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Rudder is the most important hydrodynamic control surface on a ship to control 
horizontal movement. An important function of the rudder is to develop a force 
concerning orientation and motion relative to the water. The widely used type is the 
conventional type. However, the other types of rudders, other than the conventional 
type, are the single plate and fishtail types. This study aims to analyze the difference in 
performance between the single plate rudder on the Adeline 01 spob (self propeller oil 
barge) ship and the fishtail rudder on the value of lift force and drag force as well as 
find out the comparison of the two Rudders on the maneuvering force of the Adeline 
01 spob ship. The method used was the Clark equation with the help of a CFD-based 
application to determine the performance of the ship lifts force and drag force by 
varying the turning angle by 5°, 10°, 15°, 20°, 25°, and 30°. The results obtained from 
this study was the Fishtail has better maneuverability at 5° and 10° angle variations 
with lift coefficient values of 0.0398 and 0.0522, and with Steady Turning Diameter 
(STD) values of 1882.9 m and 717.83 m. On another hand, the Single Plate rudder has 
better maneuverability at angle variations of 15° and 20° with lift coefficient values of 
688.30 m and 330.77 m, and with STD values of 688.30 m and 330.77 m. At the angle 
variations of 25° and 30°, Rudder Fishtail has better maneuverability with lift 
coefficient values of 0.7712 and 0.9993, and with Steady Turning Diameter (STD) values 
of 53.40 m and 35.92 m 
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1. Introduction

A ship is designed by taking into account the regulations that apply both nationally and 
internationally. Standards for Ship Maneuverability is one of the international maritime standards 
(IMO) regulations [1]. Ship maneuvering performance can be predicted from the beginning of the 
design in order to meet the requirements because ship maneuvering is important to determine ship 
safety [2, 3]. Problems in the system cause ship collision accidents that often occur. So the ability to 
maneuver is needed by improving the ship's motion, namely optimizing the performance of the 
steering wheel. 
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Ship maneuvers are influenced by the design of the hull, propulsion system, and steering system 
[4, 5]. The rudder or commonly called the rudder is a control on the hydrodynamic surface of the ship 
which has a function to control horizontal movement [6]. The rudder has a function to develop forces 
related to orientation and relative motion in the air [7]. 

The magnitude of the steering force is determined by the size of the steering wheel and operating 
speed [8]. The force due to the ship's bend forms an angle of attack to the centerline [9] angle of 
attack to the centerline. 

Good steering conditions will produce a good response for the ship so that it can position itself 
well. Rudder single plate is a simple plate with a two-dimensional square shape. One of the steering 
plates has a smaller angle compared to the others. The advantage is that it can achieve high efficiency 
with straightforward conditions [10]. To improve the ship's capabilities, various innovations were 
found in the steering system, one of which is the rudder fishtail. This steering is based on the basic 
shape of the existing steering wheel, both hanging and sitting like a fishtail. With excellent 
maneuverability, this innovation was developed based on the principle of flow behind the propeller 
which concludes that the top flow velocity of the propeller is the largest and will approach zero at 
the propeller boss [11]. This study will compare the performance of Rudder single plate and fishtail. 
We will find out which rudder is good to use in SPOB Ship’s. 
 
1.1 Barge 
 

Barge is a ship with a flat hull or large pontoon. Barges are used for river and canal transportation 
to transport large quantities of goods. On the island of Borneo, barges are one of the most popular 
means of transportation to transport various mineral products, such as solid cargo (coal, wood, sand) 
and liquid cargo (crude oil and palm oil). The structure of a barge that carries solid cargo is different 
from that of a barge that carries liquid cargo. Barges carrying solid loads usually use the deck as cargo 
hold, whereas barges carrying liquid cargo have cargo hold and a hull design and structure similar to 
that of a tanker [12]. 

However, there are also several barges that are designed and built with self-propelled engines, 
and are equipped with the same safety and transportation equipment as ordinary ships which are 
commonly referred to as SPOB (self-propelled barge) and SPOB (self-propelled oil barge) 
 
1.2 Rudder 
 

In principle, the driving force of the ship's rudder is strongly influenced by the design, propulsion 
system, and steering system. Many of these factors directly affect the fluid power and torque acting 
on the steering blades [13]. Another situation that will have an impact is the condition of the rudder 
that is too large, causing the rudder propulsion engine to not match the rudder when the ship turns 
in direction. When a ship moves at a certain speed in free flow, various forces are generated, 
including the ship's resistance and the ship's thrust. To make the ship turn, the direction of the rudder 
angle changes to an angle with the centerline (angle of attack), and the resultant hydrodynamic force 
F is generated. The resultant force consists of a lift component whose direction is usually always 
perpendicular to the direction of the lift, the lift force whose direction is always perpendicular to the 
flow is a drag component. In determining the magnitude of the rudder force with the size of the 
rudder and the speed of the ship's journey varies. 

 The type of rudder, its location, and placement relative to the propeller aim to affect the 
effectiveness of the ship's steering and controllability [14]. The rudder should be located near the 
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stern and should be positioned in the blade flow for good handling. Its performance characteristics 
are very important for ship control as shown in Figure 1. 
 

 
Fig. 1. Rudder Variations 

 
A ship can move with a certain speed (U) in a free flow, various forces are generated, including 

the ship's resistance and the ship's thrust. To make the ship turn, the direction of the rudder angle 
changes to an angle with the centerline (angle of attack), and a resultant force F is triggered. This 
force acts at a point called the center of pressure (CP) [15]. 

The figure 2 shows some of the components of the force acting on the steering wheel. Using 
different sizes of the steering area and operating speed to determine the size of the steering force, 
we can use the Lewis equation. 

 

 
Fig. 2. Force Component on Rudder 
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According to “RULES FOR HULL” Vol. II, BKI rudder dimension on Figure 3 
 

 
Fig. 3. Rudder Dimension 

 
Where: 
A  = Rudder Area behind a shaft 
Af = Rudder Area in front of a shaft 
C   = Rudder Width  
B   = Rudder Height 
X1 = Rudder Bottom Width 
X2 = Rudder Top Width 

 

 In the Rules FOR HULL Part II, BKI (Indonesian Classification Bureau) has made design rules for 
the ship's rudder so that it has good maneuverability. One of them is the rule that contains or sets 
the zone from the ship's rudder 

 
 
Where: 

C1 = Ship TF Factor of ship type 
 = 1.0 types of common ships 
 = 0.9 types of bulk carriers and oil tanker with DWT more than 50,000 tons 
 = 1.7 for tugs and trawlers 
C2 = rudder type factor 
 = 1.0 common rudder type 
 = 0.9 Steering Spade Spring 
 = 0.7 Steering with high lift 
C3 = common rudder type factor 
 = 1.0 types of NACA profiles and common plates 
 = 0.9 types of hollow and mixed profiles 
C4 = factor of the type of rudder design 
 = 1.0 type of rudder inside the propeller 
 = 1.5 types of rudder outside the propeller 

 
Fluid is a substance that can flow in the form of liquid or gas and changes shape according to the 

location or container. Fluids can easily change their shape, so that their volume is equal to the volume 
of the container that limits the fluid. Application of mechanics in continuous media (solids and 
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liquids). Flow can be distinguished or divided into 3 types of flow, namely, laminar flow, turbulent 
flow, and transitional flow [16]. 
 

2. Methodology 

 

In modeling the ship's rudder, the initial step that is usually used to determine the size and data 
of the ship's rudder, in this modeling is a 3D software application to model the ship's rudder according 
to the data obtained and for the fishtail rudder itself, it follows the size of the single plate rudder 
whose data has been obtained [17].  

In the process of simulation and analysis of Computational Fluid Dynamic (CFD) of Rudder Single 
Plate and Rudder Fishtail using several variations of angle of attack, namely 5°, 10°, 15°, 20°, 25°, 30°. 
The flow velocity from the inlet angle is given the value of Va which is 5.14444 m/s. 

 

 
Fig. 4. Flowchart 

 

3. Result and Discussion 
 
In this study, ship and rudder data were obtained from a SPOB ship owned by PT. Sinar Alam 

Corporation which had been built in its shipyard and had data. Can be seen in Table 1, Table 2, and 
Table 3 
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Table 1 
Ship Data 

Ship Name ADELINE 01 

Type Self-Propelled Oil Barge  
LOA 71.40 m 
Breadth 16.80 m 
Depth 4.40 m 
Draft 3.60 m 
Engine 2 x Mitsubishi S6R2-MTK 610 PS / 1500 RPM 
Gearbox HCD 400 A Ratio 4 : 1 

 
Table 2 
Main Dimension of Rudder Single Plate  

Notation Component Value Unit 

A Cross-sectional area of 
Rudder 

8.52  m2 

c Rudder Width 1.8 m 
b Rudder Height 2.7 m 
X1 Rudder Bottom Width 0.25 m 
X2 Rudder Top Width 0.25 m 

 
Table 3 

Main Dimension of Rudder Fishtail  

Notation Component Value Unit 

A Cross-sectional area of Rudder 7.18 𝑚2 
c Rudder Width 1.8 m 
b Rudder Height 2.7 m 
X1 Rudder Bottom Width 0.2 m 
X2 Rudder Top Width 0.2 m 

 
After the running results are complete, the next stage is the post-processor process. At this stage, 

various simulation results will be presented, such as water pressure, water flow velocity, geometric 
pressure, etc. Simulation data is a phenomenon of pressure in the fluid that occurs in the steering 
blade, so that the resultant workforce in the form of drag and lift is obtained. The following are the 
results of contour visualization of various angle changes between the Single Plate rudder model and 
the Fishtail rudder model using the CFD method [18]. 
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Fig. 5. Pressure distribution on 5˚ rudder single plate 

 

 

Fig. 6. Pressure distribution on 5˚ rudder fishtail 

 

 
Fig. 7. Pressure distribution on 10˚ rudder single plate 
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Fig. 8. Pressure distribution on 10˚ rudder fishtail 

 

 
Fig. 9. Pressure distribution on 15˚ rudder single plate 

 

 
Fig. 10. Pressure distribution on 15˚ rudder fishtail 
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Fig. 11. Pressure distribution on 20˚ rudder single plate 

 

 
Fig. 12 Pressure distribution on 20˚ rudder fishtail 

 

 
Fig. 13. Pressure distribution on 25˚ rudder single plate 
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Fig. 14. Pressure distribution on 25˚ rudder fishtail 

 

 
Fig. 15. Pressure distribution on 30˚ rudder single plate 

 

 
Fig. 16. Pressure distribution on 30˚ rudder fishtail 
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In addition to using CFD software to obtain the results of the pressure profile visualization from 
the simulation, the force acting on the steering blade is also obtained. On the x-axis is expressed as 
drag, and on the y-axis is expressed as lift. The simulation results on CFD software are shown in the 
Table 4. 

 
Table 4 
Lift and drag force data   

Angle of attack 
(δ) 

Drag Force 
(N) 

Lift Force 
(N) 

Single Plate 
5 0.0501  0.0170 
10 0.0103  0.0245 
15 0.2023  0.0274 
20 0.3299  0.0433 
25 0.4724  0.9117 
30 0.6121  1.9881 
Fishtail 
5 0.0927  0.0244 
10 0.1357  0.0319 
15 0.2157  0.0647 
20 0.3415  0.0897 
25 0.5144  0.1719 
30 0.7396  0.2130 

 
The drag coefficient and lift coefficient values are also obtained from the simulation results on 

CFD software, which can be seen in the following Table 5. 
 

Table 5 
Drag and lift coefficient 
Angle of attack 
(δ) 

Coefficient Drag 
(Cd) 

Coefficient Lift 
(Cl) 

Single Plate 
0 0.0823  0.0141 
10 0.1683  0.0274 
15 0.3304  0.0455 
20 0.5386  0.0653 
25 0.7712  1.4885 
30 0.9993  3.2459 
Fishtail 
0 0.1514  0.0398 
10 0.2215  0.0522 
15 0.3522  0.0623 
20 0.5576  0.0730 
25 0.8399  0.2807 
30 1.2075  0.3477 

 
The interpretation of the ship's turning capability in IMO regulations is that the Advance (Ad) 

value must not exceed 4.5 times the length of the ship, and the Tactical Diameter (TD) value must 
not exceed 5 times the length of the ship. in a circular motion. The following Table 6 shows the 
maneuverability and lift coefficient of each steering blade obtained using the above calculation 
formula. 
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Table 6 
Result of maneuver performance analysis of single and fishtail rudders 
Angle of attack 
(δ) 

TD 
(m) 

Satisfied 
Ad 
(m) 

Satisfied 

Single Plate 
5 2622.31 X 1419.05 X 
10 1158.32 X 666.56 X 
15 697.36 X 429.62 X 
20 339.83 √ 245.86 √ 
25 69.29 √ 106.80 √ 
30 55.43 √ 99.67 √ 
Fishtail 
5 1892.02 X 1043.68 X 
10 726.89 X 444.80 X 
15 449.63 X 302.29 √ 
20 356.01 X 254.17 √ 
25 62.46 √ 103.28 √ 
30 44.98 √ 94.30 √ 

 
4. Conclusion 
 

Based on the research that has been done above, it can be concluded that: 
 

I. At an angle of 5˚ and 10˚, the Single Plate rudder has a lower lift coefficient of 0.0241 and 
0.0272 compared to the Fishtail rudder, which is 0.0398 and 0.0522. At the angle variation of 
15˚ and 20˚, the Single Plate rudder has a lower lift coefficient value of 0.0305 and 0.0476 
compared to the Fishtail rudder which is 0.0567 and 0.0540. At an angle of 25˚ and 30˚, the 
Single Plate rudder has a higher lift coefficient value of 1.4885 and 3.2459 compared to the 
Fishtail rudder which is 0.2807 and 0.3477. 

II. At 5˚ and 10˚ angle variations, the Fishtail rudder has better maneuverability as evidenced by 
the lower turning radius or STD values of 1882.9 m and 717.83 m compared to the value of 
the turning radius or STD on the Single Plate rudder which is equal to 2613.2 m and 1149.26 
m. At an angle of 15˚ and 20˚, the Fishtail rudder has better maneuverability as evidenced by 
the lower turning radius or STD values of 440.58 m and 346.95 m compared to the value of 
the turning radius or STD on the Single Plate rudder which is 688.30 m and 330.77 m. At angle 
variations of 25˚ and 30˚, Fishtail steering leaf has better maneuverability as evidenced by the 
lower turning radius or STD values of 53.40 m and 35.40 m compared to the value of turning 
radius or STD on Single Plate steering leaf which is 60.23 m and 46.92 m. 
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