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Abstract : In this study, wave damping due to a permeable bed of finite depth was modelled using a complementary mild-slope equation for stream
function. The energy dissipating term in the mild-slope equation was presented in terms of stream function. In order to prevent re-reflection of
reflected waves along the outer boundary, a delta-function-shaped source function was derived to generate a wave in a computational domain.
Numerical experiments were conducted to measure the reflection coefficient of waves over a planar slope for various incident wave periods. The
numerical result of the proposed model was compared with that of an integral equation method, showing good agreement in general. However, the

proposed model showed relatively higher transmission rate for the larger permeability and the longer wavelength.

Key Words : Mild-slope equation, Stream function, Wave damping, Permeable bed, Internal generation of wave

1. M B S e xddd thate] 2% WhHo| Kim and Bai(2004)%

Hamilton ©] &5 o]&3ato] S 5312l o] egdd A b

e d e FAsly] 93 X wEe HAFEE o wukal 7 4] (Complementary mild-slope equation)S- =3} th. &5

o] AN 2T Boussinesq AT} e FARR o TR EEE S St v AARAE A WS
Beo| A = wAsk) ARSIt Berkhoff(1972)7h ¢ S FHel Atk

AN A A S FurEle] 718 ulTpRE] RS ultizbx] Hheke] Aol e vty A& AestE ATt olyA] 44

PSR 2@ ¢ QA Hom, o F Massel(1993), © AT T2A wAR l4se} Ak Reid and

ot

Chamberlain and Porter(1995), Suh et al.(1997), Chandrasekera and ~ Kajiura(1957):= TS Wl S5l Darcy®] A& wETha
Cheung(1997)% Berkhoff(1972)9] Aol Al A ujete] = 7Hgste] FAVE AR TS 918 ARBs= u}’] s

gabyl ufaAxLe] AFEe mesle] wlohAAlst a4 = =S ©1F, Liu and Dalrymple(1984)= 77} 3
Aol fRstE el 48d Ang dg 5 g ¢ T WA el AHES Feskl o, Do and
s8] AN A S Akl gliEe] ehAApkg A SuhQ011)= ZHol7h 3T vhE FT flolA she] HaE

S fEdly Syxdde ndy 49 HAPEA A
+ gwkim@mmu.ackr, 061-240-7319 ol & aef R PP A AFEHlal, Kim and Lee(2012)=

- 758 -



Fogol o)a o) P EN} TeE SEIXAL0 1
8}~ 71 ¥ (eigenfunction expansion method)= %83l 43
o 18T F de BPE N

m and Bai(2004)] 4& &-7tsio}.
PR YA =

Hoz oAl FHHEY 55 A
oA FREOIY FA] dFoR

7h 5o I A A b s whA A st
Ho] oo WFE AU b= EA7F k. ol
= s dst7] AAsiA Aatd o UlF-ol A Zu}gtel
gabar, oo 2~EA] F& Fo WAEE AAAlY
Hzu}719 o] /s At Kim et al(2006; 2007) <
7}4 &}l Helmholtz 2] &2 A AY = o2 £79] 1
2o A AMg 7V E S 29gaE v g 412 Green
Hog gk bl k. o] Aol A=
SR F45S WNFE e Ay ad

fo W K
ol
-

= M 2 O o2
2 > N g

ol
=
S

E

ol oﬁr_“f
boogh mx & RN

o]
==

2oy oo
o Lo

ol
25
)

i
A or
Ho
S

_O‘L
Y
N
ox
_O|L

o oy B
et
3@ 4y 32 ¢

o 32

2o
:Og

o

<l
oX o
ofr
_&L_I‘
[>
rH
X
ol
2
X

o

N
v

2,

=2
R
lo

2

.|
ot
:‘—I‘ lolt

I
[o
o N Fo
=
2
on r

-y Ho
>

A] w}

ut

Y
e
Lo,

4
o
o
_|>L
4
o
fu
)
%
o
R
%)
i)

iz
~
>
o
lo i
=
=
o
ol
rir
n
N
{2
o
it FU]O o!
4
Og‘:,"
o
ol
e
£ &

1>
td
oft
o
it
B=)
fo
=
=1
ol
2
o~
oa

= oon
R
=
o 2
e
Jo fu
o

o

A Lo
4
+
o
=
£
f
i
)
o2
ol

m o
ofr
ol
£
2

I o

O
-

o 1o,
o 1n

oy K

o[\ o
32w
)

[e5

N
[ol
il
oo
4>
Jo
oA
ogt
e
oM
Ral
oz
0
1>
10
oy
ﬁ
0ok

1o n
oﬂtﬁ o —[L}l' o
< < i
N [oan
2 oz
Mo
Now
2 o
2 o
T ood
Ty
4 2
o 2
)
I 40
L2
o o
N mlo
P ¥
(S
o
2 [0
ol HU
ol
froox

o
o2
o
it
a9

ol
o0
uli
%
ld
2
a

oo

3

=
=
=
<
8

N
rlr
O
dlo
B
m=

A7A, 5 (ww)B SRR p= BEFF 0ok e B

Aol et

_
0z
0
w=2
ox
i t 0
= _w at z=
n o

2% 0%
+ =0 —h<z<0 5
o | 9 z 5)
W, g 0% _ _
2z T o7 g =0, at z=0 (6)
¥=0, at z=—h @)
714, g FHNEECIL AL Ao AU AA
zolaL, AN AMAA z=—hd df FaAE vtEAA
zolth W5 918 APk ol tsiA, 2us B
& A9 F QT AR AeHE 5] SN A
B eled 0ew 2
Sl =) fhz),  flhz) = SOEGEERL g
’ e ’ sinhkh
A7, J(x) = FHAM L ZESGolth B ki v
AP EADAA G D5 )

o? = gktanhkh

©

Kim and Bai(2004)%= Hamilton ©] &S AM&38te] o} 2

of BRIl ulE 4y SBATRA

3@ o

& fred

S o b o b\~
75%{w%§+ba w}+b2_2%+{—k%+w{§;)]¢:0 (10)

E oxr ox

A71M, AF a, b, & 247F g3} 2ot

- 759 -

(1



71:11
b(h) = ff
_ 1 2kh cosh2kh — sinh2kh
4sinh?kh 2kh +sinh2kh (12)
of
C(h’)ff (ah)
:L
12sinh’kh
= 12kh +8K>h3 + 3sinhdkh + 12 (kh ) %sinh 2kh
(2kh+ sinh2kh)? (13)
o71M, Cs} C = A7 Ihe] S Eet & ot 99
A& Aidstd S 2ol FYT 4 Yt
o Qﬂ) 200, 0%k (ﬂ) S
6.7[:( C ox |k C+f" 912 s ox ¥=0 (14)

o7IM, fok fe
Ar2H ot 2

_ o’ sinh2kh — 2kh cosh2kh
4gsinh®kh 2kh + sinh2kh

(15)

o? < ksinh2kh
2sinh®kh (2kh + sinh2kh)?
X {2kh sinh2kh sinhkh (2kh + sinh2kh,)
— (2kh cosh2kh — sinh2kh)
X [coshkh (2kh + sinh2kh ) + sinhkh (1 + cosh2kh)] }
k 3sinhdkh + 12(kh)?sinh2kh — 12kh + 8(kh)?
12sinh?kh 2kh + sinh2kh >

2(14)= &

& thgs} gol HExUA

_ ~coshk(h+2z)
¢=9¢ coshkh (1%
aga, P P 2 vt g AEA AlwEe] Al
o).

Booij(1981)2 &%
o oA a4 we T

stlom, of

24 [ Cg+f M+fs(a—h)2+m}&:0

o714, vy AUA] A AF
(19 o7 22 Helmholtz 2

olth, AL A1, 4

Ao gz} @,

-
29 k=0

20

or (20)
A7IA, 35 k= e 2
C oy

B=kK+i —:k2(1+ ) 21

1wy c, i (21)

A71A, n=C,/CoIt}.

s A2 g mEEhs 49l 45 ke Ba5 dh)
3 k ik E XEY 9}@ A7) AER k2 4(9)
o] FARAE wEsh, &4 T Hup B BEl=ow

=
& ste] &L ovlah k;k,ﬂ'l@% A
She, olUiA 71413 43 thgt el T 4 ek

o

v=2nk;k,

Reid and Kajiura(1957)> &% Ul 32 & 9] Darcy?]
& mErhes 7HA sl 788 2
Aapshe o] &S g3 2ol F3elth

oK 2k
i 2kh-+sinh2kh

(23)

oA714, K= FFAS, ve A9 s34 A5lth Liu
and Dalrymple(1984)> 74 wlete] F=A7 d= Agkd 4
ol 3ol &S ot el Fekslth

b= oK 2k

i = 7 2+ sinh i) b (kD)

@4

- 760 -



of Zolxitt. 21(23)3 4l A ALt o] A& K,
(22)°ll tYgste] 5o Sdd AL A
E7Fs s oA A AS 45 AT

%

= #Asty] AsiA, 2T 959 oy (2~

EAZ)} FA AbEskE Wl dE] o] &% 2t Kim

et al.(2006; 2007) v EHA 2ol t3t Green - WS Al

LA, S=xeldd st 4 AH 23} Boussinesq W3
o

o)
AR M £AF5E FEF w ek Az AT
Ex

EEEEREE S At

S(a,t) = Dé(z—ux,) (26)

A7|A, DE 234359 A%, iv DEET, 2,5 299X
o]t}

FAo] dAgk Ao, 2 A AN BT TS F
A, w=—ion=1ikp 2] VAZ AFEste], FHES yol
St Helmholtz 2]-& & = Ut}

8217 5 D
—+kn=——"6(x—x,) 27
ox* Cg

Kim et al.(2007)2 WA 2ol gt Green 35 3HES
ol gallA HEeRgg FEje] 2345 £35S Helmholtzo)
F o3l

o
_O|L
fﬂ
N
1=
%
&
2

expl+ik(z—z,)] (28)

- 761

5=2iakC(z —x,) (29)

o 71A, o= ZIstaat b= vhe] AEo|t) AR
oA e oA A §=1/Az2 XA, 25

T
Pt thet el Wk,

a°h on\* .o |~
? W+fs(£) +L’}/+ZDSO']1/J—S
A71M, D= 2EA T Ao AL, 2EA T Wl A

U3k ol AojEn

_exp(/W) -1 .
D, = (D) =1 inside sponge layer (32)

A7IA, 1 AR 7L AlFtehs 1A =5E o) Aol
i, e & oW oo v dAskgith

9 2EA Fo AFS IS
F7] T=5s% o5 2380k AANAL Ar=1L/202
2 8kglal, o714 L2 stk
Sponge Wi Soumes Sponge
layer layer
[T FITTTTTTTT
FELLEEEEL FELEEILLL
ARNRRY (RN
[RARNRRERY (ARRERNNNE
FELLEEIT PEEEEILTT
L L
L W L 5L N 5L | W
T

[ | I |

Fig. 1. Computational domain for wave generation.



Fig. 2. Normalized water surface elevations and amplitudes

of monochromatic waves.
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Table 1. Incident wave frequency and relative water depths.

Frequency (period) k.h, kyh,

0.2 Hz (5.005s) 0.10m 0.06m

0.35Hz (2.865) 0.187 0.10m

0.50 Hz (2.00s) 0.287 0.157m

0.75Hz (1.335) 0.487 0237

1.00 Hz (1.00s) 0.787 0.337
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of a planar slope.
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