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This study addresses interceptor devices to improve the hydrodynamic characteristic of autonomous
unmanned surface vehicle (USV). The bulb and rectangular interceptors had molded on a planning
hull. This research aims to mitigate drag impact on rectangular interceptors at high speeds. According
to this study, a bulb interceptor had a better impact than a rectangular interceptor. This research is
based on the finite volume method (FVM) with dynamic fluid-body interaction (DFBI), which
captured the ship’s dynamic trim and sinkage. The simulation used an overset mesh technique with two
domains as a donor-acceptor cell. Furthermore, numerical calculations using the Reynolds-Averaged
Navier-Stokes equation and the k-turbulence model predict the turbulent flow. Grid independence
studies and international towing tank conference (ITTC) recommendations have been applied to ensure
simulation accuracy. This study reported that the bulb interceptor had effectiveness between 9%-25%
compared to the rectangular interceptor at high speed. This research showed that the bulb interceptor
had better effectiveness than the rectangular interceptor.
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1. INTRODUCTION

An Unmanned Surface Vehicle (USV) robot
automatically operate on the free water surface by
providing a reference point. The autonomous unmanned
surface vehicle has enamored significant consideration
for its advantages in applications to monitoring and
patrolling. Many researchers have been undertaking
projects to elaborate USV hardware and software
algorithms. Conducted research introducing multiple
target tracking for the Aragon USV system developed
by the Korea Research Institute of Ships and Ocean
Engineering (KRISO) (1). Research converse on ship
autonomous navigation and avoidance of collusion in
maritime traffic circumstances (2). Another paper
showed a static obstacle avoidance problem for high-
speed USV called Local Reactive Obstacle Avoidance
Based on Region Analysis (3). The Aragon-2 is the
elaborated USV system involves waterjet propulsion to
identify  turning  characteristics based on an
experimental test (4).

Efficiency is a fundamental aspect in designing
ships. One of the energy efficiency parameters is the
resistance generated during ship operation. Several
improvements to reduce ship resistance are to change
the shape or modify the hull (5-7). The ship resistance
can be decreased by reducing wave or friction resistance
using stern flaps (8, 9), hydrofoil (10) and also
interceptor-flap hybrid combination (11, 12). Other
devices used to improve ship performance are spray
deflectors or spray strips. A spray deflector can reduce
ship resistance by reducing the wet area of the ship (13).
Other research has shown that the spray rail could
reduce 2.4% resistance (14), and the spray deflector
could reduce 10% to 25% resistance (15). However,
modification of the hull or the installation of fixed
devices is often difficult to adjust to changes in the
speed of the planing phase.

Several research conducted experimental research
using an active control device known as an interceptor
(16). The interceptor is energy saving device that
applied to the stern to control trim. The interceptor is
driven by a servomotor and can be adjusted in height in
the ship navigation room. The height of the interceptor
can be controlled and adjusted to the ship speed. The
interceptor system more efficiently controls trim due to
pressure at the stern area (17-20). The controllable
device helps to adjust the interceptor's height and is
suitable to increase the effectiveness of using the
interceptor with adjustments to ship speed (21).
Therefore, it is necessary to review the ship speed, hull
shape, and appropriate interceptor height before
installing this device. Shear and pressure resistance are
also discussed in the literature (22).

Changes the interceptor design will affect the ship
flow patterns and resistance. This research assumed that

the bulb interceptor would create an ideal flow pattern
on high-speed vessel. Viscous flow that passes through
the bulb will cause stagnation, wake, drag, and its
relationship with flow separation (23). Experimental
research used a small cylinder as a passive controller to
reduce drag (24). The research showed an average
maximum drag reduction of 48% on a cylinder without
a passive controller. Modifying into the bulb interceptor
is expected to improve ship flow at high speeds.

This research was observed on the computational
fluid dynamic (CFD) based on the finite volume method
(FVM). This method was used to solve differential
analytical into algebraic equations that could be solved
through an iteration process. The CFD method would
more easily show and analyze the shape and dimensions
of an object, environmental conditions, and
interpretation of research results. There was no expense
involved in producing ship prototypes using CFD
instead of the experimental technique. The results could
be more clearly visualized using the CFD technique.
CFD may display phenomena including pressure, wave
pattern, trim angle, heave, and total resistance that are
turned on by the ship's reaction. Using the ITTC's
recommendation and compared to experimental results
according to specific circumstances.

The problem that occurs with the interceptor is
producing excessive trim at high speed. The interceptor
is not recommended at high-speed conditions (19). In
the condition when the moment of the interceptor was
less than the trim moment, the interceptor efficiency
would be weak. However, if the moment of the
interceptor were more significant than the trim moment,
the interceptor would not be feasible to use. On an
interceptor with weak efficiency, the ship trim is not
well controlled, while on an unfit interceptor, it can
cause negative trim while increasing the ship resistance
(25). Therefore, we provide interceptor bulb innovation
to improve interceptor performance at high speeds. The
difference we make with the Keuning patent (26) is that
the shape of our interceptor is a half bulb. Our studies
are based on several studies that analyze the
hydrodynamic characteristics of the shape of objects.
The flow separation on the interceptor bulb causes a
different wake than the rectangular interceptor. The
velocity of flow separation is directly proportional to
wake and drag generated by the interceptor. According
to an analysis of the proper orthogonal decomposition
(POD) mode distributions for the four various angles of
attack, the baseline hydrofoil produces flow energy
distributions that are significantly different among those
surrounding it (27). The size of the riblets significantly
influences the impact of drag reduction. The riblets
function as a friction-reducing hiding. More than 13%
of drag can reduce by holding gases in transverse
hydrophobic riblet surfaces. When water flows over a
surface, the solid-liquid interface's area and the
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boundary layer's velocity gradient can decrease due to
slippage at the liquid-gas interface caused by the
existence of both gas and vortices in the riblet valley
(28).

2. METHOD

2. 1 Research Object Seven hulls are being
developed to serve as a platform for an autonomous
unmanned surface vehicle (USV). Another research was
developed three deep-V hull forms. The resistance and
seakeeping performance of the hulls are determined
(29). ”Aragon 1” is the name given to the full-scale
vessel that employs the fifth hull form. The sixth and
seventh hull forms are designed to enhance straight-line
stability and maneuverability. The sixth hull form is
modified to construct the full-scale vessel ”Aragon 2.”
The final hull has been designed based on accumulated
experience and is currently being constructed on the full
scale. This study uses the scale factor and the size of the
interceptor regarding the experimental study carried out
(16). CFD simulation testing was carried out using a
1/5.33 scale model. Table 2 shows the interceptor
dimensions, consisting of a rectangular interceptor and a
bulb interceptor. Figure 1 indicates the hull form of
Aragon 2, visualizing the bulb interceptor and
rectangular interceptor. The stated figure also explains
the location of the interceptor in the stern area and the
interceptor size in mm.

2. 2. Research Method This research referred to
the ITTC to ensure numerical accuracy (30). To
compute flows in the presence of overset mesh, the
numerical grid must be customized to the moving body
and hence move with it. In order to adjust for grid
movement, the governing equations must be given

TABLE 1. Main Dimension of Aragon 2 Ship

Dimension Full-scale Model-scale  Unit
Length overall (Loa) 8000 1500 mm
Length waterline (Lwl) 7539 1414 mm
Breadth overall 2300 431 mm
Draft 445 83 mm
Weight 3000 19.77 Kg

TABLE 2. Main Dimension of Interceptor

Dimension Rectangular interceptor Bulb interceptor Unit
Length (L) 300 300 mm
Thickness (T) 20 - mm
Diameter (D) - 60 mm
Height (H) 30 30 mm

Location of

~ Rectangular interceptor

Figure 1. Implementation of Interceptor

special consideration. The overset mesh is to rewrite the
Arbitrary Langrangian- Eulerian using CFD software.
Mass, momentum and scalar equations are shown at this
formula; for V as a control volume, S as a moving
surface and V; is the velocity of the CV-surface.

d
Ejp pdV-I— ﬁg’p(l}_vs) d.S'ZO;

a
d—gfvpui dv+ Sﬁs,oul-(V —Vs).ds=
_(ﬁs ngradw;.ds+ [.ul(grad v)'.i;].ds —
. d
ﬁsp L[-.ds‘-l-ﬁ,p fm.dv,d_tjvpﬂ dv+ Sﬁspﬂ(V -
Vs).ds = § T'o grad o.d + [(QaS.ds + §,QaV.dV,

Figure 2 describes the boundary conditions and the
computational domain. The inlet, top, and bottom areas
were defined as the inlet velocity. Meanwhile, the outlet
boundary conditions were defined as pressure outlets.
This section has placed some distance from the ship to
minimize geometric disturbances. The symmetry plane
was used to divide the computational domain into
several areas. It was used to reduce computing time.
The meshing method used was overset mesh. The
overset method have a better accuracy rate than other
methods (31, 32). The overset mesh method required at

Top (velocity inlet)

Tnlet (velocity inlet)
(apno sanssaad) ppng

Bottom (velocity inlet)

Figure 2. Boundary Conditions
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least two different areas as overlapping areas for
information exchange. There was a background as a
donor and an overset as a donor recipient. The
background region provided a visualization of the entire
computational domain. Meanwhile, the overset region
defined the 2 degrees of freedom of the ship (heave and
trim). Acceptor cells receive information from a region
through interpolation.

Figure 3 describes the compositions of mesh density.
Mesh density variation is vital to reduce computation
time. The level of mesh density is focused on the free
surface and geometry area. The unstructured mesh was
used for flexibility in adapting the mesh to domain
boundaries.

The time step in Figure 4 describes the time interval
period for each simulation. The time step was
determined by the CFL (Courant Friedrichs Lewy)
number to explain the number of points traversed by the
fluid in a specific time interval. The time step ensures
that convergence is achieved in the maximum number
of iterations per time step. The VOF method considered
the same pressure and velocity for each phase of the
control volume. To determine the value of each time
step approach (33).

Based on the local cell fluid velocity, the y+ value
represents the non-dimensional distance from the wall
to the first mesh node. Figure 5 represents the thickness

Refinement

§ Overset Region

Figure 3. Mesh Density
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Figure 4. Time Step

of the first layer of mesh and the level of numerical
accuracy. Recommendation y+ on high-speed craft
between 30 and 100 [30].

In this research, the y* value ranged from 75.
Viscous and inviscid fluids were separated by a
boundary known as the boundary layer. The section that
was influenced by the viscous effect was that which fell
between the solid surface and the boundary layer. The
boundary layer, which separates viscous and inviscid
fluids, was present. The region that was impacted by the
viscous effect was that which became between the solid
surface and the boundary layer. Wall shear stress
depends on y+ in the process. In order to suggest an
iteration scheme, it becomes very computationally
costly to perform wall shear stress iteratively for every
mesh cell, especially when many boundary cells are
involved (34).

3. RESULT AND DISCUSSION

3. 1. Grid Independence Study This research
used a grid independence study to determine the best
mesh quality. Five grid variations consisted of 0.52,
0.66, 0.87, 1.24, and 1.47 million. Figure 6 visualizes
the sample on the grid variation used in this research.
Grid-spacing and time-step convergence study were
carried out following the correlation factor (CF) and
GCI methods of Roache. Grid 4 had better mesh density
characteristics than grid 3. The grid analysis consisted
of drag, trim, heave, and the time required, as described
in Figure 7.

Drag value on each grid as shown in Figure 7a.
Furthermore, in Figure 7b, the trim value was generated
for each variation of the mesh size. Figure 7c represents
the data heave in this grid independence study. After
reviewing the time required during data analysis, as
described in Figure 6d, it was found that grid five took a
relatively long time, so grid four was chosen for each
simulation.

The grid four convergence study is detailed in
Figure 8, which presents drag, trim, and heave on the
Froude number 1.072. This analysis illustrates that the
convergence study was stable at second physical time.

3. 2. Validation of the Numerical Method The
CFD simulation was verified by experimental research

Ex o 2,

Figure 5. Visualization of Y+

Wall Y+
50. 7

i
i H
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Figure 6. Grid Visualization
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Figure 7c. Heave Value

to ensure reasonable accuracy by reviewing drag, trim,
and heave through six variations of the Froude number
for bare hull conditions. The CFD simulation shows the
same pattern as the experimental results. In Figure 9a,

1
Time (s}

Trim

0 1
Thne (5)

Rise of CG.

a1

o 1
Time (s)

Figure 8. Grid Convergence

the difference in the maximum drag value was 9.9%.
Furthermore, the maximum difference in the trim value
in Figure 9b was around 10.7%. The heave value in
Figure 9c had a maximum error of 10%. There was a
difference between CFD calculations and experiments
because of the limitations of CFD modelling according
to actual conditions. The difference that was still
acceptable concerning the CFD method and the same
pattern was produced. The same case also occurred in
research, which observed the CFD accuracy in
experiments and obtained a 10% error (35, 36).
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Figure 9a. Drag Value
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Figure 9b. Trim Value
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Figure 9b. Heave Value

3. 3. Research Result of Bulb Interceptor
Comparing Rectangular Interceptor The
pressure distribution is shown in Figure 10. There was a
difference in the composition of pressure distribution
between ships with bulb interceptors, rectangular
interceptors and bare hull conditions. Bare hull
conditions showed the centre of the pressure distribution
was located near the bottom of the ship at Froude
number 1.45. At the same speed, the pressure
distribution produced by the bulb interceptor and
rectangular interceptor was at the stern position of the
ship. The same pattern showed that at a speed of 0.58,
the bulb and rectangular interceptors produced a
pressure distribution on the stern with a lower value
than the Froude number 1.45

Without interceptor
At Froude number
145

Pressure

Bulb interceptor Rectangular

at Froude interceptor at '
number 1.45 Froude number 1.45 4

Bulb interceptor Rectangular
at Froude interceptor at

number 0.58 Froude number 0.58

Figure 10. Pressure Distribution

Figure 11 shows the wave elevation on the ship at
Froud Number 2.59. The rectangular interceptor
produced a relatively high wave elevation in the
transom of the ship. Meanwhile, a gentle flow was
formed due to the use of a bulb interceptor. The flow
produced by the bulb interceptor supported the ship’s
reasonably good performance at high-speed conditions.

Figure 12 describes the visualization of the air-water
multiphase flow by the ship. At Froude number 0.29,
both interceptors did not significantly affect the flow
pattern at the stern. In Froude number 0.87, there was a
significant difference. The rectangular interceptor
produced a smaller flow than the bulb interceptor. At
Froude number 1.45, the rectangular interceptor
produced a trim of 1.84 degrees, while the bulb
interceptor produced 2.98 degrees. Froude numbers 2.01
and 2.59 had ineffective trim values of 0.389 and -0.155
degrees.

Meanwhile, at the same Froude number, the bulb
interceptor produced the ideal trim of 1.729 and 0.99
degrees. It proved that the bulb interceptor was better
applied to the transition and planing phases. However,
the vessel had ineffective hydrodynamic forces at the
bare hull conditions.

As shown in Figure 13, the viscous flow passing
through the bulb interceptor increased pressure on the
downstream side. When the momentum of the fluid
flow is lower than resist the pressure of the vessel, it
will induce the fluid flow separation. The area after the
separation point had a smaller pressure than the area on
the upstream side, resulting in a significant pressure
difference.

The fluid flow velocity would decrease or stagnate
in front of the bulb. Along with the fluid flow velocity,
the pressure on the stern surface of the downstream ship

Rectangular Interceptor

Bulb Interceptor

Without Interceptor

low high

|
Figure 11. Wave Elevation at Froude Number 2.59
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area would be higher. Point a was the stagnation point,
and then the boundary layer occurred. From point a to
point ¢, there was a decrease in velocity, which
increased pressure. At point C, the flow momentum
could not resist the shear stress, causing the boundary
layer to break. Between the points of separation of the
boundary layer, there was an area called a wake. The
amount of wake was directly proportional to the
difference in drag force in the downstream and
upstream areas of the interceptor bulb.

Figure 14 describes wake diffraction on a ship using
rectangular and bulb interceptors in Froude number
2.01. This figure indicated differences in wake contours
due to differences in the shape of the interceptor. The
stern area is shown in notation 1. Notation 2 described
the pneumatic system for adjusting the height of the
interceptor. Notation 3 was a visualization of a
rectangular interceptor that could produce a wake flow,
as described in notation 4. Notation 5 was a
visualization of wakes formed without an interceptor

installation. Notation 6 was a description of the bulb
interceptor. Notation 7 was the wake pattern created by
the interceptor bulb. Ships using interceptor bulbs could
produce less extreme wakes than ships with rectangular
and without interceptors.

The size of the drag force was determined by the period
of flow separation. If the separation occurred earlier, the
wake region would be more expansive, and the drag
would be higher. Factors determining the separation
position on the bulb interceptor included: free stream
velocity and flow profile, free stream turbulence,
geometric shape, and body surface roughness. Figure 15
compares the analysis results of variations in the
interceptor’s shape to the ship’s hydrodynamic
characteristics. Generally, a rectangular interceptor was
applied in the hump region condition (transition mode).
However, a rectangular interceptor was not
recommended for full-speed ship conditions because it
caused excessive trim and increased ship resistance
[25].

Fn N Interceptor
Condition

0.29

2.01

259

Bulb Interceptor

Rectangular Tnterceptor

>

Wake

4\

......... Upstream

Point of
separation

Figure 13. Wake and Point of Separation
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Figure 14. Wake Diffraction at Fn 2.01

The latest phenomenon in this paper describes using
a bulb interceptor identical to the rectangular in the
hump region condition. However, the complete or full
speed condition or more than 1.16 did not worsen the
obstacle condition. It was supported by the trim angle,
which did not experience negative trim up to Froude
number 2.59. One time, accidentally using a bulb
interceptor at high speed would not worsen the ship’s
performance like a rectangular interceptor. On the
contrary, it would improve the ship’s trim and reduce
drag.

Figure 15a represents the ship’s drag data.
Compared with the rectangular Interceptor, the bulb
interceptor was less effective in the pre-planning and
transition phases, namely the Froude numbers 0.29,
0.58, and 0.87, with a difference in a drag reduction of
5%, 4%, and 3%. This research illustrated decreased
drag components as much as 4%, 24%, and 34% at
Froude numbers 0.29, 0.58, and 0.87 in the current bulb
interceptor condition compared to without Interceptor.
The bulb interceptor had excellent effectiveness
compared to the rectangular Interceptor at Froude
numbers 1.16, 1.45, 1.74, 2.01, and 2.59, with a drag
reduction of 12%, 15%, 29%, 40%, and 49%. If the bulb
interceptor were compared with no interceptor at the
same speed, it would reduce drag by 3%, 28%, 29%,
20%, and 13%.

Rectangular Interceptor was not recommended for
use at high speeds because it would cause an increase in
drag of 14% and 24% on Froude numbers 2.01 and
2.59. In this phase, the rectangular Interceptor had a
high enough pressure, but the bulb interceptor had
sufficient dimensional slope characteristics to reduce
excess pressure at high speeds.

Figure 15b visualizes the trim value for each variation
of the interceptor and ship in bare hull condition. In
general, the trim value in the bulb interceptor condition
was more effective than other variations because the
ship did not experience bow-down or bow-up trim. The
trim condition was reasonably representative of the ship
being in a condition close to an even keel and having

the best optimization of drag reduction compared to the
rectangular interceptor and without an interceptor. The
same thing is also shown in Figure 15c regarding the
heave value. The heave produced by the bulb
interceptor, rectangular interceptor, and without
interceptor had the same pattern for the speed range of
0.58 to 2.01. However, using a bulb and a rectangular
interceptor could reduce the heave value at the Froude
number 2.59.

Using a rectangular interceptor and a bulb at low
speeds can provide better performance than without an
interceptor. At high speeds, the rectangular interceptor
causes an increase in drag and creates excessive trim,
making it dangerous for the safety of the ship. If the
rectangular interceptor is used at high speed, it can

Drag

Drag/ Weight

0 1 2 3
Fn

===@= Rectangular —@— Bulb « « Os « Without Interceptor

Figure 15a. Drag Value

Trim
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cause the ship to capsize. Nevertheless, the interceptor
bulb can reduce resistance at high speeds and produce
an ideal trim for vessel comfort. When the speed is
high, the ship's performance due to installing a bulb
interceptor is more promising than a rectangular
interceptor or without an interceptor. Using interceptor
bulbs at high speeds can support ships to reduce drag
and prevent capsizing effects.

4. CONCLUSIONS

The main objective of this research was to provide
information about interceptor design innovation for an
autonomous unmanned surface vehicle. This paper
discussed the effect of the different shapes of the
interceptor, namely bulb and rectangular, so that it
affected trim, drag, and heave.

This research showed the ability of numerical
simulation through grid independence study. Five mesh
quantity grids were simulated to get the best mesh
configuration used throughout the simulation. This
study was conducted following the ITTC
recommendations. The CFD study was compared with
the experimental results. The level of numerical
accuracy provided relevant results for the experiment
with an error of 10.7%.

Ships without interceptors produced pressure
distribution in the centre of the bottom of the ship. In
general, the interceptor application had implications for
the pressure distribution.

The interceptor changed the centre of the pressure
distribution to the stern of the ship's bottom area. The
force affected the trim angle of the ship. The rectangular
interceptor was usually adequate for Froude numbers
0.58 — 1.16. However, at high speeds, it would worsen
the ship's performance.

This research found that the pressure produced by
the bulb interceptor was lower than the rectangular
interceptor, so the moment created by the interceptor is
not excessive. In addition, the bulb interceptor produced
a smoother wake pattern behind the ship's stern to
support trim improvements. The research results
indicated that the interceptor bulb's application
positively affected Froude number 1.16. If the
interceptor is used at high speed, it will reduce the ship's
resistance. At Froude number 1.74, the trim angle of the
ship was in the range of 0.99-1.72, so the ship was still
optimal to operate. The trim angle represented the best
optimization of drag reduction compared to ships using
a rectangular interceptor or without an interceptor.
Ships using rectangular interceptors would experience
bow-down trim at Froude number 2.59.

The viscous flow in the interceptor bulb experienced
increased pressure at the downstream position. The
pressure difference between the downstream and

upstream areas resulted in fluid flow velocity and
separation changes. This phenomenon would affect the
wake and drag formed on the ship. This research
showed that the bulb interceptor had better effectiveness
than the rectangular interceptor especially at high-speed
condition. The characteristics of the bulb interceptor
could manipulate the flow formed at the stern, reducing
drag and trim of the ship. According to this
investigation, the bulb interceptor surpassed the
rectangle interceptor at high speed by 9% to 25%.
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