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Abstract. The sloshing phenomenon is one challenging event in fluid-structure interaction especially 
for the liquid carrier such as a ship. Sloshing can endanger ships when there is energetic sloshing 
with volatile liquid inside the tank. One of the LNG carriers is membrane type which the tank is 
prismatic. The study aims to reproduce long-duration sloshing using a prismatic tank. The particle 
method so-called smoothed particle hydrodynamics is used to deal with long-duration sloshing. To 
accommodate of experiment condition a two-phase SPH is used. To accelerate SPH computation, a 
GPU solver is used in this study. The hydrostatic pressure from SPH is compared with an analytic 
solution and dynamics pressure is compared with experimental data to validate the results. The 
result shows SPH has good accuracy for hydrostatic pressure and dynamics pressure shows a similar 
trend to experiment with spurious pressure. Finally, free surface deformation has a tendency similar 
to experiment with void of air trapped in the water that can capture by SPH. 
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1. Introduction  
Sloshing is one challenging event in fluid-structure interaction in marine engineering and ocean 
engineering field. A liquid carrier such as LNG ship is prominent to sloshing events caused by ocean 
waves during sea state conditions. One of LNG carrier is the membrane-type carrier that the shape 
of the tank is prismatic. Sloshing can endanger ship when it is energetic and violent that would 
lead to an explosion caused by the impact of volatile fluid such as LNG. Sloshing can lead to 
structural damage caused by the impact pressure of fluid with the sidewall tank. Because sloshing 
is dealing with free surface flow, particle methods have the advantage to apply to this problem. 
One of the particle methods is smoothed particle hydrodynamics (SPH). SPH was developed for 
free surface flow by Monaghan [1]. Since then there have been many application SPH for free 
surface flow in water wave and sloshing. Application SPH for water wave was carried out by 
Altomare et al. [2] for implementing active wave absorption in SPH and made verification with the 
analytic solution. Trimulyono et al. [3] were validated 2D water waves in large wave basin using 
SPH. Pringgana et al. [4] used SPH for modelling tsunami-induced bore with interaction coastal 
structure. It was showed SPH has good accuracy for water waves. Implementation SPH in sloshing 
demonstrated by Trimulyono et al. [5] to reproduce experimental validation for single-phase and 
two-phase SPH simulations using the prismatic tank in 2D and 3D. It shows SPH has good accuracy 
in static and dynamics pressure for two-phase. In addition, Trimulyono et al. [6] used a low pass 



iCOMERA 2020
IOP Conf. Series: Materials Science and Engineering 1034  (2021) 012058

IOP Publishing
doi:10.1088/1757-899X/1034/1/012058

2

 
 
 
 
 
 

filter to reduce pressure oscillation using 2D domain. Recently, Green and Peiró [7] were 
successful in reproducing sloshing in term of surface elevations, and force of the tank using a low 
fil ratio with long-duration sloshing. In the present study, sloshing in the prismatic tank was carried 
out using two-phase SPH. The present study was extended works of Trimulyono et al. [5]. The 
open-source SPH solver DualSPHysics version 4.2 was used to make a 2D sloshing simulation 
developed by Crespo et al. [8].  DualSPHysics has implemented general-purpose computing on 
graphics processing units (GPGPU) technology that speeds up SPH computation. In this study, GPU 
GTX Geforce 1080 ti was used in simulations. Only roll motion is used in the SPH simulation with a 
50% filling ratio. One pressure sensor was used to validate the dynamics pressure in the SPH 
simulation. The analytic solution is utilized to validate hydrostatic pressure. Finally, the duration of 
the SPH simulation was the same as an experiment conducted and it was a long duration sloshing 
event.  
 
2. Methodology  

 
2.1 Smoothed Particle Hydrodynamics (SPH) 
SPH is a Lagrangian meshless method that uses the interpolation approach to estimate the 
quantities of physical value and derivatives of a continuous field using discrete evaluation points. 
The main approach of the SPH method is based on integral interpolants and it is well explained in 
Liu and Liu [9]. Equation 1 shows the particle approximation in SPH, and equation 2 shows 
continuity equations. The Navier Stokes equations show in equation 3 where W is a kernel 

function, v is velocity, P is pressure, ρ density, and τ is a diffusive term. 
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Quintic kernel function [10] is used in this study. The momentum equation shows in equation 5 
for the water-phase and equation 6 for air-phase. The delta-SPH (  ) is used in based on works of 
Molteni and Colagrossi [11]. The equation of state is shown in equation 7. For the detailed SPH 
implementation, the reader can refer to the DualSPHysics guideline. 
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Figure 1 shows the schematic view of the prismatic tank. In this study, only two dimensions of 
the prismatic tank was used. It can be explained as in the sloshing experiment pressure sensor 
location in the mid of the tank using regular motion, as a result, the sloshing simulation is two 
dimensions. It will be different when irregular motion is applied. The breadth of the tank is 0.3 m, 
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the height of the tank is 0.21 m, and the level water is 0.105 m. Only the pressure gauge located at 
the bottom was used to compare with the experiment. In the SPH simulation, we added 2 second 
in the tank movement to calm the fluid particles. The additional time was used to get static 
pressure and validation of static pressure was made with an analytic solution. 

 
Figure 1. The schematic view of the pressure position in the tank. 

 
2.2 Experiment and numerical condition 
The experimental condition was based on works in Trimulyono et al. [5] which sloshing was 
conducted in three filling ratios and combination of motion. In the present study, roll motion is 
used to reproduce long-duration sloshing events based on experimental data. Because roll motion 
is also one of the dangerous motion in ship movement. Figure 2 depicts the experiment condition 
of the 50% filing ratio of the tank. Roll motion means that it moves rotationally whose center of a 
movement is above the tank. In the experiment, a forced oscillation machine was used to move 
the tank into four degrees of freedom. For the detailed information of the experiment, the reader 
can refer to Trimulyono et al. [5]. 

 
Figure 2. The experiment condition for sloshing. 

Table 1 shows the parameter setup of the SPH simulation. In this study, we use the coefficient of 
smoothing length is 0.95 that was successfully reproduces sloshing simulation in the previous 
works for 2D simulation. Coefficient artificial viscosity 0.07 was used with initial particle distance 
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0.8 mm. 0.1 delta-SPH is used to suppress density fluctuation. The speed of sound was used 65 for 
the water phase and 478 is used for the air phase. These combination has proven from previous 
works to reproduce two-phase SPH simulation in 2D simulation. Mokos et al. [12] was mentioned 
in their works that is ratio speed of sound one of the important parameter to get appropriate 
accuracy for the pressure field. The simulation time is 70 second that was same as the experiment 
condition in sloshing experiment. 

Tabel 1. Parameters setup 

Parameters  

Kernel function Wendland 

Time step algorithm Sympletic 

Artificial viscosity coefficient 0.07 

The speed of sound for 
water & air  

65 & 478 

Particle spacing (mm) 0.8 

Coefh 0.95 

CFL number 0.2 

Delta-SPH (δφ) 0.1 

Simulation time (s) 70.0 
 

3. Results and discussion   
The SPH simulation has the advantage to handle large-deformation especially in violent flow or 
fluid-structure interaction, in this study a violent and long-duration sloshing was tried to 
reproduce using SPH. Figure 3 shows the hydrostatic pressure of two-phase SPH. The gradient 
color shows the blue color as minimum pressure for the air-phase in opposite red color shows for 
the maximum pressure. The difference of SPH results and the analytic solution is 1.45%, it shows 
SPH has good accuracy for capture hydrostatic pressure. The result depicts SPH accuracy for a 
static condition that is well capture and this condition is included air-phase in the simulation. The 
merit using SPH is free surface can easily capture without any special algorithm. The dynamics 
pressure was shown in Figure 4. It depicts pressure oscillation still occur although delta-SPH was 
used. Green and Peiró [7] were used double precision in their simulation and the smoother 
pressure field was captured, on the contrary, our simulation is using single precision.  

 

Figure 3. The hydrostatic pressure in the SPH simulation 
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Figure 4. The dynamics pressure for filling ratio 50% 

 
The comparison of free surface deformation was shown in Figure 5, the tendency of free surface 
deformation from SPH similar to experiment result. This is one of the advantages using particle 
method that large deformation of free surface well captures by SPH. The red color represents the 
air phase and the blue color is the water phase. Figure 6 depicts the water-air mixture that created 
a void in the water phase. The phenomenon is well captured by SPH. The feature two-phase SPH is 
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void caused by air trapped in water can easily capture that in the reality this phenomenon is 
essential especially for volatile fluid. 

 

 
Figure 5. Comparison of free surface deformation 

 

   

Figure 6. Two-phase SPH simulation with t= 46 s, 46.75 s, 47 s. 
 

4. Conclusions 
Two-phase SPH simulation was used for reproducing a sloshing event in the prismatic tank. The 
results revealed that SPH has a promising method to apply to marine engineering problems. 
Hydrostatic pressure has good accuracy compared to the analytic solution. While dynamic 
pressure shows a similar trend with experimental data although there is spurious pressure 
oscillation still exists. The free surface deformation tends to similar to the experiment and also the 
water-air mixture is well captured by SPH.  
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