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Abstract. A Jarlan-type perforated caisson (JTPC) was an important form of
structure in offshore and coastal engineering and its wave attenuation performance
was greatly affected by u (the perforated rate) . In the present research, a numerical
model based on VARANS equations was tested by comparing the simulation
results with physical experiments and then adopted to study the effect of a larger
range of 4 on wave attenuation performance which included both the horizontal
wave forces and the reflection coefficients. Conclusions were drawn that the total
horizontal wave force and the reflection coefficient both tended to decrease and
then increase with increasing u; when the reflection coefficient reached its
minimum value as about x=0.2, the wave force at the seaward side of the
perforated front wall tended to be equal to that at the solid rear wall; the total
horizontal wave force reached its minimum value as about x=0.3.
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1. Introduction

Since JTPC first proposed [1] by Jarlan in the last century, investigations on this form
of structure using analytical or numerical models as well as physical experiments [2-6]
had been continuously carried out. In engineering practice, JTPC can considerably
reduce reflection coefficients and lightened the horizontal wave forces. At the
meantime, it had a wide range of applications and was easy to construct, which made it
an important form of structure in offshore or coastal engineering.

A series of experiments was carried out by Chen et al [7], Jiang et al [8-9] to
investigate waves interaction with a JTPC. According to their experiments, the caisson
was set on the flat seabed, u (the perforated rate) was restricted to 0.2 and 0.4.
Consequently, the conclusion was drawn that the horizontal wave forces and the
reflection coefficients both varied linearly with 4. However, It was not examined for a
JTPC set on a rubble bed. Accordingly, supplemental experiments were carried out by
Xing [10]. In their experiments, the foundation was of three different heights but the u
was still restricted to 0.2 and 0.4.
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So far, it was generally believed that the perforated front wall was one of the key
factors affecting the wave attenuation performance of a JTPC. But can the variation of
the wave attenuation performance be described using a linear function if x was
expanded to a wider range? Most researches on a JTPC restricted p to be a constant
parameter, so this problem was not yet solved.

Accordingly, in this study, a VARANS based numerical model was tested by
comparing its simulation results with physical model experiments and then adopted to
investigate the effect of a wider range of u on the attenuation performance of a JTPC
set on a rubble bed.

2. Methods

A VARANS based numerical model which could uniformly simulate the hybrid flow
[11] was adopted in following sections. The VARANS equations were defined as:
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In equation (6), f; alongside with the inertia term could be described by F;, the
extended Darcy-Forchheimer resistance term described as:
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a and b were empirical coefficients which need to be calibrated in advance following
the method proposed by Zhao [12]. ¢,, was the added mass coefficient. <V,> represented

the volume averaged eddy viscosity, (k) and (&) could also be obtained following a
volume averaging procedure:
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In equation (8-9), 0, =1.00, 0, =130, C, =144 C, =192 k_ and &, were
additional sources of turbulence proposed by Nakayama and Kuwahara [13] (1999):

gw=39.0(1_”)§ <§> , (11
n 50
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Moreover, the VARANS equations was time-discretized using the three-step FEM.
The free water surface was captured using CLEAR-VOF method.

2.1. Validations

As mentioned above, in those experiments carried out by Xing [10], b, (the wave-
absorbing chamber width) of the JTPC were 0.15 m, 0.20 m and 0.30 m. Several
rectangular holes were cut off from the front wall leading its perforated rate x to be 0.2
and 0.4, respectively. d (The water depth ) was 0.4 m. 4, (the heights of the rubble bed)
were 0.10 m, 0.15 m and 0.20 m. the berm width of the rubble bed ¥ was 0.25 m. The
core of the rubble bed and the rock fill core covering the bottom of the chamber were
both the same. » (the porosity) was 0.4 and ds, (the grain diameter) was 1.1 cm. H; (the
significant wave height) was 0.053 m. L, (the significant wave lengths) were 2.35 m, 1.82
m and 1.44 m, respectively when the significant wave periods T, were 1.38 s, 1.15 s and
0.99 s. Considering all these factors, there were totally 54 cases in their experiments.

Figure 1. Setup of the wave flume and the JTPC set on the rubble bed.

Figure 1 showed a two dimensional numerical wave flume developed in this work.
The flume was 15 m in length. A wave-maker was installed at the left boundary and the
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boundary condition was velocity inlet. The JTPC was set 7.7 m away from the velocity
inlet.
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Figure 2. 1" time series data of wave elevation and the frequency spectrum.
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Figure 3. time series data of wave force and frequency spectrum.

The spectrum of incident waves in our numerical model and the experiments were
both the modified JONSWAP spectrum [14]. The reflection coefficient of irregular
waves was actually obtained by an averaging process, but for convenience, it was
represented by Kr generally in the following research. 5 wave height gauges (1 to 5"
plotted in figure 1) were arranged 2.8 m, 3.1 m, 3.6 m, 3.91 m and 4.17 m, respectively
from the front wall of the JTPC in order to accurately calculate K7, .

Figure 2 showed the time series data of wave elevation (wave force) alongside
with the frequency spectrum detected by 1” gauge for /,=0.15 m; b=0.2 m; z=0.4 and
L~=1.82 m. Figure 3 showed the time series data of wave force alongside with the
frequency spectrum in the same case. Two figures both showed good agreements
between numerical and experimental results except for some deviation occurred in the
high frequency region.

3. Results

The experimental cases mentioned above restricted p to 0.2 and 0.4. To extrapolate the
effect of a wider range of i and the variation of the attenuation performance of a JTPC
set on a rubble bed, cases with different 4, u, b. and L, were tested. There were 162
cases considering the mentioned factors. The specific modeling conditions and
geometric parameters were listed in table 1.

3.1. Effect of the Perforated rate on K,

The numerical and experimental K, was shown in figure 4 as y varied from 0.1 to 0.7. 3
groups of cases with .=0.15 m, 0.20 m and 0.30 m were shown separately.

Generally, as u grew, K, tended to decrease and then increase. This was without
exception whatever /4, or b. was. K, reached its minimum value as about p=0.2.
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Considering the fact that reflected waves in front of the caisson contained those
reflected from both the front wall and the rear wall, it indicated that as 4=0.2, these two
kinds of reflected waves with a phase lag overlapped and lost most energy. As ¢<0.2,
K, dropped rapidly and the curve was concave; as x#>0.2, K, climbed slowly and the
curve was convex.

Table 1. Geometric parameters and numerical modeling conditions .

Significant wave period 75 (s) 0.99, 1.15,1.38
Significant wave length L, (m) 1.44,1.82,2.35
Chamber width b, (m) 0.15,0.20, 0.30
Foundation height 4,, (m) 0.1,0.15,0.2

Perforated rate u 0.1,0.2,0.3,0.4,0.5,0.7
Relative foundation height #4,,/Ls 0.043 ~0.139

Relative chamber width b./L 0.064 ~ 0.208

Relative water depth d/L; 0.17~0.278

Investigating every row of subfigure, as the b, increased from 0.15 m to 0.30 m,
the curves of K,~u varied more dramatically.

Investigating every column of subfigure, as #,, increased from 0.1 m to 0.2 m, the
curves of K,~u varied more gently but this phenomenon was not that sound.
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Figure 4. K, for irregular waves: o, L; =2.35m; 0, L, =1.82 m; A, L, =1.44 m.
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3.2. Effect of the Perforated Rate on the Horizontal Wave Forces

For a JTPC, F), (the total horizontal wave force) could be considered as the summation
of 3 different components as F,=F},;-F},+F); as shown in figure 5a. Under the same
conditions, as plotted in figure 5b, F},, was the horizontal wave force at the traditional
caisson.

Figure 6 showed the numerical and experimental horizontal wave forces
components as g varied from 0.1 to 0.7. 3 groups of cases as ».=0.15 m, 0.20 m and
0.30 m were shown separately.

a b

Figure S. Different components of horizontal wave forces at the a. JTPC ; b. traditional caisson set on a
rubble bed.

It could be found that as x4 varied from 0.1 to 0.7, F},;/F},y decreased and F),;/Fyy
increased monotonically. This was because that as ¢ grew, more wave energy passed
the front wall and entered the chamber. In addition, the reduction of the force bearing
area of the seaward side of the perforated front wall also led to a decrease of F},;/Fyy.
However, at the leeward side of the perforated front wall, F),,/F}, first increased then
decreased and the maximum values could be found at 4=0.2~0.3. This was because of
the coaction of the increase of the wave energy and the decrease of the force bearing
area.
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Figure 6. Variation of three components of the horizontal wave forces with x: black o, F,,/F for Ly =2.35
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=1.82 m; red A, Fj3/Fjy for Ly=1.44 m.
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Figure 7. Total horizontal wave force at the JTPC: o, L=2.35 m; 0, L=1.82 m; A, L~=1.44 m.

Investigating every row and column of subfigure, it indicated that . and #,, had
little influence on the curves of Fj,;/Fjy~u or F,3/F,~u, but when b, increased, the
curves of F),,/F,y~u varied more gently.

By comparing figure 4 and figure 6, it could also be found that when K, reached its
minimum value as about ¢=0.2, the wave force at the seaward side of the front wall
tended to be equal to that at the rear wall. This phenomenon was without exception
according to the numerical results but the reason was still needed to be found and
testified in the future.

Figure 7 showed the experimental and numerical total horizontal wave forces as u
varied from 0.1 to 0.7. 3 groups of cases with 5=0.15 m, 0.20 m and 0.30 m were
shown separately.

In figure 7, when y varied from 0.1 to 0.7, F},/F, first decreased and then increased.
Comparing to the curve of K,~u, the curve of F}/F,,~u varied more gently and F}/Fy,
called for a larger y to reach its minimum value. The total horizontal wave force
reached its minimum value as about x#=0.3.

4. Conclusions

A VARANS based numerical model was validated and carried out to study the effects
of a wider range of the perforated rate on the wave attenuation performance of a JTPC
set on a rubble bed. The following was a summary of our conclusions:

e  The numerical model used in this research considered the permeability of the
rubble bed. The simulation results were promising. Hence, this model could be
used for further study on JTPC set on a rubble bed.

e The reflection coefficient tended to decrease and then increase with increasing
4. The minimum value occurred as about 4=0.2.

e  With increasing u, horizontal wave force at the seaward side of the front wall
decreased monotonically; that at the rear wall increased monotonically; that at
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the leeward side of the front wall first increased and then decreased and as
about 4=0.2~0.3, it reached its maximum value.

e The total horizontal wave force tended to decrease and then increase with
increasing y. The minimum value occurred as about x=0.3.

e  When the reflection coefficient reached its minimum value, the wave force at
the seaward side of the front wall tended to be equal to that at the rear wall.
This conclusion was drawn according to the numerical results without
exception but it was still needed to be testified in the future.
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