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1 Introduction 

This report details a study about aerodynamic investigations of a novel sail powered auxiliary 

drive system for merchant vessels and mega-yachts. The study has been carried out by the 

Yacht Research Unit Kiel (YRU-Kiel) on behalf of the entrepreneur and patent holder B. 

Burandt/Munich (Patent-No. DE 10 2008 035 071). In this study the aerodynamical properties 

of this rig are determined. Especially driving- and sideforces, achievable as an auxiliary drive 

system on merchant vessels and mega-yachts, are investigated. In a case study, the fuel 

savings are calculated for a 75000 tdw bulker. 

2 AUTARES 

AUTARES consists of a twin sail arrangement set on a mast with upper and lower turnstile. 

The mast can be rotated about its vertical axis. The position of the sail versus ship and wind 

can be altered by rotating the mast or moving the sails upper and lower attachments along the 

arms of the turnstile. Due to this it is possible to adapt the sail best possible to the 

requirements of various wind angles. 

 
Fig. 2-1: Rotating-Cross-Sail, excerpt from patent description 

Major advantages of the turnstile principle  versus a conventional rig with fixed mast are easy 

adaption of sail trim to varying wind angles as well as the large lateral distribution of sail area 

compared to triangular sails. Several reasons suggest usage as an auxiliary drive system on 

merchant vessels: 
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- Simple construction and handling. Operation of AUTARES is simple and sailor-proof, 

especially compared to kite sails (SkySails). 

- Driving force is generated for a large range of wind angles. With AUTARES the 

generation of driving force is possible while going upwind. 

- Compared to a Flettner-Rotor (rotating vertical cylinder) AUTARES can generate 

significant drag and therefore large driving forces with wind from astern 

 

Sailpower on mega-yachts and merchant vessels is still rare and seldom applied. Systems that 

have achieved a certain importance are the Wagner-rig, the Flettner-Rotor and the SkySails 

kite. Compared to all these systems, the AUTARES system is significantly simpler and 

therefore more robust and affordable. This holds for construction as for operation as well. 

3 Wind tunnel Tests 

A single rig of system AUTARES was tested in the Twisted Flow wind tunnel (TFWT) of 

YRU-Kiel. This investigation was part of an initial study for a first evaluation of the 

aeromechanical properties. A total of 15 trim settings were tested, 10 with “flattened” and 5 

with “deeper” sails. The trim was set on two opposing arms of the crosses according to Fig. 

3-1, the settings on the other two arms was a result of the targeted profile depth. 
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Fig. 3-1: Schematic drawing of tested trim settings 

4 Evaluation 

For each tested trim setting the model test yielded a table of results, with wind angle Alpha* 

(*), Force Areas AX, AY, AZ and Moment Volumes VX, VY, VZ. Force areas are forces 

normalised by dynamic pressure of incident wind speed, aligned with the axes of the 

dynamometer, volume moments are moments around these axes, normalised accordingly. 

From trigonometric relations lift and drag areas AL and AD are 

calculated. 

Lift and drag are only of secondary importance for the achievable 

fuel savings of AUTARES. As principal metric for the quality of 

the turnstile sail the driving and side forces ADF and ASF are 

calculated from lift and drag. They are derived via trigonometric 

relations from lift, drag and the apparent wind (AWA: apparent 
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wind angle, AWS: apparent wind speed) which is a vector sum of true (meteorological) wind 

and the vessels head wind, see diagram on the right. 

To judge the different trim settings only the maximum achievable driving force at each 

apparent wind angle is used. Fig. 4-1 shows the results of this investigation. 

 
Fig. 4-1: Maximum driving force areas for all tested trim settings  

Fig. 4-1 shows:  

 Maximum driving force areas are achievable at apparent wind angles of approximately 

AWA = 100° 

 They reach values of up to ADFMax = 1.25 

 Up to an apparent wind angle of approx. AWA = 150° trim setting Tr. 1.5-1+ is best. 

Only at very deep AWA trim setting Tr. 1+is slightly superior. 

These results indicate that the system can be significantly simplified if trim setting Tr. 1.5-1+ 

is selected as fixed. At trim setting Tr. 1.5-1+ the leeward sail is sheeted as close as possible 

while the windward sail is slightly opened. The sails profile depths are slightly increased 

compared to the basic settings. The aerodynamic disadvantages of a fixed sail trim are very 

few and would have negligible impact on fuel consumption in 

operational use. 

The advantages of a fixed trim setting are significant: 

 The turnstile sail can be simplified mechanically 

 It can be built with a long and a significantly shortened arm, 

see drawing on the right 
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 The electronic control is simplified by having only one free trim parameter, the 

rotation angle 

 The placement of the lowered cross between the hatches of a vessel is facilitated by 

the shortened arms. Significantly larger arms are realisable this way. 

Fig. 4-2 gives the driving and side forces areas and the corresponding angles of attack of the 

rotating cross axes. 

 
Fig. 4-2: Driving and side force areas and angle of attack for best trim setting Tr. 1.5-1+ 

5 Case study 

The reduction of driving force requirement achievable using the turnstile sail is shown in a 

case study. A 75000tdw (scantling) bulker was selected as exemplary vessel. Ship speed and 

corresponding driving power are known for design draft. Based on the data for design draft 

displacement and drag were estimated, see Tab. 5-1. Required shaft power was determined 

using the estimated propeller diameter and the given propeller revolutions. 

Length on waterline:   225.0 m 

Wetted length:   225.0 m 

Beam:     32.3 m 

Draft:     12.2 m 

Displacement:     71700.0 m³ 

Midship section coefficient cM 0.980 - 

Longitudinal centre of buoyancy LCB: 1.5 % 

Tab. 5-1: Main particulars 

 Ship speed:    14.5 kts 

 Propeller revolutions:  101.4 rpm 

 Drag:    689.2  kN 

 Pitch P/D:   0.675 

 Shaft power:   7948.5 kW 

 

A system of three rotating turnstile sails are investigated for the exemplary vessel.  The sails 

have a span of 50 m, upper and lower leech of the sail have a length of 10 m. Compared to the 
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wind tunnel model this gives a scale factor of  = 40. The total sail area is 3000 m², see Fig. 

5-1. 

 
Fig. 5-1: Rotating cross sails on 75000tdw bulker 

Driving forces and achievable power requirement reductions are determined for apparent 

wind angles of 30° ≤ TWA ≤ 180° and wind speed of 3 m/s ≤ TWS ≤ 12 m/s. The wind speed 

is measured at the upper edge of the sails. A wind speed profile (TWS(z)=TWS10m(z/10m)
0.1

) 

was used in the wind tunnel. To derive the power savings, the required propeller revolutions 

and corresponding power requirement were calculated for the remaining driving force 

requirement (=(drag – sail driving force)/(1 – thrust deduction fraction)). An increase of 

propeller freestream efficiency due to propeller unloading is accounted for. 

Tab. 5-2 gives the results of these calculations. Fig. 5-2 shows the results graphically. 
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30 45 60 75 90 105 120 135 150 165 180

3 -0.111 -0.037 0.028 0.086 0.134 0.165 0.167 0.130 0.046 -0.089 -0.302

4 -0.075 0.014 0.100 0.186 0.266 0.327 0.356 0.335 0.231 0.026 -0.302

5 -0.046 0.058 0.166 0.281 0.386 0.474 0.535 0.553 0.485 0.223 -0.302

6 -0.022 0.096 0.227 0.363 0.489 0.601 0.693 0.756 0.758 0.573 -0.302

7 -0.001 0.131 0.282 0.433 0.576 0.707 0.824 0.923 0.996 1.006 -0.302

8 0.017 0.163 0.330 0.493 0.649 0.795 0.929 1.049 1.155 1.246 1.020

9 0.033 0.191 0.371 0.545 0.711 0.867 1.009 1.135 1.234 1.231 1.020

10 0.047 0.217 0.406 0.589 0.763 0.925 1.071 1.191 1.259 1.199 1.020

11 0.060 0.241 0.438 0.628 0.808 0.973 1.117 1.225 1.257 1.173 1.020

12 0.072 0.262 0.465 0.661 0.845 1.012 1.151 1.245 1.239 1.141 1.020

30 45 60 75 90 105 120 135 150 165 180

3 -27.2 -8.4 5.8 15.5 20.5 20.7 16.7 10.1 2.8 -4.5 -14.2

4 -22.0 3.8 23.9 38.2 45.0 43.4 35.1 23.3 10.9 0.9 -8.5

5 -15.9 18.3 46.3 66.3 73.5 68.6 54.8 36.4 18.4 4.5 -4.3

6 -8.7 35.3 73.3 98.5 105.7 97.1 76.7 50.6 25.3 7.0 -1.5

7 -0.4 55.2 104.5 134.7 142.2 129.6 102.1 67.2 33.4 9.0 -0.2

8 9.0 78.4 139.6 175.3 183.4 166.6 131.5 87.3 44.4 12.8 0.7

9 19.8 104.7 178.3 220.4 229.4 208.6 165.7 111.8 59.3 20.2 5.7

10 31.8 134.1 220.9 270.2 280.6 255.7 204.9 141.0 78.6 32.7 15.5

11 45.2 166.5 267.3 324.8 336.9 308.3 249.4 175.3 102.5 50.2 30.2

12 59.9 201.9 317.8 384.1 398.6 366.4 299.5 214.7 130.5 72.0 49.7

30 45 60 75 90 105 120 135 150 165 180

3 -4.5% -1.4% 1.0% 2.6% 3.4% 3.4% 2.8% 1.7% 0.5% -0.7% -2.4%

4 -3.7% 0.6% 4.0% 6.4% 7.5% 7.2% 5.9% 3.9% 1.8% 0.1% -1.4%

5 -2.6% 3.0% 7.7% 11.0% 12.2% 11.4% 9.1% 6.1% 3.1% 0.8% -0.7%

6 -1.5% 5.9% 12.2% 16.3% 17.4% 16.0% 12.7% 8.4% 4.2% 1.2% -0.3%

7 -0.1% 9.2% 17.2% 22.0% 23.2% 21.2% 16.8% 11.2% 5.6% 1.5% 0.0%

8 1.5% 13.0% 22.8% 28.4% 29.6% 27.0% 21.5% 14.5% 7.4% 2.1% 0.1%

9 3.3% 17.3% 28.8% 35.3% 36.6% 33.5% 26.9% 18.4% 9.9% 3.4% 1.0%

10 5.3% 21.9% 35.3% 42.6% 44.1% 40.5% 32.9% 23.0% 13.0% 5.5% 2.6%

11 7.5% 27.0% 42.2% 50.5% 52.2% 48.1% 39.6% 28.4% 16.9% 8.4% 5.0%

12 10.0% 32.5% 49.5% 58.6% 60.5% 56.2% 46.9% 34.4% 21.4% 12.0% 8.3%

15.3%
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Tab. 5-2: Driving force areas ADF, driving force DF and power requirement reduction 

 

 
Fig. 5-2: Polar plot of power requirement reduction 

The achievable power requirement reductions are remarkable: starting from wind angles 

TWA =30° positive power requirement reductions are achieved. Only at smaller wind angles 

additional aerodynamic drag is generated by the turnstile sail. The biggest power requirement 

reductions reach approx. 60% at wind angles TWA ≈ 90° and wind speed TWS = 12 m/s. 
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The realisable power requirement reductions in operational use depend a lot on routes and 

weather conditions. A benefit of system AUTARES is its ability to be used quickly and 

without delay, meaning straight after leaving the harbour or in confined waters. 

As first indication the arithmetic average over the named wind speeds and angles is 

calculated. In the given case it is: 

Average Power Requirement Reduction: %3.15 DP  

For the exemplary vessel a daily fuel consumption of  31.6 t/day is given. Assuming 250 days 

at sea per year and fuel costs of 467$/t (IF380, http://www.bunkerworld.com/) total fuel costs 

are $3.620.000,- per annum. Yearly fuel cost savings are therefore: 

Average Fuel Saving: $553.700,- per annum 

At a specific CO2 production of 3.1 kg CO2 / kg IF380 (source: Statoil) this results in a yearly 

reduction of CO2 emission of: 

Average reduction of CO2-emission: 3747 t per annum 

Update 2012: 

Fuel prices are under constant change with a general trend upwards. The following diagram 

shows the development of expected savings depending on fuel costs per ton for IW 380. 

 

Developments in the context of environmental friendly „green“ ships will lead to the use of 

low emission fuels, to “slow steaming” and other means to reduce emission. It has to be 

understood that the AUTARES system can be combined with any of these new propulsion 

systems, not only adding to the general goal of reducing emission but also increasing the cost 

reduction fraction due to the use of wind propulsion. 

6 Conclusion 

This report details the aerodynamic properties of the turnstile sail system AUTARES. It 

shows that the AUTARES system reaches lift and drag coefficients equal to those of typical 
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sail sets with the same aspect ratio. In a case study an average power requirement reduction of 

15.3% was determined. For a bulker of 75000tdw (scantling), fitted with a rig of three masts 

with a span of 50 m, average fuel cost savings of approx. half a million dollar per annum were 

predicted. 

Compared to other sail powered auxiliary drive systems AUTARES has some significant 

advantages: 

 Compared to SkySails it has much simpler construction and operation. It is less prone 

to failures and has a wider operational envelope (the range of wind angles where it is 

producing driving force) 

 Compared to a Flettner-rotor it has a simpler construction as well. Especially the 

complex bearing systems, needed to cope with the loads generated by rotating 

cylinders on a rolling ship are avoided 

 Compared to fixed wing sails AUTARES is more easily reefable. The reduction of sail 

area is easily automated 

AUTARES can be combined with other measures to reduce power requirement. 

Improvements of ships geometry, propulsion system or machinery can be combined with 

AUTARES. 

The herein presented study is to be understood as an initial study, focussing on aerodynamic 

properties. To create a marketable product a main study has to follow. The contents of the 

main study will be: 

(1) Further aerodynamic investigations: AUTARES should be compared to conventional 

sail systems, like triangular or trapeze shaped sails set on a fixed mast. It should be 

further investigated how the aerodynamic properties of AUTARES could be 

improved. This holds especially for the lift to drag relationship. As the wind tunnel 

tests so far have been carried out with only one model scalability has to be 

investigated. This could be done using numerical flow simulations with Reynold’s 

numbers in model and full scale. Further topics of an aerodynamic study are: 

a. Influence of several masts and sails on each other 

b. Influence of ship’s hull 

c. Investigation of centres of effort and steerability of the vessel 

(2) Hydrodynamic investigations: A sail system generates lateral forces, which have to be 

balanced by respective hydrodynamic forces. The ability of conventional vessel hulls 

to generate side force has to be investigated, as well as additional drag generated 

hereby. 

(3) Routing: To determine the realisable power savings routing information is needed, 

quantifying the expected weather conditions on exemplary routes. Cooperation with a 

meteorological consultant should be sought. 

(4) Engineering: For a real evaluation of the system a design with structural calculations 

is needed. The design has to include the mast and crosses as well as the integration 

into the vessel’s structure. 

(5) Costs: For the development of a marketing concept a costing-base for several 

exemplary vessels is most definitely needed. These cost estimations should be based 

on designs according to (4) and have to be found by bids from several manufacturers. 

The effort for the main study is significant. It is mostly preparatory engineering which is 

estimated in man-years:  
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(1) Aeromechanics: 1 man-year of an engineer, 20 days wind tunnel, computer costs for 

simulations (€ 155000,-) 

(2) Hydromechanics: 2 man-months, computer costs (€ 23000,-) 

(3) Routing (€ 30000,-) 

(4) Design and structural computations: 1.5 man-years, computer costs (€ 182800,-) 

(5) Costing 0.5 man-years (€ 57600,-) 

Total: € 448400,- 

This calculation is only an initial estimate and has to be further qualified. 

Kiel, 8.6.2010, KG, HR, updated 13.9.2012, KG 


