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Numerical analysis was conducted to assess the impact of fins on the B4-70 and Ka4-
70 propeller performance. The study explored different fin variations, specifically bare 
fins, Propeller Boss Cap Fins (PBCF), and propeller nozzles, using computational fluid 
dynamics (CFD) simulations. To obtain the best results, the researchers utilized the 
explicit algebraic stress model (EASM) based on Reynolds-Averaged Navier-Stokes 
(RANS) equations and turbulence modelling. The primary goal of this study was to 
improve the energy efficiency of ships by examining various propeller configurations, 
both open and ducted. The overall conclusions indicated that the B4-70 PBCF 
convergent and Ka4-70 PBCF divergent with the addition of nozzle 19A exhibited the 
highest efficiency based on the EASM analysis. The CFD simulation results for both B4-
70 and Ka4-70 propellers, utilizing a nozzle 19A with added boss cap fins, revealed 
several noteworthy phenomena. Firstly, for the B4-70 propeller, efficiency (η0) at J = 
0.6 to J = 0.8 showed an increase of 1% to 2%. Secondly, concerning the Ka4-70 
propeller, efficiency (η0) at J = 0.6 to J = 0.8 increased by 2% to 10%. These findings 
clearly demonstrate that the use of an ESD, such as the nozzle 19A with added boss 
cap fins, enhances the propulsion performance of the ship. It is evident that the CFD 
approach remains suitable and reliable for overall simulations. 
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1. Introduction 
 

The marine industry recognizes the pressing need for energy conservation and emissions 
reduction. However, current energy-saving devices (ESDs) primarily target large ocean-going vessels 
used in global trade, which are indeed more fuel-efficient than other transportation modes on a per-
goods-moved basis [1]. Nevertheless, the shipping sector's vital role in the global economy comes at 
the environmental cost of substantial CO2 emissions, accounting for approximately 2.89% of 
anthropogenic CO2 emissions in 2018 [2]. Countries like Japan, Canada, and the European Union (EU) 
have set ambitious emissions reduction goals [3]. The International Maritime Organization (IMO) has 
proposed various solutions to curb greenhouse gas emissions, including improving ship efficiency, 
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optimizing operations, and transitioning to alternative fuels [4]. The Fourth IMO GHG Study in 2020 
highlighted several energy-efficient options for the shipping industry, with Energy Saving Devices 
(ESDs) being a key focus [5]. Among these, Propeller Boss Cap Fins (PBCF) have gained popularity for 
their ability to enhance propeller efficiency through reduced hub vortex and torque optimization [6-
8]. 

Integrating an Electrostatic Discharge (ESD) system into a Ducted Propeller configuration holds 
potential for boosting thrust, while PBCFs can enhance propeller efficiency. These enhancements are 
particularly advantageous for commercial vessels and traditional fishing boats, impacting the 
dynamics of fishing gear [9], as well as catamaran-style fishing vessels [10]. These technologies also 
find applications in submarines, where quiet thrust generation is crucial [11], and niche sectors like 
glass-bottom tourism boats [12]. Studies on duct systems, including Pre-Duct effects on Ship 
Propeller-Hull dynamics, have shown improved hull efficiency but potential reductions in open water 
propeller efficiency [13]. Thus, a holistic approach is essential when designing propulsion systems for 
diverse aquatic applications. 

Implementing these solutions, especially for retrofitting existing vessels, can be challenging due 
to the required hull, rudder, or stator fin modifications [14-16]. Alternatively, Energy Saving Devices 
(ESDs) like PBCF offer a means of meeting Energy Efficiency Operation Index (EEOI) requirements 
with minimal hull alterations. PBCF, consisting of fins attached to the hub boss cap, can be easily 
installed by replacing the hubcap. Previous Computational Fluid Dynamics (CFD) studies have shown 
that open propellers, like the B-Series, perform well with PBCF, while the Kaplan series pairs better 
with ducted configurations [8]. In this study, CFD analysis considered turbulent parameters [17], flow 
rate influence [18], and the hydrodynamic performance of propellers with a focus on the combination 
of PBCF and ducted propellers. 

To enhance prediction accuracy and overcome turbulence modeling limitations, an explicit 
algebraic stress model (EASM) was employed. EASM differs from past turbulence models by aiming 
for better predictions rather than just avoiding turbulence modeling singularity [19]. It calculates the 
Reynolds stress explicitly, incorporating a nonlinear Reynolds stress term. EASM, while efficient, also 
addresses issues with the linear eddy-viscosity model, captures anisotropy in Reynolds stress, avoids 
numerical singularities, and improves model stability and CPU usage compared to the Reynolds Stress 
Turbulence Model (RSTM) [20]. However, it slightly underestimates viscous resistance, both with and 
without energy-saving devices, and predicts slightly lower longitudinal vorticity compared to 
observed values [21]. 

The novelty in this research paper lies in the addition of the B4-70 and Ka4-70 propellers along 
with the nozzle 19A, which falls under the category of an accelerating duct, and fins from the Sobol 
design number 30. These additions have been proven to increase propeller efficiency by 1.3%. 
Various boss cap types, including default, straight, convergent, and divergent, were also investigated. 
Additionally, the study employed a Computational Fluid Dynamics (CFD) approach using Reynolds 
Averaged Navier Stokes Equations (RANSE) with an explicit algebraic stress model (EASM), which has 
advantages over the k-ε turbulence model. In previous Adietya et al., [22] 2023 research, it only 
considered either the B4-70 or Ka4-70 propeller along with one of the boss cap types: default, 
straight, convergent, or divergent. However, in Adietya et al., [8] 2022 study, both the B4-70 and Ka4-
70 propellers with an Ae/Ao of 0.55 were examined using the k-ε turbulence model and a Shushkin 
nozzle B type. The research conducted on the B4-70 and Ka4-70 propellers revealed differences in 
pressure, velocity, and efficiency for each combination of boss cap types and fins from the Sobol 
design number 30 when used in conjunction with the nozzle 19A. 
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2. Methodology 
 

CFD simulations are employed to assess how well a propeller performs, with performance 
quantified through metrics like thrust (KT) and torque (KQ) coefficients as well as efficiency (η0). 
 
2.1 Modelling 
 

The key specifications of the miniature propeller model are detailed in Table 1, and the propeller 
types utilized are indicated as B4-70 and Ka4-70. An interesting result emerged from the application 
of the Sobol design methodology for fin selection, size concluded in Table 2 [23]. This method 
revealed a significant 1.3% improvement in overall energy efficiency, suggesting its potential as a 
standard for integrating boss cap fins to enhance the efficiency of the B4-70 propeller. 

 
Table 1  
Particular dimension of propeller [24] 
Type Unit B4-70 and Ka4-70 

The number of blades - 4 
Diameter mm 300 
Expanded blade ratio (Ae/Ao) - 0.7 
Pitch diameter ratio  1.2 
Angular velocity rpm 489 

 
Table 2  
Sample of Sobol design number 30 [23] 
Fin height Fin length Pitch Start angle 

0.08 m 0.64 m 28.1o 33.3o 

 
The Following are variations of the B4-70 and Ka4-70 propeller models, starting Figure 1 to 3  
 

     
              (a)                                (b)   

Fig. 1. Type of propeller (a) Propeller B4-70 nozzle 19A, (b) Propeller B4-70 nozzle 19A 

 
An added level of intricacy is introduced when nozzles are incorporated. In this configuration, 

known as the nozzle type, the propeller models B4-70 and Ka4-70 are fitted with nozzle 19A. 
Analyzing this setup offers valuable insights into how the presence of nozzles can influence 
parameters like KT, 10KQ, and η0. Figure 1 illustrates the models with nozzle installations, excluding 
PBCF.     
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(a) (b) 

 

    
(c)                      (d) 

Fig. 2. Type of propeller (a) Propeller B4-70 nozzle and PBCF convergent (b) 
Propeller B4-70 nozzle and PBCF divergent (c) Propeller B4-70 nozzle and PBCF 
straight (d) Propeller B4-70 nozzle and PBCF default 

 
The inclusion of nozzles adds an extra level of complexity. In this particular setup, known as the 

nozzle type, the B4-70 propeller models are fitted with nozzle 19A. Examining this variation offers 
valuable insights into how the interplay between boss cap fins and nozzles can affect parameters 
such as KT, 10KQ, and overall η0. Refer to Figure 2 for an illustration of Propeller B4-70 with PBCF in 
this context. 

An additional layer of intricacy is introduced with the installation of nozzles. In this variation, 
referred to as the nozzle type, the propeller models Ka4-70 are equipped with nozzle 19A. Evaluating 
this variation provides insights into how the interaction of boss cap fins and nozzles can impact 
parameters KT, 10KQ, and its η0. Figure 3 illustrates the Ka4-70 propeller, which is also equipped with 
PBCF in this context. 
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(a)                      (b)  

   
          (c)                  (d)  

Fig. 3. Type of propeller (a) Propeller Ka4-70 nozzle PBCF convergent (b) Propeller 
Ka4-70 nozzle PBCF divergent (c) Propeller Ka4-70 nozzle PBCF straight (d) Propeller 
Ka4-70 nozzle PBCF default 

 
2.2 Numerical Simulation 
 

Numerical simulations are employed to address turbulent phenomena by utilizing the continuity 
equation, the Reynolds-Averaged Navier-Stokes Equation (RANSE), and the Explicit Algebraic Stress 
Model (EASM) for turbulence modelling [25]. Eq. (1) and Eq. (2) represent these components: 

 
𝜕𝑈𝑖

𝜕𝑋𝑖
= 0 (1) 

 
Where: ρ is fluid density, t is time, Uj is the flow velocity vector field. 
 

𝜕𝑈𝑖

𝜕𝑡
+ 𝑈𝑗

𝜕𝑈𝑗

𝜕𝑋𝑗
=

𝜕𝑝

𝜕𝑋𝑖
+

𝜕

𝜕𝑋𝑗
[𝑅𝑒𝑒𝑓𝑓

−1 (
𝜕𝑈𝑖

𝜕𝑋𝑗
+

𝜕𝑈𝑗

𝜕𝑋𝑖
)] + 𝑆𝑖 (2) 

 
Here, Ui stands for Reynolds average velocity components (u, v, w), and xi denotes independent 

coordinate directions (x, y, z). Si represents the mean strain-rate tensor, while p signifies piezometric 
pressure, and Reeff denotes effective Reynolds numbers. 

For single-point closures, the Reynolds Stress Transport Model (RSTM) is recognized as providing 
the most accurate depiction of flow physics. However, simplifying the tensor basis involves significant 
mathematical complexity. Initially, many Explicit Algebraic Stress Models (EASM) are formulated 
using a 10-term basis, as shown in Eq. (3): 
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𝑏𝑖𝑗 = ∑ 𝐺(𝜆)𝑇𝑖𝑗
(𝜆)

10

𝜆=1

 (3) 

 
2.3 Boundary Condition 
 

The research defines the boundary conditions for the propellers, as depicted in Figure 4. In the 
Solid Model, the boundary condition is established as " no-slip". The inlet boundary condition is 
considered as the "far field." At the outlet boundary, a "Specified Pressure" boundary condition is 
utilized. Far Field position are extended to the cylindrical surface, ensuring that the entire domain 
becomes the rotating domain. The size of the rotating frame is designed to be sufficiently large to 
prevent the Far Field positon from interfering with the simulation of the flow around the propeller.  

 

 
Fig. 4. Boundary condition 

 
Figure 4 illustrates the boundary conditions for the B4-70 and Ka4-70 propellers in this research. 

The Solid Model defines the boundary condition as "no-slip" The inlet boundary condition is 
considered to represent the far field (not near field) and a specified pressure is applied as the 
boundary condition at the outlet. To ensure the entire domain is within the rotating frame, Far Field 
position are extended to the cylindrical surface. It is essential for the rotating frame to be sufficiently 
large so that the Far Field position does not interfere with the flow simulation around the propeller. 
Additionally, the desired domain is a cylinder with a length of 11D and a diameter of 8D, aligned with 
the symmetry axis of the propeller. The inlet is positioned 3D away from the model, and the outlet is 
situated 8D away from the model. 

 
2.4 Grid Generation and Grid Independence Test 
 

CFD design was employed to create the mesh structure, as depicted in Figure 5. To ensure the 
reliability of the simulations, a finer mesh was utilized [25]. Consequently, it is crucial to conduct a 
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grid independence study. The choice of the mesh density should also be balanced with the 
computational time, aiming for efficiency and optimization [26]. Moreover, the selection of mesh 
type and its arrangement significantly impacts the outcomes of the simulations. Opting for the right 
mesh order has been demonstrated to yield improved results in CFD simulations. Enhancing 
simulation accuracy involves employing a finer grid around the model interacting with the fluid, 
which captures interaction phenomena more accurately. Conversely, the distant parts of the fluid 
can be assigned larger grid sizes to expedite the simulation process. This configuration enhances both 
computational efficiency and result accuracy. 

 

 
Fig. 5. Meshing of propeller model Ka4-70 with nozzle 19A and PBCF divergent 

 
Additionally, independence grids were incorporated into various components to achieve a 

consistent number that would result in reduced errors, illustrated in Figure 6. A comparison between 
numerical and experimental data revealed that the error rate is below 2% [27]. Nevertheless, Table 
3 indicates a preference for a value below 1%. 

 

 
Fig. 6. Grid independence propeller Ka4-70 with nozzle 19A and 
PBCF for KT 
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Table 3  
Grid independence propeller Ka4-70 with nozzle 19A and PBCF 
Number of elements 1,258,299 2,344,576 3,835,380 7,190,246 

KT 0.237 0.225 0.218 0.216 
Percentage - 1.3% 0.7% 0.2% 

 

2.5 Propeller Efficiency 
 
Propellers are typically positioned on the stern of a vessel to function effectively in various water 

conditions encountered during navigation. The ship's design and characteristics can significantly 
influence how the propeller performs. Consequently, it is crucial to assess the fundamental 
performance attributes of the propeller in open water, independently of the specific vessel. The 
performance characteristics of a propeller typically encompass changes in thrust, torque, and 
efficiency as the propeller operates at different speeds and rotational rates in an open water 
environment. To evaluate these characteristics in open water, experiments are carried out using 
model propellers towed within a towing tank. During these experiments, variations in the rotation 
rate and towing velocity are applied to measure the propeller's thrust and torque. The obtained data 
is then utilized to compute non-dimensional parameters, including the thrust coefficient (KT), torque 
coefficient (KQ), and open water efficiency (η0). These parameters are graphed against the advance 
coefficient (J). Eq. (4) to Eq. (7) are used to formulate how to calculate, KT, KQ, and η0. 

 

J =  
𝑉𝐴

𝑛𝐷
 (4) 

𝐾𝑇 =
𝑇

𝜌𝑛2𝐷4
 (5) 

𝐾𝑄 =
𝑄

𝜌𝑛2𝐷5
 (6) 

𝜂0 =
𝑣𝑎

2𝜋𝑛𝐷

𝐾𝑇

𝐾𝑄
 (7) 

 
3. Propeller B4-70 and Ka4-70 with Nozzle 
3.1 Propeller B4-70 with Nozzle 19A 
 
The results of propeller B4-70 with nozzle calculation are shown in Figure 7. 

The open water test graph of the B4-70 propeller with nozzle 19A, derived from CFD simulations, 
indicates that the efficiency is minimal at low speeds, while the values of KT and 10KQ are elevated. 
As depicted in Figure 7, the propeller demonstrates a declining pattern in KT and 10KQ with the rise 
of the advance coefficient (J). In contrast, the efficiency (η0) shows a converse trajectory, with its 
lowest point occurring at J = 0.1 and peaking at 0.555 when J = 0.8. In summary, the B4-70 propeller 
in the configuration with nozzle 19A attains its highest efficiency at J = 0.8, while showcasing elevated 
KT and 10KQ values during low speeds. These conclusions are based on the provided simulation data, 
along with the specific propeller and nozzle 19A setup [28]. 

The pressure visualization of the B4-70 propeller with nozzle 19A reinforces the results of the CFD 
simulation in Figure 8. The outcomes presented in the graphs demonstrate that at low speeds, J = 0, 
there is a high KT value of 0.324; at moderate speeds, J = 0.5, the KT value is 0.246; while at high 
speeds, J = 1.0, the KT value is 0.114. In the region of the boss cap fins, significant pressure occurs at 
J = 0.1, exceeding 1000 Pa; similarly, at J = 0.5, the pressure is also above 1000 Pa, but the pressure 
value is lower at J = 0.5, ranging from 250 to 500 Pa. This study highlights that the B4-70 open 
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propeller experiences substantial pressure at low speeds, J = 0.1, up to moderate speeds, J = 0.5, 
indicating a need for a solution to reduce the pressure. 

 

 
Fig. 7. Open water test diagram of B4-70 with nozzle 19A  

 

  
(a)  (b)  

 
(c)  

Fig. 8. Visualization of pressure on the B4-70 propeller with nozzle 19A (a) Pressure at J= 0.1 (b) 
Pressure at J= 0.5 (c) Pressure at J= 0.8 
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(a)  (b)  

 
(c)  

Fig. 9. Visualization of velocity on the propeller B4-70 with nozzle 19A (a) Velocity at J= 0.1 (b) 
Velocity at J= 0.5 (c) Velocity at J= 0.8 

 
The visualization of the velocity of the B4-70 propeller with the nozzle 19A reinforces the results 

obtained from the CFD simulation in terms of pressure values. In the boss cap, there is significant 
pressure when J = 0.1, exceeding 1000 Pa, and similarly, when J = 0.5, it remains above 1000 Pa, but 
the pressure values are lower when J = 0.9, ranging from 250 Pa to 500 Pa. In this study, the B4-70 
propeller with the 19A nozzle experiences high pressure at low speeds (J = 0.1) up to moderate 
speeds (J = 0.5), thus necessitating a solution to reduce this pressure. The visualization of the velocity 
of the B4-70 propeller with the 19A nozzle strengthens the CFD simulation results regarding pressure 
values. Starting from J = 0.1, the blade section exhibits axial induced velocities ranging from 2 m/s to 
3 m/s, while at the boss cap of the propeller, the flow velocity remains between 0 m/s and 1 m/s. 
Meanwhile, in the blade section at J = 0.5, the axial induced velocity ranges from 2 m/s to 3 m/s, and 
in the boss cap of the propeller, there is flow with velocities ranging from 0 m/s to 2 m/s. At J = 0.8, 
the axial induced velocity in the blade section is 3 m/s to 4 m/s, although there is an increase in flow 
velocity at the boss cap of the propeller, ranging from 0 m/s to 3 m/s. In conclusion, for the B4-70 
propeller without PBCF, it can be observed that as the value of J (advanced coefficient) increases, the 
flow velocity at the boss cap increases, while the flow velocity at the propeller blade remains 
constant.  

 
3.2 Propeller Ka4-70 with Nozzle 19A 
 
The results of propeller Ka4-70 with nozzle calculation are shown in Figure 10. 

The open water test chart resulting from CFD simulations for the Ka4-70 propeller coupled with 
the nozzle 19A arrangement reveals that at J = 0.1, the KT value stands at 0.549, which subsequently 
drops to 0.400 at J = 0.5, and hits its nadir at 0.015 when J = 1.0, as evidenced in Figure 10. Similarly, 
the 10KQ value experiences a descent from 1.021 at J = 0.1 to 0.760 at J = 0.5, reaching its lowest 
point of 0.140 at J = 1.0. However, the efficiency (η0) takes an inverse trajectory; starting from its 
lowest point at J = 0.1, it increases to 0.419 at J = 0.5, and culminates at 0.521 at J = 0.8. In summation, 
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the Ka4-70 propeller fitted with the 19A nozzle configuration demonstrates reduced efficiency during 
low speeds while showcasing elevated KT and 10KQ values. Moreover, it attains its peak η0 value of 
0.521 at J = 0.8 [29]. 

 

 
Fig. 10. Open water test diagram of Ka4-70 with nozzle 19A  

 
The pressure visualization of the Ka4-70 propeller with nozzle 19A reinforces the outcomes of the 

CFD simulation in Figure 11. The results presented in the graphs indicate that at low speeds, J = 0, 
there is a high KT value of 0.549; at moderate speeds, J = 0.5, the KT value is 0.400; while at high 
speeds, J = 0.8, the KT value is 0.148. In the region of the boss cap fins, significant pressure occurs at 
J = 0.1, exceeding 1000 Pa; similarly, at J = 0.5, the pressure is also above 1000 Pa, but the pressure 
value is lower at J = 0.8, being greater than or equal to 1000 Pa. This study highlights that the Ka4-70 
Propeller with nozzle 19A experiences substantial pressure at low speeds, J = 0.1, up to high speeds, 
J = 0.8, indicating a need for a solution to reduce the pressure. 

 

  
(a)  (b)  

 
(c)  

Fig. 11. Visualization of pressure on the Ka4-70 propeller with nozzle 19A (a) Pressure at J= 0.1 (b) 
Pressure at J= 0.5 (c) Pressure at J= 0.8 



CFD Letters 

Volume 16, Issue 10 (2024) 12-42 

23 
 

  
(a)  (b)  

 
(c)  

Fig. 12. Visualization of velocity on the propeller Ka4-70 with nozzle 19A (a) Velocity at J= 0.1 (b) 
Velocity at J= 0.5 (c) Velocity at J= 0.8 

 
The visualization of the velocity of the Ka4-70 propeller with the nozzle 19A reinforces the results 

obtained from the CFD simulation in terms of pressure values. In the boss cap fin, there is significant 
pressure when J = 0.1, exceeding 1000 Pa, and similarly, when J = 0.5, it remains above 1000 Pa, but 
the pressure values are lower when J = 0.8, remaining above 1000 Pa. In this study, the Ka4-70 
propeller without PBCF experiences high pressure at low speeds (J = 0.1) up to moderate speeds (J = 
0.5), thus necessitating a solution to reduce this pressure. The visualization of the velocity of the Ka4-
70 propeller with the nozzle 19A strengthens the CFD simulation results regarding pressure values. 
Starting from J = 0.1, the blade section exhibits axial induced velocities ranging from 3 m/s to 4 m/s, 
while at the boss cap of the propeller, the flow velocity remains between 0 m/s and 2 m/s. 
Meanwhile, in the blade section at J = 0.5, the axial induced velocity ranges from 3 m/s to 4 m/s, and 
in the boss cap of the propeller, there is flow with velocities ranging from 0 m/s to 2 m/s. At J = 0.9, 
the axial induced velocity in the blade section is 2 m/s to 3 m/s, although there is an increase in flow 
velocity at the boss cap of the propeller, ranging from 0 m/s to 1 m/s. In conclusion, for the Ka4-70 
propeller with the nozzle 19A, it can be observed that as the value of J (advanced coefficient) 
increases, the flow velocity at the boss cap decreases, while the flow velocity at the propeller blade 
remains constant [22].  

 
4. Propeller B4-70 and Ka4-70 with Nozzle and PBCF 
4.1 Propeller B4-70 with Nozzle and PBCF 
 

The results of Propeller B4-70 with nozzle 19A and BCF default calculation are shown in Figure 
13. 
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Fig. 13. Open water test diagram of B4-70 with nozzle 19A and BCF default 

 
In Figure 13, At J = 0.1, the KT value is 0.329 and decreases to 0.255 at J = 0.5, reaching its lowest 

value of 0.021 at J = 1.0. A similar trend is observed for 10KQ, with a value of 0.627 at J = 0.1 decreasing 
to 0.520 at J = 0.5 and reaching its lowest value of 0.115 at J = 1.0. However, the efficiency exhibits 
the opposite behaviour, as the lowest efficiency at J = 0.1 increases to 0.391 at J = 0.5 and reaches its 
peak value of 0.562 at J = 0.8. In conclusion, for the B4-70 propeller with the 19A nozzle and default 
boss cap fins, the efficiency is low at low speeds, while KT and 10KQ are high. The highest η0 value 
achieved is 0.562 at J = 0.8 [30]. 

The pressure visualization of the B4-70 Propeller with nozzle 19A and BCF default reinforces the 
results of the CFD simulation in Figure 14. The outcomes presented in the graphs demonstrate that 
at low speeds, J = 0, there is a high KT value of 0.329; at moderate speeds, J = 0.5, the KT value is 
0.255; while at high speeds, J = 0.8, the KT value is 0.150. In the region of the boss cap fins, significant 
pressure occurs at J = 0.1, exceeding 1000 Pa; similarly, at J = 0.5, the pressure is 1000 Pa, but the 
pressure value is lower at J = 0.8, ranging from 250 to 500 Pa. This study highlights that the B4-70 
Propeller with nozzle 19A and default Boss Cap Fins experiences substantial pressure at low speeds, 
J = 0.1, up to moderate speeds, J = 0.5, indicating a need for a solution to reduce the pressure. 

The visualization of the velocity of the B4-70 propeller with the nozzle 19A and the BCF (Boss Cap 
Fins) default strengthens the results obtained from the CFD simulation in terms of pressure values. 
In the boss cap fin, there is significant pressure when J = 0.1, exceeding 1000 Pa, and similarly, when 
J = 0.5, it reaches 1000 Pa, but the pressure values are lower when J = 0.8, ranging from 250 Pa to 
500 Pa. In this study, the B4-70 propeller with the 19A nozzle and the default BCF experiences high 
pressure at low speeds (J = 0.1) up to moderate speeds (J = 0.5), thus necessitating a solution to 
reduce this pressure. The visualization of the velocity of the B4-70 propeller with the 19A nozzle and 
the default BCF strengthens the CFD simulation results regarding pressure values. Starting from J = 
0.1, the blade section exhibits axial induced velocities ranging from 2 m/s to 3 m/s, while at the boss 
cap of the propeller, the flow velocity remains between 0 m/s and 1 m/s. Meanwhile, in the blade 
section at J = 0.5, the axial induced velocity ranges from 2 m/s to 3 m/s, and in the boss cap of the 
propeller, there is flow with velocities ranging from 0 m/s to 2 m/s. At J = 0.8, the axial induced 
velocity in the blade section is 2 m/s to 3 m/s, although there is an increase in flow velocity at the 
boss cap of the propeller, ranging from 0 m/s to 2 m/s. In conclusion, for the B4-70 propeller with 
the nozzle 19A and the default BCF, it can be observed that as the value of J (advanced coefficient) 
increases, the flow velocity at the boss cap increases, while the flow velocity at the propeller blade 
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remains constant. Therefore, a solution is needed to address the increase in flow velocity at the boss 
cap. 

 

  
(a)  (b)  

 
(c)  

Fig. 14. Visualization of pressure on the B4-70 propeller with nozzle 19A and BCF default (a) Pressure 
at J= 0.1 (b) Pressure at J= 0.5 (c) Pressure at J= 0.8 

 

  
(a)  (b)  

 
(c)  

Fig. 15. Visualization of velocity on the B4-70 with nozzle 19A and BCF default (a) Velocity at J= 0.1 (b) 
Velocity at J= 0.5 (c) Velocity at J= 0.8 
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The results of Propeller B4-70 with nozzle 19A and BCF straight calculation are shown in Figure 
16. 

 

 
Fig. 16. Open water test diagram of B4-70 with nozzle 19A and BCF straight 

 

The open water test graph for the B4-70 propeller with the nozzle 19A and straight BCF 
configuration is obtained from CFD simulations with the result illustrated in Figure 16. At J = 0.1, the 
KT value is 0.316 and decreases to 0.260 at J = 0.5, reaching its lowest value of 0.026 at J = 1.0. 
Similarly, the 10KQ value starts at 0.634 at J = 0.1 and decreases to 0.528 at J = 0.5, reaching its lowest 
value of 0.123 at J = 1.0. However, the efficiency exhibits the opposite behaviour, as the lowest 
efficiency at J = 0.1 increases to 0.391 at J = 0.5 and reaches its peak value of 0.571 at J = 0.8. In 
conclusion, for the B4-70 propeller with the nozzle 19A and straight BCF, the efficiency is low at low 
speeds, while KT and 10KQ are high. The highest η0 value achieved is 0.571 at J = 0.8 [31]. 

The pressure visualization of the B4-70 Propeller with nozzle 19A and BCF straight reinforces the 
results of the CFD simulation Figure 17. The outcomes presented in the graphs demonstrate that at 
low speeds, J = 0, there is a high KT value of 0.316; at moderate speeds, J = 0.5, the KT value is 0.260; 
while at high speeds, J = 0.8, the KT value is 0.159. In the region of the straight boss cap fins, significant 
pressure occurs at J = 0.1, exceeding 1000 Pa; similarly, at J = 0.5, the pressure is also above 1000 Pa, 
but the pressure value is lower at J = 0.8, ranging from 250 Pa to 500 Pa. This study highlights that 
the B4-70 Propeller with nozzle 19A and straight Boss Cap Fins experiences substantial pressure at 
low speeds, J = 0.1, up to moderate speeds, J = 0.5. 

The visualization of the velocity of the B4-70 propeller with the nozzle 19A and the BCF straight 
strengthens the results obtained from the CFD simulation in terms of pressure values. In the boss cap 
fin, there is significant pressure when J = 0.1, exceeding 1000 Pa, and similarly, when J = 0.5, it remains 
above 1000 Pa, but the pressure values are lower when J = 0.8, ranging from 250 Pa to 500 Pa. In this 
study, the B4-70 propeller with the 19A nozzle and the straight BCF experiences high pressure at low 
speeds (J = 0.1) up to moderate speeds (J = 0.5), thus necessitating a solution to reduce this pressure. 
The visualization of the velocity of the B4-70 propeller with the 19A nozzle and the straight BCF 
strengthens the CFD simulation results regarding pressure values. Starting from J = 0.1, the blade 
section exhibits axial induced velocities ranging from 2 m/s to 3 m/s, while at the boss cap of the 
propeller, the flow velocity remains between 0 m/s and 1 m/s. Meanwhile, in the blade section at J 
= 0.5, the axial induced velocity ranges from 2 m/s to 3 m/s, and in the boss cap of the propeller, 
there is flow with velocities ranging from 0 m/s to 2 m/s. At J = 0.8, the axial induced velocity in the 
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blade section is 3 m/s to 4 m/s, although there is an increase in flow velocity at the boss cap of the 
propeller, ranging from 0 m/s to 2 m/s. In conclusion, for the B4-70 propeller with the 19A nozzle and 
the straight BCF, it can be observed that as the value of J (advanced coefficient) increases, the flow 
velocity at both the boss cap and the propeller blade increases. 

 

  
(a)  (b)  

 
(c)  

Fig. 17. Visualization of pressure on the B4-70 propeller with nozzle 19A and BCF straight (a) Pressure 
at J= 0.1 (b) Pressure at J= 0.5 (c) Pressure at J= 0.8 

 

  
(a)   (b)   

 
(c)  

Fig.  18. Visualization of velocity on the propeller B4-70 with nozzle 19A and BCF straight (a) Velocity at 
J= 0.1 (b) Velocity at J= 0.5 (c) Velocity at J= 0.8 
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The results of Propeller B4-70 with nozzle 19A and BCF convergent calculation are shown in Figure 
19. 

 

 
Fig. 19. Open water test diagram of B4-70 with nozzle 19A and BCF convergent 

 
The open water test graph for the B4-70 propeller with the nozzle 19A and BCF convergent 

configuration is obtained from CFD simulations, as conclude in Figure 19, shows that at J = 0.1, the KT 
value is 0.325 and decreases to 0.271 at J = 0.5, reaching its lowest value of 0.044 at J = 1.0. Similarly, 
the 10KQ value starts at 0.645 at J = 0.1 and decreases to 0.545 at J = 0.5, reaching its lowest value of 
0.184 at J = 1.0. However, the efficiency exhibits the opposite behaviour, as the lowest efficiency at 
J = 0.1 increases to 0.396 at J = 0.5 and reaches its peak value of 0.592 at J = 0.9. In conclusion, for 
the B4-70 propeller with the 19A nozzle and convergent BCF, the efficiency is low at low speeds, while 
KT and 10KQ are high. The highest η0 value achieved is 0.592 at J = 0.9 [32]. 

The pressure visualization of the B4-70 Propeller with nozzle 19A and convergent Boss Cap Fins 
reinforces the results of the CFD simulation in Figure 20. The outcomes presented in the graphs 
demonstrate that at low speeds, J = 0, there is a high KT value of 0.325; at moderate speeds, J = 0.5, 
the KT value is 0.271; while at high speeds, J = 0.9, the KT value is 0.113. In the region of the convergent 
boss cap fins, significant pressure occurs at J = 0.1, exceeding 1000 Pa; similarly, at J = 0.5, the 
pressure is also above 1000 Pa, but the pressure value is lower at J = 0.9, ranging from 250 Pa to 500 
Pa. This study highlights that the B4-70 Propeller with nozzle 19A and convergent Boss Cap Fins 
experiences substantial pressure at low speeds, J = 0.1, up to moderate speeds, J = 0.5, indicating a 
need for a solution to reduce the pressure. 

The visualization of the velocity of the B4-70 propeller with the 19A nozzle and the convergent 
BCF (Boss Cap Fins) strengthens the results obtained from the CFD simulation in terms of pressure 
values. In the boss cap fin, there is significant pressure when J = 0.1, exceeding 1000 Pa, and similarly, 
when J = 0.5, it remains above 1000 Pa, but the pressure values are lower when J = 0.9, ranging from 
250 Pa to 500 Pa. In this study, the B4-70 propeller without PBCF experiences high pressure at low 
speeds (J = 0.1) up to moderate speeds (J = 0.5). The visualization of the velocity of the B4-70 propeller 
with the 19A nozzle and the convergent BCF strengthens the CFD simulation results regarding 
pressure values. Starting from J = 0.1, the blade section exhibits axial induced velocities ranging from 
2 m/s to 3 m/s, while at the boss cap of the propeller, the flow velocity remains between 0 m/s and 
1 m/s. Meanwhile, in the blade section at J = 0.5, the axial induced velocity ranges from 2 m/s to 3 
m/s, and in the boss cap of the propeller, there is flow with velocities ranging from 0 m/s to 1 m/s. 
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At J = 0.8, the axial induced velocity in the blade section is 3 m/s to 4 m/s, although there is an 
increase in flow velocity at the boss cap of the propeller, ranging from 0 m/s to 1 m/s. In conclusion, 
for the B4-70 propeller with the nozzle 19A and the convergent BCF, it can be observed that as the 
value of J (advanced coefficient) increases, the flow velocity at the boss cap increases, while the flow 
velocity at the propeller blade remains constant. 

 

  
(a)   (b)   

 
(c)   

Fig. 20. Visualization of pressure on the B4-70 propeller with nozzle 19A and BCF convergent (a) 
Pressure at J= 0.1 (b) Pressure at J= 0.5 (c) Pressure at J= 0.9 

 

  
(a)  (b)   

 
(c)   

Fig. 21. Visualization of velocity on the propeller B4-70 with nozzle 19A and BCF convergent (a) 
Velocity at J= 0.1 (b) Velocity at J= 0.5 (c) Velocity at J= 0.8 
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The results of Propeller B4-70 with nozzle 19A and BCF divergent calculation are shown in Figure 
22. 

 

 
Fig. 22. Open water test diagram of B4-70 with nozzle 19A and BCF divergent 

 
The open water test graph for the B4-70 propeller with the BCF default configuration is obtained 

from CFD simulations shown in Figure 22. At J = 0.1, the KT value is 0.307 and decreases to 0.248 at J 
= 0.5, reaching its lowest value of 0.008 at J = 1.0. Similarly, the 10KQ value starts at 0.618 at J = 0.1 
and decreases to 0.509 at J = 0.5, reaching its lowest value of 0.094 at J = 1.0. However, the efficiency 
exhibits the opposite behaviour, as the lowest efficiency at J = 0.1 increases to 0.388 at J = 0.5 and 
reaches its peak value of 0.552 at J = 0.8. In conclusion, for the B4-70 propeller with the default BCF, 
the efficiency is low at low speeds, while KT and 10KQ are high. The highest η0 value achieved is 0.552 
at J = 0.8 [33]. 

The pressure visualization of the B4-70 Propeller with nozzle 19A and divergent Boss Cap Fins 
reinforces the results of the CFD simulation in Figure 23. The outcomes presented in the graphs 
demonstrate that at low speeds, J = 0, there is a high KT value of 0.323; at moderate speeds, J = 0.5, 
the KT value is 0.248; while at high speeds, J = 0.8, the KT value is 0.142. In the region of the divergent 
boss cap fins, significant pressure occurs at J = 0.1, exceeding 1000 Pa; similarly, at J = 0.5, the 
pressure is also above 1000 Pa, but the pressure value is lower at J = 0.9, ranging from 250 to 500 Pa. 
This study highlights that the B4-70 Propeller with nozzle 19A and divergent Boss Cap Fins 
experiences substantial pressure at low speeds, J = 0.1, up to moderate speeds, J = 0.5. 

The visualization of the velocity of the B4-70 propeller with the nozzle 19A and the BCF (Boss Cap 
Fins) divergent strengthens the results obtained from the CFD simulation in terms of pressure values. 
In the boss cap fin, there is significant pressure when J = 0.1, exceeding 1000 Pa, and similarly, when 
J = 0.5, it remains above 1000 Pa, but the pressure values are lower when J = 0.8, ranging from 250 
Pa to 500 Pa. In this study, the B4-70 propeller with the 19A nozzle and the divergent BCF experiences 
high pressure at low speeds (J = 0.1) up to moderate speeds (J = 0.5), thus necessitating a solution to 
reduce this pressure. The visualization of the velocity of the B4-70 propeller without PBCF 
strengthens the CFD simulation results regarding pressure values. Starting from J = 0.1, the blade 
section exhibits induced axial velocities ranging from 2 m/s to 3 m/s, while at the boss cap of the 
propeller, the flow velocity remains between 0 m/s and 1 m/s. Meanwhile, in the blade section at J 
= 0.5, the induced axial velocity ranges from 2 m/s to 3 m/s, and in the boss cap of the propeller, 
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there is flow with velocities ranging from 0 m/s to 1 m/s. At J = 0.8, the induced axial velocity in the 
blade section is 3 m/s to 4 m/s, although there is an increase in flow velocity at the boss cap of the 
propeller, ranging from 0 m/s to 1 m/s. In conclusion, for the B4-70 propeller with the 19A nozzle and 
the divergent BCF, it can be observed that there is an increase in axial induced velocity at the 
propeller blade, but it does not result in an increase in velocity at the boss cap fins [34]. 

 

  
(a)  (b)  

 
(c)  

Fig. 23. Visualization of pressure on the B4-70 propeller with nozzle 19A and BCF divergent (a) Pressure 
at J= 0.1 (b) Pressure at J= 0.5 (c) Pressure at J= 0.8 

 

  
(a)  (b)  

 
(c)  

Fig. 24. Visualization of velocity on the velocity propeller B4-70 with nozzle 19A and BCF divergent (a) 
Velocity at J= 0.1 (b) Velocity at J= 0.5 (c) Velocity at J= 0.9 
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4.2 Propeller Ka4-70 with Nozzle and PBCF 
 

The results of propeller Ka4-70 with nozzle 19A and BCF default calculation are shown in Figure 
25. 

 

 
Fig. 25. Open water test diagram of Ka4-70 nozzle 19A and BCF default 

 
The open water test graph for the Ka4-70 propeller with the default boss cap fins, obtained from 

CFD simulations illustrated in Figure 25 shows that at J = 0.1, the KT value is 0.349 and decreases to 
0.320 at J = 0.5, reaching its lowest point at J = 1.0 with a value of 0.058. Similarly, the 10KQ value 
starts at 0.700 at J = 0.1, decreases to 0.649 at J = 0.5, and reaches its lowest point at J = 1.0 with a 
value of 0.296. However, the efficiency value behaves differently, as the lowest efficiency at J = 0.1 
increases at J = 0.5, reaching a peak efficiency of 0.589 at J = 0.9. In conclusion, for the Ka4-70 
propeller with the default boss cap fins, at low velocities, the efficiency is low while the KT and 10KQ 
values are high. The highest η0 value is 0.589 at J = 0.9 [35]. 

The pressure visualization of the Ka4-70 Propeller with nozzle 19A and Boss Cap Fins default 
reinforces the results of the CFD simulation in Figure 26. The outcomes presented in the graphs 
demonstrate that at low speeds, J = 0, there is a high KT value of 0.349; at moderate speeds, J = 0.5, 
the KT value is 0.320; while at high speeds, J = 0.9, the KT value is 0.147. In the region of the default 
boss cap fins, significant pressure occurs at J = 0.1, exceeding 1000 Pa; similarly, at J = 0.5, the 
pressure is also above 1000 Pa, but the pressure value is lower at J = 0.9, ranging from 250 to 500 Pa. 
This study highlights that the Ka4-70 Propeller with nozzle 19A and default Boss Cap Fins experiences 
substantial pressure at low speeds, J = 0.1, up to moderate speeds, J = 0.5, indicating a need for a 
solution to reduce the pressure. 

The visualization of the velocity of the Ka4-70 propeller with the nozzle 19A and the BCF (Boss 
Cap Fins) default strengthens the results obtained from the CFD simulation in terms of pressure 
values. In the boss cap fin, there is significant pressure when J = 0.1, exceeding 1000 Pa, and similarly, 
when J = 0.5, it remains above 1000 Pa, but the pressure values are lower when J = 0.9, ranging from 
250 Pa to 500 Pa. In this study, the Ka4-70 propeller without PBCF experiences high pressure at low 
speeds (J = 0.1) up to moderate speeds (J = 0.5), thus necessitating a solution to reduce this pressure. 
The visualization of the velocity of the Ka4-70 propeller with the 19A nozzle and the default BCF 
strengthens the CFD simulation results regarding pressure values. Starting from J = 0.1, the blade 
section exhibits induced axial velocities ranging from 2 m/s to 3 m/s, while at the boss cap of the 
propeller, the flow velocity remains between 0 m/s and 2 m/s. Meanwhile, in the blade section at J 
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= 0.5, the induced axial velocity ranges from 3 m/s to 4 m/s, and in the boss cap of the propeller, 
there is flow with velocities ranging from 0 m/s to 3 m/s. At J = 0.9, the induced axial velocity in the 
blade section is 3 m/s to 4 m/s, although there is an increase in flow velocity at the boss cap of the 
propeller, ranging from 0 m/s to 3 m/s. In conclusion, for the Ka4-70 propeller with the 19A nozzle 
and the default BCF, it can be observed that as the value of J (advanced coefficient) increases, the 
flow velocity at both the boss cap and the propeller blade increases. 

 

  
(a)  (b)  

 
(c)  

Fig. 26. Visualization of pressure on the Ka4-70 propeller with nozzle 19A and BCF default (a) Pressure at 
J= 0.1 (b) Pressure at J= 0.5 (c) Pressure at J= 0.9 

 

  
(a)  (b)  

 
(c)  

Fig. 27. Visualization of velocity on the propeller Ka4-70 with nozzle 19A and BCF default (a) Velocity at 
J= 0.1 (b) Velocity at J= 0.5 (c) Velocity at J= 0.9 
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The results of propeller Ka4-70 with nozzle 19A and BCF straight calculation are shown in Figure 
28. 

 

 
Fig. 28. Open water test diagram of Ka4-70 nozzle 19A and BCF straight 

 
The open water test graph of the Ka4-70 Propeller with nozzle 19A and BCF straight, obtained 

from CFD simulations illustrated in Figure 28 shows that at J = 0.1, the value of KT is 0.347 and 
decreases to 0.322 at J = 0.5, reaching its lowest point at J = 1.0 with a value of 0.076. A similar trend 
is observed for the value of 10KQ, where it is 0.698 at J = 0.1 and decreases to 0.651 at J = 0.5, reaching 
its lowest value at J = 1.0 with a value of 0.233. However, the efficiency behaves differently, as the 
lowest value at J = 0.1 increases at J = 0.5, reaching the peak efficiency of 0.590 at J = 0.9. Therefore, 
it can be concluded that for the Ka4-70 Propeller with nozzle 19A and BCF straight, at low speeds, 
the efficiency is also low but the values of KT and 10KQ are high. The highest value of η0 is 0.590 at J 
= 0.9 [36]. 

The pressure visualization of the Ka4-70 Propeller with nozzle 19A and BCF straight reinforces the 
results of the CFD simulation in Figure 29. The outcomes presented in the graphs demonstrate that 
at low speeds, J = 0, there is a high KT value of 0.347; at moderate speeds, J = 0.5, the KT value is 
0.322; while at high speeds, J = 0.9, the KT value is 0.146. In the region of the straight boss cap fins, 
significant pressure occurs at J = 0.1, exceeding 1000 Pa; similarly, at J = 0.5, the pressure is also above 
1000 Pa, but the pressure value is lower at J = 0.9, ranging from 250 to 500 Pa. This study highlights 
that the Ka4-70 Propeller with nozzle 19A and straight Boss Cap Fins experiences substantial pressure 
at low speeds, J = 0.1, up to moderate speeds, J = 0.5, indicating a need for a solution to reduce the 
pressure. 

The visualization of the velocity of the Ka4-70 propeller with the nozzle 19A and the straight BCF 
(Boss Cap Fins) strengthens the results obtained from the CFD simulation in terms of pressure values. 
In the boss cap fin, there is significant pressure when J = 0.1, exceeding 1000 Pa, and similarly, when 
J = 0.5, it remains above 1000 Pa, but the pressure values are lower when J = 0.9, ranging from 250 
Pa to 500 Pa. In this study, the Ka4-70 propeller with the 19A nozzle and the straight BCF experiences 
high pressure at low speeds (J = 0.1) up to moderate speeds (J = 0.5), thus necessitating a solution to 
reduce this pressure. The visualization of the velocity of the Ka4-70 propeller with the 19A nozzle and 
the straight BCF strengthens the CFD simulation results regarding pressure values. Starting from J = 
0.1, the blade section exhibits induced axial velocities ranging from 2 m/s to 3 m/s, while at the boss 
cap of the propeller, the flow velocity remains between 0 m/s and 1 m/s. Meanwhile, in the blade 
section at J = 0.5, the induced axial velocity ranges from 3 m/s to 4 m/s, and in the boss cap of the 
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propeller, there is flow with velocities ranging from 0 m/s to 3 m/s. At J = 0.9, the induced axial 
velocity in the blade section is 3 m/s to 4 m/s, although there is an increase in flow velocity at the 
boss cap of the propeller, ranging from 0 m/s to 3 m/s. In conclusion, for the Ka4-70 propeller with 
the 19A nozzle and the straight BCF, it can be observed that as the value of J (advanced coefficient) 
increases, the flow velocity at both the boss cap and the propeller blade increases. 

 

  
(a)  (b)  

 
(c)  

Fig. 29. Visualization of pressure on the Ka4-70 propeller with nozzle 19A and BCF straight (a) Pressure 
at J= 0.1 (b) Pressure at J= 0.5 (c) Pressure at J= 0.9 

 

  
(a)  (b)  

 
(c)  

Fig. 30. Visualization of velocity on the propeller Ka4-70 with nozzle 19A and BCF straight (a) Velocity at 
J= 0.1 (b) Velocity at J= 0.5 (c) Velocity at J= 0.9 
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The results of Propeller Ka4-70 with nozzle 19A and BCF convergent calculation are shown in 
Figure 31. 

 

 
Fig. 31. Open water test diagram of Ka4-70 with nozzle 19A and BCF convergent 

 
The open water test graph of the Ka4-70 Propeller with nozzle 19A and BCF convergent, obtained 

from CFD simulations presented in Figure 21 shows that at J = 0.1, the value of KT is 0.347 and 
decreases to 0.318 at J = 0.5, reaching its lowest point at J = 1.0 with a value of 0.075. A similar trend 
is observed for the value of 10KQ, where it is 0.698 at J = 0.1 and decreases to 0.647 at J = 0.5, reaching 
its lowest value at J = 1.0 with a value of 0.232. However, the efficiency behaves differently, as the 
lowest value at J = 0.1 increases at J = 0.5, reaching the peak efficiency of 0.587 at J = 1.0. Therefore, 
it can be concluded that for the Ka4-70 Propeller with nozzle 19A and BCF convergent, at low speeds, 
the efficiency is also low but the values of KT and 10KQ are high. The highest value of η0 is 0.587 at J 
= 0.9 [37]. 

The pressure visualization of the Ka4-70 Propeller with nozzle 19A and convergent Boss Cap Fins 
reinforces the results of the CFD simulation in Figure 32. The outcomes presented in the graphs 
demonstrate that at low speeds, J = 0, there is a high KT value of 0.347; at moderate speeds, J = 0.5, 
the KT value is 0.318; while at high speeds, J = 0.9, the KT value is 0.146. In the region of the convergent 
boss cap fins, significant pressure occurs at J = 0.1, exceeding 1000 Pa; similarly, at J = 0.5, the 
pressure is also above 1000 Pa, but the pressure value is lower at J = 0.9, ranging from 250 to 500 Pa. 
This study highlights that the Ka4-70 Propeller with nozzle 19A and convergent Boss Cap Fins 
experiences substantial pressure at low speeds, J = 0.1, up to moderate speeds, J = 0.5, indicating a 
need for a solution to reduce the pressure. 

The visualization of the velocity of the Ka4-70 propeller with the nozzle 19A and the convergent 
BCF (Boss Cap Fins) strengthens the results obtained from the CFD simulation in terms of pressure 
values. In the boss cap fin, there is significant pressure when J = 0.1, exceeding 1000 Pa, and similarly, 
when J = 0.5, it remains above 1000 Pa, but the pressure values are lower when J = 0.9, ranging from 
250 Pa to 500 Pa. In this study, the Ka4-70 propeller with the 19A nozzle and the convergent BCF 
experiences high pressure at low speeds (J = 0.1) up to moderate speeds (J = 0.5), thus necessitating 
a solution to reduce this pressure. The visualization of the velocity of the Ka4-70 propeller with the 
19A nozzle and the convergent BCF strengthens the CFD simulation results regarding pressure values. 
Starting from J = 0.1, the blade section exhibits induced axial velocities ranging from 2 m/s to 3 m/s, 
while at the boss cap of the propeller, the flow velocity remains between 0 m/s and 1 m/s. 
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Meanwhile, in the blade section at J = 0.5, the induced axial velocity ranges from 3 m/s to 4 m/s, and 
in the boss cap of the propeller, there is flow with velocities ranging from 0 m/s to 3 m/s. At J = 0.9, 
the induced axial velocity in the blade section is 3 m/s to 4 m/s, although there is an increase in flow 
velocity at the boss cap of the propeller, ranging from 0 m/s to 3 m/s. In conclusion, for the Ka4-70 
propeller with the 19A nozzle and the convergent BCF, it can be observed that as the value of J 
(advanced coefficient) increases, the flow velocity at both the boss cap and the propeller blade 
increases [22]. 

 

  
(a)  (b)  

 
(c)  

Fig. 32. Visualization of pressure on the Ka4-70 propeller with nozzle 19A and BCF convergent (a) 
Pressure at J= 0.1(b) Pressure at J= 0.5 (c) Pressure at J= 0.9 

 

  
(a)  (b)  

 
(c)  

Fig. 33. Visualization of velocity on the propeller Ka4-70 with nozzle 19A and BCF convergent (a) Velocity at 
J= 0.1 (b) Velocity at J= 0.5 (c) Velocity at J= 0.9 
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The results of Propeller Ka4-70 with nozzle 19A and BCF divergent calculation are shown in Figure 
34. 

 

 
Fig. 34. Open water test diagram of Ka4-70 nozzle 19A and BCF divergent 

 
The graph shown in Figure 34 of the open water test for Propeller Ka4-70 with nozzle 19A and 

BCF divergent is obtained from CFD simulations. At J = 0.1, the KT value is 0.355, which decreases to 
0.337 at J = 0.5 and reaches its lowest point at J = 1.0 with a value of 0.076. Similarly, at J = 0.1, the 
10KQ value is 0.706, which decreases to 0.657 at J = 0.5 and reaches its lowest point at J = 1.0 with a 
value of 0.284 [38]. However, the efficiency value shows the opposite trend. The lowest efficiency 
value is observed at J = 0.1, which increases to 0.396 at J = 0.5 and reaches its peak value of 0.606 at 
J = 0.7. In conclusion, for Propeller Ka4-70 with nozzle 19A and BCF divergent, at low speeds, the 
efficiency value is low while the KT and 10KQ values are high. On the other hand, the highest efficiency 
value of 0.606 is achieved at J = 0.7 [39]. 

 

  
(a)  (b)  

 
(c)  

Fig. 35. Visualization of pressure propeller Ka4-70 with nozzle 19A and BCF divergent (a) Pressure at J= 
0.1 (b) Pressure at J= 0.5 (c) Pressure at J= 0.7 
 



CFD Letters 

Volume 16, Issue 10 (2024) 12-42 

39 
 

The CFD simulation of Propeller Ka4-70 with nozzle and BCF divergent shows that the highest 
efficiency value (η0) is 0.521 for Propeller Ka4-70 with nozzle 19A and BCF divergent. The pressure 
distribution on Propeller Ka4-70 with nozzle 19A and BCF divergent reveals high pressure in the boss 
cap fins region when J = 0.1, exceeding 1000 Pa. Similarly, at J = 0.5, the pressure is also above 1000 
Pa [40]. However, at J = 0.7, the pressure values are smaller, ranging from 250 Pa to 750 Pa. In this 
study, Propeller Ka4-70 with nozzle 19A and BCF divergent experiences high pressure at low speeds 
J = 0.1 up to moderate speeds J = 0.5 [40].  

 

  
(a)  (b)  

 
(c)  

Fig. 36. Visualization of velocity on the propeller Ka4-70 with 19A nozzle and BCF divergent (a) Velocity 
at J= 0.1 (b) Velocity at J= 0.5 (c) Velocity at J= 0.9 

 
The visualization of the velocity of the Ka4-70 propeller with the nozzle 19A and the BCF (Boss 

Cap Fins) divergent strengthens the results obtained from the CFD simulation in terms of pressure 
values. In the boss cap fin, there is significant pressure when J = 0.1, exceeding 1000 Pa, and similarly, 
when J = 0.5, it remains above 1000 Pa, but the pressure values are lower when J = 0.9, ranging from 
250 Pa to 500 Pa. In this study, the Ka4-70 propeller with the nozzle 19A and the BCF divergent 
experiences high pressure at low speeds (J = 0.1) up to moderate speeds (J = 0.5), thus necessitating 
a solution to reduce this pressure. The visualization of the velocity of the Ka4-70 propeller with the 
nozzle 19A and the divergent BCF strengthens the CFD simulation results regarding pressure values. 
Starting from J = 0.1, the blade section exhibits induced axial velocities ranging from 2 m/s to 4 m/s, 
while at the boss cap of the propeller, the flow velocity remains between 0 m/s and 2 m/s. 
Meanwhile, in the blade section at J = 0.5, the induced axial velocity ranges from 3 m/s to 4 m/s, and 
in the boss cap of the propeller, there is flow with velocities ranging from 0 m/s to 2 m/s. At J = 0.9, 
the induced axial velocity in the blade section is 3 m/s to 4 m/s, although there is an increase in flow 
velocity at the boss cap of the propeller, ranging from 0 m/s to 2 m/s [39]. In conclusion, for the Ka4-
70 propeller with the nozzle 19A and the BCF divergent, it can be observed that as the value of J 
(advanced coefficient) increases, the flow velocity at the propeller blade increases, while the flow 
velocity at the boss cap remains the same [41].  
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5. Conclusion 
 

Reynolds Averaged Navier Stokes Equation (RANSE) was employed in this investigation of 
technical aspects and upcoming hurdles in energy-efficient propeller technology. Propeller designs 
for B4-70 and Ka4-70 were developed to investigate the impact of Energy-Saving Devices (ESD) on 
propeller efficiency. The CFD simulation results for both B4-70 and Ka4-70 propellers, utilizing a 
nozzle 19A with added boss cap fins, revealed several noteworthy phenomena. Firstly, for the B4-70 
propeller, the thrust coefficient (KT) exhibited an average increase of 5% to 6% when transitioning 
from J = 0.6 to J = 0.8, while the torque coefficient (10KQ) increased by 3% to 4%. The propeller 
efficiency (η0) at J = 0.6 to J = 0.8 also showed an increase of 1% to 2%. Secondly, concerning the Ka4-
70 propeller, the KT values saw an average increase of 4% to 20% when transitioning from J = 0.6 to 
J = 0.8, and the 10KQ values increased by 5% to 16%. Furthermore, the propeller efficiency (η0) at J = 
0.6 to J = 0.8 increased by 2% to 10%. These findings clearly demonstrate that the use of an ESD, such 
as the nozzle 19A with added boss cap fins, enhances the propulsion performance of the ship. It is 
evident that the CFD approach remains suitable and reliable for overall simulations. 
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