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Abstract 

The aim with this thesis is to investigate if the Twin Fin concept can be a beneficial propulsion system for 

large cruise ships, about 300 m long.  

The Twin Fin concept is a new propulsion system, launched in 2014 by Caterpillar Propulsion [1]. The 

concept is diesel-electric and has two fins, containing a gearbox and an electric motor, immersed in 

water [2]. Previous investigations have shown the concept to have several advantages compared to 

other propulsion systems . A seismic vessel, Polarcus, has been retrofitted with the Twin Fin concept and 

it has been proved to have both operating and cost benefits compared to its previous arrangement with 

azimuth thrusters [3].  

Diesel-electric propulsion is common for cruise ships, which would make the Twin Fin concept a possible 

propulsion solution for them. It’s of interest to investigate if the concept can be as beneficial for large 

cruise ship as it has shown to be for other vessel types. To investigate this the whole concept is 

considered. 

A cruise ship hull and fins are modeled with computer-aided design (CAD) using CAESES/FRIENDSHIP-

Framework (CAESES/FFW), starting building up a procedure for customization of fin design into ship 

layout. Tracking of the operation of similar cruise ships is performed with automatic identification 

system (AIS) in order to create an operational profile for the model cruise ship. A propeller is designed 

for the model cruise ship, using a Caterpillar Propulsion in-house software. A conceptual drawing of the 

electric power plant is also created. 

Computational fluid dynamics (CFD) simulations are performed on CAD model hull with and without fins, 

in order to find out how much resistance is added due to the presence of the fins. These CFD analyses 

are performed with the open source CFD toolbox OpenFOAM, using the volume of fluid (VOF) method 

for free surface modeling. Reynolds-averaged Navier-Stokes (RANS) is used for modeling turbulent flow, 

using the turbulence model k  SST together with wall functions. Also a coupling between RANS and 

the boundary element method (BEM) software PROCAL is used for an active propeller behind the ship, 

computing the effective wake fraction and thrust deduction.  

Finally the Twin Fin concept is compared to other propulsion systems, conventional shafting and Azipod, 

finding its advantages and disadvantages. 

The CFD simulations results in an added resistance of 18% in 20 knots due to the presence of the fins. A 

larger propeller can be fitted compared to the other propulsion systems, especially compared to the 

Azipod system, resulting in an increase of thrust by about 5.6% for the Twin Fin concept. The 

comparison between the systems shows that the Twin Fin concept have several advantages compared 

to the other systems, e.g. increased payload and increased reliability. 

One main conclusions drawn from this investigation is that the added resistance is very dependent on 

hull form and it's important to customize the fin to hull form and operational profile. Another conclusion 

drawn is that the larger propeller can't fully compensate for the added resistance due to the fins. Since 

the Twin Fin concept have other advantages it could still be beneficial for cruise ship applications, 

especially if further optimizing the fin shape and position and by this lowering the added resistance.  



Preface and acknowledgments 

I would like to thank the hydrodynamic core competence team at Caterpillar Propulsion in Gothenburg 

for their friendly attitude and for letting me perform my master thesis at their office. Special thanks to 

my supervisor Tobias Huuva for all the guidance, support and important comments on my work. I would 

like to show my deepest gratitude to Simon Törnros for all the help and support with the CFD analyses 

throughout the thesis. Thanks also to Olof Klerebrant Klasson for the guidance and help with propeller 

design and for the useful comments on the report. I would also like to thank my supervisor at KTH, Karl 

Garme. 

Stockholm, June 2015 

Frida Nyström 

  



Nomenclature 

Abbreviation Clarification 

AC Alternate current 

AE/AO Blade area ratio 

AFE Active front end 

AIS Automatic identification system 

BAR Blade area ratio 

BEM Boundary element method 

CAESES/FFW CAESES/FRIENDSHIP-Framework 

CAD Computer-aided design 

CFD Computational fluid dynamics 

CP Controllable pitch 

CPP Controllable pitch propeller 

CVIS Caterpillar Vessel Information System 

DC Direct current 

EAR Expanded (blade) area ratio 

ETA Estimated time of arrival 

FDM Finite difference method 

FEM Finite element method 

FP Fixed pitch 

FPP Fixed pitch propeller 

FVM Finite volume method 

IGBT Insulated bipolar transistor 

MAIB Marine Accident Investigation Branch 

MARIN Maritime Research Institute Netherlands 

MSB Main switchboard 

MULES Multi-dimensional universal limiter with explicit solution 

NACA National Advisory Committee for Aeronautics 

NFS Net frequency stabilizer 

PWM Pulse-width modulation 

RANS Reynolds-averaged Navier-Stokes 

rpm Revolutions per minute 

SMG Scandinavian Maritime Group 

THD Total harmonic distortion 

URANS Unsteady Reynolds-averaged Navier-Stokes 

VBA Visual Basic for Applications 

VFD Variable frequency drive 

VOF Volume of fluid 
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1. Introduction 

The cruising business today is large, worldwide the two last year’s having a yearly revenue of almost 40 

billion U.S. dollars [4]. Passenger ships requires a high level of safety, e.g. International Maritime 

Organization (IMO) safety regulations of safe return to port when parts of the system are malfunctioning 

[5]. Comfort is a large part of the cruise ship concept and therefore noise and vibrations from the 

propulsion system has to be kept as low as possible [6]. This calls for a highly reliable and redundant 

main propulsion system, with low noise and vibration levels. Reliability is not only important due to 

safety reasons, it’s an economical issue as well. Repairs that require dry-docking is expensive, both due 

to docking costs and lost revenue. 

As a result of high fuel prizes and an increasing awareness of environmental issues most ship markets 

strive to lower their fuel consumption. This leads to a series of different systems from different 

companies, competing to have the best fuel economy and the lowest emissions. One example of this is 

the Twin Fin system. 

The Twin Fin concept is a new propulsion system from Caterpillar Propulsion. It was launched in 2014 [1] 

and has been retrofitted to a seismic survey vessel [7]. The system is built for high reliability, with access 

to the machinery from inside the hull, which makes maintenance and service possible without dry-

docking. Parts of the propulsion system are moved into immersed fins, which will result in increased 

cargo capacity. The thrust and propulsive efficiency are also increased, compared to Azimuth thrusters, 

due to a larger propeller can be fitted. This increase in propulsive efficiency have, in previous 

investigations, shown to outweigh the effect of the increase in resistance, due to the presence of the 

fins. [2]  

1.1. Objectives 

The main objective with this report is to investigate if the Twin Fin concept can be a beneficial 

propulsion solution for large cruise ships. This will be done by answering the following research 

questions: 

 How is the resistance affected by the added appendages? 

 How large propeller can be fitted, and how much more thrust and propeller efficiency can be 

gained compared to other propulsion systems? 

 Will the gain in thrust, due to a larger propeller, compensate for the added resistance? 

 What advantages/disadvantages does the Twin Fin concept have compared to other propulsion 

systems? 

Another objective is to start building a procedure for the customization of the fin’s shape into the ship 

layout.  

1.2. Methodology 

In order to answer all research questions the whole Twin Fin concept needs to be evaluated, meaning 

that all aspects of the system are treated to some extent.  

To examine how the Twin Fin will affect the resistance, a computational fluid dynamic (CFD) analysis is 

performed. The CFD is done with the open source program OpenFOAM. The volume of fluid (VOF) 
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method, considering free surface, is used and the turbulence is modelled with the Reynolds-averaged 

Navier-Stokes (RANS) turbulence model k  SST together with wall functions. The resistance on the 

hull is simulated and then compared to the resistance on the hull with added fins, to find out how much 

resistance is added due to the presence of the fins. 

The investigated hull and fins are modeled in the CAESES/FRIENDSHIP-Framework (CAESES/FFW). The 

hull shape is based on a RoPax hull provided by CAESES/FFW tutorial material. The dimensions of the 

hull is altered to fit the purpose of the investigation. The fin shape is inspired by a previous version, and 

altered to fit the model hull. The fin’s position and shape are then up-dated according to CFD results in 

order to improve the resulting total resistance. To start building up a customization procedure the fin is 

parameterized to be able to easily change dimensions and shape of the fin. 

An operational profile is deiced for the model cruise ship, which is based on statistical data of the 

operation of similar cruise ships. This operational profile is used for designing an appropriate propeller 

for the model hull. The power to be installed is decided based on statistical data, resulting resistance 

and propeller properties. A diesel-electric plant is also chosen and a conceptual drawing of it is created. 

This will result in a conceptual design of the whole Twin Fin propulsion concept for a large cruise ship, 

with CAD-models of hull, fins and propellers together with a concept drawing of the diesel-electric 

power plant.   

Finally the whole Twin Fin concept is compared to other propulsion solutions: conventional shafting and 

Azipod. 

1.3. Report structure 

The report is divided into several main chapters, treating the different topics of the design process of 

the Twin Fin concept. The first chapter is a literature review, its purpose is to give the reader some 

background information to the different topics treated in this report. Next follows chapters describing 

the design choices and design process of the Twin Fin concept, treating the topics: operational profile, 

resistance, required power and propeller design. These chapters contains method and results, where 

the results from the other chapters are required as input data for design decisions. After this the 

resulting concept is summarized in one chapter, and the final concept is then compared to the other 

propulsion systems in another chapter. At the end of the report the results from all the different main 

chapters are discussed and conclusions are drawn. 
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2. Literature review 

This chapter contains some theory and background information of the areas treated in this report, to 

give a basic understanding of them. The different sections will describe different propulsion systems, 

propeller design and propeller types, and some basic CFD. 

2.1. Diesel-electric propulsion 

One important factor when choosing propulsion system for cruise ships are the vibrations and noise 

levels, since comfort is an important part of the cruising concept [6]. Therefore cruise ships often uses 

diesel-electric propulsion, it generates low levels of noise and vibrations compared to diesel-mechanical 

propulsion [6, 8]. Another important factor is safety, the system is required to be reliable and have high 

redundancy, which can be achieved with diesel-electric propulsion [6].  Other advantages with this 

system are: 

 Lower fuel consumption and emissions, due to possibility to constantly run the diesel engine at 

its optimal speed range [6, 8]. 

 Reduced life cycle cost, due to lower operation and maintenance costs [6]. 

 Increased payload, due to decreased volume of the propulsion system compared to diesel-

mechanical [6, 8]. 

 More flexible positioning of engines, due to cables and therefore not required to be adjacent 

the propeller [6]. 

 Efficient performance and high motor torque, due to electric motor can provide maximum 

torque at low speed as well [6]. 

Even though the diesel-electric propulsion has its advantages it’s important to point out that the 

transmission losses are much higher than for the diesel-mechanical set-up.  

With this diesel-electric system the propellers are driven by electrical motors, which could be either 

direct current (DC) or alternate current (AC). The DC alternative is quieter and create less vibrations, 

however this is more expensive and the most economical alternative for cruise ships is to have AC 

motors fed by frequency converters [8], with so called variable frequency drive (VFD). These AC motors 

could be either synchronous or asynchronous (also called induction) [8]. The AC is provided by 

transforming mechanical energy from the diesel prime movers to electrical energy with an electric 

generator, in this case an alternator. 

There are several ways of varying the frequency, e.g. most commonly with a pulse-width modulation 

(PWM) converter system [8, 9, 10]. This means that a sinusoidal wave is simulated by voltage pulses of 

different lengths [10]. The AC provided by the generator is transformed to DC with a diode bridge 

rectifier and then the DC is transformed to a PWM signal with an inverter [11], in this case usually an 

insulated bipolar transistor (IGBT) is used [8]. This method will create harmonic distortion [9, 10], which 

has to be regulated with harmonic filters [9]. Harmonic distortion is distortion to the electrical signals, 

i.e. distortion from the sinusoidal wave [12], and are integer multiples of the fundamental frequency 

[13]. This can cause problems, for instance it can generate heat in transformers and capacitors [13]. An 

example of when a system have failed drastically due to harmonic distortion is for RMS Queen Mary 2 in 

2010. According to the Marine Accident Investigation Branch (MAIB) safety flyer [14] there was an 

explosion in one of the harmonic filter rooms due to a failure of one of the capacitors, which caused all 

propulsion motors shutting down and also an electrical blackout. MAIB concludes that the awareness of 
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the harmonic distortion effects needs to be improved and electrical network and equipment should be 

monitored to detect problems [14]. To decrease the problems with harmonic distortion the so called 

active front end (AFE) method can be used, which also is a PWM converter system [8, 10]. The 

previously mentioned diode rectifier is replaced with an IGBT rectifier instead [8].  

With the VFD a fixed pitch (FP) propeller can be used without having to compromise the efficiency of the 

diesel engine. A diesel engine is most efficient at a range of engine speeds, which varies depending on 

engine [15]. A typical illustration of the fuel consumption per generated kWh can be viewed in Figure 

2.1.  

 

Figure 2.1 – Fuel consumption in liters/kWh of a turbocharged diesel engine [15]. 

As one can see in Figure 2.1, the fuel consumption per kWh is lowest at about 80% of the engine speed, 

and will increase when running the engine at lower or higher speed. When a diesel-mechanical drive is 

used with a FP propeller the engine speed is varied, which will result in inefficiency. With the VFD the 

engine speed can be kept constant at its optimal speed and the fuel consumption can be kept as low as 

possible.  

Even if the VFD works well with FP propellers a combination of variable speed and controllable pitch 

(CP) propeller can be beneficial, e.g. the STADT patented sinusoidal drive [6]. When using a CP propeller 

both the rpm and the propeller pitch is varied to achieve the correct vessel speed, which means that a 

continuous change of rpm is not necessary.  This means that the electrical system can be considerably 

simplified, decreasing the risk of electric failures. The STADT sinusoidal drive combines the CP propeller 

with 3 different rpm modes: low, medium and high [9].  
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Figure 2.2 – Electric arrangement of STADT sinusoidal drive. G1-G4 = electric 
generators, MSB =main switch board, PCC1-PCC3 = segregated redundant modules, 
BP2-BP3 = bypass switch, M = electric motor. [9] 

As one can see in Figure 2.2 the system is based on 3 segregated redundant modules and bypass 

switching. The PCC1 is a frequency converter, where the yellow marked DC capacitor is avoided as much 

as possible. Unlike the previously mentioned VFD’s here the capacitor is used only temporary, which will 

lower the risk of capacitor explosion. PCC2 and 3 will independently provide power to the inverter with 

the use of thyristors and bypass switching. [9] 

With this technique AC most of the time doesn’t have to be transformed to DC, no long train of 

transformations are needed and the electric transformation losses are therefore minimal compared to 

about 6% for other drives [9]. The system is compact and very reliable [6, 9], due to the segregated 

modules the propellers will still be functioning when failure in one component [9]. The total harmonic 

distortion (THD) is so low that no harmonic filters are needed [6, 9]. The summarized benefits of the 

STADT sinusoidal drive compared to the other VFD’s are [9]: 

 Reduced electric losses. 

 Weight and volume reduction. 

 THD elimination. 

 Highly redundant. 

 Improved lifetime. 

 Improved mean time before failures and mean time to repair. 

 Fuel savings. 

2.2. Propellers 

When a propeller is rotated, water flowing on the propeller blades, a pressure and suction side is 

created. Meaning that a high pressure will occur on one side of the propeller blade and a low pressure 

on the other side, thus creating forward thrust in the same way a wing is creating lift force. See Figure 

2.3 for an illustration of this. 
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Figure 2.3 – To the left: Pressure and suction side is displayed together with direction 
of rotational speed and forward vessel speed. To the right: The different forces and 
angles of the propeller is displayed. L = lift, D = drag, T = thrust, M/r = torque,   = 
rotational speed of propeller, v0 = velocity of water due to forward motion, v2 = 
velocity of water due to rotational motion, v = resulting speed of water,   = angle 

between v and v2, α = angle of attack,  = pitch angle. [16] 

To describe the general performance characteristics of propellers a series of non-dimensional terms are 

used: the thrust coefficient, 

42Dn

T
KT


 , (2.1) 

the torque coefficient, 

52Dn

Q
KQ


 , (2.2) 

and the advance coefficient, 

nD

v
J a , (2.3) 

where T is thrust, Q is torque, ρ is water density (1025 kg/m3 for salt water), n is rotational speed in 

revolution/s, D is propeller diameter and va is the free stream advance velocity [17]. The propeller 

efficiency can be described as  




2

J

K

K

Q

Tv

Q

Ta
p  , (2.4) 

where  is the angular velocity in rad/s [16]. These coefficients will describe the propeller properties for 

open water conditions, i.e. when the propeller is operating in a uniform fluid stream. This is not usually 

the case for ships, since the propeller often is placed at the aft it will operate in a mixed wake field. With 

this means that the propeller operates in an uneven flow velocity distribution, which will affect the 
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propeller performance. This wake field at the propeller plane consists of two main components, the 

nominal wake field and the effective wake field. The nominal wake field is the uneven flow due to the 

hull’s motion through water and the effective wake field is the modification of the nominal wake by the 

propeller action. This will together give a total wake field where the propeller is active and inducing 

velocity. The nominal wake can be further divided into three different parts: potential wake, frictional 

wake and wave-inducing wake. The potential wake is the wake obtained when the vessel is working in 

an ideal fluid, i.e. without viscous effects. It’s induced by the hull’s deforming of the streamlines in the 

flow field. The frictional wake consider the viscous effects of water flow, it’s derived from the growth of 

boundary layer over the hull. The wave-inducing wake is, as the name suggests, the wake field due to 

surface waves caused by the ship motion. [17] 

2.2.1. Propeller types 

There are a variety of different propellers, used for different purposes, where the fixed pitch (FP) and 

controllable pitch (CP) propellers are of interest for this report.  

The FP propeller is the traditional propeller type. As the name suggests the pitch,   in Figure 2.3, is 

fixed at one value. To change the vessel speed the rotational speed of the propeller shaft has to be 

varied. With the CP propeller the speed can be varied through changing the pitch angle instead. This 

means that the CP propeller is more flexible, not optimized for only one operational condition, which is 

the case for the FP propeller. This is one of the main advantage with the CP propeller, making it 

beneficial for vessels operating at different speeds. Another main advantage is the maneuverability, 

which is increased with the CP propeller. For the CP propeller the shaft doesn’t have to change direction 

when going astern since this also can be controlled by the pitch, resulting in much shorter stopping 

distance. One main disadvantage is that the CP propeller are mechanically more complex than the FP 

propeller, even so it’s a very well proven technology. A summary of the main advantages and 

disadvantages with the CP propeller, compared to the FP propeller, can be viewed in Table 2.1. [17] 

Table 2.1 – Advantages and disadvantages with the CP propeller, compared to 
the FP propeller. [17] 

Advantages Disadvantages 

 Designed for multiple 
operational conditions 

 Better maneuverability 
 Ship speed can be controlled 

both by changing pitch and 
shaft rpm 

 Restrictions on blade area 
ratio and blade root 

 Larger hub size 
 More mechanically complex 

 

2.2.2. Propeller design 

In order to design a proper propeller for a vessel, one need to study the vessel’s application carefully. 

For example how and where it’s going to be operated, special requirements, maintenance requirements 

etc. [17]. A propeller design contains general decisions of what type of propeller and more complex and 

detailed decisions of blade design and geometry. 

The diameter is the most important factor when designing a propeller. The efficiency of the propeller 

will increase with the diameter. A smaller propeller will have to rotate faster than a larger propeller in 

order to get the same forward thrust [15]. It’s more efficient to push a larger amount of water slowly 
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than push a smaller amount faster [15].This means as large propeller as possible is to be chosen, where 

the hull will set the constraints.  

Other factors to consider are the pitch, rake, skew and blade area ratio (AE/AO or BAR). These are 

important parameters describing the blade geometry [17]. For explanation of rake and skew see Figure 

2.4. Blade area ratio is used for describing the ratio between the total area of the propeller blades and 

the whole propeller disc area [16]. 

 

 

Figure 2.4 – Explanation of propeller rake and skew. [18] 

Another thing to consider is the cavitation, which is caused by pressure fluctuations. Water evaporate 

due to low pressure creating bubbles which then implodes when the pressure is increased again. This 

will harm the propeller and will affect its performance, cavitation will also be a source of noise. [17]  

When designing a propeller one can make use of standard series data. One of the most used propeller 

series is the Wageningen B-series. It’s an extensive study of systematic propeller tests in model scale 

measuring thrust and torque, providing prediction of open water characteristics described by KT, KQ and 

η for different J. Since the tests are performed in model scale the results have to be scaled. These 

propeller characteristics are shown in charts, which can be used for choosing an appropriate propeller. 

The B-series is a collection of about 120 propellers with number of blades between 2 and 7, AE/AO 

between 0.3 and 1.05 and pitch to diameter ratio (P/D) between 0.6 and 1.4. [17] 

The B-series describes the characteristics of FP propellers and the need for a series for CP propeller 

initiated the Wageningen CD-series. This is a series for CP propellers, both open and ducted propellers. 

The propellers tested will have a specific design pitch and will then be tested over its range of pitch 

settings. For this series the blade spindle torque is introduced, this is the torque acting about the 

propeller blades' spindle axis [17]. The tested open CP propellers have between 4 and 5 blades, AE/AO 

between 0.4 and 0.75, design P/D between 0.8 and 1.6 and with a pitch range of -1.4 to 1.8. All 

propellers aren’t tested for the full range of different settings. The blade geometry is described by a 

series of polynomials. [19] 
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2.3. Propulsion systems 

There are several different design solutions for ship propulsion. None of the systems are perfect, they all 

have different advantages and disadvantages. The most conventional system is the along shaft, but the 

podded alternative is not unusual for cruise ships.  

2.3.1. Conventional shafting 

Along shaft is the most conventional propulsion system. This can be combined with either FP or CP 

propellers, depending on system requirements of operation and maneuverability etc. The system has a 

long straight shaft, going through the hull, between the propeller and the engine, see Figure 2.5 for 

demonstration. The along shaft needs several bearings to support it, these are inaccessible from inside 

the hull [2].  

 

Figure 2.5 – Along shaft configuration. [20] 

Since the shaft has to be straight this will put constraints on how it can be placed, depending on how the 

propulsion equipment can be placed inside the hull. Since the placement of the gearbox and motor isn't 

that flexible this will take up valuable space in the cargo area. In order to increase maneuverability this 

system can be combined with tunnel thrusters.  

2.3.2. Azipod 

The ABB’s Azipod concept was launched in 1990 [21] and is today installed on several large cruise ships. 

The concept is diesel-electric, consisting of a pod immersed in water combined with an azimuth steering 

unit [22]. There are several versions of the Azipod unit, where the so called XO series are built for high 

power and open water applications [23]. According to ABB, this is the ideal choice of Azipod unit for 

ferries and cruise ships [23].  

The Propulsion Module, i.e. the pod, contains an electric motor, which is directly driving the propeller, 

i.e. no use of gearbox. The propeller is a FP pulling propeller, which means that the propeller is placed in 

front of the pod when moving ahead, pulling the vessel forward. The speed of the propeller is controlled 

by VFD, where the frequency converters are of PWM type. The pod is bolted to the Steering Module. 

[22] 

The Steering Module enables 360 degrees rotation about the vertical axis, which gives the system high 

maneuverability qualities. The steering is done by the use of asynchronous induction motors driven by 

frequency converters. The torque is transferred from the electric motors to the pinions via a planetary 

reduction gear. Both the Propulsion Module and the Steering Module is cooled by a Cooling Air Unit, 

which is placed next to the Steering Module. The Steering Module is welded to the hull and will act as a 
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structural member, and the forces acting on the Propulsion Module will be transferred to the ship’s hull 

structure. [22] 

An Azipod unit is to be placed as far astern and as close to the sides as possible, however no part of the 

unit is to be outside the hull. Another factor to consider is the unit’s need of sufficient clearance at all 

steering angles. For more accurate positioning of the pods one need to consider the hull shape and the 

water flow. [22] 

In the XO series the XO2300 is the largest [21], having rated output power between 16 and 23 MW [22]. 

A summary of some of the dimensions and weights of the Azipod XO2300 can be viewed in Table 2.2 

and Table 2.3. 

Table 2.2 – Summary of some of the dimensions of the Azipod unit [22]. 

Dimensions of Azipod XO2300 

Propeller diameter 4.6 - 6.6 m 

Displacement of Propulsion Module (pod) 59 - 71 m3 

Length of Propulsion Module (pod) 11.7 m 

Diameter of Steering Module 6.1 m 

Height of Steering Module 4.9 m 

Width of Cooling Air Unit 3.0 m 

Height of Cooling Air Unit 3.0 m 

Total length of Steering Module + Cooling Air Unit 9.75 m 

 

Table 2.3 – Summary of some of the weights of the Azipod Unit [22]. 

Weights of Azipod XO2300   

Propulsion Module (without propeller) 157 - 180 ton 

Steering Module 65 - 70 ton 

Cooling Air Unit 6 - 11.8 ton 

 

The main advantage with the Azipod is the high efficiency [21, 22], from the start the system proved to 

be more efficient than conventional shafting and the efficiency have then improved for each generation 

of the pod [6]. As mentioned above the system has high maneuverability [22]. 

The main disadvantage with the Azipod system is its complexity and high initial cost, compared to 

conventional systems [24]. Another disadvantage of the Azipod propulsion system is that the steering 

differs from conventional systems and the steering is not intuitive [25]. This results in personnel 

maneuvering vessels with Azipod units installed needs to have special education or training [25]. 

2.3.3. Twin fin 

In 2014 the Twin Fin concept was launched by Caterpillar Propulsion [1]. The system was developed 

together with Grontmij AS and Scandinavian Maritime Group (SMG) [26]. 

The Twin Fin propulsion system consist of two hydrodynamic shaped fins mounted to the aft part of the 

ship hull, see Figure 2.6. It's a diesel-electric system with gearbox and electric motor placed inside the 

fins, working as two separate propulsion units. The fin is large enough to be able to enter it and have 

easy access to the equipment inside, making it possible to perform service and maintenance work. It's 
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also possible to remove electric motor and gearbox. With this system a short shaft between propeller 

and gearbox can be used. Meaning that only one bearing is required, which is replaceable from inside 

the hull. The shaft is connected to the gearbox with a hydraulically fitted shaft coupling and a flexible 

coupling is fitted between gearbox and electric motor. For demonstration of the Twin Fin setup and 

configuration inside the fin see Figure 2.6. The system has a very compact design with well tested 

components, making the system reliable and minimizing the system's downtime. The system is flexible 

with possibility to add ice protection fins and ice knifes for ships with high ice class requirements. Both 

propellers with and without nozzle can be installed. To increase maneuverability high efficient flap 

rudders and tunnel thrusters can be installed. The tunnel thrusters can be placed either in the center 

skeg or in the fins. [2] 

 

Figure 2.6 – Twin Fin concept setup. To the left: Fins mounted to the aft part of the 
hull. To the right: Demonstration of configuration inside fin. 

The concept is originally designed for heavy duty applications, offshore service vessels with dynamic 

positioning and systems which demands high reliability. Since this propulsion system has a  flexible 

setup and can be adjusted to fit specific applications it could be used for applications that require diesel-

electric propulsion due to need for low noise and vibration levels.  

The Twin Fin concept have shown good results in overall performance [2]. A seismic vessel, Polarcus, has 

been retrofitted with the Twin Fin concept and it has shown to have improved both operating and cost 

performance [3]. Some CFD simulations have also been performed, comparing a hull equipped with 

Azimuth thrusters with a hull equipped with Twin Fin. When adding the fins the resistance on the hull 

will increase, both due to increased wetted surface and the separation area downstream the fin. 

However a larger propeller can be fitted with the Twin Fin concept, since the Azimuth thruster unit will 

have torque limitations. The results from the CFD simulations shows that the added resistance due to 

the presence of the fins can be overcome by the increased propulsive efficiency (due to a larger 

propeller), resulting in a reduction of fuel consumption [2]. Another CFD simulation performed on the 

Twin Fin system resulted in low added resistance since the added fins were able to cancel out the wave 

system at the aft [27]. 

The main advantages with the Twin Fin concept (mainly compared to Azimuth thrusters) are [2]: 

 Increased reliability, due to a less complex system with fewer moving and rotating parts. 

 Reduced maintenance and service, since major parts are accessible from inside the hull. 

 Increased thrust performance and propulsive efficiency, since a larger propeller can be fitted. 

 Lower fuel consumption. 
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 Increased cargo capacity, due to extra buoyancy from adding fins and since some equipment is 

placed in fins. 

 Increased course stability. 

2.4. CFD 

CFD is a tool used to simulate and predict fluid flow. Its applications are many, and could for example be 

used for ship hull optimization. Since real life experiments are expensive this can be a powerful tool to 

predict the flow without having to set up model tests. It uses numerical methods and algorithms for 

solving the mathematical models, and as the name suggests computers are used to perform the 

calculations. 

The mathematical model is based on the three-dimensional unsteady form of the Navier-Stokes 

equations: the continuity, x-, y- and z-momentum, and energy equations.  These are time-dependent 

equations for conservation of mass, momentum and energy. They describe the relationship between 

density, velocity, pressure and temperature and are partial differential equations. In practice these 

equations cannot be solved analytically and approximations and simplifications of the equations have 

been done in order to be able to solve them. There are several different approaches when solving these 

equations, some examples of this are finite difference method (FDM), finite element method (FEM) and 

finite volume method (FVM). [28] 

The CFD analysis can be divided into three steps: pre-processing, solving and post-processing. The pre-

process contains following steps: 

 Create geometry 

 Create mesh 

 Define physical modeling 

 Define boundary conditions 

The solving is done iteratively until convergence, it can be done as steady-state or transient. Analyzing 

and visualization of the results are part of the post-process.  

The discretization approach which is of interest for this report is the FVM. This method can be used for 

any type of grid, which makes it a good approach for complex geometries. It uses approximations for 

interpolation, differentiation and integration. The domain is divided into contiguous control volumes, 

with a node in the centroid. The variables are calculated for this centroid node, applying the integral 

form of the conservation equations. To get the values for the surfaces of the control volumes 

interpolation is used. To obtain algebraic expressions for the control volumes and some neighbor nodal 

values, surface and volume integrals are approximated with the so called quadrature formulae. [29] 

Another concept of interest for this report is the volume of fluid (VOF) method. This can be employed 

for free surface modeling, i.e. simulating waves around the ship. With a function describing, at any 

point, the presence of water with 1 and air with 0, the average value in a cell will represent the 

fractional volume of water. This means that a cell with a value smaller than 1 and larger than 0 is at the 

free surface. This can be used for finding boundary locations and the boundary conditions can be 

applied. [30] 

To model turbulent flow the Reynolds-averaged Navier-Stokes (RANS) equations can be used, describing 

time-averaged flow field. This is used together with a turbulence model. There are several turbulence 
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models, where the k  SST is one of the most popular [31]. This is a two-equation model, meaning 

the turbulent flow is described by two extra transport equations. The k describes the turbulent kinetic 

energy and  , specific dissipation, describes the scale of the turbulence [32]. The regular k  model 

can be used through the viscous sub-layer all the way down to the wall, but is sensitive to the inlet free-

stream turbulence [31]. This is taken care of with the SST formulation, which means that the behavior is 

switched to another turbulence model, k , in the free stream [31].  
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3. Cruise ship data and operational profiles 

In order to make valid and realistic estimations and design decisions for the modeled cruise ship, data 

from 17 existing cruise ships are gathered. The cruise ships studied are some of the largest in the world 

and have lengths between 272 and 347 m, for a detailed list of the cruise ship data see Appendix A. 

These ships are chosen because they are in close range of the model cruise ship, which is to be about 

300 m long. 

3.1. Data gathering 

Data of length, breadth, draft, number of engines, power installed, main propulsion data, service and 

maximum speed are gathered. Caterpillar Vessel Information System (CVIS) is used to gather the ship 

data, this is a service for employees at Caterpillar Propulsion. CVIS contains a large collection of ship 

data gathered from different sources, both internal databases and paid services such as Vesseltracker. 

These data will be used for different design decisions. Length, breadth and draft will serve as a guideline 

for the dimensioning of the model hull, with reasonable length to beam ratio etc. The main propulsion 

data and information about engines and installed power will give an initial idea of how much power is 

required to propel the boat. Service and maximum speed will give an indication of how the vessels are 

intended to be operated. This will however not give the complete picture of how the vessels actually are 

operated, and their operation might differ from how they’re designed. To get more detailed information 

of the real operation of the 17 studied cruise ship their position, speed, heading, navigation status, 

destination and estimated time of arrival (ETA) are logged every 30 minutes. The data are collected from 

CVIS from 27th of January to 18th of May, 2015. The logged data from CVIS are saved to a kml-file, which 

can be opened in Google Earth [33] in order to view the cruise ships’ path.  

To gain the information of the operation of the studied cruise ships Automatic Identification System 

(AIS) is used. This AIS uses radio signals to send to and receive data from other ships within the radio 

signal range [34]. Data can also be sent to land based AIS-stations [34], this is called terrestrial AIS [35], 

see Figure 3.1 for an example representation of the land based stations. One can also use satellite AIS to 

complement the data when the ship’s radio signals can’t reach the land based AIS reception stations 

[36].  

 

Figure 3.1 – Vesseltracker’s AIS reception stations around the world [37]. 



15 
 

Figure 3.1 shows an example of how the terrestrial-AIS is represented around the world, this 

information is from the Vessletracker’s terrestrial covered areas. Since the range of the radio signals 

isn’t that large this leaves a lot of uncovered areas. For this investigation both terrestrial- and satellite-

AIS is used. Unfortunately this satellite function falter a lot, which, as Figure 3.1 suggests, results in 

missing data when being far from the shore.  

3.2. Evaluation of data 

To evaluate the gathered data, saved to a kml-file, Microsoft Excel [38] is used. A template is created to 

be able to use it for all the 17 cruise ships. A series of Visual Basic for Applications (VBA) macros are 

written to read and evaluate data from the kml-files and write results to an Excel workbook.  

The main purpose with the template is to create an operational profile based on the gathered data. This 

is done by doing a frequency analysis of occurring velocities, and from this create a velocity distribution. 

The velocities are divided into intervals á 2 knots, from 0 to 24 knots. The number of measurements in 

each interval is divided by the total number of measurements in order to calculate the percentage of 

time each speed occurs. From these results an operational profile of the modeled cruise ship can be 

formulated. 

In order to get a full understanding of the operation the minimum, maximum and mean speed are found 

together with information on how much of the time the cruise ship is operated and anchored. A 

distribution of the operation during the day is also performed. This is done in the same way as the 

velocity distribution, the hours of the day are divided into 24 intervals (á 1 hour each) and a frequency 

analysis of at what time of the day the vessel is operated is performed. This will give an overall picture of 

how and when the cruise ships are operated, however these results will not be of as much importance 

as the velocity distribution and will not be focused on in the results. 

When viewing the resulting rout of the studied cruise ships one can see that most of them partially 

operate out at sea or in other areas not covered by the AIS reception stations, therefore they will be out 

of range for data collection. This results in lost data for varying periods of time, where these periods can 

vary from one to several tens of missing data points. The loss of data represents different percentage of 

the total data measurements, for some of the cruise ships even more than 50%. This is a systematic 

error and will create unreliable and inaccurate results.  

Trying to decrease the impact on the results by the systematic error, the missing data is replaced with 

estimated information of velocity. When operating far out at sea it’s probable that the speed is more or 

less constant and close to service speed, it’s also probable that the path is quite straight. Since the 

missing data is mostly out at sea this should make it possible to insert estimated speeds with reasonable 

values based on the information of time, speed and position before and after losing data. The estimate 

is done by calculating the shortest distance between the coordinates before and after data is missing, 

and together with the time elapsed this will give information of speed needed to cover this distance in 

that time. The average speed based on the speed before and after losing data is also calculated. The two 

different speeds will then be compared to each other and the estimated speed will be decided according 

to certain criteria, described in the bullet point list below. The information needed for deciding the 

estimated velocity can be viewed in Table 3.1. 
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Table 3.1 – Terms to be determined in order to replace missing data. 

Nomenclature Unit Description Calculation 

gmist sin  [hours] Time span of missing data. beforeafter tt   

d  [km] 
Shortest distance between 
coordinates right before and 
right after missing data. 

See equations (3.1)-(3.5) 

averagev  [knots] 
Average speed of speed right 
before and right after missing 
data. 2

afterbefore vv 
 

v distance_time [knots] 

Speed calculated based on time 
span of missing data and 
shortest distance between 
coordinates. 

gmist

d

sin852.1 
 

The shortest distance, as the crow flies, between the coordinates is calculated according to 

 Rd   (3.1) 

[39, 40, 41], where R is the earth radius, 6371 km [42], and 
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where lat1, lon1, lat2 and lon2 represents the latitude and longitude of position one and two. Position 

one and two are in this case the positions right before and right after missing data. To determine the 

angle  one can use the programming operation arctan2, which uses two input arguments, x- and y-

coordinate, using the signs of the input arguments to determine correct quadrant [43]. This means that 

in VBA macro 
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The terms in Table 3.1 above are calculated for each set of missing data, and the approximations that 

are replacing this missing data will follow these criteria: 

 If the absolute value of v distance_time - averagev  ≤ 1.5: 

approxv  = averagev  

 Else if the absolute value of v distance_time - averagev  > 1.5 and v distance_time > averagev : 

approxv  = v distance_time 

 Else: 

o If ETA is reached during lost measurements: 

approxv  = averagev  until d is reached, then approxv  = 0 

o Else: 

approxv  = averagev  

There are four different scenarios which the criteria tries to handle. Looking at the measurements one 

can see that approximately the same speed is held for several measurements in a row. This means that 

if averagev  is close to v distance_time it’s reasonable to assume that the shortest distance have been the path 

and averagev  is a good estimation, see bullet point one. The ad hoc number 1.5 knots is chosen since this 

will give a reasonable range for when averagev and v distance_time is considered approximately the same. If 

there’s a larger difference between averagev and v distance_time, where v distance_time is larger, it can be assumed 

that averagev  is too small, since this speed won’t cover even the shortest distance between coordinates. 

This scenario is handled by bullet point two. When averagev  is larger than v distance_time this can mean two 

different things, either that the destination is reached while data is missing and the vessel have been 

anchored for some time or that the path have been much longer than the shortest distance. This is 

handled by bullet point three.  

As mentioned in previous section the position, speed, heading, destination and ETA are logged every 30 

minutes for all the 17 cruise ships. However, when evaluating the data one can see that the time span 

between measurements isn’t exactly 30 minutes, it can differ up to about ±20 minutes, though usually 

it’s a difference of just a few minutes. Since the added estimations are exactly 30 minutes apart this 

could mean that they will be over or under represented depending on how far apart the real 

measurements have been. The estimated speed will not give the whole truth, but it should be a close 

enough guess of the operation. 
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The resulting final version of the VBA macros are able to: 

1. Read data from kml-file and paste it into an Excel workbook. 

2. Find where data is missing and fill in approximate information according to the criteria above. 

3. Do a velocity distribution diagram and time of operation distribution diagram for: 

 Input data 

 Approximated data (replacing missing data) 

 Combined input and approximated data 

4. Print other information: 

 Minimum and maximum speed 

 Mean and median speed 

 Percent of time moving 

 Percent of time anchored 

 Number of actual measurements 

 Number of added approximations 

5.  Write a new kml-file with added approximate speed, where data were missing. 

The results are calculated and printed for both input data, approximated data and the set of data added 

together. This is done to be able to trace the results of the added approximated values of the speed. 

3.3. Results 

Since a lot of data is missing and the reliability of the results are unclear 5 of vessels with the best data 

collections are chosen. The chosen vessels are: Celebrity Reflection, Costa Fortuna, MSC Fantasia, MSC 

Preziosa and Norwegian Breakaway. These are chosen since they have the least number of missing data 

points, and also when assuming the shortest distance their path will be least likely to go through main 

land or islands, see Appendix B for figures of the cruise ships’ routes. This should result in the most 

reliable operational profiles out of the 17 cruise ships. An overview of the operational profiles of the 5 

vessels can be seen in Figure 3.2 . 

Studying all of the 17 cruise ships’ data the maximum speeds vary between 22.0 and 25.0 knots, with an 

average of 23.3 knots. The service speed is between 20.0 and 22.5 knots, with an average of 21.2 knots. 

For the 5 chosen cruise ships the average maximum speed is 23.4 knots and the average service speed is 

20.8 knots. 
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Figure 3.2 – Operational profile overview of Celebrity Reflection, Costa Fortuna, MSC 
Fantasia, MSC Preziosa and Norwegian Breakaway. Vertical axis: percentage of time. 
Horizontal axis: speed in knots, intervals á 2 knots from 0-24 knots. Close up of the 
operational profiles’ can be viewed in Appendix B. 

In Figure 3.2 the operational profile of the 5 chosen vessels can be viewed, this is just to get an overview 

of their operation and a close up of each operational profile can be viewed in Appendix B. As one can 

see in Figure 3.2 all of the studied cruise ships have a diverse operational profile, which is usually the 

case for cruise ships and the results seems reasonable. All of the 5 studied cruise ships have a peak at 

somewhere between 18 and 22 knots. They all, except Costa Fortuna, have a trend of increasing 

occurrence with increasing speed. Costa Fortuna has two peaks instead, one at 18 to 20 knots and one 

at 10 to 12 knots. These results show that the service speed is approximately as anticipated, which 

indicates they are designed for the correct operation point.  

To decide upon an operational profile for the model cruise ship all of the 5 operational profiles are 

added together to create one combined velocity distribution. The final resulting operational profile can 

be viewed in Figure 3.3. 
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Figure 3.3 – Operational profile for the model cruise ship. This is a summary of the 5 
studied cruise ships (Celebrity Reflection, Costa Fortuna, MSC Fantasia, MSC Preziosa 
and Norwegian Breakaway). 

The operational profile for the model cruise ship described in Figure 3.3 above seems reasonable. The 

diverse operational profile is, as mentioned earlier, common for cruise ships. The bars for the intervals 

18 to 20 knots and 20 to 22 knots are approximately the same, with the operation of 21.6% and 20.4% 

of the time respectively. This means that the service speed of the model cruise ship should be between 

18 and 22 knots. These results together with the average service speed of the 17 cruise ships a service 

speed of about 21 knots is decided for the model cruise ship. The maximum speed for the model cruise 

ship is decided to be 23 knots, according to the studied cruise ships and the small bar in the interval 22 

to 24 knots. 

Another conclusion that can be drawn from the investigation of the 5 cruise ships is that they are mostly 

operated during night time, which make sense since the destinations along the route are visited during 

day time. The results also show that the cruise ships spend between 62% and 80%, with an average of 

70%, of the time moving and the rest anchored.  
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4. Resistance 

Since the Twin Fin concept has two fins immersed in the water this will increase the resistance on the 

vessel. To evaluate if the concept can be applicable to large cruise ships, one of the main research 

questions is connected to how much the resistance will be increased by adding the fins. To investigate 

this a CFD analysis is performed on a CAD-model of a cruise ship hull together with a CAD-model of the 

fins. This is an iterative process where the CAD-models are up-dated according to the CFD results. 

4.1. CAD-modeling 

As part of the CFD pre-process the geometry has to be set, in this case a cruise ship hull and matching 

fins. CAD-models of the hull and the fin are created in the CASES/FFW environment, this is an open 

source program by FRENDSHIP SYSTEMS. The CAESES/FFW can be used for creating parameterized CAD-

models, another feature is optimization of these parameterized models. 

The model cruise ship’s hull shape is based on a RoPax-hull provided by CAESES/FFW tutorial material. 

The main dimensions of this example ship are altered to correspond with the purpose of the 

investigation, i.e. a large cruise ship about 300 m long. The dimensions are based on the 17 studied 

cruise ships, data of length, beam, draft and ratios between these measures are used to create the 

model. Some additional smaller changes to the hull shape are done as well, in order to get a satisfying 

result. Some changes to the hull shape is also done according to the CFD results. 

The initial version of fin’s shape and dimensions are based on a previous design of the Twin Fin concept. 

The boundaries of the fin’s dimensions and shape is set by the gearbox and electrical motor, which is to 

be fitted inside the fin. The size of these are however not known, and the dimensions will be based on 

estimations. The CAD-model of the fin is parameterized in order to be able to more easily change the 

form and dimensions of it during the process. This will also open up for further optimization of the fin in 

the future. The fin shape and dimensions will be iterated, creating improved versions based on CFD 

results. 

4.2. CFD analysis 

The CFD analyses are divided into two parts, one part analyzing the hull and fins, and one part analyzing 

the interaction between ship hull and propeller. 

4.2.1. Hull and fins 

To investigate the resistance on the hull a series of CFD analyses are performed. To be able to conclude 

how much the Twin Fin concept adds to the resistance on the hull, both the bare hull and the hull with 

added fins are investigated. The CFD analysis is performed for the CAD-models in full scale and for one 

vessel speed, 20 knots. This speed is chosen since the first few weeks of statistics of the operation of the 

17 cruise ships indicate that this is a common operational speed. Due to symmetry CFD simulations are 

only performed on one side of the hull. 

As described previously, the fin’s dimensions and shape will be iterated in order to find better solutions. 

This means that the CFD will be run for each version of the fin and the results evaluated and analyzed in 

order to make an improvement of the fin’s shape. 

For performing the CFD analysis a Caterpillar Propulsion in-house method is used, this solving method 

originates from C++ finite volume library OpenFOAM 2.3. OpenFOAM is an abbreviation of Open Field 
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Operation and Manipulation, this is an open source toolbox for CFD analyses. This software package has 

many different engineering applications, with more than 80 solver applications [44]. With OpenFOAM’s 

more than 170 utility applications it’s also possible to perform pre-processing (e.g. meshing) and post-

processing (e.g. visualization) [44]. 

The mesh for the fins and the hull is created with the so called snappyHexMesh, which is an application 

in OpenFOAM creating a mesh with hex-like elements. The mesh is more refined vertically near the free 

surface. The bare hull is discretized into about 12.5 million cells and the hull with fins is discretized into 

about 12.8 million cells.  

For this investigation the free surface is considered, this is done with a multiphase solver using the VOF 

method, taking two fluids into account. The OpenFOAM feature multi-dimensional universal limiter with 

explicit solution (MULES) is used for maintaining boundedness at large Courant number. For modeling 

the turbulence the unsteady Reynolds-averaged Navier-Stokes (URANS) is used.  

The Reynolds-averaged Navier-Stokes (RANS) equation together with the Boussinesq assumptions will 

give the governing equation, 

     pUUU
t

U
t 







, (4.1) 

where   is the del operator, ρ is the density, t is the time, U  is the flow velocity, µ is the viscosity, µt is 

the turbulent viscosity, and p is the pressure [27]. The continuity equation, i.e. mass conservation, is 

described by 

0 U . (4.2) 

To model the turbulent viscosity the RANS turbulence model k  SST is used together with wall 

functions. In this case the near wall discretization is too coarse, the non-dimensional wall distance, 

Y+
average , is about 1400 for the hull and about 600 for the fins. This is too high, it should be between 30 

and 300, however in-house experience shows that the results can be useful anyway for this type of 

comparative study. 

These computations are quite time consuming and to save time the CFD can be performed without free 

surfaces. This is done when the wave making resistance can be assumed to be the same as another case, 

already examined. To do this RANS is used together with the double-body approximation, free surfaces 

are not taken into consideration.  

For post-processing and visualization of the CFD results the software FieldView is used. OpenFOAM 

cases can be converted to a FieldView file format by using an OpenFOAM utility feature. The resulting 

pressure distribution is displayed using a non-dimensional pressure coefficient, 
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where p is the pressure, ρ is the water density (1025 kg/m3), g is the gravitational constant (9.81 m/s2), Z 

is the position along the z-axis, patm is the atmosphere pressure (101.3 kPa) and VS is the ship speed. 



23 
 

4.2.2. Propeller and hull interaction 

The previous section treat the resistance on the hull and fin, however when adding a propeller to the 

system these will interact with each other affecting the resistance of the hull and the loading of the 

propeller. Hence an investigation of this is performed as well, determining resistance, effective wake 

and generated thrust, and from this calculating thrust deduction and hull efficiency.  

An initial propeller design is used for the CFD analysis, it’s based on the resulting operational profile 

described in chapter 3.3 and the resistance on the hull with fins. When designing the propeller, 

estimations of wake fraction and thrust deduction are used. With the results an up-date of the propeller 

design can be done, this is however not done for the model cruise ship. Details of the propeller design is 

described in chapter 5.  

The meshing of the rotating volume is done with the pre-processing software ANSA by BETA CAE. The 

CFD analysis is done by combing two different CFD methods: the boundary element method (BEM) and 

RANS. BEM is a potential-flow method and RANS is a viscous-flow method. The RANS is performed with 

the double-body approximation, i.e. no free surface is considered. For the BEM computations a tool 

called PROCAL is used. The RANS-BEM method is an iterative process, coupling the velocity fields and 

adding force distribution from BEM to RANS.  

The first step of this method is to compute the resistance on hull and fin together with a propeller hub 

with RANS, i.e. without an active propeller. The next step is to insert the resulting nominal wake into the 

BEM computation, here the propeller is active. This will result in a 3-D time-averaged loading 

distribution on the propeller blades and time-averaged propeller-induced velocities. The third step is 

then to use this force distribution as input into RANS computations, where the force distribution is 

interpolated to the RANS grid. The total wake field is then computed with RANS, and by subtracting the 

induced velocities one will get the effective wake field. This effective wake field is inserted to the BEM 

computations again and the steps are repeated until convergence. [45] 

The computations results in the resistance on both hull with and without active propeller and the thrust 

of the propellers. From this the thrust deduction is calculated according to 
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where Rhub is the resistance without active propeller, Rprop is the resistance with an active propeller (the 

result from the final iteration) and Tf is the forward thrust of one propeller. The resulting effective wake 

fraction, w, is then together with the thrust deduction, t, used for calculating the hull efficiency, 
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4.3. Results 

The results are divided into two sections. The first section shows the CAD-models and the resulting 

resistance and how the CAD-models have been changed in order to improve the results. The second 

section shows the results of the hull and propeller interaction. 
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4.3.1. Hull and fins 

As described in previous sections the CFD is run for different versions of both the hull and the fin, 

updating the design based on previous result. The first version of hull and fin can be viewed in Figure 4.1 

and Figure 4.2 below.  

 

Figure 4.1 – To the left: First version of the fin. To the right: First version of the hull. 

 

Figure 4.2 – The first version of the hull together with the first version of the fin, 
viewed from beneath the vessel and from the side. 

First a CFD analysis is performed on the bare hull in 20 knots, resulting in a total resistance of 1122 kN. 

Then the CFD is run for the hull with the fins attached, resulting in a total resistance of 1474 kN. This is 

an increase of resistance by 31%, which seems quite a lot and the design of the fin is changed in order to 

improve the results.  
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Figure 4.3 – Results from CFD, hull version 1 and fin version 1. Top: Hull with fin 
attached. Bottom: Hull without fin. 

 

Figure 4.4 – Close-up of results from CFD, hull version 1 and fin version 1. Top: Hull 
with fin attached. Bottom: Hull without fin. 

In Figure 4.3 and Figure 4.4 one can see the results from the CFD analyses. These results show that the 

fin will create a different wave pattern than on the bare hull, increasing the wave making resistance. 

One can also see that the fin will have some low pressure areas on the sides, and also have a small 

impact on the pressure distribution on the center skeg. Since the first version of the fin have very sharp 

edges this could have part in creating these waves, therefore the new version of the fin have more soft 

edges trying to create a more drop like shape built up by wing profiles, NACA-profiles, of different size. 

These NACA-profiles are parameterized to be able to easily change the design. This new version of the 

fin can be viewed in Figure 4.5 and Figure 4.6 below. Another measure trying to decrease the waves is 

moving the fin a bit towards the centerline. The size of the fin is also somewhat decreased, since 
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realization that it doesn’t have to be as large as first assumed. More details of this fin can be viewed in 

chapter 6.1, dimensions of it is found in Table 6.2 .  

 

Figure 4.5 – The second version of the fin, build up by NACA-profiles. 

 

Figure 4.6 – The first version of the hull together with the second version of the fin, 
viewed from beneath the vessel and from the side. 

The new version of the fin together with the first version of the hull will result in a total resistance of 

1437 kN, which is an increase of 28% compared to the bare hull. This is a small decrease from the first 

version of the fin and is not satisfactory. The CFD results can be viewed in Figure 4.7 and Figure 4.8. 
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Figure 4.7 – Results from CFD, hull version 1 and fin version 2. Top: Hull with fin 
attached. Bottom: Hull without fin. 

 

Figure 4.8 – Close-up of results from CFD, hull version 1 and fin version 2. Top: Hull 
with fin attached. Bottom: Hull without fin. 

Comparing Figure 4.3 and Figure 4.4 to Figure 4.7 and Figure 4.8 one can see that the wave pattern 

created by the first version of the fin have improved a lot for the next version. However this will not 

lower the resistance that much since a lower pressure will be present on the side of the second version 

of the fin than on the first version. As a result of moving the fin closer toward the centerline of the 

vessel the fin will impact the pressure on the center skeg more than the first version of the fin does. This 

long center skeg is not needed, since the fins will add stability to the vessel and if thrusters are placed in 

the center skeg these can’t be placed so they’ll be blocked by the fin. Therefore the hull’s center skeg is 

shortened in order to eliminate the low pressure on it caused by the presence of the fin, see Figure 4.9. 
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Figure 4.9 – Hull version 2, shortened center skeg. 

The second version of the hull together with the second version of the fin can be viewed in Figure 4.10. 

 

Figure 4.10 – The second version of the hull together with the second version of the 
fin, viewed from beneath the vessel and from the side. 

The CFD calculations takes time to perform and in order to do a faster analysis of the new hull another 

approach is used. The new method doesn’t take the free surface into account, i.e. the wave resistance is 

ignored. The wave resistance is assumed to be the same for the new version of the hull as for the first 

version, both with fin version 2 attached. This analysis is done for hull version 1 with and without fin 

version 2 attached, resulting in resistance of 939 kN and 1199 kN respectively. The same thing is done 

for hull version 2, resulting in resistance of 917 kN and 1059 kN. From this together with previous results 

the wave resistance can be calculated. The wave resistance is then added to the results for hull version 2 

in order to find the total resistance, see Table 4.1 for clarification. 

 



29 
 

Table 4.1 – Resulting wave resistance for hull version 1 and resulting total 
resistance for hull version 2. 

 

Total resistance Without wave resistance Wave resistance 

Hull 1 1122 kN 939 kN 1122 – 939 = 183 kN 

Hull 1 and Fin 2 1437 kN 1199 kN 1437 – 1199 = 238 kN 

Hull 2 917 + 183 = 1100 kN 917 kN 183 kN 

Hull 2 and Fin 2 1059 + 238 = 1297 kN 1059 kN 238 kN 

 

This means that the second version of the hull together with the second version of the fin will increase 

the total resistance by 18%, compared to the bare hull version 2. A summary of the resulting resistance 

on the hull and the hull with attached fins for each iteration can be viewed in Table 4.2 and Table 4.3. 

Table 4.2 – Total resistance on the two versions of the hull, without fins 
attached. 

 

Resistance in 20 knots 

Hull 1 1122 kN 

Hull 2 1100 kN 

 

Table 4.3 – Total resistance of hull with fins attached. 

Iteration Version Resistance in 20 knots Increase in 20 knots 

1 Hull 1 and Fin 1 1474 kN 31% 

2 Hull 1 and Fin 2 1437 kN 28% 

3 Hull 2 and Fin 2 1297 kN 18% 

 

4.3.2. Propeller and hull interaction 

This investigation of the hull and propeller interaction is done before the third iteration in previous 

section, hence the first version of the hull is used together with the second version of the fin. The CFD 

analysis is performed according to the RANS-BEM method described in a previous section. The propeller 

used for the CFD analysis is described in detail in chapter 5. The thrust deduction and hull efficiency is 

calculated according to equations (4.4) and (4.5).  

The resulting resistance on the hull together with fins and a hub (no active propeller) is 1220 kN. With 

an active propeller the resulting resistance is 1380 kN. With a thrust of 763 kN per propeller unit, the 

resulting thrust deduction will be 

105.0
7632

12201380





t . (4.6) 

The wake fraction in open water condition is 5.65% and will together with the thrust deduction result in 

a hull efficiency of  
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948.0
0565.01

105.01





hull  (4.7) 

This wake and thrust deduction seems small, and will result in a higher hull efficiency than anticipated. 

These results are much smaller than the estimated values used when designing the propeller, see 

chapter 5 for more details.  

This analysis is not performed with the latest version of the hull, however the shortening of the center 

skeg will probably not affect the result of the wake field into the propeller that much. 
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5. Required power and propeller design 

When designing a propeller one needs to consider the total resistance on the hull and how the vessel 

will be operated. One design point is chosen for the propeller design, where it’s mostly operated. As 

mentioned in chapter 3 the maximum speed of the model ship will be 23 knots and the service speed 

will be 21 knots. This means that enough power needs to be installed to be able to achieve 23 knots, but 

the vessel will mostly be operated at 21 knots. In this case the vessel will be operated at lower speeds as 

well. 

5.1. Power and thrust requirement 

To find out both how much power that needs to be installed and how much thrust the propellers need 

to generate the effective power is first calculated. The effective power is the power needed to tow the 

vessel and is calculated according to 

 
totSE RVP  , (5.1) 

where VS is the vessel speed (in m/s) and Rtot is the total resistance at that speed. This is however not 

the power requirement of the electric motor, due to losses in the propulsion system. The delivered 

power to the ship propeller is described by 

HR

E
D

P
P

0

  (5.2) 

where 0  is the open water propeller efficiency, R  is the rotative efficiency and H  is the hull 

efficiency [46]. The rotative efficiency is usually around 1 [46]. The hull efficiency is described by 

equation (4.5) in previous chapter.  The wake fraction, w, is here estimated to be 0.2 and the thrust 

deduction, t, is estimated to be 0.25, this would result in a estimated hull efficiency of about 0.94.  The 

open water propeller efficiency is decided by the propeller design and can be viewed in next section, i.e. 

chapter 5.2. Due to mechanical losses the motor power, i.e. the brake power, is calculated according to 

 


D
B

P
P  , (5.3) 

where   is the mechanical efficiency, in this case the efficiency of the gearbox which is assumed to be 

0.98. 

The CFD is only performed for 20 knots, resulting in only one data point. This is not enough since vessel 

speed of 21 and 23 knots are of interest. This means that the rest of the data points have to be 

estimated. This estimation is done according to Table 5.1.  

Table 5.1 – Relationship between delivered power, PD, and vessel speed, VS, for a CP 
propeller. 

Speed Relationship 

Low 
2

SD VP   

Medium 
3

SD VP   

High 
4

SD VP   
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The relationship between vessel speed and delivered power for low speed can be explained by the 

propeller type, a CP propeller will have a minimum power and the power does not reach zero as it would 

with a FP propeller. At medium speed the delivered power is proportional to a vessel speed to the 

power of three. This is because the viscous resistance is proportional to a velocity to the power of two 

and together with equation (5.1) and (5.2) this will result in the relationship described in Table 5.1. 

When operating at high speed the wave making resistance will be dominant, making the delivered 

power proportional to a vessel speed to the power of four. 

This means that the rest of data points are calculated according to 

n

knotsS

n

xknotsSknotsD

xknotsD
V

VP
P

20,

,20,

,


 , (5.4) 

where PD,xknots is the delivered power for a certain vessel speed, VS,xknots is the vessel speed in m/s, 

PD,20knots is the delivered power at a vessel speed of 20 knots, VS,20knots is 20 knots in m/s, i.e. 10.3 m/s, 

and n is according to the superscript relationship in Table 5.1. This is calculated for the first version of 

the hull together with the second version of the fin, for vessel speed between 8 and 24 knots. When 

assuming the same open water propeller efficiency, rotative efficiency and hull efficiency for all speeds 

the total resistance can be calculated for the different vessel speeds by combining equation (5.1), (5.2) 

and (5.4). This means that the total resistance is calculated according to 

1

20,

1

,20,

, 




n

knotsS

n

xknotsSknotstot

xknotstot
V

VR
R , (5.5) 

where Rtot,xknots is the total resistance for a certain vessel speed and Rtot,20knots is the total resistance in 20 

knots. From this the required thrust can be calculated, 

t

R
T tot

req



1

 (5.6) 

where Rtot is the total resistance and t is the thrust deduction. The thrust deduction is not known and is 

here estimated to be 0.25. Also a sea margin of 10% is added to the required thrust to compensate for 

thrust reduction due to the sea state. This will result in a required thrust curve, which can be viewed in 

Figure 5.1. 
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Figure 5.1 – The required thrust per propeller for the model cruise ship. 

Figure 5.1 shows the required thrust based on calculations from the results of the CFD, where only one 

data point is available. In 21 knots the required thrust is almost 1,200 kN and in 23 knots about 1,400 

kN. It’s also worth mentioning that the required thrust is about 1,050 kN for a vessel speed of 20 knots, 

since this is the speed used for the RANS-BEM CFD, which is described in chapter 4. The propeller design 

will be based on this required thrust. 

5.2. Propeller design 

For the propeller design a Caterpillar Propulsion in-house program called ProjCalc is used. ProjCalc 

incorporates a combination of data from different sources in order to create a propeller design. The 

combination of data is based on the Wageningen B-series (described in chapter 2.2), Caterpillar 

Propulsion product information and real life data acquired from many years of experience.  

As input ProjCalc requires basic information of the propeller to be designed and how much power to be 

installed on the vessel. Input data used can be viewed in Table 5.2. The installed power and propeller 

rpm are the variables varied in order to find a solution, i.e. the proper propeller design. The program will 

output a lot of data, where the most important for this investigation are: expanded blade area ratio 

(EAR), geometric pitch to diameter ratio (P/D), open water propeller efficiency (ηprop) and free running 

thrust (Tfreerunning). The program will also analyze the hub loads and oil pressure, warning when the limits 

are exceeded.  
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Table 5.2 – Input data to ProjCalc for generating the propeller design. 

Input data   

Propeller diameter 7 m 

Number of blades 4 

Skew angle 40 degrees 

Mechanical efficiency 0.98 

Wake fraction 0.2 

Vessel speed 23 and 21 knots 

Cavitation margin 15% 

Hub size (diameter) 1800 mm 

The data in Table 5.2 is mostly based on previous in-house knowledge of propeller designing. The wake 

fraction and mechanical efficiency are estimates. The propeller diameter is the largest that can be fitted 

based on the hull lines. 

The first step is to find a propeller design which will be able to generate enough thrust to achieve a 

vessel speed of 23 knots, since this is the maximum speed. This means that the thrust needs to be about 

1,400 kN per propeller. This is an iterative process finding the correct installed power and propeller rpm 

where the cavitation margin is not exceeded and the correct thrust is gained. Statistical data suggests 

that the installed power could be found somewhere between 17,500 and 24,000 kW. The same 

procedure is applied for the service speed of 21 knots, trying to generate thrust of 1,200 kN. Here the 

installed power is navigated by the resulting installed power for 23 knots, to achieve service speed it 

usually require 85-90% of the installed power. For the results see Table 5.3. 

With the results from ProjCalc a propeller design is created, the resulting geometry can be viewed in 

Figure 5.2 and the properties of the propeller can be viewed in Table 5.3. 
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Figure 5.2 – Propeller for the model cruise ship. 

Table 5.3 – Resulting propeller properties. 

Propeller data 23 knots 21 knots 

Type CPP 

Diameter 7 m 

Hub diameter 1800 mm 

EAR 0.518 

ηprop 0.67 0.66 

P/D 1.06 1.05 

rpm 106 100 

Power 20,000 kW 17,000 kW 

Thrust 1,368 kN 1,241 kN 

As one can see in Table 5.3 above the choice of propeller type is CP, this is among other things 

motivated by the diverse operational profile. For a more thorough explanation of this choice see chapter 

6. One can also see that the installed power of the electric motors on the model cruise ship has to be 

20,000 kW per fin, i.e. a brake power of 40,000 kW in total.  

Using the previous mentioned PROCAL, employing the BEM, the open water characteristics of the 

propeller is calculated, see Figure 5.3.  
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Figure 5.3 – Open water characteristics of the propeller designed for the model cruise 

ship. The polynomial describing the KT curve is: 5141.03424.00975.0 2  xxy . 

This is the propeller used for the investigation of hull and propeller interaction, the RANS-BEM CFD 

analysis described in chapter 4. The open water characteristics of the propeller, showed in Figure 5.3, 

are used for deciding the effective wake.  
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6. Resulting concept 

The previous chapters have described different parts of the design process. In this chapter the results 

from the different parts are joint together to form the resulting concept. This chapter contains the 

resulting CAD models of the hull and fin, the resulting propeller design and a conceptual drawing of the 

diesel-electric power plant with information of installed power. 

The resulting Twin Fin concept can be seen in Figure 6.1. 

 

Figure 6.1 – Resulting Twin Fin concept, hull and fins together with propeller and 
rudder.  

The rudder, added in Figure 6.1 is a high efficiency flap rudder.  

6.1. Hull and Twin Fin 

For this investigation the best results show an added resistance, due to fins, by 18% compared to the 

bare hull. These results are obtained from the CFD simulations of the second version of the hull and the 

second version of the fin, hence these will be part of the resulting concept.  

The second version, i.e. the final version, of the hull can be viewed in Figure 6.2 and the main 

dimensions of it can be viewed in Table 6.1. 

 

Figure 6.2 – Final version of the model hull. 
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Table 6.1 – Main dimensions of hull. 

Dimensions hull     

Length, over all LOA 305 m 

Length, between perpendicular LPP 286 m 

Beam, maximum B 37 m 

Draft T 8.5 m 

The main dimensions of the hull described in Table 6.1 are based on the decision that a large cruise ship 

is wanted. The length is set to be about 300 m and the following dimensions are based on similar ships 

dimensions to be able to set reasonable and realistic values, see Appendix A for full list of studied cruise 

ships. 

The final version of the fin, i.e. version two, can be viewed from front, side and top view in Figure 6.3, 

where the main dimensions of the fin can be viewed in Table 6.2.  

 
 

(a) 

 
 

(b) 

 
 

(c) 
Figure 6.3 – Twin Fin, version 2. (a): Front view, port side fin. (b): Side view. (c): Top 
view. 

Table 6.2 – Main dimensions of fin version 2. 

Dimensions fin Version 2 

Length, at shaft height Lshaft 15.2 m 

Breadth, at shaft height Bshaft 3.8 m 

Max length Lmax 18.0 m 

Max breadth Bmax 4.6 m 

Height H 8.2 m 

The dimensions of the fin is an initial estimate of what can be expected. The equipment that is to be 

fitted inside the fin is an electric motor, a gearbox and possibly room for tunnel thruster motors. The fin 

is built up by several NACA-profiles of different size. These are parameterized, allowing for changing a 

lot of parameters in order to be able to vary the fin’s shape and dimensions. This is an initial step in the 

process of being able to create optimized and customized fins using the optimization capabilities of 

CAESES/FFW. 
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For a display of the final hull and fin together see Figure 6.1. 

6.2. Diesel-electric power plant 

Studying the installed power on the example cruise ships one can conclude that it varies somewhat. The 

total power of the electric motors are between 35,000 and 48,000 kW and the total power of the diesel 

engines varies between 41,000 and 75,600 kW, see Table 6.3. 

Table 6.3 – Summary of installed power on the 17 studied cruise ships. 

 

Min Max Average 

Diesel 41,000 kW 75,600 kW 64,544 kW 

Electric 35,000 kW 48,000 kW 40,538 kW 

As the results in chapter 5.2 show, the installed power of the electric motors will be 40,000 kW in total. 

This is very close to the average installed power of the 17 cruise ships, as one can see in Table 6.3. The 

installed power of the diesel engines is also to be decided. Based on the numbers in Table 6.3 it seems 

reasonable to assume an installed power of 65,000 kW for the main gensets. The installed power for the 

main propulsion on the model cruise ship is summarized in Table 6.4.  

Table 6.4 – Diesel-electric power plant particulars installed on model cruise ship. 

Power plant particulars   

Total main gensets (diesel) 65,000 kW (2 x 17,000 kW + 2 x 15,500 kW) 

Propulsion motors (electric) 40,000 kW (2 x 20,000 kW) 

It’s not only the main propulsion that needs power, auxiliary power for pumps etc. is also needed. For 

cruise ships the hotel will demand a lot of energy, where many applications can’t be on variable 

frequency. Hence two power grids are needed, one for the propulsion with variable frequency for the 

VFD and one with constant frequency for the hotel grid. This can be solved by either having dedicated 

generators for each grid, or have a net frequency stabilizer (NFS) transferring energy between the two 

grids. For the model ship the latter example will be used, i.e. the NFS. 

Since the STADT Sinusoidal drive have minimal losses, is very reliable and redundant, and claim to have a 

lot of other advantages compared to other drives on the market, this is the drive chosen for the Twin Fin 

concept. 

The main propulsion power plant consists of 4 diesel engines, 4 generators, 2 main switchboards, 2 

STADT drives, 2 electric motors, 2 gearboxes and 2 propellers. In Figure 6.4 this power plant is 

demonstrated with a schematic drawing. 
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Figure 6.4 – Schematic drawing of diesel-electric power plant installed on model 
cruise ship. The electric motors and the gearboxes are placed in each fin, the 
rectangles above are placed inside the hull. 

Here the electric motors is of 20,000 kW each, with one motor per fin. It’s also possible to divide the 

installed power into two units of 10,000 kW each per fin. 

6.3. Propeller 

The propeller type chosen for the model cruise ship is a CP propeller, since the diesel-electric drive 

chosen for the concept is only compatible with a CP propeller. This drive combines varying the rpm and 

the propeller pitch, which results in a more simplified and reliable drive than other VFD’s only varying 

the rpm. This will create a more reliable propulsion system, which is desirable. The operational profile of 
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the model cruise ship, see Figure 3.3 in chapter 3, shows that the operation is somewhat diverse which 

also motivates a CP propeller.  

The propeller is designed for the first version of the hull together with the second version of the fin. It’s 

designed for a service speed of 21 knots, this will require a brake power of 17,000 kW, see chapter 5 for 

more details. The propeller will be operated with three different rpm modes: low, medium and high. To 

adjust the speed within these modes the propeller pitch is varied. The propeller data can be viewed in 

Table 6.5 below. 

Table 6.5 – Propeller data.  

Propeller data   

Type CP propeller 

Diameter 7 m 

Hub size 1800 mm 

EAR 0.518 

P/D Varying 

RPM 3 modes: low, medium, high 

The designed propeller is based on estimated values of thrust deduction and wake field and when 

running the RANS-BEM with this propeller different values will be obtained, see Table 6.6. The values in 

Table 6.6 are based on a vessel speed of 20 knots. 

Table 6.6 – Estimated values used for propeller design and resulting values from 
RANS-BEM analysis. 

 

Estimate RANS-BEM 

Thrust per propeller 1050 kN 763 kN 

Thrust deduction 0.25 0.105 

Wake fraction 0.2 0.0565 

Hull efficiency 0.938 0.949 

From these results a new propeller can be generated, this is however not done for this investigation. 

Important to note that the propeller is not designed for the latest version of the hull. The propeller 

should be a good initial design for the hull anyway though. 

Tunnel thrusters will be placed either in the fin or in the center skeg, to increase maneuverability.   
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7. Comparison 

All the systems have both advantages and disadvantages compared to each other. The Twin Fin concept 

is compared to conventional shafting and Azipod in order to find its benefits and what could be 

improved. The systems are compared from different perspectives and the results are then summarized. 

7.1. Hydrodynamic efficiency and resistance 

Since the Azipod have a pulling propeller and the pod behind it the result will be a propeller placed more 

ahead than for the Twin Fin concept. The ship geometry will therefore allow for a larger propeller for the 

Twin Fin than for the Azipod. When placing the Azipod as far aft as possible the position of the propeller 

will be 4.4 m further ahead than with the Twin Fin concept. Other factors might play a role in where the 

Azipod can be placed, e.g. water flow over the hull, which might lead to placement even further ahead. 

For this comparison the 4.4 m further ahead is chosen, this means that for the model ship there’s room 

for a 6.9 m propeller, i.e. not that much smaller than for the Twin Fin concept. The limiting factor will 

therefore be the Azipod production series, which have a maximum propeller size of 6.6 m. Important to 

note is that the propeller size also can be limited by the electric motor properties, since no gearbox is 

used the rpm is not as flexible as for the Twin Fin concept and the propeller size can be limited by the 

torque limits of the electric motor. 

To investigate how the increased propeller diameter will affect the efficiency of the system the 

previously mentioned in-house program ProjCalc is used for determining propeller properties. The 

thrust is investigated for propeller diameters between 5.5 and 7 m, see Figure 7.1 for results. The 

installed power of the electric motors for the model cruise ship (20,000 kW per propeller) is used 

together with the requirement of the maximum speed (23 knots). The rpm is changed with the 

diameter, since a smaller propeller will have to rotate faster. The program will calculate thrust, P/D, 

EAR, open water propeller efficiency etc., based on e.g. brake power, maximum speed, cavitation 

margin, and wake fraction. A lot of input data is estimated, hence the resulting thrust will also be an 

estimation. It’s also assumed to be the same losses, which is not the case for the different systems. 

However the results will give an indication how much more thrust can be gained by increasing the 

diameter. 
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Figure 7.1 – Thrust as a function of propeller diameter. 

Figure 7.1 suggests a linear relationship between propeller diameter and thrust. With linear 

interpolation the forward thrust for a propeller diameter of 6.6 m is calculated, resulting in a thrust of 

1352 kN. Compared to this, a diameter of 7 m will increase the thrust by about 2.2%. This means that 

with the same installed power the Twin Fin concept will generate 2.2% more thrust than the largest 

Azipod at maximum speed. When considering the torque limitations of the Azipod unit’s electric motors 

this could mean an even smaller propeller has to be chosen, if assuming this will result in 6 m propeller 

the thrust gain for the Twin Fin concept will be about 5.6 %. 

It’s also possible that the propeller diameter can be increased compared to the along shaft as well. Since 

the shaft needs to be straight the placement of the shaft in z-direction is dependent on the hull and how 

the equipment (motor and gearbox) can be placed inside the hull. 

Important to note is that the Azipod has a pulling propeller and will work in a more uniform flow than 

the Twin Fin and along shaft propellers. This means that the wake that the Twin Fin propeller works in is 

also of importance when comparing the systems hydrodynamic efficiency. However no data of the 

propeller working environment are available for the Azipod solution and can therefore not be compared 

to Twin Fin. Hence no conclusions can be drawn. As a result of the pulling propeller together with the 

pod the Azipod propeller will have a larger hub than the Twin Fin’s propeller, which works in the Twin 

Fin concepts favor.   

It could also be said that the different propeller types of the Azipod and the Twin Fin, i.e. FP and CP 

propeller respectively, have different characteristics. The CP propeller is designed for multiple 

operational conditions, which is usually the case for cruise ships. The FP propeller is designed for one 

operational condition only, where it’s most efficient. 

It’s hard to compare the resistance between the Twin Fin concept and the Azipod, since no data of the 

added resistance due to the pods are available. For conventional shafting the added resistance is about 

9% compared to the bare hull. The added resistance for the Twin Fin concept for the model cruise ship is 
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18%. This shows that the added resistance is a bit larger for the Twin Fin concept, but it’s not “off the 

charts”.  

7.2. Size, weight and payload 

When having a pod or a fin outside of the hull more space becomes available inside the hull, also an 

increase of buoyancy is achieved. As a result of this the cargo capacity will be increased, compared to 

conventional shafting.  

The main difference between the equipment inside the hull of the Azipod and the Twin Fin is the 

Azipod’s steering module and air cooling unit. These units takes up a lot of valuable space, for details see 

chapter 2.3.2. Also the VFD for the Azipod consists of four PWM steering drives per propulsion unit, 

which should take up more space than one STADT sinusoidal drive per fin. This results in the Twin Fin 

concept being the most compact system, and out of the three different propulsion systems it will be 

able to have the largest payload.  

Another factor to consider is the larger size of the modeled fin compared to a pod, the fin’s 

displacement is larger than the Azipod's. The larger size of the fin is due to the fitting of a gearbox, but 

also to be able to perform maintenance and reparation work from inside the fin. This will give the vessel 

more extra buoyancy than the Azipod would, also this increasing loading capacity for the Twin Fin 

concept compared to the other systems. 

7.3. Maneuverability 

Out of the three propulsion systems Azipod have the best maneuverability, with possibility to rotate the 

pod 360 degrees around its vertical axis. One disadvantage of this is however that specially trained crew 

is required to maneuver this kind of propulsion. It’s also questionable if a cruise ship needs to have this 

good maneuverability, since a lot of cruise ships already is operated with along shafts with FP propellers. 

By having a CP propeller, which gives better maneuverability than a FP propeller, together with a high 

efficient flap rudder the maneuverability should certainly be good enough for this application. For even 

more maneuverability tunnel thrusters can be used. 

7.4. Complexity, reliability and maintenance 

Low complexity and high reliability is usually closely connected to each other, a less complex system is 

less likely to fail, hence more reliable. When comparing the different propulsion system from a 

complexity point of view one can see that the Azipod is the most complex system. With its complex 

steering and air cooling unit it contains a lot of additional components compared to the other systems, 

which means larger risk of failure. It’s crucial to have as reliable system as possible since a failure of the 

system can be very costly. For instance repairs that require dry-docking will be very expensive due both 

docking costs and loss of revenue. 

The maintenance work is much easier to perform in the Twin Fin than in the Azipod, due to easy access 

of equipment. Even if there is possibility to enter the pod the space is very limited, which makes it much 

harder to perform the maintenance or repair work. In case of failure it’s important to be able to solve 

the problem as fast as possible since down-time is expensive. 

A less complex propeller type is chosen for the Azipod than for the Twin Fin concept, i.e. FP and CP 

propeller respectively. Worth mentioning is that even if the CP propeller is a bit more complex than the 
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FP propeller it’s a very well proven technology and shouldn’t cause troubles. A positive outcome of the 

propeller choice is that a less complex VFD can be chosen, which should be more reliable than the 

Azipod’s VFD. For more details on the VFDs see chapter 2.1. 

The conventional shafting should be almost as reliable as the Twin Fin concept, since it’s as easy access 

to the equipment and the same VFD can be chosen. Important to note that the conventional shafting 

will have some inaccessible bearings. 

7.5. Flexibility 

The Twin Fin concept is the most flexible compared to the other systems. It can have both diesel-

mechanical and diesel-electric drive, however only the electric drive is of interest for this comparison. 

Due to the gearbox in the Twin Fin the desired rpm can be reached where the Azipod (which have no 

gearbox) will be dependent on the electric motor torque. This means that the Twin Fin can choose a 

propeller size based on the hull lines and the Azipod will be limited by both the hull and the electric 

motor properties. Compared to the conventional shafting the Twin Fin is also more flexible when it 

comes to propeller shaft placement, since the along shaft is dependent on the hull and how the motors 

can be placed inside.  

The choice of propeller is also more flexible for the Twin Fin concept compared to the Axipod. The 

Azipod is designed for a FP propeller and the Twin Fin is applicable with both FP and CP propeller, which 

opens up for a more flexible design of the electric plant as well since the vessel speed can be regulated 

with both changing the rpm and the pitch. When choosing a CP propeller the electric plant can be 

simplified significantly.  

Another aspect is that the Azipod is a complete module with fixed dimensions and form, where the Twin 

Fin is customized to the ship layout. This means that the design and dimensions are very flexible and 

optimized for the hull and application at hand. 

7.6. Noise and vibrations 

The noise and vibration aspect of the propulsion systems are of great importance for cruise ship 

applications. Since a huge part of the cruise ship concept is connected to comfort, noise and vibrations 

should be kept as low as possible. 

The noise and vibrations have not been investigated for the Twin Fin concept, and no data of this have 

been acquired for the other propulsion systems as well. This means that an exact comparison can’t be 

performed, however some points are worth mentioning. 

When placing the electric motor and gearbox inside the fin it will probably reduce the noise for the 

passengers compared to conventional shafting, since the equipment can be placed much further away 

from them. The main advantages for the Azipod compared to the Twin Fin concept when it comes to 

noise and vibrations is the pulling propeller and the lack of gearbox, since a gearbox will generate noise 

and a pulling propeller have a more uniform inflow which should reduce vibrations compared to a 

pushing propeller. The difference in VFD can however play to the Twin Fin concept’s advantage. The VFD 

of PWM type that the Azipod concept make use of will probably generate more noise than the STADT 

Sinusoidal drive chosen for the Twin Fin concept. 
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7.7. Stability 

The Twin Fin will increase the course stability of the vessel, this is probably the case for Azipod as well. A 

center skeg is usually added to cruise ships in order to increase its course stability, with the increase in 

stability the center skeg can be shorter than for conventional shafting. 

7.8. Summary 

To summarize the comparison of the three different system one can conclude that the main advantages 

with the Twin Fin concept compared to conventional shafting and Azipod are: 

 Increased thrust, (at least about 2%, but possibly up to about 6%) compared to Azipod. 

 Increased payload, compared to Azipod and conventional shafting. 

 Less complex and more reliable, compared to Azipod. 

 More flexible, compared to Azipod and conventional shafting. 

 Increased course stability, compared to conventional shafting. 
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8. Discussion 

The main reason for choosing a propulsion system is usually the operating cost, which is closely 

connected to the fuel consumption. It’s hard to conclude which propulsion system will give the best fuel 

economy. ABB claims the Azipod have shown good results, however no actual numbers are presented 

making it hard to compare to the Twin Fin results. It’s also hard to draw exact conclusions of which 

propulsion systems is the best, though the Twin Fin concept seems to have several advantages over the 

other systems.  

When comparing how much conventional shafting will add to the resistance, 9%, to the Twin Fin, 18%, 

one can see that the extra thrust obtained due to a larger propeller will not fully compensate for the 

extra resistance.   

The increase in thrust compared to other systems will not give a totally fair representation, since this 

comparison assume the same propeller design method, the same installed power and the same total 

efficiency of the propulsion system. This will of course not be the case in reality and the thrust gain can 

only be used as an indication of how much the thrust will be increased with the larger propeller, i.e. with 

a few percent. 

One of the main advantages of the Twin Fin concept is the possibility to increase the thrust and 

propulsive efficiency by being able to install a larger propeller than the other propulsion systems. For 

the model cruise ship the base line have been a limiting factor, resulting in a propeller with a diameter 

of 7 m. It’s however possible to install an even larger propeller if allowing it to go below base line. This is 

not done for conventional shafting nor the Azipod since nothing will protect the propeller, however 

when having a protective fin this can be a possible solution. One has to keep in mind that this will 

increase the draft though. If this is incorporated in the Twin Fin concept the thrust and propulsive 

efficiency can be increased even more, improving the fuel consumption.  

The first version of the fin will add quite a lot to the hull resistance, an increase of resistance by 31%. 

With a few iterations of changing the fin shape this number was decreased to 18%. The first version of 

the fin was based on an existing and successful model of the fin. This shows that the added resistance is 

very dependent on the hull form. Important to note that the rudder hasn’t been taken into 

consideration when performing the CFD analysis, which means that the total resistance will be a bit 

higher than computed. The propeller-rudder interaction haven’t been addressed either. 

Even though CFD can be a good and powerful tool for predicting flow, it’s not wise to trust the results 

blindly. As always when using these kind of numerical methods one should contemplate the results and 

evaluate if they’re reasonable. The resulting resistance is used for estimating required thrust, which in 

turn the propeller is designed for, resulting in a required brake power which is similar to the installed 

power on the studied cruise ships. Hence one can conclude that the results are in the correct range.  

It’s unclear how reliable the results of the operational profiles are, since a lot of data is estimated. Most 

of the missing data occurs when far out at sea and this makes it reasonable to assume that the speed 

have been more or less constant and the path more or less straight. In addition to this 5 of the best data 

sets were chosen to get as reliable results as possible. Since resulting operational profiles more or less 

coincides with the previously obtained data of service speed this indicates that the added estimations of 

vessel speed have been reasonable. This also show that the studied cruise ships are mostly operated as 

intended and designed for. 
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The propeller design is based on the first version of the hull together with the second version of the fin, 

since results from the second version of the hull wasn’t obtained when the propeller was designed. The 

total resistance on the hull is lower for the second version, meaning that the required thrust curve 

should be smaller. This means that the designed propeller will be a bit over dimensioned for the last 

version of the Twin Fin concept. A lot of estimations are applied when designing the propeller, both 

when calculating required thrust, when estimating losses and when assuming wake and thrust 

deduction. The propeller is thereby just an initial guess of the propeller design and it doesn’t really 

matter that the design is not based on the latest version of the hull. 

Studying the difference between propeller thrust, wake field and thrust deduction between the 

designed propeller and the results from the RANS-BEM CFD one can see that these differs a bit. The 

lower thrust can be explained by the much lower wake field which means that the water is flowing 

faster than anticipated when designing the propeller. This means that the propeller will have the wrong 

pitch, since it’s a CP propeller this can quite easily be regulated though and a new propeller design is not 

really necessary. The resulting wake field and thrust deduction seems a bit small, but they are in the 

correct range. These results can probably become more accurate if working some more with the 

method. 

For this investigation the dimensions of the fin have been estimated, based on a previous design and 

what seemed reasonable. The things to be fitted inside the fin is one electric motor (possibly two 

smaller) and a gearbox, the dimensions of these are not known at the moment which makes it hard to 

optimize the fin. To be able to improve the fin design these measures needs to be figured out.  

For future work the fin’s shape and positioning should be optimized, trying to find the shape and 

position that work best for the hull and application at hand. Since a parameterized model of the fin has 

been created the shape and dimensions can easily be changed in order to optimize it. This can be done 

either manually or with the CASES/FFW optimization feature. Since improvements of the fin have been 

done along the way it seems reasonable that the added resistance due to the fins can be decreased 

even more. It’s not only the added resistance that is of interest when it comes to optimizing the fin 

shape, it’s also important to improve the wake field. This is both important from a propulsion point of 

view and noise and vibration point of view. In order to achieve a better wake field the aft part of the fin 

can be improved, a more “cone-like” design would probably improve the flow into the propeller. 
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9. Conclusions 

Several advantages can be found with the Twin Fin concept compared to conventional shafting and 

Azipod. The main advantages are: increased thrust, increased payload, higher reliability and more 

flexibility.  

The Twin Fin concept described in this report can probably be beneficial for large cruise ships, it has 

several advantages over the other propulsion systems. From the results a better fuel economy 

compared to the other systems cannot be motivated at the moment. It’s however reasonable to 

investigate further, by optimizing the fin’s shape using the initial procedure for customization it could be 

possible to lower the added resistance even more.  

The results show that the resistance is very dependent on hull form and one can conclude that it’s very 

important to customize the fin to hull form and operational profile. 

This thesis has resulted in a parameterized CAD-model of the Twin Fin design, which is an initial step to 

the procedure of creating customized fins based on ship layout. This has been connected to a CFD 

methodology where the interaction between the fin and the hull can be evaluated. The hull and fin 

shapes used in this study should be seen as initial geometries to test the procedure, whereas every 

individual hull and fin shape needs to be designed and evaluated individually. 

As a complement to this procedure a VBA script was produced to be able to track the operation of either 

similar ships or the ship at hand, in case of retrofitting of Twin Fin concept. 
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Appendix A – Cruise ship particulars 

This appendix contains a summary of the ship particulars of the 17 studied cruise ships, see Table A.1. 

The cruise ships in Table A.1 are sorted in gross tonnage, starting with the largest and then in decreasing 

order. The data is collected from the Caterpillar Propulsion in-house service CVIS (Caterpillar Vessel 

Information System). 

  



2 
 

Table A.1 – Ship particulars of the 17 studied cruise ships. 
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Appendix B – Rout and operational profile of studied cruise ships 

This appendix contains rout and operational data from 5 cruise ships, see Figure B.1 to Figure B.10. The 

studied cruise ships are: Celebrity Reflection, Costa Fortuna, MSC Fantasia, MSC Preziosa and Norwegian 

Breakaway. These are a selection from the total study of 17 cruise ships (see Appendix A for ship 

particulars). The 5 cruise ships are chosen since they provide the best set of data, with least data loss 

and with lowest amount of path running through main land or islands when estimating route with the 

shortest distance. The data and the display of the route are collected from the Caterpillar Propulsion in-

house service CVIS (Caterpillar Vessel Information System) between 27th of January and 18th of May, 

2015.  
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Figure B.1 – Route for Celebrity Reflection, between 18th of March and 18th of May, 
2015. Yellow lines show where data is missing. 

 

 

Figure B.2 – Operational profile for Celebrity Reflection, between 27th of January and 
18th of May, 2015. 
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Figure B.3 – Route for Costa Fortuna, between 28th of February and 28th of April, 
2015. Yellow lines show where data is missing. 

 

 

Figure B.4 – Operational profile for Costa Fortuna, between 27th of January and 18th of 
May, 2015. 
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Figure B.5 – Route for MSC Fantasia, between 18th of February and 18th of April, 2015. 
Yellow lines show where data is missing. 

 

 

Figure B.6 – Operational profile for MSC Fantasia, between 27th of January and 18th of 
May, 2015. 
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Figure B.7 – Route for MSC Preziosa, between 28th of February and 28th of April, 2015. 
Yellow lines show where data is missing. 

 

 

Figure B.8 – Operational profile for MSC Preziosa, between 27th of January and 18th of 
May, 2015. 
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Figure B.9 – Route for Norwegian Breakaway, between 18th of March and 18th of May, 
2015. Yellow lines show where data is missing. 

 

 

Figure B.10 – Operational profile for Norwegian Breakaway, between 27th of January 
and 18th of May, 2015. 

 

0 

5 

10 

15 

20 

25 

30 

35 

P
er

ce
n

ta
ge

 o
f 

ti
m

e 
[%

] 

Speed [knots] 

Operational profile, Norwegian Breakaway 


