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was conducted with the 3D simulation of sloshing roll motion on the prismatic tank
with a simulation time of 28 seconds. Vertical and Horizontal baffles were used to
mitigate sloshing in the prismatic tank. The ratio of baffle height and water depth is
0.7, 0.8 and 0.9. Moreover, horizontal baffle position is 0.1, 0.2, 0.3, and 0.4
respectively, with the tank filling water ratio is 25%. The numerical study was carried
out using meshfree CFD, i.e., Smoothed Particle Hydrodynamics. In addition, advanced
post-processing was conducted with Blender. The aims of this study were found out
the effective baffle configuration to reduce sloshing using vertical and horizontal in the
prismatic tank. The results showed the most effective baffle variation for roll motion is
Keywords: 0.9 for vertical baffle and a horizontal baffle height is 0.1 from the water surface. It
Rolling; SPH; Meshfree CFD; Prismatic showed baffles effectively reduces dynamic pressure, hydrodynamic force and free
Tank; Vertical Baffles; Horizontal Baffles surface deformation.

Available online 1 June 2023

1. Introduction

Sloshing is one of the natural phenomena of liquid carriers due to external excitation to the tank,
that there is a free surface inside tank because the tank is not fully loaded. Many studies have been
conducted to perform sloshing in numerical methods, and experiments to understand and made
mitigation of damage caused by sloshing. Numerical method has developed rapidly due to computer
technology development in the late decade. Numerical methods for instance computational fluid
dynamics (CFD) has widely used to solve free surface flow. CFD has been wide uses to solve free
surface flow not only sloshing but also medical [1, 2], marine engineering [3, 4], mechanical
engineering [5-7], Numerical study of floating breakwater was performed with CFD for calculation of
transmission coefficient value [8]. Because free surface flow dealing with large discontinuities and
deformation, meshfree CFD is suitable to apply. One of major meshfree CFD i.e. smoothed particle
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hydrodynamics (SPH) that developed for free surface by Monaghan [9]. SPH is a meshfree and
Lagrangian method because there is no need to generate mesh as results large deformation and
discontinuities easy to capture. SPH was introduced a decade ago, but studies have shown that it is
a promising approach for free surface flow.

The application of CFD for sloshing in the rectangular tank using two-phase CFD was carried out
in OpenFOAM [10]. Sloshing simulation in rectangular tank was performed using Coupled Level Set
and Volume Of Fluid (CLSVOF) [11]. Sway-sloshing in rectangular tank with baffle was performed in
mesh based CFD OpenFOAM [12]. Using Arbitrary Lagrangian Euler method sloshing in 3D tank was
carried out with experimental validation [13]. A resonant sloshing couples with heave and surge
excitations was performed in rectangular tank [14]. Single and double vertical baffles are used to
reduce sloshing in the rectangular tank [15]. Parametric studies of different water depths, excitation
frequencies, and baffle heights by a cartesian grid method using prismatic tank was carried out by Jin
et al., [16]. The study of T-shape baffles was conducted in laminar and turbulence finite volume
method by Unal et al., [17]. The compressible VOF was performed to validate sloshing induced-
phenomenon in rectangular tank [18]. It was found that CFD is one of major solution in sloshing
showed good accuracy for solving free surface flow.

The application of meshfree CFD or well-known as particle method for sloshing in prismatic tank
was conducted with two-phase SPH [19]. Sloshing in prismatic tank with baffle was performed in SPH
with advanced post-processing [20, 21]. To mitigate sloshing in the tank an elastic baffles are used
with coupling Smoothed Finite Element method [22]. Coupled SPH and SPIM was performed to study
sloshing with elastic baffles and clamped plate [23]. Long duration sloshing in different shape
compartment was conducted with 6-SPH [24]. Furthermore, coupled 86-SPH with the smoothed finite
element method (SFEM) was carried out by Zhang et al., [25]. Long-time simulation of sloshing in LNG
tanks recently carried out by Pilloton et al., [26].The study shows SPH one of particle method that
has a good accuracy for capture discontinuities and large-deformation.

The purpose of this study is to perform a numerical investigation of sloshing in prismatic tank
with SPH. The sloshing experiment was based on Trimulyono et al., [27]. i.e., 25% filling ratio. An
experiment result was used to verify one pressure sensor that was close to a free surface.
Furthermore, a comparison of the hydrodynamic force and free surface deformation with and
without a baffle was made. The vertical and horizontal baffles were used in SPH computation. In this
study, DualSPHysic version 5.0, an open-source SPH solver, was employed [28]. In this paper,
VisualSPHysics was used to render the SPH simulation. VisualSPHysics is add on in Blender that SPH
simulation can be imported and advanced processing could be carried out [29]. Blender version 2.92
is used to perform advanced post-processing on SPH. There have been many studies on sloshing, but
only a small number are used advanced techniques to render CFD result. The results indicated SPH
could reproduced dynamic pressure and baffles are effectively mitigating the sloshing phenomenon.

2. Methodology
2.1 Experimental Setup

A prismatic tank was used to represent a membrane LNG carrier compartment for the
experimental condition of sloshing, which was based on Trimulyono et al., [27]. Pressure sensor
location is at mid of tank, and dynamic pressure was captured then comparison made with SPH.
Figure 1 illustrates the condition of sloshing experiment of filling ratio 25%, in this paper only filling
ratio of 25 % was used to reproduce sloshing in the low filling ratio. Sloshing became more hazardous
in low filling ratio situations compared to other filling ratio situations because it made fluid
movement more violent and giving rise to the risk of excessive motion in the ship compartment. Due
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to this, avoiding sloshing in low filling ratios is important for liquid carriers like LNG carriers. The
prismatic tank sketch for SPH simulation is shown in Figure 1. Sloshing with in low filling ratio was
reproduced by rolling motion. In the experiment, the pressure sensor was fixed during sloshing, a
similar setup was employed in the SPH simulation. Figure 2 depicts the rolling motion of the tank
during the experiment, the same movement was also employed in the SPH configuration. The
amplitude of motion is 8.66°, with an external frequency stimulation of 1.04 Hz. This frequency is
quite similar to a prismatic tank's natural frequency, which is 1.10 Hz for a 25% filling ratio. The
prismatic tank's natural frequency was calculated using Eq. (1) and (2) [30]. Where n is the i-natural
mode's frequency for a rectangular tank, d stands for the water's height, and | for the free surface's
length in the direction of tank movement. For a prismatic tank with a chamfered bottom, 61 and
62 are the chamfer's horizontal and vertical dimensions, respectively. Please refer to Ref. [27] for
further information in detail on the sloshing experiment.
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Fig. 1. Sketch of numerical domain and position of pressure sensor

Displacement

f AHHEHHHHEH
. A |'1 IR |'||
g_raw__vﬁhll,n,”.lljljl||l|l||.|_ | |‘| ||||I|
& SIRIRI ;

'
= 1
L=

Time (s)

Fig. 2. The time history of tank displacement in rolling motion
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2.2 Smoothed Particle Hydrodynamics (SPH)

Smoothed particle hydrodynamics (SPH) was first used by Monaghan [9] and Lucy [31] in the field
of astrophysics. Later, Monaghan developed it for free surface flow [9]. SPH is a meshless, Lagrangian
approach that estimate the physical values and derivatives of a continuous field employing discrete
evaluation points. The mass, velocity, and position are calculated with weighting function or kernel.
To reduce the range of contribution from close particles, the quantities are calculated as a weighted
sum from those particles within the smoothing length (h). The SPH approach's main features, which
are based on integral interpolants, are described in detail in Ref. [32].

The smoothing length is used to smooth any particle's contribution to the kernel function, where
W is the kernel function and rap is the distance between particles a and b. (see Figure 3). In Eq. (3),
where Wy and rep are the kernel function and vector position, respectively, the integral
approximation field function A(r) in domain shown in Eq. (3). Eq. (4) illustrates the particle
approximation with a sum of the nearby particles with respect to the compact support of particle a
at spatial point r. In this study, Wendland kernel function was used in all simulations, where ap is
equal to 21/164nth? in 3D, g is the nondimensional distance between particles g and b represented
asr/hin Eq. (5). Eq. (6) is the continuity equation with the delta-SPH term to reduce spurious pressure
in SPH. Eq. 7 is the momentum equation in the SPH framework, where g is gravity due to acceleration,
Pa and Py, are pressures in particles a and b. lMab is the artificial viscosity term, where p,;, = hvg,, -

(TZZTUZ)’ n? = 0.01h? ¢y, = 0.5(cy + ¢p) is the mean speed of sound, and a is a coefficient of

artificial viscosity that needs to be tuned to acquire proper dissipation.

DualSPHysics is based on weakly compressible SPH (WCSPH), and an equation of state based is
used in WCSPH showed on Eq. (8), where co, po, and y are the speed of sound at the reference density,
and polytrophic constant, respectively. Because this equation is rigid, even one small change in
density causes pressure to oscillate. This is one of the reasons why there is a pressure oscillation in
WCSPH. Figure 4 illustrates vertical and horizontal baffles configurations. In this study, we use ratio
of water depth with height of baffles are 0.7, 0.8, and 0.9, respectively. In addition, horizontal baffles
height is 0.1, 0.2, 0.3 and 0.4 from free surface in calm condition. The advanced post-processing in
SPH illustrates Figure 5 (c), the visualization was carried out in Blender 2.92. It noticeable that
visualization of post processing in SPH seems realistic as seen in the experiment (see Figure 5 (d)).
Table 1 indicates shows the parameters setup for SPH computation. Wendland kernel was used in all
computation, with time step Symplectic algorithm. Artificial viscosity coefficient 0.01 used to get
proper diffusion term, and coefficient speed of sound 60 used. Particle distance was 16 mm that led
to total particle 1.306.818. The coefficient of smoothing length 12 used with CFL number 0.2. Delta-
SPH 0.1 was used to reduce pressure oscillation and a physical time is 28 seconds with total runtime
78401.03 seconds.
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Fig. 3. Radius of the smoothing length and kernel function in SPH
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Table 1
Parameter setup of the SPH computation
Parameters
Kernel function Wendland
Time step algorithm Symplectic
Artificial viscosity coefficient (a) 0.01
Coefound 60
Particle spacing (mm) 16
Coefh 1.2
CFL 0.2
Delta-SPH (5¢) 0.1
Simulation time (s) 28
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(a) (b)

(f) (g)
Fig. 4. Variations in Tank Shapes Vertikal baffle (a) 0.7, (b) 0.8, (c) 0.9; and Horizontal baffle

(d) 0.1, () 0.2, (f) 0.3, (g) 0.4
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(©) )
Fig. 5. (a) Visualizations of the particle (b) iso-surface (c) surface
texture and (d) experiment

3. Results
3.1 Dynamic Pressure

This section discusses the dynamic pressure of sloshing in the prismatic tank from SPH result.
Figure 6 illustrates a dynamic pressure without a baffle and with a vertical and horizontal baffle. The
red and black are experimental and SPH. Figure 6 (a) shows there is some spurious pressure that peak
pressure in 20 and 21 seconds overestimated compare with experiment. This one of classical
problems in WCSPH because equation of state is rigid that small change in density could made
pressure oscillation. Although in DualSPHysic delta-SPH was used, it only reduced the pressure
oscillation not remove the pressure noise. Therefore, the gap between boundary and fluid particles
must be considered to contain the typical pressure probe. Because by default DualSPHysics use
Dynamic Boundary Condition that When using DBC in SPH simulation, a gap between fluid particles
and boundary particles occurs, caused by an artificial force exerted on the boundary particles. It
makes the point measurements by the pressure probe rather difficult to set on exact positions on the
wall. Figure 6 (b) shows comparison of dynamic pressure of prismatic without and with vertical
baffles. It was showed the ratio of 0.9 is the most effective reduced dynamic pressure compare others
configuration. Based on previous studies the ratio of baffle height and water depth 0.9 is the effective
to reduce dynamic pressure [20, 21]. The reduction is over 80% it can be seen Figure 7 (d) that water
becomes calm and there is no impact pressure to wall of tank. It is slightly different from Figure 7 (b)
that water still run up to wall though minor, and similar result Figure 7 (c) shows water become calm.
Figure 6 (c) illustrates dynamic pressure without and with horizontal baffles, which is in this
configuration distance from free surface 0.1 showed the effective ratio height to reduce dynamic
pressure. Horizontal baffle was reduced the dynamic pressure by reduction of wave in free surface
that impact pressure weakens because the velocity reduced by baffle. The best configuration shows
in ratio 0.1, it can be seen in Figure 7 (e) run up of fluid is very minor compare another configuration
(see Figure 7 (f)-(g)).

Figure 8 shows the snapshot of free surface deformation using vector velocity in the maximum
position. It shows that vertical and horizontal baffles, effectively damped the fluid movement.
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Though sloshing is violent in this situation, the baffle could reduce the wave created by sloshing flow.

The fluid looked like in the rest condition, as a result, the dynamic pressure was decreased, as shown
in Figure 7.
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Fig. 6. Comparison of dynamic pressure for SPH and experiment (a) without baffle, (b) with vertical
baffle, and (c) horizontal baffles
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Fig. 7. Pressure contour of dynamic pressure (a) without baffle; vertical baffle (b) 0.7,
(c) 0.8, (d) 0.9; and Horizontal baffle (e) 0.1, (f) 0.2, (g) 0.3, (h) 0.4
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3.2 Free Surface Deformation

The free surface deformation of sloshing in the prismatic tank was carried out Using Blender 2.92
for improved visualization. Advanced post-processing visualization has become easier to do thanks
to VisualSPHysics, fluid has much more attractive texturing than isosurface or particle form. Figure 8
illustrates the vector velocity for sloshing without and with baffles. It can be seen without baffle
velocity of fluid faster and wave created after fluid forced to move in opposite wall. The fluid
velocities reduces because fluid blocked by vertical baffle and velocities decreased as seen in Figure
8. There is vorticity because fluid pass the baffle and spinning after pass the baffle as results the fluid
velocities decreased and fluid becomes calm. It indicates vertical baffle effectively reduce movement
of fluid and there is no wave created. Horizontal baffle is reduced velocities as results of fluid pass
the baffle in the near free surface and dampened wave.

Figure 9 illustrates free surface deformation both with and without a baffle using VisualSPHysics.
The findings suggested that a baffle could lessen sloshing-induced waves. A vertical baffle led the
fluid become calm, and similar outcomes are depicted in Figure 8. The fluid is more realistic when
generated using VisualSPHysics that mimic real fluid. When compared to mesh-based CFD, the results
are one of the merit particle approaches. Particle methods like SPH will have prosperous future in
science and entertainment. Further work will need to be carried out for two-phase SPH in 3D model
to see effect of the mixture air and water.

Fig. 8. Comparison of vector velocity inside tank with and without baffles
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Fig. 9. Comparison of free surface deformation inside tank without and with baffles

3.3 Hydrodynamic Force

The hydrodynamic force of sloshing in the prismatic tank without and with baffle is discussed in
this section's findings. The fluid inside the tank was made to move by an oscillation mechanism,
resulting in the existence of hydrodynamic force. Figure 10 shows a comparison of the hydrodynamic
force with vertical and horizontal baffle; the black, green, yellow and purple lines, is represent SPH,
vertical baffle 0.7, 0.8, and 0.9, respectively. The hydrodynamic force is greater without a baffle
installed than it installed with baffle. The similar indicates from horizontal baffle, which is horizontal
baffle could reduce the hydrodynamic force but not significant as showed in dynamic pressure. It was
discovered that a baffle might lower hydrodynamic force by less than 10 % compared without baffle.
Thus, the installation of baffles may be an alternative to lessen sloshing in prismatic tanks.
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Fig. 10. The hydrodynamic force with vertical baffle (a) and horizontal baffle (b)

4. Conclusions

Numerical simulation of sloshing in prismatic tank was done in meshfree CFD using SPH, it shows
particle method as one of the promising methods for violent free surface flow. The findings indicate
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that baffles both vertical and horizontal baffles, are effective reducing sloshing in a prismatic tank.
Additionally, they successfully reduced the dynamic pressure produced on by energetic sloshing. The
dynamic pressure was decreased by the vertical and horizontal baffles in accordance with the linear
effect on wave height. The effective configuration is 0.9 for vertical baffle and 0.1 is for horizontal
baffle. Similar to the dynamic pressure phenomenon, these baffles successfully lowered the
hydrodynamic force. In addition, a sophisticated post-processing method employing VisualSPHysics
was used to obtain realistic fluid visualization. It was demonstrated that SPH may be applied to both
scientific research and other objectives, including entertainment and industrial application.
Nonetheless, future research of two-phase SPH for three dimensions of prismatic tank with baffles
need to carry out.

Acknowledgement

The authors are sincerely grateful to Dr. Yuuki Taniguchi and Prof. Hirotada Hashimoto (Osaka
Metropolitan University) for the experimental data. The authors thank to laboratory of ship
hydrodynamics for providing computer facilities.

References

[1]  Subramaniam, Thineshwaran, and Mohammad Rasidi Rasani. "Pulsatile CFD Numerical Simulation to investigate
the effect of various degree and position of stenosis on carotid artery hemodynamics." Journal of Advanced
Research  in  Applied Sciences and  Engineering  Technology 26, no. 2  (2022):  29-40.
https://doi.org/10.37934/araset.26.2.2940

[2] Kamarudin, Saddam, Ishkrizat Taib, Nurul Fitriah Nasir, Zainal Ariff Abidin, Hazimuddin Halif, A. M. T. Arifin, and
Mohd Noor Abdullah. "Comparison of Heat Propagation Properties in Different Sizes of Malignant Breast Tumours
using Computational Fluid Dynamics." Journal of Advanced Research in Applied Sciences and Engineering
Technology 28, no. 3 (2022): 368-375. https://doi.org/10.37934/araset.28.3.368375

[3] Utomo, Allessandro Setyo Anggito, M. F. Tjiptadi, and Muhammad Naufal Luthfi. "Variations in The Distance
Between Hulls that Affect the Resistance of The Floating Pontoon N219." Journal of Advanced Research in Fluid
Mechanics and Thermal Sciences 83, no. 2 (2021): 127-134. https://doi.org/10.37934/arfmts.83.2.127134

[4] Trimulyono, Andi, and Ryan Andriawan. "Analisa Pengaruh Perubahan Panjang Chord Dan Ketebalan Blade Pada
Turbin Pembangkit Tenaga Arus Dengan Metode Cfd." Kapal: Jurnal lImu Pengetahuan dan Teknologi Kelautan 8,
no. 3:112-118.

[5] Yohana, Eflita, Aldian Ghani Rahman, llham Mile Al’Aziz, Mohamad Said Kartono Tony Suryo Utomo, Khoiri Rozi,
Dimaz Aji Laksono, and Kwang-Hwan Choi. "The CFD Application in Analyzing The 024P108 Centrifugal Pump
Damage as The Effect of High Vibration using Fluid Flow Discharge Capacity Parameters." Journal of Advanced
Research in Fluid Mechanics and Thermal Sciences 92, no. 2 (2022): 36-48.
https://doi.org/10.37934/arfmts.92.2.3648

[6] Sidik, Nor Azwadi Che, Solihin Musa, Siti Nurul Akmal Yusof, and Erdiwansyah Erdiwansyah. "Analysis of Internal
Flow in Bag Filter by Different Inlet Angle." Journal of Advanced Research in Numerical Heat Transfer 3, no. 1 (2020):
12-24.

[71 Kamal, Muhammad Nabil Farhan, Izuan Amin Ishak, Nofrizalidris Darlis, Nurshafinaz Mohd Maruai, Rahim Jamian,
Razlin Abd Rashid, NorAfzanizam Samiran, and Nik Normunira Mat Hassan. "Flow Structure Characteristics of the
Simplified Compact Car Exposed to Crosswind Effects using CFD." Journal of Advanced Research in Applied Sciences
and Engineering Technology 28, no. 1 (2022): 56-66. https://doi.org/10.37934/araset.28.1.5666

[8] Ridlwan, Asfarur, Haryo Dwito Armono, Shade Rahmawati, and Tuswan Tuswan. "Transmission Coefficient Analysis
of Notched Shape Floating Breakwater Using Volume of Fluid Method: A Numerical Study." Kapal: Jurnal limu
Pengetahuan dan Teknologi Kelautan 18, no. 1 (2021): 41-50. https://doi.org/10.14710/kapal.v18i1.34964

[91 Monaghan, Joe J. "Simulating free surface flows with SPH." Journal of computational physics 110, no. 2 (1994): 399-
406. https://doi.org/10.1006/jcph.1994.1034

[10] Gbémez-Goiii, Jesus, Carlos A. Garrido-Mendoza, José Luis Cercds, and Leo Gonzélez. "Two phase analysis of sloshing
in a rectangular container with Volume of Fluid (VOF) methods." Ocean Engineering 73 (2013): 208-212.
https://doi.org/10.1016/j.oceaneng.2013.07.005

[11] VYu, C. H, T. C. Wu, R. D. An, and Y. L. Li. "Numerical simulation for liquid sloshing with baffle by the CLSVOF/IB
method." Ocean Engineering 258 (2022): 111732. https://doi.org/10.1016/j.oceaneng.2022.111732

127


https://doi.org/10.37934/araset.26.2.2940
https://doi.org/10.37934/araset.28.3.368375
https://doi.org/10.37934/arfmts.83.2.127134
https://doi.org/10.37934/arfmts.92.2.3648
https://doi.org/10.37934/araset.28.1.5666
https://doi.org/10.14710/kapal.v18i1.34964
https://doi.org/10.1006/jcph.1994.1034
https://doi.org/10.1016/j.oceaneng.2013.07.005
https://doi.org/10.1016/j.oceaneng.2022.111732

CFD Letters
Volume 15, Issue 6 (2023) 115-129

(12]

[13]

(14]

(15]

(16]

(17]

(18]

(19]

[20]

[21]

[22]

(23]

[24]

[25]

(26]

(27]

(28]

[29]
(30]

(31]

Jiang, Sheng-Chao, Aichun Feng, and Bin Yan. "Numerical simulations for internal baffle effect on suppressing sway-
sloshing coupled motion response." Ocean Engineering 250 (2022): 110513.
https://doi.org/10.1016/j.oceaneng.2021.110513

Battaglia, Laura, Ezequiel J. Lépez, Marcela A. Cruchaga, Mario A. Storti, and Jorge D’Elia. "Mesh-moving arbitrary
Lagrangian—Eulerian three-dimensional technique applied to sloshing problems." Ocean Engineering 256 (2022):
111463. https://doi.org/10.1016/j.oceaneng.2022.111463

Jin, Xin, Min Luo, Mi-An Xue, and Pengzhi Lin. "Resonant sloshing in a rectangular tank under coupled heave and
surge excitations." Applied Ocean Research 121 (2022): 103076. https://doi.org/10.1016/j.apor.2022.103076

Ma, Chunlei, Chengwang Xiong, and Guowei Ma. "Numerical study on suppressing violent transient sloshing with
single and double vertical baffles." Ocean Engineering 223 (2021): 108557.
https://doi.org/10.1016/j.oceaneng.2020.108557

Jin, Qiu, Jianjian Xin, Fulong Shi, and Fan Shi. "Parametric studies on sloshing in a three-dimensional prismatic tank
with different water depths, excitation frequencies, and baffle heights by a Cartesian grid method." International
Journal of Naval Architecture and Ocean Engineering 13 (2021): 691-706.
https://doi.org/10.1016/].ijnace.2021.08.005

Unal, Ugur Oral, Girbiiz Bilici, and Hakan Akyildiz. "Liquid sloshing in a two-dimensional rectangular tank: A
numerical  investigation = with a  T-shaped baffle." Ocean  Engineering 187  (2019):  106183.
https://doi.org/10.1016/j.0ceaneng.2019.106183

Lyu, Wenjing, Ould el Moctar, and Thomas Schellin. "Investigations of transient sloshing induced impulsive
hydrodynamics." Ocean Engineering 258 (2022): 111524. https://doi.org/10.1016/j.oceaneng.2022.111524
Trimulyono, A., Deddy Chrismianto, S. Samuel, and M. H. Aslami. "Single-phase and two-phase smoothed particle
hydrodynamics for sloshing in the low filling ratio of the prismatic tank." International Journal of Engineering 34,
no. 5 (2021): 1345-1351. https://doi.org/10.5829/ije.2021.34.05b.30

Trimulyono, Andi, Haikal Attharig, Deddy Chrismianto, and Samuel Samuel. "Investigation of sloshing in the
prismatic tank with vertical and T-shape baffles." Brodogradnja: Teorija i praksa brodogradnje i pomorske
tehnike 73, no. 2 (2022): 43-58. https://doi.org/10.21278/brod73203

Trimulyono, Andi, Deddy Chrismianto, Haikal Atthariq, and Samuel Samuel. "Numerical Simulation Low Filling Ratio
of Sway Sloshing in the Prismatic Tank Using Smoothed Particle Hydrodynamics." CFD Letters 14, no. 7 (2022): 113-
123. https://doi.org/10.37934/cfdl.14.7.113123

Zhang, Z. L., M. S. U. Khalid, T. Long, J. Z. Chang, and M. B. Liu. "Investigations on sloshing mitigation using elastic
baffles by coupling smoothed finite element method and decoupled finite particle method." Journal of Fluids and
Structures 94 (2020): 102942. https://doi.org/10.1016/j.jfluidstructs.2020.102942

Hu, Taian, Shuanggiang Wang, Guiyong Zhang, Zhe Sun, and Bo Zhou. "Numerical simulations of sloshing flows with
an elastic baffle using a SPH-SPIM coupled method." Applied Ocean Research 93 (2019): 101950.
https://doi.org/10.1016/j.apor.2019.101950

Green, Mashy D., Yipeng Zhou, José M. Dominguez, Moncho G. Gesteira, and Joaquim Peird. "Smooth particle
hydrodynamics simulations of long-duration violent three-dimensional sloshing in tanks." Ocean Engineering 229
(2021): 108925. https://doi.org/10.1016/j.0ceaneng.2021.108925

Zhang, Z. L., M. S. U. Khalid, T. Long, M. B. Liu, and C. Shu. "Improved element-particle coupling strategy with §-SPH
and particle shifting for modeling sloshing with rigid or deformable structures." Applied Ocean Research 114 (2021):
102774. https://doi.org/10.1016/j.apor.2021.102774

Pilloton, C., A. Bardazzi, A. Colagrossi, and S. Marrone. "SPH method for long-time simulations of sloshing flows in
LNG tanks." European Journal of Mechanics-B/Fluids 93 (2022): 65-92.
https://doi.org/10.1016/j.euromechflu.2022.01.002

Trimulyono, Andi, Hirotada Hashimoto, and Akihiko Matsuda. "Experimental validation of single-and two-phase
smoothed particle hydrodynamics on sloshing in a prismatic tank." Journal of Marine Science and Engineering 7,
no. 8 (2019): 247. https://doi.org/10.3390/jmse7080247

Dominguez, Jose M., Georgios Fourtakas, Corrado Altomare, Ricardo B. Canelas, Angelo Tafuni, Orlando Garcia-
Feal, Ivan Martinez-Estévez et al., "DualSPHysics: from fluid dynamics to multiphysics problems." Computational
Particle Mechanics 9, no. 5 (2022): 867-895. https://doi.org/10.1007/s40571-021-00404-2

Garcia-Feal, O., A. J. C. Crespo, and M. Gémez-Gesteira. "VisualSPHysics: advanced fluid visualization for SPH
models." Computational Particle Mechanics (2021): 1-14. https://doi.org/10.1007/s40571-020-00386-7

Faltinsen, Odd Magnus, and Alexander N. Timokha. Sloshing. Vol. 577. Cambridge: Cambridge university press,
2009.

Lucy, Leon B. "A numerical approach to the testing of the fission hypothesis." Astronomical Journal, vol. 82, Dec.
1977, p. 1013-1024. 82 (1977): 1013-1024. https://doi.org/10.1086/112164

128


https://doi.org/10.1016/j.oceaneng.2021.110513
https://doi.org/10.1016/j.oceaneng.2022.111463
https://doi.org/10.1016/j.apor.2022.103076
https://doi.org/10.1016/j.oceaneng.2020.108557
https://doi.org/10.1016/j.ijnaoe.2021.08.005
https://doi.org/10.1016/j.oceaneng.2019.106183
https://doi.org/10.1016/j.oceaneng.2022.111524
https://doi.org/10.5829/ije.2021.34.05b.30
https://doi.org/10.21278/brod73203
https://doi.org/10.37934/cfdl.14.7.113123
https://doi.org/10.1016/j.jfluidstructs.2020.102942
https://doi.org/10.1016/j.apor.2019.101950
https://doi.org/10.1016/j.oceaneng.2021.108925
https://doi.org/10.1016/j.apor.2021.102774
https://doi.org/10.1016/j.euromechflu.2022.01.002
https://doi.org/10.3390/jmse7080247
https://doi.org/10.1007/s40571-021-00404-2
https://doi.org/10.1007/s40571-020-00386-7
https://doi.org/10.1086/112164

CFD Letters
Volume 15, Issue 6 (2023) 115-129

[32] Liu, Gui-Rong, and Moubin B. Liu. Smoothed particle hydrodynamics: a meshfree particle method. World scientific,
2003. https://doi.org/10.1142/9789812564405

129


https://doi.org/10.1142/9789812564405

