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INTRODUCTION 
The coastal region is one of the most densely populated 
areas in the world and home to important economic 
activities, but it is particularly vulnerable to erosion and 
flooding, which is expected to become more severe due to 
rising sea levels and more frequent storms. In this scenario, 
the understanding of coastal hydrodynamics and the 
availability of reliable hydrodynamic models are crucial for 
the design of effective coastal defense measures. In 
particular, more in-depth studies are needed on the 
hydrodynamics of the surf zone, which plays a crucial role 
in nearshore erosion and sedimentation processes but is 
not yet fully understood. 
Nearshore bars are common morphodynamic features on 
most sandy beaches and are known to strongly influence 
wave breaking and the hydrodynamics in the surf zone. 
However, most of the studies over the last few decades 
focused on the idealized case of a plane sloping beach.   
In the past several mathematical models have been 
developed to describe the hydrodynamics of the surf zone. 
These include models based on the Boussinesq 
approximation (Tiesser et al.  2012), large eddy simulation 
models (Zhou et al. 2017), and models based on the 
Reynolds Averaged Navier-Stokes equations (Jacobsen et 
al. 2014). All these models are based on the Eulerian 
description of flows, which results in the discretised form of 
the governing equations being defined on a fixed grid. This 
can be a shortcoming of these models, especially when the 
water/air interface is subject to severe deformations. 
Lagrangian models are more suitable than Eulerian models 
for solving the governing equations in the presence of highly 
deformed free surfaces as occurs during wave breaking. 
One of the most developed Lagrangian approaches to fluid 
mechanics is the Smoothed Particle Hydrodynamic (SPH) 
method, which has demonstrated the ability to correctly 
resolve fluid dynamic phenomena involving free surfaces 
undergoing large deformations (Dalrymple and Rogers, 
2006, Crespo et al. 2017). The method has also been used 
to simulate wave breaking on a flat beach (Makris et al. 
2016) and, more recently, wave breaking on a barred beach 
by Altomare et al. (2023). 
Experimental measurements of regular wave breaking on a 
barred beach were performed by van der A et al. (2017), 
while van der Zanden et al. (2019) investigated breaking of 
wave groups. 
Here we present SPH numerical simulations of wave 
breaking on a barred beach in a large-scale wave flume and 
compare the numerical results with experimental 
measurements.  

 
SPH MODEL SET-UP AND RESULTS 
A weakly compressible SPH numerical model called 
DualSPHysics is used in this study (Domíniguez et al., 

2021). The fluid domain is discretized into many material 
particles characterized by position, mass, density, 
pressure, velocity and acceleration. Each particle 
interacts with neighboring particles that fall within a radius 
or smoothing length denoted as hsph. The contribution of 
each particle to this interaction is weighted by a kernel 
function. In DualSPHysics it is possible to introduce an 
artificial viscosity into the momentum equation 
(Monaghan, 1992), the magnitude of which can be 
controlled by the value of a parameter 𝛼, called the 
artificial viscosity coefficient. Surface waves have been 
generated using boundary particles that move to replicate 
the motion of a wave paddle. The simulations were 
carried out in 2-D initially placing all the particles on a 

𝑑𝑝 × 𝑑𝑝 square grid. The parameter coefh = ℎ𝑠𝑝ℎ/(𝑑𝑝√2) 

shows how large ℎ𝑠𝑝ℎ  is relative to the initial interparticle 

distance 𝑑𝑝. 
The experimental data were obtained during a previous 
experimental campaign carried out in a large-scale wave 
flume 100 m long, 3 m wide and 5 m deep. Regular 
waves, with a period of 6 s and a height of 0.55 m, were 
generated. The waves, after shoaling along the slope of 
the beach, broke as a plunging breaker. 
Free surface elevations were measured using resistive 
and acoustic wave gauges and pressure sensors, while 
velocity measurements were taken using an acoustic 
Doppler velocimeter and two laser Doppler 
anemometers. 

 
Figure 1 – (a) Longitudinal profile of the wave flume, (b) 
trend of the wave height H along the flume. 
 
The results of preliminary simulations were used to 
determine the set of the SPH parameters that gave the 
best trade-off between accuracy and computational cost. 
The values of these parameters are as follows: 𝛼=0.028, 

𝑑𝑝=0.01 m and coefh=1.3.  
Figure 1a shows the longitudinal profile of the wave flume
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The breaking point is where the wave front becomes 
vertical, while the plunging point is where the plunging jet 
hits the free surface. Figure 1b shows the trend of the 
averaged wave heights. Offshore from the breaking point, 
there is a fairly good agreement between experiments 
and the SPH simulation. Here the oscillation in the wave 
height are due to wave reflection, which was estimated to 
be 20%. The maximum wave height at the breaking point 
is predicted quite accurately by SPH, but further onshore 
the wave height is over-predicted. This may be due to a 
difference in the definition of the free surface between the 
SPH and the instruments, but it should be noted that there 
are also differences between the instruments. In 
particular, at x=57.78 m, the SPH wave height is close to 
that measured by the acoustic instrument, but quite far 
from that provided by the resistive instrument and by the 
pressure sensor.  
In general, resistive and pressure transducers do not 
detect localized splashes due to their operating principle, 
whereas the acoustic transducer, which measures from 
above, is expected to perform much better in this respect. 
This may explain the better agreement between SPH and 
acoustic wave gauges in the surf zone compared to the 
other instruments.  
The mean velocity generated by the waves plays an 
important role in the transport phenomena that occur in 
the coastal region, so knowledge of the spatial distribution 
of the mean velocity is of particular interest. Figure 2a 
shows the time-averaged velocity distribution. The upper 
black lines show the positions of the wave crests and 
troughs. Offshore from the breaking area, the onshore 
flux is contained between the crests and the troughs while 
in the breaking region it extends even below the trough 
level. The most prominent feature of the mean velocity 
distribution is a recirculating flow above the bar trough, 
induced by the plunging jet. This hydrodynamic feature is 
thought to be an important contributor to the scour in front 
of the onshore face of the bar and to the growth of the bar 
itself. Figure 2b shows a comparison between the 
numerical and experimental spatially averaged velocity, 
from which it can be concluded that there is a fairly good 
agreement between SPH and experiments.   
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Figure 2 - (a) Time averaged velocity distribution. Red arrows: experiments; black arrows: SPH. (b) Average along 

the vertical of the time averaged horizontal velocity 𝑢̅ for the positions where experimental data are available. 


