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ABSTRACT

In this paper an attempt has been made to assess how effective waste-collecting use catamaran ship with
conveyor in the front. Numerical investigation based on Reynolds Averaged Navier Stokes (RANS) for predicting
the flow pattern characteristics, velocity contour, and ship resistance. The focus of the present study is the impact
of catamaran ship hull front shape on waste collection in calm water through the numerical methods. The three
variations of the front of the hull used are symmetrical hull type, inner flat, and outer flat. It is done using speed
variations of 1 to 4 knots. The results show inner flat hull catamaran has the smallest total resistance value than
others. In addition, analysis of the flow pattern in front of catamaran shows that outer flat hull catamaran is the
easiest to make waste closer to conveyor. From analysis of velocity contours shows that outer flat hull catamaran
also has fastest to make the waste close to conveyor.
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Introduction

Waste in the sea especially plastic and solid waste are
becoming global worries. Plastic is sea waste majority in
the Western North Pacific (33%), Indian Ocean (31%)
and Eastern North Pacific (25%) [1]. Floating objects like
plastic can be easily transported by wind, waves and
surface currents and become spread quickly in the sea
[2]. Marine wastes have in all sizes from debris
micrometres until millimetres, middle-sized wastes less
than one meter long like plastic bags and soda bottles
and in tens meters in length such as pieces of wrecked
vessels and lost cargo containers [3]. There were an
approximate 32 million tonnes of unmanaged plastic
waste in coastal zones worldwide in 2010, producing in
between 4.8 and 12.7 million tonnes of plastic waste
flow from land into oceans that year. Forecasting from
this condition, the total mass of plastic in 2025 will add
between 100 and 250 million tonnes with same
business assumption [4]. China and Indonesia made the
largest contributor to plastic waste in the sea in the
world, first and second in the sequence [5]. Various
studies have allowed ships to play a role in the
collection and processing of marine debris [6]. The
initial design of the monohull vessel for collecting
marine debris on the island area was also proposed [7].
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Including studies on the use of digital technology to
involve communities around the sea to reduce
marine debris [8].

Research on the conveyor wing shape type effect on
ocean waste collection behavior was investigated by
Sugianto al [9], the result showed that the circle wing
holes are faster in collecting garbage. Research on
effect of portable conveyor placement in ship on
ocean waste collection behavior was done by
Sugianto el al [10], the results show that the
conveyor on the bow model is the easiest to get the
ocean waste closer to the conveyor. This model also
produces the smallest ship resistance compared to
other models. Then experimental research regarding
the shape of the wing conveyor shows that the circle
hollow wing model 18.75 cm 60 degree has a higher
marine debris collecting ratio than other models
[11]. Also, it is suggested to operate the device at a
low speed because the collected AMD ratio is high
and the lost AMD ratio is small [12].

Research on catamarans generally does not use a
conveyor such as analysis of the smallest ship
resistance due to differences in the shape of the
catamaran hull [13]. Research on resistance and flow
distribution in catamarans due to differences in ship
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shape. Research on the distance of the catamaran hull
to the effect of ship resistance [14]. Research on the
effect of the number of hulls on marine debris collection
has been investigated [15-16]. The results show that the
catamaran is the best in collecting marine debris.

However, no one has researched the type of catamaran
that is most suitable for waste collection. Besides that,
tools or systems for collecting marine debris using
catamarans are beginning to be discovered [17], but
research on conveyor-mounted catamarans is rare,
especially related to hydrodynamic analysis in
resistance force and flow distribution and ocean waste
collection behavior.

In this paper, an attempt made to assess how effective
waste-collecting use catamaran ship with conveyor in
the front. Numerical investigation based on Reynolds
Averaged Navier Stokes (RANS) for predicting the flow
pattern characteristics that are used to analyze how
easy it is for waste to approach the conveyor, velocity
contour which is used to analyze how fast the garbage
is approaching the conveyor, and ship resistance which
will affect the power ships and fuel consumption. The
focus of the present study is the impact of catamaran
ship hull front shape on waste collection in calm water
through the application of numerical methods. The
three variations of the front of the hull used are
symmetrical hull type, inner flat, and outer flat.

Methodology

The ship data used for this research are catamaran ship
data and conveyor data as shown in Table 1.

Table 1. Ship main dimension [7] [18]

Type Ship dimension
Length overall, Loa 16.223 m
Length of water line, Lwl 15.431 m
Maximum breadth, B 4.8 m

Height, H 2.38m

Draft, T 1.2m
Conveyor length 6.5m
Conveyor angle 20°

Conveyor wide 24 m

Speed variations 1, 2, 3, 4 knots
Crew 4 persons

A variation on this model is the shape of the catamaran
hull. There are three models of catamarans, namely
symmetrical hull type, inner flat, and outer flat. The
governing equation of the flow around the ship is
expressed using the incompressible Reynolds Average
Navier Stokes (RANS) equations:
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The catamaran has a conveyor mounted at the front
of the hull. Then, the view catamaran model used in
this research is as shown in Figure 1. It shows the
front and 3D of the catamaran models. The main
dimensions of catamaran of all three models are the
same, but the difference is in the curvature of the
hull. This variation was carried out to determine the
effect of catamaran type on the behavior of
collecting marine debris and the resistance force.
Information on the ship and conveyor used in this
model is presented in Table 1. This data was taken
from previous research on ocean waste collection
ships for Surabaya Sea [7]. The conveyor data was
taken from product catalogs of Dorner conveyor
industry project guide with the Aquapruf 7400 series
[18].

JV
’
e

Figure 1. Catamaran type. (a) Symmetric hull, (b)
Outer flat hull, (c) Inner flat hull

The dimensions of the fluid domain are based on the
recommendations of Versteeg and Malalasekera
[19] as shown in Figure 2. The distance from the
front domain boundary to the bow is L, the distance
from the stern to the rear side is 4L, the distance
from the side of the model to the sidewall is 0.4 L,
the distance from the keel of the model to the
underside is L, and the distance from the top of the
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model to the sides above is 0.2 L. Boundary conditions
at the model are determined as non-slip conditions.
Inletis a section that located in the fluid domain section
in front of bow ship. This is used as an initial location of
flow entry to tunnel. Outlet is a back area of model. This
area is the location where the fluid gets out of tunnel.
Hull is a model object that is subjected to the fluid and
is located within the tunnel, while the symmetry is the
area that signifies half of tunnel modeled in this
simulation.

Setting process is process of entering the parameter of
tank and fluid in numerical simulation. The process
includes models, materials, cell zone conditions,
boundary conditions, mesh interfaces, dynamic mesh,
reference values, solution methods, solution controls,
solution initialization, calculation activities, and the last
is run calculation.
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Figure 2. Fluid domain: (a) Side view, (b) Top view
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Figure 3. Mesh generate in computational domain

Domain computation and mono hull ship model using
structured hexahedral as shown in Figure 3. Then,
tested of numerical results that have been obtained.
Test conduct by using a different number of elements.
The difference of elements number is approximately 1.5
until 2 times from the previous calculation [20]. Grid
independence test is carried out to get optimal between
cells number and solver running time. It due to
limitations of computer processor used in the solver
calculation. Then, the error tolerance or difference
between one result and the next is below 5%.

The root-mean-square (RMS) criteria used to check the
convergence with a residual target value (variable
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value) reaching 10-5. These residual monitors
demonstrate monotonic convergence, indicating a
well-posed problem and a tightly converged solution
[21].

Result and Discussion

The results obtained are velocity contours, flow
patterns, and resistance on each catamaran type
waste collection ship model with conveyors.

Figure 4 shows the velocity contours obtained. From
the figure, what can be seen is the fluid velocity
around the conveyor, so it can be estimated which
type of catamaran that makes the ocean waste
closing faster to the conveyor. Next, flow patterns
result is as shown in Figure 5, from this picture it can
be seen which type of catamaran that makes ocean
waste be easier in approaching the conveyor.
Furthermore, it can also be known how the
resistance performance is on each catamaran type
waste collection ship model using conveyors in front
side, and lastly the variations in ship speed are 1,2,3,
and 4 knot.

From the comparison of speed contours of three
models of catamaran at 1 until 4 knots speed in
Figure 4, it is known that water area in front of the
catamaran inner flat hull has a dark blue color with a
square pattern between the demihull, with the
average velocity contour of water in front of the
conveyor being 0.1 m/s, 0.15 m/s, 0.296 m/s, and
0.369 m/s, respectively.

The water area in front location of the catamaran
outer flat hull has blue color with a W pattern and
has an average velocity contour color of 0.17 m/s,
0.3 m/s, 0.427 m/s, and 0.543 m/s, respectively.

While water area in front of the catamaran
symmetry hull has a dark blue color with a W
pattern. It has a velocity contour with an average of
0.15 m/s, 0.2779 m/s, 0.3772 m/s, and 0.521 m/s,
respectively. From results above, it can be seen that
the catamaran outer flat hull is the fastest in
collecting waste, while the catamaran inner flat hull
is the slowest in collecting waste.

From the comparison of speed contours of three
models of catamaran at 1 until 4 knots speed in
Figure 4, it is known that water area in front of the
catamaran inner flat hull has a dark blue color with a
square pattern between the demihull,
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Figure 4. Velocity contour in 2 knot speed: (a) inner flat hull, (b) outer flat hull, and (c) symmetry hull

with the average velocity contour of water in front of W pattern. It has a velocity contour with an average
the conveyor being 0.1 m/s, 0.15 m/s, 0.296 m/s, and of 0.15m/s, 0.2779 m/s, 0.3772 m/s, and 0.521 m/s,
0.369 m/s, respectively. Furthermore, the water area in respectively.

front location of the catamaran outer flat hull has blue From results comparison, it can be seen that the
color with a W pattern and has an average velocity catamaran outer flat hull is the fastest in collecting
contour color of 0.17 m/s, 0.3 m/s, 0.427 m/s, and 0.543 waste, while the catamaran inner flat hull is the
m/s, respectively. While water area in front of the slowest in collecting waste.

catamaran symmetry hull has a dark blue color with a
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Figure 5. Flow patterns in 1 knot speed: (a) inner flat hull, (b) outer flat hull, and (c) symmetry hull

Comparison of flow patterns of three models of
catamaran at 1 until 4 knots speed are in Figure 5. It is
known that the water area in front of the catamaran
inner flat hull has a forward-facing U-shaped flow
pattern, but at high speed it becomes a triangular
shape. Further, the waters in front of the location of the
catamaran outer flat hull have a box-shaped flow
pattern, while the water area in front of the catamaran
symmetry hull has a U-shaped flow pattern facing
backward. From the results above, it can be seen that
outer flat hull catamaran is the easiest to collect waste
because it has a box-shaped flow pattern that makes
the garbage could moves straight from the front and
gets closer to the conveyor.

Furthermore, symmetric hull catamaran, because it has
a U-upside down flow pattern, it makes it easier for
garbage to be collected on the conveyor, while the inner
flat hull catamaran is the most difficult to collect
garbage because the waste is spreading outside the
conveyor. Reynolds number is a parameter that can be
used to determine the type of fluid around an object. In
general, there are three types of flow in fluids, namely
laminar, transitional, and turbulent. Based on Figure 5,
it is known that all types of catamarans and all speeds
will produce a turbulent flow behind the ship [22].
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Figure 6. Resistance comparison

Resistance (N

From comparison in Figure 6, it can be seen that
resistance of catamaran with conveyor from the
largest to the smallest is outer flat hull catamaran,
symmetry hull catamaran, and inner flat hull
catamaran, respectively. The difference in resistance
at a speed of 4 knots between outer flat hull
catamaran and inner flat hull catamaran is 3.71%,
the difference between outer flat hull catamaran
and symmetry of the catamaran hull is 1.57%.

Conclusion

Three variations in shape of catamaran were
investigated by using numerical methods. From the
analysis of velocity contour, the outer flat hull
catamaran has faster in collecting waste, while the
catamaran inner flat hull has the slowest in
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collecting waste. From the flow pattern analysis, the
outer flat hull catamaran is the easiest to collect waste.
Then inner flat hull catamaran, because it has a
forward-facing U flow pattern, makes it easy for
garbage to collect on the conveyor. Symmetric hull
catamaran is the most difficult to collect garbage
because the waste spreads outside the conveyor.
Resistance of catamaran with conveyor from the largest
to the smallest is outer flat hull catamaran, symmetry

hull

catamaran, and inner flat hull catamaran,

respectively.
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