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1 Introduction Hwang and TucK11] and Lee[9] developed integral equation

In the last decade, there has been a significant change in methods while Mei and Chefll2] provided a hybrid element
P 19 -hang &thod. Numerical studies for harbors of arbitrary geometry have
nature of harbor traffic in Hong Kong, which results in the dete:

S L : : also been verified by field and experimental dédag. [9,11]).
r|orat|o_n of wave c_ondltlons in \/_lctorla Ha_rbor. As a result, the\Ryecently, certain amount of numerical work is available to include
dynamic and mooring forces acting on ships and docks are s

: o . &He reflectivity of the harbor wall[13,14]). However, because of
ously affected by the high wave oscillation and in turn crea e deficiency of numerical methods, the results can only repre-

serious problems to different marine structures, affecting loading gpecial conditions, not the general relationship between the
and unloading of cargoes. As a means to dissipate wave energyaictivity and the harbor oscillation.

porous seawall is introduced inside an existing harbor, which W'ﬁeln recent times, porous breakwaters are being constructed for
reduce the_wave oscillation and improve the general_wa_ve C“maﬁf?ssipating wave energy in order to reduce the hydrodynamic
_The vertical-wall harbors are widely used for their simple déwrces on breakwaters. With the assumption of Darcy’s law, Sollitt
sign and construction. In the presence of waves, a vertical harlefy crosg15] and Chwand16] separately developed models to
wall reflects most of the wave energy incident on it. With strongdy the flow past porous structures. These methods were unified
harbor oscillations, vertical walls are subjected to large wavghq combined by Yu and Chwarig7] to become the most ac-
forces. Recently, permeable breakwaters, detached breakwatggptable one in the recent literature of flow past porous structures.
and submerged breakwaters have received much attention §tand Chwand17] studied the problem of wave resonance in a
their capability to dissipate wave energy is widely studied. Somgarbor with a porous breakwater. It is observed that a porous
of the energy-dissipating breakwaters are being tested in harbpreakwater can reduce the amplitude of resonant frequency sig-
([1,2). nificantly. A small but finite permeability of the breakwater is
On the other hand, wave agitation in harbor due to an incomifgund to be optimal to diminish the resonant oscillation.
wave of a particular frequency may last for a long time. This In the present paper, we investigate the problem of wave reso-
agitation leads to a resonant state and is the cause of extremedyice in a circular basin surrounded by a porous breakwater. The
high wave oscillations inside the harbor. The dynamic and modsasin has an entrance located on a straight coastline. As a particu-
ing forces acting on marine structures are increased during thas case, the wave resonance in a closed circular basin surrounded
high oscillation which usually create serious problems to loadirgy a permeable breakwater is analyzed. Matching the velocity as
and unloading of cargoes. Thus, during the harbor planning, meeell as the pressure along the porous seawall and the harbor en-
sures should be taken to avoid such harbor resonance. Theretearce, the full solution is obtained and the resonance condition is
two kinds of oscillations existing in a harbor, one is the free oslerived. The effect of the porous-effect parameter and the position
cillation and the other forced oscillation. LaniB] analyzed the of the breakwater on wave oscillation are analyzed. The present
effect of free oscillation in closed rectangular, circular, and ellipvork should be useful in future harbor design and modifications.
tical basins. McNowrj4] investigated the forced oscillation in a
circular harbor having a narrow opening. In a rectangular harbor,
the effect of forced oscillation was analyzed by Kravtchnenko and
M_cNown [5]. Further study on harbor resonance was done By Formulation of the Problem
Miles and Munk[6], LeMehaute[7] and Ippen and Godg3]. . o ) ) )
Miles and Munk[6] found that the wider the harbor mouth, the The problem under consideration is three dimensional in nature
smaller the amplitude of the resonant oscillation which is contr@d is studied in a cylindrical coordinate system with uniform
dictory to the fact that less wave energy will be transmitted to tHE€Pth h. The opening of the harbor is along the coastline at a
harbor through a smaller opening. This phenomenon was kno@fstanceb cose from the center of the harbor witheoeing the
as the harbor paradox. L§@] considered rectangular and circula®P€ning angle of the harbgsee Fig. 1. The circular harbor is of
harbors with their openings located on a straight coastline whfigdiusb with an inner permeable circular wall of radiasAssum-
Mei and Petron[10] dealt with a circular harbor protruding half- N9 that the fluid is inviscid and incompressible and its motion
way into the open sea. To deal with arbitrary harbor configuratiofirotational, we can define a velocity potentidlr, ,z,t) which
satisfies the Laplace equation. Assuming the motion is simple har-
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e = —eg<f<e.
o o on r=a, e<b<e 9)

ol 3 The Method of Solution

The velocity potential for the open sea region is the superposi-
tion of plane waves with the coastline reflection in the absence of
the harbor,¢,, and the scattered wavg; due to the presence of

e | e the harbor,
, . A d)l:Al{efiko[f(xfb cose)cosa+y sina]
< a +eik0[(x7b cose)cosa+y sin a]}fo(z)
b
=A fo<z>2 Bl Qe it Qo 2 Im(kor), (10)
, - . - Hm(Kor)
Fig. 1 Schematic diagram of a circular harbor bs= E (A ol/f +AS ol/f ) ———f0o(2)
m=0 m m(k b)
+§ (A Aol ) 27 iy Bl 21|, @y
10/ o\ 13 &% azy MMM (K )”
vl o)t et iz =0 @
r r z where fy(z)=coshky(h+2)/coshksh, f.(z)=cosk,(h+2), A,
The free surface boundary condition is given by =gH/2w, a is the incident wave anglé{ is the incident wave
5 height, Bo=1, B,=2, (n=1,2,3...), Ju(-) is the Bessel func-
i o tion of the first kind,H,(-) is the Hankel function of the first

———¢ 0 atz=0, (2)

0z kind, K,(-) is the modified Bessel function of the second kind,

C S H
whereg is the gravitational constant. The bottom boundary conAm”’ Amn are unknown constants to be determined,

dition is given by yL=cosmé, i p=sinmé,

l;_(ﬁzo at z= —h. (3) Q%Z[(*i)meikob cose cosa+(i)mefikob cose cosa]cosma’
z

S _ [ _(_j)Maikgb cose cos iyMa—ikgh cose cos i
As r tends to infinity, the scattered wave potentiglsatisfies the Qp=[— (=)o e (i)™ Hon 58 B3¢ ] sinmar.

radiation condition Superscripte ands represent the terms associated witf), and

dps . W, respectively. In(4) and (11), wave numbersk,(n
\/F 7—'ko¢s —0, asr—om, (4) =0,1,2 ...) satisfy the dispersion relations
wherek, is the wave number of the incoming progressive wave. w?= gk, tanhkoh= — gk, tank,h. (12)
Along the straight coastline, the velocity potential satisfies t . .
condition rﬁence, in region 1,
i b1= 1+ ps. (13)
ox 0 atx=bcose. ®) The velocity potentialsg;(j=2,3) are of the form
The continuity of pressure along the harbor opening requires * Jn(ko )
=2 1| Biot it Bt we
¢1:¢2 on I’=b, —e<f<e. (6) ¢2 m=0 mo mO ( ) O m
The vanishing of velocity along the impermeable harbor wall and (Kor) %
I . S o
the continuity of velocity along the opening is given by +CSous) Ym(k b)} 2 [(Brcnnlﬂrcﬁ BS %)
0, atr=b, e<0<2m—e, @) a
bor = 7
atr=h, —e<6<e. I'm(Knr) Kmn(Kqr)
e e I (ol by Cnth ) e | (@) [ (14)
The condition along the porous wall and the opening of the porous m(Knb) m(Knb)
wall is given by "
s s ‘]m(kor)
0, atr-a, -—e<6<s, $3= 2, | (Dot it Dot ) 37 1ol
koG (s~ b2)= ®) = Im(kod)
¢z, atr=a, e<0<2m—e, )
whereG is the porous-effect parameter or the Chwang parameter +2 (DS 5 © s Sy m(Knl ) (2) (15)
([18]), which is different from the Chwang’s wave-effect param- nem mml(kpa) "

eter ([19]). The porous-effect paramet& is a complex number

with non-negative real and imaginary parts. The real parGof where B, Ch ., D (p=c,s;m,n=0,1,2...) areunknown
represents the resistance effect of a porous medium against ¢hgstants to be determineg,(-) is the modified Bessel function
flow. The imaginary part o& denotes the inertia effect of fluids in of the first kind, andY,(-) is the Bessel function of the second

the porous medium. kind. _

Finally, the continuity of velocity along the opening of the po- From (6), (7), (13), (14) and the orthogonality off, and
rous wall is given by P (p=c,s), we have
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Z[ o ko) |, Yy(ke) , Hi(kob) ¢z=2HB Intkol) o Ym(kor)}fo(z)

50 [ 71%9](kob) %] (kob) - 1OH (kob) o |73 ab) TV (ko)
- (Ko K (Ko
_A|B,-Q})¢}’J,-(kob)]ej"m—0, (p=c,sm=0,12...), +nzl {anl r’n((knb)) +CmnKrrn((kanfn(Z)JCosmﬂ,
(16) (24)
o [ oo Lilkb) Kk o K(kab)] = In(Ket) (k)
J'ZO (B]Pnlj,(knb) C]an i (knb) Ajanj'(knb) €n=0. ¢3_m2:0 { mOJm(k a) fo(2)+ 2 Dmnl (k.a) n(Z)}COSI’T\@-
(p=c,s;n=1,2,...m=0,1,2...), (17) (25)

It may be noted thak, (n=0,1,2 ...) arerelated to the angular
frequency of the free oscillation of the harbor. In this case, we

(BPo+CPo)dR = E [AB; QP (kob) +AboTeR, have ¢,, =0 onr=b which gives
Brn=—Cmn (MnN=0,12...). (26)
(M=012...), (18) Condition (8) along the permeable wall becomes

94y _ 0

g &ra—lkoG(¢3 b)) atr=a(j=23. (27)

(BP + cﬁm)dﬁ;; ehAn (N=123...m=012...),
(19) The orthogonality off, (n=0,1,2 . ..) and cosné leads to

where [J,’n( ko)  Yi(koa)
In(kob)  Yri(kob)

Im(knd)  Kp(kza)
Im(kab) K/ (knb)

5 Byo=Dmo (M=0,12...), (28)
d%=f [y h1%d6, e,"m=f yPyhde.
0 .

mn

From (8), (9), (14), (15 and the orthogonality off,, and

P (p=c,s), we obtain (n=1,23...;m=0,1,2...), (29)
[Im(kod) Jin(Kod) m(koa) .| Im(kod) _(Jm(koa) m(kod)| o } D
'k°G[J;n<koa) v _(J;n(kom Vakob) © ”dp o8] T kom) P | T kab) Vi kob) Do

w (m=0,1,2...), (30)
=2 KoDlufhy (m=01.2..) GO k@) (k@) Kn(k@)| ]
MO () ™ (T (kab) Kip(kgb) |- )~
o [ake) Kn(kod)  In(koa) B o
IkOG[I,'n(kna) ﬁm_(Kr’n(knb) ﬁm-i- Ir,n(knb) Cﬁm”dﬁ] (n=1,23...;m=0,1,2...). (31)

From Eq.(28)—(31), we derive the resonance conditions relat-
b . ing the porous-effect parameter, the radius of the circular basin,
—2 KiDfpfln; (n=123...;m=012...), (21) the permeable wall and the wave number of the progressive wave

mode as
where In(kod) [ In(kod) Y;n<koa>) _(Jm<koa) Yin(kod)
o FH . In(koa) | I(kob)  Yiu(kob)| | Jf(kob)  Y/(kob)
= °dé.
m e l//ml/jj (22) (Jr’n(koa) Yr’n(koa) ( 01,2 ) (32)
== ; m=0,12...),
, v Ji(kgb) Y[ (Kob)
Inkod) o Yi(kod) T , ,
3 (keb) Bmo+ Y7 (ko) Cho=DPy (p=c,s;m=0,1,2...), i [Im(kna) (Im(kna) Km(kna)) (lm(kna) Km(kna))
Im(kna) | I(kab)  Kp(kab) |\ 1(kab)  Kpy(Kqb)
I m(kna) Kin(kna) ' '
7 Bp nt Cmn_Dﬁm _ Im(kna)_ Km(kna) _ o
[ (knb) Km(knb) =Kl T 0D) K (ko) (n=1,23...;m=0,1,2...).
(p=c,ssm=0,1,2...;n=123...). (23) (33)
The system of equationd6)—(23) can be solved to obtain the From(32) and(33), it is obvious that there is no real root for real
complete solution. G. Hence, there is no steady oscillation in a circular harbor with a
permeable wall, which is similar to the observation of Yu and
Chwang[17].
From (32) after rearrangement, we have

4 Oscillation in a Closed Basin _

In such a case, we hawe=0. The velocity potentiad, will not Im(kod) 1G Im(kod) ~ Im(kod) _
be taken into account. Without loss of generality, the velocityd;,(kob)Y/(kea) iGYy(Kea)Jdr(Kob) =Y (Kob)Jl (ko)
potentials are (34)
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WhenG=0, the inner permeable wall behaves like a solid wall 2.0 o000) TP —
and we have a closed circular region and another annular region. 177 oLy ———- ((0"4::/4) S
From (34), s (©0.1304)

Ji(kpa)=0 (m=0,12...) (35a) ]

R

or 107
Jin(kod) Yin(Kob) = Jp(kob) (ko) =0 (m=0,1,2...). 05 3
(35b) ]

The solution of(35a) represents the wave modes due to a 0.0 e T T
closed circular basin of radius a, while the solution(88b) rep- o 1 2 3 4 5 6 7 8 9
resents the wave modes inside the closed annular basin with inner k.b

and outer radiia and b, respectively. On the other hand, &s

—oo, the permeable wall becomes transparent to the fluid and thig. 3 Variation of amplification factor R versus wave number
resonance is due to the free oscillation of a closed circular basinkgb at different locations with ~ @=0 deg, b/h=0.75, 2e=10 deg,
radiush. In such a case, fror(84), we derive G=1, and (b-a)/A=0.25

J(kb)=0 (m=0,1,2...). (36)

The amplification factoR attains its maximum value at different
locations for different wave numbégb. Generally speaking, the
The amplification factoR which is a measure of wave oscilla-wave amplification is large near the center compared to a point
tion inside the harbor is defined as towards the harbor wall. It should be noted that, for normal inci-
dencea=0 deg, the wave condition inside the harbor is symmet-
R= ¢3(r1010)
A

5 Discussion

ric with respect tod=0 deg.

Figure 4 shows the variation of amplification fact@rat the
. . ) harbor center versus the gap lengt+@)/\ for different values

In the two-dimensional analysis of Chwang and D], of the porous-effect paramet&. The two-dimensional result of
when the porous-effect parametér=1 and gap lengthb(—a)  chwang and Doné20] showed that the wave dissipation is maxi-
=(2n+1)\/4, the reflec_tlon coefficient vanlshes_ and the phgnym at —a)/\=0.25, and the amount of dissipated energy de-
nomenon of wave trapping takes place. From Yip and Chwar&nds on the porous-effect parameBrThe same phenomenon
[21]_ it was noted that the curves for complex_valuei_?q&re of _ was observed later by Fugazza and Nafa®] and Suh and Park
similar shape as those for real values. To avoid repetition of sinb3) although their analyses were different. Similar phenomemon
lar results which have been investigated before, the CurveSI’?§robserved in the case of a circular harbor. However, the wave
complex values of are not presented in the present paper.  gjssipation is more sensitive in the two-dimensional c4ge])

Figure 2 shows the variation o_f amplification fact@rat the pegr b—a)/\=0.25, while in the present case of a circular har-
center versus wave numblegb for different values of the porous- bor, large dissipation occurs at a wider range b&4)/\ near
effect paramete®. As 0O<a<b, we must have &27(b—a)/N .25, |t should be noted that the wave incidence at the porous wall
<kob. The amplification factoR increases generally & in- s not always normal but varying along the porous wall. In gen-
creases. AS5 increases, the porous wall becomes transparent égy| the incidence angle along the porous wall is very difficult to
the fluid and most of the wave energy is reflected back by thgedict for three-dimensional cases. As shown in Fig. 4, the wave
thus an increase in the amplification factor. However, it should g more porous wall and less wave energy is dissipatedGAs
noted that wherG=1, the wave dissipation is maximusee .o the porous wall becomes transparent to the fluid and no
[17,20) and in the process the wave resonance is minimum. Tﬁ%sipation oceurs.
amplification factorR attains maxima for certain values of the Figure 5 shows the variation of amplification factrat the
wave number irrespective of the porous-effect parameter. The rggfpor center versus harbor openingf@r different values of the
pqrous-eﬁect_ parameter only reduces the amplification faCtBbrous-effect paramet&. When the opening of the harbor van-
without affecting the wave number. ishes, the amplification factoR becomes zero, as no wave is

In Fig. 3, the amplification factoR is plotted versus wave gjjowed to enter the harbor. A large amplification fadRis ob-
numberkyb at different locations in the inner region of the harborggryed at moderate values of opening &imilar to “the harbor

. (37)

+a
IEETE FUSEY FEETE FEUU] FUUTS ANETU FURW

v e by

<
]
[ 5]

(b-a)/A

Fig. 2 Variation of amplification factor =~ R at the center versus Fig. 4 Variation of amplification factor R at the center versus
wave number kyb for different values of G with a=0 deg, b/h  (b—a)/\ for different values of G with =0 deg , b/h=0.75,
=0.75, 2¢=10 deg, and (b—a)/A=0.25 2e=10 deg, and kob=3.8
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6 6 Conclusions

The problem of wave oscillation in a circular harbor is analyzed
in the presence of a porous wall. For maximum wave dissipation

i the gap between the porous wall and the harbor wall should be
R, 4 approximately a quarter of the wavelength of the incident waves.
] A moderate value of the porous-effect param&atissipates the
24 maximum wave energy. For a large angle of incidence, wave am-
. E plification inside the harbor reduces. The amplification factor de-
e pends on the wave number of the incident waves and the location
0o E e inside the harbor. The amplification factor in the harbor can be
0 60 120 180 240 300 360 adjusted with a proper opening angle and using a porous wall with
0 moderate porosity.
2%
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