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Applying propeller boss cap fins (PBCF) in open B-series has been studied. PBCF is able 
to decrease the wake effect behind the propeller which can influence the propeller’s 
thrust and torque. Open propeller using PBCF is analyzed using computational fluid 
dynamics (CFD) which generate convergent result compared to experimental data. The 
solver is based on the Reynolds Averaged Navier Stokes Equation (RANSE) solutions 
and turbulence modeling explicit algebraic stress model (EASM). The test data was 
obtained from CFD simulations consisting of the open propeller and PBCF despite the 
experiment was done to PBCF only. All measurements were carried out from J = 0 to J 
= 1.0 with speeds from 0 m/s to 2.445 m/s.The results of the investigation on the B4-
70 propeller with Boss cap fins convergent showed thought-provoking phenomena 
both on CFD and experimental work. Test results at The B4-70 Propeller without using 
PBCF high Pressure at J = 0.1 - 0.9, but with boss cap fins can reduce pressure at high-
speed J = 0.9, so further research is needed to low-speed J = 0.1 - 0.5; Then visualization 
of velocity on propeller B4-70 without PBCF shows an increase in flow velocity in the 
boss cap fins when J = 0 to J = 0.9. The induced axial velocity in the blade propeller is 
the same and propeller B4-70 with PBCF decreases in speed in the boss cap fins when 
J = 0 to J = 0.9. However, the induce axial velocity in the blade propeller is the same. 
Convergent PBCF can reduce the return flow velocity in the boss cap propeller area, 
inversely proportional to the open propeller. Comparison of open propeller and PBCF 
shows that using PBCF there is an increase in the KT value at high speed of 10% to24% 
and a decrease in the 10KQ value on PBCF from J = 0.8 to J = 1.0 of 7% to 14%, but 𝜂0 
value at J = 0.8 to J = 1.0 increased by 3% to 8%. This Explained that the use of PBCF 
when the higher the value of J, greater the increase in 𝜂0 value. Mainly, B4-70 propeller 
with PBCF with a converging boss cap shape with 15-degree slope exhibits increased 
efficiency. 
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1. Introduction 
 

In 2023, the global economy is failing, as shown by the decrease in public spending capability, 
which has led to demand reduction [1]. However, the ship requirements to follow shipping rules and 
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regulations increase operational costs. As academics seek to improve propeller performance, 
shipping corporations need to cut expenses. Installation of an Energy Saving Device (ESD) is one of 
the solutions. Several studies indicate that installing an ESD aboard a ship can impact a substantial 
increase in the efficiency of energy [2]. With improved computational devices and advanced 
numerical method software, optimization processes are becoming increasingly popular for 
maximizing the efficiency of energy potential in this device which is caused by changing the design. 

However, these solutions may be too disruptive for retrofitting and the adoption of ESD, whose 
installation does not require significant hull and/or rudder modifications, or stator fins, resulting in 
compliance with the Energy Efficiency Operation Index (EEOI) requirements that is preferable in the 
case of already operational ships [3-5]. Propeller Boss Cap Fins (PBCF) are one of the most used ESD 
components. It consists of several fins (usually the same number as the number of propeller blades) 
that are attached to the hub boss cap with a very small angle of attack. Their installation is the least 
expensive and most straightforward, requiring only the change of the hubcap. According to prior 
Computational Fluid Dynamics (CFD) based research, B-series propellers perform much better as 
open propellers (both by default and with PBCF), whereas Kaplan series propellers perform 
particularly well when paired with ducted [6]. The hydrodynamic performance was determined using 
CFD analysis in the present work such as turbulent parameters and flow rate effect on the propeller 
[7,8]. After a study on the open propeller types B-Series and Kaplan has been carried out, the PBCF 
and Ducted propeller types were combined. To investigate the effect of PBCF and Ducted on the 
hydrodynamic performance of propulsion, flow field distributions were incorporated into numerical 
simulations. 

The explicit algebraic stress model (EASM) model aims at providing better prediction compared 
with the linear eddy-viscosity model, rather than to avoid singularity in turbulence modelization 
which is inexistent for almost all turbulence models in past years, emerging as a big area of turbulence 
model research [9]. In a seasoned two-equation turbulence model, the Reynolds stress was obtained 
by converting the turbulent model equation's differential form to a strictly explicit algebraic 
expression, which was then enhanced by an explicit nonlinear Reynolds stress term. It is a nonlinear 
algebraic stress model that makes use of the eddy viscosity assumption. EASM has several benefits, 
including greater numerical effectiveness in comparison to the algebraic Reynolds stress model 
(ARSM), the ability to overcome a few shortcomings of the linear eddy viscosity model, reflect the 
anisotropy effect of Reynolds stress, effectively avoid numerical singularity, and improve model 
stability and more efficient CPU usage compared to Reynold Stress Turbulence Model (RSTM) [10].  

This research includes numerical and experimental comparisons of open Propellers with PBCF, as 
well as case studies using B4-70 propeller. The analysis was carried out numerically by CFD method. 
For turbulence modeling, the solver is based on Reynolds Averaged Navier Stokes Equation (RANSE) 
solutions and an explicit algebraic stress model (EASM). 
 
2. Methodology  

 
Propeller performance is calculated by the numerical CFD method that is calculated by several 

criteria consisting of thrust (KT) and torque (KQ) coefficients and efficiency (η0). 
 
2.1 Modeling 
 

Table 1 shows the main dimension of the scaled propeller which used B-series with PBCF 
Convergent. 
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Table 1 
Main dimension of propeller 

Type Unit B-Series 

Dimension (D) mm 300 
The Number of Blades - 4 
Expanded area ratio (Ae/Ao) - 0.7 
Pitch of ratio - 1.2 
Angular Velocity rpm 489 

 
Among others, the selection of fins using the Sobol design [11] as shown in Table 2 showed an 

increase in the net energy efficiency of 1.3%. So that it can be used as a reference for the use of boss 
cap fins to increase efficiency on the B4-70 propeller. 
 

Table 2 
Sample of Sobol design number 30 [11] 
Fin Height Fin Length Pitch Start Angle 

0.08 m 0.64 m 28.1o 33,3o 

 
Figure 1(a) explains the CFD test model with the model scale size and Figure 1(b) the experimental 

test model with the model scale size. In the model in Figure 1, the propeller B4-70 is installed with 
PBCF Convergent which is subjected to an open water test with the output value of thrust and torque 
hence it can calculate the efficiency value that occurs. 
 

 
 

(a) (b) 

Fig. 1. B4-70 test model with PBCF Convergent (a) CFD model (b) Experiment model 

 
2.2 Numerical Simulation 
 

Numerical simulation provides an explanation including the governing equation which describes 
the equations of the continuity equation, the Reynolds-Averaged Navier-Stokes Equation (RANSE), 
and EASM; boundary condition describes the shape of the boundary between the propeller and the 
environment, grid generation describes that the shape of the grid in meshing meets convergence and 
grid independence. 
 
2.2.1 Governing equations 
 

The numerical CFD method was applied to calculate the model resistance. Kawamura et al., [12] 
researched CFD simulation of PBCF and described that lower error between numerical and 
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experiment. The numerical simulation is carried out using continuity equation into unsteady 
conditions, Reynolds-Averaged Navier-Stokes Equation (RANSE), and EASM to solve the turbulence 
phenomena [13]. The equations for those three are shown in Eq. (1) to Eq. (3), respectively 
 
∂ρ

∂t
+

∂(ρu)

∂X
+

∂(ρv)

∂y
+

∂(ρw)

∂z
= 0            (1) 

 
Where: ρ is the density of the fluid, t represents the time, while u, v, and w is the vector field of 

flow speed. 
 
𝜕𝑈𝑖

𝜕𝑡
+ 𝑈𝑗

𝜕𝑈𝑗

𝜕𝑋𝑗
=

𝜕𝑝

𝜕𝑋𝑖
+

𝜕

𝜕𝑋𝑗
[𝑅𝑒𝑒𝑓𝑓

−1 (
𝜕𝑈𝑖

𝜕𝑋𝑗
+

𝜕𝑈𝑗

𝜕𝑋𝑖
)] +

1

2
(

𝜕𝑈𝑖

𝜕𝑋𝑗
+

𝜕𝑈𝑗

𝜕𝑋𝑖
)       (2) 

 
Where Ui = (u, v, w) denoted Reynolds average velocity components; xi = (x, y, z) denoted the 

independent coordinate direction; Si symbolized the mean strain-rate tensor for a body force; p is 
the piezometric pressure, and Reeff denoted effective Reynolds numbers. 

The Reynolds stress in Eq. (2) is modelized with the EASM model. The EASM model's 
mathematical foundation and detailed derivation are taking references to previous studies [4-7,14] 
and describing the final result of the Algebraic Reynolds Stress Model for two-dimensional flow, 
which is briefly repeated here for completeness. The Reynolds stress tensor is calculated as follows: 
 

𝜏𝐼𝐽 = 2𝑣𝑡 (𝑆𝑖𝑗 −
1

3

𝛿𝑢𝑘

𝛿𝑥𝑘
𝛿𝑖𝑗 + [𝑎2𝑎4 (𝑆𝐼𝑘𝑊𝑘𝑗 − 𝑊𝑖𝑘𝑆𝑘𝑗) − 2𝑎3𝑎4 (𝑆𝑖𝑘𝑆𝑘𝑗 −

1

3
𝑆𝑘𝑙𝑆𝑙𝑘𝛿𝑖𝑗)]) −

2

3
𝑘𝛿𝑖𝑗 (3) 

 
The turbulent eddy viscosity is determined from: 

 

𝑣𝑡 =
2

3
𝑘𝛿𝐼𝐽 + 𝑚𝑎𝑥(−𝑘𝛼1, 0.0005

𝑘2

𝜖
)          (4) 

 
Where α is obtained from the solution of the following cubic equation: 

 
(𝛼1/𝜏)3 + 𝑝(𝛼1/𝜏)2 + 𝑞(𝛼1/𝜏) + r =  0           (5) 
 

Where τ = k/ϵ is turbulence time scale, and: 
 

p = −
γ1

η2τ2γ0
, p =

1

(2η2τ2γ0)2 (γ1
2 −  2η2τ2γ0a1 −

2

3
η2τ2α3

2 + 2R2η2τ2α2
2), r =  

γ1

(2η2τ2γ0)2    (6) 

 
In addition, it is used the compose the Reynold stress into a linear part and a residual part 

according to 
 

𝜏𝑖𝑗 = (
2

3
𝑘𝛿𝐼𝐽 + 2𝑣𝑡𝑆𝐼𝐽) + 𝜏𝑖𝑗

𝑟  with 𝜏𝑖𝑗
𝑟 = 𝜏𝑖𝑗

𝑎𝑠𝑚 −
2

3
𝑘𝛿𝐼𝐽 + 2𝑣𝑡𝑆𝐼𝐽                    (7) 

 
Where is 𝜏𝑖𝑗

𝑎𝑠𝑚 obtained from algebraic stress equation (ASM), 𝑣𝑡 is eddy viscosity, and k is 

kinematics. 
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2.2.2 Boundary condition 
 

This study explains that the boundary conditions of the b-series propeller are presented in Figure 
2 and the particulars of the two domains can be seen in Table 3 
 

 
Fig. 2. Boundary conditions 

 
Table 3 
Distance of the model to the domain boundary 
Location Distances 

(D) Propeller diameter 300 mm 
(S1) Distances from propeller to the inlet 2D 
(S2) Distances from propeller to outlet 6D 
(R) The distances from the propeller center to the wall 3D 
(L) Propeller length from hub to boss cap fins 0.6D 

 
The inlet boundary condition is defined as the far field. At the outlet boundary, Prescribed 

Pressure is used as the boundary condition. No-slipping is defined as a boundary condition in the 
Solid Model. The Far Field boundary conditions are applied to the cylindrical surface so that the entire 
domain is the rotating domain. The rotating frame must be large enough to avoid the Far Field 
Boundary affecting the prediction of flow around the propeller. Meanwhile, the intended domain is 
a cylinder with a length and diameter of 8D and 6D respectively with the axis that coincides with the 
propeller's axis of symmetry. The inlet is located 2D from the model and the outlet is located 6D from 
the model. 
 
2.2.3 Grid generation 
 

CFD Design was used to create the mesh, which can be seen in Figure 3. The use of good meshing 
should ensure the adequacy of CFD calculations [15]. To achieve this, it is necessary to study grid 
independence. The adequacy of the number of meshing describes the working hours of computer 
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calculations to be effective and optimal [16]. In addition, the selection of meshing forms and their 
arrangement influences the simulation results obtained. The selection of the mesh structure is 
proven to generate good results in CFD simulations. Simulation precision can be improve by providing 
finer grid around the model that interacts with the fluid so that interaction phenomena can be shown 
properly. Meanwhile, in the distant part of the fluid, it can be arranged with larger grid elements to 
reduce the process of calculating CFD simulations. This setting provides more effective computer 
performance and accuracy results. 
 

 
Fig. 3. Meshing of propeller model B4-70 with PBCF Convergent 

 
Additionally, an independence grid is added to the several elements to get a constant number 

which can influence lower error as shown in Figure 4. Comparing numerical and experimental 
indicate the error number is below 2% [17]. However, the value of <0,5% is preferred in the Table 4 
 

Table 4 
Grid independence propeller B4-70 with PBCF Convergent 
Number of Element 512,798 1,005,782 2,219,443 4,506,342 

KT 0.264 0.247 0.237 0.234 
Percentage - 1.8% 1.0% 0.3% 

 

 
Fig. 4. Grid independence propeller B4-70 with PBCF Convergent 
for kT 
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2.3 Towing Test Model 
 

The laboratory parameters for testing the propeller model must be considered and adjusted to 
the capacity and carriage equipment [18]. The test model must have strong material and precise size. 
For this reason, before testing, a balancing model is usually carried out on each blade in order to get 
the same weight on each blade. 

The experimental test was carried out using a towing tank belonging to LHI situated in Surabaya 
Indonesia, with particulars: length = 234.5 meters, width = 11 meters, depth = 5.5 m, the maximum 
speed of carriage = 8 m/s, maximum acceleration of carriage = 1 m/s2, ship model length = 3 - 9 m.  
Figure 5 showed the physics of the towing tank. 
 

 
Fig. 5. Towing tank at Indonesian Hydrodynamic Laboratory (LHI) 

 

Figure 6 shows the open water test and Figure 7 shows the working system in towing tank for 
open water test respectively. Explanation of the working system for the open water test [19] is as 
follows: (i) the dynamometer (H-39) is a measuring instrument used to carry out open water testing, 
where the sensor attached to the dynamometer is based on strain gages. This dynamometer converts 
the thrust and torque from the tested propeller (microstrain) or into mv/volt electricity, (ii) 
Programmable Signal Conditioning (PSC) that functions as a signal conditioner for the amount of 
thrust and torque generated by the dynamometer. So in this PSC, there is a sensor voltage source, as 
well as gain settings and filter signals generated by the dynamometer so that they become electrical 
measurements, (iii) Data Acquisition System (DAS) is a data retrieval system from sensors that have 
been converted to electrical signals in the PSC, then converted to digital numbers according to the 
calibration factor (voltage to torque thrust ratio) which will be stored in the computer for further 
processing and analysis. 
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Fig. 6. Open water test 

 

 
Fig. 7. Working system in towing tank for open water test 

 
2.4 Propeller Efficiency 
 

A propeller is typically mounted on a ship's stern so that it may operate in water that the ship 
encounter as it sails. So, the ship to which the propeller is mounted has an impact on its performance. 
So, it is required to operate the propeller in open water in order to evaluate the fundamental 
performance characteristics of a propeller, independent of the ship to which it is connected. A 
propeller's performance characteristics typically refer to the difference in its thrust, torque, and 
efficiency with advanced speed and rotation rate in open water. Experiments are carried out with 
models of the propeller that are towed in the towing tank while changing the rotation rate and 
towing velocity to determine the characteristics of the propeller in open water. The propeller's thrust 
and torque are calculated. The non-dimensional thrust KT and torque KQ (which is magnified 10 times 
as 10kQ to be plotted in the same graph) are then plotted as a function of advance coefficient J, along 
with open water efficiency 𝜂0. Eq. (8) to Eq. (11) show the formulation of J, KT, KQ, η0. 

 

Propeller 

Carriage 

Dynamometer 

Mechanical System 
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J =  
𝑉𝐴

𝑛𝐷
               (8) 

 

𝐾𝑇 =
𝑇

𝜌𝑛2𝐷4               (9) 

 

𝐾𝑄 =
𝑄

𝜌𝑛2𝐷5                         (10) 

 

𝜂0 =
𝑣𝑎

2𝜋𝑛𝐷

𝐾𝑇

𝐾𝑄
                          (11) 

 
3. Results and Discussion 
 

The results of the B4-70 Propeller CFD with and without PBCF Convergent calculations are shown 
in Table 5 and Table 6, While the results of the B4-70 Propeller Experiment with PBCF Convergent 
can be seen in Table 7. Moreover, a comparison of the results between the CFD and Experiment can 
be seen in Figure 8(a), Figure 8(b), and Figure 8(c). 

Open water test propeller model was carried out in calm water conditions in accordance with 
ITTC regulations for open-water tests [20]. The test results can present the value of KT, 10KQ, and 𝜂0 
of CFD simulations and experiments. Comparison of B4-70 propeller without PBCF Convergent can 
be seen in Table 5 and Table 6 namely B4-70 propeller with PBCF Convergent, when without PBCF J 
= 0.1 KT value is 0.527; J = 0.5 KT value 0.370; J = 0.9 KT value (0.159) compared to PBCF when J = 0.1 
KT value is 0.526; J = 0.5 KT value 0.373; J = 0.9 KT value (0.184) proves that there was an increase in 
KT value. While Open propeller when J = 0.1 value 10KQ 0.972; J = 0.5 value 10KQ 0.700; J = 0.9 10KQ 
value (0.351) compared to PBCF when J = 0.1 10KQ value 0.962; J = 0.5 value 10KQ 0.700; J = 0.9 value 
of 10KQ (0.389) indicates a decrease in value of 10KQ on the open propeller and PBCF. Then the 
comparison is seen from B4-70 propeller without PBCF Convergent 𝜂0 value when J = 0.1 value 𝜂0 
0.086; J = 0.5 value 𝜂0 0.421; J = 0.9 value 𝜂0 (0.647) compared to PBCF when J = 0.1 value 𝜂0 0.087; 
J = 0.5 value 𝜂0 0.424; J = 0.9 value 𝜂0 0.677 explains that with the use of PBCF the higher the value 
of J, the greater the increase in 𝜂0 value. Meanwhile, between CFD and the experiment can be seen 
from Table 6 and Table 7, the highest KT value is in CFD, which is 0.570 when J = 0, then the highest 
10KQ value is in CFD, which is 1.036 when J (0), and the highest 𝜂0 value is in CFD, which is 0.677 in J 
= 0.9. 
 

Table 5  
CFD results for B4-70 propeller 
without PBCF Convergent 

J KT 10KQ Efficiency 

0.0 0.562 1.045 0.000 
0.1 0.527 0.972 0.086 
0.2 0.500 0.919 0.173 
0.3 0.463 0.855 0.258 
0.4 0.418 0.780 0.341 
0.5 0.370 0.700 0.421 
0.6 0.319 0.616 0.495 
0.7 0.267 0.530 0.561 
0.8 0.213 0.441 0.615 
0.9 0.159 0.351 0.647 
1.0 0.104 0.261 0.637 

 

Table 6 
Experimental results for B4-70 
propeller with PBCF 
Convergent 
J KT 10KQ Efficiency 

0.0 0.570 1.036 0.000 
0.1 0.526 0.962 0.087 
0.2 0.512 0.929 0.175 
0.3 0.464 0.851 0.260 
0.4 0.434 0.798 0.346 
0.5 0.373 0.700 0.424 
0.6 0.339 0.641 0.505 
0.7 0.272 0.534 0.567 
0.8 0.236 0.473 0.634 
0.9 0.184 0.389 0.677 
1.0 0.129 0.298 0.686 

 

Table 7  
Experimental results for B4-70 
propeller with PBCF Convergent 

J KT 10KQ Efficiency 

0.0 0.542 0.832 0.000 
0.1 0.505 0.818 0.098 
0.2 0.456 0.789 0.184 
0.3 0.413 0.754 0.261 
0.4 0.362 0.708 0.325 
0.5 0.316 0.657 0.383 
0.6 0.271 0.590 0.439 
0.7 0.227 0.507 0.498 
0.8 0.186 0.412 0.576 
0.9 0.119 0.271 0.627 
1.0 0.066 0.168 0.631 
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(a) (b) 
  

 
(c) 

Fig. 8. Open water test diagram CFD and experiment for B4-70 propeller with and without PBCF 
Convergent (a) Open water test diagram CFD B4-70 without PBCF (b) Open water test diagram 
CFD B4-70 with PBCF (c) Open water test diagram experiment B4-70 with PBCF 

 
The process of making the open water test graph refers to the Wageningen experimental graph 

where the graph shows the results of the KT, 10KQ, and efficiency (𝜂0) values as shown in Figure 13. 
The open water test graph on the B4-70 propeller with BCF Convergent comes from the CFD 
simulation presented in Table 2 when J = 0.1 the KT value is 0.526 decreases when J = 0.5 KT is 0.373 
to the lowest at J = 1.0 KT 0.129 and has the same trend when J = 0.1 has a value of 10KQ 0.962 also 
decreases when J = 0.5 has a value of 10KQ 0.700 to the lowest at J = 1.0 a value of 10KQ 0.298. 
However, 𝜂0 value, on the other hand, is the lowest 𝜂0 value when J = 0.1 increases at J = 0.5 with an 
𝜂0 of 0.424, the peak 𝜂0 value is 0.686 when J = 1.0. It can be concluded on the B4-70 propeller with 
default Convergent boss cap fins that at low speed 𝜂0 value is also low but KT and 10KQ are high, while 
the highest efficiency is J = 1.0 [21]. 

The pressure visualization of the B4-70 Propeller without PBCF as shown in Figure 9 corroborates 
the results of the CFD simulation in Table 5 and Figure 13. The results of the tables and graphs show 
that at low speeds J = 0 has a high KT value of 0.562, and at moderate speeds J = 0.5 KT value is 0.370; 
while at high speeds J = 0.9 the value of KT is 0.159. In the boss cap fins, there is a large pressure when 
J = 0.1 ≥1000 Pa, while J = 0.5 is ≥1000 Pa, but the pressure value is small when J = 0.9 is ≥1000 Pa. In 
this study, the B4-70 propeller without PBCF experienced great pressure at low-speed J = 0.1 to 
medium-speed J = 0.5, so a solution was needed to reduce pressure. 
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(a) (b) 

  

 
(c) 

Fig. 9. Visualization of pressure B4-70 propeller without PBCF (a) Pressure without PBCF at J = 
0.1 (b) Pressure without PBCF at H = 0.5 (c) Pressure without PBCF at J = 0.9 

 
The visualization of the pressure Propeller B4-70 as shown in Figure 10 with straight boss cap fins 

strengthens the CFD simulation results in Table 5 and Figure 13. The results of the tables and graphs 
show that when J = 0.1 the KT value is 0.526 it decreases when J = 0.5 KT is 0.373 to lowest at J = 1.0 
KT 0.129. In the boss cap fins, there is a large pressure when J = 0.1 ≥1000 Pa, while J = 0.5 ≥1000 Pa, 
but the pressure value is small when J = 0.9 is ≥500 Pa. In this study, the Propeller B4-70 with PBCF 
convergent experienced a large pressure at low speeds J = 0.1 to J = 0.5, so a solution was needed to 
reduce pressure. 
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(a) (b) 

  

 
(c) 

Fig. 10. Visualization of pressure propeller B4-70 with PBCF Convergent (a) Pressure PBCF 
Convergent at J = 0.1 (b) Pressure PBCF Convergent at J = 0.5 (c) Pressure PBCF Convergent at 
J = 0.9 

 
The visualization of the velocity of the B4-70 Propeller without PBCF as shown in Figure 11 

corroborates the results of the CFD simulation for the pressure value. In the boss cap fins, there is a 
large pressure when J = 0.1 ≥1000 Pa, while J = 0.5 is ≥1000 Pa, but the pressure value is small when 
J = 0.9 is ≥1000 Pa. In this study, the B4-70 propeller without PBCF experienced great pressure at low-
speed J = 0.1 to medium-speed J = 0.5, so a solution was needed to reduce pressure. The visualization 
of the velocity of the B4-70 Propeller without PBCF strengthens the CFD simulation results for the 
pressure value. Starting from J = 0.1 in the blade section, the induce axial velocity is 2 m/s to 3 m/s, 
but in the boss cap propeller, flow occurs at speeds of 0 m/s to 1 m/s. Whereas in the J = 0.5 blade 
section the induce axial velocity is 2 m/s to 3 m/s and in the propeller cap boss section the flow occurs 
at 0 m/s to 2 m/s. Meanwhile, when J = 0.9 is in the blade section the induce axial velocity is 2 m/s 
to 3 m/s, however, in the boss cap propeller section, flow occurs with speeds of 0 m/s to 3 m/s. The 
conclusion on the B4-70 propeller without PBCF is that if the value of J (advanced coefficient) is 
higher, the flow velocity increases in the boss cap, but the flow velocity in the blade propeller remains 
the same. So a solution is needed to overcome the increase in flow velocity in the boss cap. 
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Fig. 11. Visualization of velocity B4-70 propeller without PBCF (a) Velocity without PBCF at J = 0.1 (b) 
Velocity without PBCF at J = 0.5 (c) Velocity without PBCF at J = 0.9 

 
The B4-70 Propeller velocity visualization with boss cap fins convergent as shown in Figure 12 

strengthens the CFD simulation results for the pressure value on the part of the boss cap fins, there 
is a large pressure when J = 0.1 ≥1000 Pa, while J = 0.5 ≥1000 Pa, but the pressure value is small when 
J = 0.9 is ≥500 Pa. In this study, the Propeller B4-70 with PBCF convergent experienced a large 
pressure at low speeds J = 0.1 to J = 0.5, so a solution was needed to reduce pressure. The 
visualization of the velocity of the Propeller B4-70 with the boss cap fins convergent strengthens the 
CFD simulation results on the pressure value. Starting from J = 0.1 in the blade section, the induce 
axial velocity is 2 m/s to 3 m/s, but in the boss cap propeller, flow occurs with speeds of 3 m/s to 5 
m/s. Whereas in the J = 0.5 blade section the induce axial velocity is 2 m/s to 3 m/s and in the 
propeller cap boss section the flow occurs at 1 m/s to 2 m/s. Meanwhile, when J = 0.9 is in the blade 
section the induce axial velocity is 2 m/s to 3 m/s, however, in the boss cap propeller section, reverse 
flow occurs with a speed of 0 m/s to 1 m/s. The conclusion on the B4-70 propeller with PBCF 
convergent is obtained if the value of J (advanced coefficient) is higher, the flow velocity decreases 
in the boss cap and the flow velocity in the propeller blade decreases. So a solution is needed to 
overcome the increase in flow velocity in the boss cap. 
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(c) 

Fig. 12. Visualization of velocity B4-70 propeller with PBCF (a) Velocity PBCF Convergent at j = 0.1 (b) 
Velocity PBCF Convergent at J = 0.5 (c) Velocity PBCF Convergent at J = 0.9 

 
The results of a comparative investigation between B4-70 Propeller with and without PBCF can 

be seen in Figure 13, namely, the value of KT PBCF increases from J = 0.8 to J = 1.0 with the use of 
PBCF experiencing an increase in thrust by 10% to 24%, but 10KQ value at B4-70 with PBCF 
experiencing decrease when J = 0.8 to J = 1.0 of 7% to 14% proving that the increase in KT value is 
greater than 10KQ value by installing PBCF, also 𝜂0 value at J = 0.8 to J = 1.0 increases by 3 % to 8%, 
So it can be concluded that an B4-70 propeller without PBCF when added to ESD in the form of PBCF 
can increase the value of propeller 𝜂0 when J is high, from J = 0.8 to J = 1.0 [22]. 
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(c) 

Fig. 13. Comparison Open Water Test B4-70 Propeller between with and without PBCF (a) 
KT value CFD between with and without PBCF (b) 10KQ Value CFD between with and without 
PBCF (c) Efficiency value CFD between with and without PBCF 

 
The results of the investigation of comparative cases as shown in Figure 14 between CFD and 

Experiments from B4-70 propellers with PBCF Convergence show that several phenomena are 
occurred. On the 10KQ graph, The first phenomenon shows the distance between J = 0 to J = 0.5 
looking stretched, while J = 0.5 to J = 0.7 looks tighter. J = 0.7 to J = 1.0 width is starting to be larger, 
so further research is needed for torque. The second phenomenon 2 for small J values can be seen 
in the KT values on CFD and experiments, proving that the vane flow at small J can be modeled 
numerically very well [23]. The last phenomenon of B4-70 propellers with PBCF with a convergent 
boss cap shape with a slope of 15 degrees shows an increase in efficiency was also shown in a study 
conducted by Abar et al., [24], regarding the angle of inclination of the convergent boss cap of 15 
degrees [25]. So that the overall calculation using the CFD approach can still be relied upon to 
complete as is the case in this paper. 
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(c) 

Fig. 14. Comparison open water test B4-70 Propeller between CFD and experiment (a) KT 
value between CFD and experiment (b) 10kQ value between CFD and experiment (c) 
Efficiency value between CFD and experiment 

 
4. Conclusions 
 

The Reynolds Averaged Navier Stokes Equation (RANSE) was used in this study, which was 
validated with experimental data from the open water test model. The B4-70 propeller design was 
created to investigate the effect of ESD on propeller efficiency, and it was then used to assess the 
effect of PBCF. On a model scale, CFD analysis was performed. The study's findings include a design 
that can be used for market ESD analysis. 

The results of the investigation of comparative cases between CFD and Experiments from B4-70 
propellers with PBCF Convergence, it appears that between CFD and Experiments, several 
phenomena are seen. i) The B4-70 Propeller without PBCF high Pressure at J = 0.1 - 0.9, but with boss 
cap fins can reduce pressure at high-speed J = 0.9, so further research is needed to low-speed J = 0.1 
- 0.5; ii) Visualization of velocity on propeller B4-70 without PBCF shows an increase in flow velocity 
in the boss cap fins when J = 0 to J = 0.9, whereas the induce axial velocity in the blade propeller is 
the same and propeller B4-70 with PBCF decreases in speed in the boss cap fins when J = 0 to J = 0.9, 
however the induce axial velocity in the blade propeller is the same; iii) Comparison of open propeller 
and PBCF shows that using PBCF there is an increase in the KT value at high speed of 10% to 24% and 
a decrease in the 10KQ value on PBCF from J = 0.8 to J = 1.0 of 7% to 14%, however 𝜂0 value at J = 0.8 
to J = 1.0 increased by 3% to 8%, explaining that the use of PBCF when the higher the value of J, the 
greater the increase in 𝜂0 value; iv) B4-70 propeller with PBCF with converging boss cap shape with 
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15-degree slope exhibits increased efficiency. So that the overall calculation using the CFD approach 
can still be relied upon to complete as is the case in this paper. 
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