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KEYWORDS ABSTRACT - The speed on the ship is inseparable from a good propeller design in order to
Propeller get the optimal thrust generated by the propeller motion. The propeller is a very important part
Rotational speed in determining the ship's motion. The propeller itself is a tool used to generate thrust that
E?:VIVDEV comes from engine power transmitted through the shaft. Computational Fluid Dynamics

(CFD) is a very suitable method for analyzing complex systems that are difficult to solve
using manual calculations. With these advantages, CFD is often used to analyze a pattern of a
system, one of which is the propeller, which in this study uses variations in flow velocity and
propeller speed which can affect the value of the torque and power produced by the propeller.
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INTRODUCTION

Many aspects affect and must be considered in achieving maximum speed on a ship, namely good hull planning
and good engineering system planning, and not only that, the propeller is also one of the aspects that must be planned
properly in order to achieve the ship's function goals in terms of speed [1]. The speed on the ship is inseparable from a
good propeller design in order to get the optimal thrust generated by the propeller motion. The propeller is a very
important part in determining the ship's motion [2]. The propeller itself is a tool used to generate thrust that comes
from engine power transmitted through the shaft [3]. In other words, the propeller functions to convert engine power
into encouragement according to the combination of RPM and speed. Propeller load characteristics can be displayed
graphically by several coefficients in the form of sizes. The diagram gives Torque and Thrust as a function of speed
[4]. Propellers are widely used in the aviation, maritime, and energy engineering industries. On submarines, propellers
have special criteria, namely being able to provide large thrust and low noise levels [5-6].

At this time, a computer system-based method has been found that is capable of simulating and analyzing the flow
of a fluid. With this method, it is easy to find out how much torque and power a propeller can produce, because a
simulation is carried out and then the results can be analyzed. Computational Fluid Dynamics (CFD) is a very suitable
method for analyzing complex systems that are difficult to solve using manual calculations. With these advantages,
CFD is often used to analyze a pattern of a system. The development of viscous flow analysis around the propeller
using Computational Fluid Dynamics (CFD) is getting better [7-8]. Based on the description above, the researcher
wants to examine according to the title of the research entitled “Analysis of Effect of Propeller Rotational Speed
Variations on Torque and Power Using Computational Fluid Dynamics (CFD) Method.”

METHOD

This research was conducted using a simulation method using CFD software. The location for this research was
carried out at the Kalimantan Institute of Technology Campus, Balikpapan City starting from February 2023 to June
2023. The tools used in this research were CAD software which functions to design propeller geometries, and CFD
software which functions to carry out simulations and analyzes of the propellers studied. The procedures carried out in
this study are as follows:

1. Look for references related to research

2. Designing the propeller using CAD that will be analyzed, inputting the geometry that has been made into the CFD
software for the meshing and setup process.

3. Displays propeller results in CFD software.
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Computational Fluid Dynamic (CFD)

Computational Fluid Dynamics (CFD) is a systems analysis that includes fluid flow, heat transfer, and related
phenomena. Such as chemical reactions using computer-based simulations (numeric). The calculation controls are
space division which is called meshing. Later, at each calculation control point, calculations will be carried out by the
application with predetermined domain boundaries and boundary conditions. This principle is widely used in the
calculation process using computer computing assistance. Computational Fluid Dynamics (CFD) is very suitable for
analyzing complex systems that are difficult to solve using manual calculations. With these advantages, CFD is often
used to analyze a system pattern[9]. The turbulence model used is k-w SST because this model is good in terms of
modeling turbulence in the boundary layer and free stream [10].

Propeller

The propeller is a mechanical ship propulsion device that transfers force by changing rotational motion to thrust,
the propeller consists of several blades and the propeller operates like a screw rotation. In its development, the
propeller has undergone several modifications in form with the aim of obtaining good efficiency. The propeller
produces a thrust that comes from the engine power which is transmitted through the shaft, in other words the
propeller functions to convert engine power into encouragement according to the combination of RPM and speed
[11].

Fluids

Fluids or liquids differ from solids because of their ability to flow. Fluid is a substance that continuously deforms
when acted upon by a shear stress. Due to the bonding, the liquid flows more easily. Because the molecular bonds in
fluids are smaller than the molecular bonds in solids, fluids do not experience significant resistance to deformation due
to friction. There are two types of fluids, namely compressible flow and incompressible flow. Compressible flow is a
fluid that can vary in density, for example a gaseous substance. incompressible flow is a fluid whose density level does
not change or the change is very small and is considered non-existent, for example; liquid substance [12].

External Flow

Internal flows or channels are flows that are completely confined by a solid surface. External flow is the flow that
occurs over an object immersed in an infinite fluid. Both internal and external flows can be compressed or
uncompressed. Internal flow is fluid flow which is completely limited by the surface of a solid substance, while
external flow is flow over objects that are immersed in an infinite fluid, but like the surface of objects that are limited
by fluid flow. One example of internal flow is flow out of the pipe to the facet, while an example of external flow is
the propeller [13].

RESULTS AND DISCUSSION

In this experiment using a flow velocity of 2 m/s and variations in propeller rotational speed of 10 rad/s, 12 rad/s,
13 rad/s, and 14 rad/s. This experiment was carried out using CFD software. The value of the propeller rotation speed
is determined based on the propeller rotation reference that we got. This is done to see the results of the influence of
variations in flow velocity and propeller speed on torque and power values. Experiments using variations of the
propeller rotation speed of 10 rad/s, 11 rad/s, 12 rad/s, 13 rad/s and 14 rad/s obtained the following pressure contour
results :

=0

Figure 1 Contour pressure results of 10 rad/s
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Figure 2 Contour pressure results of 11 rad/s

Figure 3 Contour pressure results of 12 rad/s

Figure 4 Contour pressure results of 13 rad/s
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Figure 5 Contour pressure results of 14 rad/s

From Figure 1-5 it can be seen that the area of pressure distribution that occurs in the propeller area is marked in
red indicating that this area is the area with the greatest pressure experienced by the propeller and followed by the
yellow color because in that area the fluid velocity slows down due to the collisions that occur between the fluids. with
the surface of the propeller and causes the pressure to increase, then the green color shows low pressure and blue is the
lowest pressure area because in that area the fluid velocity flows quickly so the pressure drops, in accordance with the
theory that if the velocity value is large then the pressure will little value.

Experiments using variations of the propeller rotation speed of 10 rad/s, 11 rad/s, 12 rad/s, 13 rad/s and 14 rad/s
obtained velocity contour results as follows:

Figure 6 The result of the Velocity Contour 10 rad/s

Figure 7 The result of the Velocity Contour 11 rad/s
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Figure 8 The result of the Velocity Contour 12 rad/s

Figure 9 The result of the Velocity Contour 13 rad/s

Figure 10 The result of the Velocity Contour 14 rad/s

In Figure 6-10 there is an area that is blue, the blue color shows the lowest speed, this is because in that area the
fluid flows slowly. Then in the inward area there are green and yellow colors which indicate that the speed is starting
to increase, indicating that the speed in the propeller area is the highest pressure, this is because the fluid that
previously was flowing was being pushed due to the propeller.

Experiments using variations of the propeller rotation speed of 10 rad/s, 11 rad/s, 12 rad/s, 13 rad/s and 14 rad/s
obtained the velocity Streamline results as follows:
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Figure 11 The result of the Velocity Streamline 10 rad/s

Figure 12 The result of the Velocity Streamline 11 rad/s

Figure 13 The result of the Velocity Streamline 12 rad/s

Figure 14 The result of the Velocity Streamline 13 rad/s
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Figure 15 The result of the Velocity Streamline 14 rad/s

In Figure 11-15 it can be seen that the lines are made in such a way in the velocity field, so that at any time these
lines will be in the same direction as the flow at every point in the flow field.

In this study, there were several variations of the propeller rotation speed of 10 rad/s, 11 rad/s, 12 rad/s, 13 rad/s,
14 rad/s with a flow rate of 2 m/s, the following data results were obtained:

Variation of Propeller Rotation Speed Vs Torque
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Figure 16 Variation of Propeller Rotation Speed Vs Torque

After carrying out the simulation, it can be seen in Figure 16 that the propeller rotation speed can affect the torque
value where when the propeller rotation speed increases, the torque generated will also be greater, and vice versa if the
propeller rotation speed decreases, the torque generated will also be smaller.
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Variation of Propeller Rotation Speed Vs Power
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Figure 17 Variation of Propeller Rotation Speed Vs Power

After carrying out the simulation, it can be seen in Figure 17 that the propeller rotation speed can affect the power
value, where when the propeller rotation speed increases, the power generated will also be greater, and vice versa if
the propeller rotation speed decreases, the power generated will also increase small.

CONCLUSION

From the research it can be concluded that the propeller rotation speed has an influence on the value of torque and
power. The flow speed used is 2 m/s and the variations in propeller rotation speed are 10 rad/s, 11 rad/s, 12 rad/s, 13
rad/s and 14 rad/s. when the propeller rotation speed increases, the torque and power generated will also be greater,
and vice versa if the propeller rotation speed decreases, the torque and power generated will also be smaller.
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