
 

 
 

898

 

 

 
 
The wave absorption efficiency of multi-layer vertical perforated thin plates * 
 
  
Bao-lei Geng 1(耿宝磊), Rong-quan Wang 2(王荣泉), De-zhi Ning 2(宁德志) 
1. National Engineering Laboratory for Port Hydraulic Construction Technology, Tianjin Research Institute for  
  Water Transportation Engineering, Tianjin 300456, China 
2. State Key Laboratory of Coastal and Offshore Engineering, Dalian University of Technology, Dalian 116024,  
  China 
 
(Received April 19, 2016, Revised June 4, 2017, Accepted August 10, 2018, Published online September 14, 
2018) 
©China Ship Scientific Research Center 2018 
 
Abstract: This paper analyzes the wave absorption efficiency of multi-layer perforated plates in an ideal fluid, based on the linear 
potential flow theory. The influence of the thickness, the porosity and the layout form of the plates on the wave absorptivity is studied 
on the assumption that all perforated plates are composed of the same materials and have the same thickness and porosity. The 
calculation results indicate that the larger the number of layers of the perforated plate set, the better the wave absorption efficiency, 
however, when the layer number exceeds a certain value, the efficiency of the plates is not significantly increased. For the case of 
porosity = 0.2 , thickness = 0.07 mb  and 4 layers of perforated plates with a distance =1.0 ml  between the layers, 90% of the 

energy of the wave within the incident wave period between 1.6 s and 4.4 s can be absorbed. 
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Introduction 
To reduce the wave reflection and the wave force, 

a perforated structure is adopted in coastal engineering, 
this problem was studied over the past several decades 
by a large number of researchers by experiments, 
theoretical analyses and numerical simulations. 

Ma[1] studied the reflection coefficient of vertical 
perforated breakwater structures with and without a 
top plate on a wave and its main influencing factors 
and proposed a formula for calculating the reflection 
coefficient and the phase difference. Koraim et al.[2] 
experimentally studied the hydrodynamic efficiency 
of a new type porous seawall by using physical 
models. The seawall consists of front steel screen, 
back solid wall and filled rock-core. Chyon et al.[3] 
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performed experiments to investigate the interaction 
between wave and horizontal slotted submerged 
breakwater to find out the effective size and porosity 
of the structure for the reduction of wave height. Fang 
et al.[4] experimentally investigated a submerged 
breakwater with four-layer horizontal porous plates. In 
the design of the breakwater's geometrical parameters 
(i.e., plate submergence, porosity and width), the 
vertical velocity distribution of fluid particles and 
suggestions from previous studies were considered. 
The wave-dissipating characteristics, i.e., the wave 
reflection, transmission, energy dissipation, and verti- 
cal force coefficients, were examined in a series of 
experiments. The effects of layer number, breakwater 
width, porosity of the upper plate and incident wave 
height were investigated in their experimental study. 
    In the field of theoretical analyses, Yu and 
Chwang (1994) studied the water oscillation situation 
inside semi-circular perforated breakwaters based on 
the linear potential flow theory and obtained the 
amplitude when the perforation resistance can 
effectively reduce the resonance within the harbor. 
Subsequently, Yu (1995) calculated the diffraction 
action on the permeable semi-infinite breakwaters also 
based on the linear potential flow theory. Chwang and 
Chan (1998) analyzed the action between the wave 
and the perforated structure based on the Darcy Law 
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and found that the perforated structure could reduce 
the wave generation and the resonance within the 
harbor. They discussed the application of this finding 
in engineering practice. Teng et al.[5], Li et al.[6] 
studied systematically the wave action using a par- 
tially porous double-wall cylinder and analyzed the 
influencing factors for reducing the wave surface 
height and the wave load. Twu and Chieu[7] developed 
an offshore breakwater composed of multiple layers of 
porous materials based on the eigenfunction expan- 
sion method. Liu and Li[8] presented an alternative 
analytical solution approach for water wave motion 
over a submerged horizontal porous plate using 
matched eigenfunction expansion approach. Later, Liu 
and Li[9] developed a new analytical solution for water 
wave motion through a surface-piercing porous 
breakwater. Karmakar and Guedes Soares[10] analyzed 
the multiple bottom-standing flexible porous barriers 
with different edge conditions to determine the 
performance of the wave interaction with multiple 
submerged barriers as breakwaters in the coastal 
region based on the eigenfunction expansion method. 
Kaligatla et al.[11] investigated the trapping of oblique 
surface gravity waves by a vertical submerged flexible 
porous plate located near a rigid wall in water of finite 
as well as infinite depths by assuming that the flexible 
plate to be thin. Behera et al.[12] investigated the 
trapping of oblique wave by porous barrier located 
near a rigid wall in the presence of a step type bottom 
bed. The physical problem is solved by using the 
eigenfunction expansion method and multi-mode 
approximation associated with modified mild-slope 
equation. Meng and Lu[13] studied the porous 
rectangular barrier on a seabed based on the linear 
potential flow theory and the matched eigenfunction 
expansion method. Manam and Sivanesan[14] studied 
scattering of deep water waves by a submerged or a 
surface piercing vertical porous barrier. Manam and 
Sivanesan[15] establish a new type of connection 
between the solutions of wave scattering problems 
involving vertical porous and solid barriers of same 
configuration. Behera and Ng[16] analyzed the perfor- 
mance of multiple bottom-standing flexible porous 
barriers in the presence of a rigid vertical wall and a 
step-type bottom on the basis of linearized water wave 
theory. Zhao et al.[17] investigated the oblique wave 
motion over multiple submerged porous bars in front 
of a vertical wall based on linear potential theory 
matched eigenfunction expansion method. Singla et 
al.[18] studied the role of partial permeable vertical 
barriers on the reduction of wave-induced hydroelastic 
response on a very large floating structure in a finite 
depth of water based on eigenfunction matching 
technique. 
    In the field of numerical simulations, Li and 
Jiang[19] studied a perforated structure in a numerical 

wave flume to dissipate the reflection wave with 
considerations of the influence of the porosity, the 
number of perforations, the total length of the device, 
and other factors on the wave dissipation efficiency. 
Zhan et al.[20] used the energy-dissipating property of 
porous media to tackle the problem of wave reflec- 
tions from computational domain in the numerical 
wave tank. Chen et al.[21] calculated the point pressure 
of the wave action on the perforated plate and the 
reflection coefficient by utilizing a numerical wave 
flume based on the VOF method and the -k  turbu- 
lent model and analyzed the influencing factors for the 
reflection coefficient and the point pressure distribu- 
tion, especially, the influence of the porosity. 
    Previous researches primarily focused on the 
correlation between the reflection coefficient, the 
wave force and the influencing factors under the wave 
action for the perforated structure, without much 
consideration of the influences of the porosity, the 
thickness and the layout form of the perforated plates 
on the wave absorption efficiency. The present study 
focuses on the influence of the porosity, the thickness 
and the layout form of such plates on the wave 
absorptivity. The proper porosity value, thickness 
value and layout form are proposed to improve the 
wave-absorbing ability of the multi-layer vertical 
perforated thin plates. 
 
 
1. Fundamental theory and calculation method 
    For the wave action on a uniformly perforated 
plate with incident waves propagating along the 
x-direction at the water depth h, a plane-coordinate 
system Oxz is established with the origin O on the 
static water surface and the axis Oz measured 
vertically upward, as shown in Fig. 1. The present 
study is based on the potential flow theory, and it is 
assumed that the perforated plates are composed of 
the same materials with the same thickness and 
porosity. In the analysis, the waveward side of the 
plate is set to coincide with the axis Oz. 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 Schematic diagram of the action of a wave and uniformly  
     perforated thin plates 
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    For an ideal fluid, there is a velocity potential   

that satisfies the Laplace equation in the whole 
domain. 
 

2 = 0
                                                                        

(1) 

 
where 
 

2
2 2

= +
x y

 


 
 

 
is the two-dimensional Laplacian. 
    The bottom of the flume satisfies the condition 
that the water cannot permeate the boundary of the 
rigid walls, that is, the normal derivative of the 
velocity potential   is 0. 

 

= 0
n


                                                                          

(2) 

 
    In the interior of uniformly perforated thin plates 
(i.e., / 1b   , where b  is the thickness of the plate 
and   is the incident wave length), the fluid flow 
satisfies the continuity equation 
 

= 0U 
                                                                      

(3) 
 
and the Euler equation, with the convective term 
ignored 
 

1
= m

U p U
f U C

t t


 

   
 

                               

(4) 

 
where U  is the fluid velocity,   is the fluid 

density, p  is the intensity of the pressure of the fluid, 

f  is the resistance coefficient,   is the frequency 

of the incident wave, mC  and   are the added mass 

and the porosity of the thin plate, respectively. 
    The time term is separated from the velocity U  
and the intensity of the pressure P  as 
 

i= Re( e )tU u 

                                                            

(5) 

 
i= Re( e )tP p 

                                                            

(6) 

 
    The equations for the complex variable u and p 
are: 
 

= 0u 
                                                                        

(7) 
 

+ = 0p u
                                                          

(8) 

 

where 
 

1
= i 1+ mf C



   

 
 

 
    The real and imaginary parts correspond to the 
resistance and inertia force influences of the medium, 
respectively. 
    Provided that the water penetrates the thin plates 
only crosswise and the vertical component of the fluid 
is ignored, the relationship between the horizontal 
velocity and the pressure difference is as follows 
 

0= bp p
u

b 


                                                                  

(9) 

 
where the subscripts 0 and b  are the physical values 
in the two sides of the thin plate. 
    Converting the flow velocity in the perforations 
to the flow velocity in the whole plate, for the velocity 
to match with the external velocity, we have 
 

+
0 0= = = ( )b bu u u p p

b


 

 
                             

(10) 

 
    Under different circumstances, for the velocity 
potentials to satisfy the boundary conditions, we have 
the theoretical expressions of the reflection coefficient, 
the transmission coefficient, the energy loss coeffi- 
cient and the wave absorptivity of the wave absorbing 
structure model of one-layer and multi-layer vertical 
perforated plates. Finally, comparisons, selections and 
optimizations are made with regard to the thickness, 
the porosity and the distance of the multi-layer 
perforated plates, based on the wave elements and 
other factors. 
 
 
2. Modeling 
 
2.1 Action between wave and two-layer perforated  
   plates 
    Consider the two-layer perforated plates shown 
in Fig. 2. A rectangular coordinate system oxz  is 
established, in which the oz  axis coincides with the 
wave side of the first layer plate and the ox  axis is 
on the surface of the still water. For convenience, the 
computational domain is divided into 5 parts, among 
which 1 , 2  and 3  are the external domains of 

the perforated plate and   and 5  are the internal 

domains of the 1# plate and the 2# plate, respectively. 
    The action between the waves and the two 
uniformly perforated thin plates with a thickness of b  
is shown in Fig. 2. The velocity potentials 1 , 2  
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and 3  within the areas of 1 , 2  and 3  should 

satisfy the following conditions: 
    Free water surface condition 
 

2

= 0j
jz g

  





, = 0z , =1,2,3j
                        

(11) 

 
    Water bottom condition 
 

= 0j

z




, =z h , = 1,2,3j
                                   

(12) 

 
    Infinity condition 
 

1 0
1 0

( )
= i ( )k

x

 
 

 



, =x 

                             

(13) 

 
in which 0  is the incident potential. 

 
 
 
 
 
 
 
 
 

Fig. 2 Schematic diagram of a wave absorbing structure with  
     dual-layer vertical perforated plates 
 
    The object surface condition on the straight wall 
is 
 

3 = 0
z




, 21 22= +x l l
                                                

(14) 

 
where mnl  is the distance between the No. n  plate 

and the No. +1n  plate, the subscript m  represents 
the number of the layers of the perforated plates. 
    Provided that the water penetrates the thin plates 
only crosswise and the vertical component of the fluid 
is ignored, the relationship between the horizontal 
velocity and the pressure difference can be derived as: 
 

0
1 = bp p

u
b 


, 21 21+ 2
2 = l b l bp p

u
b 



                          

(15) 

 
    Converting the flow velocity in the perforations 
to the flow velocity in the whole plate, for the velocity 
to match with the external velocity, we have: 
 

+
0 0= = = ( )b bu u u p p

b
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+
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where 
 

r i= = + iG G G
kb




 

 
    Equation (16) can be expressed as: 
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(17) 

 
    In view of the fact that the wavelength is much 
greater than the thickness of the perforated plates, the 
thickness of the thin plate is ignored, the velocity 
continuity condition in the thin wall can be expressed 
as: 
 

+
1 2(0 , ) (0 , )

=
z z

x x

  
 

, 
+

3 212 21 ( , )( , )
=

l zl z

x x

  
 

 

                                                                                     

(18) 
 

1 , 2 , 3  exclude the evanescent-wave component, 

thus, they can be expressed as: 
 

i i
1 1

i cosh ( )
= (e + e )

cosh
kx kxA k z d

R
g kd

 
 ,  

 

i i
2 1 2

i cosh ( )
= ( e + e )

cosh
kx kxA k z d

T R
g kd

 
 ,  

 

21 22 21 22i ( ) i ( )
3 2 2

i cosh ( + )
= [ e + e ]

cosh

      k x l l k x l lA k z d
T T

g kd
 

                                                                                     

(19) 
 

in which 1R  and 1T  are the reflection coefficient 

and the transmission coefficient of the first perforated 
plate, respectively, 2R  is the reflection coefficient of 

the second perforated plate, and 2T  is the transmis- 

sion coefficient of the second perforated plate, as well 
as the reflection coefficient of the impermeable 
straight wall under the total reflection condition. 
    Substituting the velocity potentials 1 , 2 , 3  
into Formula (17) and Formula (18), we have: 
 

21

21

i2
2 2

1 i2
2 2

(1+ ) (1 2 )(1 + ) e
=

(1+ 2 )(1+ + ) (1 + ) e
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2
1 i2

2 2

2 (1+ + )
=

(1+ 2 )(1+ + ) (1 + ) e   kl

G G GD
T

G G GD G GD
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21

21

i2
2

2 i2
2 2

2 (1 + ) e
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(1+ 2 )(1+ + ) (1 + ) e

kl

kl
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22 22
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2 -i i

4 e
=

(e e )






kl

kl kl

G
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21i2

2 2

1

(1+ 2 )(1+ + ) (1 + ) e   klG G GD G GD     

(20) 

 
where 
 

22 22

22 22

i i

2 i i

e + e
=

e e

kl kl

kl kl
D



 
 

 
    Regarding all perforated plates as an entire wave 
absorbing structure. the reflection coefficient Kr and 
the transmission coefficient Kt of the structure can be 
written as: 
 

1=rK R , 2=tK T
                                                   

(21) 

 
    The energy loss coefficient is 
 

2 2= 1.0l r tK K K 
                                                  

(22) 

 
    The wave energy absorbed by the wave absor- 
bing structure is defined as the sum of the loss and 
transmission energies, and the absorptivity is 
 

2= +a l tK K K
                                                            

(23) 

 
2.2 Action between the wave and different perforated  
   plates 
    The reflection coefficient and the transmission 
coefficient of the incident wave when one layer, three 
layers and four layers of perforated plates are used can 
be obtained by using the same method. Figure 3 
shows the schematic diagrams of the action between 
the wave and different-layer perforated plates, and the 
relevant formulas for describing the coefficients are as 
follows: 
    (1) When we have one layer of perforated plate 
 

11 11 11 11

11 11 11 11

i i i i

i i i i

(1 )(e e ) + (e + e )
=

(1+ )(e e ) + (e + e )
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,  

 

11 11 11 11i i i i

2
=

(1+ )(e e ) + (e + e )kl kl kl kl

G
T

G G                

(24) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3 Schematic diagrams of different-layer perforated plate  
     layouts 
 
    The reflection coefficient rK  and the transmis- 

sion coefficient tK  are: 

 
=rK R , =tK T

                                                     

(25) 

 
    (2) When we have three layers of perforated 
plates 
 

1 2 3 4
1
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where 
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31i2

3 3= (1 2 ) e  klM G E , 4 3= (1 2 )M G E ,  
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    The reflection coefficient rK  and the transmis- 

sion coefficient tK  of the wave absorbing structure 

are: 
 

1=rK R , 3=tK T
                                                   

(27) 

 
    (3) When we have four layers of perforated 
plates 
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in which 
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    The reflection coefficient rK  and the transmis- 

sion coefficient tK  of the absorbing structure to the 

wave are: 
 

1=rK R , 4=tK T
                                                   

(29) 

 
    For the action between the wave and different- 
layer perforated plates, the expressions of the system 
energy loss coefficient and the absorptivity are the 
same as shown in Formulas (22), (23). 
 
 
3. Examples 
 
3.1 Influences of the number of layers of the perfora-  
   ted plates on the wave dissipation efficiency 
    Consider multilayer plates, with each plate of the 
same characteristics, i.e., of the same material, thick- 
ness and porosity. The depth of the water is 2.5 m and 
the maximum width (i.e., the total width of the wave 
absorbing structure) for setting the perforated plate is 
12 m. 
    To study the influences of the number of layers 
of the perforated plates on the wave dissipation 
efficiency, calculations are performed to determine the 
wave dissipation efficiency when different layers of 
the perforated plates have different values of porosity 
  and thickness b. According to Yu (1995), the 
resistance coefficient and the added mass are = 2.0f  

and = 0mC , respectively. For the optimal positions of 

the perforated plates with an equal distance in the 12 m 
wave dissipation area when the incident period is 3.5 s, 
Fig. 4 shows the reflection coefficient rK  and the 

absorptivity aK  against the porosity   and the 

thickness b  of the perforated plates. 
    From Figs. 3(a), 3(c), we can see that when the 
incident wave period is 3.5 s, the reflection coefficient 

rK  decreases and then increases with the increase of 

the porosity  . Such behavior is due to the fact that 
when the porosity of the perforated plate is small, 
much of the wave is reflected, whereas when the 
porosity of the perforated plate is large enough, the 
perforated plate is equivalent to a permeable structure 
and all waves are reflected by the vertical wall behind 
the perforated plate. The variation of the absorptivity 

aK  is opposite to that of the reflection coefficient 

rK , i.e., the absorptivity aK  increases and then 

decreases with the increase of the porosity  . The 
reflection of the structure will decrease with the 
increase of the number of perforated plates; however, 
the absorptivity will increase, indicating that multi- 
layer perforated plates have a better wave dissipation 
efficiency. The wave absorption efficiency is best 
when the number of plates is four and the porosity is 
approximately 0.2, as shown in Figs. 3(a), 3(c). 
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Fig. 4 Effects of the porosity and thickness of the plate on the  
     absorptivity efficiency of the plates 
 
    The reflection coefficient rK  decreases and then 

increases with the increase of the thickness of the 
perforated plates, whereas the variation of the 

absorptivity aK  is opposite to that of the reflection 

coefficient rK , i.e., the absorptivity aK  increases 

and then decreases. Overall, when the thickness b  
remains unchanged, the reflection coefficient will 
decrease and the absorptivity will increase with the 
increase of the number of layers of the perforated 
plates, indicating that multilayer perforated plates 
have a better wave dissipation efficiency. A slight 
reduction of the reflection coefficient of the multilayer 
perforated plates of four layers is observed compared 
with that of three layers, indicating that more layers of 
plates have a very small influence on the reduction of 
the reflection coefficient when the number of layers 
reaches three. 
 
3.2 Influence of the thickness of the perforated plates  
   on the wave absorptivity 
    We now consider the influence of the perforated 
plates with different parameters (thickness, porosity 
and spacing) on the wave absorption efficiency with 
an incident period between 0.5 s and 5.0 s when four 
layers of perforated plates are considered. The 
resistance coefficient and the added mass are still 

= 2.0f  and = 0mC , respectively (Yu (1995)). 

 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5 Influence of the thickness of the perforated plates on the  
     wave absorptivity 
 
    Assume that the four layers of perforated plates 
are with an equal spacing, = 1.0 ml , and the porosity 

of the perforated plates is = 0.2 . The influence of 
the thickness of the perforated plates on the wave 
absorptivity with the incident periods from 0.5-5.0 s is 
shown in Fig. 5. The wave absorptivity decreases with 
the increase of the thickness in the short wave region, 
whereas in the long wave region the trend is opposite. 
It is found that when the thickness is 0.07 m (i.e., 

= 0.07 mb ), the perforated plate structure has a good 

wave absorption efficiency in a relative long wave 
period region; in addition, the absorptivity of the wave 
with an incident period between 1.6 s and 4.4 s will 
reach and exceed 90%, among which the highest 
absorptivity is over 95%. 
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3.3 Influence of porosity and plate spacing on wave  
   absorptivity 
    The influence of the porosity and the plate 
spacing on the wave absorptivity is considered in this 
subsection for perforated plates of four layers. Figures 
6, 7 show the variations of the absorptivity versus the 
incident wave period at a plate thickness of 0.05 m 
and 0.07 m ( = 0.05 mb , = 0.07 mb ) for different 

values of the porosity and the plate spacing. 
    We can see that the relation curves see a 
left-ward shift overally with the increase of the 
porosity. For the short period waves, the larger the 
porosity, the better the wave absorption efficiency, in 
contrast, for the long period waves, the absorptivity 
decreases with the increase of the porosity. The wave 
absorption efficiency of the structure is best when the  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
porosity is 0.2, i.e., = 0.2 , for which the period of 
an incident wave with an absorptivity over 90% 
reaches the maximum. 
    Among plates with different spacings, the wave 
absorption efficiency of the structure is the best when 
the plate spacing is 1.0 m (i.e., = 1.0 ml ), in other 

words, the period range of an incident wave with an 
absorptivity over 90% reaches the maximum. The 
period range of an incident wave with an absorptivity 
over 90% will decrease when the plate spacing 
increases or decreases. 
    Moreover, from Figs. 6, 7, we can see that the 
structure will satisfy the design requirements better 
and reach a larger period range of the effective 
incident wave as indicated by the wave absorption 
requirements when the plate spacing is 1.0 m and the  

 
 

 

 
 
 

Fig. 6 Influence of porosity and plate spacing on wave absorptivity ( = 0.05 m)b  
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thickness is 0.07 m (i.e., = 1.0 ml , = 0.07 mb ). 

When = 0.05 mb , (1.4 s,2.4s)T  , when =b  

0.07 m , (1.6 s,4.4s)T  . 

 
 
4. Conclusions 
    Based on the analytical studies, it is found that 
the absorptivity aK  increases with the increase of the 

number of layers of perforated plates. However, the 
increase of the wave absorption efficiency is not 
significant when the number of layers of plates 
increases from 3-4. Thus, we consider 4 layers of 
perforated plates. 
    For incident waves with a short period, the 
absorptivity aK  is found to decrease with the inc- 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
increase of the plate thickness b , and increase with 
the increase of the porosity  . For incident waves 
with a long period, the absorptivity aK  is found to 

increase with the increase of the plate thickness b , 
but decrease with the increase of the porosity  . It is 
shown that when the porosity is 0.2, the plate 
thickness is 0.07 m, and the adjacent spacing between 
the four layers of the perforated plates is 1.0 (i.e., 

= 0.2 , = 0.07 mb  and = 1.0 ml ), the wave 

absorption efficiency for a wave with an incident 
period of (1.6 s, 4.4 s) will reach 90% (even exceeding 
95% for some incident wave periods). 
 
 
Acknowledgement 
    This work was supported by the Central 

 
 

 

 
 
 

Fig. 7 Influence of porosity and plate spacing on wave absorptivity ( = 0.07 m)b  



 

 
 

907

Commonwealth Research Institute Basic R&D Special 
Foundation of TIWTE (Grant No. TKS160107). 
 
 
References 
 
[1]  Ma B. L. Wave actions with vertical perforated caisson 

breakwaters [D]. Master Thesis, Dalian, China: Dalian 
university of Technology, 2004(in Chinese). 

[2]  Koraim A. S., Heikal E. M., Abo Zaid A A. Hydrody- 
namic characteristics of porous seawall protected by 
submerged breakwater [J]. Applied Ocean Research, 2014, 
46: 1-14. 

[3]  Chyon M. S. A., Rahman A., Rahman M. A. Comparative 
study on hydrodynamic performance of porous and non- 
porous submerged breakwater [J]. Procedia Engineering, 
2017, 194: 203-210. 

[4]  Fang Z., Xiao L., Kou Y. et al. Experimental study of the 
wave-dissipating performance of a four-layer horizontal 
porous-plate breakwater [J]. Ocean Engineering, 2018, 
151: 222-233. 

[5]  Teng B., Li Y., Sun L. Wave interaction with a partial 
porous double-wall cylinder [J]. Engineering Science, 
2001, 19(1): 33-37. 

[6]  Li Y., Sun L., Teng B. Wave interaction with arrays of 
combined cylinders with and solid interior column and a 
porous exterior column [J]. Acta Mechnica Sinica, 2005, 
37(2): 141-147. 

[7]  Twu S. W., Chieu C. C. A highly wave dissipation 
offshore breakwater [J]. Ocean Engineering, 2000, 27: 
315-330. 

[8]  Liu Y., Li Y. C. An alternative analytical solution for 
water-wave motion over a submerged horizontal porous 
plate [J]. Journal of Engineering Mathematics, 2011, 
69(4): 385-400. 

[9]  Liu Y., Li H. J. Wave reflection and transmission by 
porous breakwaters: A new analytical solution [J]. Coastal 
Engineering, 2013, 78(8): 46-52. 

[10] Karmakar D., Guedes Soares C. Wave transformation due 
to multiple bottom-standing porous barriers [J]. Ocean 
Engineering, 2014, 80: 50-63. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

[11] Kaligatla R. B., Koley S., Sahoo T. Trapping of surface 
gravity waves by a vertical flexible porous plate near a 
wall [J]. Zeitschrift fur Angewandte Mathematik und 
Physik, 2015, 66(5): 2677-2702. 

[12] Behera H., Kaligatla R. B., Sahoo T. Wave trapping by 
porous barrier in the presence of step type bottom [J]. 
Wave Motion, 2015, 57: 219-230. 

[13] Meng Q. R., Lu D. Q. Scattering of gravity waves by a 
porous rectangular barrier on a seabed [J]. Journal of 
Hydrodynamics, 2016, 28(3): 519-522. 

[14] Manam S. R., Sivanesan M. Scattering of water waves by 
vertical porous barriers: An analytical approach [J]. Wave 
Motion, 2016, 67: 89-101. 

[15] Manam S. R., Sivanesan M. A note on the explicit solu- 
tions for wave scattering by vertical porous barriers [J]. 
Wave Motion, 2017, 69: 81-90. 

[16] Behera H., Ng C. O. Interaction between oblique waves 
and multiple bottom-standing flexible porous barriers near 
a rigid wall [J]. Meccanica, 2017, 53(4-5): 871-885. 

[17] Zhao Y., Liu Y., Li H. et al. Oblique wave motion over 
multiple submerged porous bars near a vertical wall [J]. 
Journal of Ocean University of China, 2017, 16(4): 
568-574. 

[18] Singla S., Martha S. C., Sahoo T. Mitigation of structural 
responses of a very large floating structure in the presence 
of vertical porous barrier [J]. Ocean Engineering, 2018, 
165: 505-527. 

[19] Li S., Jiang M. Study on wave-absorbing performance of 
porosity solid in end-piece of numerical wave flume [J]. 
Port Engineering Technology, 2012, 49(5): 1-4. 

[20] Zhan J. M., Dong Z., Han Y. et al. Numerical simulation 
of wave transformation incorporating porous media wave 
absorber [J]. Journal of Hydrodynamics, 2010, 22(5Suppl.): 
982-985. 

[21] Chen X. F., Zhang M., Li Y. C. Numerical simulation 
study on effect of porosity on performance of perforated 
structures [J]. Journal of Waterway and Harbor, 2013, 
34(4): 287-292. 

 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


