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Abstract: The propeller shaft inclination angle is one of the
critical parameters influencing the speed of a fishing boat.
This study assesses how the propeller shaft inclination
angle impacts the speed of composite fishing boats through
experimental and numerical analyses. The model used for
testing is a scaled-down version of a 24.0 m × 6.5 m × 3.5 m
fishing boat, constructed at a 1:12 scale using composite mate-
rials (polyester resin and fiberglass). Themodel allows for the
propeller shaft angle adjustment from 0° to 15°. The model
was tested at the design speed of 2.9 knots to measure the
vessel’s speed corresponding to various inclination angles.
Additional tests were conducted at lower (2.31 knots) and
higher (3.46 knots) speeds to validate the results. The model
was also simulated using computational fluid dynamics (CFD)
software to compare and assess the reliability of the experi-
mental results. Subsequently, the CFD software was employed
to simulate the actual vessel and evaluate its performance.
The results of the experiments and simulations demonstrate
significant variations in vessel speed as the inclination angle
increases from 0° to 15°. The maximum speed was achieved
when the propeller shaft inclination angle ranged between 6°
and 7° (reaching 3.05 knots). The vessel speed decreased sub-
stantially when the inclination angle increased from 9° to 15°.
The speed variation patterns for the 2.31 knot and 2.9 knot
cases were similar, whereas the 3.46 knot case exhibited
notable differences. The optimal propeller shaft inclination
angle range for achieving high speeds for the studied vessel
lies between 3° and 8°.

Keywords: composite fishing boat, ship model, propeller
shaft inclination angle, speed, CFD

1 Introduction

The vessel’s speed depends on many factors, including
resistance, main engine power, characteristics of the shaft
system, propeller, and installation technologies. Research
on resistance is a top priority among others, with many stu-
dies and publications addressing this issue. However, the
hydrodynamic problem affecting the ship’s hull remains
highly complex and has yet to be satisfactorily resolved. In
addition to hull resistance, the propeller shaft inclination
angle has garnered significant attention, as it is one of the
critical parameters impacting the vessel’s speed. However,
research on the propeller shaft inclination angle, especially
for fishing boats, is limited.

Theoretically, no literature has addressed the propeller
shaft inclination angle parameter in the context of speed or
resistance calculations for fishing vessels. Specialized soft-
ware for evaluating the performance of fishing vessels also
does not require input data regarding the propeller shaft
inclination angle or related parameters. Meanwhile, deter-
mining the propeller shaft inclination angle for wooden
and composite fishing vessels is primarily based on empirical
experiences. Although composite fishing vessels have been
systematically designed and constructed based on established
theory, the issue of determining the optimal propeller shaft
inclination angle remains unresolved. Therefore, finding a
reasonable inclination angle to optimize vessel speed is
both necessary and feasible, primarily through experimental
research. However, conducting experiments on actual vessels
is prohibitively expensive and almost impractical. Thus, this
study investigates the influence of the propeller shaft inclina-
tion angle on composite fishing vessels through experimental
modeling.

One of the critical factors affecting ship speed, espe-
cially in fishing vessels, is the angle of the propeller shaft
inclination. However, there has been little research on
ships’ propeller shaft inclination angle, especially fishing
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vessels. For this, some of the previous studies for fishing
vessels or low-speed ships, such as the work by Santoso
et al. [1], study the effect of central engine position and the
propeller shaft inclination angle on vessel performance
using numerical simulation methods. They conducted the
study in a 60 GT fishing vessel with a design length of
21.98 m, as shown in Figure 1. Two primary engine loca-
tions were investigated: 4.0–6.5 m and 5.5–8.0 m from the
aft bulkhead. The shaft inclination angle of the propeller
was kept in a range of 1.0°–4.0° for each engine position.
Results from the simulations were compared against calcula-
tions from the Maxsurf software (using the Oortmerssen and
Holtrop methods) and experimental data. The results showed
that installing the main engine closer to the aft bulkhead is
ideal with less resistance. In this configuration, the resistance
decreased mildly from 1.0° to 4.0° for the propeller shaft
inclination angle.

Van [2] studied the motion dynamics of fire-fighting
boats for Melaleuca forest fires. The research subject was
a fire-fighting boat with a maximum length of 4.26 m,
equipped with a primary engine of 15 kW, as indicated in
Figure 2. The study employed experimental methods to
determine the boat’s speed corresponding to different pro-
peller shaft inclination angles. The results showed that
when the propeller shaft inclination angle was varied
from 5° to 25°, the maximum speed was achieved at an
inclination angle of 20°.

The propeller shaft inclination angle for planning
high-speed vessels has been studied. However, there is a
new method to calculate the hydrodynamics of planing
vessels by Savitsky [3], including flat (the angle between

the thrust line of the propeller and the baseline) and
draft (the angle between the baseline and the vessel’s
draft), as described in Figure 3. This approach was vali-
dated using experimental data collected at Davidson
Laboratory. This experiment was performed on a sym-
metrical deadrise hull design. Measurements, including
the coefficient of friction on flat plates, were also tested.
The Savitsky method, initially proposed in 1964, has been
further developed and widely adopted in the design of
planning vessels [3]. These advances have allowed it to
be applied to vessel design. Several researchers have
utilized the approach to estimate the parameters of a
planning vessel and compare results with experimental
data, as well as computational fluid dynamics (CFD)
simulations. Thus, the Savitsky method is widely used
to calculate the hydrodynamic components of planning
vessels.

Bate [4] conducted the analysis and prediction of high-
speed vessel performance. In this work, the author utilized
a mathematical model to analyze the hydrodynamic char-
acteristics of monohull high-speed vessels. Based on these
results, the author evaluated vessel performance under
different operating conditions, providing a basis for poten-
tial application to trimaran vessels. Skupień and Prokopo-
wicz [5] investigated several methods for calculating the
resistance of inland waterway vessels. These methods were
validated for different types of boats and varying conditions
using the results of model tests. According to this study, the
vessel’s shape parameters and draft were adjusted during the
experiments to determine vessel speed and fuel consumption.
The operation manual of DOOSAN marine engines [6]

Figure 1: Fishing vessel models provided by Santoso et al. [1].
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specifies the permissible inclination angles for main engine
installation (Figure 4). Depending on the engine model, the
allowable inclination angles range from a minimum of 17° to
a maximum of 30°.

Hien [7] studied the application of CFD theory in calcu-
lating the resistance of a high-speed composite-hull vessel.
Daniel Savitsky’s theory was used to estimate the resistance
of two models of high-speed vessels developed and built by
the Shipbuilding Research andManufacturing Institute. These
include concepts like the angle of inclination between the
propeller thrust line and the reference line and the angle
between the reference line and the vessel’s draft. Experi-
mental investigations of the effects of immersion ratio and
shaft inclination angle on surface-piercing propeller

performance were also reported by Seyyedi et al. [8]. The
test object was a five-blade surface-piercing propeller in a
free-surface water tunnel. The study analyzed the effects of
immersion ratio and shaft inclination angle on the propeller
efficiency and hydrodynamic coefficients. The findings
showed that the thrust and torque hydrodynamic coefficients
were positively related to the immersion ratio, while the
hydrodynamic thrust coefficient and efficiency were inver-
sely related. The torque coefficient was also raised with a
larger angle of attack on the shafts. An immersion ratio of
40–50% was shown to produce the maximum propeller effi-
ciency at all shaft inclination angles. The highest degree of
efficiency was obtained at zero shaft inclination angle,
whereas the lowest was achieved at the 15° inclination angle

Figure 2: Fire-fighting boat model [2] (1 – main engine; 2 – fixed water pump; 3 – portable water pump).

Figure 3: Hydrodynamic components of planing vessels by Savitsky [3].
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of the shaft for all immersion ratios. The ideal propeller per-
formance obtained was at a 50% immersion ratio and zero
shaft inclination angle.

Beyond the research about the angle inclination of
propeller shafts in ships, in some works like the references
sleeping in the mythology vehicles of the instigation, the
theory of similarity of the ship model is very much in
portals by Birk [10], and Duc-An and Ban [11]. Based on
these reference studies in scaled-down ship models, the
similarities of still water line, hull speed up, and scalene
properties must comply with laws of geometry or geo-
metric, kinematics, and dynamics similarity. Meanwhile,
many articles have been published regarding the all-scaled
ship resistance test with model ships. Among those, Ngoc-
Tu et al. [12] studied the effect of the scale of the model on the
variation of flow characteristics around the hull using the
CFD methods. Qualitative differences between model and
full-scale ships were identified and examined, including
wave patterns produced by the moving boat, dynamic pres-
sure distribution, shear stress on the hull surface, and wake
flow. The reliability of the simulations was verified by com-
paring the simulation results against the experimental data.
Hetharia et al. [13] observed differences between estimates of
engine power gained in the early planning stages and those
obtained using the available model testing methods. They
found discrepancies between computational results and lab
testing findings in fishing boats, passenger-cargo ships, and
semi-displacement boats. Zhang et al. [14] proposed an energy
efficiency performance model developed explicitly for inland
waterway vessels. The power determination is based on high-
precision model testing and simulation. The results showed
that the experimental methods provided a very accurate
knowledge of the vessel’s power needs.

Thi-Ha-Phuong and Thi-Hai-Ha [15] predicted the resis-
tance of a tanker model compared to a full-scale ship using
CFD methods. This study was performed on a model of a

tanker vessel cruising steadily through calm water using
numerical simulations with the STAR-CCM + software. The
Reynolds-averaged Navier–Stokes (RANS) equations were
solved to simulate the flow field around the hull. The total
resistance of the ship was then compared to published
results from tank model tests. Overall, the high reliability
of the STAR-CCM + software and the numerical method
used for resistance simulation in static water through
ship-scale models is evidenced by the results, with an error
margin of less than 3.0%. There are also significant studies
on Vietnamese fishing resistance, such as those noted by Le
and Dinh-Tu [16], which include propellers and rudders
around fishing vessel hulls. The authors used CFD simula-
tions, mainly utilizing two tools, OrCA3D Marine CFD and
Simerics. The results showed that at an operational speed
of 10 knots, the hull resistance increased by 13.95, 9.5, and
7.53% for three loading conditions with drafts of d = 1.848,
1.53, and 1.323 m, respectively, compared to cases ignoring
the effects of propeller and rudder. The velocity and pressure
distribution in the stern region indicated an important differ-
ence in the presence and absence of the propeller and rudder.
Higher saw that in the velocity distribution vector diagrams,
the stern’s wake region tended to diminish, which was influ-
enced by the propellant.

The analysis of the previous studies reveals the following
findings: (1) studies on the propeller shaft inclination angle
include theoretical, experimental, and simulation studies; (2)
theoretical calculations are mainly conducted for high-speed
vessels and planning boats; and (3) the propeller shaft incli-
nation angle has been analyzed in fishing vessels. However,
most studies are only focused on numerical simulation with
limited inclination angles. It indicates that the shaft inclina-
tion parameters are not the subject of considerable research
concerning ship resistance and speed. Therefore, this article
experimentally models and numerical analyses the impact of
propeller shaft inclination angle on a composite fishing boat.

Figure 4: Permissible inclination angles for DOOSAN main engine installation [6].
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2 Methodology

In order to investigate the effect of propeller shaft inclina-
tion angle on the fishing vessel speed, the selected case
study of research is a composite fishing boat. The reference
vessel has an overall length of 24.0 m, a width of 6.5 m, and
a height of 3.5 m. To allow the propeller shaft inclination
angle from 0° to 15° to the vessel hull, a 1:12 scale model
was designed and fabricated. The model was tested at the
design speed of 2.9 knots, and supplementary tests were
conducted at lower (2.31 knots) and higher (3.46 knots)
speeds. Numerical simulations (CFD) for the model and
full-scale vessels were also conducted to assess the validity
of the experimental results.

2.1 Target structure

Based on the environmental categories of interest, a vessel
type with a maximum length of 24 m that can perform both
purse seining and gillnetting has been chosen. More than
40 units of this model have been constructed and are actively
used by fishermen in various economies. The summary of the
main specifications of the vessel is presented in Table 1. The
selected vessel type has the following characteristics:
• It must be class-approved by a recognized design classi-
fication society.

• The vessel must be built according to the approved
design and capable of operating under relevant
conditions.

• It should be a popular choice for a fishing boat, consid-
ering both operational aspects and efficiency.

• The vessel type must be evaluated by experienced
fishermen.

It must have a sufficient stern area to allow for pro-
peller clearance and the ability to adjust the inclination
angle of the shaft.

Based on the actual dimensions of the prototype com-
posite fishing vessel, the model vessel was selected with a
scaling ratio of 1:12 compared to the actual vessel. The
detailed specifications are presented in Table 2. In this
table, the design speed of the model is calculated using
the following Eq. (1) [9]:
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where Vs is the design speed of the actual fishing boat (m),
Vm is the design speed of the scaled model fishing boat (m),
Ls is the length of the actual fishing boat (m), and Lm is the
length of the scaled model fishing boat (m).

The model vessel is constructed using fiberglass com-
posite material and polyester resin. The main engine used
is a two-stroke, single-cylinder gasoline engine. To ensure
that the model’s speed exceeds the design speed by
approximately 30%, this margin is applied to account for
potential increases in resistance or power loss due to
installation inaccuracies. At the design speed (2.9 knots),
the main engine power is determined by calculating the
vessel’s resistance. This study uses two methods to calcu-
late the model vessel’s resistance: the Holtrop method
[17,18] and the Van Oortmerssen method [19]. Holtrop
[17] and Holtrop and Mennen [18] have also developed
an empirical method for estimating the resistance and
engine power of the ship based on regression data from
both model tests and full-scale ships, and it is widely

Table 1: Main specifications of the composite fishing boat

Specifications Symbol Unit Value

Length overall Loa m 24.00
Design length Ld m 21.36
Breadth B m 6.50
Design breadth Bd m 6.09
Depth D m 3.50
Design draft Td m 1.93
Displacement Δ ton 184.70
Block coefficient Cb — 0.72
Main engine power NeS HP 800
Speed VS knot 10
Commercial fishing — — Purse seine fishermen
Operating area of the
vessel

— — Restricted operating
area I

Material — — Composite

Table 2: Main specifications of the scaled composite fishing boat model

Specifications Symbol Unit Value

Length overall Loa m 2.00
Design length Ld m 1.78
Breadth B m 0.54
Design breadth Bd m 0.51
Depth D m 0.29
Design draft Td m 0.16
Displacement Δ kg 107.19
Block coefficient Cb — 0.72
Main engine power NeS HP 0.80
Main engine revolutions ne RPM 7,000
Gear ratio i — 1:2.5
Design speed Vm knot 2.90
Material — — Composite
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adopted in practice. It predicts total resistance and
required power, taking into account a range of hull form
parameters and operational conditions. Another method
for predicting power was proposed by Van Oortmerssen
[19], which is based on mathematical models that incorpo-
rate ship geometry, Froude number, Reynolds number,
and the propeller characteristics. This approach is benefi-
cial for small ships and fishing boats. The results of the
resistance calculations are presented in Table 3 and
Figure 5.

When calculating the resistance of the actual vessel at
a speed of 10 knots, the main engine power estimated using
the Holtrop method is 750.99 HP. In contrast, the Van
Oortmerssen method estimates it at 1582.01 HP. The
Holtrop method provides a power estimation closer to
the actual vessel’s main engine power (800 HP) than the
Van Oortmerssen method. Therefore, the Holtrop method

was selected to calculate the scaled model vessel’s resis-
tance and main engine power. According to this method, at
a speed of 2.9 knots, the model’s resistance is 148.036 N, and
the main engine power is 0.3 HP. Based on the require-
ments for selecting the main engine, an engine with 0.8
HP and 7,000 RPM (Revolutions Per Minute) was chosen
for the model. With this engine, the model can achieve a
maximum speed of up to 3.77 knots (exceeding the design
speed by approximately 30%). The model vessel is remotely
controlled, and the control system components ensure
stable operation with a maximum distance of up to
200m between the controller and the vessel.

2.2 Model fabrication

The scaled model vessel was fabricated to replicate the
general design and dimensions of the actual fishing boat.
The 1:12 scale model of the vehicle was built to maintain
geometric, kinematic, and dynamic similarity to the actual
ship. Due to their lightweight, durable, and easy access to
small-scale models, fiberglass composite and polyester
resin were selected as the primary material type [20,21].
A flowchart of the scaled model fabrication process is
described in Figure 6.

The model was fabricated by first scaling down the hull
geometry from the drawings of the actual vessel. Formex
sheets were used to print longitudinal and transverse cross-
sections of the hull, which were then cut up into parts. The
structural skeleton of the model was assembled from these
parts with the help of some adhesive. The hull was upheld
with a 3mm-thick Formex sheet without sacrificing shape.
After that, the hull was coated with polyester resin and 3–4
layers of 300 g/m2

fiberglass mat at the targeted hull thick-
ness. Once the composite had cured for 48 h, they progres-
sively sanded the hull surface from sandpapers 60, 120, 300,
and 600 grit to get a well-sanded and actual surface. The
depressions were filled with putty, and the surfaces were
finally adjusted to the molding specifications of the hull
shape. The two-color hull and waterline are marked clearly;
brown is below the mark, and blue is above it. The deck and
the cabin were stitched together from Formex over the hull,
as shown in Figure 7.

The propulsion consisted of a 0.8 HP, 7,000 RPM gaso-
line engine fixed on a sturdy base and bolted to the hull.
Two of the excitement came in the form of a gearbox and
fuel tank; a bilge pump and battery were installed to power
ancillary systems (Figure 8a). The most central feature of
the model was the implementation and installation of the
mechanism, which was able to change the angle of

Table 3: Resistance calculations for the model fishing vessel

Speed
(knots)

Holtrop Van Oortmerssen

Resistance (N) Engine
power
(10−3 HP)

Resistance (N) Engine
power
(10−3 HP)

0 0 0 0 0
0.125 0.077 0.007 0.025 0.002
0.250 0.288 0.050 0.083 0.014
0.375 0.624 0.161 0.169 0.044
0.500 1.080 0.373 0.280 0.097
0.625 1.654 0.713 0.417 0.180
0.750 2.341 1.211 0.577 0.299
0.875 3.140 1.896 0.760 0.459
1.000 4.063 2.803 0.966 0.666
1.125 5.145 3.993 1.193 0.926
1.250 6.467 5.576 1.442 1.243
1.375 8.172 7.752 1.712 1.624
1.500 10.476 10.841 2.002 2.072
1.625 13.657 15.311 2.314 2.594
1.750 18.040 21.780 2.645 3.193
1.875 23.950 30.980 2.996 3.876
2.000 31.663 43.687 3.368 4.646
2.125 41.365 60.640 3.758 5.510
2.250 53.141 82.487 4.169 6.471
2.375 67.000 109.777 4.598 7.534
2.500 82.900 142.978 5.047 8.704
2.625 100.787 182.518 5.514 9.986
2.750 120.606 228.810 6.001 11.384
2.875 142.317 282.272 6.506 12.903
2.900 148.036 296.808 6.635 13.303
3.000 165.890 343.334 7.029 14.548
3.125 191. 308 412.438 7.571 16.323
3.250 218.558 490.032 8.132 18.233
3.375 252.682 574.244 8.711 20.281
3.500 292.421 652.544 9.307 22.473
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inclination of the propeller shaft from 0° to 15°, as shown in
Figure 8b. The mechanism also implemented accurate
markings for precise applications and ease of experi-
ment use.

For a control system, the scaled model control system
allows for precise operation during tests while ensuring
data acquisition. It had a remote control unit that could
start, stop, throttle, shift gears, and steer the rudder, all
within 200m. Integrated sensors enabled real-time moni-
toring of the propeller shaft speed through Bluetooth,
sending data to a mobile device up to 70 m away, as illu-
strated in Figure 8c. Accurate speed calculations were pos-
sible through laser-based distance measurement (within
±1.5 mm margin of error; maximum margin of error dis-
tance 100m), coupled with high-precision stopwatches
(with 1/1,000th of a second accuracy). The subsystem
underwent extensive evaluations for stability and integra-
tion with propulsion and steering systems, providing a
stable base for investigational studies regarding shaft
inclination.

This fully assembled model replicated closely with the
actual ship form and function, including essential systems
such as the propulsion system (∼4.4 kW total input power),
adjustable shaft distance component, and control compo-
nents. It also made changing the variable being tested easy
and facilitated multiple experiments. The final model was
performed stably and reliably during all design and testing

periods. Such a detailed fabrication process established
that the scaled model accurately reflected the actual vessel,
a prerequisite for reliable experimental and numerical
studies (shown in Figure 8d).

2.3 Experimental setup

The study was carried out on a model scaled from an actual
ship in a towing tank, where the propeller shaft was
inclined at different angles to determine how inclination
affects ship performance. For verification, the model draft
was corrected to achieve hydrodynamic similarity with the
fully loaded draft of the actual ship. Inclination angles of
the propeller shaft from 0° to 15° were tested in 1° incre-
ments, while the propeller shaft rotational speed was con-
stant for all tests. This technique reduced variation (caused
by voltage changes) and provided regularity. Unlike in
open waters, the towing tank allowed for calm water con-
ditions, with a vastly subdued environment resulting in
better data quality. The model’s speed was recorded over
an established 50 m test distance with a high-accuracy
laser distance meter (accuracy of ±1.5 mm) and a stop-
watch with a resolution of 1/1,000th of a second. The velo-
city was calculated from the measured distance divided by
the recorded time, equivalent to the model’s speed for the
corresponding shaft inclination angle.
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Figure 5: Resistance calculation results of the scaled composite fishing boat model.
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Figure 6: Flowchart of the scaled model fabrication process.

Figure 7: Fabrication of the model hull: (a) hull and (b) cabin.
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The experimental setup utilized Bluetooth-activated sen-
sors to record and transmit real-time data from the propeller
shaft on a mobile device. This meant that all tests were con-
ducted consistently. The model was controlled from the rear
and would keep straight, maintaining a straight line while
minimizing errors due to instability or lateral drift. Each incli-
nation angle was performed three times to enable repeat-
ability, and the average velocity was used for evaluation. In
addition, it was shown that the resistance values derived using
the Holtrop method were well consistent with the measure-
ments derived experimentally and using numerical predic-
tions. The sizeable experimental setup produced repeatable
and reliable results, lending itself to forming a solid model
for determining vessel speed about the incline of the propeller
shaft and validating the results of numerical models.

These processes were carefully developed to ensure
the accuracy and reliability of the experiment. The draft
of the scaled model was set to the fully loaded draft of the
actual vessel, preserving geometric and hydrodynamic

similarity. Specifically, the initial trials were carried out
with an incline angle of 3° for the propeller shaft, which
matched the arrangement of the actual vessel. To eliminate
power fluctuations affecting the results, the speed of the
propeller shaft was accurately tracked and maintained
constant for all inclination angles. The distance of the
testing was chosen so that there would be stable motion
at a constant propeller speed, keeping the total error less
than 5%. This was possible by running at full throttle under
maximum speed, which reached a velocity of 3.77 knots
(1.94 m/s), and by allowing an error of ±0.5 m (distance)
and ±1.0 s (time). All the above experimental procedures
were operated as a schematic diagram of Figure 9.

2.4 Numerical simulations

Recently, the nonlinear finite-element method has been
one of the ideal ways to evaluate ship structures for ocean

Figure 8: Details of fabrication of the model hull: (a) engine room layout; (b) adjustable propeller shaft inclination mechanism; (c) arrangement of the
control system; and (d) completed model vessel.
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engineering [22–26]. Numerical simulations evaluated the
hydrodynamic performances of the scaled model and the
full-scale vessel at different propeller shaft inclination
angles. CFD tools were used to simulate the approximate
parameters [27]. These simulations confirmed the results
obtained by experiments and provided a complete picture
of the vessel’s response.

The computational domain was configured to reflect
the towing tank environment, with sufficiently sized
boundaries to minimize interference effects. The domain
utilized a structured hexahedral mesh, ensuring high-
quality elements for numerical solutions. The computa-
tional domain was discretized into a structured mesh of
9.2 million elements and a hull surface of 1.5 million faces.
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Figure 9: Schematic diagram for the experiment.

Figure 10: Numerical simulation setups.
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Element sizings were optimized to capture essential
flow features: the most diminutive element dimensions at
the hull were 0.0007 m, and the largest, located far
from the hull, was 0.02 m; high-resolution meshing at the
bow and stern regions ensured that flow separation and
wake details were accurately modeled, as shown in
Figure 10.

Boundary conditions were implemented to emulate
the physical conditions experienced in towing tank experi-
ments. The 3D model was developed in ANSYS FLUENT,
where a uniform velocity profile was established at the
inlet boundary, and the outlet boundary was defined as a
“pressure outlet” to allow free outflow from the system.
The hull surface was set as a no-slip wall as it is directly
interacting with the water, and the boundaries were set as
slip walls to avoid reflection effects during the far fields.
The RANS approach was used to solve the governing equa-
tions using the turbulence model, which is known to pro-
vide a good compromise between computational speed and
accuracy, to properly resolve the turbulent and near-wall
flow field.

3 Experimental and numerical
results

After the scale model was fabricated (as outlined in Section
2.2), this section reports the speed measurements obtained
for varying propeller shaft angles up to 15° applied under
three operating conditions, namely design speed of 2.9
knots and supplementary speeds of 2.31 and 3.46 knots.
CFD results for the same inclination angles are also com-
pared with the experiments.

3.1 Experimental results

3.1.1 Experimental testing at the design speed of 2.9
knots

The experimental tests performed at the design speed of 2.9
knots aim to assess the vessel’s operational efficiency at
various angles of inclination of the propeller shaft. The
main goal is to know how the shaft inclination affects the
vessel’s speed, verifying if the experimental results can be
similar to theoretical predictions and numerical simula-
tions. Table 4 shows the experimental error between the
theoretical and measured results for the testing procedure
and error analysis, whereby the tests were conducted over
a 50 m length course chosen to ensure stability and mini-
mize experimental error. The total error was constrained
to be less than 5% for the chosen distance (0.5 m for dis-
tance and 1.0 s for time). Such conditions enabled accurate
measurements, especially when stability becomes para-
mount at the design speed when the average velocity is
applied to reduce random errors.

Table 5 shows the measurements of the velocities at
various inclination angles, and these results are depicted in
Figure 11. For the setting with a 3° inclination angle, which

Table 4: Error analysis for distance and time measurements during
testing

Distance (m) Time (s) Distance
error (%)

Time
error (%)

Total
error (%)

10 5.15 5.00 19.40 24.40
15 7.73 3.33 12.93 16.27
20 10.31 2.50 9.70 12.20
25 12.89 2.00 7.76 9.76
30 15.46 1.67 6.47 8.13
35 18.04 1.43 5.54 6.97
40 20.62 1.25 4.85 6.10
45 23.20 1.11 4.31 5.42
50 25.77 1.00 3.88 4.88
55 28.35 0.91 3.53 4.44
60 30.93 0.83 3.23 4.07

Table 5: Measured time and calculated velocity of the model vessel at a design speed of 2.9 knots

Propeller shaft inclination angle (°) Time (s) Speed Propeller shaft inclination angle (°) Time (s) Speed

m/s knot m/s knot

0 39.29 1.27 2.47 8 32.57 1.53 2.98
1 37.40 1.34 2.60 9 34.04 1.47 2.85
2 35.22 1.42 2.76 10 35.03 1.43 2.77
3 33.47 1.49 2.90 11 36.92 1.35 2.63
4 32.68 1.53 2.97 12 38.52 1.30 2.52
5 32.15 1.56 3.02 13 42.11 1.19 2.31
6 31.80 1.57 3.05 14 45.93 1.09 2.11
7 31.86 1.57 3.05 15 50.46 0.99 1.92
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corresponds to the actual configuration of the vessel, the
measured velocity was 2.9 knots, equal to the design speed.
At inclination angles from 0° and 3°, the increased speed
was also very high, at 0° 2.47 knots, while at 3° it has the
design speed (an increase of 14.8%). In practical terms, this
means the changes made to the propeller shaft’s angle for
optimal charging significantly impact vessel speed due to
reduced resistance. At 3° and 8°, the velocity was less than
their peak, with peaks recorded at 6° and 7° recording 3.05
knots or 5.2% above the design speed. These outcomes suggest
the presence of an optimum range of shaft angles in which
the thrust direction is well suited to fit the hull geometry to
reduce resistance at a specific speed range. After 8°, speed
started easing off dramatically, dropping from 2.98 knots at 8°
to 1.92 knots at 15° (32.6% decrease). At a neglecting shaft tilt
angle, the hydrodynamic equilibrium was maintained, such
that the force volume was used fully, which caused a peak
thrust; when the inclination was increased, this peak
decreased considerably, which means the thrust system
was disturbed, and high friction occurred.

The velocity trends illustrated in Figure 11 suggest that,
for maximum velocity, the optimal shaft inclination will be
slightly above the design configuration, approximately
between 6.0° and 7.0°. Coupled with the relatively stable
performance maintained in this band suggests that the
thrust produced by the propeller is more closely aligned
with the hull, limiting losses of energy. However, suppose
the orientation is sampled toward the extremes at both
ends (below 3.0° and above 8.0°). In that case, it leads to

poor performance, stressing the importance of accurately
adjusting the shaft inclination.

3.1.2 Experimental testing at the design speed of 2.31
knots and 3.46 knots

Two more tests were performed to understand the effect of
the interaction between propeller shaft inclination angle
and another parameter influencing vessel speed, at speeds
of 2.31 knots and 3.46 knots corresponding to the full-scale
vessel speeds of 8.0 knots and 12.0 knots. The tests were
intended to confirm that speed variation for each type was
consistent across different operating conditions. The same
experimental setup and methodology were used for a
design speed of 2.9 knots. Tables 6 (2.31 knots) and 7 (3.46
knots) show the results of the two additional cases. The top
tables show time measurements, and the bottom displays
the calculated velocities.

At the 2.31 knots speed showed a similar trend as the
design speed case in Figure 12. Within the range of 0°–3.0°,
a rapid increase in speed was noted, whereas the receiver’s
highest speed of 2.43 knots was found at inclination angles
of 6.0° and 7.0° with an increase rate of 5.2% compared to
at 3.0°. The speed dropped significantly after 7.0°, reaching
1.53 knots at 15°, a decrease of 33.7%. These results show
that at lower speeds, the optimum shaft inclination angles
are the same as the design speed case, confirming the
importance of aligning shaft and hull geometry. The
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Figure 11: Variation of vessel speed with propeller shaft inclination angle at a design speed of 2.9 knots.
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patterns of variation in speed, especially at the design and
lower speed levels, provided some quite interesting differ-
ences for the higher speed of 3.46 knots, with the figures
(Figure 12) quite illuminating. A maximum speed of 3.53 knots
also occurred at a 5.0° angle of inclination, which is below the
desired value range obtained in other cases. Beyond 5°, the
speed started to drop more dramatically with the increase in
the inclination angle, down to 1.25 knots at 15.0°, a decrease of
64.6% from the horizontal case. This variation indicates that
at high speeds, the interaction between the propeller thrust
and hull hydrodynamics becomes more sensitive to the var-
iation in inclination output.

Figure 13 displays a comparative approach regarding
how speed varies among the three test cases, revealing

steady patterns for design and lower speeds, with the
best inclination angles lying between 6.0° and 7.0°. If we
check the figure at a higher speed around 3.46 knots, the
ideal angle changes to 5.0° (Figure 13). At elevated speeds,
dynamic pressure and wave formation are more pro-
nounced, and more control has to be exercised for the
optimal propeller shaft angle (Table 7).

3.2 Numerical results

The CFD simulations were performed to analyze the ves-
sel’s hydrodynamic characteristics at various propeller
shaft angle inclinations, supplementing the experimental

Table 6: Measured time and calculated velocity of the model vessel at a speed of 2.31 knots

Propeller shaft inclination angle (°) Time (s) Speed Propeller shaft inclination angle (°) Time (s) Speed

m/s knot m/s knot

0 49.35 1.01 1.97 8 40.44 1.24 2.40
1 46.98 1.06 2.07 9 41.46 1.21 2.34
2 44.29 1.13 2.19 10 43.37 1.15 2.24
3 42.01 1.19 2.31 11 46.41 1.08 2.09
4 41.02 1.22 2.37 12 48.59 1.03 2.00
5 40.41 1.24 2.40 13 52.75 0.95 1.84
6 40.03 1.25 2.43 14 57.56 0.87 1.69
7 40.00 1.25 2.43 15 63.37 0.79 1.53
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Figure 12: Variation of vessel speed with propeller shaft inclination angle at a speed of 2.31 knots.
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data. Whenever the vessel was 0° to 15° inclined, the
numerical model was performed for a design speed of 2.9
knots. The results can be observed in Table 8 and can be
visualized in Figures 13–16. Table 8 shows the CFD simula-
tion results for different inclination angles based on the
velocity of the vessels, which can also be seen in Figure 13.
The velocity trends are in good agreement with the experi-
mental results, confirming the validity of the numerical
method. The simulated speed at 3.0° was 2.93 knots, coin-
ciding with the design speed value with a difference of less
than 1% from the experimental one. The velocity increased
steadily up to 6.0° and 7.0°, where the highest simulated
velocity (3.07 knots) was registered, corresponding to a
5.9% increase compared to the speed at 3.0°. Above 7.0°,

the speed dropped rapidly, and at 15°, it fell to 2.06 knots,
32.8% less than the maximum.

The CFD simulations were analyzed for the flow char-
acteristics and the pressure distributions around the hull
at different inclination angles. The wave field and pressure
fields of the thrust force acting at 0° averaged over 90
points are shown in Figure 15 (where the thrust force
and resistance coincide). This means higher resistance
and a speed of 2.53 knots. As shown in Figure 16, at the
optimal inclination angles of 6° and 7°, the thrust force will
be aligned efficiently with the hull geometry, thus reducing
resistance. This reduces the bow pressure and minimizes
the wave energy around the hull. Again, this contributes to
achieving the maximum speed of 3.07 knots. However, at
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Figure 13: Variation of vessel speed with propeller shaft inclination angle at a speed of 3.46 knots.

Table 7: Measured time and calculated velocity of the model vessel at a speed of 3.46 knots

Propeller shaft inclination angle (°) Time (s) Speed Propeller shaft inclination angle (°) Time (s) Speed

m/s knot m/s knot

0 32.47 1.54 2.99 8 29.03 1.72 3.34
1 30.54 1.64 3.18 9 30.64 1.63 3.17
2 28.79 1.74 3.37 10 32.72 1.53 2.97
3 28.06 1.78 3.46 11 36.20 1.38 2.68
4 27.70 1.81 3.51 12 40.53 1.23 2.40
5 27.47 1.82 3.53 13 47.87 1.04 2.03
6 27.75 1.80 3.50 14 58.88 0.85 1.65
7 28.32 1.77 3.43 15 77.66 0.64 1.25
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15°, based on Figure 17, the excessive inclination leads to
the thrust force and the hydrodynamic flow not overlap-
ping. As a result, the bow presses bigger waves, causing a
loss of energy and a drastic reduction in vessel speed.

4 Discussion

After the scale model was fabricated (as outlined in Section
2.2), this section reports the speed measurements obtained
for varying propeller shaft angles up to 15° applied under
three operating conditions, namely design speed of 2.9
knots and supplementary speeds of 2.31 and 3.46 knots.

Also, the CFD simulation results at the design speed of
the same range of inclination angles are given and com-
pared with the experimental data.

4.1 Fabricated model composite fishing
vessel and test results

A 1:12 scale model of the composite fishing vessel was care-
fully fabricated to accurately show the same size, shape,
and characteristics as the actual ship. Formex sheets and
fiberglass composite ensured structural solidity with low
weight, and the deck and cabin were separately manufac-
tured for manufacturing agility and maintenance services.
Equipped with a 0.8 HP gasoline engine that serves as the
main propulsion and an adjustable propeller shaft
mechanism, the inclination was accurately adjustable
between 0° and 15° to ensure reliable experimental out-
puts. The Bluetooth-based remote-control system with
enabling sensors worked well up to 200m, allowing for
real-time monitoring and continuous data collection.

The model exhibited stability in light and heavily
loaded modes with a top speed of 3.77 knots, swimming
30 percent faster than the design speed. Although small
amendments, like errors in surface finishing, exist, the
model could describe the hydrodynamic performance of
the real ship. It was designed and fitted in such a way
that it became a robust tool for experimental and

Table 8: Simulated velocity results for the model vessel at a speed of 2.9
knots

Propeller shaft
inclination
angle (°)

Velocity
(knots)

Propeller shaft
inclination
angle (°)

Velocity
(knots)

0 2.53 8 3.03
1 2.66 9 2.95
2 2.8 10 2.84
3 2.93 11 2.71
4 3.00 12 2.58
5 3.05 13 2.41
6 3.07 14 2.25
7 3.07 15 2.06
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Figure 14: Variation of vessel speed with propeller shaft inclination angle at the design speed of 2.9 knots.
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numerical studies to testify to the study’s findings.
Improvements can be made in the long term with tighter
surface finishing and new materials for increased
accuracy.

The findings contribute to a deeper understanding of
how different propeller shaft angles can be tuned for
optimal vessel performance, presenting essential trends
and ideal setups. It is noted that tests were performed
under controlled conditions to facilitate repeatability, con-
sistency, and accuracy of the data recording. These results
closely match the theoretical predictions and have real-
world implications for vessel design and operation.

Indeed, as the propeller shaft inclination angle
increased from 0° to 3.0°, the experimental data showed
that the vessel speed increased from 2.47 knots at 0° to 2.9

knots at 3.0°, meaning an improvement of 14.8%. This indi-
cates that, with a low angle of inclination, the direction of
the thrust is more in line with the geometry of the hull
itself, reducing resistance and promoting propulsion. At
3.0°–8.0°, the speed gradually plateaued; the peak speed
was recorded at 6.0° and 7.0°, 3.05 knots or 5.2% above the
design speed, as illustrated in Figure 19. The shaft angles in
this range produce the optimal shaft angle for the scaled
model when the resultant hydrodynamic forces acting on
the propeller jet are most favorably aligned. In values 8°
and higher, speed sharply drops to 1.92 knots at 15° with a
32.6% decline from the peak. The assertion is that too much
inclination leads to a counter-productivity when propulsion
can no longer be matched to the hydrodynamics of the hull,
producing increased resistance and loss of efficiency.

Figure 15: Pressure distribution and wave patterns around the hull at a propeller shaft inclination angle of 0°.
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The change in vessel speed was found in the tilt angle
of the propeller shaft from 0° to 15°, as shown in Figure 16.
At 2.31 knots, the speed variation pattern appears very
similar to that at 2.9 knots, aside from the slight differences
recorded at minor inclination angles (0°–1.0°) and signifi-
cant angles (13°–15°). This consistency indeed reflects the
similar hydrodynamic behavior for these two speeds. The
3.46 knots speed variation, on the other hand, describes a
noticeably different pattern. Notably, the rate of change
appears to decrease in the 8.0° < γ < 9.0° range to help
max out the speed achieved at a 5° inclination angle, where
the ship achieves a max speed of 3.53 knots compared with
the lower speed ranged found at the 6°–7° angle. At higher
angles of attack (beyond 5.0°), the speed drops significantly,

especially the decline between 6.0° and 15.0° becomes
steeper, revealing that as we increase operating speed,
we also increase the influence of resistance due to flow
separation and wake turbulence (Figure 18).

Table 9 analyzes speed deviations at different inclina-
tion angles relative to the baseline angle 3°. In the example
with the second most minor deviation (2.31 knots), the dis-
tance was only 0.78 knots at 15°, then the distance was
found to bow at 0.98 knots in the 2.9 knot case, and 3.46 knots
had the most significant deviation of 2.21 at 15°. These results
suggest that speed mismatches are more critical when the
entire speed range ismore extensive. This behavior illustrates
the strong influence of propeller shaft angle on the vessel’s
operation, especially for more comprehensive and higher-

Figure 16: Pressure distribution and wave patterns around the hull at propeller shaft inclination angles of 6° and 7°.
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speed shapes, as hydrodynamic forces and flow dynamics
become more responsive to small changes in inclination.

The stable trends observed for 2.31 and 2.9 knots indi-
cate that the ideal inclination angle is between 6.0° and 7.0°
for those ships operating at moderate speeds. On the con-
trary, at faster speeds, where we can talk about a speed of
3.46 knots, the best inclination changes to 5.0°, given that,
with the same impeller, there is greater sensitivity on the
flow dynamics/resistance at higher speeds. At higher velo-
cities from the shaft angle, there is a rapid drop-off in
speed past 5.0°, reinforcing that accurate shaft alignment
is required to maintain energy losses further. It is sug-
gested that vessels operating at moderate speeds should

retain the shaft propeller at an inclination angle of
6.0°–7.0°, and for higher-speed vessels, an inclination angle
of about 5°. In all situations, ensure that extreme inclina-
tion angles (13.0°–15.0°) are avoided, as they cause colossal
speed loss and inefficiencies.

4.2 Comparison of CFD simulation andmodel
vessel test results

A comparison between CFD simulations and experimental
results for the scaled model can be used to evaluate the

Figure 17: Pressure distribution and wave patterns around the hull at a propeller shaft inclination angle of 15°.
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accuracy and reliability of the numerical approach. Both
Table 10 and Figure 19 present the analysis, emphasizing
the primary similarities and differences between the con-
ventional and proposed methods for diverse propeller

shaft inclination angles, illustrating the comparative
advantages and disadvantages of the two methods. Table
10 demonstrates that the simulated and experimental velo-
cities align well for most inclination angle values,

Figure 19: Comparison of vessel speed variation with changes in a propeller shaft inclination angle.
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especially in the optimal range of 3°–7°. The average dif-
ference between the simulated and experimental results is
about 1.0%, indicating that the CFD model sufficiently cap-
tured the hydrodynamic behavior of the scaled vessel.
However, as the inclination angle decreases from 8° to
15°, the error shows a rising trend. At inclination angles

of 14° and 15°, the error exceeds 5%. Overall, the velocity
discrepancies between the simulation and experimental
results are negligible, confirming that the simulation
model demonstrates acceptable reliability.

Examining the flow characteristics shown in Figures
14–16, the results are as follows: At angles of inclination of
6.0° and 7.0° (where the highest speeds are obtained), the
thrust direction is more optimal with the hull shape and
velocity. This causes the vessel’s bow to lift slightly,
resulting in lower pressure distribution at the bow. Simul-
taneously, the wave energy is reduced around the hull
(Figure 15). This results in a fluid approach with a lower
pressure distribution and wave energy, resulting in lower
total force acting against the vessel, enabling the ship to
operate at higher velocities.

In any pitch angle of inclination at 0°, as seen in Figure 14,
the thrust direction matches the same direction of the resis-
tance force. As a result, there is virtually no change in the
bow and stern drafts during operation. Here, at this angle,
the bow draft is also greater than in 6.0° and 7.0° cases,
which causes higher pressure at the bow area. Furthermore,
higher total resistance and slower speeds of the vessel than
the most optimal inclination range were detected because
the wave energy produced surrounding the hull surface was
higher.

At a 15.0° angle of inclination (Figure 16), we observe
that the excessive thrust angle concerning the draft raises
the bow too much and lowers the stern. Indeed, this devel-
opment leads to orders of magnitude greater pressure

Table 9: Speed deviations at various propeller shaft inclination angles compared to the baseline (3°)

Propeller shaft
inclination
angle (°)

Case of speed 2.31 knots Case of speed 2.9 knots Case of speed 3.46 knots

Speed
(knots)

Speed
deviation
(knots)

Sai số (%) Speed
(knots)

Speed
deviation
(knots)

Sai số (%) Speed
(knots)

Speed
deviation
(knots)

Sai số (%)

0 1.97 −0.34 −14.83 2.47 −0.43 −14.80 2.99 −0.47 −13.58
1 2.07 −0.24 −10.54 2.60 −0.30 −10.49 3.18 −0.28 −8.13
2 2.19 −0.12 −5.11 2.76 −0.14 −4.94 3.37 −0.09 −2.54
3 2.31 0.00 0.00 2.90 0.00 0.00 3.46 0.00 0.00
4 2.37 0.06 2.45 2.97 0.07 2.43 3.51 0.05 1.31
5 2.40 0.09 4.01 3.02 0.12 4.13 3.53 0.07 2.15
6 2.43 0.12 4.98 3.05 0.15 5.28 3.50 0.04 1.12
7 2.43 0.12 5.07 3.05 0.15 5.07 3.43 −0.03 −0.93
8 2.40 0.09 3.94 2.98 0.08 2.78 3.34 −0.12 −3.35
9 2.34 0.03 1.38 2.85 −0.05 −1.65 3.17 −0.29 −8.41
10 2.24 −0.07 −3.09 2.77 −0.13 −4.42 2.97 −0.49 −14.24
11 2.09 −0.22 −9.44 2.63 −0.27 −9.31 2.68 −0.78 −22.48
12 2.00 −0.31 −13.50 2.52 −0.38 −13.09 2.40 −1.06 −30.77
13 1.84 −0.47 −20.32 2.31 −0.59 −20.50 2.03 −1.43 −41.38
14 1.69 −0.62 −26.98 2.11 −0.79 −27.11 1.65 −1.81 −52.34
15 1.53 −0.78 −33.67 1.92 −0.98 −33.65 1.25 −2.21 −63.87

Table 10: Comparison of CFD simulation and experimental results for
the model vessel at a speed of 2.9 knots

Propeller shaft
inclination angle (°)

Speed (knots) Error (%)

Test Numerical
simulation

0 2.47 2.53 2.34
1 2.60 2.66 2.42
2 2.76 2.80 1.55
3 2.90 2.93 1.00
4 2.97 3.00 0.98
5 3.02 3.05 0.99
6 3.05 3.07 0.55
7 3.05 3.07 0.75
8 2.98 3.03 1.63
9 2.85 2.95 3.32
10 2.77 2.84 2.40
11 2.63 2.71 2.96
12 2.52 2.58 2.31
13 2.31 2.41 4.34
14 2.11 2.25 6.05
15 1.92 2.06 6.59
Mean 2.51
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distribution at the bow value than for the 6.0° and 7.0°
cases. On the contrary, the energy of the wave generated
for the hull surface is approaching that of the 0° incidence
angle. As a result, the total resistance increases, and the
vessel operates at lower speeds than in the other cases.

This study shows that the inclination of the propeller
shaft is instrumental in managing those factors to achieve
an optimal thrust alignment and internal pressure distri-
bution for the wave energy encounter that determines a
vessel’s resistance and speed. These insights will help
ensure that this simulation not only accurately replicates
real-world dynamics but also that shaft inclination is opti-
mized for performance.

4.3 Numerical simulation for an actual
composite fishing boat

Given the high reliability of the simulated velocities for the
scaled model, CFD software was further utilized in this
study to simulate the speed of the full-scale vessel for pro-
peller shaft inclination angles ranging from 3° to 8°. The
simulation results and comparisons to actual vessel speeds
are presented in Table 11. At the actual propeller shaft
inclination angle of 3°, the discrepancy between simulated
and real-world speeds was negligible at 2.2%, indicating a
strong correlation between the simulation and actual per-
formance. The highest simulated speed for the full-scale
vessel was achieved at a 6° inclination angle, reaching
11.45 knots, representing a 14.5% increase compared to
the actual speed at 3°.

Installing a propeller shaft at the optimal inclination
angle (in this case, 6°) significantly enhances vessel speed,
contributing to improved economic efficiency during
operations – precisely, increased vessel speed without
altering the engine’s operational regime results in reduced
fuel consumption. Moreover, higher vessel speeds shorten

travel time at sea, saving time and enhancing the quality of
caught products by decreasing the preservation duration
onboard. These findings underscore the critical impor-
tance of optimizing propeller shaft inclination for maxi-
mizing vessel performance and operational efficiency.
These findings are consistent with previous studies by
Santoso et al. [1], which proved that the optimal angle of
the propeller shaft inclination is between 6° and 7° for
moderate speeds. The trend found in the high-speed case
(optimal near 5°) is in agreement with Seyyedi et al. [8].

5 Conclusion

Based on experimental results, this study developed and
simulated a scaled composite fishing vessel model that
produced significant results regarding the propeller shaft
inclination angles and vessel speed performance. The con-
firmed numerical simulations of the experimental data
showed that the ideal inclination angle of the vessel’s pro-
peller shaft varied from 6.0° to 7.0°, providing a maximum
speed of 3.05 knots, 5.2% above the design speed. These
discoveries highlight the importance of orienting the thrust
direction per the hull shape to reduce resistance and
enhance efficiency.

In addition, the study presented that due to the
increase in resistance and hydrodynamic of vessels, the
extensive inclination angles (>8.0°) cause a considerable
slowdown of the boats. Conversely, the optimal angle
varies at higher operational speeds, highlighting the
dynamic interplay between operating speed, hydrody-
namic forces exerted on the shaft, and shaft alignment.

The results also emphasize the potential operational
gains from targeting propeller shaft inclination angles in
full-scale vessels. Continuous improvements in ship speed
at the same engine regime result in less fuel consumption,
shorter voyages, and better product quality due to fewer
cargo preservation times on the sea. These enhancements
increase the economic efficiency of fishing operations.

Future work would be to study the effect of varying
immersion depths concerning inclination angles, as this
variable impacts the hydrodynamic forces received by
the propeller blades. Moreover, introducing new computa-
tion techniques and diversifying resistance calculation
methods will further optimize the precision of power and
performance calculation methods. This would help in a few
areas that would improve the knowledge and use of hydro-
dynamic optimization in the design of fishing vessels. This
study sets a robust finding for practical applications, and
guides improved composite fishing vessel performance,

Table 11: Comparison of simulated and actual speeds for the full-scale
vessel

Propeller shaft
inclination angle (°)

Actual
speed
(knots)

Numerical
speed (knots)

Error (%)

3 10.00 10.22 2.20
4 — 10.59 5.90
5 — 10.97 9.70
6 — 11.45 14.50
7 — 11.37 13.70
8 — 10.96 9.60
Mean 9.27
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providing meaningful progress in naval architecture and
ocean engineering.
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