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The interaction between linear surface waves and a concentric bottom-mounted cylinder system has been
investigated using the eigenfunction expansion approach. This system contains an outer porous cylinder and
an inner impermeable cylinder, which are connected by dual porous ring plates. Both cylinders are surface-
piercing and rigidly installed on the flat bottom of the ocean, while the porous ring plates are fixed below the
free water surface. The analytical solution of the velocity potentials can be obtained by matching the boundary

conditions. After obtaining the velocity potentials, the wave force and free surface elevation are computed.
The numerical results obtained for limiting cases agreed well with the published results. The results of the
study show that reducing the draft, spacing, and permeability of the dual plates all contribute to reduce the
horizontal force of the inner cylinder. However, the significance of the lower plate is mainly to cope with the
condition where the water surface is lower than the upper plate.

1. Introduction

The supporting members of offshore structures are usually isolated
cylinders or cylindrical arrays, which often bear huge hydrodynamic
forces. Porous structures can reduce the wave action and optimize
the hydrodynamic performance of impermeable structures, so they are
considered to have application prospects. Many scholars have studied
this kind of combination structures.

Wang and Ren (1994) was the first to investigate the wave inter-
action with a bottom-mounted concentric cylinder system theoretically
in which the outer cylinder is porous and the inner cylinder is imper-
meable. Their results show that compared with the cylinder directly
subjected to wave impact, the existence of the outer porous cylinder
not only reduces the hydrodynamic force acting on the inner cylinder
but also reduces the wave amplitude on the windward side of the inner
cylinder. Almost at the same time, Darwiche et al. (1994) segmented
the boundary conditions and studied a bottom-mounted concentric
cylinder system with a semi porous outer cylinder. The so-called semi
porous outer cylinder means that the outer cylinder is porous in the
vicinity of the free water surface and impermeable at a certain distance
below the free water surface. On the foundation of Darwiche et al.
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(1994)’s research, Williams and Li (1998) investigated a semi-porous
concentric cylinder system mounted on a storage tank. Li et al. (2003)
studied a concentric cylinder system with a semi porous outer cylinder,
which is another extension to the model studied by Darwiche et al.
(1994). The outer cylinder of the model is porous in a certain angle
range, while the rest is impermeable. Vijayalakshmi et al. (2007) and
Vijayalakshmi et al. (2008) studied the interaction between waves
and two concentric cylinders by experimental and numerical meth-
ods. Mandal et al. (2013) and Mandal and Sahoo (2015) investigated
the hydroelastic analysis of a concentric cylinder system with a flexible
outer wall in a single-layer fluid and a two-layer fluid. Liu et al. (2018)
studied the interaction of waves with a concentric cylinder system with
multiple outer porous cylinders. Cong and Liu (2020) investigated the
mean drift wave force on a concentric cylinder system.

The research mentioned above showed that the hydrodynamic per-
formance of the structure can be improved by setting the porous outer
cylinder and reasonably designing the structure parameters. In addition
to the structural type of setting the outer cylinder, some scholars
found that the porous disk may also be conducive to improving the
hydrodynamic performance of the structure, but the relevant research is
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relatively deficient. Wu and Chwang (2002) analyzed the phenomenon
of wave diffraction by a vertical cylinder with a submerged horizontal
porous ring plate. They found that the presence of the plate helped to
reduce the horizontal force of the cylinder. Recently, Wang et al. (2021)
investigated the wave diffraction from a concentric truncated cylinder
system with a porous ring plate fixed inside. The research show that
the closer the ring plate is to the still water surface, the smaller the
horizontal force and overturning moment of the structure. This is due
to the fact that the ocean wave energy is concentrated on the water
surface, so the closer the disk is to the still water surface, the higher
its wave dissipation efficiency. The position of the still water surface in
the ocean varies greatly by the tides. Therefore, it has been suggested to
use dual plates as a wave dissipation structure to improve its efficiency.
Studies on dual plates have mostly focused on their performance as
breakwaters (Cheong and Patarapanich, 1992; Wang and Shen, 1999;
Wang et al., 2006; Neelamani and Gayathri, 2006; Liu et al., 2008;
Cho et al., 2013; Liu and Li, 2014), while no scholars have considered
their effects on the hydrodynamic performance of concentric cylinder
system.

In this paper, a concentric bottom-mounted cylinder system with
dual porous ring plates is studied. The concentric cylinder system
consists of a porous outer cylinder and an impermeable inner cylinder,
which are rigidly connected by dual porous ring plates below the still
water surface. Both cylinders are surface-piercing and rigidly installed
on the flat bottom of the ocean. The dual plates can cope with tide-
induced water level changes, ensure that the structure still has a certain
energy dissipation capacity after the still water level is lower than the
upper plate. The hydrodynamic forces of the inner and outer cylinders
under the action of linear waves are calculated by the method of
eigenfunction expansion and boundary conditions matching. This paper
studies the effects of the wave and structure parameters, which has
guiding significance for the engineering application of the structure.

The mathematical model of this study is showed in Section 2. The
analytic solution of diffraction is derived in Section 3. The calculation
program based on the theory is verified in Section 4. Some cases are
given in Section 5. The last section is the conclusion of this paper.

2. Mathematical model

The model of wave interaction with a concentric cylinder sys-
tem with dual porous ring plates fixed inside is shown in Fig. 1. A
cylindrical coordinate system and a Cartesian coordinate system are
established at the intersection of the center of the cylinder system
and the still water surface, and the z-axis is vertical upward. The
seabed is considered to be flat and impermeable, and the symbol &
denotes the depth of water. The draft of the dual porous ring plates
is d, and d, respectively. Symbols a; and a, represent the radii of the
inner impermeable cylinder and the outer porous cylinder respectively.
The fluid is divided into two regions: the exterior region defined by
Q, (a2 <r,0<0<2r, -h<z< 0); the interior region defined by
Q, (ay<r<ay, 0<0<2r, —h<z<0).

We assume that the fluid is inviscid and incompressible and that the
fluid motion is irrotational. Then we can use a time-dependent velocity
potential @ to describe the fluid motion. By further considering linear
harmonic waves, the velocity potential can be written as

& (r,0,2,1) = Re[p(r0,2)e ], ¢))

where Re denotes the real part of the argument, ¢ (r, 0, z) the spatial
velocity potential, i = \/—_1,  the angular frequency and ¢ the time.
Now we only need to consider the spatial velocity potential ¢ (r, 6, z).
The spatial velocity potential satisfies the Laplace equation:

Vi, =0, j=1 2 @

where the subscript j represents variables with respect to region .

Ocean Engineering 270 (2023) 113613

y
,
¢“_ .~~~
o .
. 4
’ .
, .
' s
. \
l’ 0 ‘I
: \
' a, T
. .
\ : X
Al .
\ h
. a, ;
. .
. .
. .
. =
. z
Incident wave :
: . Vi
] [ -
V9, Q, :Idl
S B R A H
: : J
: :
: : A
Q S Q, Q,
1 ' '
SRS I A q———- h
: .
. :
: :
1] L]
TQ, Q,
. :
: .
. .
. .
: :
. .
: :
Seabed '

Fig. 1. Schematic diagram of a concentric cylinder system with dual porous ring plates
fixed inside.

The velocity potentials in relevant regions also satisfy the imper-
meable seabed condition, the linear free surface condition, and the far
field radiation condition:

b

%) 6 aeh =12, ®)
0z

99; .

5 =V z2=0, j=12 (€]
. 0 .

Jim V7 (52 =ik ) (61— ) =0, ®)

where v = »?/g and g is the acceleration of gravity. k, is the incident
wavenumber. ¢, is the incident velocity potential.

The boundary condition on the impermeable surface of the inner
cylinder can be expressed as

)
ﬂ:o, r=a,, ~h<z<0. ©)
or

The boundary condition of the porous ring plates and the outer
cylinder can be written as follows, respectively:

d¢y _ O¢y i - +

52 iy = 5 b= o [ (0 =2 (0=
a<r<ay, q=1, 2, @)

W o

= = 6L3 [#5 (a5, 6, z) — @ (af, 6, 2)], —h <z <0,

or 'r=a}" gr 'r=6;
(€)]

where 6, = u/(pl,w) (g=1, 2, 3) represent the porous effect pa-
rameter of the dual ring plates and the outer cylinder, p and u the
water density and dynamic viscosity, /, the porosity coefficient with
a dimension of length. 6, = 0 means that the surface is completely
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permeable, as if it does not exist. As the o, increases to infinity, the
surface becomes completely impermeable. The superscript of plus and
minus in (7) represent the upper and lower surfaces of the ring plates,
respectively. The superscript of plus and minus in (8) represent the
outer and inner surfaces of the outer cylinder, respectively.

On the common boundaries between different regions, the velocity
potentials must satisfy appropriate transmission condition:
¢, _ 99,

=— —-h<z< =
3 3 h<z<0, r=a,, (©)]

0
¢ = ¢2+1035) —h<z<0, r=a,. (10)

3. Analytical solution

The analytic solution of the diffraction problem is obtained by uti-
lizing the method of separating variables in each region. In region 2,
the potential ¢, can be written in terms of the following eigenfunction
expansion:

¢ = —i‘%A > €, cos (n) { [i"J, (kor) + AR, (kor)] Zo (koz)
n=0

+ 2 AR, (kmr) Z, (kmz)} ’ an)
m=1

where the eigenfunctions are defined as

Hy(kwr)
R (k _ Hy(kpaz) m=0
" ( ") - Koy (kir) > 1 ’
Ky(kmaz) > =

cosh[k,,(z+h)]

m
cosh(k,h) °
Zm (kmz) T ) cos[k,(z+h)] ’

cos(ky,h)
and
e = 1, n=0
"T10,n>1"
Here, A is the amplitude of the incident wave, 4,,, (n, m=0, 1, 2,...)
are unknown coefficients, J, and H, denote the first kind of Bessel and
Hankel function of order n, while K|, is the second kind of modified

Bessel function of order n. Wavenumber k and k,, are the roots of the
following dispersion relations:

» [ gkytanh (k,h), m=0
@ = —gkytan (k,h), m>1"

The velocity potential ¢, in the region £,, satisfying the body
boundary conditions (3), (4), (6) and the first equal of (7), can be
expressed as

igA
$=-=Ye¢, cos(ne)z B, U, (xir) f (x2)., 12)
@ n=0 I=1
where the radial eigenfunction U, (x;r) and vertical eigenfunction
f (k,z) are given as:

H) (xa1) J, (xyr) = J) (x9a1) H, ()

U (K,r) = u
! H) (K,al) J, (K,az) =J! (K,al) H, (K,az)
E;sinh [k, (h — d,)]
X (K, coshk;z + usinhK,z) , —d; <z<0
—igA |{E; (k;coshk;z + vsinhk;z) + Q, cosh |k; (z+ d
f(KlZ)= 18 {/(1 1 1) ! [[( 1)]}

o X sinh [k, (h—d,)], —dy < z < —d,
{E,D (x,dy) — Q;sinh [, (d, — d,)]}
X cosh [K/(Z+h)] ,—h<z<-d,,
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Here, B,; (n=0, 1, 2,...; I =1, 2, 3,...) are unknown coefficients, the
prime denotes the first derivative with respect to the argument. The
symbol D (x;z) is defined as D (x;z) = vcosh (k;z) — x; sinh (x,z). E,
and Q, are unknown coefficients that can be determined by substituting
Eq. (12) into the second equal of Eq. (7):

io) E;x;D (x;dy) + Q; =0, 13

icyk; sinh [k, (h = d,)] { E; D (x;d,) — Q,sinh [k (dy — d} )] }

+ E;D (x;h) — Q;sinh [k, (h—d,)] = 0. 14

The above linear equations are homogeneous. To satisfy that the
solutions of the coefficients E, and Q, are nontrivial, the determi-
nant of the linear system should be equal to 0. Thus the following
“dispersion—dissipation relation” is obtained:

D (k;h) + 10,k D (k;d, ) sinh [K, (h- dz)]
+ioyx;D (x,d,) sinh [, (h —d})]
= 6,0,k2D (x;d) ) sinh [x; (h — dy)] sinh [, (d; — d})] .
Bao et al. (2009) gives an iterative method to solve the above complex
eigenvalues «;.
Application of the transmission condition (9)-(10), two sets of

algebraic equations can be derived by using the orthogonal properties
of the vertical eigenfunctions in each fluid region:

i"koJ! (koaz)/o Zy (koz) f (k2) dz

0
+2Anm ! (kmas / Z, (knz) f (x2) dz
-h

0
=B, U, (xa,) [ . [£1 (x12)]?dz, (15)

J, (koaz) /_Z Z (koz) f (K,z) dz + i A, /_: zZ, (kmz) f (K,z) dz

m=0
0
=B, [1 +i03U! (K,az)] /—h [f, (K,z)]zdz. (16)

Solving the Egs. (15)—(16), the coefficients A,,, and B,, can be
obtained. Then the velocity potential in each region can be determined.
Finally, the hydrodynamic forces and the free surface elevations can be
calculated by the velocity potential.

The horizontal force on the inner cylinder F; and outer cylinder F,,
in the direction of wave can be obtained by integrating the pressure
difference between two sides of the wetted body surface at r = a; and
r = a,, respectively:

2z 0
F, = iwpal/ / &, (ay,0, z) - (—cos0) ddz, a7
o J-n

27 0
Fop = iwpaz/ / [#1 (02,0, z) — ¢ (22,6, z)] - (—cos6) dOdz. (18)
0o Jon
Similarly, the vertical force Fy can be given as:

Fy=FY+F}
2z dqb , 0, —d, op, (r, 0, —d
_pa)/ dH/ [ 2 )+0'2 2( 3 2) rdr.
0z V4

19

where Fg and F }LI represent the heave force of the upper and lower
plates respectively.
The overturning moment Fp of the system can be calculated by

0 2
F, =ipwa, / ¢, (z+ h)(—cos6)dOdz
0

2z
+ lpa)az/ /

¢2 (z+ h)(—cos0)dbdz
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The free surface elevations can also be calculated by the linear

(20)

Bernoulli equation:

n(r0.2)= 2, (r.0.2) |, j = 1.2. 1)
g
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4. Validations

In order to verify the analytical solution, a program based on
Fortran is developed. b, = 27/ (koo-q) (g =1, 2, 3) are introduced to
express the dimensionless porous effect parameter of the ring plates (b,
for the upper plate and b, for the lower plate) and the outer cylinder
(b3), respectively.

To solve for the unknown coefficients of Egs. (15)-(16), we truncate
both / and m to [, and n to n,,. First, the convergence test of the analytic
solutions with /, and n, are list in Table 1 for the model a; =4 m, a, =
8m, h=10m,d, =05m,dy =1.5m, b, = by, = by = 27, kga, = 1.0, in
which the parameters are defined as

fu =|Fy/pgAxdil, f; =|F;/2pgAahl, fo =|Fo/2pgAarh|,
vi = 1n;(a1,0,0)/Q2A)|, vg = Inglay, 7,0)/(2A)|.

It can be seen that [, = 20 and n, = 4 are enough to ensure
convergence of the numerical results within three decimal places, as
sufficiently accurate for engineering purposes.

When the dimensionless porous effect parameters of the ring plates
b, and b, approaches infinity, the effect of them disappears, and the
model degenerates into a concentric cylinder system, which is the same
as the model studied by Wang and Ren (1994). The parameters are
selected as follows: h = 15m, a, = 10 m, by = b, = 10007, by = 27, ky =
0.3334,d; = 1 m,d, = 2 m. Fig. 2 shows the comparison between
the present model and that of Wang and Ren (1994), in which the
horizontal force of the inner and outer cylinder is non-dimensionalized
by 2pgAa;h and 2pgAa,h, respectively. It can be seen that the present
method is reliable in calculating the horizontal force of the inner and
outer cylinder, based on comparison with published results of Wang
and Ren (1994).

To further verify the vertical force and free surface elevation, we
consider the limiting case of reducing the model to a porous disk.
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Table 1
Convergence test on the dimensionless wave force and run-up for ¢, =4 m, ¢, =8 m, h=10m, d, =05 m, d, =1.5 m, kya, = 1.0, b, = b, = by =2x..
Iy ny =2 ny =4 ny =06
Sfu S fo fp Yi YE fu S fo fp Y1 YE S fi fo Ip 143 YE
2 1.272 0.665 0.459 2260 0.162 0.698 1.272 0.665 0.459 2260 0.161 0.665 1.272 0.665 0.459 2260 0.161 0.665
5 1.152  0.602 0.443 2119 0.155 0.698 1.152 0.602 0.443 2119 0.151 0.665 1.152 0.602 0.443 2119 0.151 0.665
10 1.028 0.678  0.417 2.038 0.290 0.720 1.028 0.678 0.417 2.038 0.286 0.687 1.028 0.678 0.417 2.038 0.286 0.688
20 1.028 0.678 0.417 2.038 0.289 0.720 1.028 0.678 0.417 2.038 0.286 0.688 1.028 0.678 0.417 2.038 0.286 0.688
30 1.028 0.678 0.417 2.038 0.290 0.720 1.028 0.678 0.417 2.038 0.286 0.688 1.028 0.678 0.417 2.038 0.286 0.688
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Fig. 5. Variations of the dimensionless hydrodynamic forces vs. wavenumber kya, for different d, at a; =4 m,a, =8 m, h =10 m,d, —d, = 1.0 m, b, = b, = b; = 2z: (a) Inner

cylinder; (b) Outer cylinder; (c) Upper plate; (d) Lower plate; (e) Overturning moment of system.



(b) Outer cylinder; (c) Upper plate; (d) Lower plate; (e) Overturning moment of system.

When the dimensionless porous effect of the outer cylinder b; ap-
proaches to infinity and the radius of the inner cylinder a; approaches
to infinitesimal, the model degenerates to dual porous disks. Setting
the permeability of one of the disks to infinity, the model further
degenerates to an isolated disk. The parameters are chosen as d,/h =
0.2, d,/h = 04, kyay /7 = 0.4, b, = by = 1000z, b; = 1 for case 1, and
d,/h=0.1,dy/h =02, kyay/z =04, b, = by = 1000, b, = 1 for case 2.
Fig. 3 shows the comparison of dimensionless free surface elevation and
heave force between the present results and the corresponding solution
by Chwang and Wu (1994). The free surface elevation and vertical force
are non-dimensionalized by the wave amplitude A and 2pgA7ra§. This
figure shows that the calculation results of the free surface elevation
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and vertical force are coincide with the results of Chwang and Wu
(1994).

To verify the overturning moment, we specify a,/a, = 0.7, kyh ==
and b; = 1000z in the present model. In case 1, the lower plate is
completely permeable, i.e. b, = 1000z, and d,/h = 0.2, d,/h = 0.24,
b, = 1. Similarly, the upper plate is completely permeable, i.e. b, =
1000z, and d,/h = 0.16, d,/h = 0.2, b, = 1 in case 2. As shown in
Fig. 4, the numerical results of the two cases agree well with the result
of Wu and Chwang (2002), where Fg indicates that all porous surfaces
are completely permeable. Fig. 4 can demonstrate the validity of the
present formula of overturning moment.
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Fig. 7. Variations of the dimensionless hydrodynamic forces vs. wavenumber ka, for different b, and b, at a; =4 m, a, =8 m, h =10 m, d, = 1.0 m,d, = 2.0 m, b; = 2z: (a) Inner
cylinder; (b) Outer cylinder; (c) Upper plate; (d) Lower plate; (e) Overturning moment of system.

Through the above verification, the present results are proved reli-
able.

5. The numerical results
5.1. Hydrodynamic forces

5.1.1. Effect of the dual plates draft-depth

Fig. 5 shows the variation of the hydrodynamic forces with the
dimensionless wavenumber ka, for different d; at a; = 4 m, a,
8m h =10m,d, — d, 1.0 m, by = b, = by = 2z. From Fig. 5(a),
it can be observed that all curves keep a similar trend, that is, with the

increase of the dimensionless wavenumber ka,, the horizontal force of
the inner cylinder increases firstly and then gradually decreases. Mean-
while, with the decrease of d,, the peak value of the horizontal force
acting on the inner cylinder decreases gradually, and the wavenumber
corresponding to the peak value moves to the left. Compared with the
case without dual plates, the peak horizontal force of the inner cylinder
is reduced by about 35% for d; = 0.5 m. It can be seen from Fig. 5(b)
that the horizontal force of the outer cylinder is only slightly affected
by d, in the high frequency region. From Fig. 5(c) and (d), the peak
values of the upper and lower plate vertical force increase with the
decrease of d,. The upper plate vertical force is more significant than
the lower in the whole frequency range, which is because the wave
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Fig. 8. Variations of the dimensionless wave run up on cylinders for different d,/h at a; =4 m, ay =8 m, h=10 m, d)—d, = 1.0 m, by = b, = by = 2=, kya, = 1.0: (a) Inner cylinder;

(b) Outer cylinder.
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Fig. 9. Variations of the dimensionless wave run up on cylinders for different b,
cylinder; (b) Outer cylinder.

energy is more dissipated by the upper plate and the exponential decay
of wave motion in the vertical direction. According to Fig. 5(e), the
overturning moment of system has only one peak point for no plates
case. The presence of dual plates leads to a second peak point of curves.
The first peak decreases with the decrease of d,, while the second peak
increases with the decrease of d,.

5.1.2. Effect of the dual plates spacing

The effect of the dual plates spacing on the dimensionless hydro-
dynamic forces is shown in Fig. 6, in which the curves are plotted for
different d, at ay =4 m,a, =8 m, h = 10m,d; = 1.0 m, b, = b,
by = 2z. As can be observed from Fig. 6(a) and (b), when the upper
plate is fixed, reducing the spacing between the two plates can slightly
reduce the inner cylinder horizontal force, while the outer cylinder has
basically no effect. Compared to d, = 5.0 m, the horizontal force of the
inner cylinder is reduced by about 7.7% for the case of d, = 1.1 m.
This shows that when the upper plate is submerged, the lower plate
has little effect on the horizontal force of the inner and outer cylinders.
The significance of the lower plate is to ensure that the structure still
has the ability to dissipate surface waves after the water surface drops
below the upper plate. From Fig. 6(c) and (d), it can be shown that
decreasing the draft depth of the lower plate will decrease the peak
vertical force of the upper plate while increasing the value of the lower
plate. This indicates that the closer the lower plate is to the upper plate,
the greater its role in the dissipation of wave energy in the system. For
the overturning moment of the system, as shown in Fig. 6(e), the first
peak decreases and the second peak increases as the draft of the lower
plate decreases.

(b)
0.8 T I T I T I T I T I T
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and b, at ) =4 m,a, =8 m, h = 10 m, d, = 2.0 m,d; = 1.0 m, b; = 2x, kya, = 1.0: (a) Inner

5.1.3. Effect of the dual plates permeability

The influence of the dual plates permeability is shown in Fig. 7,
in which the parameters are chosen as: a; = 4 m, a, 8m, h =
10 m, d{ = 1.0 m, d, = 2.0 m, b3 = 2z. Case (A) and (D) indicate that
the upper plate or the lower plate does not exist, respectively. Case (B)
and (C) indicate that both plates exist, but the permeability of them
are different. From Fig. 7(a) and (b), it can be noticed that reducing
the permeability of the dual plates can significantly reduce the peak
surge force of the inner cylinder, while it has almost no effect on the
outer cylinder. When dual plates are present and the upper plate is
less permeable (Case C), the peak horizontal force of the inner cylinder
is reduced by about 28% compared to the no plates case. As seen in
Fig. 7(c) and (d), the lower the permeability of the plate, the higher
the vertical force on it. The dual plates have a protective effect on each
other. It can be seen from Fig. 7(e) that the first peak of the overturning
moment decreases gradually and the second peak increases gradually
with the decrease of the permeability of the dual plates.

5.2. Wave elevations at the free surface

5.2.1. Effect of the dual plates draft-depth

Fig. 8 shows the variation of the dimensionless wave run up on the
inner and outer cylinder for different d,/h ata; =4 m, a, =8 m, h =
10m, dy —d; = 1.0 m, by = b, = by = 27, kya, = 1.0. By examining
Fig. 7(a), it can be seen that lowering the draft depth of dual plates
helps to reduce the wave run up on the inner and outer cylinders. This
indicates that the smaller the draft depth of the dual plates, the greater
their ability to dissipate wave energy.
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Fig. 10. Comparison of free surface elevation for ¢ =4 m, a, =8 m, h=10m, d; =05 m, d, = 1.5 m, by =2x, kya, = 1.0: (a) b, = b, = 1000x; (b) b, = 10007, b, =2x; () b; =

by, =2z (d) b, =b, =0.57.

5.2.2. Effect of the dual plates permeability

Fig. 9 shows the variation of the dimensionless wave run up on
the inner and outer cylinder for different b, and b, at a; =4 m, a, =
8m, h=10m, d; =1.0m, dy =2.0 m, by =2z, kga, = 1.0. As can be
seen from Fig. 9, reducing the permeability of the dual plates helps to
reduce the wave run up on the inner and outer cylinders. This suggests
that the smaller the permeability of the dual plates, the greater their
ability to dissipate wave energy.

The influence of the permeability of the upper and lower ring
plates on the fluid region can also be revealed by calculating the wave
elevations at the free surface. Fig. 10 shows the dimensionless wave
elevations at the free surface 5/ (2A) in the vicinity of the system, which
the parameters are chosen as a; =4 m, a, = 8m, h = 10 m, d; =
05 m, dy =1.5m, by = 2z, kga, = 1.0. The following four groups of
parameters are selected: (a) both of dual plates are completely porous
(b; = b, = 1000x), and the model is equivalent to a concentric cylinder
system; (b) the upper plate is completely porous (b; = 1000z) and the
lower plate is porous (b, = 2x); (c) the dual plates are porous (b; =
b, = 2x); (d) the dual plates are porous (b, = b, = 0.5x). Comparing
with Fig. 10(b) and (a), it can be seen that the existence of a single
porous plate significantly alleviates the wave oscillation in the annular
region, mainly in the form of reduced free surface elevation on the
downstream side. From the comparison of Fig. 10(c) and (b), it can be
observed that the addition of another plate failed to significantly reduce
the free surface elevation in the annular region. At this point, the lower
plate is more meaningful to cope with the tide-induced water depth
variation. From Fig. 10(d) and (c), it can be concluded that reducing
dual plates permeability could further reduce the free surface elevation
in the annular region. Fig. 10(a)-(d) show that in the case of the upper
plate submerged, it is more effective to reduce the permeability of the
plate than to add a plate in order to increase the wave dissipation. And
if the variation of water depth is considered, dual plates are obviously
more advantageous.

6. Conclusions

Based on the linear potential wave theory, the hydrodynamic per-
formance of a concentric bottom-mounted cylinder system with dual
porous ring plates is studied. The velocity potential of each region is
obtained by the method of eigenfunction expansion and boundary con-
ditions matching. The hydrodynamic forces are obtained by integrating
the pressure difference between two sides of the wetted body surface.
The calculation results are compared with published papers. This paper
analyzes the draft, spacing, and permeability of the dual plates on the
effect of the diffraction process.

The results show that reducing the dual plates draft, spacing, and
permeability can increase the wave dissipation, which is manifested
by the simultaneous reduction of the horizontal force on the inner
cylinder and the free surface elevation in the annular region. However,
all these measures have little effect on the horizontal force of the outer
cylinder. In addition, the results of the study also show that the lower
plate provides limited improvement in wave dissipation capacity of the
structure. The significance of it is mainly to ensure that the structure
still has a certain ability to dissipate surface wave energy after the water
depth change causes the upper plate above the water surface.

In this paper, Darcy’s law is used to analyze the interaction between
waves and porous plates. However, it is considered as an inadequate
description of the pressure drop condition when the plate opening is
large. The quadratic pressure drop model offers a more reasonable
alternative that also directly considers the effect of wave height on
wave energy dissipation. Related work will be carried out in the future.
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