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2275085

Wind Powered Turbine

The present invention relates to a wind powered turbine
comprising a wheel or drum of vanes to be driven by reaction
with the wind. The invention may be used to generate
electricity or to drive other engines, such as ships”’

engines.

Background to_ the Invention

It is known to use a windmill type of mechanism coupled to
a generator to provide electrical power as the wind rotates
the blades, sails, or vanes of the windmill. However such
conventional axial flow windmill mechanisms are costly.
They need to be mounted high above the ground on a
substantial standing structure to allow the blades to
rotate. Such horizontal axis windmills also require
constant adjustment so as to maintain their direction into
the wind. Their speed needs to be governed for safety, but
they are still vulnerable in storm conditions even when
stopped. They are subject to fluctuating loading in the
blades leading to fatigue stresses, caused by the effective
wind speed being different at the top and bottom of their
rotative cycle, and interference by the supporting

structure.

A number of attempts have been made to design a more cost-
effective wind powered generator. Thus, it has been
proposed to provide two semi-circular vanes, rotationally
mounted directly on the ground about a vertical axis so that
each vane overlaps the other at the axis by about one third
of their diameter so as to create a general letter "S"
cross-sectional profile. Such a device is generally known
as a Savonius turbine and, though it is simple to construct,
support and operate as a self-starting turbine which is
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independent of the wind direction it has a relatively low

output efficiency.

Attempts have been made to improve the efficiency by
increasing the number of semi-circular vanes arranged about
the vertical axis. However, the addition of a third or
other blades does not significantly increase the efficiency

of the arrangement although it remains self-starting.

There is an improvement in efficiency with the Darrieus
rotor, invented by a Frenchman of that name in 1927. This
turbine consists of three half rings of aerofoil section
rotatably mounted top and bottom about a vertical axis. The
principle of operation of the Darrieus rotor is the use of
vanes each of which forms one half of a Torneau ring which
has negative drag. Such an arrangement is efficient but is
not self-starting, and requires running up to a critical
speed at which it is self sustaining. A Savononius turbine
is often mounted on the axis of a Darrieus rotor to provide
the self-starting feature. Alternatively a motor is
required to start the Darrieus turbine, and this adds to the

costs.

From work done by Dr P. Musgrove and his students at Reading
University it is known to provide two vertical symmetrical
section vanes set on opposite ends of an horizontal arm
mounted on a vertical axis and operating on the general
principle of the Darrieus. Such an arrangement is not self-
starting and it has other disadvantages, the main one being
that the rotor varies in speed at different points in its
cycle causing fluctuating current output and stress loads on
the vanes, bearings and structure.

The safety factor with efficient turbines becomes
significant for higher wind speeds. Special precautions
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need to be taken to prevent the disastrous accidents which
have occurred with windmills and known turbines in storm or
hurricane force winds. Generally powerful braking is
required to 1limit the rotational speed even when a

feathering control is applied to the blades or vanes.

In summary, the factors which should be considered in the

provision of a commercially viable machine are:

(1) the need to avoid tall substantial structures to support

the turbine;

(2) the need to react to the wind over a wide range of wind
speeds with a substantially constant power output;

(3) the need to react to the wind regardless of direction so
avoiding continual re-orientation to ensure that the

windmill always points into the wind;

(4) the need to reduce manufacturing costs and increase

power output efficiency;

(5) the need to eliminate the use of a step-up gearbox to
drive a generator at an efficient speed by a slow turning

rotor;
(6) the need to be self-starting; and

(7) the need to reduce excessive stresses generated in the

structure at high wind speeds.

It is an object of the present invention to provide a cost-
efficient wind powered turbine which is self-starting,
substantially independent of wind direction and speed and
which can be mounted on a low tower about a vertical axis of
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rotation.

It is a further object of the present invention to reduce
the need for a gearbox by enabling the turbine to be
connected to a large diameter, slow turning generator.

Summary of the Invention

According to the present invention there is provided a wind
powered turbine for driving an engine, comprising a
plurality of vanes tangentially angled about the axis of a
drum-like frame arranged to rotate about its longitudinal
axis and having a tubular member mounted co-axially with the
longitudinal axis and within the path swept by the vanes as
they rotate so as to constrain the wind to follow an arcuate
path between entry and exit points where it reacts with the
vanes of the turbine.

According to a further aspect of the invention there is
provided a wind powered turbine comprising a plurality of
vanes mounted to rotate, under reaction to the wind, in a
circle about a vertical axis, said vanes being inclined to
the tangent of the circle of rotation so that wind which
provides rotational power to the turbine as it is deflected
by the vanes inside the circle of rotation is constrained to
follow an arcuate path before it exits from the circle to
provide additional positive rotational power by further

reaction on the vanes.

The turbine may be mounted with the axis substantially
vertical so that it reacts to the wind regardless of wind

direction.

The tangential angle of the vanes may be varied according to
wind speed and the power output reguirements. When the wind
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is blowing strongly, for example, the tangential angle of
the vanes may be narrowed so as to reduce the speed of
rotation relative to a high tangential angle. Conversely,
at low wind speeds the tangential angle of the vanes may be
increased. By varying the angle of the vanes according to
wind speed the turbine may be adjusted to provide
substantially constant power output. If the wind blows very
strongly the angle of the vanes may be adjusted so that they
form a substantially closed tube with relatively little wind
resistance, thereby reducing the risk of damage to the
turbine or its supporting structure. The angle of the vanes
may be preset, manually adjusted or automatically adjusted
depending upon wind speed and power output requirements.

The vanes are preferably of aerofoil section although
straight or curved slats are effective. The axis about
which the vanes are arranged to pivot may be offset from the

profile of the vane.

To prevent end losses of the wind passing through the
turbine between entry and exit points, the drum-like frame
may be provided with end-plates. The end-plates may extend
beyond the path swept by the vanes to assist wind alignment,
particularly at the entry and exit points.

The tubular member may contain, or be operatively connected

to, an electric generator.

It is possible to provide two wind powered turbines
according to the invention one above the other on a common
axis of rotation but arranged to rotate in opposite
directions so that the stator of an electric generator
within the tubular member is coupled to one of the turbines,
and the rotor to the other turbine so that the relative

rotational speed for the generator is the sum of the
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rotational speeds of the two turbines.

The turbine is also suitable for connection to a large
diameter, slow turning generator, thereby removing the need

for a gearbox.

Brief Description of the Drawings

The invention will now be described, by way of example, with
reference to the accompanying diagrammatic drawing in which:

Figure 1 shows in plan view a horizontal section

through a wind powered turbine;

Figure 2 shows an adjustable end-plate mounting
arrangement for the turbine;

Figure 3 shows a turbine with vanes set for low wind

speed;

Figure 4 shows the turbine with the vanes set for zero

output; and

Figure 5 shows a turbine with vanes of an alternative

shape.

Referring now to the drawing, Figure 1 shows a number of
turbine vanes 1 mounted about a axis of rotation 2 by means
of pins 3 in an end-plate 4. A tubular member 5 of
cylindrical section coaxial with the axis 2 lays inside the
circle on which the pins 3 are located. The direction of
the wind is illustrated by a series of arrows A which
represent the direction (but not the velocity) of the wind
when the turbine is operated.
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It will be seen that as the wind strikes the turbine it is
deflected into the core of the turbine on the left-hand
(down-stream) side so that the vanes 1 act as paddles which
react against the force of the wind to start the turbine
rotating. Because of the angle of the vanes on the right-
hand (up-stream) of the turbine the wind is deflected across
the outer surface of the vane which tends to draw air from
the underside of the vanes according to a known aerofoil
effect. The tubular member 5 causes the wind which is
trapped within the turbine blades to follow an arcuate path
from each entry point to exit point where it exits between
the vanes over the up-stream travel of the vanes. This flow
of air from within the turbine adds a positive thrust to the

turbine.

By using a transparent plastic end-plate 4 and a series of
smoke streams within a wind tunnel, the wind flow around and
within the turbine could be photographed and analyzed. From
the analysis it was possible to see the different effects
produced by vane shape and angle of attack. It will be seen
that the tubular member 5 prevents the air trapped within
the turbine at an entry point from taking the direct path to
an exit point. Because the air is forced around an arcuate
path between the rotating vanes and the tubular member 5
within the turbine this ensures that the wind is vented
almost entirely on the up-stream passage of the vanes. By
venting the wind on the up-stream path it will be seen that
a large part of the wind energy has been removed. The
majority of the wind is vented at B as shown on Figure 1
where the down-stream motion starts to turn to up-stream

motion.

on the up-stream side, beyond the point C as shown in Figure
1, where the wind ceases to be deflected from the rotating
vanes, the smoke analysis shows that over approximately 90°
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between C and A the aerofoil section of the vanes produces
a positive up-wind force, each vane in turn acting as a
leading edge slat to the following vane. This was
demonstrated in the wind tunnel by shutting off the flow of
wind on the down-stream side of the rotor. The wind on the
up-stream side would then cause the rotor to start and turn
to windward, indicating that in normal use the rotor

produces power during practically 360° of its rotation.

Referring now also to figure 2 this shows a means for
adjusting the angle of attack of the turbine vanes 1. As
shown in figure 2 the vanes may be parallel sided laths
connected at one end by pivot pins 6 to a ring 7 on the end-
plate 4, and connected toward their other end by a slider
pin 8 on a ring 9 capable of rotational adjustment relative
to the ring 7. The slider pins 8 co-operate with slots in

the vanes 1.

The angle of attack of the vanes 1 enables the speed of the
turbine to be controlled at a substantially constant speed

over a wide range of wind speeds.

Referring again to Figure 2 a known form of governor may be
used to adjust the relative positions of the rings 7 and 9
and hence to adjust the angle of attack of the vanes 1.

Alternatively the relative position of the rings 7 and 9 may
be manually adjusted. It will be appreciated that as the
angle of attack of a blade increases from 2zero so the
reaction to the wind increases and hence the power output

increases.

Figures 3 and 4 illustrate the two extremes of control for
the angle of attack of the vanes. In figure 3 the angle of
attack is at its greatest which is applicable to low wind
speeds. As the turbine is symmetrical the direction of the
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wind relative to the turbine will not affect its output.

Figure 4 shows the vane position for zero output. As the
vanes are touching and form a substantially closed cylinder
there will be no rotational reaction to the wind. 1In this
position, as shown in figure 4, the tangential angle of the
vanes is defined as zero. By increasing the tangential
angle of the vanes (ie the angle of the blades at a tangent
to the circle of rotation through the pivot pins) the wind
will catch the turbine vanes on the down-stream side and the
turbine will start to rotate. The velocity of the wind may
be used to adjust automatically the angle of attack of the
vanes so that the power output is maintained substantially

constant.

Tt was found that although the turbine was effective when
the vanes were supported on an open ended frame, the
efficiency was improved by the use of an end-plate which
extended beyond the cylinder of rotation swept by the vanes.
The available power output will be determined largely by the
size of the turbine, however the size of the tubular member
5 within the turbine will also affect the amount by which
the wind is diverted around an arcuate path in accordance
with the invention. The tubular member 5 may form the shaft
of the turbine so that it rotates with the vanes 1,
alternatively it may be static. The tubular member 5 of
generally circular cylindrical section may contain the
electric generator driven by the turbine. If two turbines
are mounted co-axially and arranged so that they rotate in
opposite directions the stator of the electric generator may
be coupled to one turbine and the rotor of the generator may
be coupled to the other turbine so that the rotational speed
of the generator is the sum of the rotational speeds of the
turbines. It is therefore possible to stop one of the
turbines by holding it with the vanes set as shown in figure
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4 and allowing the other turbine only to rotate. For low
wind speeds both turbines may be brought into effect to

increase the speed of the generator.

Figure 5 shows an alternative shape of vane 1 which has a
substantially flat inner surface and a curved outer facing
surface which facilitates manufacture. Here, vanes A, B, C
are shown closed, and others are shown in the open or

driving position.

It will be appreciated that the present invention has many
advantages over known forms of windmills and turbines. Most
known motors require a gear box to provide sufficient speed
to operate electrical alternators efficiently. Although
gearing may be used with the present invention the layout of
the turbine lends itself to the use of a large diameter
alternator (as large as the turbine itself) turning at rotor
speed; and by using two turbines one above the other (as
described above) the speed may be increased by control of
the vane angle up to double the speed.

The use of multiple vanes in the turbine ensures that its
speed will not fluctuate substantially as it rotates, thus
producing a smooth generation of electrical power and
minimising fatigue stresses. The optimum number of blades
which will give sufficiently smooth generation of power and
an acceptable level of power generation will vary according
to the specific design and size of the turbine, and the
application for which it is to be used.

Additionally, the present invention is of inherently safe
design as it may be shut down to provide no more resistance
to the wind then a cylinder of the diameter of closed vanes.
This safety aspect is particularly important if the turbine
is used to power a ship as the wind resistance of the ship’s

2
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superstructure including the turbine must not make the ship

unseaworthy.
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CLATIMS

1. A wind powered turbine for driving an engine,
comprising a plurality of vanes tangentially angled about
the axis of a drum-like frame arranged to rotate about its
longitudinal axis and having a tubular member mounted co-
axially with the longitudinal axis and within the path swept
by the vanes as they rotate so as to constrain the wind to
follow an arcuate path between entry and exit points where
it reacts with the vanes of the turbine.

2. A turbine as claimed in claim 1, which is mounted with
the axis substantially vertical so that it reacts to the

wind regardless of wind direction.

3. A turbine as claimed in claim 1 or claim 2, wherein the

vanes are of aerofoil section.

4. A turbine as claimed in any one of the preceding
claims, wherein the drum-like frame is provided with end-
plates to prevent end losses of the wind passing through the
turbine between entry and exit points.

5. A turbine as claimed in claim 5, wherein the end-plates
extend beyond the path swept by the vanes to assist wind

alignment.

6. A turbine as claimed in any one of the preceding
claims, wherein the tubular member contains an electric

generator.

7. A turbine as claimed in any one of the preceding
claims, wherein the angle of the vanes is adjustable so as

to maintain a substantially constant power output.
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8. A turbine as claimed in any one of the preceding
claims, wherein the vanes may be angled to form a

substantially closed tube.

9. A generator comprising a stator and a rotor driven by
a first and a second turbine according to any one of the
preceding claims, the turbines being arranged to rotate on
a common axis in opposite directions, wherein the tubular
member of the first turbine carries the stator, and the
tubular member of the second turbine carries the rotor so
that the relative rotational speed for the generator is the
sum of the rotational speeds of the two turbines.

10. 2 method of operating a turbine according to any one of
the preceding claims, the method comprising adjusting the
angle of the vanes so as to produce a substantially constant

power output.

11 A method of operating a turbine as claimed in claim 10,
wherein the vanes are angled so as to produce a

substantially closed tube.

12 A turbine substantially as hereinbefore described, with
reference to and as shown in any one of the drawings.
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