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1. Introduction

The fisheries sector is one of the potential sectors that contribute to Indonesia's state income,
but it has often been neglected due to development of all state activities focusing on the land sector
[1]. This is also marked by the number of fishing boats in Indonesia in 2019 showing the use of fishing
boats without motors are only about 192,653 units, outboard motors about 427,309 units, motor
boats about 316,287 units [2] when compared to other fish-producing countries such as China that
has reached more than 1 million units of fishing vessels with catches reaching 61.7 million tons in
2013 [3].

Nevertheless, the fisheries sector remains as one of the largest sources of state revenue with a
total production of 7.1 million tons with a production value of 170 trillion in 2020 [4]. In addition to
the number of fishing boats in Indonesia which is still lacking, the use of adequate technology on
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fishing boats in Indonesia is also far from sophisticated and environmentally friendly. Almost all
fishing boats still use diesel engines as the main power source to propel the ship. These fishing
activities have an impact on increasing levels of air pollution such as Carbon dioxide (CO2), Sulfur
dioxide (SO2), and nitrogen oxides (NOx) in the atmosphere, especially on fishing vessels that use
fossil-fuel diesel engines [5].

Numerical simulation research on ships and propulsion systems using Computational Fluids
Dynamics (CFD) is often used for this. Permadi et al., [6] conducted research on CFD simulation model
for optimum design of B-Series propeller using multiple reference frame (MRF). Dani et al., [7]
researched about flow separation evaluation on tubercle ship propeller. Fitriadhy et al., [8] have also
conducted research on CFD prediction of b-series propeller performance in open water.
Akkarachaiphant et al., [9] have researched CFD Simulations operated by two stack vertical-axial wind
turbines for high performance. Nabawi et al, [10] have researched about study reduction of
resistance on the flat hull ship of the semi-trimaran model: hull vane vs stern foil. Trimulyono et al.,
[11] have researched about numerical simulation low filling ratio of sway sloshing in the prismatic
tank using smoothed particle hydrodynamics. Daruis et al., [12] researched CFD analysis of the heave
and pitch motion of hull model. In addition, there are several other studies using CFD for ship objects
[13-15].

Several previous studies regarding technical and economic analysis of the use of sails on fishing
vessels to reduce emissions and save on fuel use have been discussed [16], and the results are that
the calculation for operational costs has decreased by IDR 400,000 to IDR 900,000 per day.
Furthermore, research on the study of the design of a sailing catamaran to obtain the optimum
amount of resistance, stability, ship motion, and hydrostatic characteristics of the ship on the
influence of the use of sails have been discussed [17], and the result is that the use of a triangular sail
shape produces a maximum speed of up to 11. 51 knots at 1002 wind direction from the bow of the
ship. The use of sails can reduce the operating power of the ship's engine by 69% [18]. Moreover, the
additional force of wind power captured by the ship's sails can increase the speed of the ship by up
to 0.5 knots [19]. The impact of these activities is one of the problems in Indonesia that is very
important to find the solution so that fishing vessels operating in the Java Sea become fishing vessels
that are environmentally friendly or low in emissions.

However, there has been no research on the combination of propulsion system for fishing boats
using engines and sails, especially research on the effect of placing sails on the hydrodynamic
characteristics of the ship. This study has three main objectives, namely first, to determine the effect
of laying sails on a fishing boat model on the pattern of fluid flow on a fishing boat. Second, to
determine the effect of laying the sails of a fishing boat model on the fluid velocity contour. Third, to
know the smallest resistance force of the three variations. So that the lowest ship emission
production is obtained. In addition, in this study a sail study was also carried out because the
potential for wind around the Java Sea is very abundant due to the availability of energy with great
intensity, such as wind speeds reaching 3.6 m/s.

2. Methodology
2.1 Ship Main Data

In this study, the laying of ship sails on fishing boats on the north coast of Java is based on total
resistance, velocity contours, and flow distribution. For data collection, through previous research,
this study is using the regression method in finding the main ship data [20]. After all the data were
collected then a model can be done using Rhinoceros software and a simulation using ANSYS Fluent
software. The simulation results from CFD are total vessel resistance, fluid flow velocity contours,
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and fluid flow patterns. The fishing boat data used is the data obtained from past research [21],
where the fishing boat operates in the North Coast area of Lamongan, East Java. The ship
specifications are in more detail as shown in Table 1.

Table 1

Main data dimension

Principal dimension Value
Length of the water line (LWL) 13.4m
Height (D) 2.2m
Breadth (B) 3m

Draft (T) 1,27 m
Displacement 24,87 Ton
Block coefficient 0,508
Velocity speed 12 knots

The secondary sail data used is a triangular shaped sailing ship from the archipelago that operates
in the Cirebon Sea [22] as shown in Figure 1. The selection of the type of sail shape is because
according to Anwar et al., [17] the contribution of the additional speed from the triangular sail is 4.4
knots or equal to 44%.

Fig. 1. Jenggolan Sail

2.2 Modeling

In this research, three different ship sail models were utilized, which are illustrated in Figure 2.
The models are differentiated by the position of the sail on the ship, namely bow, midship, and stern.
The Rhinoceros software was employed to create these models. The specifics of each model variation
were carefully planned and executed.
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Fig. 2. Variation of the sails layout models: (a) Sail on the bow, (b)
Sail on the midship, and (c) Sail on the stern

2.3 Computational Domain

The sailing ship model was represented as a fluid domain in the computational context, according
to a previous study [23]. Figure 3 displays the boundaries of the computational grid, where the inlet-
to-model distance is 3L, the model-to-outlet distance is 4L, the model-to-sidewall distance is 2.5L,
and the model-to-top-wall distance is 1L. To be more specific, the length of the inlet-to-model
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distance is 40.35 m, the model-to-outlet distance is 53.8 m, the model-to-sidewall distance is 33,625
m, the model-to-upstream distance is 13.45 m, and the model-to-downstream distance is 26.9 m.

Fig. 3. Geometry
2.4 Meshing

The meshing process in CFD is an arrangement of components into small elements to determine
the character of a ship shape to be analyzed. This involves discretizing a continuous fluid domain into
a computational grid, enabling the solution of fluid equations through numerical methods [24]. Figure
4 illustrates the grid meshing process for ships and sails. An assembly mesh cut cell type was utilized,
with a maximum inflation mesh of 10 layers to enhance the detail of the computational process.

Fig. 4. Meshing

2.5 Computational Setup

Once the meshing process is finished, additional settings must be established in the setup stage
to define boundary conditions for the CFD simulation. These parameters include fluid type, multiple
types, cell zone condition, mesh interface, material, boundary condition, dynamic mesh, solution
control, reference value, calculation activity, solution method, solution initialization, result settings,
and last running calculation [25].

The models were tested at speeds ranging from 7 knots to 12 knots. In the initial setup, double-
precision was used, along with two parallel processors and 2 Graphics Processing Units, with a stable
type. The gravity acceleration on the z-axis was set to 9.81, and the standard k-epsilon turbulent
model with two equations was employed. The multiphase standard used was an open channel flow
and fluid volume was used for this study. The first phase was liquid air, while the second phase
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consisted of liquid water. In terms of boundary conditions, the inlet pressure used a bottom level of
-26.9 m, with speed variating accordingly. The pressure inlet type was multiphase. Simulation
monitoring was conducted using plots, and the flat channel was employed for open channel usage.
The run calculation employed a time scale factor of 0.5 and 1000 iterations. Figure 5 shows the
simulation process monitoring.

Dr(arg 100000.0000 R

00000 -,

-100000.0000

[} 100 200 300 400 500 600 70O 800 900 1000 0 100 200 300 400 500 600 700 8OO SO0 1000
Iterations iteration

(a) (b)
Fig. 5. Setup (a) iterations model (b) resistance model

Table 2 is a grid independence analysis. This is done to verify that the mesh size and type match
this model and simulation. At the same speed and model, the simulation of four variations of mesh
size were carried out. The first and second machine sizes produce a difference of around 8.09%. The
first mesh has 1,846,943 cells and the second mesh has 982,375 cells.

Table 2

Grid independent
Velocity Body sizing Face sizing Number of element Drag (KN)
0.2572 m/s 40 20 1.846.943 0.2469
0.2572 m/s 50 25 982.375 0.2471
0.2572 m/s 60 30 604.470 0.1809
0.2572 m/s 65 32.5 744.824 0.1275

Validation of the accuracy of the results was carried out by comparing the results of the CFD and the
results of running using the Maxsurf software. From table 3 it is known that the obstacles obtained from CFD
are lower than the obstacles in the results of the Maxsurf obstacles with an average difference of 5% for each
model variation. However, the difference is relatively small because it is under 6%.

Table 3

Resistance force comparison between CFD and Maxsurf

Model Vs(m/s) S(m?) p(kg/m?3) Rt CFD(kN) Rt Maxsurf (kN)  Selisih

Model 1 4,63 44,695 1,025 6,2483 6,4161 2.6%
6,1733 44,695 1,025 20,5995 21,432 4%

Model 2 4,63 44,695 1,025 6,0442 6,1971 25%
6,1733 44,695 1,025 21,0982 22,2661 55%

Model 3 4,63 44,695 1,025 6,3472 6,6518 4.7 %
6,1733 44,695 1,025 21,7515 22,952 55%
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3. Result
3.1 Fluid Flow Velocity Contour

Figure 6 depicts the movement of fluid around the stern, hull, and bow of a model ship and sail
traveling at a speed of 7 knots. The contours and colors in the figure represent the fluid flow's velocity
and movement, with blue indicating low speed, green indicating medium speed, yellow indicating
high speed, and red indicating very high speed.

The sail on the bow model has a green contour around the hull, with a fluid flow velocity of 3,247
m/s. At the bow, the flow velocity is 2,657 m/s, which increases to 2,952 m/s around the hull's sides
before decreasing at the stern of the ship (Figure 6a). The midship sail type has a yellowish-green
contour and a fluid flow velocity of 3,341 m/s. At the bow, the flow velocity is 3,063 m/s, which
increases to 3,620 m/s around the hull's sides (Figure 6b). Finally, the sail type on the stern has a
yellowish-green contour, with a fluid flow velocity of 3.035 m/s. At the bow, the flow velocity is 2.428
m/s, which increases to 2.731 m/s around the hull's sides (Figure 6c).

Velocity
Contour 1

|

Fig. 6. Fluid flow velocity contour in 7 knots. (a) sail on the bow (b) sail on the midship (c) sail on the stern

Further after this is the contour of the fluid flow velocity in 8 knots speed for the ship models.
The sail on bow type has a yellowish-green contour and the velocity of 3,638 m/s. The ship-bow flow
velocity is 2,977 m/s, and the flow velocity at the hull side of the model is 3,308 m/s. Sail on the
midship type has a yellowish-green contour and the velocity of the fluid flow on the sail area is 3,658
m/s. The ship-bow flow velocity is 3,353 m/s, and the flow velocity at the hull side of the model is
4,268 m/s. The sail on the stern type has a yellowish-green contour and the velocity of the fluid flow
on the sail area is 3,711 m/s. The ship-bow flow velocity is 3,401 m/s, and the flow velocity at the
model hull side is 3,062 m/s.
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More after this is the contour of fluid flow velocity in 9 knots speed for the ship models. The sails
on the bow type have a yellowish-green contour and the velocity around the sail of 0.1669 m/s. The
ship-bow flow velocity is 0.667 m/s, and the flow velocity at the model hull side is 1.168 m/s. The
midship-type sail also has a yellowish-green contour, and the velocity of the fluid flow on the sail area
is 0.3302 m/s. The bow flow velocity of the ship is 0.825 m/s, and the flow velocity at the model hull
side is 1.321 m/s. Finally, the stern-type sail also has a yellowish-green contour, and the velocity of
the fluid flow on the sail area is 0.3489 m/s. The bow flow velocity of the ship is 0.8722 m/s, and the
flow velocity at the model hull side is 1.570 m/s.

Furthermore, after this is the contour of fluid flow velocity at 10 knots speed for the ship models.
The sails on the bow type are characterized by a yellowish-green contour around the hull, with a fluid
flow velocity of 4,317 m/s. At the bow, the flow velocity is 3,238 m/s, which increases on the sides of
the hull to 4,677 m/s and then decreases at the stern of the ship. The sail on the midship type has a
yellowish-green contour. This model has a fluid flow velocity of 4,140 m/s. Hence, the bow flow
velocity is 4,491 m/s and increases on the hull surface area by 4,837 m/s. The color contour of the
sail type on the stern is yellowish green. This model has a fluid flow velocity of 4,541 m/s. The bow
flow velocity was 4,192 m/s, then increased on the side of the hull to 5,240 m/s.

After this is the contour of the fluid flow in 11 knots speed on the ship models. The sails on this
bow have a reddish-yellow contour around the hull which indicates that the velocity is 5,016 m/s.
However, the bow flow velocity is 4,229 m/s, then increases on the sides of the hull to 5,374 m/s and
descends at the stern of the ship. The sail on the midship type has a yellowish-green contour. This
model has a fluid flow velocity of 4,655 m/s. Hence, the bow fluid flow velocity is 5,043 m/s and
descends around the hull to 4,655 m/s. The color contour of the sail type on the stern is yellowish
green. This model has a fluid flow velocity of 4,245 m/s. The bow fluid flow velocity was 3,859 m/s,
then increased around the side of the hull to 4,631 m/s.

Finally, after this is the contour of fluid flow contours in 12 knots speed for the models as in
depicted in Figure 7. The sails on this bow have a reddish-orange contour which has a fluid flow
velocity of 4,919 m/s. However, the bow fluid flow velocity is 5,329 m/s, then increases on the sides
of the hull to 6,149 m/s and descends at the stern of the ship (Figure 7a). The sail on the midship type
has a reddish-orange contour. This model has a fluid flow velocity of 5,364 m/s. Hence, the bow fluid
flow velocity is 5,776 m/s and increases on the hull surface area by 6,189 m/s (Figure 7b). The color
contour of the sail type on the stern is reddish orange. This model has a fluid flow velocity of 6.142
m/s. The bow fluid flow velocity was 5,323 m/s, then increased on the side of the hull to 5,732 m/s
(Figure 7c).
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(c)
Fig. 7. Fluid flow velocity contour in 12 knots (a) sail on the bow (b) sail on midship (c) sail on the stern

All models show almost the same speed pattern. The results of the velocity contour analysis show
that the influence of the placement of the sail on each variation of the model results in a difference
in the velocity contour. The midship to the stern has the highest speed compared to other parts of
the ship. As an example, at a speed of 12 knots, each model gets an additional speed where the sail
on the bow gets an additional speed of 6.2%, the sail on the midship gets an additional speed of 6.9%,
and the sail on the stern gets an additional speed of 6.3%. There is an additional speed of each
variation of the model getting an additional speed of up to 6.9%.

3.2 Fluid Flow Pattern
This study also observed the fluid flow pattern around ship models and found that it consists of
vectors and flow lines. The flow lines represent the path of the fluid on the model water's surface,

while the vectors indicate the direction of the fluid flow. The fluid flow patterns for three ship models
(sail on the bow, sail on midship, and sail on the stern) at 7 knots are presented in Figure 8.
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(c)
Fig. 8. Fluid flow pattern in 7 knots (a) sail on the bow (b) sail on the midship (c) sail on the stern

Figure 8 depicts the fluid flow patterns of three different ship models in 7 knots. The bow sail
displays a straight and turbulent flow, narrowing behind the stern of the vessel due to changes in the
flow direction. The midship sail also narrows behind the stern but straightens after that point. The
stern sails exhibit a straight and wavy flow from bow to stern. Notably, all three models display a
turbulent flow pattern behind the ship, consistent with their respective Reynolds numbers.

As for the fluid flow patterns of the ship models at 8 knots and 9 knots, the sail on the bow of the
ship shows a straight flow pattern that narrows towards the stern for both speeds. The midship sail
exhibits a straight and irregular flow pattern from the bow to the stern for both speeds as well. On
the other hand, the sail at the stern has a straight flow pattern towards the midship that becomes
wavy towards the rear for 8 knots and narrows to the rear for 9 knots. All models demonstrate a
turbulent flow pattern behind the ship that corresponds to the Reynolds number for each model.

The fluid flow pattern for the ship model at 10 knots illustrates that the sail on the bow has a
straight and narrow flow direction towards the rear of the ship, and it becomes wavy at the rear of
the vessel. Meanwhile, the sail in the midship has a straight flow direction and widens on the hull. It
becomes wavy from the bow to the rear of the ship. Finally, the sails at the stern have a flow pattern
that is straight to the rear of the ship and wavy to the rear of the ship

The pattern of the fluid flow in 11 knots for the model ship is shown next. The sails on this bow
have straight and wavy flow directions behind the ship. The sail in the midship has a straight and wide
current direction on the hull and is wavy at the rear of the ship. The sails at the stern have a stream
that is straight and wide to the side of the hull and wavy to the rear of the ship.
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Figure 9 illustrates the fluid flow pattern in 12 knots for the model ship. The bow sail exhibits a
straight and irregularly wavy flow pattern from the bow to the rear of the ship (Figure 9a). The
midship sail shows a straight current pattern with irregular waves on the hull (Figure 9b). The stern
sails exhibit a straight and wide stream that narrows towards the rear of the ship (Figure 9c).

All models show almost the same flow pattern. The analysis of the fluid flow patterns
demonstrates that the placement of the sail on each model variation alters the steady flow at the
bow, resulting in changes in the flow pattern towards the stern. The Reynolds number calculation
indicates that all three models experience turbulence at the stern.

Fig. 9. Fluid flow pattern in 12 knots (a) sail on the bow (b) sail on the midship (c) sail on the stern

3.3 Resistance Force

The tables showing the resistance force on the sails for each model are presented in Tables 4, 5,
and 6 for the bow, midship, and stern respectively. The speed variations tested were 7 knots, 8 knots,
9 knots, 10 knots, 11 knots, and 12 knots, and a body sizing of 0.6 m and a face sizing of 0.1 m were
used for the calculations. The mesh sizing used was faced sizing for the ship and sail models, and
body sizing for other domains.
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Table 4
Sail on bow resistance
Speed (Knot) Face sizing (m) Body sizing (m)  Element Inflation Resistance (N)
7 01 06 354790 10 1433.289
8 01 06 354790 10 2158.143
9 01 06 354790 10 4548.334
10 01 06 354790 10 6985.691
11 01 06 354790 10 14463.455
12 01 06 354790 10 20599.574
Table 5
Sail on midship resistance
Speed (Knot) Face sizing (m) Body sizing (m) Element Inflation Resistance (N)
7 01 06 394054 10 1647.329
8 01 06 394054 10 2402.785
9 01 06 394054 10 5161.334
10 01 06 394054 10 7198.771
11 01 06 394054 10 17997.521
12 01 06 394054 10 21098.252
Table 6
Sail on stern resistance
Speed (Knot) Face sizing (m) Body sizing (m)  Element Inflation Resistance (N)
7 01 06 330656 10 1797.619
8 01 06 330656 10 2591.421
9 01 06 330656 10 5441.798
10 01 06 330656 10 7312.661
11 01 06 330656 10 18146.359
12 01 06 330656 10 21751.556

The numerical calculations indicate that the position of the sails has a considerable impact on the
resistance of the ship. By comparing the three tables, it is apparent that the resistance increases
following an increase in the model's speed. The resistance force is observed to be lowest for the sail
at the bow, followed by the sail in the midship, and the sail at the stern, in order of increasing
magnitude.

4. Conclusions

In this study, Information about the effect of sail layout on the hydrodynamics of fishing vessels
is found to be still rarely studied. The selection of the location of the sail that is suitable for the needs
of the hybrid propulsion system greatly affects the magnitude of the resistance. The variation of
speed on each model is 7 knots, 8 knots, 9 knots, 10 knots, 11 knots, and 12 knots. The results show
the three model’s comparison gets an additional speed of up to 6.2% and the most effective laying
of the sail is on the bow of the ship. Then, thr resistance force is observed to be lowest for the sail at
the bow, followed by the sail in the midship, and the sail at the stern. Further research can be carried
out by conducting experimental research to validate this research, besides that research on different
screen shapes can also be carried out to perfect this research. Furthermore, the next research can
also includes wind and current factors in the research object.
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