IOP Conference Series: Materials Science and Engineering

PAPER « OPEN ACCESS You may also like
Two-phase SPH for sloshing simulation in '—EEB‘L??Z:J;E%FTTH“EEC“%ASENSESLZE?\LAXY
pr|Smat|C tank J. A. ZuHone, M. Markevitch and D. Lee

- TURBULENCE AND RADIO MINI-HALOS
IN THE SLOSHING CORES OF GALAXY
To cite this article: Andi Trimulyono et al 2021 IOP Conf. Ser.: Mater. Sci. Eng. 1034 012058 CLUSTERS
J. A. ZuHone, M. Markevitch, G. Brunetti
etal.

- COLD FRONTS AND GAS SLOSHING IN
. h icl line f d d h GALAXY CLUSTERS WITH
View the article online for updates and enhancements. ANISOTROPIC THERMAL CONDUCTION
J. A. ZuHone, M. Markevitch, M.
Ruszkowski et al.

245th ECS Meeting Bringing together industry, researchers, and
government across 50 symposia in electrochemistry

and solid state science and technology

San Francisco, CA
May 26-30, 2024

Learn more about ECS Meetings at
PRIiME 2024 http://www.electrochem.org/upcoming-meetings

Honolulu, Hawaii

October 6-11, 2024 @ Save the Dates for future ECS Meetings!

This content was downloaded from IP address 36.79.36.1 on 09/04/2023 at 15:50



https://doi.org/10.1088/1757-899X/1034/1/012058
/article/10.1088/0004-637X/743/1/16
/article/10.1088/0004-637X/743/1/16
/article/10.1088/0004-637X/743/1/16
/article/10.1088/0004-637X/762/2/78
/article/10.1088/0004-637X/762/2/78
/article/10.1088/0004-637X/762/2/78
/article/10.1088/0004-637X/762/2/69
/article/10.1088/0004-637X/762/2/69
/article/10.1088/0004-637X/762/2/69
https://googleads.g.doubleclick.net/pcs/click?xai=AKAOjss68FTySL3PF7QbJ25duI99JdiCfkxBPDE6pNJPBgVR6Py889uBULBXADF7cNoC2X4PUYSczkF7dRCIjgXEUhIaNEc7LtMzn-ih7DqY3ztNceeyF63k_WoqQj6RjzTqM5_UPPBRZbFQvL4QAzmYE4GTFltHCCf1DQ_GCaIjhXVzZfePMPGuDtFn1itEI1QbCLeIHw_aI4iwGtv0hCCqsKb5bE3ZH8rfx5PuuLRw0Tk72tHGwBuK9VxW9G32wXvw5ZH0ud9v_2nRY1LQqQI2MuW3reTgucWjV5OvyLwr7UXnlA&sai=AMfl-YSjkg9T0ab9TMcyDp9OxAyXTkHzRTz_8uFN_hFGUMIzo5tIZa7HmZJPOSNU5QoOQyaGg4RZQjmS86su-I4&sig=Cg0ArKJSzPK0OguNronF&fbs_aeid=[gw_fbsaeid]&adurl=http://www.electrochem.org/upcoming-meetings

iCOMERA 2020 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 1034 (2021) 012058 doi:10.1088/1757-899X/1034/1/012058

Two-phase SPH for sloshing simulation in prismatic tank

Andi Trimulyono*, Deddy Chrismianto, Samuel, Muhammad Iqgbal
Department of Naval Architecture, Faculty of Engineering, Universitas Diponegoro
Prof. Soedarto, S.H, Kampus Undip Tembalang, Semarang-50275, Indonesia

*Email: anditrimulyono@lecturer.undip.ac.id

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
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filter to reduce pressure oscillation using 2D domain. Recently, Green and Peiré [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, o density, and t is a diffusive term.

mp

A(ry) = XpA(rp)W(rq — 1, h) . (1)

Dp _

E = 11)Vv, (2)
v — — —

E = P VP + g + T, (3)

Dr

E =7, (4)

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 (84 ) 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.

I
« >
0.30

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 speec! of sound for 65 & 478
water & air

Particle spacing (mm) 0.8
Coefh 0.95
CFL number 0.2
Delta-SPH (6¢) 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 Peird [7] were used double precision in their simulation and the smoother
pressure field was captured, on the contrary, our simulation is using single precision.

Press (Pa)
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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 6. Two-phase SPH simulation with t=46s,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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