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1. Introduction

The performance of propellers is constantly being researched in the design for methods to increase their effectiveness,
noise level, and erosion. Model testing and Computational Fluid Dynamics (CFD) simulations are the standard procedures for
determining the performance of propellers. A propeller is examined in an open-water performance study under wet and
cavitation flow conditions. Data on thrust, torque coefficient, and efficiency are produced for a range of advanced ratio values.
For the purpose of ensuring data consistency, experimental and CFD results are compared.

Various mesh and computation domains are the main parameters in the simulation method. Based on analyzing the
effects of different mesh and computation domain parameters, researchers suggest mesh and domain optimization strategies
for a common CFD technique to accurately and quickly estimate the open water propulsive characteristics of fixed pitch
propellers [1]. An accurate predictive technique is needed to produce enough power and torque to move the ship forward at
the necessary speed [2]. The study of a maritime propeller from a bulk carrier is verified to obtain an energy-saving device
(ESD). When used in many domains, Propeller Boss Cap Fins (PBCF) could enhance thrust, reduce torque and boost efficiency
[3].

The Simulation of the propeller conclude that the magnitude of the Krand Ky of the propeller had a direct correlation
with the subsequent increase in blade numbers [4]. The study uses a CFD approach to examine a smooth and roughened hull
of the ship caused by marine biofouling and it showed that marine biofouling significantly increases ship resistance [5]. There
are large-scale effects on open water properties; however, when the transition model is used in numerical simulations at the
model scale, there are much smaller scale effects [6]. In order to validate numerical simulations of the static hydroelastic
response of marine propellers, tests were conducted. The test matrix allows testing of design and simulation codes against
the effects of Reynolds number, skew distribution, and the static hydroelastic response of resin propellers in open water [7].
An inspection of an underground gas pipeline revealed anomalous examples of wall distortion, and the findings were used
to conduct a stress analysis using finite element analysis under three different bedding conditions [8].

The CFD simulation and the experimental tank test showed good agreement to demonstrate how extra resistance and
power in waves increased in comparison to a calm water situation [9]. The impact of distance from the seabed on the drag
and lift of the submarine is examined using the CFD approach and indicated that the distance-diameter ratio has a somewhat
negative impact on the drag force but a considerable positive impact on the lift force. The negative lift increases with distance
from the seafloor, which can pull the submarine in so that it strikes the bottom [10]. The different grid types, mesh densities,
and turbulence models affect the outcomes of the simulation [11]. The Schnerr-Sauer cavitation model is used to conduct
numerical examinations of the cavitation and hydrodynamic properties of propellers in uniform and non-uniform flows [12].
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Propeller simulation also is also verified to research the interaction with the ship hull or rudder. a series of numerical
simulations based on RANSE are performed to explore the propeller characteristics in near-field contact between ships at
rest [13]. The unstable interaction between the propeller and rudder is simulated using a numerical technique based on a
potential flow method [14]. a comparison between sea trial measurements and full-scale CFD findings is researched For two
separate self-propelled ships with various Froude values [15]. In real-world maritime situations, waves cause ship hulls to
heave, which can cause the ship's propellers to oscillate in relation to the surrounding sea [16].

The rudder surface may vibrate as a result of the propeller wake, which will increase noise and dependability. Detached
eddy simulation is used to examine the structural reaction during propeller-rudder interaction [17]. Using large eddy
simulation, the evolution of the propeller tip vortex and its impact on the variation of the rudder surface pressure were
examined [18]. Meanwhile, four sets of progressively finer grids are used to conduct a grid-dependence analysis of the large-
eddy simulation (LES) with the immersed boundary (IB) approach for simulating a propeller in crash-back mode [19]. The
large-eddy simulations are used to study the open water of a submarine propeller [20] and obtained the result results of the
first high-order eddy-resolving simulation of flow over a maritime propeller [21].

The objective of this study is to conduct numerous numerical simulations of the B-series propeller to determine the
hydrodynamic force based on modifications in the advance velocity (Va), which will change the advance coefficient. Research
on mesh convergence is conducted with an advance coefficient of | = 0.6. Three meshes coarse, medium, and fine are
generated with cell counts of 1.38, 3.52, and 6.89 million. According to the available research, no numerical analysis utilizing
Numeca Fine Marine has ever been done to determine the parameters of the open water test of this particular type of
propeller. The auto-mesh settings selected in this software set it apart from other software.

2. Methods

CFD is the term for the computer-based simulation-based analysis of systems containing fluid flow, heat transport, and
similar phenomena. A hydrodynamic design was used to create the propeller. Given that water is both an incompressible
fluid and a Newtonian fluid, the incompressible Navier-Stokes equations are applicable as in Eq. 1 and 2.
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Extreme computer power is required to answer this set of equations. It is desirable to divide the pressure and velocities
into a mean and a fluctuating fraction, as in Eq.3, because the flow is turbulent. Reynolds decomposition is the term for this.

Ui=l_1,-+u,-
P=P+p (3)

where U is velocity and P is pressure. The Reynolds-Averaged Navier-Stokes and continuity equation are produced by
adding Eq. 3 into Eq. 1 and 2. It is shown in Eq. 4 and 5.
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The model scale propeller is operated in a uniform inflow through the open water test. This might be carried out in a
cavitation tunnel or a towing tank. Typically, the advance velocity (Va) is changed for a fixed number of revolutions per
second (n) during the test and the propeller thrust (T) and propeller torque (Q) are measured. The relationship between Va
and the velocity (Va) in the tangential direction, which gives an indicator of the angle of attack for the blade profiles, must
be the same to obtain the identical conditions in full scale as in model scale. The advance ratio (J) and V are defined as follows
in Eq. 6.

jlta (6)
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The definitions of the non-dimensional quantities Kr, Ky, and n, are given in Eq.7, 8, and 9.

T
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Kr = coefficient thrust, K, = coefficient torque, p = fluid density, and n, = open water efficiency

The open water characteristics are the measurements that are typically made in the open water test, which are denoted
by the letters Kr, K,, and n,. The open water chart is produced by comparing them to J. Since they should be same in a model
and at full scale, these qualities are of interest.

2.1. Propeller Model

The software NUMECA FINE/ Marine 7.2 was used to create a computational model of propeller performance in various
configurations. Different rotating speeds were employed to study in this paper. Table 1 and Figure 1 clearly display the
propeller's main dimensions, which are made up of four blades.

Table 1. The propeller's main dimensions.

No. Parameter Value
1 Propeller B-Series
2 Number of blades (Z) 4
3 Diameter (D) 157.6 mm
4 Propeller Pitch ratio (P/D) 1.133
6  Pitch0.7R 178.6 mm
7  Blade Area Ration (Ag/Ao) 0.65
8  Rotation Right Hand

Figure 1. The geometry of the propeller.

2.2. Modeling Configuration

This open water simulation's computation process is identical to that of an experiment. The advance coefficient ] has an
interval of 0.0 to 1.2 with a 0.1 stage. This means that altering advance velocity (Va) will alter the advance coefficient (J).
Water density =998.67 kg/m3 and kinematic viscosity v =1.070.10-6 m?/s are the environmental variables that correspond
to the experimental setup. The trailing edge, leading edge, pressure side, suction side, and hub of the propeller must all be
defined in the geometry of the four propeller blades in order to create an automatic grid. Figure 2 shows the characteristics
of the propeller geometry.

Rotation

Trailing-Edge
Leading Edge

Suction Side

Pressure Side

Figure 2. The characteristics of the propeller geometry

2.3. Meshing

It is important to remember that for proper and accurate simulation, an adequate number of meshes is crucial. A mesh-
independent analysis may therefore need to be carried out for three alternative total numbers of cell meshing. Figures 3, 4,
and 5 show the final coarse, medium, and fine mesh for the propeller's open water test. The distribution of cells is the most
notable variation, as can be observed. The fine mesh considerably improves the resolution around the propeller and in the
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slipstream. For the fine mesh as well, the cells in the domain region are a little bit bigger. The cells near the domain walls are
marginally smaller than the free-stream cells.

Figure 3. The generated mesh of the propeller (course).
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Figure 4. The generated mesh of the propeller (medium).

i
| i
8| 1 1

Figure 5. The generated mesh of the propeller (fine).

2.4. Setting Up

The cylinder's side is designated as the symmetry plane, and the boundary conditions are velocity inlet at the inlet;
outlet pressure at the outlet. With advance velocity proportional to advance coefficient (), the flow velocity is enforced at
the inlet. The hub, shaft, and propeller blades are hence designated as the "wall" boundary. The diameter of a propeller is the
cylinder that serves as the computation domain. The outlet boundary has been extended to five times the propeller diameter
(5D) in order to prevent the effects of the boundary and to effectively capture the propeller vortex. The outlet boundary is
two times the propeller diameter (2D) away from the propeller plane and the domain's diameter (3D) is three times that of
a propeller. It needs to be noticed that the boundaries' placement was chosen based on suggestions made by the ITTC. Figure
6 displays the scheme of the computational domain.
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Figure 6. The scheme of the computational domain.

2.5. Simulation Condition

Numerous numerical simulations were conducted in this study to determine the hydrodynamic force based on
modifications in the advance velocity (Va), which will change the advance coefficient (J), as shown in Table 2. Research on
mesh convergence is conducted with an advance coefficient of /= 0.6. Three meshes coarse, medium, and fine are generated
with cell counts of 1.38, 3.52, and 6.89 million.

Table 2. Numerical simulation condition.

i Va(m/s) Rps
0.0 0.00 22.016
0.1 0.347 22.016
0.2 0.694 22.016
03 1.041 22.016
0.4 1.388 22.016
0.5 1.735 22.016
0.6 2.082 22.016
0.7 2.429 22.016
0.8 2.776 22.016
0.9 3.123 22.016
1.0 3.470 22.016
1.1 3.817 22.016
1.2 4.164 22.016

3. Results and Discussion
3.1. Mesh Convergence Analysis

Results for thrust, torque, and effectiveness for coarse, medium, and fine mesh in three advanced coefficients (]) are
offered to improve prediction. The propeller's grid dependence is chosen in order to produce superior simulation results
compared to the experimental.

In the presented case study, using three grids and the grid refinement ratio rG =+ 2 (the value advised by ITTC [22]),
mesh convergence research is carried out at advance coefficient = 0.6. With cell counts of 1.38, 3.52, and 6.89 million, three
meshes coarse, medium, and fine are produced. The following definitions describe the solution differences between two

simulations at Eq. 10, such as fine-medium ¢;, and medium-coarsee,;:
51—5, P S2—S53
s, BTy,

12 =
(10)
Where: S;, S,, S5, the output of the simulation of open water using fine, medium, and coarse mesh.
The finding of the mesh convergence investigation is displayed in Table 3. Particularly for K; , which changed from 0.25% to
1.71%, the variations in solution from coarse mesh to fine mesh are particularly considerable. The same behavior is also
displayed by K, and . It indicates that the solution converged on a value by enlarging the mesh size. Therefore, for further
calculation in this instance, fine mesh should be employed.

Table 3. Results of mesh convergence study at J= 0.60

Characteristic Mesh density
S Coarse Medium Fine € 21[%] € 32[%]
grids grids grids
Kr 0.2808 0.2760 0.2753 0.25 1.71

Ko 0.0523 0.0510 0.0509 0.39 2.49
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Characteristic Mesh density
s Coarse Medium Fine €a1[%] € 32(%]
grids grids grids
Mo 0.5130 0.5170 0.5164 0.14 0.79

3.2. Calculation Results

The comparison of simulation in mesh fine and experimental data for the propeller's open water characteristics at
advanced velocities | ranging from 0.0 to 1.2 is shown in Table 4. The variations between the CFD (Computational Fluid
Dynamics) simulation, S, and the EFD (Experimental Fluid Dynamics), D data are defined at Eq. 11 by:

E% = ?100%

275

(11)

The simulation results indicate good agreement with the experimental findings when the computational results and
experimental data from are examined.

Table 4. Result of open water simulation compared to experimental.

Thrust Coefficient (K7)

10 Torque Coefficient (10 Kp)

Efficiency (n )

: EFD CFD E(%) EFD CFD E(%) EFD CFD E(%)
0.0 0.511 0.496 29% 0.850 0.840 1.0% 0.000 0.000 0%
0.1 0489 0471 16% 0.818 0.801 2.1% 0.095 0.093 2.1%
0.2 0.451 0.442 19% 0.772 0.756 15% 0.186 0.186 0%
0.3 0405  0.404 20% 0.715 0.700 2.6% 0.271 0.276 -1.8%
0.4 0364  0.364 0% 0.654 0.639 15% 0.354 0.363 -2.2%
0.5 0319 0321 -0.6% 0.590 0.576 24% 0.430 0.443 -3.0%
0.6 0270 0275  -1.8% 0.524 0.509 27% 0.492 0.516 -4.8%
0.7 0215 0227  -27% 0.454 0.439 16% 0.552 0.577 -4.5%
0.8 0179  0.182  -40% 0.387 0.373 14% 0.592 0.620 -4.6%
0.9 0103 0132  -56% 0.314 0.299 2.5% 0.591 0.632 -5.9%
1.0 0.058  0.082  -123% 0.234 0.220 14% 0.564 0.592 -4.9%
1.1 0.021 0030  -52% 0.144 1.131 23% 0.340 0.394 -4.5%
1.2 0.00 0.00 0% 0.00 0 0% 0.00 0.00 0%

The Diagram open water test of simulation and experimental are shown in Figures 7 and 8. Figures 9 and 10 display the
pressure distribution on the propeller suction side, meanwhile, Figures 11 and 12 display the axial velocity of the open water
test at [=0.6 with coarse and fine meshes With a higher advance coefficient J, the flow becomes more turbulent as the axial
velocity rises. This is because, while the rotational speed (n) and propeller diameter (D) are constant, the advance coefficient
(J) and advance velocity (va) have a linear connection.

08 Diagram Open Water Test
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08 e | v
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Figure 7. Diagram open water test (EFD).
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Figure 8. Diagram open water test (CFD).

Pressure (normal stress)

Figure 9. Pressure distribution at course mesh.

Pressure (normal stress)

Figure 10.

Pressure distribution at fine mesh.
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Figure 11. The axial velocity distribution (coarse mesh).

Figure 12. The axial velocity distribution (fine mesh).

Base on Figures 7- 8 and Table 3, show that the CFD result and experimental result are very similar, particularly in terms
of open water efficiency. The difference in open water efficiency is only approximately under 5%. Studying mesh convergence
models are factors that led to successful results.

4. Conclusion

The CFD approach has been used in this study to forecast the propeller open water characteristics for open water research.
Various numerical simulations of the B-series propeller to determine the hydrodynamic force based on modifications in the
advance velocity (Va) at fine mesh. Research on mesh convergence is conducted with an advance coefficient of | = 0.6 with
three meshes coarse, medium, and fine. The outcomes are very consistent with the outcome of the experiment. This
demonstrates the critical importance of mesh convergence analysis and mesh refining for crucial regions of propeller blades.
This study demonstrates the CFD method's capacity to obtain the best performance of open water. In General, the
characteristics of the marine propeller in open water are positively impacted by different advanced velocities. These CFD
data can therefore be used to provide a rough prediction of propeller performance. Considering this research’ s findings,
further study is necessary to investigate verification, validation and the uncertainty analysis of open water tests of this type
of propeller.
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