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Scattering of Oblique Waves by an

Infinite Flexible Membrane Breakwater
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Abstract

IThe wave interaction with flexible membrane such as PVC and PU fabrics is studied

1o prove its applicability to portable breakwaters. To analyze the wave deformation due to the flexible
membrane, eigen-function expansion method is employed. The fluid domain is seperated into two
regions. The velocity potential in each regions and the deformation of membrane are coupled by
the body boundary conditions. Herein the deformation of membrane is obtained by solving the
membrane equation. As a numerical example, transmission and reflection coefficients according to
the change of several design parameters such as tensile force, mooring line stiffness and membrane
height are investigated. It is found that the efficiency of flexible membrane breakwater is significantly
affected by these design parameters. The angle of incident wave is an important role to the performa-
nce of breakwater. Finally we conclude that flexible membrane can be used to engineering material

for the future breakwaters.

1. M =

232 PVCY PUSH 7+ shabal o] 4ms) 7 mr}
galge]] wle} o)e]dl AF-E sl 2 5“001:‘# ]
ofel] &3l oJFr} WE AR durs] 23
I gjch ALrlsdt Bolgl sjqtolut siIAA
SlE 2 e Basle wuldel Aube] Rzl

.1

T

! m"o

FE4 FEHE 1FHE YA 2URE F
+ qrh w@ FATARG BAADA APET} A

gl olakel EAME]d= AL ubx|3l= 9 elulx]ulo]
ek oy AL YA B4 o FYE
o3 Ak 7189 Helut AR E FREFH
Aol wlste] spAW| YT Aesich

o F',O

5&@

717k £4lo] 4. o F. A5k go)ste] %oa
gol £7] wBel E%4 s SAge] Aria

FrAlt T
28 AT o} sk ol FAC|RE

B AT AP 239 Aol 3] glew
3L 9lv}. Ohyama(1989)+= i
B3t Ltz E{flexible
mound)& 33l Ao} Fe} FaAte] A%
< FAA AL Ay Aate} vlwaksdch FAARH
& AHgdlel f5E Edm 49U ASHAE
2 A e A ub (lumped-mass method)2 A}&-3}¢]ch
AT fFd2 F2ES Y42 Adger A}

et TR 9% sepdle} TAlE

SRURHI AR AT AR
171 Jang-dong, Yousung-ku, Taejon 305-600, Korea)

219

A R TS (Korea Research Institute of Ships and Ocean Engineering,



P
ne
o

220

48 g sides A slFEIth AR R
A 19921 Nagakaki 37l 40m(L)X9m(B) X 3m
(H) AAES 4xskgr). Kim(1994)& A=) )
o] B} ~AER TR H2F FeiY fad
waAlel] it FAA LTS RYA|HE st
fredwt WA 7} FA F2Ee] vste Axpdelzl=
g vl

£ dFoAe Fa uatbA o] A83tE 9% &
A7E2A A= WAl Y wetdsS 4] s
F3td mdE A, oA ele Hxe
drste FE ok o)W fdvt FzEBL
F3e] Aok 7HA3le] 3314 EAE 231 BAl2
A@ssich. AL PHoeZE FAL4E AAR
FAEGE 2N el 7 FHe Y e 1 H
321 7) ¥ (eigen-function expansion method)-& A}
23t R B AAzACEYE Q)=
A E F 999 dE FAPAA FIgdok olq

frAld ol o] &= Fel My fodute] $-Ew9
= frdTel o] AAZP 2N I Ak
2 fodte] 2gahe A A= B b
HgA S 7153 Fadutel 2gshe fgslE aeln
frdate] HyE AH Rt} =3} Fd9e) Folg
AFAte] A4S v zaA #HA e fdw ubial e
g =&k

7}

2. 2o A3}

AdAg FA kel Fel7} dol Frd=t wuiAs)
Fo8 Fgo] Fo sloem siAbgs x5 69 7
=5 zta Eoe AE Asiidch dH-e 6
A wieel] At FAqe FA= FAsch
frate] e vige aAES 9leon oE
Botol] AFAte] dAFS Uk A¥ Felo]Eef
e S 8S YA 52 FI5 oF 2
2355 Tvhd /HAEE SEXEAL olde}
o] & = gl

Dxy,2t)=Relylxyz) e ™} o))

=24 y& oleiel zFo] 3xH Laplace A4 3}
AAz7AE N5t

v | v dv .
— +-— +—— =0 (in Q
ot @t o in )

MY

oy o

— ———y=0 (at z=h)

oz g

k4 =0 (at z=0)

o2

tim (2%~ ity )=0 @
olxl

Jx|—=o0

od714 g FYE R, kv AN HH(wave
number) & vebdth F2E0] y&F o7 Lo
Atz 7HA sk $EERA gy galalel ohgrlz
2 y5g et 2355 3k

w(xy,2) = o(x,2)e"o " 3

2492 A @9 FAF AAA A At A
2shd 334 BAE 229 AL

270 o0 5

+Z2=+%7 =0 (n Q

ot @t 9 in €9
2

90 9 om0 @t z=h)
oz g
9 =0 (at z2=0)
o2
tim Ca —ik0)=0 @
[xl—e0 |x|

aAdge et osted 2Hz Ralen 7
dodo|2le] T TAIAL A 1, 22 Eddch
W 4~F-2] ¥ (method of seperation of variables)2 A}
g3te] 99l AAH FAE VEE 7 JA A
S£E¥Nde 29 g3 2ot

o=- l—j (@ +ae ) (2)

+ 3 e} Gn Q) )
n=1
= =2 (e 2)
w
+ i b.e @} (in Q) 6)
n=1
4714
_{k,,lcosel (for n=0)
T REmOTEE (for n=12+")



T PRl o fEfhEe] #El 221

olch,

A G4 A g A e i AHin-
dent wave)®} uFAluHreflected wave)2 Free LT &
velhdie, AW 82 x7} Aol whe} AR E Lo-
cal Z=ojck 4] (B)ofA] AHNA 3L FHH(trans-
mitted wave)E vehn] FHAIFL Local 3ock
o714 THEF fil)HF ZHA k2 o P2l

hk,
COSL  (for n=0)
coshh
fn(z) = ht
COSent (for n=12,""")
cosk,h
(1)2
ktanhkh=—— n=0)
g
kn - (1)2 (7)
katankh=—— @m=12,)
g

Fredute] Fo{A AAHAN AAxAS HE31A
&3k dEel vl 6,5 b,0] EeETh UAS a,
bt F 999 E x=00A HFAA <& F Uk
%, 0<z<h, x=004] HAWFe] Sx= Lot ol
Hawee 28 u@)= ¥3 ul@E stoA 7§
IFETE o8t AAAIIE T3 2ok

00 _ 0% =u@= ). ufo2) (8)

ox ox n=0

®)% ©)& 24 AAsd 0, b,F w02
sk e R

B>

1—2(&) (for n=0)

" i%gu”a; (for n=12, N
z \a, or n=1,2,+)
/U, _

. ;(;) (for n=0) “

—%( Z: ) Cor n=12,")

242 4 G} O] AU SEEAY 07 oo
obelist zo] & # glrh

o= Bl (1-2 1), ey

w g O

2 %(%)e“"’fn(z)} (11)

0r=~ ig—{— o0

g %
(O]
Z

’g e} (12

=3 fadute] e d<z<hollA 7 499 SExF
E‘{JA‘__':_}% 7El-o}oy zsh;],(q,l ¢2)

/U 1m

oo E (G per=r a3
K29 ok £,(2)2 F3T d5E WA AHEE
e 9 4 s

z(&)em(dH Z( )e,,m(d) 8, @ 14)

o n

A71A eunld)= [ [ 201 THEE FrdTolA
AAZRAE AABA. FAF0] FA2 0<e<d, x=0
A4 EEHH AAZAE B ek

o o2 .
—— == W2)= —10€(2) (15)
™ P EO UnfulZ 10é(z

A714 E)= Fdte) o3 W8S Yehd )7}

283 zchd Bgae] Xy ARate] sAubsk
o zlo]lz THEE AY T dAsL old E)=
olefje} e FHF AARAQ = 944 (memb-
rane equation)& %HE53lc}

dz‘g'

a2 +>\Z§- (¢2 (o)) (16)

A7) A=wy/m/Te1™, me @9l Hold fagte)
Azpolet. fraawtel D =0)°] A= UE
A% AAZAL §=0°]ch HE FE @=d)l 24
ﬂl*r K& zte AlfAte] dZHo & o AA=z

& T(dE/d2)= —2Ksin®8,Eolch. 94714 8,& 74t
-‘Jr Fradute] o]F& ArtAxelnt (159 FA =
A FERelN AARATE BESe Fd
o HHAE 37l At GreendrE =d3tdch
Green ¥4 GG z)t vhes Be AAX A4S
Fo] T



222

Lig +MG=8@—~2,)

d 2

G=0 at z=0 an
dG

T— = —2Ksin®,G at z=d
dz

el Folz AAA A9 e o 2eHMo-
rse®} Feshbach).

2nf;
G 2,)=2d
& z) [Z(; [2npB,—sin(2nB)]

sin(nfz,/d)sin(nfz/d)
LY — (nB)?]

o714 B2 tan(nf)= —AT/2Ksin’0, & T+&E3h 2=
Foldel 94x)olct. 99} Green 55 o] &sle] &
odutel wRuere] WAE Tl e ok

(18)

&)= D (19)

Y Nz sin(Az)
I=0
7] A

ZTTBI
sin(2np;)]

2iop
dT  [2nB—

B[Z

d
X[ 2—ovsintia) dz

:ﬁﬁ ol

4 (15 st st oAl e f=dt

LQ.
=

et

ls >iZ

Z unfn(z)—— Z

J1G-

-3 (%)/&)] sin(\2)dz

r51n(hz)

zzf)/a(Z)

27TB1
[2nB;— sin(2nB)]

(20)

ol Ajsh e W o2 949 gprle] THUF )
& FUH 038 d7A) ARatd Q4 e ol
o},

o
=
)

4pw®

Y [ddum—eam(d)] w=
n—0

wave

Fig. 1. Defintion sketch of flexible membrane breakwater.
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Fig, 2. Transmission coefficients of membrane breakwater
for various tensions (d/h=10. 6=0, 6,=45°, T/
Kh~0).
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Fig. 3. Reflection coefficients of membrane breakwater for
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Fig. 4. Forces acting on membrane breakwater for various
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Fig. 5. Transmission coefficients of membrane breakwater
for various stiffness (d/h=1.0, 8=0, 8,=45°, T/pgh’
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Fig. 6. Reflection coefficients of membrane breakwater for
various stiffness (d/h=1.0, 6=0, 8,=45°, T/pgh*=
03).
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Fig. 7. Forces acting on membrane breakwater for various
stiffness (d/h=10, 6=0, 6,=45°, T/pgh*=0.3).
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Fig. 8. Transmission coefficients of membrane brakwater
for various heights (T/Kh=10, 8=0, 8,=45°, T/
pgh?=0.3).
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Fig. 9. Reflection coefficients of membrane breakwater for
various heights (T/Kh=10, 6=0, 8,=45°, T/pgh’=
0.3).
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Fig. 10. Transmission coefficients of membrane breakwa-
ter for various incident angle (T/Kh~0., d/h=10,
0,=45°, T/pgh?=03).
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Fig. 11. Reflection coefficients of membrane breakwater
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