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This paper presents the new boundary condition implemented in the LNEC SPH numerical model based on the 

SPHysics model and on a standard Smoothed Particle Hydrodynamic formulation: the piston-type wave maker includes 

now dynamic wave absorption and allows simulating a semi-infinite flume. Verification of the active wave maker 

absorption is carried out through the simulation of the interaction between a regular incident wave and an impermeable 

vertical breakwater. Results show that the active wave-maker allows outgoing waves to be absorbed and reflection at the 

wave-maker to be avoided. 

 

 

 

INTRODUCTION 

 

Numerical modeling of the interaction among waves and coastal 

structures is a challenge due to the many nonlinear phenomena 

involved, such as, wave propagation, wave transformation with water 

depth, interaction among incident and reflected waves, run-up / run-

down and wave overtopping. 

Numerical models, more or less complex depending on the approach 

and on the physical assumptions, allow simulating the propagation of 

waves and the near shore transformation. The models based on the 

nonlinear Boussinesq equations, such as COULWAVE (Lynett and Liu, 

2004), give good predictions comparing with field data and laboratory 

physical modeling. However, it does not model the breaking and highly 

nonlinear processes that occur when waves impinge the coastal 

structures, such as overtopping. Numerical models based on Euler or 

Navier-Stokes equations, such as CANAL (Clément, 1996), based on 

Boundary Element Method, or FLUINCO (Teixeira, 2001), based on a 

mixed Euler-Lagrange formulation of the free surface, allow modeling 

wave-structure interaction and calculating velocity and pressure field. 

However, those numerical models do not simulate wave breaking. 

Only few numerical models allow simulating the very complex 

phenomena of wave breaking and overtopping. Those models are 

generally based on fluid dynamic equations, i.e. the Navier-stokes 

equations, and developed using an Eulerian approach. Numerical 

simulation of free surface flows is treated using the Volume of Fluid 

(VOF) approach (Hirt and Nichols, 1981), such as the Reynolds 

Average Navier-Stokes (RANS) model COBRAS-UC (Lara et al., 

2006). However, the accuracy o1f wave breaking and overtopping 

simulations strongly depend on the mesh and a fine grid is necessary to 

ensure modeling those phenomena. 

Recently, models based on Lagrangian methods, such as the Smoothed 

Particle Hydrodynamics (SPH) approach, have emerged. The method is 

based on the Navier-Stokes equations and a completely mesh-free 
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technique. Monaghan (1994) shows the first application of Lagrangian 

method for modeling free surface flows. The recent advances on 

Smoothed Particle Hydrodynamics models, since 1994, show that 

Lagrangian method is a very promising alternative approach to simulate 

wave breaking and overtopping due to its completely mesh-free 

technique. Several numerical models are constructed using the SPH 

method. One of these is the SPHysics model (Crespo, 2008; Crespo et 

al., 2008a, 2008b), inspired by the formulation of Monaghan (1992). 

The SPH numerical model used and developed at the LNEC (National 

Laboratory of Civil Engineering) is based on the original SPHysics 

model and specially developed for studies of wave interacting with 

impermeable and porous structures. This model aims to be a useful tool 

for real case studies of coastal engineering. Promising agreement with 

experimental data has been obtained for both free surface elevation and 

overtopping discharge for impermeable coastal structures (Didier and 

Neves, 2009a, 2009b, 2010a, 2010b; Didier et al., 2011). The present 

numerical model includes two specific developments: i) a partial 

renormalization (i.e. partial filtering density), where renormalization is 

applied only for particles near the structure, which is an original 

method that allows simultaneously propagating waves, without 

diffusion, and modeling accurately the pressure field near the structure 

(Didier et al., 2011); ii) an active wave maker absorption that allows to 

simulate a semi-infinite numerical wave flume. 

This paper presents the implementation of the active wave maker 

absorption in the SPH numerical model and an application to wave 

interacting with an impermeable vertical breakwater that allows 

verifying the dynamic absorption technique. 

 

SET OF EQUATIONS 

 

The bi-dimensional momentum conservation equation in a continuum 

field and the conservation law, in Lagrangian form, for a viscous fluid 

are written as 

 

gP
dt

dv
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Fig. 1 Compact support of the kernel 

 

where v refers to the velocity, P the pressure,   the fluid density,  the 

diffusion terms and g=(0, -9.81m/s2) the gravitational acceleration. 

 

SPH APPROACH 
 

The partial differential equations of continuum fluid dynamics (Eqs. 1 

and 2) are transformed into SPH forms, i.e. particle forms, by integral 

equations using integral interpolants (Monaghan, 1992; Gingold and 

Monaghan, 1977; Liu, 2003). The fundamental principle is to 

approximate any function A(r) by: 
 

  rdhrrWrArA ),()()(                   (3) 

 

where r is the vector position, W is the weighting function, h is called 

the smoothing length. The interpolation function, i.e. weighting 

function or kernel, allows determining the interaction among 

neighboring particles included in the influence domain, controlled by 

the smoothing length h, typically higher than the initial particle spacing. 

Fig. 1 shows a typical compact support of a kernel function. 

Numerically, the kernel is a function with compact support within a 

region determined by a radius of 2h. The kernels should be verified 

several conditions of positivity, compact support, Delta function 

behavior. Different kernels were developed and can be found in the 

literature (Liu, 2003). 

The relation given in Eq. 3 is written as an approximation of the 

function A at a particle a, in discrete notation: 
 


b

ab

b

b
b W

A
mrA


)(                     (4) 

 

where the summation is over all the particles within the region of 

compact support of the kernel function. The mass and density are noted 

mb and b respectively and Wab=W(ra-rb, h)  is the kernel. 

Two types of SPH model were developed: strict incompressible and 

weakly incompressible SPH model. The major differences between the 

weakly compressible SPH (Monaghan, 1992; Dalrymple et al., 2001) 

and the incompressible SPH (Gotoh et al., 2001, 2004; Shao and Lo, 

2003; Shao, 2010) lie in that the former calculated the pressures 

explicitly using an equation of state, while the latter employs a strict 

incompressible formulation for what the pressure is obtained implicitly 

by solving a pressure Poisson equation derived from the mass and 

momentum equations. 

 

SPH NUMERICAL MODEL 

 

The actual SPH model used and developed at the LNEC is based on the 

SPHysics code, an open-source Smoothed Particle Hydrodynamics 

program developed jointly by researchers of several Universities 

(Crespo, 2008; Crespo et al., 2008a, 2008b; Gómez-Gesteira et al., 

2008, 2010) and includes mainly two specific developments: i) a partial 

renormalization (i.e. partial filtering density) (Didier et al., 2011); ii) an 

active wave maker absorption that allows to simulate a semi-infinite 

numerical wave flume.  

The fluid in the standard SPH formalism is treated as weakly 

compressible. The numerical model presents a modular form and a 

variety of features are available, such as 2D and 3D models, various 

kernels and viscosity models (artificial, laminar and Sub-Particle Scale 

turbulence model), density filter (Shepard or MLS), and solid boundary 

conditions (dynamic boundaries, repulsive forces). Detail of numerical 

implementation is available in (Gómez-Gesteira et al., 2008; SPHysics 

code v1.4, 2008). The actual LNEC’s version of SPH model is 

especially devoted to studies of hydrodynamics around maritime 

structures and allows analyzing the phenomena involved in wave-

structure interaction, including free surface elevation, wave 

overtopping, velocity profiles, pressure and forces on the structure. 

For numerical simulations of wave propagation, the quadratic kernel 

(Johnson et al., 1996; Dalrymple and Rogers, 2006) is used to 

determine the interaction between the particles. This kernel has the 

particularity of not having an inflection point in its first and second 

derivative in the range of function definition. 
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where q=(ra-rb)/h. 

In the present computational method, the fluid is treated as weakly 

compressible which allows the use of an equation of state to determine 

fluid pressure. The relationship between the pressure and the density 

was assumed to follow the equation of state provided by Batchelor 

(1974) (see latter). 

In the SPH equations, the discrete equation of conservation of 

momentum is given by 
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where t is the time, g=(0, 0, -9.81)m.s-2 is the gravity acceleration, va, 

Pa and a are the velocity, the pressure and the density of a particle a, 

respectively, Pb, b and mb are the pressure, the density and the mass of 

a particle b included in the influence region of the kernel, Wab is the 

kernel and  ab the viscosity term. Finaly, aWab is given by: 
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where i and j are the unit vectors in the direction of the coordinate axis 

and (xa, ya) are the coordinates of particle a. 

In SPHysics, three models for the viscous terms ab are implemented: 

the artificial viscosity model (Monaghan, 1992), the laminar viscosity 

model (Morris et al., 1997) and the laminar viscosity turbulence SPS – 

Sub-Particle Scale (Gotoh et al., 2001; Rogers and Dalrymple, 2004). 

The latter model is used in the present simulations because it includes 

not only a model of laminar viscosity but also the effects related to the 

turbulence through a model derived from the LES-type models (Large 

Eddy Simulation). It was shown, in previous study (Didier and Neves, 

2009b), that Sub-Particle Scale turbulence model provided better 

results compared to artificial viscosity model since SPS model avoids 

the strong dissipative effects of artificial viscosity model (the wave 

amplitude decreases as the parameter of the model of artificial viscosity 

increases). Consequently the SPS turbulence model is used in the 

present simulations. 
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The equation of mass conservation in the discrete SPH formalism is 

given by: 
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The particles move according to the following equation: 
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where vab=va-vb and  
ab

=(a-b)/2. The last term of the equation, 

including the parameter ε, corresponds to the correction term XSPH of 

Monaghan (1989). Particles are usually moved using the XSPH 

Monaghan formulation, with ε=0.5 (values ranged between 0 and 1). 

The method is a correction for the particle velocity, which is 

recalculated taking into account the velocity of that particle and the 

average velocity of neighbouring particles. However, it was shown in 

Didier and Neves (2009b) that instabilities appear during wave 

propagation due to the XSPH correction, particles cross the solid 

boundary, fluid flow exhibits unphysical behaviors and the program 

crashes. Consequently, in the present simulations, the XSPH correction 

is not used and ε=0. 

The equation of state (Batchelor, 1974), which relates the pressure in 

the fluid with the density, is given by: 
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where  =7 and  /0

2

0cB   , the reference density o=1000 kg/m3 and 

co the sound velocity. With this approach, the compressibility is 

adjusted to slow the speed of sound so that the time step in the model, 

based on the sound velocity, is reasonable and CPU time is reduced. 

Numerically, integration in time is performed by the Predictor-

Corrector model using a variable time step. 

The repulsive boundary condition, developed by Monaghan and Kos 

(1999), is used and allows preventing a water particle crossing a solid 

boundary. Finally, a variable time step is used to ensure the CFL 

condition. 

Initially, the water particles are placed in the flume using a Cartesian 

distribution, i.e. particles are regularly distributed, with spacing 

between particles defined by do. This is a condition of SPH method 

when smoothing length of the kernel is constant. Velocity is zero and 

pressure is hydrostatic. Fig. 2 presents a view of the initial distribution 

of solid and fluid particles near a structure. 

More details of numerical implementation of the SPH model can be 

found in the User's program SPHysics (Gómez-Gesteira et al., 2008) 

and in Gómez-Gesteira et al. (2010). 

 

 
Fig. 2 Typical initial distribution of solid and fluid particles 

 

While the kinematics of SPH simulations is generally realistic, the 

pressure field of the particles can exhibit large pressure oscillations. 

Gómez-Gesteira et al. (2010) shows that renormalization (filter density) 

is necessary to obtain a good representation of a dam-break flow and 

pressure field without oscillations. However, renormalization influence 

is more complex for wave propagation. One of the most straightforward 

and computationally least expensive methods to smooth out pressure 

oscillations is to perform a filter over the density of the particles and to 

re-assign a density to each particle (Colagrossi and Landrini, 2003). 

However, Didier et al. (2011) shown that total renormalization, i.e. 

renormalization on all fluid particles, stabilizes the pressure field but 

causes a numerical diffusion of wave propagation and a large reduction 

on wave height, incompatible with experimental results. On the other 

hand, without renormalization, unphysical pressure fluctuations occur 

and forces on structures cannot be calculated. Didier et al. (2011) show 

that partial renormalization, i.e. renormalization applied only for 

particles near the structure (at the end of the flume), seems to be a 

promising compromise and an original method that allows 

simultaneously propagating waves, without diffusion, and modeling 

accurately the pressure field near a structure or a beach. 

 

WAVE GENERATION AND DYNAMIC ABSORPTION 

 

Piston-type wave maker 

 

In original SPHysics model (Gómez-Gesteira et al., 2008; SPHysics 

code v1.4, 2008), wave generation is performed moving the solid 

particles of the wave maker boundary, similar to the experimental 

flume. Waves are generated from the left to the right of the numerical 

flume. The wave maker movement is simulated in the model at any 

given time step, t, through the position Xb(t) and velocity Ub(t) of the 

solid particles constituting the wave maker. Xb(t) and Ub(t) are 

calculated using two equations, deduced from the linear wave theory 

and, for a regular wave, given by the following relations: 
 

Xb(t) = Xb(to) + Ab sin ( 2 t / T )                (11) 
 

where T is the incident wave period, Ab the wave maker amplitude 

(depending of the wave height H), Xb(to) the initial position of the wave 

maker and t the time. The velocity of the wave maker is calculated by 

the derivation of Eq. 11 in the time and is given by 
 

Ub(t) = 2 Ab / T cos ( 2 t / T )               (12) 
 

It is necessary, in numerical applications, to smooth the velocity at the 

beginning of the movement to avoid numerical instabilities due to the 

impulsive starting of the wave maker movement. Smoothing is 

achieved here by using a small ramp, which corresponds to adding a 

tanh term in Eqs. 11 and 12. 

 

Active wave maker absorption 

 

Active wave maker absorption is included in the LNEC’s SPH model, 

using the same procedure followed in physical flumes: the numerical 

wave maker is equipped with a control system for simultaneous wave 

generation and active wave absorption. 

The methodology proposed by Shäffer and Klopman (2000) is 

followed. This procedure, based on the wave maker movement used in 

the experiments, was also implemented in a Reynolds Averaged 

Navier-Stokes type model using a Volume of Fluid technique for 

modeling free surface flow by Lara et al. (2011), with good results. 

The target wave maker position, Xb(t), is corrected in real time in order 
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to absorb outgoing waves and to avoid reflection at the wave maker. 

The position of the wave maker is obtained through the velocity 

corrections of the wave maker motion. 

For that, it is necessary to estimate the free surface elevation of the 

reflected wave, R, to be absorbed, comparing the target-free surface, 

target, to the free surface recorded in front of the wave maker, SPH.   

The free surface elevation is measure at about 5do from the wave 

maker, with do being the initial distance between particles, 
 

R = target - SPH                 (13) 
 

The wave maker velocity has to be modified in order to match the 

velocity induced by the wave to be absorbed. In this case, as wave 

generation is performed by piston-type wave maker, with uniform 

velocity over the water depth, wave absorption is made using linear 

long-wave theory (Shäffer and Klopman, 2000; Dean and Dalrymple, 

1991),. So that, the velocity correction owing to absorption the 

reflected wave, UR, can be written as follows: 
 

UR = R (g / h)1/2                 (14) 
 

where g is the gravity acceleration and h is the water depth. 

To obtain the desired wave maker position, velocity has to be integrated 

considering both the target velocity, Utarget, calculated using Eq. 12 and 

the velocity correction for absorption, UR, 
 

 dtUUtXtX
t

Rettobb  
0

arg)()(                  (15) 

 

Numerical implementation of the active wave maker absorption for the 

SPH model is described hereafter. Target wave maker velocity, Utarget, 

at a time t is calculated by Eq. 12. As the wave maker is a piston-type, 

the velocity is the same for all solid particles of the wave maker. 

The initial conditions, as for the case without dynamic absorption, are 

the wave maker with no velocity, Ub(to)=0.0, and at its initial position, 

Xb(to). 

Free surface elevation at the front of the wave maker is determined at a 

gauge located at 5do from the wave maker, as referred. 

The target free surface elevation at time t is calculated using linear 

wave theory relation for a wave height H.  

Velocity correction, UR, is calculated using Eq. 14 and the value of free 

surface elevation of reflected wave, R, calculated by Eq. (13). 

The corrected wave maker velocity, Ub(t+dt), is obtained by the 

relation 
 

Ub(t+dt) = Utarget + UR                 (16) 
 

Wave maker position at time t+dt, Xb(t+dt), is deduced by 

extrapolation from the velocity at time t+dt and t and by the previous 

position of the wave maker at time t, Xb(t), using the following 

expression: 
 

Xb(t+dt) = Xb(t) + (Ub(t+dt)+Ub(t))*dt / 2               (17) 
 

It was verified that the precision of the extrapolation using Eq. 17 is of 

order O(6)-O(7), when comparing with the calculation of the wave 

maker position obtained by Eq. 11, from linear wave theory. 

 

WAVE INTERACTING WITH A VERTICAL BREAKWATER 

 

The case study presented here is wave interacting with an impermeable 

vertical breakwater. The breakwater is composed by a 0.181 m height 

berm, with a slope 1:3, and a vertical wall, located 0.2 m from the end 

of the slope, as shown in Figure 3. The crest freeboard is 0.3 m above 

the still water level. The horizontal bottom is 3.62 m length. 

x
0.181m

3.62m

0.385m

= 0.266mz d

3
1

0.2m

0.532m
 

Fig. 3 Schematic representation of the semi-infinite wave flume and the 

structure, coordinate system and dimensions 
 

The case study presented here is wave interacting with an impermeable 

vertical breakwater. The breakwater is composed by a 0.181 m height 

berm, with a slope 1:3, and a vertical wall, located 0.2 m from the end 

of the slope, as shown in Figure 3. The crest freeboard is 0.3 m above 

the still water level. The horizontal bottom is 3.62 m length. 

Regular waves were tested with 1.3 s wave period, T, and 0.10 m wave 

height, H. Water depth, d, is 0.266 m, which result in a wave length, L, 

equal to 1.88 m. 

Active absorption of the reflected waves at the wave maker was used in 

the present simulation. 

A regular Cartesian grid is used for distributing the fluid particles into 

the computational domain, with a uniform distance, do, in horizontal 

and vertical directions equal to 3.97x10-3 m. The particle volume is 

equal to 1.576x10-5 m3/m. The number of fluid and solid particles used 

for the present simulation is 69692 (1547 solid particles). Simulation is 

performed to 40 s which correspond to 31 waves. The mean time step is 

around 3.8x10-5 s. 

Computational time in the present application of SPH code is around 92 

hours for modeling 40 s, using a serial version of the code and a 

Personal Computer Intel(R) Core(TM) i7 CPU 930 @ 2.80GHz. 

Verification of the accuracy of the active wave maker absorption is 

carried out analyzing the time series of the free surface elevation at 

x=2.0 and 2.5 m and of the forces on the vertical wall of the 

breakwater. Results are also compared with a case of a simple piston 

type wave maker without absorption to show the efficiency of the 

active wave maker absorption. 

Figure 4 shows a comparison of the free surface elevation of the 

reflected wave, R, the target-free surface elevation, target, and the free 

surface elevation recorded in front of the wave maker, SPH. 

Numerically, a small velocity ramp is used at the beginning of the wave 

maker motion to avoid numerical instabilities near the wave maker. 

This explain the important differences showed between target and SPH 

until t =1.0 s. Before  t=5.0 s, time when the reflected wave from the 

vertical wall reaches the wave maker, the reflected wave is around zero, 

the wave maker works only as a wave generator and  the free surface 

elevation recorded in front of the wave maker is almost equal to the 

target one. At t=5.0 s, the active wave maker absorption starts to absorb 

the reflected waves.  

For the present incident regular wave characteristics, the wave reflected 

by the breakwater is relatively regular, eventhough wave breaking 

occurs near the toe of the breakwater and the water column formed at 

the vertical wall after breaking induce a small randomness on the 

reflected amplitude. 

For this case, the reflected wave amplitude, R, recorded in front of the 

wave maker is around 42% of incident wave amplitude. Reflection 

coefficient is also calculated using separation method of incident and 

reflected waves developed by Mansard and Funke (1980) and found to 

be equal to 47%, in accordance with the direct estimation of reflected 

wave amplitude in front of the wave maker. 
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 Fig. 4 Comparison of the free surface elevation of the reflected wave, R, the target-free surface, target, and the free surface recorded in front of the 

 wave maker, SPH. 
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 Fig. 5 Position of wave maker along the time (the horizontal solid line correspond to the initial position of wave maker). 

 

For the present incident regular wave characteristics, the wave 

reflected by the breakwater is relatively regular, eventhough wave 

breaking occurs near the toe of the breakwater and the water column 

formed at the vertical wall after breaking induce a small randomness 

on the reflected amplitude. 

For this case, the reflected wave amplitude, R, recorded in front of 

the wave maker is around 42% of incident wave amplitude. Reflection 

coefficient is also calculated using separation method of incident and 

reflected waves developed by Mansard and Funke (1980) and found to 

be equal to 47%, in accordance with the direct estimation of reflected 

wave amplitude in front of the wave maker. 

All this behaviour shows that the wave absorption system is acting as 

expected, absorbing the reflection at the wave maker and generating 

the same incident wave along the time. 

Figure 5 shows the time series of the wave maker position. The solid 

horizontal line indicates the initial position of the wave maker. From 

the beginning of the wave maker motion to t = 15.0 s, the wave maker 

position is strongly variable due to its adaptation to different wave 

configurations: first the incident wave only, incident and transitional 

reflected wave between t = 0s to t = 15 s and, finally, after t = 15 s, the 

incident and the regular reflected wave. After this time, as it can be 

observed in the Figure 5, the wave maker motion is very regular, 

reflecting the regular pattern of the reflected wave that is absorbed by 

it.  

Although the oscillatory nature of the free surface elevation is 

simulated by an piston type movement, small deviations from zero, the 

expected mean free surface elevation at the front of wave maker, 

appear and will contribute to a slow drift of the paddle (Shäffer and 

Klopman, 2000). This effect can be observed in Figure 5, where the 

mean paddle position after some time of simulation does not 

correspond anymore to the initial wave maker position. However, in 

the present simulation, this small drift is not critical since the change 

in the mean value of the free surface elevation is only 0.001 m (i.e. 

0.4% of the water depth). In order to prevent this effect in future 

applications, the paddle could be forced back to its zero position, 

technique classically used in laboratory facilities (Shäffer and 

Klopman, 2000). 
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Fig. 6 Time series of free surface elevation at x=2.0 m 
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Fig. 7 Time series of free surface elevation at x=2.5 m 
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Fig. 8 Time series of force acting on the vertical wall of breakwater 

 

Figure 6 and 7 present the time series of free surface elevation at x=2.0 

and 2.5 m. The same pattern can be found at these gauges. Until t = 

15.0 s, some variation of the free surface can be observed, due to the 

variation of the wave pattern, as explained before. After that, the wave 

form is more regular, even though, the mean position of the wave 

maker does not correspond to the initial position, due to the dynamic 

absorption. The differences on free surface elevation at these two 

gauges highlight the reflection phenomena. Comparing the free 

surface elevation at gauges x=2.0 m (Figure 6) and at x=2.5 m (Figure 

7), it is possible to verify the influence of the reflected wave that 

increase free surface elevation at gauge x=2.0 m and decrease at gauge 

x=2.5 m, typical result of interaction between an incident and a 

reflected wave. 

 

 

 

 

Fig. 9 Particle positions during the interaction between incident 

regular wave and vertical breakwater 

 

The variation of the horizontal force on the frontal vertical wall of the 

breakwater is presented in Figure 8. In this signal, the effectiveness of  
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Fig. 10 Time series of free surface elevation at x=2.5 m with and 

without absorption 
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Fig. 11 Time series of force acting on the vertical wall of the 

breakwater with and without absorption 

 

the wave maker absorption can be observed in the regularly of the 

signal along the time. Only small variability on the force can be 

observed, probably due to randomness of the wave breaking. The 

signal showed the expected pattern of the impact force, with two 

maxima the first corresponding to the wave impact on the vertical wall 

and the second to the collapse of the water column formed along the 

wall after the wave impact. 

Figure 9 shows the fluid particle position near the vertical breakwater 

at time t=20.07 s, 20.33 s and 20.62 s. Figure 9a shows the strong 

interaction between the incident and the reflected wave that occurs 

near the structure. The increase of the free surface elevation is a result 

of the incident and reflected wave superposition. It can be seen that 

the water column is very small at the toe of the vertical wall. Figure 9b 

shows the wave attack on the structure. Reflected and incident wave 

are clearly identified in the figure. Wave breaks shortly before the 

vertical wall in a plunging breaking. After the wave impact on the toe 

of the wall, a water column appears along the vertical wall, Figure 9c, 

before collapse. 

Figures 10 and 11 show a comparison of time series of free surface 

elevation at x=2.0 m and of force on the vertical wall of breakwater, 

respectively, obtained with the active wave maker absorption and with 

a simple type wave maker without absorption. Free surface elevation 

and force are strongly perturbed when absorption is not used due to 

the effect of successive wave reflection on the breakwater and on the 

paddle. Free surface elevation is largely increased, at this gauge, and 

force is strongly overestimated: without absorption, force reaches 

values about 320 N and decrease to values about 130 N when 

absorption is used. This very large difference is due to changes in the 

incident wave characteristic when active wave maker absorption is not 

used. 

These comparisons allow verifying the effectiveness of active wave 

maker absorption, confirmed by the regularity of time series of free 

surface elevation and force when absorption is used. An analysis of 
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wave height variation at gauge x=2.0 m confirms also the efficiency of 

the active wave maker absorption: without absorption, the maximum 

difference of the wave height is about 0.023 m since with absorption 

the maximum difference is only 0.004 m.  

 

CONCLUSIONS 

 

Verification of the effectiveness of the active wave maker absorption, 

implemented in the LNEC´s version of SPH numerical model, based 

on the SPHysics model, is carried out through the simulation of the 

interaction between a regular incident wave and an impermeable 

vertical breakwater. Results show that active wave maker absorption 

allows to absorb outgoing waves and to avoid reflection at the wave 

maker. This new improvement on the model enable to enlarge the time 

calculation and to obtain large time series of free surface elevation, 

forces and pressure that allow correctly calculating statistics of 

overtopping, forces on the structures, etc. 

Future works on the model include the validation of the active wave 

maker absorption for regular and irregular waves and the development 

of tools for modeling porous structures. 
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