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Abstract⎯ When operating at sea, a reliable ship must meet the planned service speed using a propulsion system. One 

type of propulsion system used is a ducted propeller, which is a type of propeller equipped with a channel in the form of a 

foil that surrounds the propeller to form a tube (nozzle). This nozzle has the ability to increase the value of thrust and 

torque, so that its application can increase thrust and torque compared to a propeller without a nozzle. This study aims to 

determine the application of the kort nozzle with MARIN foil nozzle types 19A, 22, 24 on the Ka-40 propeller on the 

Offshore Supply Vessel (OSV) ship using the Computational Fluid Dynamic (CFD) method. This study obtained results 

from all models with the model with the highest thrust force is the 19A nozzle model with a value of 367,413.41 N, while the 

model with the lowest thrust force is model 24 with a value of 356,314.9 Nm. From these results, it can be concluded that the 

relationship between the length of the nozzle cort and the thrust force is inversely proportional, that is, the greater the 

length of the nozzle cort used, the smaller the thrust force value produced. Likewise, the relationship between the length of 

the nozzle cort with torque is also inversely proportional, that is, the greater the length of the nozzle cort used, the smaller 

the torque value produced. 
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I. INTRODUCTION1 

In the upstream oil and gas industry operating in 

offshore areas, vessels play an important role in 

supporting platform operations. Offshore Supply Vessel 

(OSV) is one type of vessel used to support offshore 

platform activities [1]. The function of OSV is crucial in 

offshore drilling activities, especially in providing 

logistics supply to the platform. This type of vessel must 

meet optimal seaworthiness standards, be safe in 

maneuvering, and have high strength. This ensures the 

vessel can operate nimbly, safely, easily controlled, and 

withstand extreme conditions [2]. 

An important strategy in achieving this goal is to 

choose the optimal propulsion system according to the 

plan that has been developed. One alternative to increase 

the thrust force and propulsion efficiency of a ship is to 

install a cort nozzle on the propeller. This tool aims to 

reduce energy loss from the propeller during ship 

operation [3]. Kort nozzle is a plate-shaped propeller 

protector resembling a foil. Its function is to increase and 

concentrate the flow of water towards the propeller, thus 

maximizing the volume of water sucked by the propeller 

[4]. The greater the ship speed, the greater the Reynolds 

number. The water flow pattern before entering the hull 

area is still laminar, when there is an increase in ship 

speed the water flow pattern tends to experience 

turbulence [5][6]. A good hull design should minimize 

the resistance that occurs when the ship is operating to 

 
Gedhe Angkoso Nur Sofa Sakti, Departement of Marine Engineering, 

Universitas Hang Tuah, Surabaya, 60111, Indonesia. E-mail: 

gedheangkosonss@gmail.com     

Arif Winarno is Lecture of  Departement of Marine Engineering, 

Universitas Hang Tuah, Surabaya, 60111, Indonesia. E-mail: 

arif.winarno@hangtuah.ac.id 
 

achieve the desired speed. A good hull design will also 

have many advantages, one of which is the advantage in 

terms of hydrodynamics [7]. 

The main purpose of installing a kort nozzle is to 

maximize the performance of the propeller, so that the 

thrust produced is optimal. Thrust is the force generated 

from the lift or lift of the rear of the propeller that moves 

in the same direction as the ship's motion. To get the 

optimal thrust and thrust force, the number of blades 

(leaves), pitch, and propeller leaf profile must all be 

considered [8]. The close proximity of the propeller shaft 

is also included in the factors that cause the water flow 

from the bow of the ship to the stern to be more 

collected, increasing the efficiency of the propeller thrust 

force [9]. 

With the kort nozzle or duct surrounding it, the thrust 

of the propeller will increase. In addition to increasing 

the propeller thrust, the duct also helps to improve the 

shape and concentrate the flow of fluid entering the 

propeller, so that the water coming out has a greater 

pressure [10]. To increase efficiency, the design of the 

propeller and the inner nozzle cortex should be larger. 

The distance between the edge of the propeller and the 

inner nozzle port should not exceed 0.75 % of the 

propeller radius [11]. 

In planning a propeller design, there are various types 

of propellers, and each type has different characteristics 

to meet the needs of the ship type. Kaplan Series is one 

type of propeller that is excellent for large power vessels 

with low sailing speed [12]. Likewise, in designing the 

nozzle cort, the large tip clearance on the ducted 

propeller affects the efficiency and thrust of the 

propeller, thrust and torque tend to decrease as the tip 

clearance on the ducted propeller increases [13]. 

According to previous research conducted by 

Hermawan [14] and Ahmidila [15], the condition of the 

OSV 80 ship in the field of ship performance decreases, 
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due to frequent losses in the propeller so that the ship 

speed decreases. OSV ships also require high ship 

motion and thrust to support offshore oil drilling 

activities, this is certainly suitable for the use of nozzle 

cortices that can increase the thrust of the propeller [16].  

After seeing these conditions, there needs to be action 

to find solutions to overcome these problems and 

improve the performance of the OSV 80 ship. In this 

study, it tries to find out how the length of the cort 

nozzle affects the thrust and torque of the kaplan 

propeller on the OSV ship. There are three variations 

with different types of nozzle cortices that are able to 

provide the highest thrust and torque for kaplan type 

propellers on OSV ships. The cort nozzle to be used is 

MARIN foil nozzle 19A, 22, 24 with Ka-40 propeller 

applied to OSV 80. MARIN foil nozzle with this type 

has the advantage of being easy in terms of production 

and has ease of fabrication [17]. 

II. METODE 

This research will take several steps. Here are the 

steps: 
A. Problem Identification 

This research aims to provide answers to problems 

raised from the problems in the background which 

contain the conditions in the field of Offshore Supply 

Vessel 80 (OSV) ships often occur losses so that the 

ship's speed decreases. 

 

B. Literature Study 

In this step, the aim is to obtain a summary of the 

current theoretical basis, as well as additional references 

and information to support it. 

• Force drag and force lift 

According to Popov, drag and lift forces are 

created when the stress is multiplied by the stress 

area. However, the sum of these forces must remain 

equal or balanced on an imaginary object [18]. 

Shear stress, represented by the symbol “τ” (tau), is 

an additional component of the intensity of the 

force acting parallel to the base plane area. It can be 

defined mathematically as follows:  

 
(1) 

Therefore, the mathematical formula of the drag 

force from the above equation can be written as 

follows: 

 (2) 

However, the mathematical formula of the lift 

force from the above equation can be obtained in 

the following way: 

 (3) 

Where, FDrag is drag, FLift is lift, τ is wallshear, 

P is pressure and A is Area. 

• Thrust and Torque 

To calculate the forces acting on a propeller or 

turbine, blade element momentum theory combines 

blade element theory and momentum theory. The 

combination of these two theories helps overcome 

some of the problems in calculating the rotor speed 

generated, as shown in figure 1 [19]. 

The thrust force utilizes the propeller to push 

the ship into motion. The momentum blade element 

theory, which combines blade element theory and 

momentum theory, can be used to calculate the 

force acting on the propeller. To do so, we can use 

the following equation to find the force acting on 

the propeller. 

 (4) 

 (5) 

From the blade momentum element theory 

equation, the thrust force equation is as follows: 

 (6) 

Where, T is thrust and θ is pitch. 

The twisting ability of an object (propeller) that 

causes the object to rotate on its axis is called 

torque. Torque can be calculated by multiplying the 

force (F) and moment arm, so it can be written: 

 (7) 

Where is the torque, F is the force, r is the 

moment arm. 

Therefore, the momentum equation, if torque is 

acting on a blade, can be found using blade element 

theory:  

 (8) 

Where Q is torque and θ is pitch. 

To calculate thrust and torque, it is necessary to 

know the pitch angle by utilizing the P/D value 

previously determined. Therefore, based on these 

values, the pitch angle obtained is: 

 =  (9) 

C. Collecting Data 

 Based on the data obtained from the data collection 

process in previous studies, this study uses the Offshore 

Supply Vessel object, with the Kaplan Ka-40 propeller 

and for the nozzle cort ordinate data using the MARIN 

foil nozzle obtained from the MARINE PROPELLERS 

AND PROPULSION book by John Carlton [17]. 

 

D. Modelling 

 After obtaining the necessary data, the next step is 

modeling. 2D modeling uses autocad software and 3D 

modeling is done using rhinoceros software.  

 

Figure 1. Force Acting on The Blade 
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E. Computational Fluid Dynamics 

 The next step is to simulate using Ansys Fluent with 

meshing. The project scheme consists of geometry, 

mesh, setup, solution, results. 

III. RESULT AND DISCUSSION 

A. Principal Dimensions 

Offshore Supply Vessel 80 (OSV) ship data is data 

obtained in previous studies. The following are the main 

ship sizes and ship types as in table 1. 
TABEL 1. 

PRINCIPAL DIMENSIONS 

Parameter Symbol 
Offshore Supply 

Vessel 80 

Overall length (m) Loa 40,000 

Length of waterline (m) Lwl 38,000 

Length between upright 

lines (m) 
Lbp 36,800 

Maximum width (m) B 11,400 

Height (m) H 4,950 

Draft (m) T 4,000 

Service speed (knots) 
 

13,000 

   

B. Propeller Data 

Based on the previously collected data, the model to 

be selected to be equipped with a nozzle is the Ka-40 

propeller with a rake of 5°. This propeller dimension 

reflects the best specification based on previous research 

results. Therefore, based on the existing data, the 

propeller model will be built with a nozzle. 

 The process begins with modeling the Ka-40 

propeller according to the predetermined parameters, 

then continues with modeling the Ka-40 propeller with 

the addition of a nozzle. This process starts with 

detailing all aspects, including the extended blade, pitch 

diagram, develop and project outline, and side view, the 

dimensions of the Kaplan propeller as listed in table 2. 
TABEL 2. 

PROPELLER DATA 

No. Propeller dimension Ka-40 rake 5  

1 Type Ka-40 

2 Diameter 2,4 m 

3 Efficiency 0,56 

4 Round 300 rpm 

5 Pitch 0,65 

   

C. Kort Nozzle Data 

After the propeller model geometry drawing process 

is complete, the next step is to draw the nozzle model 

geometry. Nozzle ordinate data can be obtained from 

book references [17]. This ordinate data describes the 

percentage of the Ld (duct length) value. as shown in 

table 3. 

 

 

 
TABEL 3. 

KORT NOZZLE DATA 

Ordinate No. 19A-24 L/D Nozzle 

x/L yi/L yu/L 19A 0.5 

0 18,25 0 22 0.8 

1,25 14,66 20,72 24 1.0 

2,5 12,8 21,07   

5 10,87 20,8   

7,5 8 

straight 

line 

  

10 6,34   

15 3,87   

20 2,17   

25 1,1   

30 0,48   

40 0   

50 0   

60 0   

70 0,29   

80 0,82   

90 1,45   

95 1,86 6,36   

100 2,36 6,36   

     

D. Modelling 

 The geometry of the Offshore Supply Vessel 80 

(OSV) hull and Kaplan propeller using AutoCAD 

software from data obtained from previous research 

[2][14], as shown in Figure 2 and Figure 3.  

 

The first stage before the simulation process using 

Computational Fluid Dynamic software is the OSV ship 

model. In making the model in the design using autocad 

software in the form of 2 dimensions and making 3D 

models using rhinocerros software as shown in Figure 4. 
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Figure 5, Figure 6, and Figure 7 show the geometry 

of the Kort nozzle model types 19A, 22, 24 that have 

been combined with the Kaplan propeller using 

rhinoceros software. 

E. Geometry  

 In the geometry stage, the first step is to import the 

models from Rhinoceros software into SpaceClaim 

software in Ansys. After all models have the right 

surface, the next step is to create an experimental 

domain. In this research, the experimental domain is 

divided into 2, static domain and rotating domain. The 

static domain is pool-shaped and acts as a testing area 

where fluid phenomena around the hull can be observed. 

The dimensions of this domain are further described in 

Figure 8 and Table 4 [2]. 

TABEL 4. 

DOMAIN STATIC DIMENSION 

Name Description Length (mm) 

L1 Length from bow to leading edge of domain (Lpp x 4) 120.000 

L2 Length from stern to back side of domain (Lpp x 3) 160.000 

L3 Length from stern to bottom of domain (Lpp x 2.5) 80.000 

L4 Length from stern to left and right sides of the domain (Lpp x 2) 100.000 

   

The rotating domain is an area surrounding the 

propeller that will be defined in a rotating state. Figure 9 

shows the dimensions of the rotating domain [20]. 

F. Meshing 

 After the fluid domain is formed, the next step is 

meshing. In this study, the application of meshing is 

divided into two parts with different meshing sizes (add 

local sizing), namely the propeller and duct parts and the 

outside or where the fluid is read. For facesize 0.035 m 

and curvature 0.0035 m. At a minimum size of 0.05 m 

generate the surface mesh, while the maximum is 1 m. 

Improve surface mesh is also used to correct the 

skewness of the mesh by 0.6. Regions of static domain 

and rotating domain are defined as fluid. Poly-hexcore is 

used for the volume mesh so that the number of cells 

formed is not too much [21]. The number of cells formed 

as many as 1,934,020 cells can be seen in Figure 10. 

G. Setup 

This setup stage is related to the configuration of 

simulation parameters. In this setup stage, simulation 

parameters are adjusted to various conditions, including 

inlet, wall, outlet, ship, duct and propeller boundaries as 

the model to be tested. In the inlet condition, the 

incoming fluid flow is defined, as well as the outlet 

which is the outgoing fluid flow. The wall boundary 

condition indicates the pool boundary at the bottom, and 

sides, while the ship refers to the surface of the hull that 

can affect the fluid flow in the simulation. The solver 

used is preasure-based steady, Reynold stress for viscous 

models because it is suitable for rotating systems [22]. In 

the cell zone conditions, the rotating domain is defined 

as liquid water (with a rotational velocity of 300 rpm) as 

well as the static domain. Velocity at the inlet is 6.68778 

m/s or 13 knots and the propeller is a rotational moving 

wall for boundary conditions. 

H. Solution 

 After completing the setup in the program, the next 

step is to perform the solution. The solution process 

involves calculations that are performed iteratively after 

completing the setup with a total of 1000 iterations. The 

results of the solution process can be seen in Figure 11, 

which displays a graph with the x-axis showing 

iterations, and the y-axis showing thrust in units of 

Newton (N) and Figure 12 showing torque (Nm). 

Figure 2. 2D Geometry of OSV 

Figure 3. 2D Geometry of Ka-40 rake 5° 
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I. Result 

Result is the stage where visualization of simulation 

results can be seen from the desired point of view. This 

visualization can include a description of the flow, 

pressure, temperature, or velocity in the model that has 

been given variable variations. Figure 13 illustrates the 

flow velocity distribution behind the ship. The highest 

velocity, reaching 19.117 m/s, occurs behind the 

propeller and is shown in yellow in the figure. As it 

moves away from the propeller, the flow velocity begins 

to decrease to 9.033 m/s, and as it moves further away 

from the propeller, the flow velocity continues to 

decrease until it reaches 0 m/s. 

Figure 14 shows the fluid flow contours in the fluid 

domain. It can be seen that the flow rotates due to the 

rotating propeller model, and due to the duct on the 

propeller, the flow is focused in the center. 

Figure 15 also shows the pressure contours that occur 

in the fluid flow around the propeller and cort nozzle. 

From the figure it can be seen that the higher pressure is 

on the outside of the cort nozzle. This is because the 

fluid flow velocity on the outside of the nozzle is lower 

than the inside of the nozzle. 

Figure 4. 3D Geometry of OSV 

Figure 5. Geometry of Kort Nozzle Model 19A 

Figure 6. Geometry Of Kort Nozzle Model 22 

Figure 7. Geometry of Kort Nozzle Model 24 
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J. Data Processing 

 Calculations were carried out using simulated data to 

determine the performance of the propeller, in 

accordance with the objectives of this study, which is to 

evaluate the performance of the ducted propeller. 

• Thrust calculation 

 In accordance with the propeller data, the P / D 

value of the propeller is 0.65. Then the pitch angle 

value can be calculated with the following equation 

[23]: 

 =  

 =  

 = 16,47  

 The lift and drag forces are obtained from the CFD 

post simulation results. The thrust force value, which 

will be displayed in the graph, is obtained by 

calculating the lift and drag force according to equation 

(6), as well as the pitch angle value obtained. 

• Torque calculation 

The torque value is obtained from equation (8), the lift 

and drag are taken from the simulation results read by 

the calculator function. The torque value taken is the 

value perpendicular to the propeller axis. 

 The results of the simulation process need to be 

validated with the calculation of thrust and torque that 

has been done numerically. Table 4.3 shows the thrust 

value between Ansys simulation and numerical 

Figure 8. Domain Static 

Figure 9. Domain Rotating 

(a) (b) 

Figure. 10. Meshing result of kort nozzle (a) hull (b) ducted propeller 

 

Figure 11. Results of solution thrust kort nozzle 19A 
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calculation. There is a difference between the thrust 

value produced in the Ansys simulation and the results of 

manual calculations, where the thrust value in the Ansys 

simulation tends to be lower than the manual calculation. 

Table 4.3 also indicates that the average difference 

between the two values is around 2-4% for each model 

variation. 

Figure 12. Results of Solution Torque Kort Nozzle 19A 

Figure 13. Velocity Streamline of Kort Nozzle 19A 

Figure 14. Velocity Contour of Kort Nozzle 19A 

Figure 15. Pressure Contour of Kort Nozzle 19 A 
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TABEL 5. 

COMPARISON OF NUMERICAL CALCULATION AND CFD SIMULATION (A) THRUST (B) TORQUE 

(A) 

Model Numerical Calculation (N) CFD Simulation (N) Difference (%) 

19A 357.513,43 367.413,41 2,69 

22 353.991,60 365.484,15 3,14 

24 350.920,95 365.027,80 3,86 

(B) 

Model Numerical Calculation (N) CFD Simulation (N) Difference (%) 

19A 308.691,04 315.338,05 2,10 

22 301.704,85 309.948,68 2,65 

24 294.997,57 309.126,03 4,57 

    

 In Table 5, the thrust and torque results from 

simulation and numerical calculations are shown. The 

difference is less than 5% in each model variation. This 

shows that the thrust and torque results from the 

Computational Fluid Dynamics (CFD) simulation 

approach and numerical calculations are not significantly 

different [24]. Model 19A has the highest thrust and 

torque values, while model 24 has the lowest thrust and 

torque values. 

 Furthermore, the calculation results of each model 

will be converted into graphs from table 5. This allows 

an understanding of the characteristics of each simulated 

model. The comparison between each model against 

thrust and torque is shown in figure 16. 

In the comparison graph of thrust and torque on 

models 19A, 22, 24 shows that the greater the length of 

the nozzle cort the value of thrust and torque decreases.  

With these results, each cort nozzle model compared 

to model 19A is the most effective for increasing thrust 

and torque because it is able to get the largest thrust and 

torque results. Therefore, it can be concluded that the use 

of a cort nozzle greatly affects the results of thrust and 

torque. 

IV. CONCLUSION 
1. The relationship between nozzle cortex length and thrust is 

inversely proportional, where the greater the length of the nozzle 

cortex used, the smaller the thrust value produced. 

2. The relationship between cort nozzle length and torque is also 

inversely proportional, where the greater the length of the cort 

nozzle used, the smaller the torque value produced. 

Further research can be done by conducting research on variations 

in the angle of attack of the cort nozzle to find out the hydrodynamic 

characteristics of these differences. In addition, further research can 

also include wind and current factors in the research object. 
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