] Adsks Ao] vig- Fasich 2y
FZ A7) Agke 2 Z£397)(wavemaken)EF-E HAIH
= 29 HEZRE YAE o, B5G Gl da
2 = A7 2L Ate) ARESFE =3 4y HE
2 948 BOIth o] okl multi-directional waves)

*A = e & kg F 8- (Faculty of Marine Industrial Engineering, Cheju National University, Ara 1, Jeju 690-756, Korea.

cho0904 @cheju.ac.kr).



266 Z93y

E £ Shirregular waves)®] 735 T% AshA UEd
vt wEla] A9 dre] A EE Fo|1 /M JEe]
SUlskE 913 &3 AugR] Jide] EAs 87
2=

A E74A] AEAH (porous plateyS 083 AvgX] 2]
295 ol2d o Mg A Bt iR a7
S AFAWINY S5 B AT A AP
o2 vl#|3)= Darcys] HAS a&rhs 7P o2 R E
Zuslct. olq vl A4S & 7K ¥
Z*(drag coefficienty?} 2= 43+ ¥ (separation)
of] 23t x| &S VehlH, PdA (nertial coefficient)
2} H2& SN £59) EiAte] RS VERI. o
o) A5R7) 54 HlElY o} F At §4A= §l
A, vlaldre 4532 H30). Darcy?] HAof u}
g AYE A5 93 AT E A% =R
o2} 2tk WA Tuck(1975) AT ] HA=
202 Darcy?) H2& HE3led, Asjol] HX€ gk
Tl o5 gto] £9E-S 4814} Evans(1990yE
Fo a2 AXE 98 A gk AY AFAAE
oJgt do] ¥ g-g ARt 1= g0 ERs ¢
o Fil H2 242 TF&0] F2uES AXAS o
WAl Rl H4vt Aoks AL Al B3l &
33}5Act. Bennett er al(1992) 52 A HE €SB slotted
plates)®] £ UL o] WALET £H4E-S AR &
e} R doe HPFed 0|28 HEIH, &
HUiRGGoll e £ A8 AAXIE fF=slEe
dl, &3 A% RS Sof AlFge vlelEle e
3} 71&50) vlalshe W] o ¥ A3 Isaacson
et al.(1998)2 gk F3Md S8lo] ¥4 Y& W LA
2 7)Y (eigenfunction expansion methodyS- AH831e WA LS
3 B3g AT, AgAntel A2 vt

APy AFARE ARRIS W 7MY 2 BAF F
shie d3e 29588 47 Yeilae 53] AR
oS v @sjolgtthe A olth(Twu and Lin, 1991). ©]
23 o] 2 AuPgR|7L AR F3to] AR wiEd
AEAHNE Alolo] F2 4K resonance phenomena)®] &
el AT Fuldrolla] Sufggo] FA3] Rl &
AL 7ML Yot 0]9) 2 BHES FEIUA, H
BB o] 87 AR 9] A9 EE-E FoisiAlz)7] ¢
sl +HE AAAE E OE Uigte g e 5 9l

CFEE AgRE g oluArE AFE A
AF Zolz FAYA AXgct. 9 Lol A +=35F A

EAug) dete) A5ALEAs APY A5 R A4S
B2} o Esit) o9t B#AEH AFE Mclver(1985)=
FAY FQ BFIAY 5570 9§ mhe] AEAlIE
T2k, Cho and Kim(1998)2 8 Lol £33 54
o] o 91& W F-Ae o v g} FE 19
3 2o AFEARE o239 TXEE Felo] AHEIL
t}. Chwang and Wu(1994)= 3o 2 AX® JE4%
ol 93 v g B8-S FALAHE AMEEtA 3]
Aoz 734t Wu er al(1998) F3H ol &2l
55598 A5l 93t 5] vRrES TREFANHES
AHEE o)BF o2 Attt e AFAHAAY] &
T AR Aol o ol M¥gH o= vl3i, v
#dee AFas Zena 7HsTh 358 Alset
R v A58 48 Jehis 889
T2 AT 3283 Y Bl qlt}. 19 A
Ao 9F HAZ FFE AFE MR B WAL
£8 A3 A F S-S WY 28y AAH
A FRRFAFS Y8R F3h7] WF] F5& AT
o} AEATe] FZE Alo]o) oJH3F FA|2]o] APSH=
7tell M e B8] A) ZatAt.

B dAFoMe HH9 295 &S Ze AWFRE I
uk3}7] Gate] Wu er al. (19987 AFESE 429 o] A
T4 Fguo] 97 Zoldl FAJE iR st
of o]23X3} A AAHA ZPHNPE AT =
Hagdlde AT A 9F 7o) dAT HEE
zy3 v 2" Helel el T (punching plate)yS AF4TS
2 AHg319T). o128 Aol 9] F=5E Alet 2A B
o) F=E Alole] BARXE &7 3l 22H X
X F28g0] ME tE ¢l9] e§FE /MR g9
2y APL S} w3 I 2A|¢ 7 2
717t O W9] vhile A4S EYAHS T3l A
Bt} FARZolo} FF& 281 Rute] FaE bt
A7PAA B EAS AWEGT o]2HH Hd 4
I8 s A 383 Aole] HAE F
eii=

2. 0|85l

A9 ool elggo] 3 1 GAF ol FEe
2 ZA U W ggoe ofg A9 TE ]

E3le] AuE uR} 3} =00 B FAYo] Fo
913, 71 gFoll Bl ETe] o2 FAYE 2d-S ALt



region 11

region] p

Y

Fig. 1. Definition sketch of a submerged horizontal punching
plate with a vertical wall.
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Fig. 2. Experimental set-up for measuring the reflection coefficients.
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Table 1. Specification of punching plates used at experiment

TH827) Tra7e) A
P=0.0567 2 mm 8 mm
P=0.0740 2 mm 7 mm
P=0.1008 2 mm 6 mm
4 mm 12 mm
8 mm 24 mm
12 mm 36 mm
P=0.2267 2 mm 4 mm
5 mm 10 mm
P=0.2799 2 mm 3.6 mm
P=0.3000 4 mm 7 mm
P=0.4031 4 mm 6 mm
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Fig. 3. Convergence of reflection coefficients according to the
number of eigenfunctions for the case d/4=0.2, a/#=1.0,
b=5.0.
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Fig. 4. Experimental results of reflection coefficients by a sub-
merged horizontal punching plate with different poros-
ities for d=1.5cm, a=60 cm.
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Table 2. Porous parameters corresponding to given porosities

P b
0.0567 2.8
0.0740 33
0.1008 5.0
0.2267 11.0
0.3000 16.0
0.4031 23.0
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Fig. 9. Comparison of theoretical reflection coefficients with
experimental results for a submerged horizontal punching
plate with different submerged depths (P=0.2799).
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Fig. 11. (a) Contour plots of reflection coefficients as a function of porosity (b) and /A for dh=0.1, wh=1.0, (b) Contour plots of
reflection coefficients as a function of d/ and @/A for b=50, a/h=1.0.
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