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SAILBOAT PERFORMANCE WITH A FREE TRACTION VECTOR
Book illustrates the results of the survey revealing the possibility of sailboat design with a free traction vector. The main feature of sailboats of this type is that they are capable to sail in any direction including a straightforward one in the wind without tacks. More than 10 sailboat types with a free traction vector are considered. Herein the brief description of two of them is provided.

Vertical Balance (Fig. 1).
Sail or keel are installed on one mast that is capable to rotate about a horizontal axis (C point) positioned in parallel with the sailboat fore-and-aft axis. I addition the keel and the sail perform rotationally oscillatory movements with respect to the hull and perpendicular to these axes. Within a fixed reference their motion paths are conjugate segments of a propeller curve formed on cylindrical surfaces.

In the course of rotation, when a rotation limit angle 
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 is achieved the keel and sail incidence angle change and direction of rotation changes simultaneously. That is why such a tandem is called a vertical balance. At this stage the keel may be out of water or stay in water. The first option is preferable as it is easier to change keel position angle while in air. Forces and velocities distribution diagrams are shown in Fig. 1b. Here the following values are assumed:

Rд is water response to a moving keel drift;

Rс is hull’s aerohydrodynamical resistance response (environment response);

Rк is a moving keel aerohydrodynamical resistance response;

Rд is water response to a hull drift;

Fт  – sailboat traction force;

Vк is a moving keel absolute velocity;

Vc sailboat velocity;
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 is Vк velocity angle to ОХУ fixed system;

Vв – true wind velocity;
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 – Vв angle in ОХУ system.

In case of a uniform velocity motion the traction force Fт is equal to environmental resistance Rс.
Several balances of this kind are installed on one sailboat they can be integrated into one mechanical system (Fig. 1c). This will eliminate difficulties in dead spots, when tandems achieve limit angles 
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 and will provide their synchronous performance. For this purpose tandems’ movement shall be phase-shifted relative to each other as it is done, for example, with the combustion engine pistons. Integration may be achieved with the help of a crank mechanism or a diagram shown in Fig. 7.2 of this book.

Common Horizontal Propeller (Fig. 2 and 3)
The common view of the boat with this type of propulsion device is shown in Fig. 2. The motion is provided due to rotation of the propulsion device free element called a horizontal propeller (Fig. 3). There may be several of them and one at least. In Fig. 2 there are 4 propellers: A, B, C and D. In its turn each propeller consists of a sail and keel propeller. Sail propeller consists of sails and sail girders integrating the sails. It is shown in the left field of Fig. 3.  A keel propeller (the right field of Fig. 3) consists of movable keels and keel girders integrating the keels.

Sail girders are interconnected rigidly at 90 degrees angle. Keel girders are interconnected in a similar way. Sail and keel propellers are interconnected at 
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 angle. The Figure provides for two options of this angle, when 
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=0° (Fig. 3b) and 
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=45° (Fig. 3c). Hence a horizontal propeller is formed consisting of 4 sails, two sail girders, 4 keels and 2 keel girders. The center of its rotation is Ос point. The sail and keel propellers are shown separately to avoid figure shading.

The horizontal propeller may rotate both clockwise and counterclockwise. Fig. 3 shows the option, when the propeller rotates counterclockwise, and sailboat is moving in positive direction of ОсУс axis.

Within ОсасбОс sector the keels are in active sate, whereas in ОсабОс sector they are passive. When active, the keels are supported by water and assist to the sailboat forward motion. To switch to the passive state they are automatically removed from water and are moving in air in a position of minimal aerodynamic resistance. When horizontal propeller is rotating all keels, when they get to ОсабОс sector, become passive, and when they leave it, they return to the active state. The diagrams of forces and velocities distribution on the movable keel are actually similar to those shown in Fig. 1b. The difference lies in the fact that within the reference system fixed with the hull in our case rotation occurs in a horizontal plane, whereas in previous case in vertical.

Sails may also be active or passive. In first case they rotate a horizontal propeller, and as a rule they deliver the force contributing to movement to the propeller axis. In the second case (passive) they occupy the position with the minimal aerodynamic resistance. The states interchange automatically.

In fig. 3 the sails and keels are numbered. If the propeller in Fig. 3b is turned by 90 degrees counterclockwise, the numbering on its elements will look as shown in Fig. 3d.

Sails’ active and passive state at different stage of performance is calculated subject to Vв vector and boat heading.

The key difference of the technique under consideration is in rejection of the conventional static bracing of sails and keels to the boat hull. In propulsion devices under consideration the sails and movable keels form tandems, which are continuously moving with respect to the boat hull. This motion is achieved due to respective design options of the propulsion device and is performed with wind energy. Sails and keels rotate simultaneously about their (movable) axes as well as axes unmovable with respect to the boat hull. Note that each of these axes is positioned in a way providing that the force effecting the sail (keel) passes along it without creation of the momentum.

Motion of sails results in change of vector of the apparent wind direction, and, as a rule, in its growth. The latter ensures the increase of wind velocity on the sail as it is proportional to apparent wind velocity squared. In case of the sails proper orientation the increasing force contributes to the increase of the boat velocity.

Movable keels perform in a likewise manner. They shall not be confused with the screw blades. The performance of movable keels was borrowed from conventional sailboats. In direction of drift the movable keel planes are supported with water and are moving in direction perpendicular to the drift force. Besides, sailboats are additionally equipped with fixed conventional keel to transfer the associated drift forces from the boat hull to water.

When moving in the wind the sailboat velocity is to a considerable extent a function of Rд.макс. limiting value that can be transferred in a form of drift response to water by the movable keels. Note that the tandems’ motion path looks like a sailboat path, when making tacks against the wind.

Herein there is an illustration of the positive effect on a boat with a vertical balance for two cases : when moving directly in the wind (
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 = -90°) and by the wind (
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 = 90°). To make the task easier assume that the forces applied to sail and keel are equidistant from the rotation point C (Fig. 1a, it means that the sail and keel have equal arms with respect to the axis of rotation. Motion is directed positively with respect to OY axis of OXY system.

The assumed technique provides for development of two positive factors.

1. Due to the tandem’s design peculiar features it has a lower aerohydrodynamical factor to compare with the Common Boat (hereinafter, ОЛ) resulting in higher velocity. In this case the basic mass that is the boat hull with relatively high resistance factor, moves to the target along the shortest path that is the direct line. ОЛ hull and sails shall pass a long way with tacks that naturally effects the velocity.

For the case, when 
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 = -90°, the first factor calculation will look as follows. When tacking, the most efficient ОЛ heading has a 46 degrees angle to OX axis. And its velocity is Vc = 5.65 m/s. The unknown velocity along OY axis is 5.65*sin(46°) = 4.03 m/s. It means that to achieve the target ОЛ hull shall pass a way that is 40% (5.65/4.03 = 1.4) longer than the path of the assumed boat. As hull resistance is proportional to velocity squared, at other similar conditions the ОЛ losses will be 69% [(1,4)2=1,69] higher than those of the assumed boat.

In case, when 
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 = 90°, the most preferable path for a Common Boat is a tack with the angle to OX axis equal to 62 degrees. Note than Vc = 5.48 m/s and its velocity along OY  axis is 4.84 m/s. Respectively, ОЛ hull will pass a way that is 13% longer (5.48/4.84 = 1.13) than the boat under the assumed technique moving straightforward. Hence, at other equal conditions ОЛ losses, when overcoming water resistance to the hull movement will be higher by 28% [(1.13)2=1.28].

For the case, when 
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 = -90°, the new hull velocity with respect to the friction mechanisms is equal to 5.65 m/s, whereas tandems’ linear velocities are 11 m/s [11=5.65/sin(
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=31°)]. Here 
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 is the angle of a keel (sail) path to OX axis. Comparison reveals that tandem’s sail velocity is nearly twice as high as ОЛ sail velocity.

In case, when 
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 = 90°, the assumed boat hull velocity with respect to the friction mechanisms is equal to 6.05 m/s, whereas tandems’ linear velocities are 11.1 m/s [11.1 = 6.05/sin(
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=33°)]. Hence, the tandem’s sail velocity is twice as high as ОЛ sail velocity.

2. The first positive factor creates conditions for the second positive factor. As tandem’s linear velocities are higher than those of ОЛ, the apparent wind velocity on sail of this immobile element is higher. The force Fв developed by sail is proportional to apparent velocity squared. So, propulsion device traction force will increase respectively. In the cases under consideration this exceedance is nearly four-fold [(2)2=4].

The above demonstrates the overlap of two positive factors. Note that this occurred due to reciprocal gain rather than superimposition. Actually the above factors take place with all types of sailboats discussed in the book.

Conventional sailboats sail at maximum speed when moving in direction nearly perpendicular to the true wind. The above survey reveals that the boat with a vertical balance (Fig. 1) can sail straightforward in the wind (
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= -90°) even at higher velocity. In this case the Exceedance of the velocity is more than 14% to compare with ОЛ sailing at 90 degrees angle to the true wind.

Relatively better velocity values of the sailboats under consideration have been achieved due to higher complexity of their propulsion devices design. This complies with general trends of technical and engineering development of ships.

Propulsion devices shall be equipped with a system monitoring and adjusting the sails and keels incidence angles. The performance of the system looks like performance of the combustion engine cam shaft. Three system scenarios have been put forward for this system: computer-based with electric drive, mechanical and integral.

Section 11.3 of the book considers the propulsion devices with a horizontal propeller capable to ensure a boat traction vector that is free in 3 directions.

Actually, the boats under consideration are equipped with wind motors with conventional sailboat elements prevailing in key operating principles. Practical application of the propulsion devices under consideration is related to changes in ideology of sailboat operation while sailing. Similar to a motorboat the heading shall be controlled only, whereas the propulsion device shall perform on its own. Motor and propulsion devices mechanisms shall adjust attack angles of sails and keels, as well as other elements performance. This can be compared with combustion engine valves performance that does not need human interference. Probably, some time will be required to adopt the idea that sails can  change their position without sailors’ or yachtsmen’s assistances. The novelty may bring sailboats back to commercial freight shipment.

Practically, the propulsion devices with a vertical balance may be considered the simplest.  It provides boat’s high velocities at wind angles 
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 and at the same time, it is easy to switch to a common boat performance, if necessary.

Calculation techniques are provided for all propulsion devices as well as calculation outcomes for specific cases. Specially developed calculation technique hereinafter called a principle of simultaneous events (ОС) has been put forward.

Linear velocity (Vс) results for the basic types of sailboats discussed in this book are shown in the Table attached. True wind 
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 varied within the range from -90° to +90°. A common boat (ОЛ) described in Chapter 4 of this book has been used as the main analogue for comparison. All sailboats have similar configuration of basic parameters that is called “standard” in Chapter 3.

Most of boats were calculated for several values of maximum permissible keel drift response Rд.макс. . Table includes the outcomes with maximum and minimum values of this parameter.

In columns 5-13 two lines of data are provided for each sailboat type (except for ОЛ) at current 
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 angel value: the first is its velocity Vс, and the second (with letter “a” in the line number shows the percentage of Exceedance or decrease of this velocity with respect to the ОЛ corresponding velocity. For example, Line 8, canoe principle, at Rд.макс. =300 kgf 
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=-23°, Vс =9.05 m/s. For the same true wind direction ОЛ has velocity Vс =7.74 m/s. The new technique velocity exceedance over the prototype is 16.9% that is recorded in Line 8a below value 9.05.

Maximum velocity exceedance for the boats under consideration is observed at 
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. For the vertical balance it comprises 131.5%, whereas for horizontal it is 88.6%.

Propulsion devices under “vertical balance” option (Line 3) can successfully operate at 
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 only. In other cases it will successfully perform under ОЛ principle exclusively. So, in accordance with Columns 6-12 it is equal to the main analogue velocity, and percent ratio is equal to zero. A similar case occurs with the boat and one tug (Line 7) within an interval, when 
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 varies from - 45° to +45°. In Table Vс values for the events discussed are in italics.

One of the key conclusions of the comparative analysis is the following: a sailboat velocity is actually a function of Rд.макс. value, when 
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 angle is close to -90°. It means that movable keels with maximum Rд.макс.. value shall be designed, if practical.

Velocities comparison reveals that the best boats are sailboats of three types: with horizontal propeller, based on canoe principle and with horizontal balance. Among the propulsion devices under consideration with the horizontal propeller the best have most complicated design: with variable keel volume and buoyant power.

Hence, the sailboat of the design under consideration have velocity 10-40% than a conventional sailboat and while moving in the wind (
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= -90°) the speed of some of them is nearly twice as high. The maximum velocity exceedance values are achieved at heading close to 
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. ОЛ  velocity at 
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= -90° is symbolic as it implies tacking. The sailboats under consideration have a straightforward heading.

The software used to design sailboats with horizontal propeller has covered 0.02% of potential options of sail orientation only. For propulsion devices with horizontal balance and canoe principle-based this values comprise about 3.5%. Hence, in case of a more detailed option analysis better results are quite possible. For other boat types the above percentage is higher.

Based on the survey fulfilled and the outcomes obtained the following can be concluded:

1. When one medium is moving with respect to another medium, a sailboat can always be designed capable of moving any direction on the media interface surface.

2. A sailboat is moving due to energy of the media relative movement under force of free traction vector that is formed by the propulsion device.

3. Dynamic sails or keels ensure sailboat’s better velocity parameters than the static ones.
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