SIMULATION OF IRREGULAR WAVE PRESSURE ON PERFORATED BREAKWATERS

Xuefeng CHEN Yucheng Lt and Liu YONG

In this paper, the wave pressures on the perforeséssons breakwaters are investigated. The fratit of the
perforated caissons is usually perforated abovertaio water level considering the stability of steucture, and the
chamber of the perforated caisson is filled witbkkdBased on the RANS andskequations, the numerical method to
simulate the interaction of the irregular wave wikle perforated breakwaters is researched. Moretherwave
pressures distribution on the front perforated watl the back wall are discussed through the nealeralculations,
respectively. Then, the simplified formulas to carrgpthe wave pressures on the different positiopesforated
caisson are obtained from experimental data bygusie least-squares method.

Keywords: wave pressure; perforated caissons; irregular wave; numerical calculation

INTRODUCTION

The perforated caisson is effective in absorbingevanergy and reducing the wave pressure on
the protective structure. Therefore, the distritmitbf wave pressures acting on the perforated araiiss
important to design the breakwaters. Fugazza an@léNg1992) and Bennett et al. (1992) have
theoretically analyzed the reflection coefficieftaoperforated caisson by use of potential flonotlye
Suh et al. (2001) developed an analytical modebridict the reflection characteristics of irregular
wave incident on perforated structures through esjfency-average method. Some studies on the
calculation of wave pressure can also be founchén ptublished literature. For example, Takahashi
(1996) revised Goda's formula and presented anrgapmodel to calculate the wave pressures on
perforated caissons (TAKAHASHI formula). In thisdely accepted empirical model, three different
situations of maximum wave pressure are considdraldet- Aoul and Lambert (2003) experimentally
developed TAKAHASHI formula to calculate the waveegsure on this type of structure, and the
formula considered the effect of the porosity ahdge difference on the total horizontal forces €fab
formula).

The above researches were focused on the experiesntn addition, Isaacson et al. (2000) and
Teng et al. (2004) developed the analytical sohgtibased on the matched eigen-function method to
study the horizontal forces on different perforategissons. Recently, Liu et al. (2006) have
investigated the total horizontal and vertical laguvave forces on partially perforated caisson
breakwaters. More recently, Liu et al. (2008) pnéseé analytical results on the wave forces of ufag
waves on partially perforated breakwater. The alveferences discuss the irregular wave pressures on
the perforated breakwaters through the experimemt@istigation and analytical method. However, a
direct numerical method including the nonlineaidtyd viscosity was proposed to simulate the wave
action the structure. Chen et al. (2007) have nigay calculated the horizontal wave force of riegu
wave acting on perforated breakwaters based oRAMNS and ke equations.

This paper develops a direct numerical model witicmbines the RANS and &-equations to
accurately simulate the nonlinear interaction betwthe irregular waves and porous breakwaters. The
volume of fluid (VOF) method is applied to trace tinee surface, and the internal source generafion
wave is applied to simulate the irregular wave pggiion. And an experiment is carried on to verify
the numerical method and results. Moreover, thel#ied formulas to compute the wave pressures on
the different position of perforated caisson ar¢amied from experimental data by using the least-
squares method.

GOVERNING EQUATION

Governing equations
Cartesian coordinates (x, y) are employed, withytais directed vertically upwards from the
origin in the bed, and the x-axis pointing horiziytto the right. Assuming the flow to be non-wses
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and incompressible, the governing equations for ftlbe include the continuity equation and the
Reynolds averaged Navier—Stokes equations:
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Hereu; (i = 1, 2) is the velocity component in thedwection,p is the pressuregg is the density of
the fluid, vis the coefficient of kinematic viscosity agds the gravitational acceleration, asjo= 1 for
i =j andg; = O for # .

The turbulent ke model was used to solve the moment equation.
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Wherek is the turbulent kinetic energyis the turbulent dissipation rate and= Cuk2 /€ is the

coefficient of turbulent viscosity. The coefficierih Egs. (3) and (4) have been measured,as €09,
ox=1.00,0, =1.30, G, = 1.44 and G = 1.92 (Rodi, 1980).

Boundary condition
The internal source function (Lin and Liu, 1999ptopted to generate the incident irregular wave.
On the wave-maker boundary, Eqg. (1) is modifiebdews:
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Where s(x;,t) is honzero mass source function within the rednThe source regioQ is the
width of about 5% of the significant wave lengthtloé incident wave. There is a sponger layer Ighg
the end of the source region. The target wavenisisied as JONSWAP spectrum.

In order to trace the free surface, the volumeladl f(VOF) method was used. THhefunction is
defined as follows: the average valug=oh a cell equals the fractional volume of the oatupied by
fluid. In particular, a unity value d¥ corresponds to a cell full of fluid, whereas aozealue indicates
that the cell contains no fluid. Cells wikhvalues between zero and one are partially filléith fuid
and either are intersected by a free surface dmgowoids (bubbles) smaller than the dimensionthef
cell mesh. The time dependencd-dé governed by:

a—F+i(uiF):o (6)
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Becausd- is a step function, its derivatives must be talkeo consideration by a form of donor—
acceptor differencing. And the upwind differencéesme was applied to solve the above numerical
equations (Chen 2007). The iterative precisiongpiagion is less than T0

EXPERIMENTAL VERIFICATION

To verify the numerical results, an experiment wasied out in a wave flume (Fig.1) at the State
Key Laboratory of Coastal and Offshore Engineerdglian University of Technology. The flume was
56 m in length, 0.7 m in width and 1.0 m in heidfite water depth d before the structure kept cahsta
0.40 m. And the water depth th the chamber was 0.20 m. Table 1 showed thectasdition. The
target spectrum is JONSWAP spectrum. Table 2 ptestie combination of the wave significant
period and the wave significant height.
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Fig. 1 Planform of the experimental setup

Table 1. Wave conditions and model dimensions used in the tests.

Physical parameter Test values Physical parameter Test values

Significant period Ts (s) 1.00, 1.15, 1.40 Porosity 0.20, 0.40

Significant height H1/3 0.053, 0.067, 0.08 Wave steepness (Hys/L1s) 0.02-0.06

Width of chamber bc 0.10, 0.20, 0.30 (Fff/'f_‘tl'/‘se width ofchamber 5 564.0.21
C!

Water depth in front of chamber d 0.40 Relative water depth (d/ Ly;3)  0.17-0.28

aL;us represents the significant wavelength.

Table 2. Combinations of wave period and wave height used.

Wave Significant period T(s) [ 0.99 [1.02 [1.01 [1.14 115 [ 116 [ 138 [ 1.39 1.41
Significant wave height (cm) | 5.28 | 6.82 [ 8.10 | 5.34 | 6.86 [ 8.12 | 532 | 6.83 8.15

Model made of plexiglass is 0.45m long, 0.68m vadd 0.70m high, respectively. The perforated
caisson has one chamber. The front wall is peedratith four rectangular holes and the back wall is
solid. The porositiesy) of the front wall are 2% and 4056, respectively. Here, the porosity is defined
as the ratio of the holes’ area to the front pkatetal area. The length of the hole is 0.142m i&d
width is 0.038m whep is 20%, whenu is 40% the width of the hole is 0.076m and thgtkrof hole is
the same as 20% porosity. The impermeable porticha chamber is filled with the different size of
rock.

Measuring the pressure distribution on the diffengosition on the front perforated wall of the
structure (Fig. 2), 43 sets of the pressure gawgese natural vibration frequency are about 500Hz
were fixed on the different positions (front wadlhck wall and the bottom plates). The arrangemént o
wave pressure gauges on the back wall is samesasutir side of the front wall. Table 3 displays th
distance from the pressure gauges to the bed.

Table 3. Distances from the pressure gauges to the bed.

Pressure gauges No. 1 No. 2 No. 3 No. 4 No. 5 No. 6
Distance (cm) 1.0 10.0 20.0 32.6 43.9 54.8
the outer side the inner side
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Fig. 2. Positions of pressure gauges on the front perforated wall
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The wave pressures distribute on the outer and iohéront wall and on the back solid wall.
Therefore, the wave pressure difference betweerotiter and inner of front wall is regarded as the
index to pressure on the front wall. Fig. 3 illagés the comparison between the numerical resutts a
the measured data for the wave pressure differdeetreeen the inner and outer side of the front ofll
perforated caisson near the still water levels Iséen that the numerical results are well verifigdhe
experimental data. The wave pressure differenceb@toe of perforated caisson are compared in Fig.
4. And Fig. 5 shows the comparison the wave pressarthe back wall near the still water level. The
same results are seen from Figs. 4-5 as Fig. 3tlleabhumerical results are agreeable well with the
experimental data. Accordingly, a conclusion cardbewvn that the numerical method proposed here
may be used to simulate the action of the irreguare on a perforated caisson.
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Fig. 3. Numerical results vs. test data the comparison: the wave pressure difference near the still water level
of front wall of perforated caisson

Fig. 4. Numerical results vs. test data the comparison: the wave pressure on the toe of perforated caissons
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Fig. 5. Numerical results vs. test data the comparison: the wave pressure on the still water level of back wall

DISCUSSION

According to Liu (2008) and Chen’s (2007) reseathhb, relationship between wave force and its
main influencing parameters can be expresseR asf (d/Ls, b/Ls, HJ/Ls,4). Based on the numerical
results, the main parameters affecting the wavespre distribution are discussed by the correlative
analysis method. Fig.6 shows the effect of relatireter depth (d/)) on the wave pressure difference
on the still water level of front perforated wallp/ogHs). In this figure, the relative chamber width
keeps constant. It is illustrated that the relatiop betweem/Ls and4dpdogHs is linear degression. The
relation between the relative chamber width aipdogH; is illustrated in Fig.7. it is clearly seen that
the effect ofb/Ls on ApdogHs is linear degression. The effect of other factmmghe wave pressure is
also discussed, then a conclusion can be drawrihbatlationship betwedn/Ls, HJ/Ls and dpd,ogHs
is regarded as linear. Porosity is assumed as linflaence ondpd/,0ogHs.
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Fig.6 the correlative relationship between the relative water depth and the pressure difference on the still
water level of front wall of perforated caissons
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Fig.7 the correlative relationship between the relative water depth and the pressure difference on the still
water level of front wall of perforated caissons

According to the analysis of the numerical resuttg simplified formulas to compute the wave
pressures on the different position of perforateidson are obtained from experimental data by using
the least-squares method. Eq.7 expresses theorslhip between the wave pressure differe®) (
between the outside and inner of the front walpefforated caisson near the still water level daad i
main affecting parameters including the width cdueioer, the water depth, wave steepness and porosity
The correlative coefficient of Eq.7 is 0.85. Theuks between the measured data and simplifiedtsesu
from EqQ.7 are compared in Fig.8. The horizontakasi the simplified results from Eq. 7, and the
vertical axis is the measured data, the diagonptesses the horizontal values equal to the vertical
values. It is seen that the most points are neardthgonal, that is to say, Eq. 7 can express the
experimental characteristic.

The simplified expressions to compute the wavequreson the toe of perforated caissqn$ is
proposed as Eq.8. The correlative coefficient @f8Hs 0.87. Fig. 9 plots the comparison between th
measured data and simplified results obtained fEmm8. This figure reveals that the measured data
accord with the simplified results. The expressiohthese simplified formulas are simple and useful
for actual engineering design.

B0 _6704-4824 2 )-2256 9 )-8158 1)+ 736 ()
AIH5 4'—113) ql-ﬂs) & Lys ) #
P _sga9 675 %) 42079 —3.204%) +7.184u (8)
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Fig.8 Measured data vs. simplified results from Eq.7 Fig.9 Measured data vs. simplified results from Eq.8

CONCLUSION

Based on the RANS andskequations, a numerical method to simulate theraot®n of the
irregular wave with the perforated breakwaterssialglished. The internal source generation of vigwve
applied to simulate the irregular wave propagatidareover, an experiment is carried out to verifg t
numerical method. Then, the correlative analysisad®pted to investigate the main parameters
influencing the irregular wave pressures basedhennumerical results. It is known that the main
parameters include the relative chamber width,réhative water depth, wave steepness and porosity.
At last, the simplified formulas are obtained frtim measured data based on the Least-square Method.
However, the simplified formulas are used in thageaof experiment.
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