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ABSTRACT: The Portable Oil Spill Skimmer (POSS) was designed and developed due to
several disadvantages of the current methods of Oil Spill Response and Recovery (OSRR).
The POSS was designed as a complementary method to aid the OSRR tasks. However, during
the POSS maneuverability testing, the POSS experiences instability when moving in different
directions. The imbalance occurs when there is the presence of oil in the oil tank. Based on
the literature study, the liquid sloshing effect was the reason why the POSS experiences
instability. Thus, this research aims to analyse the impact of liquid sloshing in an oil tank and
the implementation of baffles to reduce the effect. The analysis was conducted using
SolidWorks Flow Simulation to simulate the liquid sloshing in the oil tank. The simulation
was conducted in two situations, with and without baffles, to compare the results. According
to the obtained results, with the implementation of 3 baffles, the sloshing effect was reduced
to 392 N of torque force from 1195.43 N without baffles. The reduction was significant as the
sloshing effect cannot be eliminated, thus the torque force of 392 N was enough to minimise
the stability issue of the POSS.

ABSTRAK: Penapis Tumpahan Minyak Mudah Alih (POSS) telah direka bentuk dan
difabrikasi kerana terdapat beberapa kelemahan kaedah semasa iaitu Tindak Balas dan
Pemulihan Tumpahan Minyak (OSRR). POSS direka bentuk sebagai kaedah pelengkap bagi
membantu operasi OSRR. Walau bagaimanapun, semasa ujian kebolehgerakan POSS, ia
mengalami ketidakstabilan gerakan arah berbeza. Ketidakseimbangan ini berlaku apabila
terdapat minyak dalam tangki minyak. Berdasarkan kajian, POSS mengalami ketidakstabilan
disebabkan oleh kesan percikan cecair (liquid sloshing). Oleh itu, kajian ini bertujuan bagi
menganalisis kesan percikan minyak (oil sloshing) dalam tangki minyak dan mengkaji
keberkesanan pelaksanaan penyekat dalaman (baffles) bagi mengurangkan kesan percikan.
Analisis dijalankan dengan menggunakan Perisian Simulasi Aliran SolidWorks bagi
mensimulasikan percikan cecair dalam tangki minyak. Simulasi dijalankan dalam dua
keadaan, dengan dan tanpa penyekat dalaman bagi membandingkan keputusan. Dapatan
kajian mendapati melalui pelaksanaan 3 penyekat dalaman (baffles), kesan percikan telah
berjaya dikurangkan kepada 392 N daya kilas (torque force) berbanding 1195.43 N tanpa
menggunakan penyekat dalaman. Pengurangan ini adalah ketara kerana kesan percikan tidak
dapat dihapuskan sepenuhnya. Oleh itu, daya kilas 392 N adalah cukup bagi meminimumkan
isu kestabilan POSS.
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1. INTRODUCTION

Oil spills have a range of immediate and long-term effects on the environment and wildlife.
Environmental damage is a significant consequence, with oil spills causing harm to marine
ecosystems, coastal areas, coral reefs, and wetlands. The causes of oil spills are diverse,
including accidents during transportation, offshore drilling and production, refinery and storage
accidents, and natural disasters. However, efforts are being made to prevent and respond to oil
spills, including improved safety regulations, emergency response plans, and the development
of technologies for containment and cleanup. Several technologies were invented to address
this problem, such as mechanical techniques, chemical techniques, biodegradation, and open
burning. Out of all these techniques, the mechanical technique is the most favoured and most
effective as it does not alter the oil’s physical properties. The mechanical method consists of
booms and skimmers. However, this method has the disadvantage of containment issues, and
skimmers are static or moved by external force. Thus, a portable oil spill skimmer was
developed to complement the current Oil Spill Response and Recovery (OSRR) task.

The developed portable oil spill skimmer (POSS) has a self-propelling mechanism. The
POSS could travel to limited-access areas, equipped with an oil tank to store the recovered oil.
Meanwhile, existing oil spill skimmers are typically designed without an onboard oil tank, as
the recovered oil is pumped into external storage. In addition, a limited study indicates the self-
propelling features of the oil spill skimmer. Moreover, the developed POSS has an issue of
instability during the maneuvering process. This instability of the POSS occurs when the oil
tank is filled with the recovered oil. Thus, this study aims to analyse POSS's self-propelling
capability and instability issues. The traveling speed of the POSS will be analysed both in
simulation and experiment. Performing mechanical analysis is essential, as the findings are
needed for various design processes, including electrical and electronics integration designs,
controller designs, aerodynamic analysis, and industrial machine designs [1]-[3].
Computational Fluid Dynamics (CFD) is a numerical analytical approach used in mechanical
engineering to approximate solutions to diverse engineering problems. For the simulation, a
CFD analysis will be conducted to identify the drag and thrust forces produced. The travel
distance of POSS will be used to perform the experimental analysis over time. In addition, the
causes of POSS instability were investigated to enhance the fabrication process of POSS and
address the issue. The designed POSS is equipped with a pair of propellers to maneuver it.
Self-propelling propellers are selected as the propulsion system's propellers. USVs generally
use a catamaran-like twin hull configuration for better roll stability compared to single hull
designs [4]. Thus, the POSS was fabricated with a twin hull design to increase its stability.

However, during the experimental testing, the POSS still experiences instability when
accelerating, decelerating, and turning. Also, the effect of sloshing impacts the structural
integrity of the oil tank. From the testing, it is observed that the instability occurs when oil is
in the oil tank. The instability of the POSS increases when the oil tank is partially filled. Thus,
based on several literature reviews, it is found that the POSS undergoes an effect called liquid
sloshing. Liquid sloshing refers to the movement of a free liquid surface within a partially filled
tank due to external forces [5]. The research on the impact of liquid sloshing involves various
engineering domains, such as aerospace, marine, oil tankers, and more [6]-[8]. According to
research, the free oil liquid surface experiences different types of motion depending on the tank
shape and type of disturbance [9]. The study found that higher excitation frequencies and
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amplitudes result in more intense sloshing, noticeable splashing waves, and significant
breaking of the liquid surface [10].

Furthermore, research was conducted to analyse the dynamic pressure of the sloshing
effect with various filling and motion conditions [11]. The result indicates that the partial filling
of the oil tank has the most significant dynamic pressure that affects the safety of the fuel tank.
Other researchers are also concerned about the safety of the fuel tank; thus, the mitigation of
sloshing motion must be achieved [6], [12]-[15]. Several researchers have analysed the
importance of implementing baffles to reduce the oil sloshing effect. Based on the research
conducted, the incorporation of baffles in the oil tank shows significant improvement, reducing
the impact of oil sloshing [16]-[21]. Baffles are usually installed in oil tank conFigureurations
to mitigate or diminish sloshing and support the structures of the oil tanks [22-23].

Although the analysis of liquid sloshing has been conducted in various applications, to the
best of the author's knowledge, it is less studied in the context of an oil spill skimmer. As the
typical oil spill skimmer was developed without an oil tank, this analysis was not explored.
Thus, in this research, the significant gaps in understanding the impact and ways to overcome
it of oil sloshing are investigated to enhance the safety features of the POSS.

2. METHODOLOGY

2.1. Research Framework

Computational Fluid Dynamics (CFD) was conducted as a preliminary test to analyse the
drag force exerted on the hull of the POSS [23]. Ansys Fluent was utilised to perform the
analysis. Furthermore, the capability of the propellers was analysed to identify the thrust force
produced. Thus, the result of the drag and thrust forces can be compared. The maneuverability
of the POSS was experimented with, and the speed traveled was tabulated. Finally, the oil
sloshing effect was also analysed by utilising CFD and investigating whether the
implementation of baffles reduces the sloshing effect in the designed oil tank of a POSS.

2.2. Computational Fluid Dynamics (CFD) Analysis

2.2.1. CFD Analysis of Hull

ANSYS Fluent is a cutting-edge computer tool that allows you to model fluid flow in
complicated shapes. It enables the user to enter several models for mesh creation of various
forms and refine or coarsen the mesh of the model based on the flow solution. Figure 1 shows
the steps of simulating the hull's resistance. This research utilizes SolidWorks software to
create a 3D model, which is then simulated in ANSYS Fluent to calculate the resistance when
traveling over the water surface. Several steps were conducted in this research, as follows:

e Step 1: Draw a 3D model of the hole in SolidWorks.

The hull's dimensions are measured using a tape measure and a vernier caliper. Next, the
camera captured the top, side, and front views of the peculiar form of the hall at the gun.
Thus, the solid modeling of the hull was done by following the previously measured
dimensions.

e Step 2: Export to the NSYS program
The 3D model of the file is imported to ANSYS Design Modeler in the SAT format.

e Step 3: Generate domains for hull
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The domain is traced around the hull, with the stern hall at the start of the plane. There are
two types of domains: a global domain and a subdomain. The global domain ship is a
cuboid with dimensions of 4 metres in length, 0.5 metres in width, and 1.5 metres in height,
while the subdomain has dimensions of 4.22 metres in length, 0.6 metres in width, and 0.17

metres in height.

Step 4
Generate Mesh

( N (
Step 1 -
Develop 3D Model
\ S \
( N (
Step 2
Export .SAT
\ S \

Step 5
ANSYS Fluent

v

Step 3
Generate Domains

for hull

v

( ) (

Step 6
ANSYS Fluent
Post-Processing

Figure 1. Steps of simulating the hull’s resistance.

e Step 4: Generate mesh

The development of fine mesh is a crucial stage in the modeling of hull resistance because
it allows the solution to generate more precise results. A suitable machine could produce
the computational time, but it mainly relies on the computer's CPU. The primary domain's
intake is positioned to face the bow, while the hull's outflow is positioned to face the stern.
Body sizing on the global domain and face sizing on the hull are the two-mesh sizing
employed. The meshing parameters are listed in Table 1.

Table 1. Meshing parameters of the simulation

Mesh Properties CFD
Solver Preference Fluent
Element Order Linear
Element Size Default (225.92 Mm)
Body Sizing
Type Body Of Influence

Element Size 30.0 Mm
Growth Rate Default (1.2)

Face Sizing

Type Element Size
Element Size 15.0 Mm
Proximity Size Function Source Faces And Edges
Statistics
Nodes 102612
Elements 540272

e Step 5: ANSYS Fluent setup

In this step, the solution includes a pressure-based solver type, an absolute velocity
formulation function, a constant time condition, and a gravitational acceleration. In
addition, the viscous model is set to k-epsilon for the model set. Finally, the simulation
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applied the near-wall treatment of typical wall functions and a realisable k-epsilon model.
The realisable k-epsilon model has an advanced formulation for turbulence compared to
the k-epsilon model, thus providing more accurate results.

The multiphase model is otherwise configured to fluid volume with open channel flow and
an implicit body first formulation. Water and air are the two fluid materials used in the
material settings, with a water density of 1000 kg/m3. They were chosen for this multiphase
model because the hull is partially immersed in the body of water where the procedure is
carried out. Fiberglass is chosen as the solid material for the research.

For boundary conditions, five velocities in the inlet towards the bow at 1.39 m/s (5 km/h)
to 1.95 m/s (7 km/h) were evaluated against the hull to determine the force acting on it.
Standard initialisation, automatic time-step approach, 0.5-time scale vector, and 250
iterations are used in the solution.

Step 6: ANSYS Fluent Post-Processing

In Fluent Post Processing, the iso-surface and vector are generated by the force acting on
the hull and can be determined using the calculator function. This is because the resistance
on the hull is similar to the resistance when the hull is moving forward.

2.2.2. CFD Analysis of BlueRobotics T200 Propeller

The self-propelling propeller is analysed using CFD analysis in this research to confirm

the data supplied by the propeller performance chart. In addition, the thrust force generated at
a given rotational speed may be calculated using the propeller's CFD analysis. Finally, the
results of the CFD study will be compared to the thruster data given by BlueRobotics to support
the thruster selection for the portable oil spill skimmer. The ANSYS Fluent T200 propeller is
detailed here.

Step 1: Conversion of the 3D model of BlueRobotics T200 to the (.STEP) format.
Step 2: Export to the ANSYS Program in the SAT format.
Step 3: Generation of domains for propeller

The propeller is centred at the top of the page, and the domain is drawn around it. The
enclosure and the revolving body are the two domains. The rotating body is a cylinder with
an 85 mm diameter and a 32 mm thickness covering the propeller. For the examination of
the spinning body, enclosure, and propeller, there are two subtracting Booleans.

Table 2. Meshing properties of propeller analysis

Mesh Properties CFD
Solver Preference Fluent
Element Order Linear
Element Size Default (30.619 mm)
Body Sizing
Type Element Size
Element Size 20.0 Mm
Capture Curvature No
Statistics
Nodes 102612
Elements 540272

Step 4: Mesh Generation
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The propeller is subjected to face sizing with a 20 mm element size for this study. On the
Z-axis, the propeller, intake, and outlet rotate in a clockwise direction. The default mesh
size for the spinning body and enclosure is 30.619 mm. Table 2 shows the meshing
characteristics.

e Step 5: ANSYS Fluent setup

o The solution in this work uses a pressure-based solver type, an absolute velocity
formulation function, a transient time condition, and gravitational acceleration.
Additionally, the viscous model is set to the k-epsilon model in the model settings.

o The water used in the CFD analysis has a 1000 kg/m3 density.

o The rotating body zone is set to mesh in the cell zone condition setting. The motion end
propeller is configured to rotate at 3000 RPM, and the intake is subjected to a velocity
of 3.8 m/s for the boundary condition.

o It is set to hybrid initialisation for the solution, which means the software guesses the
variables. With 100 time steps and a maximum iteration of 10, the time step size is set
to 0.05 seconds.

e Step 6: Post Processing

Streamline is created as the container to represent the flow pattern in Fluent Post
Processing. The propeller's force may be calculated using the calculator tool. When the
propeller rotates in its blade direction, the created force is the benefit of distress.

2.3. Manoeuvrability Testing

The analysis of maneuverability was conducted using a series of tests at different distances
(m). Table 3 shows the expected results of the analysis. A Knots unit was used as the POSS
traveled on the water surface. The speed of the portable oil spill skimmer varies due to the
external factors of wind and water currents.

Table 3. Expected result of maneuverability testing

Test Distance (m) Time Taken (s) Speed (m/s) Knots
1 30
2 60
3 100

Average speed

2.4. CFD Analysis of Qil Sloshing

The study framework provides a comprehensive explanation of the methodology
employed for liquid analysis. The liquid sloshing investigation will use SolidWorks
Computational Fluid Dynamics (CFD) simulation. Table 4 displays the sequential procedure
of the computational fluid dynamics (CFD) simulation. The following instructions must be
followed to conduct this simulation.
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Table 4. Step-by-step process of the oil sloshing analysis

Pre-processor
1. Define Solid Model Geometry
2. Define Gravity Axis and Motion Axis
3. Define Gases and Fluid Types
4. Define the Initial Condition and Substance Concentration
5. Global Mesh
Solution
6. Define the Global Goals
7. Select Transient Explorer Parameters
8. Run the Simulation
Postprocessor
9. Plot, View, and Export the Results
10. Compare and Verify the Results

2.4.1. Define Solid Model Geometry

The basic steps were conducted in the pre-processor. The solid model geometry from the
SolidWorks software was converted into the Ansys software. Then, the element type was
defined according to the analysed element. Following the conversion of the solid model, the
appropriate element type was determined based on the characteristics and requirements of the
specific analysis being conducted. This step ensures that the model is accurately represented
and analysed using the designated elements within the Ansys software.

2.4.2. Gravity Axis and Motion Axis

To obtain precise data, it is necessary to establish the gravity and motion axes with the
correct value for the simulation. The sequential process for defining the gravity and motion
axis is as follows:

e The oil tank's gravity must be specified on the y-axis. Gravity has a constant value of -9.81
m/s2 since it exerts a continuous force towards the Earth's center.
Dependency type:
F(time) - table

Table of values:

Value t Values f(t)
0 mis"2 Values f(t)
Zs 5mish2 5.00 /s
3s 5mis'2
4s 0 m/s"2 417
105 0 mis"2
3.33 /
2.50 / \
1.67 / \
2.83 \
0 S
0 3.33 8.67 10.0C
1.87 5.00 B.33
Value t

[ Periodic

Figure. 2. Motion defined with a time variable

e The X-axis is the motion axis that indicates the direction of movement for the oil spill
skimmer. The movement is defined by a variable that changes over time, as seen in Figure
2. The oil spill skimmer starts operating from a fixed position. The oil spill skimmer starts
accelerating at 2 seconds, increasing at a constant rate of 5 m/s” until it reaches 3 seconds.
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The oil spill skimmer decelerates and stops completely after 4 seconds, with an acceleration
of 0 m/s%. The oil spill skimmer stops and stays still for 10 seconds.

2.4.3. Gases and Fluid Types

Air and propane are selected as the components for the simulation, namely in the states of
gases and fluids. The oil tank consists of two main parts: the lower section is for liquid propane,
and the upper section is for gases. Propane acts as a replacement for oil. Figure 3 illustrates the
selected gases and fluids.

Fluids Path
Gases
Liquids
Non-Newtonian Liquids
Compressible Liquids
Real Gases
Steam
Project Fluids Default Fluid
Default fluid type Immiscible Mixture
Air ( Gases )
Propane ( Liquids )
Flow Characteristic Value
Flow type Laminar and Turbulent ~

Figure 3. Selected gases and fluids

2.4.4. Meshing

Before simulating the design, meshing must be applied. The configuration for meshing in
the flow simulation is displayed in Figure 4(a). The basic mesh refinement level is multiplied
by two to obtain more accurate results, as shown in Figure 4 (b). Increasing the level of meshing
detail directly correlates with an increase in the accuracy of the resulting data.

Basic Mesh ~
|, |0.152997692 m =] #fe
B, |0.178281633 m = e
=, |0.16198 m = #|e

[ ]keep Aspect Ratio

[ ]show

Control Planes

(a) (b)
Figure 4. (a) Meshing detail of oil tank, (b) the basic mesh values
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3. RESULT AND DISCUSSION

3.1. Result of CFD Analysis on Hull

The hull design of the Portable Oil Spill Skimmer was analysed using ANSY'S Fluent. The
findings were obtained after 250 iterations to achieve satisfactory solution convergence.
Increasing the number of iterations leads to more precise computational fluid dynamics (CFD)
findings. Five distinct examples have been examined, and the outcomes are presented in Table
5. According to the CFD analysis, the hull experiences a drag force of 2.7312 N when moving
forward in the water at a speed of 1.39 m/s, or approximately 5.0 km/h. Figure 5 shows the
increasing trend and the relationship between the drag force and the hull speed. Meanwhile, an
increase of 2 km/h from 7.0 km/h produces a drag of 13.5542N on one hull, showing a rise of
396.27%, almost 5 times the drag force value at a speed of 5.0 km/h. These drag forces show
increments when the speed of the Portable Oil Spill Skimmer increases.

Table 5. The relationship of drag force against the hull speed

Run (mis) Velocity (km/h) Drag Force of one hull (N) Drag Force on two hulls (N)
1 1.39 5 2.7312 5.4624
2 1.53 5.5 3.5844 7.1688
3 1.67 6 9.2366 18.4732
4 1.81 6.5 12.1222 24.2444
5 1.95 7 13.5542 27.1084

The water flow pattern was shown in Figure 6 when moving forward at the speed of 1.95
m/s. The wake velocity generated at the stern of the hull increases with the hull speed. In
addition, a minor wave hits the hull's bow at 1.39 m/s, becoming more aggressive when the
speed increases to 1.81 m/s and 1.95 m/s. In this case, the skimmer utilizes a catamaran with
two hulls side by side, resulting in a total drag force of 27.1084 N. Hence, the two thrusters
must generate forward thrusts of more than 27.1084 N to achieve the hull speed of 1.95 m/s.

16
14
12
10

Drag Force (M)

1.39 153 167 1 .81 195
Hull Speed (mfs)

Figure 5. Relationship between the drag force and hull speed
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Figure 6. Flow pattern of water at a speed of 1.95 m/s

3.2. CFD Analysis on BlueRobotics T200 Propellers

From the CFD analysis that has been performed on the self-propelling propeller, it is found
that the propeller can generate a thrust force of 36.8246 N at 3000 rpm and an inlet velocity of
3.8m/s. This thrust value is obtained from the ANSY'S Fluent Post Processor of results, namely
the function calculator, which is the function of thrust force, and the location is the propeller
selection, as shown in Figure 7. In addition to that, the pressure contour in Figure 8 shows the
maximum pressure of 5.109¢%* Pa and a minimum pressure of -1.284¢™*° Pa on the propeller
blades.

Function Calculator
Function |furce - |
Location |pmpeller v| lzl
Case |FFF at 5s e |
Variable Pressure ~ Iz‘
Direction  |Global -z -
Fluid |All Fluids -

Results

Force on propeller

-36.8246 [N]

Clear previous results on calculate
[] show equivalent expression

| Apnd Comsenvaive
Figure 7. The value of thrust force exerted on the propeller.
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-2.071e+04
| | -3.866e+04
| | -5.661e+04
-7.4566+04
-0.251e+04
-1.105e+05

-1.284e+05
[Pa]

Figure 8. The pressure contour on the propeller blades

Furthermore, data provided by the propeller manufacturer, BlueRobotics, reveals that the
T200 model can generate a maximum thrust of 3.71 kg or 36.383 N. This thrust level is
achieved when the thruster rotates at a speed of 2995 rpm and is powered by a 12 V supply.
Additionally, the results of the Computational Fluid Dynamics (CFD) simulation conducted on
the propeller indicate a slight difference of 1.21% in the thrust value, comparing the supplier
data (36.38 N) with the CFD result (36.4 N). This suggests that the setup parameters used in
the CFD calculations are accurate and reliable. Based on the design of the Portable Oil Spill
Skimmer, there are two T200 thrusters installed at the rear part of the frame to facilitate its
movement on water. With these thrusters, the combined thrust force is 72.8 N, which is capable
of overcoming the hull drag of 27.1084 N to propel the vehicle up to a speed of 1.95 m/s or
even higher, provided the water conditions are ideal. These data prove that the T200 thrusters
used on the Portable Oil Spill Skimmer are reliable.

3.3. Result of POSS Manoeuvrability

The portable oil spill skimmer consists of propellers capable of self-propulsion. Figureure
9 shows the portable oil spill skimmer manoeuvrability testing at Tasik Ayer Keroh. The testing
was conducted by measuring the time the portable oil spill skimmer took to reach the desired
distance. For instance, the distance for the portable oil spill skimmer is 100 meters; thus, the
time taken to get the 100-meter distance is observed. A total of 3 tests were conducted with
different distances of 30, 60, and 100 meters. The data collected for the manoeuvrability testing
is shown in Table 6. Equation 1 shows the conversion from meters per second (m/s) to Knots.
The result indicates that the POSS was able to be manoeuvred at a speed of 3.72 Knots, which
adheres to the typical speed for an unmanned surface vehicle (USV) of 3 Knots and above [23]-
[25]. The water currents and wind influenced the speed of the POSS during the experiment
process.

Knots = meters per second % 1.943844 (1)

where the speed in knots is equal to the speed in meters per second multiplied by 1.943844,
then we can obtain Knots = 1.88 x 1.943844 = 3.65.
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Figure 9. Portable oil spill skimmer manoeuvrability testing at Tasik Ayer Keroh

Table 6. The data collection of the POSS speed

Test Distance (m) Time Taken (s) | Speed (m/s) Knots
1 30 16 1.88 3.65
2 60 31 1.94 3.77
3 100 52 1.92 3.73

Average speed 1.91 3.72

3.4. Result of Oil Sloshing

The simulation was conducted on the oil tank design to prove that oil sloshing could be
reduced. The design shape of the oil tank without a baffle is shown in Figure 10(a), while the
oil tank design with a baffle is shown in Figure 10(b). The design was developed with a size of
773 x 450 mm, and a total of 3 baffles was implemented. Based on Figure 10(b), baffles 1 and
2 were designed to be parallel to each other, with baffle 3 positioned in the middle. Baffle 3
was explicitly designed to reduce the oil sloshing during left or right turns, and baffles 1 and 2
were designed to reduce the oil sloshing during acceleration and deceleration.

(b)
Figure 10. The design shape of the oil tank (a) without baffles, (b) with baffles

3.4.1. Liquid Sloshing Analysis on the Designed Oil Tank with and without baffles

The simulation was conducted using an oil tank design with and without baffles to
investigate the difference in the impact of oil on the tank. The simulation measured and

382



IIUM Engineering Journal, Vol. 26, No. 3, 2025 Ramanathan et al.
https://doi.org/10.31436/iiume;j.v26i3.3253

collected the torque and force acting upon the oil tank. Based on Figure 11 (a), it was observed
that the time taken for the oil to stabilise in the oil tank without a baffle was more than 10s.
The maximum torque exerted on the oil tank was 1195.43 Nm, as shown in Figure 11 (a). This
indicates that the POSS has a risk of accidents and overturns due to the ample torque and force
exertion.

Figure 12 (b) shows the liquid sloshing effect in the designed oil tank with baffles. The
sloshing effect lasts only 5 seconds before the oil stabilises in the tank. This indicates that
implementing a baffle in the oil tank has a reduced impact on the performance of the designed
oil tank. The effect of the torque exerted on the oil tank is only 392 Nm, a reduction of 67.21%,
minimizing the risk of the POSS overturning, as shown in Figure 12(b). This proves that
implementing several baffles can eliminate the pitching and heaving effect and provide a safer
working environment.
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Figure 11. Liquid sloshing effect in oil tank without baffle
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Figure 12. (a) The torque force of the sloshing effect without baffles, (b) The torque force of
the sloshing effect with baffles

The result obtained from the oil sloshing analysis provides an essential understanding of
the significance of utilising baffles when designing the oil tank of a motorised vehicle. Without
the implementation of a baffle, the impact on an oil tank increases the risk of damage or failure
to the tank [5], causing imbalance and potential damage to the POSS [10], and making it
challenging to keep the POSS in control. To resolve this issue, baffle is implemented to reduce
the impact caused by oil sloshing. The analysis results prove that designing an oil tank with
baffles significantly reduces the effect of oil sloshing compared to an oil tank without baffles.

4. Conclusion
The Portable Oil Spill Skimmer (POSS) was designed to enhance the mechanical

technology used in Oil Spill Response and Recovery (OSRR) operations. The developed POSS
consists of an oil tank to recover oil and propellers for self-propelling capability. The POSS
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could travel at a speed of 3.72 Knots, adhering to the standard of USV specification. However,
during the POSS experimental testing, the POSS experiences instability caused by the sloshing
effect. The sloshing effect occurs when recovered oil is present in the oil tank. The instability
increases when the oil tank is partially filled. The impact of oil sloshing damages the structure
of the oil tank and the POSS's stability. Thus, baffles were implemented to reduce the sloshing
effect on the POSS. The oil sloshing was analysed by comparing the impact of sloshing, with
and without the implementation of baffles. The finding shows significant improvement where
the oil sloshing torque force was reduced by 67% from 1195.4N to 392N with the
implementation of 3 baffles. Increasing the number of baffles reduces the sloshing impact but
increases the weight of POSS. Only 3 baffles were installed in the oil tank to maintain the
portability feature of POSS. This paper successfully proved that the sloshing effect was reduced
by implementing baffles, enhancing the safety feature of the POSS.
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