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Sloshing is a highly nonlinear movement that can lead to dynamic loads on tanks. These loads can affect, for example,
Liquefied Natural Gas (LNG) vessels by modifying the movement of ships on waves. This is a key point in the design of
anti-roll tanks used to damp the roll movement of ships. The coupling effect between sloshing and motions of ship can be
analysed by means analytical, experimental and numerical methods. Analytical and experimental methods have some
drawbacks as, for example, the simplification hypothesis of the analytical methods make that only simplified models can
be analysed and the experimental methodologies need from expensive experimental facilities that limit the number of cases.
Numerical methods are a good option to overcome these drawbacks. The numerical methods can use two different
methodologies: mesh-free and mesh-based methods. The mesh-based methods discretise the domain of study using fine
meshes to study, for example, the propagation of waves. These methods usually require expensive mesh generation and
have severe technical challenges associated with the implementation of conservative multi-phase schemes. Free surface
elevation is obtained by using volume of fluid methods (VOF). The mesh-free methods discretise the fluid domain using
particles. Then, these methods analyse the flow by following the fluid particles. The mesh-free methods allow overcoming
part of the drawbacks that characterise the mesh-based schemes, despite their usually bigger computational cost. Methods
such as Smoothed Particle Hydrodynamics (SPH) and the particle finite element method (PFEM) are examples of mesh-
free schemes. In SPH no special tracking is used to detect the free surface and the domain is multiply-connected due to the
Lagrangian nature the method. Consequently, large deformations of free surface can be efficiently treated since there is no
mesh distortion, making SPH an ideal technique to study highly non-linear phenomena. Gonzélez-Cao et al. show in [1] a
comparison of this two methodologies applied to fluid-structure interaction (FSI) problems. The authors compare the results
of the propagation of regular waves and their impacts on a static vertical wall of a structure with a cantilever slab using the
mesh-free method DualSPHysics [2] and the mesh-based method IHFOAM [3]. In this work the authors aim to extend the
previous comparison studies focused on the interaction of fluid with static structures to moving bodies by comparing the
results obtained in physical tests (reference data) of a sloshing tank with the numerical results obtained using DualSPHysics
and OpenFOAM. The analysed case is a SPHERIC Benchmark Test Case 10 (https:// spheric- sph. org/ tests/ test- 10),
consisting of a sloshing tank of 900 mm x 508 mm with an initial water level equal to 355.3 mm. Figure 1 shows a scheme
of the experimental set-up. Reference data (experimental) of the time series of pressure of the impacts in the roof of the
tank (see Figure 1) was obtained from [4-7]. The time series of pressure obtained with DualSPHysics, OpenFOAM along
with the experimental data are depicted in Figure 2. The numerical results are quite similar to the reference solution.

Fremure s

508

1 ne
Lt

Fig. 2. Time series of pressure obtained with DualSPHyics (blue line),

Fig. 1. Scheme of the experimental setup. OpenFOAM (red line) and in the experimental tests (black dashed line).

Figure 3 shows a snapshot of the simulation of the sloshing tank using DualSPHysics and OpenFOAM.
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Fig. 3. Snapshot of the numerical simulations of the sloshing tank carried out with DualSPHysics and OpenFOAM.

This work shows that mesh-free methods have achieved the required level of maturity to reproduce sloshing problems,
attaining a level of accuracy and efficiency similar to mesh-based methods.
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