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Abstract - Nowaday, at least 80% of the world's cargo is shipped via marine transportation modes, so with the amount of
shipping activity, the shipping industry produces air pollution of at least 3.3% of global carbon dioxide emissions. The
problem is trying to be answered by reducing a fuel use, one of which is through drag reduction. It is estimated that at least
80-90% of the drag that occurs on VLCC (Very Large Crude Carrier), comes from frictional drag that occurs on the surface
of the hull. One of method to reducing frictional drag is by applying a hydrophobic coating. The hydrophobic coating has
molecular physical properties to repel water. Similar as the water on a lotus leaf that can’t wet the leaves even a little, this
phenomenon is called the Hydrophobic effect. Applying the hydrophobic coating on the specimen is done by spraying
hydrophobic coating paint. As It seen from the contact angle with value above 90° shows the hydrophobic effect on the coated
surface. This research aims to prove whether the application of hydrophobic coating on the hull specimen would give a
significant effect such as buoyancy increase and drag reduction characteristics. The research method used is the experimental
method by pulling the ship model utilizing the free fall of the load mass to provide a pulling force to the ship model and
hydrophobic evaluation of the surface. The experiment was carried out in the Diponegoro University’s hydrodynamics lab
with the assumption that the increase in acceleration is a drag reduction. From the test results, it was found that the drag
reduction value has a percentage above 25% with the use of light mass variations. In the experiment, there is phenomenon of
buoyancy increase characteristic appeared after the appliance of hydrophobic coating.
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1 : Towing Tank Width (m)

NOMENCLATURES L : Model Specimen Length (m)
LoA : Length of all (m) a : Acceleration (m/sZ)v
Lpp : Length perpendicular (m) ap : Load Fall Acceleration (m/s )2
B : Breadth (m) Rt : Total resistance (N)
H : Height (m) v : Average velocity (mm/s)
Cb : Block coefficients tl : Acceleration calculation Travel Time (s)
WSA : Wetted Surface Area (m )2 2 : Speed calculation Travel Time (s)
A : Displacement (tons) t3 : Travel time of falling object (s)
w : Work (J) Ms : Load' Mass (kg)
AEk : Kinetic Energy Difference (J) Mk : Specimen mass (kg)
HC : Hydrophobic Coating Specimen Rn - Reynold Number
F : Friction in the pulley DR% : Drag Reduction (%)
F : Force (N) aHC : Accelerat@on of Hy@rophqbic Coa?ing Specimer}
g : Gravitational acceleration (m/s )2 aNon-HC : Acceleration of Anti-fouling Coating/Non-coating
v : Kinematic Viscosity (m2/s) Specimen )
p : Density (g/m )3 NC 3 Noq—coatmg '
Si : Distance Traveled for acceleration calculation(m) AFC : Antl-foulmg Coatlpg
S2 : Distance Traveled for speed calculation (m) HC : Hydrophobic Coating
S3 : Load drop distance (m)

saving the use of fossil-based energy in operation. Since

1. INTRODUCTION then, research has focused on saving energy use, one of

which is reducing the drag on ships. Drag is a mechanical

S force created by a solid object moving through a fluid,

hipping is one of the transportation modes that  which is usually divided into two components, namely

connects trade worldwide. At least 80% of the world's  Irictional drag and pressure drag. It is estimated that at

cargo is shipped via sea [1]. Hence, due to the significant  lcast 80-90% of thc drag that QCCULS O VLCC (Very

ship activity, the shipping industry produces air pollution =~ L-arge Crude Carrier) comes from frictional drag that

that affects the environment and human health with 33%  ©ccurs on the hpll's surface [3]. Therefore, sev;ral studies

of fossil fuel combustion emissions associated with all ~ focus on reducing drag through the use of coatings on the
trade activities with at least 3.3% of global carbon dioxide hull [4].

emissions [2]. These problems are tried to be answered by
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B. Experimental Set-Up
The test was conducted using fresh water with a
temperature of 25° C. Therefore, the towing tank test was
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conducted with the physical conditions and size of the
towing tank in Table 4.

TABLE 4.
TOWING TANK CONDITION & SIZE
Symbol Value Unit
g 9,81 /s’
v 8,93x 107 m?/s
p 0,9971 g/m?
Sy 1,5 m
S, 3 m
1 0,8 m
S2
t2 sS4 5
—p
tq
Vv
I N R ] m -————
a Rt

Figure 4. Schematic illustration of the Experiment

In the illustration depicted in Figure S, the resultant
acceleration force is linear with the direction of the
velocity of the ship model, while the resultant total drag
force is opposite to the velocity direction of the ship
model.

Thus, in this experiment, the drag reduction effect is
assumed to be the value of the acceleration increase of the
ship model during the towing experiment. Therefore, it is
assumed that:

T Aa =l ARt 1)

The assumption is proven by the following
formulation:
>F=m.a 2)
W-f- Rr=m.a

Assuming the value of fis the same for all variations,
which it wouldn’t affect much.

W-Rr=m.a 3)
R

W(1 - WT) =m.a

Rr _

—=1-m.a
w

Ly

w w
(TRr)=W-m.(al) “

Then, the drag reduction is determined by the
acceleration value of the ship model through the equation:

=3 ©)

t,2

The assumed value of f is then proven by direct

measurement of acceleration whether the acceleration of

the fallout weight is equal to the acceleration of gravity to

prove that there is minimal friction in the pulley using the
equation:

45 =23 ©)

t32
The acceleration was found to be 9.33 m/s?, which is
not much different from the acceleration of gravity of 9.78
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m/s?. In these experiment, the friction and air resistance
occured when the weight is dropped happens to be very
low.

III. RESULTS AND DISCUSSION

Based on the data that has been obtained, further
Experiment and processing is held to acquire the results.
The following are the results of the experiment.

3.1. Hydrophobic Evaluation

In testing the hydrophobicity of the Nano-SiO,TiO-
/Dodecyl Trimethoxysilane coating, a flat surface sample
made from the same material used in ship model was
slowly dripped with water and measured at room
temperature. As shown in Figure 5., the coated surface
sample has 114° surface contact angle proving the surface
to be hydrophobic while the uncoated surface has a 36°
surface contact angle showing the hydrophilicity of the
uncoated surface. In accordance with the Cassie-Baxter
theory, this condition is caused by trapping air pockets on
the surface which causes water to be unable to come into
direct contact with the surface and form air bubbles with
a contact angle of >90° . The higher the angle, the more
hydrophobic the surface is with less water contact with the
surface, resulting an increase in drag reduction
characteristics on the surface [5].

Furthermore, the ship model which has been
prepared and coated will be tested to evaluate the
hydrophobicity of the surface visually by identifying the
difference before and after the application of hydrophobic
coating on the hull of the ship model to identify the slip
condition of the surface, the surface is poured by glass of
water. In Figure 6. It can be seen that the water has
infiltrate the surface without hydrophobic coating as a
result dampen the surface. Whilst the surface that has been
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NANO-CERAMIC?® Coating Technology

Reducing a ships drag by 25% through a smoother hull can lead to notable improvements in both speed and fuel
efficiency.

Impact on Speed
In maritime engineering, the power required to propel a ship typically increases with the cube of its speed. This
means that a 25% reduction in drag doesn't directly translate to a 25% increase in speed. However, it does allow the

ship to achieve higher speeds with the same power output.

Using the cubic relationship between power and speed, a 25% reduction in drag could theoretically allow for ap-
proximately a 9% increase in speed without additional power. This is because:

So, the ship could travel about 9% faster for the same power expenditure.

Fuel Consumption Reduction

Fuel consumption in ships is closely tied to the power required to overcome drag. With a 25% reduction in drag, the
power needed decreases, leading to fuel savings. Assuming the ship maintains its original speed, the fuel consump-
tion could decrease by approximately 25%.

This estimation aligns with findings in other transportation sectors. For instance, in heavy trucks, a 20% reduction
in aerodynamic drag has been shown to result in about a 10% reduction in fuel consumption at 80 km/h, with
greater savings at higher speeds . While ships operate under different conditions, the principle that reducing drag
leads to fuel savings remains consistent.([tc.canada.ca][1])

Considerations

Hull Maintenance: Maintaining a smooth hull surface is crucial. Biofouling (the accumulation of microorganisms,
plants, algae, or small animals) can increase drag, negating the benefits of a smoother hull.

Operational Practices: Implementing practices like slow steaming (operating at reduced speeds) can further en-
hance fuel efficiency. For example, reducing a ships speed by 25% can lead to a 58% reduction in fuel consumption
per ship year .([rivieramm.com][2])

Technological Enhancements: Incorporating technologies such as air lubrication systems or rotor sails can provide
additional drag reduction and fuel savings .([theicct.org][3])

In summary, a 25% reduction in hull drag can enable a ship to travel approximately 9% faster at the same power
level or achieve up to 25% fuel savings at the same speed. These improvements contribute to more efficient and
environmentally friendly maritime operations.

[1]: https://tc.canada.ca/en/programs/non-funding-programs/ecotechnology-vehicles-program/review-aerody-
namic-drag-reduction-devices-heavy-trucks-buses?utm_source=chatgpt.com “Review of Aerodynamic Drag
Reduction Devices for Heavy Trucks ..”

[2]: https://www.rivieramm.com/news-content-hub/news-content-hub/slow-down-and-count-the-savings-
41683%utm_source=chatgpt.com “Slow down and count the savings - Riviera Maritime Media”

[3]: https://theicct.org/wp-content/uploads/2021/06/Rotors_and_bubbles_2019_05_12.pdf?utm_source=chatgpt.
com “[PDF] Route-based assessment of innovative technologies to reduce ship ..”
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