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Abstract 
	

An autonomous underwater glider (AUG) is a vehicle with fixed-wing. They move 

through the ocean by changing the buoyancy to follow a “Saw-tooth” pattern of 

motion. In this project, a part of AUGs which is rudder design is studied. Specifically, 

the relationship between rudder design and lift and drag of hydrodynamic forces is 

investigated. The comparative study is done between conventional rudder and 

schilling/ fishtail rudder. For the modelling works, SOLIDWORKS is used to create 

the model. ANSYS code "Fluent” is used to do analysis on hydrodynamic performance 

such as lift force of AUGs. The numerical simulation is done at various angle of attack 

from  0˚- 20˚. The result from the simulation shown that the fishtail rudder has higher 

lift coefficients and can produce better maneuvering performance compare to 

conventional rudder. 
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Chapter 1 INTRODUCTION 
 

1.1 Background study 

An autonomous underwater glider (AUG) is buoyancy- propelled and having fixed-

wing AUGS[1]. This vehicle normally travel in the ocean by changing their buoyancy 

for vertical motion and make use of their wings which convert the vertical motion to 

inclined motion (vertical and horizontal motion)[2]. Nowadays, the application of 

using AUG has increased in demand due to their advantages in many ways and they 

also help in reducing the human life risk because of their ability in reaching location 

that beyond human limit which allow critical information gathering being done. 

Besides, AUGS also capable for long-range mission and high- endurance deployments 

as well.[3] 

According Bingham, he shared his words by recommending the future AUGS to be 

more effective in terms of fast speed, limited climate dependence and ability to travel 

more longer for underwater operation[4]. However, there are some limitation in the 

current design of AUGS that prevent AUGS from accomplishing their ideal 

execution.[5] One of them is the selection of rudder profile. 

Rudder can be considered as one of the most important hydrodynamic control surface 

which control the movement of the AUGS in horizontal motion. Their importance in 

generating forces for maneuvering is no doubt. Meanwhile in some cases, rudder also 

used as emergency brake and roll stabilization as well.[6] The performance of rudder 

depends on the rudder hydrodynamic characteristic, which are affected the design 

choices. Therefore, the proper design of rudder will surely produce better performance 

in maneuverability, fuel consumption and increase efficiency which means having 

minimum drag at the required lift force.[7] 
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A study done by Yoshiho Ikeda et all on the performance of various kind of fishtail 

rudder (schilling type) and hydrodynamic mechanism to generate larger lift force due 

to the fish tail. As the result, higher lift force is produced when larger trailing edge is 

applied. The high lift force is created due to high pressure produced at the concave 

face side of the rudder. The result obtained shown as below in Figure 1.1 

In this project, comparative analysis on hydrodynamic forces like lift and drag were 

performed on different type of rudder designs. 

	
Figure 1-1: Example of Pressure distribution flow around fishtail forms [8] 
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1.2 Problem statement 

Various form of rudder profile is used to create better manueverability and enhance 

performance of the AUV. However, the effectiveness of using them still have been not 

clarified yet. So this study is done to propose the standard rudder design that can be 

used at low speed and having better performance as well. 

1.3 Objectives 

• To propose and analyse rudder designs which is to optimize the AUV 

performance 

• Simulating the lift and drag formed using different profile of rudder 

• To evaluate different rudder designs for better performances by establishing 

relationship between lift and drag forces to angle of attack (AOA) 

1.4 Scope of study 
For this project, the investigation will be focused on the numerical study on the rudder 

of underwater vehicle and deal with computational fluid dynamics(CFD) using 

ANSYS Fluent software. The flow field is focused on the x-direction only which 

represented the flow velocity.   Y-direction and Z- direction is neglected in this project. 

Several designs which are conventional rudder (NACA 0020) and schilling/ fish tail 

rudder with different value of trailing edge length are compared. The comparison work 

will focus on the hydrodynamic characteristic generated by the rudder. 

	

	

Figure 1-2 Example of Conventional rudder design, NACA 
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Chapter 2 : LITERATURE REVIEW 
	

This chapter review some of the previous studies and research papers that have been 

designed and developed. 

2.1 Rudder design 

Generally, this project will focus on the hydrodynamic forces behavior on 

conventional rudder and fishtail rudder. Thus, it is important to know the knowledge 

behind it first. For different shape of rudder, their hydrodynamic forces characteristic 

of lift and drag coefficient, slope of the lift curve should be different too. Liu proposed 

to estimate the rudder force generated of different design and investigate their effect 

towards ship maneuverability by regression formula [10]. Besides, the selection of 

rudder used should be depend on few characteristics including operational requisites 

of maneuvering performance, and fuel conservation. [10]  

 

Fishtail rudder 

Fishtail rudder also known as schilling rudder, it is designed based on NACA, HSVA 

or IFS with trailing edge. The curve part at the back, is said to have better pressure 

distribution that believed to slow down the stalling process. Stalling process happen 

when the critical angle of attack is exceeded the limit. This kind of rudder design has 

potential to create more lift thus improve the maneuverability of the ship especially at 

slow speeds. [10]. That’s why this rudder is normally used on inland vessels. However, 

only few studies being done on the fishtail rudder based on experimental and numerical 

test. [8] 
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Figure 2-1:Fishtail rudder design specification 
 
NACA ( National Advisory Committee for Aeronautics) 

Meanwhile for conventional rudder, NACA profiles are the most commonly used 

applied rudder[10]. This rudder design also used during investigation purpose of 

aerodynamic and hydrodynamic [10]. In 1958 and 1965, a group of researcher carried 

out experiment to validate the performances of NACA design shape and it showed that 

they were able to generate enough force for maneuvering with high percentage of 

efficiency.[10]  

	

Figure 2-2: Rudder profile terminology [10] 

1. Zero lift 
2. Leading edge 
3. Nose circle 
4. Max thickness 
5. Chamber 
6. Upper surface 
7. Trailing edge 
8. Camber mean line 
9. Lower surface 
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2.2 Hydrodynamic performance 
Hydrodynamic forces and the moment of the body and wings is considered as one of 

the major factor that contribute to the motion of AUGs[9]. Under hydrodynamic 

forces, which are lift and drag force, this both force are important to determine the 

AUGs abilities and help the movement of the vehicle in the X-direction (horizontal 

motion). [6] 

When there is a pressure difference, surely the lift force will be generated. [10] In other 

word, it is a force that act . Meanwhile stall angle is the condition where the maximum 

lift occur when it is at critical AOA. Typically, in open water, the stall angle will range 

from 15-20 degree. But the one that normally used for propeller only range about 30-

40 degree [10] 

Drag is defined as the force generated and exerted on the body in opposite. [9] Drag 

normally divided into two elements, which are skin friction drag and pressure drag. 

Generally, the value of drag increase when AOA increase.[11] The friction drag is 

formed due to viscous drag in the boundary layer around the shape and it is controlled 

by the extent of the wetted surface. Meanwhile pressure drag, it will behaved depend 

on the shape of rudder itself. [10] For  rudder that has same wetted surface, the friction 

drag generated is assumed to be the same. However, the pressure drag is very small. 

[12] 

 

 

	
Figure 2-3 : Rudder induced force [10] 
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Figure 2-4:  Lift and Drag diagram [10] 
 

Lift and drag forces are defined as shown in Fig. 5. The lift coefficient Cl and drag 
coefficient Cd are commonly defined by:  

 

Where L is the lift force, D is the drag force, r is the fluid density, v is fluid velocity 
and S is projected area of the foil (Chord length x Width).  

The sectional lift coefficient and drag coefficient can be expressed as follow: 

 

Where l is the lift force, d is the drag force acting on two dimensional foil, and c is 
the chord of the foil.  
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2.3 Computational Fluid Dynamics 
	

A CFD commercial code, ANSYS FLUENT, is used to calculate the forces and 

moments of rudder sections. The k-omega SST turbulence model is applied.  

There was a study done by Van Nguyen, he made a cuboidal space whose 

measurement are 12m x 8m x 6m separately using AUTOCAD.[13] The critical 

perspective while generation of domain is to assure that, the wall has little impact on 

distribution flow around the rudder. The distance from the wall should be 3-4 times 

the size or rudder. Meanwhile for the leading edge, at least has to be 1.5m from inlet 

boundary condition. 

ANSYS Meshing is a general-purpose, intelligent, automated high-performance 

product. It produces the most appropriate mesh for accurate, efficient solutions. 

ANSYS Mesh tool is used for the meshing of computational domain. In order to 

separate domain into smaller volume, non-uniform unstructured mesh elements is 

used. Meanwhile, at the area around rudder, it was set to be denser and as the 

element move far away from it, the element will increase in size. The approach 

method  allows the simulations to run economically. 

The physical and boundary conditions for simulation are listed in Tables 2.5 and 2.6 

 

	

Figure 2-5 :Example of Meshed computational domain [13] 
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Chapter 3 : METHODOLOGY 
	

3.1 Project Flowchart 
The process flow chart is shown in Figure 3.1 below. 

	 3D model of rudder 
using 

SOLIDWORKS 

Simulation of design 
model in ANSYS 

Fluent 

Discussion result on 
lift and drag 

performances 

Figure 3.1: Project Flow 

No 

 Boundary condition, 
fluid domain and 
meshing is set up 

Yes 

Conclusion 

Validation result 
of modelling 
simulation 
design with 
previous work 

Comparing the designs 
based of lift and drag 

performances 
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3.2 Tools and software required 

In order to perform this project, the tools and software used are: 

1. SOLIDWORKS 

This software specifically used to create the 3D modelling. By using this 

software, datum design and another two designs, conventional rudder and 

schilling rudder were created. 

2. ANSYS Fluent 

ANSYS is basically used to do the simulation work once after the design 

being developed in the SOLIDWORKS. Boundary condition, fluid domain or 

even meshing work is being done here as well 

3. Microsoft Office (Word, PowerPoint, et al) 

For Microsoft Word, the main purpose is to create text document which can 

be saved electronically, printed or even saved as PDF files. Meanwhile for 

PowerPoint, it is used to create slide show for enhancing presentation. 
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3.3 Modelling 

The modelling work is done using SOLIDWORKS software. Roughly there are about 

2 designs choose, which are fishtail / schilling rudder and conventional rudder (NACA 

0020). Figure below shows the design of rudder with different size of trailing edge and 

shape as well. 

	

	

	

Figure 3-1 : 20 cm length, 5cm trailing edge (Top view) 

	

Figure 3-2: 20cm length, 10cm trailing edge (Top view) 

	

Figure 3-3: 20cm length, 15cm trailing edge (Top view) 

	

Figure 3-4: NACA 0020 (Top view) 

	

	

	

	

	



	
	

13	

	

 

Figure 3-5 :Isometric view of 20cm, 5cm 
trailing edge 

 

Figure 3-6:  Isometric view of 20cm, 10cm 
trailing edge 

 

Figure 3-7: Isometric view of 20cm, 15cm 
trailing edge 

 

 

Figure 3-8: Isometric view of NACA 0020 
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3.2 Boundary Conditions  
	

For this work, rudder model will be placed in the square box (boundary condition) 

which later created in ANSYS Fluent. The rudder model is set to be as no slip 

condition. The velocity inlet boundary condition will be applied at inlet and meanwhile 

the outflow boundary condition will be applied at outlet part. Model is placed in the 

center of the square box so that to make sure that the velocity will fully developed at 

the exit entrance. 

 

 

 

 

 

 

 

3.3 Fluid Domain Meshing  
Accuracy and complexity of the analysis is depend on the selection of mesh size affects 

the. The mesh of models conducted using ANSYS Fluent, a Computational Fluid 

Dynamic (CFD) software. The result of this entire simulation study will depend highly 

on the various mesh parameters (i.e. distance of the first layer of the cell to the hull, 

mesh size and domain size) Fine mesh was selected for this project. The elements size 

for the mesh is about 0.054m. Fine size mesh is used so that the result yield will be 

more accurate. Other than that, for advanced size function, proximity method is used 

for conventional rudder, NACA 0020. Meanwhile for fishtail, the method selected is 

proximity and curvature. Figure 3.8 shows the fluid domain meshing.  

Velocity	inlet	
Velocity	outlet	

Rudder	profile	

Figure 3-9 : Fluid domain with 
boundary conditions in CFD [15] 
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Figure	3-10	:	Meshing	process	ANSYS	Fluent	

	

Figure	3-11:	Meshing	sizing	setting	for	Fishtail	profile	
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3.4 ANSYS Fluent Simulation 
  
In this work, rudder model is kept fixed at their position and only flow will move from 

inlet boundary condition. The velocity is set to constant at 0.45m/s (average speed of 

AUGs). Simulation also done at various angle of attack starting from 0-20 degree’s. 

Meanwhile for turbulence model, Re-Normalization Group (RNG) k- epsilon model 

with non-equilibrium wall function was used instead of standard model to optimize 

the accuracy of the result. The lift and drag results obtained by each simulation were 

recorded and compared using graph to represent the result. 

	
Figure 3-12: Example of turbulence model setting for Fishtail profile 
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3.5 Gantt Chart 
Table 3.1 shows the Gantt Chart of this project. 

No Detail/Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 

1 Selection of project 
topic               

2 Preliminary research 
work               

3 Literature review               

4 Submission of 
Extended Proposal     x          

5 Methodology               

7 Proposal Defense       x        

8 Preliminary result 
(SOLIDWORKS)             x  

9 Submission of Interim 
Report              x 

Semester break (3 Jan 2017 – 15 Jan 2017) 

1 Continue research 
work               

2 
Result gathering and 
collection on ANSYS 
Fluent 

              

3 Progress Report 
submission       x        

4 
Analyzing and 
completion the project 
report 

              

5 Pre-SEDEX          x     

6 Final report draft 
submission           x    

7 Soft-bound dissertation 
submission            x   

8 Technical paper 
submission            x   

9 Viva              x 

10 Hard-bound 
dissertation submission              x 
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Key Milestone	

1. Submission of Extended Proposal: 3rd Oct – 9th Oct 2016 

2. Proposal Defence: 18th Oct 2016 

3. Submission of Interim Report (Draft): 5th Dec – 11th Dec 2016 

4. Submission of Interim Report (Final): 18th Dec 2016
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Chapter 4 : RESULT AND DISCUSSION 
	

For this section, the numerical results of lift and drag forces generated are shown. 
Fishtail models are compared with the conventional rudder, NACA0020. The effect of 
Angle of attack(AOA) on rudder hydrodynamic performances will be investigated as 
well. 

i)Lift force 

A. Lift generation  

Computational Fluid Dynamic (CFD) is used to simulate the Conventional rudder and 

fishtail rudder at 0°, 5°, 10°, 15°,20° are shown, which gives us a visualization 

behavior or the lift and drag of the rudder. Figure below shows the comparison of lift 

generated against angle of attack. Basically it is obvious that the lift value will increase 

as if angle of attack increase. The lift force of fishtail is slightly higher than the 

conventional rudder, NACA 0020 due to the additional pressure force created on the 

surface of rudder due to their converging and diverging nature of rudder surface. 

	

		 	

Figure 4-1: Comparison of lift generated against AOA for fishtail models 
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Figure 4-2 : Comparison of lift generated against AOA for fishtail models 

																					

	

Figure 4-3: Lift generated against AOA for NACA 0020 
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ii) Drag force 

From the figure 4.4, in general, it is clearly shown that the drag force of the fishtail 

rudder is also higher compare to conventional rudder. The reason behind it that due to 

huge variations on surface along the flow, more pressure force is generated which has 

a component in the drag force direction. It also shown that the size of trailing edge 

influenced the drag generated.  

 

Figure 4-4: Comparison of drag generated against AOA for fishtail models 

	

Figure 4-5 : Comparison of pressure drag generated against AOA for fishtail models  
and NACA 0020 
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Figure 4-6 : Comparison of viscous drag generated against AOA for fishtail models 
and NACA 0020 

	

Based on Figure 4.5 and Figure 4.6, it can be seen that the pressure drag has much 

higher contribution to total drag of rudder compare to viscous drag which is slightly 

less important on the total drag.  
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Effects of Angle of Attack (AOA) on the lift force  

Relationship between lift force and AOA are show in figure 4.1, figure 4.2 and figure 

4.3. The analysis is done only through simulation in ANSYS Fluent. Generally as the 

AOA increased from 0°- 20° , the values of lift force increased as well. The AOA 

increased gradually due to the low cruising speed of all the AUGs which was set at 

0.45 m/s. Based on the figure 4.2, fishtail of 15cm trailing edge achieved the highest 

lift value at 8.12N when the angle of attack is at 20 °. This shows that larger trailing 

edge also possible to produce more lift as well. 

Effects of Angle of Attack (AOA) on the drag force  

Meanwhile for drag force, generally it is force generated in opposite direction 

movement. In this simulation, velocity in vertical direction is kept constant. 0.45m/s 

is set to be the velocity on horizontal direction. The drag force increased as the angle 

of attack increased either in the positive angle or the negative angles. 

Based on Figure 4.6, skin friction drag is highest for all models when angle of attack 

at 20 degree. The highest is achieved by fishtail of 5cm trailing edge. The viscous drag 

is basically increased when the surface area of the body is larger. Thus, this shows that 

skin friction drag is affected by the flow of the fluid around the glider body.  
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Chapter 5 : CONCLUSION 
	

5.1 Conclusion 
	

In this paper, the hydrodynamic characteristics of the three fishtail rudder models are 

investigated and compared with the NACA 0020 one. 

Based on the simulation result obtained in ANSYS Fluent: 

• The force generated increased when the angle of attack is increased 

• Fishtail rudder exhibit higher value of lift and drag force compare to 

conventional rudder, NACA 0020 

• Appropriate size of the trailing edge can increases the lift while the drag does 

not increase so much.  
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