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Abstract⎯ flettner rotor is a cylindrical object which installed vertically on the ship's body. It rotates on its axis to utilize 

the airflow from the wind and help the ship to generate additional thrust force by using the principle of magnus effect. This 

additional thrust force produced by the flettner rotor helps to reduce the fuel consumption which used as an energy source 

for the main or auxiliary engine. However, the flettner rotor has possibilities to operate in a certain different condition 

which can affect the efficiency of the flettner rotor usage. The discussion is to find out how much power is needed to rotate a 

rotor based on the variation of the material being used, how does the wind direction affect the performance of the flettner 

rotor as an alternative ship propulsion system, how does the energy efficiency get affected by the variation of material and 

the wind direction. From the discussion of this paper, it is concluded that aluminum is the material that requires the least 

power to rotate a flettner rotor with 77,2276 kW on the speed of 14.4 rad/s and it gives its maximum contribution when the 

wind direction towards the flettner rotor is coming through the port side of the ship  with the angle of 90 ° and the flettner 

rotor rotates in clockwise direction. It is also concluded that the best configuration of flettner rotor to produce a good 

energy efficiency are by using aluminum as the rotor’s material, having wind that coming through from the angle of  90°, 

and the flettner rotor rotates at 14.4 rad/s with apparent wind speed at 7.2 m/s. This configuration can save fuel 

consumption of the ship up until 570.768 kg on 5000 km voyage. 
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I. INTRODUCTION1 

The shipping industry is an industry involves a huge, 

multi-billion of dollars around it. This industry is the 

lifeblood of the world’s economy and it accounts for 

90% of the world’s trade. Ships are able to carry goods 

in quantities that are impossible to transport by the other 

mode of transportations. Cited as the most energy 

efficient mode of transport, it contains various challenges 

inside the industry. Currently, the shipping industry 

contributes for approximately 3% of the total CO2 value 

in the world and it’s expected to increase around 20-25% 

of global anthropogenic CO2 by 2050 due to growth in 

international trade and other industry sector 

decarbonisation effort (Rehmatulla, 2015). This growth 

in international trade will directly affect the amount of 

shipping operations to be done in order to fill the needs. 

However, this activity also mean that there will be an 

increase in fuel consumption and expenses for the 

operation. Furthermore, this increasing value of fuel 

consumption results in increasing value of CO2 

produced [1]. This is dangerous to the environment and 

effects significantly to the human’s health. According to 

a Danish study from 2011, smokestack emissions from 

international shipping kill approximately 50,000 people a 

year in Europe, at an annual cost to society of more than 

€58 billion. These problems cannot be left unsolved and  
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actions must be taken immediately in order to deal with 

these problems. 

Several technologies and regulations have been 

identified to solve these problems.  One of the solutions 

that might come up to meet this issue is using alternative 

energy as a source of energy. The alternative energy that 

has been applied to the shipping industry is the 

utilization of wind as a source of energy through the 

media flettner rotor.  

Flettner rotor is an object which shaped cylindrical. 

It installed vertically on the ship's body and rotate on its 

axis to utilize the airflow from the wind and help the ship 

to generate additional thrust force by using the principle 

of magnus effect. This additional thrust force produced 

by the flettner rotor helps to reduce the fuel consumption 

which used as an energy source for the main or auxiliary 

engine. The force itself depends on several parameters 

that affects the rotor’s work such as the wind, the 

turbine’s geometry, the turbine’s operational condition, 

and the ships factor.   

The Flettner Rotor is a simple technology that 

utilizes the working principle of the magnus effect where 

in its use, the rotor must rotate to produce a difference in 

pressure which will cause the thrust to emerge. But in 

fact, to be able to produce an optimal thrust, the flettner 

rotor is faced with several kinds of conditions that can 

lead to the fluctuation of efficiency value from the rotor. 

Several things that can affect the performance efficiency 

of the flettner rotor are the power needed to rotate the 

rotor and the direction of the wind. This research paper 

will focus on calculating the power consumption for the 

rotor, the influence of wind direction for the rotor, and 

the performance efficiency of the rotor for its 

implementation on ship. 

To analyse the flettner rotor, Computational Fluid 

Dynamic or CFD method is often chose to help 

researchers understand about the rotor work better. CFD 

is a numerical simulation method and data structures that 
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analyse the characteristics that involves fluid flows on a 

machine that has been designed. Computers are used to 

calculate the free-stream flow simulation of the fluid and 

the interaction between the fluid and surfaces defined by 

boundary condition that has been set. It helps the 

engineer to simulate a machine or product so it doesn’t 

take time and high cost. In terms of this paper, this 

method is able to analyse the fluid flow around the rotor 

and find several parameters desired. 

II. METHOD 

A. Ship resistance training 

The first step of this paper is to define the ship’s that 

will be used. This paper will use KRISO -KCS ship’s 

model. It is a ship model that provided by the Maxsurf 

software and it is available to use for everyone. KRISO -

KCS ship’s model is a ship model with 7,273 meters 

long in LWL, 0.51 meters wide, and draft in 0.331 

meters. Later, it will be scale up to 15 x to use it as a 

ship’s reference for the analysis of flettner rotor energy 

efficiency. The process of scaling up the ship is done 

also by using the Maxsurf software that directly attain 

the information of the ship’s main parameter such as its 

LWL, Beam, Draft, Displaced volume, Wetted area, and 

etc. These parameters existed later on will be used to 

calculate the ship’s resistance once when the process of 

scaling up the model has been done. 

When the process of scaling up is done, resistance 

calculation take place. Resistance or ship resistance is 

defined as a force needed to make a ship move in a 

constant velocity. There are several methods existed to 

calculate the resistance such as Guldhammer Harvald, 

Holtrop, Ayre, and etc. On this paper, the resistance 

calculation method used is the Holtrop method which is 

provided by the Maxsurf Resistance software.  Now go 

to the software, select the “Open Design Data” and 

choose the Ship’s data that previously made. Now the 

ship is ready to be analyzed. 

Now choose the analysis on menu tab and select the 

methods option. Then there will be options shown up on 

the screen. It shown up various method available to 

calculate the resistance of ship’s design inserted. Check 

list the “Holtrop” box and “use 19th ITTC modified 

formula” on screen and then press ok. Then choose 

desired ship’s velocity on analysis and input the ship 

design speed range. The speed range will be from 12 

knots to maximum 15 knots. Finally, the results will be 

shown in “results window” and give information 

regarding ship’s resistance and engine power for the 

ship. Based on the result above, it is stated that the 

resistance value of the ship on 15 knots is 142.7 kN.  

 

B. Flettner Rotor Creation  

Now the process of designing Flettner Rotor can begin. 

In this paper, rotor’s parameter such as its dimension, 

RPM, and the other is referring to the graph Figure 1 

created by (A. De Marco, S. Mancini, C. Pensa, R. 

Scognamiglio, and L. Vitiello). There stated various 

value of SR, AR, CL, and CD. Each of these values are 

important and represent several factors to be selected in 

the process of designing Flettner Rotor.  

 

 

 

 
Figure. 1. AR SR CL graph. 

  

1) Aspect Ratio 

The AR of Flettner device represents the ratio 

between height and diameter. Thus, from this ratio 

the value of rotor’s height and diameter can be 

determined. Based on the graph, the AR value 

chosen for this paper is 6 and the diameter value is 

previously to be set on 3 meters.  Therefore, the 

value of rotor’s height can be determine using this 

equation.  

             

 

     

 

2) Spin Ratio  

It is another factor that influence the aerodynamic 

characteristics of a Flettner Rotor. It represents the 

ratio between the circumferential speed of the rotor 

and the free stream velocity. Based on the graph, 

the SR value chosen for this paper is 3 and the 

value of the wind speed is to be varied from 7.2 

meter/second until 2.7 meter/second. Therefore, the 

value of rotor’s RPM can be determined and varied 

as well. When the AR and SR value are identified, 

the next parameter to be decided is the end plate. 

 

 

 

3) End Plate  

Now the parameter to be selected is the End Plate. 

It has the purpose to optimize its aerodynamic 

efficiency by using this plate at the top of the 

cylinder. 

 

(1) 
(2) 
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4) Lift & Drag Force Calculation  

Lift is a force that is perpendicular to the oncoming 

flow direction. It is created by an object that 

rotating through a moving fluid resulting in a 

pressure difference among the body and start to 

create a lift force. While drag is a force that acts 

opposite to the relative motion of an object moving 

with respect to a surrounding fluid. Sometimes it is 

called as an air resistance or type of friction. These 

forces will used as a reference for the force that the 

flettner rotor will produce.  

                           

   

               

5) Power Calculation  

In this section, the purpose of this calculation is to 

determine how much power needed to rotate 

Flettner Rotor and produce forces based on 

parameters being used.  

 

 

 
 

Torque is defined as a force that makes an object to 

rotate. Just as a linear force is a push or a pull, a 

torque can be called as a twist to an object. 

 

 

 

C. Simulation Process   

 

1) Pre- Processor 

Consist of the input from a flow problem that 

will be simulated. Defining domain, fluid 

properties, and boundary condition is located in 

this step. The object to be analysed is also going 

through meshing process in this step. 

 

2) Processor 

In solver step, include the stage of calculation 

for every iteration in parts associated with the 

mesh configuration and the parameters/ method 

being inputted 

 

3) Post Processor  

Post processing is an end step process which 

consist of result from the calculation. 

Visualization from the formulation is also can 

be seen in this step with variation of 2 

dimension or 3-dimensional view. 

 

D. Wind Direction Variation  

The force value is obtained, the force resultant and the 

direction is obtained as well. Now, the process 

proceeding to see how the force produce by the flettner is 

working on the ship moving to the desired direction on 

various wind angle. This process will be done by using 

vector lines on Autocad software to determine its effect 

on the ship. The first thing to do is to prepare the data for 

the process. Several data needed for this process are 

ship’s resistance, force resultant for each flettner rotor 

different parameter, force directions, and ship directions. 

• Line Definition 

The first thing to do is to create lines for each 

different purpose. Each line represents different 

value and to make it easy to understand, each line 

has different colour. 
 

 

 
 

Figure. 2. Line definition. 

 

• Drawing The Line  

The next process is to draw the line based on its 

direction. so the first thing to draw is to draw the 

ship force line towards x+ direction with dimension 

of the ship. Then draw the wind direction followed 

by the force resultant created by the wind direction 

(based on simulation). Move the resultant force of 

flettner rotor on the edge of the ship force to 

determine the resultant created by the flettner rotor 

and the ship. Draw a line that connect the edge of 

resultant force of flettner rotor to the zero point. 

This is a line that represent a resultant force between 

the flettner rotor and the ship. Snap to Geometry. 

The purpose of this automatic step is to paper a 

mesh obtained from previous results on geometric 

shapes so as to produce a smooth geometric shape. 
 

 

(3) 

(4) 

(5) 

(6) 

 

(7) 
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Figure. 3. Drawing the line. 

Now repeat the step with variation on the wind 

direction and the flettner rotor resultant. It creates 

different value for each different parameter inserted 

E. Energy Efficiency Analysis   

It will be going to calculate the efficiency energy for 

the operation of flettner rotor. This calculation will be 

based on the fuel consumption of main engine and 

auxiliary engine during a voyage. This calculation will 

compare the operation of ship with flettner rotor and 

without flettner rotor.   

The first step on this process is to calculate the time 

taken for a voyage without a flettner rotor. It will be 

calculated by using the formula: 

 

 
Now once the time taken is already determined, 

proceeding to the calculation of main engine and 

auxiliary engine consumption calculation. For the main 

engine, it is calculated by using the formula of 

 

 

For the auxiliary engine, it is calculated by using the 

formula of 

 
For the Flettner Rotor, it is calculated by using the 

formula of 

 
These formulas will be used to compare the operation 

between ship with flettner rotor and ship without flettner 

rotor on varied distance. 

III. RESULT AND DISCUSSION 

1) Ship Resistance Result  

The calculation done by using the Maxsurf resistance 

software. It is based on the selected ship model that has 

been chosen. The methods used for the calculation is by 

using the holtrop method and done in several different 

ship speed.  

 

 

 
Figure. 4. Resistance result.  

 

 

 

 

(8) 

 

(9) 

 

(11) 

 

(10) 
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2) Flettner Rotor Creation  
TABLE 1. 

LIFT FORCE RESULT 

No Flux Vel (m/s) Rotation (rad/s) Lift (N) 

1 7.2 14.4 31912.7 

2 6.9 13.8 29308.72 

3 6.3 12.6 24433.16 

4 5.6 11.2 19305.22 

5 4.5 9 12465.9 

6 2.7 5.4 4487.724 

 
TABLE 2. 

DRAG FORCE RESULT 

No Flux Vel (m/s) Rotation (rad/s) Drag (N) 

1 7.2 14.4 1866.24 

2 6.9 13.8 1788.48 

3 6.3 12.6 1632.96 

4 5.6 11.2 1451.52 

5 4.5 9 1166.4 

6 2.7 5.4 699.84 

 

Figure. 5. Flettner rotor variation. 
 

The Flettner rotor creation process done in 

several variation. It varies in the value of density of 

material, wind speed, and rotation speed. Now the 

result of the calculation indicates that the higher 

density of the material used the higher power needs 

to rotate the flettner rotor. It can also be seen that 

different wind speed that attacks flettner rotor 

produce different force as the higher the wind 

speeds the more force produced by the flettner 

rotor.   this paper, rotor’s parameter such as its 

dimension, RPM, and the other is referring to the 

graph Figure 1 created by (A. De Marco, S. 

Mancini, C. Pensa, R. Scognamiglio, and L. 

Vitiello). There stated various value of SR, AR, 

CL, and CD. Each of these values are important and 

represent several factors to be selected in the 

process of designing Flettner Rotor.  

3) Simulation Result  

This is the most important stage as the force 

produced by the simulation will be used for later 

wind direction & energy efficiency analysis. Based 

on the simulation, the flettner rotor produce such 

amount of lift and drag force that the result is not 

too far with the calculation by using an equation. 
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Figure. 6. Flettner rotor simulation result.  

 

 
Figure. 7. Flettner rotor simulation visual result.  

Based on the simulation result, the flettner rotor produce a lift 

force towards the Y+ direction and a drag force towards the X- 

direction. On the visual side, the red area indicates a high 

velocity area which creates pressure drop on the faces while on 

the other side it increases the value of pressure. This 

differences make a lift from the high pressure area towards the 

low pressure area ( Y- towards Y+). 

 

 

Figure. 8. Flettner Rotor 7.2m/s at 14.4 rad/s. 

 

 

 

 

Figure. 9. Flettner Rotor 6.9m/s at 13.8 rad/s. 
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Figure. 10. Flettner Rotor 6.3m/s at 12.6 rad/s . 

 

 
Figure. 11. Flettner Rotor 5.6m/s at 11.2rad/s. 

 
Figure. 12. Flettner Rotor 4.5m/s at 9rad/s. 

 
Figure. 13. Flettner Rotor 2.7m/s at 4.5 rad/s. 

4) Wind Direction Analysis  

The force value is obtained, the force resultant and 

the direction is obtained as well. Now, the process 

proceeding to see how the force produce by the 

flettner is working on the ship moving to the 

desired direction on various wind angle. This 

process will be done by using vector lines on 

Autocad software to determine its effect on the 

ship. The first thing to do is to prepare the data for 

the process. Several data needed for this process are 

ship’s resistance, force resultant for each flettner 

rotor different parameter, force directions, and ship 

directions. 
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Figure. 14. Wind Direction from Starboard side. 

 
Figure. 15. Wind Direction from Port side. 

 

Based on the table above, the best wind direction for the 

flettner rotor on this paper is at 90° from the port side, 

producing the biggest resultant force which resulting in 

the rising of ship’s speed. 
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5) Energy Efficiency Analysis  

 

On this stage, the energy efficiency analysis is 

conduct by comparing the fuel consumption of ship 

with flettner rotor and fuel consumption of ship 

without flettner rotor.  

 

 

 
Figure. 16. Fuel savings for 5000 km voyage with FR. 

 
Figure. 17. Fuel savings for 2500 km voyage with FR. 

 
Figure. 18. Fuel savings for 1000 km voyage with FR. 

 

It turns out that the flettner rotor using alumunium as a 

material can saved up to 570.768 kg on 5000 km voyage 

and in 2500 km voyage, it can save up until 285.34 kg of 

fuel. While in 1000 km voyage, it can save 114 kg of 

fuel. 

 

 

 

 

IV. CONCLUSION 

Based on the result of simulation, calculation, and the 

analysis of flettner rotor on this paper, it can be 

concluded that:  

 

1) Aluminum is the material that requires the least 

power to rotate the flettner rotor with 77.2276 

kW power, on the speed of 14.4 rad/s and 
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10.881 kW power on the rotation speed of 5.4 

rad/s.  

 

2) Flettner Rotor gives its maximum contribution 

when wind direction towards the flettner rotor is 

coming through the port side of the ship with 

the angle of 90°.  Meanwhile, if the wind 

direction towards the rotor is coming from the 

starboard side, it slows up the movement of the 

ship. These things depend on the direction of 

rotor’s rotational movement whether it is 

counter- clockwise or not.  

 

3) The best configuration of flettner rotor to 

produce a good energy efficiency on this paper 

are by using aluminum as the rotor’s material, 

having wind that coming through from the 

angle of  90°, and the flettner rotor rotates at 

14.4 rad/s with apparent wind speed at 7.2 m/s. 

This configuration can save fuel consumption of 

the ship up until 570.768 kg on 5000 km 

distance. 
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