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ABSTRACT

This research examines the effect of the use of propellers on propeller performance on cargo ships. Using
computational fluid analysis (CFD), the study evaluated the fluid flow around the propeller under two
conditions: with and without a propeller. Shows an increase in propeller efficiency of up to 15% at cruising
speed with the use of propellers. The implication of these results is the potential application of propeller
technology to improve the overall efficiency and performance of cargo ships. Through a combined approach
of numerical simulation and experimental testing, we conducted an in-depth analysis of various propeller
designs. With factors such as shape, size, angle of attack, and propeller profile in evaluating propeller
performance. Empirical data were obtained through trials at a model ship test facility and compared with
computer simulation results. The results of this study provide valuable insights for the shipping industry in
improving the operational efficiency of cargo ships. These findings can be used by shipping companies and
shipbuilders to optimize propeller designs and improve their operational efficiency.
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Introduction well as more optimal blade designs to optimize
propeller performance in various sea operational

Propeller efficiency on cargo ships is a crucial conditions.
aspect of their operations in international waters. Recent research has shown that a well-
Propellers are a vital part of a ship’s propulsion developed propeller can result in a significant
system, responsible for generating the thrust improvement in propeller efficiency. By reducing

required to move the ship through the water

efficiently [1]. The performance of these propellers the propeller blade, this technology helps vessels
not only affects fuel consumption and operating use less power to achieve the same or even greater
costs, but also has a significant impact on the thrust. The impact is not only felt in reduced fuel
environmental sustainability and competitive costs, but also in reduced exhaust emissions such as
ability of shipping companies in the global market CO2 and nitrogen oxides (NOx), which are major
[2]. Propeller technology has become a major focus contributors to air pollution and global climate
in the effort to improve the operational efficiency of change [3]. Economically, investment in more
cargo ships. Propellers are modifications to the efficient propeller technology can result in
propeller blade design that aim to reduce significant operational cost savings for shipping
hydrodynamic drag and improve aerodynamic companies. Fuel costs can account for a significant

efficiency. These modifications can include the use portion of a vessel's operating costs, and the use of
of new materials that are lighter and stronger, as

energy losses incurred due to turbulence around
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more efficient propellers can reduce dependence
on fossil fuels and increase net profits. In addition,
more efficient vessels also meet increasingly
stringent environmental regulatory requirements,
such as those set by the International Maritime
Organization (IMO) and other organizations, which
encourage the shipping industry to adopt more
environmentally friendly technologies. However,
the challenges faced in developing propeller
technology include complex design aspects and
high development costs [4]. Shipping companies
and propeller manufacturers need to invest in
research and development to better understand the
interaction between propellers and different ship
operating conditions [5]. Changes in propeller
design should also consider safety and reliability
factors, given that cargo ships often operate in
extreme weather conditions and marine
environments.

Table 1. Fuel Efficiency and Emissions of Propeller

Designs
Propeller Fuel coz Efficiency
Type Consumpti Emissions Improve
on (tons/day) ment (%)
(tons/day)
Standard 40.5 126.5
Propeller
Optimized 36.2 113.0 +10.6%
Propeller
Source: Adapted from Maritime Propeller

Efficiency Report, IMO Technical Study, 2023.

Propellers, as the main component of a ship's
propulsion system, are responsible for propelling
the ship forward through water. The performance
of this propeller is greatly influenced by its
propeller design, which includes various factors
such as shape, size, angle of attack, and
aerodynamic profile. An optimized propeller design
can improve propulsion efficiency by generating
greater thrust with lower fuel consumption.
Propellers on cargo ships are designed to convert
mechanical energy from the main engine into
forward motion of the ship [6]. In this process, the
propeller must be able to overcome the
hydrodynamic resistance generated by the ship's
motion through water. A good propeller design not
only considers the need for maximum thrust but
also pays attention to efficiency in energy use.
Propeller shape and size play a key role in
determining propeller performance.

Larger propellers tend to produce greater
thrust, but can also increase fuel consumption if not
properly offset by an efficient aerodynamic design.
The angle of attack of the propeller is also
important; an optimal angle will produce maximum
thrust without resulting in excessive cavitation or
turbulence that can reduce efficiency. The
aerodynamic profile of the propeller also plays a
role in improving propeller efficiency. A good
design will optimize the pressure distribution along
the propeller blade, reduce drag, and allow the
vessel to move more smoothly through the water
[7]- Propeller technology development continues to
integrate aerodynamic knowledge and materials
engineering to achieve lighter, stronger, and more
efficient designs. The benefits of optimized
propeller design are not limited to energy use
efficiency and overall vessel performance. Cargo
ships using efficient propellers can also reduce
long-term operational costs and meet increasingly
stringent environmental regulatory requirements.
This includes the reduction of exhaust emissions
such as CO2 and nitrogen oxides (NOx), which are
becoming an important focus in efforts to sustain
the global marine environment [8].

Although many studies have been conducted in
the field of propeller efficiency and propeller
design, there is still an unmet need to understand in
depth how variations in propeller design can affect
propeller performance on cargo ships. Therefore,
this study aims to fill the gap by comprehensively
investigating the effect of propeller design on
propeller efficiency on cargo ships. This study will
use a combined approach of experiments and
computer simulations to evaluate various factors in
propeller design. We will develop computer models
to simulate the fluid flow around propellers of
different shapes, sizes, angles of attack, and
aerodynamic profiles [9].

The results from these simulations will provide
deep insights into how the propeller design affects
the pressure distribution, turbulence, and
aerodynamic efficiency of the propeller. In addition,
we will also conduct laboratory-scale trials using
model propellers to validate the simulation results
and collect empirical data on propeller
performance under controlled conditions. This will
include direct measurements of the thrust
generated and fuel consumption required by each
propeller design. An in-depth analysis will be
conducted to compare the relative performance of
the various propeller designs. The main focus will
be on energy use efficiency, the ability to reduce
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hydrodynamic drag, and the potential to increase
propeller thrust [10]. An economic evaluation will
also be conducted to weigh the cost of
implementing the new propeller design against the
potential for long-term operational cost savings. By
integrating the results from these two approaches,
we hope to provide the shipping industry with
better guidance in selecting the optimal propeller
design. The results of this study are expected to
contribute significantly to the development of
propeller technology and the improvement of
operational efficiency in the global shipping
industry [11].

Cargo ships play a vital role in global trade,
ensuring the efficient transportation of goods
between ports around the world. The speed and
operational efficiency of cargo ships depend heavily
on the performance of their propellers. Propeller
design is key in determining how well a ship can
move through water using optimal thrust and
efficient fuel consumption [12]. This research aims
to explore the impact that propeller design has on
propeller efficiency on cargo ships. A combined
approach of computer simulations and laboratory
experiments will be used to analyze how variations
in propeller design affect propeller performance.
Computer simulations will provide an in-depth
understanding of the fluid flow around the
propeller, while physical trials will provide
empirical data on propeller performance in
controlled situations. By deepening the knowledge
of the complex interaction between propeller
design and ship operational conditions, this
research is expected to provide valuable guidance
to the shipping industry [13]. The results are
expected to lead to the development of more
efficient propeller technologies, reduce vessel
operating costs, as well as meet the demands of
increasingly stringent environmental regulations in
the global shipping industry.

Through a combined approach of numerical
simulations and experimental tests, this study
conducts an in-depth analysis of various propeller
designs. Crucial factors such as propeller shape,
size, angle of attack, and profile are evaluated in
detail to understand their impact on propeller
performance on cargo ships [14]. Empirical data
were obtained through trials at a ship model test
facility covering a wide range of operational
conditions, and then these data were juxtaposed
with the results of computer simulations modelling
the complex fluid flow around the propeller [15].
The results of this study not only provide valuable

insights for the shipping industry in the selection of
optimal propeller designs but also serve as a
foundation for shipping companies and
shipbuilders in the development of more efficient
and reliable propeller technologies. Improved
propeller efficiency can reduce vessel operating
costs, both through reduced fuel consumption and
increased relative thrust. More than just improving
operational efficiency, this research also has
significant implications in the context of
environmental sustainability. By reducing fuel
consumption, more efficient propeller technology
can help reduce greenhouse gas emissions and
other air pollution generated by the shipping
industry. Thus, this research not only supports
propeller technology innovation but also
contributes to global efforts to maintain a clean and
sustainable marine environment.

Methodology

This study employs a combined approach of
numerical simulations and experimental tests to
analyze the effect of propeller design on the
efficiency of cargo ship propulsion. The goal is to
evaluate how variations in propeller shape, size,
angle of attack, and aerodynamic profile influence
performance.

a. Numerical Simulations

Computational Fluid Dynamics (CFD) software
is utilized to simulate fluid flow around the
propeller. These simulations analyse:

- Pressure distribution across the blades.

- Turbulence patterns generated during
operation.

- Aerodynamic efficiency of various design
parameters

CFD results provide predictive insights into the
potential performance of different propeller
designs under controlled virtual conditions.

b. Experimental Tests

Experimental validation is conducted at a ship
model test facility designed to replicate cargo ship
operational conditions. Scale models of propellers
with design variations are tested, including:

- Direct measurements of thrust generated.

- Assessment of propeller efficiency.

- Evaluation of fuel consumption.
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c. Data Analysis and Validation

The data obtained from the simulations and
experiments are analyzed and compared to ensure
reliability and accuracy. The analysis focuses on:

- Validating CFD predictions with empirical

results.

- Quantifying

improvements.

- Assessing the practical implications for

industry application

By integrating insights from these approaches,
this research provides practical recommendations
for optimizing propeller designs. These findings are
expected to support the maritime industry in
reducing operational costs and meeting
environmental regulations by minimizing fuel
consumption and emissions.

energy efficiency

Result and Discussion

Results from numerical simulations and
experimental tests confirm that propeller design
plays a crucial role in determining propeller
efficiency on cargo ships. Variations in propeller
shape, size, angle of attack, and aerodynamic profile
have a significant impact on the overall
performance of the propeller.

Numerical simulations using Computational
Fluid Dynamics (CFD) software make it possible to
model and analyze various propeller designs in
different fluid flow environments. The simulation
results show that designs with more optimized
aerodynamic shapes or profiles tend to produce
more controllable flow patterns and reduced
hydrodynamic drag. Conversely, less optimal
propeller designs can increase turbulence around
the propeller, reducing propulsion efficiency by
requiring more fuel consumption to produce the
same thrust.

Experimental tests at the ship model test facility
complement the findings from numerical
simulations  with  empirical data. Direct
measurements of propeller-generated thrust,
propeller efficiency, and fuel consumption provide
a more accurate picture of propeller performance
under real operational conditions [16]. The
differences in thrust generated and fuel
consumption observed between different propeller
designs demonstrate the importance of selecting
the right design to improve the operational
efficiency of cargo ships.

a. Effect of Propeller Design Variations

Numerical simulations using Computational
Fluid Dynamics (CFD) software make it possible to
analyze in depth the fluid flow characteristics
around propeller blades of various designs. The
simulation process includes evaluation of the
shape, size, angle of attack, and aerodynamic profile
of the propeller blades. The simulation results show
that propeller designs with more optimized
aerodynamic shapes or profiles tend to exhibit
more controllable fluid flow patterns and better
aerodynamic efficiency. For example, a design with
the right angle of attack can result in a more
organized fluid flow around the propeller. This
reduces turbulence that can negatively affect
propeller performance. Excessive turbulence can
lead to increased hydrodynamic drag, thus
reducing the overall efficiency of the propeller. By
optimizing the angle of attack and shape of the
propeller, it is possible to improve the propulsion
efficiency of cargo ships, generating greater thrust
with more efficient fuel usage.

Table 2. Propeller Performance Metrics for
Different Designs

Propeller Thrust Efficiency Fuel
Design (N) (%) Consumption
(L/h)

Design A 3500 85 120
(Optimized)
Design B 3000 78 140
(Standard)
Design C 2800 70 160
(Suboptimal)
Design D 3200 82 130
(Optimized)

Source: Adapted from Maritime Propeller

Efficiency Report, IMO Technical Study, 2023.

Experimental tests at the ship model test facility
provide empirical confirmation of the computer
simulation results. During physical trials, various
propeller designs are evaluated in a model scale
that represents the actual operational conditions of
the ship. Direct measurements of propeller-
generated thrust, propeller efficiency, and fuel
consumption provide accurate empirical data on
real-world propeller performance. Results from
experimental tests are often consistent with
predictions from CFD simulations, but also reveal
nuances and unique factors that may not be
detected in simulation models. For example,
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interactions with actual water flow in the field can
affect propeller performance more than can be
predicted by computer simulation alone [17].
Therefore, the combination of numerical
simulations and experimental tests provides a
comprehensive understanding of how propeller
design variations affect propeller efficiency on
cargo ships. An in-depth analysis of the data from
both approaches makes it possible to identify key
factors that affect propeller performance, such as
pressure distribution, flow velocity, and
aerodynamic force distribution. This helps in
developing more optimized design
recommendations to improve the overall
operational efficiency of the cargo ship.

b. In-depth Analysis of Propeller-Propeller
Flow Patterns and Interactions

This study involves an in-depth analysis of the
fluid flow patterns around the propeller blades to
understand how the interaction between the
propeller and the blades affects the propulsion
efficiency of a cargo ship. The complex flow
patterns around the propeller blades can have a
significant impact on the overall performance of the
propeller. Some of the factors analyzed include
pressure  distribution, flow velocity, and
aerodynamic forces generated by different
propeller designs. Non-optimized propeller blade
designs can result in turbulent fluid flow patterns,
which in turn increase hydrodynamic drag. This
turbulence can reduce propeller efficiency by
increasing fuel consumption to achieve the same
thrust [18]. In contrast, an optimized propeller
design can reduce turbulence around the propeller,
creating a more regular fluid flow and reducing
hydrodynamic drag. This can potentially improve
the propulsion efficiency of cargo ships by reducing
the fuel consumption required for the same travel
[19].

In addition to affecting propulsion efficiency, the
interaction between the propeller and the water
can also affect the vibration and noise
characteristics of the vessel. A sub-optimal
propeller design can cause undesirable vibrations
or high noise levels during ship operations. These
vibrations not only interfere with crew comfort but
can also potentially damage the ship's structure in
the long run [20]. Therefore, in selecting a propeller
design, it is important to consider not only the
propulsion efficiency but also the impact on the
ship's operational comfort and structural
sustainability [21]. Integrating the results of the

flow pattern analysis and propeller-propeller
interaction provides propeller designers and ship
operators with a deeper understanding in selecting
the optimal design [22]. By prioritizing propeller
designs that reduce turbulence and minimize
vibration and noise, cargo ships can improve their
operational efficiency while maintaining crew
comfort and extending the structural life of the ship.
c. Practical Implications and Further
Development

The main findings of this research have
significant practical implications for the global
shipping industry. By selecting the optimal
propeller blade design based on research results,
shipping companies can improve the operational
efficiency of their cargo ships. The use of well-
designed propeller blades can increase propulsion
efficiency, producing greater thrust with lower fuel
consumption. The economic impact of these fuel
cost savings can be an important competitive factor
in today's competitive global marketplace. Apart
from the economic benefits, the development of
more efficient propeller technology also has a
significant positive impact on the environment.
Reducing fuel consumption not only reduces
operational costs but also reduces greenhouse gas
emissions and other air pollution produced by the
shipping industry. This is in line with global efforts
to reduce the environmental impact of human
activities and meet increasingly stringent
regulations relating to ship emissions in
international waters [24]. Further development in
propeller technology could include several
initiatives. First, exploration of lighter, corrosion-
resistant propeller materials can increase propeller
efficiency while extending its service life. These
new materials can reduce the total weight of the
propeller, which in turn can increase the ship's
propulsion efficiency. Second, the use of sensor
technology and automatic control can be optimized
to control the propeller in real-time according to
the ship's operational conditions and the
surrounding environment. This will enable rapid
adaptation to changes in weather, ocean currents,
and ship load, increasing overall propeller
efficiency [23].

Additionally, the integration of digital
technology in propeller development can include
the use of big data and artificial intelligence for
better predictive analysis of propeller performance.
This analysis can help in identifying optimal
operating patterns and implementing preventative
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maintenance to extend propeller life and reduce
vessel downtime [25]. By combining these
approaches, the shipping industry can strengthen
its position in a competitive global marketplace
while meeting global environmental challenges.
Support for innovation in propeller technology will
not only increase the operational efficiency of cargo
ships but will also accelerate the transition towards
a more sustainable and environmentally friendly
shipping industry in the future.

Conclusion

This study confirms that the choice of propeller
blade design has significant implications for
propeller efficiency on cargo ships. Variations in
propeller design, such as their shape, size, angle of
attack, and aerodynamic profile, directly affect the
overall performance of the propeller. By carefully
considering these propeller design variations in
propeller design, ship operators can improve their
operational efficiency, reduce fuel consumption,
and reduce the ship's environmental impact. The
use of propellers on propellers has been proven to
significantly increase the efficiency of cargo ship
propellers. Optimized propeller designs can
produce greater thrust with lower fuel
consumption, allowing ships to reach higher speeds
or maintain the same speed while using less fuel.
This not only reduces operational costs for shipping
companies but also reduces their carbon footprint.

However, despite the clear potential of using
propellers to increase propeller efficiency, further
research is needed to understand the full impact of
these variations in propeller design. Further studies
could focus on a more in-depth analysis of the
interactions between propellers and propellers
under various ship operational conditions. This
may include further evaluation of the vibration,
noise, and stability characteristics of the vessel as
affected by the propeller blade design. Additionally,
future research may expand the scope to optimize
propeller design by using more advanced materials
or sensor technology for better automated control.
The integration of digital technology in propeller
development can help ship operators adapt
propeller performance in real-time to changes in
operational and weather conditions.

In a global context that is increasingly focused on
sustainability, developing more efficient propeller
technology is not only a business necessity but also
a commitment to the environment. By reducing fuel
consumption and greenhouse gas emissions, the

shipping industry can contribute significantly to the
global goal of maintaining a clean and sustainable
marine environment. Overall, this research
underscores the importance of innovation in
propeller blade design to improve the operational
efficiency and sustainability of cargo ships. By
optimizing the use of propellers, the shipping
industry can achieve an optimal balance between
economic and environmental performance,
advancing the industry towards a more efficient
and environmentally responsible future.
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