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The deep-v planing hull is designed to operate at high speeds because most of the hull’s
weight is supported by the hydrodynamic lift acting on the hull base. Planing hull form
characteristics such as deadrise angle, chines, and extended stern significantly affect
the ship’s hydrodynamic performance. The addition of the interceptor is an innovation
to reduce the total resistance of the ship by controlling the trim angle. However, the
form of the ship’s stern is not always the same; thus, it needs to be studied based on
the form of the ship’s stern. The extended stern form refers to modifying the hull
geometry at the rear, particularly the stern extension beyond its conventional length.
This research aimed to analyze the hydrodynamic performance of the interceptor at
the extended stern angle. Furthermore, Computational Fluid Dynamics (CFD)
simulations were performed to analyze the effect of the extended stern form. A
numerical model of the deep-V planing hull with variations of the stern extension was
developed, and the flow behavior around the hull was analyzed using CFD techniques.
Simulations were conducted under various operating conditions, including different
speeds and interceptor strokes. The results indicated that the extended stern's
different forms could affect the ship's resistance, trim, and heave. The reduction in
resistance was seen at moderate speeds, thereby reducing steep trim angles. The
greater the extended stern angle, the more significant the reduction in ship resistance
at Fr 0.58 by 26%. Likewise, the combination of interceptor and extended stern
experienced a decrease in resistance in the semi-displacement phase with a
percentage of 33% resistance, 66% trim, and 47% heave. The interceptor stroke (d)
depended on the boundary layer (h). The extended stern with angles of 10°, 20°, and
30° were found to have d/h ratios of 0.38, 0.37, and 0.34. However, it should be noted
that extending the stern without interceptors and with interceptors at high speeds
could result in a dangerous increase in resistance on high-speed vessel.
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1. Introduction

Boats with planing hulls continue to be developed with various innovations such as fast patrol
boats, pilot ships, and Coast Guard patrol vessels [1]. In planing hull ships, most of the hull weight is
supported by hydrodynamic lift acting on the hull base at high speeds; thus, it has excessive trim [2].
Reducing ship resistance is a ship architect’s goal and a way to save energy. Some research had been
carried out by modifying the hull and the propulsion system but it required much money.

Stern appendages such as the interceptor [3], trim tab [4], and Hydrofoil [5] serve to reduce
resistance. The addition of an interceptor is an innovation on the ship’s stern that has been studied
extensively in recent years. The interceptor is a thin plate mounted perpendicular to the ship's stern.
It increases pressure under the stern by blocking flow through the hull and reduces the trim angle by
generating negative moments [3]. Tsai and Hwang conducted a model test to determine the effect
of the stern flap, interceptor, and a combination of both on the planing hull of the ship. The
integrated interceptor with a stern flap indicated more effective results in reducing resistance than
using each appendage [4]. Furthermore, Day and Cooper studied the effects of using interceptors on
sailing yachts. The interceptor showed a 10-18% reduction in resistance over a speed range of 8-20
knots [6].

Karimi et al., [1] conducted trials on a catamaran planing hull model in calm and wavy water
conditions. Applying an interceptor could reduce heave, pitch motion, and vertical acceleration.
Researchers were increasingly exploring the interceptor because of its extraordinary advantages.
Ghassemi et al., [7] conducted tests on a planing hull with an interceptor. The result was high
pressure generated between the interceptor and bottom, wet surface, and reduced resistance by the
interceptor. Seok et al., [3] discovered that the pressure at the bottom of the hull increased in
proportion to the interceptor's speed and height for the interceptor's blocking effect. Suneela et al.,
[8] considered that interceptor height played an essential role in ship performance. The installation
location of the interceptor was also an essential factor, as illustrated by the test model by Karimi et
al., [10] the ship’s resistance was clearly reduced by the interceptor located at the stern and midship,
and the maximum resistance reduction for mono hull and catamaran ships were 15% and 12%,
respectively. Sahin et al., [9] revealed the best interceptor position between chine and the centerline,
and the effect of interceptor height was directly related to ship speed. The magnitude of the lift
created by the interceptor usually depended on the height and flow velocity. However, other
parameters might affect the effectiveness of the interceptor [10].

Not all ships have a perpendicular stern form. Kim et al., developed three hull models with the
stern bottom of the VPS and VWC ships extended aft at 2.9 % LWL, while the VWS ships were at 4.3
% LWL. However, after being modified, there were no significant changes, and a porpoising
phenomenon occurred at a speed of 30 knots. Adding an auxiliary device at the stern prevented the
porpoising phenomenon [11]. As Mansoori et al., [12] pointed out, the interceptor applied intense
pressure aft of the ship. It also reduced the resistance and trim of the ship and increased the lift force
coefficient, which directly affected the porpoising instability. According to the findings, the
interceptor could entirely manage the porpoising issue.

Park et al., [2] conducted research using the Aragon 2 hull form as a development of the three
hulls using wave-controlled interceptors. As a result, pitch and heave could be reduced by 41.3% and
33.4%. According to studies on interceptors on regular waves, heave could be reduced by 16% to
18%. [13]. Interceptor research using the Aragon 2 hull form has also been carried out by Samuel et
al., with a 57% drag reduction in the close-to-chine position [14]. In other research with different
interceptor forms, including the v-form interceptor, the result was a 21% drag reduced at a Froude
number of 0.87 [15]. The choice of the optimal interceptor height greatly affected its efficiency [16].
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The different forms of the stern certainly affected the effectiveness of the interceptor, such as the
deadrise angle and variation of the stern’s bottom, which was lengthened to reduce trim and
resistance at high speeds.

Yousefi et al., [17] revealed three CFD methods related to a planing hull, i.e., the Finite Element
Method (FEM), Finite Volume Method (FVM), and Boundary Element Method (BEM). Due to its
greater accuracy than other methods, FVM is the most popular method for predicting the planing
hull characteristics. Sukas et al., [18] conducted research using CFD, experimental, and empirical
methods. They discovered that the CFD method with overset mesh could overcome the problem of
flow at high speed around planing ships. Numerical simulation improved accuracy in resolving flows
around the hull. Research using the overset mesh method had also been carried out by Fathuddin et
al., [19] which concluded that the overset mesh method had good accuracy in predicting resistance,
trim, and heave of planing-type ships. Current advances in computer technology can create complex
hydrodynamic force models and analyses. FVM-based numerical simulation methods are widely
employed in interceptor analysis research. The RANS equation is used by the FVM approach to
describe turbulent flow in both water and air.

Based on the background above, the interceptor is a tool to control trim; thus, the ship’s
resistance can be reduced at a certain speed. However, applying an interceptor with an extended
stern form cannot be equated with a conventional ship. In this research, the interceptor would be
simulated to obtain the ship’s resistance at each speed. The approach to numerical simulations
employed FVM based on RANS. The interceptor would generate a moment and change the pressure
distribution at the ship’s stern. CFD results would be verified with the experiment of Park et al., [2]
in calm water conditions. Section 2 provided an overview of the research procedures, and Section 3
provided various hydrodynamic characteristics such as resistance, trim, heave, lift force, and wave
patterns as previously discussed.

2. Methodology
2.1 Research Object

This research used a Deep-V planing hull tested experimentally in calm water conditions with ITTC
standards, Aragon 2 is the sixth generation hull development from Kim et al., [20]. The ship, designed
without passengers, was built on a full scale by the Korea Research Institute of Ships and Ocean
Engineering (KRISO) for military purposes. Turning characteristic testing was carried out by Kim et al.,
[21]. Park et al., [2] conducted subsequent research by integrating the interceptor. The Aragon 2 CAD
model is illustrated in Figure 1, and the main dimension can be seen in Table 1.

.

(a) Front View

%—‘

(b) Side View

=

-

(c) Bottom View

Fig. 1. Aragon 2 hull form
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Table 1

Main dimension

Dimension Full scale Model scale Unit
Scale 1 5.33

LOA 8.00 1.50 Meter
LWL 7.53 1.41 Meter
B 2.20 0.41 Meter
T 0.42 0.08 Meter
A 3000 19.78 Kg

2.2 Research Object

This research aims to analyze the ship's drag, trim, and heave due to the interceptor on the
different forms of the extended stern. The interceptor used was the Humphree X300 interceptor with
a span(s) width of 300 mm and a stroke height (d) of 50 mm [22]. The extended stern’s bottom was
a modification to the ship stern to reduce the total resistance of the ship, trim angle, and the power
needed at high speeds; hence, it could improve ship performance [11]. The variations of the research
model are shown in Table 2. Furthermore, the visualization of the extended stern and the installation
of the interceptors are shown in Figures 2 and 3, as well as the variations in the height of the

interceptor in Figure 4.

Table 2

Model variation

Parameter Variable
Extended stern 107, 20°, 30°

Interceptor height
Froude number

20%, 60%, 100%

0.29; 0.58; 0.87; 1.16; 1.45

Fig. 2. Extended stern angle

Fig. 3. Interceptor installation
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ch 100%
Fig. 4. Interceptor height

2.3 Numerical Approach

In this study, a method called computational fluid dynamics (CFD) is used to simulate a ship
model. The simulation relies on the unsteady Reynolds-Averaged Navier-Stokes equations, a
problem-solving approach based on the conservation of mass and momentum principles, to conduct
the hydrodynamic simulation [23]. Here is the URANS equation.

Ui _,
axi (1)

oU;  AWU) _ 10P 0

— +—(2vS. —uu
ot | ox; b ox, | ox, (2vsy) - i) (2)

Where U; and u; express the mean and fluctuation velocity component in the direction of the
Cartesian coordinate x;, P is the mean pressure, p is the density, v is the molecular kinematic
viscosity and S;; is the mean strain-rate tensor. The strain-rate tensor is defined as

o _1(ov: oy 5
b 2 ax] axl-

The last term on the right-hand side of Eq. (2) is denoted as the Reynolds stress tensor which is
given by

ou; 0U; 10U
1.0 _ i ] k
Tij = ‘uiuj _“t(

2
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6xj axi

The Boussinesq (eddy-viscosity) hypothesis obtained with the k — & turbulence model is
expressed by
_ 1pz

He=2 Sij (5)
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The k-€ turbulence model specifies that the turbulent eddy viscosity is calculated by

k2
He = Cup? (6)

The turbulent kinetic energy k and the rate of dissipation of the turbulent energy ¢ are calculated
below

ot 0x; 6_xj+ (“+0'_ta_Xj+Pk_p£ )
dpe OdpUie 0 .Ut) el e
ot 0x; B E ( + O'_s a_x] + % (Ce1Pr — ceppe) (8)

When the energy dissipation rate € and the kinetic energy k are combined, the turbulent viscosity
U may be determined. A near-wall function employs a realistic two-layer turbulence technique (k-€
model) to depict the velocity profile close to the wall. In this calculation, the time-step is determined
based on the ITTC guideline [24]. At the interface between the phases of water and air, the Volume
of Fluid (VOF) approach was used to simulate changes in the free surface. [25]. The time step (At)
used in the unsteady simulation should be small enough to complete the motion on a free surface.
The time step is the period interval for each iteration calculation. The time step used for this
simulation was a function of the ship’s speed (V) and waterline length (L) according to Eq. (9), as
recommended by the ITTC. Determining the time step in this research depended on the Courant-
Friedrichs-Lewy (CFL) number. The fluid particles' total number of points traveled throughout the
interval was denoted by the CFL number. The time step used is smaller for faster ships. This research
took the average time step value at 0.008, shown in Figure 5.

L
At ITTC = 0.005~0.01 — (9)
%4
Time Step
0.015 —— ——i , ,
ITTC-Time Upper Limit
PSS A s P s S S E A S Lua S e .
= Ps o @esruccnennane @ssraseaseinie P SR °
=
=
0.005f = == === === —mmm e mm -
ITTC-Time Lower Limit
1

0.000 : : :
0 0.5 1 1.5 2

Froude Number

Fig. 5. Time step illustration

Prism layers were made close to the hull to capture the boundary layer's flow accurately, and six
prism layers were employed in this research. Y+ is defined as the non-dimensional distance of the
first grid node from the wall surface, normalized by the local viscous length scale. ITTC recommends
that the Y+ value is 30 < Y+ < 100 [24]. It is calculated using Eq. (10). Figure 6 shows y+ values on
ships, where the average y+ values are 50-100 at Fr 1.45. At the interface between the phases of
water and air, the Volume of Fluid (VOF) approach was used to simulate changes in the free surface
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[25]. However, it should be noted that the Y+ value needs to be studied to capture the turbulence
phenomenon well.

_(.U.y) (10)

U
Where U the friction velocity at the wall is, y is the distance from the wall to the first grid node,

and u is the dynamic viscosity of the fluid.

Y+

m ' 1 N |
Fig. 6. Wall Y+ barehull for Fr 1.45

2.4 Meshing Strategy

Meshing in this research used the overset mesh method. The overset mesh is a technique that
involves the use of donor-acceptor cells. The study considered two geometries: the background
served as the donor, while the overset served as the donor recipient. Overset grid is more accurate
than other discrete methods such as morphing grid and moving grid. Research by De Luca et al., in
2016 compared the overset grid and moving grid methods. The result reported that the overset grid
indicated better results than the moving grid [26]. De Marco et al., compared the overset grid method
with the morphing grid. Both revealed good results, but the overset grid was slightly better in
predicting the accuracy of the results [27]. Nevertheless, the overset mesh took a long time because
the two geometries interacted. The domain size and boundary conditions refer to the ITTC
recommendation. The details of the domain size are shown in Table 3, while the boundary conditions
are shown in Table 4. Figure 7 illustrates the size of the computational domain and boundary
conditions. Based on the length between perpendiculars (L), the domain length was measured from
-2.5 Lto 1 L with the coordinates of the zero point at the stern and the vessel's draft. The width was
set to 1.5 L and the water depth was 2 L. The inflow, bottom, side, and top flow limits were described
with inlet velocity; the outlet limits were pressure outlets placed far enough away to ensure no flow
reflection occurred, and the fluid could fully expand. The body surface employed a no-slip limit
condition. The simulation was carried out on half the hull, it was modeled to save computational
time. Normal velocity and gradient variables were zero in the symmetry plane condition.

Table 3
Computational domain
Parameter Background Overset
Length 1L from FP 0.25 from FP
2.5L from AP 0.25 from AP
Height 1L from deck 0.75H from deck
2L from keel 0.75 from keel
Breadth 1.5L from symmetry 0.5B from symmetry
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Table 4

Boundary conditions
Surface Boundary conditions
Top Velocity inlet
Side Velocity inlet
Bottom Velocity inlet
Inlet Velocity inlet
Outlet Pressure outlet
Symmetry Symmetry plane
Body Wall (no slip)

Fig. 7. Computational domain and boundary condition

Mesh concentration was measured using isotropic or anisotropic methods based on x, y, and z
coordinates. The denser the mesh concentration would increase the computation time; hence, the
mesh density was only carried out in certain parts. Figure 8 demonstrates the concentration of the
mesh in specific parts, and the mesh density significantly affects the simulation results.
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Fig. 8. Mesh density

3. Result and Discussion
3.1 Verification of Experiments and CFD

In essence, a model is translated into computer code, enabling the execution of a CFD simulation
that generates data utilized in engineering analysis. The process of verification and validation involves
scrutinizing both the code and simulation results to identify any errors. Five mesh quantity grids
totalling 0.40; 0.69; 1.02; 1.55; and 2.01 in million cells with the Froude number 1.45 shown in Table
5. Resistance is indicated by the non-dimensional R/A, trim by degree, and heave by the non-
dimensional rise of CG/draft units. Ahmed et al., compare experimental and computational results,
the results show that the resistance values at various speeds for the fine mesh show a very good and
improved agreement with the experimental data, with an error of less than 6% [28]. This indicates
that CFD model is capable of simulating the steady flow around a ship hull with an acceptable
accuracy and thus can be used as a complementary tool to laboratory model tests for ship design and
ship hydrodynamic research [29]. Figure 9 demonstrates that the data obtained was increasingly
convergent as the number of meshes increased. The results from grids 4 and 5 indicated good value
stability. However, grid 5 required a longer computation time. Therefore, the simulation in this
research used grid 4 with a total mesh of 1.55M and a large percentage of error for resistances of
8.89%, 5.97% trim, and 12.97% heave, by still considering the shorter computational time with
convergent results.

Table 5
Total number of mesh
Gridno  Mesh quality Number of cells

1 Very coarse 404474
2 Coarse 696084
3 Medium 1016192
4 Fine 1550408
5 Very fine 2010230
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Fig. 9. Grid study of drag, trim, and heave

The convergence of model data for resistance, trim, and heave values was evaluated by time,
which showed that the data converged after 4 seconds. The convergence of data to time is illustrated

in Figure 10.
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Fig. 10. The convergence of hydrodynamics characteristic in time
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3.2 Validation Process

Figure 11 shows the resistance, trim, and heave results between the experiment and CFD. The
pattern's alignment suggested that the numerical simulation findings and the experiment were both
reliable. However, calculation gaps/errors were different from the experimental results due to the
limitations of numerical simulations in modeling according to actual conditions. Similar cases also
occurred in the research by Song et al., with an average error for resistance of 2.65% and trim and
sinkage of 9.45% and 7.96% [30]. In this research, there was an average error for resistance of 8.92%
and trim and heave, respectively, 3.80% and 12.3% for all speed variations.

025 77 T T 1 ] T 71—
0.2 6 .
0.15F >
<} 1 E4f .
> : ] &
0.1F &
‘ ] 4 e - Experiment Park etal, 2019 | |
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¢ —e— CFD
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Froude Number

Fig. 11. Validation diagram between CFD and experiment

3.3 Extended Stern Effect

A ship moving on the water will produce a phenomenon of water flow from the front to the stern.
The waves generated as a result of the flow of water hitting the ship’s front will pass through the
middle of the ship and then go to the ship’s rear, which creates a phenomenon of water flow at the
ship’s rear due to changes in the flow velocity generated from the ship’s front. Therefore, the stern
hull form's choice also significantly affects the water flow behind the ship. Besides, the determination
of the form of the stern hull will significantly affect the magnitude of the resistance value of the ship.
Figure 12 shows the reduced resistance, trim, and heave values with different extended stern forms
with angles of 10°, 20°, and 30°. The diagram illustrates that the greater the extended stern angle,
the greater the effect on the ship’s resistance, trim, and heave. The effective reduction occurred at
the extended stern angle of 30° Froude number 0.58 with a reduction percentage of 26% resistance,
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45% trim, and 20% heave. Extended stern with angles more than 30° is not recommended, as shown
on the graph will only add drag at high speeds.
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Fig. 12. Extended stern effect on drag, trim, and heave
3.4 Effect of Interceptor Altitude

The interceptor is a small vertical plate that is usually found close to the stern and runs
perpendicular to the hull. The working principle of the interceptor is shown in Figure 13. The main
role of the interceptor is to provide a balance between the moment caused by the interceptor and
the trim. The increased pressure distribution near the interceptor increased the coefficient of friction
and lift. The resulting lift force is greater than the frictional force produced by the interceptor if the
interceptor height is properly chosen. The optimal height of the interceptor will increase its efficiency
when properly selected [16]. The interceptor's efficiency would be weak, optimal, or equal if the
moment it produces is less than, greater than, or equal to the trim moment. The ship's trim will not
be properly controlled in a weak interceptor while unfit. The ship's resistance will then increase,
causing a negative trim and a safety issue [31]. Therefore, determining the thickness of the ship's
transom's boundary layer was the initial stage of designing the interceptor. Figure 14 shows the value
of the ship’s boundary layer at each speed variation. The boundary layer thickness at transom
estimation is based on the water length and speed. An option is CFD, as done in the previous part.
However, using CFD to estimate the boundary layer thickness for boats is difficult and time-
consuming. Another option is to use an analytical solution as suggested in Ref. [32]. The bottom of
the planing boats is almost flat. Thus, as an initial approximation, the boundary layer near the
transom (for aft interceptor location) can be considered in the same way as the one over the flat
plate having the same length as the hull. The thickness of the boundary layer in turbulent flow can
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be calculated [32] via Eq. (11). Where, LWL is the water line length and Reyy, is the corresponding

Reynolds number.

h = 0.382 x LWL/(Reyy)%?

Interceptor Moment (Mi)

Trim Moment (Mt)

Di

(11)

0.028 -

0.026

h(m)

0.024 -

0.022 -

0.02

0.25

0.5

0.75

1

1
1.25

1.5

Froude Number

Fig. 13. Interceptor working principle Fig. 14. Boundary layer thickness

The interceptor caused considerable changes in pressure around the bottom of the ship, especially
on the transoms. Pressure variations affected resistance, draft height, and lift force. Based on recent
research, the height of the interceptor should not be higher than 60% (d/h < 0.6) of the transom
boundary layer. For optimal efficiency, when the height of the interceptor is 60% of the boundary
layer, the span length of the interceptor must be seven times the height of the interceptor [31].
Considering the variation angles of the interceptor installations, as illustrated in Figure 15, the height
of the interceptor (d) could be calculated using Eq. (12).

d =dicos@ (12)

Where (di) was the interceptor’s stroke height, and (6) was the interceptor’s inclination angle.
The height comparison of the interceptor and boundary layer (d/h) was presented in Figure 16 for
each speed variation on resistance and trim. As previously mentioned, when the d/h ratio was much
smaller than 0.6, the efficiency of the interceptor became weak to control trim and reduce resistance.
The interceptor would lose effectiveness when d/h was more significant than 0.6. The interceptor
would generate a powerful moment which could create a negative trim. Even worse, it could capsize
the ship. To overcome this problem, the height of the interceptor must be reduced. The height of the
drop would reduce the lift force and combine the interceptor with a trim tab [33].

In this research, the d/h value in the range of 0.31 - 0.43 was still satisfactory concerning previous
research, which was not more than 0.6. The ratio of the height of the interceptor to the boundary
layer (d/h) suggested for ships with extended stern 10° was 0.38, while ships with extended stern 20°
and 30° were 0.37 and 0.34 respectively, referring to the improvement in the best performance value
of the ship on Froude number 0.87. If the d/h value were too large or exceeded 0.6, it would result
in excessive trim and increased resistance, which could cause safety problems.

The effectiveness of the interceptor could be increased by paying attention to the height of the
interceptor at each speed. The interceptor, which could be controlled in height when the ship was
operating, could increase effectiveness when adjusting to the ship's speed.
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Fig. 16. Boundary layer and interceptor height ratio (d/h)

The research results are shown in Figure 17 with variations in the extended stern angles of 10°,
20°, and 30° at interceptor height conditions of 100%, 60%, and 20%. Generally, high-speed planing
vessels are divided into three phases: the displacement phase, the semi-displacement/ semi-planing
phase, and the planing phase. Figure 17 (a) demonstrates the improvement in resistance values in
the displacement, semi-displacement, and planing phases, namely at the Froude number 0.29 to
1.45. However, the best resistance improvement occurred in the semi-displacement phase at Froude
number 0.87, with a reduction percentage of 24% extended at 10°, 29% extended at 20°, and 33%
extended at 30° with 100% interceptor. Likewise, with the conditions of 60% and 20% interceptor, it
had the same pattern as the 100% interceptor; i.e., there was an improvement in the resistance value
in the semi-displacement phase. The best resistance value improvement occurred at the Froude
number 0.87, with a percentage reduction in resistance values in the 13% to 29% range. However, at
Froude number > 1.45, the interceptor was not needed because it would only increase the ship’s
resistance.

The trim analysis results can be seen in Figure 17 (b). The trim decrease had the same pattern in
each variation. The trim value was improved on the Froude number 0.87 with a reduction percentage
of 54% extended 10°, 60% extended 20°, and 66% extended 30° at the height of 100% interceptor.
As for the height of 60% and 20% improvement, the best trim value was the Froude number 0.87,
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with a reduction percentage of 24% to 49%. Trim visualization can be seen in Figure 18 with a
significant reduction in trim angle from the bare hull and extended stern variations and the addition
of an interceptor at Froude number 0.87. The interceptor was not recommended at high speeds
because it would cause excessive trim.

Figure 17 (c) illustrates the heave graph; there were improvements in the heave value with a
consistent pattern for each variation and the heave value with a range of 27% to 47%. The best
reduction in heave value was 47% at the Froude number 0.87 extended 30° with a height of 100%
interceptor. It is similar to the interceptor height of 20% and 60%, with a reduction in the heave value
of 38% and 45% at the Froude number 0.87.

The speed and height of the interceptor were essential factors in the effectiveness of the
interceptor. Figure 17 (d) shows the lift force at the extended stern angle and interceptor height
variation. This research discovered that the lift force due to the interceptor got more significant as
the ship's speed increased, but the change was not too significant. The highest increase occurred at
the Froude number 1.45 with a percentage of 2.73% at the extended stern 30°, and the interceptor
height was 100% with an average lift force of 1.72% at each speed variation.
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7.48° Bare Hull
4.53° Extended Stern

I‘—_

2 570 Extended Stern+Interceptor

Fig. 18. Reduced trim due to interceptor on Fr 0.87

The pressure distribution at the bottom of the ship in the bare hull and extended stern conditions
using the interceptor is illustrated in Figure 19. The pressure in the transom for the hull without the
interceptor was observed to be less than employing the interceptor. The pressure distribution
decreased from the high-pressure area in the bow to the stern where the interceptor had been
installed. It created an interceptor moment, which would affect trim. The moment triggered was due
to the presence of a flowing fluid that was restrained by the interceptor and caused pressure. This
pressure creates an upward lift and reduces trim. The optimal interceptor was obtained when the
interceptor moment was equal to the trim moment.

Pressure (Pa) ~ | Pressure Pa)

Fig. 19. Pressure distribution of the bare hull and the interceptor at the bottom

Figure 20 shows the wave pattern on the free surface behind the ship's stern at Froude number
0.87. It revealed that the pressure value near the ship’s stern increased with the presence of an
interceptor, which caused the wave pool formed behind the ship’s stern to divide into two. It caused
a reduction in the ship's resistance value and trim value. A similar case was observed for other fraud
numbers where an interceptor was useful.
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EXD 10° INTERCEPTOR 100%
TRIM 3.47°

Fig. 20. Wave pattern at the stern

4. Conclusions

In this research, the effect of the extended stern form with different angles and the variation of
the height of the interceptor at various speeds was investigated. The conclusions obtained are as

follows:
i

The extended stern form without an interceptor could affect the ship's resistance, trim, and
heave values. This research revealed that the more significant the stern extend angle, the
greater the reduction in resistance in the semi-displacement phase. The effective reduction
occurred at the Froude number 0.58 to 0.87 with a percentage reduction in the resistance
value of 26% extended stern 30°. However, the resistance increased at high speeds as the
extended stern angle increased.

Adding an interceptor on the extended stern significantly reduced resistance, trim, and
heave values. The effective reduction occurred in the semi-displacement phase, namely at
the Froude number 0.58 to 0.87, with a percentage reduction in the resistance value of 33%,
and trim and heave were 66% and 47% for the extended stern 30° with an interceptor height
of 100%.

Using an interceptor at high speed was not recommended, or the Froude number was more
than 1.45 because it would increase the ship’s resistance and cause excessive trim that could
endanger safety.

The recommended ratio of boundary layer and interceptor height (d/h) on ships with
extended stern 10°, 20°, and 30° were 0.38, 0.37, and 0.34 at Froude number 0.87.
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