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The component of a ship that affects its speed the most is its propulsion system, which 
includes a propeller. The propeller produces thrust by converting the blades' rotating 
force. A well-functioning propulsion system increases the propeller's effectiveness, which 
enhances the ship's performance. The addition of a kort nozzle to the propeller is one of 
the numerous methods currently available for enhancing its performance. These 
justifications serve as the foundation for this investigation. The purpose of this study was 
to compare the propeller's operating efficiency with and without a koert nozzle addition. 
The result of the research it was detected that there was an increase in thrust force after 
using the cort nozzle under the influence of calm water and wavy water by 15 ~ 30%. 
There is an increase in efficiency under the influence of still water. But under the influence 
of waves the value is not great. The resulting efficiency value is approximately 3 ~ 5% for 
the same RPM rotation efficiency. 
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1. Introduction 
 

A kort nozzle propeller is a propeller that has a channel (duct) in the form of foil that surrounds 
the propeller to form a casing or tube (nozzle) [1]. The phenomenon that occurs in a propeller 
enclosed in a tube (cort nozzle) is that the speed of the water flow inside the tube is faster than the 
water flow outside the tube, which results in the pressure inside the tube being lower than the 
pressure outside the tube. The difference in pressure results in an increase in thrust; with the 
installation of a cort nozzle, there is an increase in thrust. The propulsion system, or drive system, is 
the system that has the most influence on the ship's maneuvering process. The ship's main propulsion 
system is: 1. the main engine as the first mover; 2. the propeller, which generally uses a screw 
propeller; and 3. the transmission components, which include the shaft and reduction gear [2,3]. To 
make the basic shape of the propeller, a hydrodynamic shape is needed, which is also called a 
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hydrofoil. The hydrofoil will produce a lifting force that is greater than the drag, where the hydrofoil 
moves with a fluid medium at a speed that allows hydrodynamics to occur [4,5]. Hydrodynamics is a 
difference that occurs at the top and bottom of the hydrofoil. The fluid at the top of the airfoil moves 
faster than the fluid at the bottom of the airfoil. This is due to the pressure difference between the 
fluid flow at the top and the fluid flow at the bottom. As is known, the amount of pressure is inversely 
proportional to the amount of speed, so that the fluid flow through the bottom of the hydrofoil is 
smaller than the top [6]. 

The most frequently or commonly used propeller is the screw propeller. Screw propellers usually 
have two or more blades protruding from the hub or boss, where the boss is connected to a shaft 
driven by the main mover or main engine. Some propeller blades are integrated with the hub, and 
some can be installed and removed from the hub [7]. The propeller is placed as low as possible on a 
stand at the back of the ship. The propeller must have a center line or diameter that is made in such 
a way as to avoid the occurrence of the phenomenon of air drawing and propeller racing when the 
ship experiences pitching. A duct is a shell-shaped structure that is usually used to increase thrust 
and force lift in ship propulsion systems. Ducts are usually located in front of the ship's propeller and 
have a circular or similar shape. There are advantages and disadvantages to using a kort nozzle, 
including high thrust force and very good efficiency for tugboats and pusherboats. The decrease in 
propeller efficiency on sea routes is smaller for the propeller. A comparison of the performance of a 
Kort nozzle with an open propeller is shown in Figure 1. There are two types of Kort Nozzle, which 
can be seen in Figure 2. 
 

 
Fig. 1. Comparison graph of Kort nozzle 
performance compared to open propeller [8] 

 

  
Fig. 2. Tipe kort nozzle, (left) Rotation nozzle view and (right) Fixed 
nozzle view [9] 
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The Kort Nozzle is a foil-shaped plate that functions as a propeller protector. The function of the 
nozzle is to concentrate and increase the flow of water flowing through the propeller so that it can 
maximize the amount of water sucked in by the propeller. Apart from maximizing the performance 
of the propeller, the kort nozzle can also reduce the noise and vibrations produced by the propeller's 
rotation. A Kort nozzle propeller is a propeller that has a channel (duct) in the form of foil that 
surrounds the propeller to form a casing or tube (nozzle) [1]. The phenomenon that occurs in a 
propeller enclosed in a tube (cort nozzle) is that the speed of the water flow inside the tube is faster 
than the water flow outside the tube, which results in the pressure inside the tube being lower than 
the pressure outside the tube. The difference in pressure results in an increase in thrust. With the 
installation of a cort nozzle, there is an increase in thrust. 
 

 

  

Fig. 3. Kort Nozzle Shunkshin Type A (left), B (center), and C (right) [10] 

 
2. Methodology 
 

In this study, the object of research is the B4-100 type B-series propeller design. This type of 
propeller has been widely studied regarding its performance as well as other types using CFD [2,11-
16]. The type of data used in this research is secondary data. The data in this research includes data 
on the size of the B4-100 propeller design specifications. The type of propeller carried out in the 
analysis is the B4-100 type B-series propeller design, which has been designed using the KT-KQ-J 
diagram with the following specifications in Table 1: 
 

Table 1 
Ship propeller data 
Particular Value 

Diameters 4.37 m 
pitch 1.66 m 
P/D 0.86 m 
Ae/Ao 1 
Number of blades 4 

 
The general research flow is shown in Figure 4 as follows 
 



Journal of Advanced Research in Fluid Mechanics and Thermal Sciences 

Volume 121, Issue 1 (2024) 226-238 

229 
 

 
Fig. 4. Research of flow 

 
In the research, an analysis of the forces acting on the propeller and the fittings of the nozzle cort 

is carried out, which are shown as follows 
 
F=Flift cos θ -Fdrug cos θ             (1) 

 
where θ is angle of pitch in degree, F is thrust in kN, Flift is the lift force in kN, Fdrug is the drug force in 
kN. In calculating torque is use Eq. (2).  
 
τ=r×F               (2)

  
where τ is torque in kN.m, r is moment of arm in m, F is the force in kN. In calculating drug force is 
use Eq. (3). 
 
F=τ×A               (3)

  
where F is drug force in kN, τ is wallshear in Pa, A is the area in m2. In calculating lift force is use Eq. 
(4). 
 
F=P×A               (4)

  
where F is lift force in kN, P is pressure in Pa, A is the area in m2. 

The method used in this research is CFD. Several studies use the same method with different 
outputs, such as analyzing ship resistance based on the shape of its bow, the movement of a ship 
under the influence of wave periods, and test the performance of the shape and type of SPOB ship 
rudder leaf [6,17,18]. Likewise, seakeeping and ship maneuvers can be analyzed using CFD [5]. This 
method is considered to be a fairly comprehensive method for studying the characteristics of a 
construction or object when it interacts with fluids. 
 
3. Results 
 

The propeller was drawn using Solidwork 2016 software with 3D coordinate points from 
calculations carried out on Hydrocomp PropCad. This process aims to make the propeller model solid. 
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The propeller model using Shushkin nozzles A, B, and C can be seen in Figure 5, Figure 6, Figure 7, 
and Figure 8 below: 
 

  
Fig. 5. Conventional of propeller 

 

  
Fig. 6. Kort nozzle type A 

 

  
Fig. 7. Kort nozzle type B 

 

  
Fig. 8. Kort nozzle type C 
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After the modeling is complete, the next step is to carry out a CFD (computational fluid dynamics) 
simulation process using software to simulate fluid flow based on numerical simulation. The following 
are the steps in carrying out the CFD simulation process on Ansys CFX [19]. The geometry stage is the 
process of inputting the design and also checking whether the model that has been designed is solid 
or not. The geometry stage is also the stage for creating a fluid domain where a design can be tested 
[20]. The results of the geometry depiction can be seen in Figure 9 as follows 
 

  

Fig. 9. Geometry and boundary layer 

 
Next, the mesh setup is done in the "details of mesh" tool box. In this study, the mesh size used 

for meshing was 1.2 mm. Please note that the smaller the mesh size used, the more accurate the 
results of the research carried out will be [21-23]. However, it takes longer when meshing and must 
also be supported by capable devices. The results of meshing can be seen in Figure 10 as follows 
 

 
Fig. 10. Meshing 

 
The next stage is setup (pre-processing) to create and determine parameters related to the 

simulation process. The steps taken during the setup process on Ansys CFX are domain and boundary 
[24]. This research has three domains, where the first is the fluid domain. For calm water fluid 
conditions, the motion domain used is stationary, while for wavy fluid conditions, the motion domain 
used is rotating. Next, the second is Domain Propeller, where the motion domain used is rotating in 
both fluid conditions. With anguar velocity according to the rotation of the propeller used. And 
finally, the nozzle domain uses a stationary motion domain in both fluid conditions. For boundaries, 
a fluid domain is used, which will be the direction of fluid entry to match actual conditions. Where 
the inlet is visualized as the place where water enters, the wall is the place and boundary for the flow 
of water, and the outlet is the place where it comes out. For boundary inlets and outlets, the mass 
and momentum use normal speed, while for boundary walls, the mass and momentum are free sleep 
walls, which means they move without resistance [1]. The visual results of the domain and boundary 
setup can be seen in Figure 11. 
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Fig. 11. Setup (Pre-Processing) 

 
The next stage is the solver and postprocessor. At this stage, it is a calculation process (running 

process), with the number of iterations determined at the setup stage. The results of the solution 
stage (solver manager) can be seen in Figure 12. Likewise, the running results and visualization are 
taken as shown in Figure 13. 
 

 
Fig. 12. Graph of solution (Solver Manager) 

 

 
Fig. 13. Flow visualization 

 
In this research, validation was carried out to find out if the stages in the simulation had been 

carried out correctly, so that the value and visualization of the results from the simulation were 
acceptable. To validate the results of the model test, use existing test results software. Validation is 
used to determine the appropriate domain and boundary conditions to be used in the domain and 
boundary conditions when analyzing three nozzle core models for the B-series propeller using CFD 
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software. The way to carry out validation is by comparing the thrust value from the CFD simulation 
results with the total resistance, where the thrust value from the simulation results must be able to 
meet the total propeller resistance. And also compare the manual calculation of the thrust force with 
the simulation results with a maximum error of 5%, which can be seen in Table 2 as follows: 
 

Table 2 
The thrust of validation 
RPM Simulation of result 

(N) 
Analysis of result 
(N) 

Error (%) Total resistance 
(N) 

132 308432.8 316691.01 2.607 274920.2 

 
Based on the CFD (computer fluid dynamics) simulation process, which was carried out using 

Ansys CFX software, data results were obtained in the form of flow visualization, thrust force values, 
and propeller efficiency values in the open water test. Flow visualization is obtained from the results 
stage in the form of three-dimensional streamline velocity. Flow visualization in the four models can 
be seen in Figure 14, Figure 15, Figure 16, and Figure 17 as follows: 
 

 
Fig. 14. Conventional of propeller of visualization 

 

 
Fig. 15. Type A visualization 
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Fig. 16. Type B visualization 

 

 
Fig. 17. Type C visualization 

 
The CFD simulation results show that the thrust for each type of propeller without and with a cort 

nozzle under the influence of calm waters and wavy waters is shown in Table 3, Table 4, and Figure 
18 and Figure 19 below 
 

Table 3 
The thrust under of calm water 
RPM Conventional (N) Type A (N) Type B (N) Type C (N) 

66 252901.9 317207.5 276723.2 276731.8 
79 264007.6 320656.3 287579.1 287192.7 
92 275113.1 324105.1 298435 297652.6 
106 286219.8 327553.9 309290.9 308112.5 
118 297325.3 331002.7 320146.8 318572.4 
132 318432.8 334451.5 331002.7 329032.3 
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Fig. 18. The thrust of graph under of calm water 

 
Table 4 
The thrust under of wave 
RPM Conventional (N) Type A (N) Type B (N) Type C (N) 

66 235114.4 236306.8 246998.6 244104.3 
79 247334.0 248782.5 255998.2 253824.7 
92 259553.6 261258.2 265557 263545.1 
106 271773.2 273733.9 275115.8 273265.5 
118 283992.8 286209.6 284674.6 282985.9 
132 296212.4 298685.3 294233.4 292706.3 

 

 
Fig. 19. The thrust of graph under of wave 

 
Based on the results of the thrust force and torque data, the results of the open water test 

propeller efficiency calculations are obtained, which can be seen in Table 5, Table 6, Figure 20, and 
Figure 21 as follows 
 

Table 5 
The efficiency under of calm water 
RPM Type A (%) Type B (%) Type C (%) 

66 31,3743 15,5743 22,4506 
79 11,9509 7,6918 9,8108 
92 6,6963 4,7893 5,8365 
106 4,3368 3,3106 3,9380 
118 3,1203 2,4996 2,9285 
132 2,3343 1,9447 2,2544 
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Table 6 
The efficiency under of wave 
RPM Type A (%) Type B (%) Type C (%) 

66 0.8994 1.1083 1.0008 
79 0.8688 1.0166 0.9582 
92 0.6600 0.7190 0.6432 
106 0.6324 0.6790 0.6754 
118 0.5487 0.5782 0.5599 
132 0.4804 0.4722 0.4612 

 

 
Fig. 20. The efficiency of graph under of calm water 

 

 
Fig. 21. The efficiency of graph under wave 

 
Based on the data results in Table 5, it is known that the efficiency value of the Propeller model 

using type A nozzle cort is best in still water fluids. Observations started from 66 to 132 rpm. 
Meanwhile, Table 6 shows that the propeller with type B nozzle cort is the best in wavy fluids with 
the same RPM observations. 
 
4. Conclusions 
 

It was detected that there was an increase in thrust force after using the cort nozzle under the 
influence of calm water and wavy water by 15 ~ 30%. there is an increase in efficiency under the 
influence of still water. But under the influence of waves the value is not great. The resulting 
efficiency value is approximately 3 ~ 5% for the same RPM rotation efficiency. 
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