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(54) Title: TURBINE

FIG. 5

(57) Abstract: A wind turbine for capturing energy from a fluid flow comprises a rotor having a rotational axis and a plurality of
rotor blades (104) arranged for rotation about the rotational axis. The rotor blades extend longitudinally in a direction substantial
ly parallel to the rotational axis. A shield member V3 is arranged to shield some of the rotor blades from an oncoming wind where
incidence of the wind on those rotor blades would act against rotation of the rotor in the direction of rotation. The rotor blades
(104) are distributed about the circumference of the rotor and are spaced from the rotational axis, defining a substantially cylindri
cal space within the rotor through which the wind passes. The shield member V3 is defined by a radially inward surface and a ra
dially outward surface. The radially inward surface follows substantially a portion of the circumference of the rotor. The radially
outward surface of the shield member V3 comprises a first portion which meets the radially inward surface. In the region of the in
terface with the radially inward surface, the first portion extends in a first direction n that makes an angle of at least 0 degrees and
up to 90 degrees in the contra-rotational direction with the radial direction of the rotor. The radially outward surface of the shield
member V3 comprises a second portion which meets the first portion. At least a portion of the second portion extends in a second
direction p that makes an angle of more than 0 degrees in the contra-rotational direction with the first direction n. The turbine has
improved power output and efficiency compared to earlier similar designs.
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TURBINE

Field of the Invention

The present invention relates to a turbine for capturing energy from a fluid flow, in particular a

wind turbine. However, the invention is also of application to water-powered turbines.

Background of the Invention

The energy in flowing fluids such as from wind, flowing rivers and from tides is a source of

energy for generating, for example, electricity without producing polluting emissions such as

carbon dioxide. At present there is a need for devices that can generate electrical energy from

wind or other fluid flows efficiently and economically. Even the extant commercial and

industrial devices have an inordinate payback period that makes them very difficult to justify on

a purely economic and commercial basis.

There are two major types of wind turbines:

the horizontal axis wind turbine (HAWT) where the wind blows along the axis of

rotation, through the 'disk' formed by the rotating blades; and

the vertical axis wind turbine (VAWT) where the wind is perpendicular to the axis of

rotation.

The HAWT is a propeller design, with long blades attached at one end to a rotating hub. Once

rotating, the apparent wind direction affecting each blade varies along the length of the blade,

which is twisted in order to achieve optimum performance. It now seems accepted that only the

outer one third of the length of the blade generates appreciable power. Larger sizes of

HAWTS create major engineering and installation problems and they are noisy.

The VAWT is exemplified by the Darrieus design first described by Georges Jean Marie

Darrieus in US Patent No. 1,835,018. The turbine has an axle that rotates about an axis that

extends perpendicularly to the wind direction. The turbine has a plurality of blades, which are

mechanically connected to the axle. The blades have a streamline section, which extends

along an axis that is a tangent to a circle concentric with the axle. Wind blowing across the

turbine, generates a transverse thrust and thus rotation of the axle.

Recent designs of VAWTs by Turby B.V of Lochem, The Netherlands and XC02/Quiet

Revolution (UK Patent Application No. GB-A-2404227) have three blades which rotate about a



longitudinal axis in which the upper end and the lower end of the blades are offset from each

other horizontally so that each blade has a helix-like form. Other designs for vertical axis wind

turbines are disclosed in JP 2008-025518, WO 2006/039727, WO 02/095221 , DE 24 44 803,

DE 24 5 1 751 , US 2003/020991 1 and WO 2006/095369.

Summary of the Invention

The present invention provides a turbine for capturing energy from a fluid flow, in particular a

wind turbine. The turbine comprises:

a rotor having a rotational axis and a plurality of rotor blades arranged for rotation

about the rotational axis in a direction of rotation and extending longitudinally in a direction

substantially parallel to the rotational axis;

a shield member arranged to shield, in use, some of the rotor blades from an oncoming

fluid flow where incidence of the fluid on those rotor blades would act against rotation of the

rotor in the direction of rotation;

wherein the rotor blades are distributed about the circumference of the rotor and are

spaced from the rotational axis, whereby to define a substantially cylindrical space within the

rotor through which space the fluid flow passes, in use of the turbine;

wherein the shield member is defined by a radially inward surface and a radially

outward surface, the radially inward surface substantially following a portion of the

circumference of the rotor;

wherein the radially outward surface of the shield member comprises a first portion

which meets the radially inward surface and in the region of the interface with the radially

inward surface, the first portion extends in a first direction that makes an angle of at least 0

degrees and up to 90 degrees in the contra-rotational direction with the radial direction of the

rotor; and

wherein the radially outward surface of the shield member comprises a second portion

which meets the first portion and the angle between the first direction and a second direction

which follows at least a portion of the surface of the second portion is more than 0 degrees in

the contra-rotational direction.

A turbine having the configuration defined above has been found to have superior power

output and efficiency when compared to prior designs. In particular, many prior designs rely

on the Venturi effect to funnel airflow through the turbine. The design according to the

invention, at least in the presently preferred embodiments, creates a region of high pressure in

the region of the shielding member which accelerates fluid into and through the device. The



open centre of the turbine allows each rotor blade to interact with the fluid twice: once as the

fluid enters the rotor and once as the fluid exits this rotor. This allows the turbine to extract the

maximum energy from the fluid.

The radially inward surface of the shield member follows a portion of the circumference of the

rotor. However, it is not necessary, although possible for the radially inward surface of the

shield member to follow the circumference of the rotor along the entire length of the radially

inward surface. Thus the radially inward surface may diverge from the circumferential direction

of the rotor, for example in the leeward direction of the radially inward surface.

The angle between the first direction and the radial direction of the rotor may be greater than 0

degrees, desirably greater than 15 degrees, preferably greater than 30 degrees, more

preferably greater than 45 degrees, yet more preferably greater than 60 degrees. The angle

between the first direction and the radial direction of the rotor may be less than 90 degrees,

preferably less than 85 degrees, more preferably less than 80 degrees. A preferred range for

the angle between the first direction and the radial direction of the rotor is between 60 degrees

and 80 degrees.

The angle between the first direction and the second direction may be greater than 40

degrees, preferably greater than 60 degrees. The angle between the first direction and the

second direction may be less than 100 degrees. A preferred range for the angle between the

first direction and the second direction is between 60 degrees and 100 degrees. The second

portion can be considered to extends in a second direction that makes a (maximum) angle of

more than 180 degrees in the contra-rotational direction with the reverse of the first direction.

The radially outward surface of the shield member may comprise a third portion which meets

the second portion. At least a portion of the third portion may extend in a third direction that

makes an angle of more than 0 degrees in the rotational direction with the second direction.

Thus, at least a portion of the third portion may extend in a third direction that makes an angle

of less than 180 degrees in the contra-rotational direction with the reverse of the second

direction. The angle between the second direction and the third direction may be less than 90

degrees, preferably less than 60 degrees. The angle between the second direction and the

third direction may be greater than 30 degrees. A preferred range for the angle between the

second direction and the third direction is between 30 degrees and 60 degrees. In certain
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embodiments, where the third portion is particularly short, the angle between the second

portion and the third portion may be greater than 90 degrees.

Where the radially outward surface of the shield member is curved, the first direction and/or

the second direction and/or the third direction may be determined by reference to the tangent

to the relevant portion of the curved surface. Thus, in accordance with the invention, the

curved surfaces are selected to each have at least one tangent that meets the requirements

for the relevant direction.

The third portion may have a length greater than half the radius of the rotor and less than three

times the radius of the rotor. Preferably the third portion has a length greater than 70% of the

radius of the rotor, more preferably the third portion has a length greater than the radius of the

rotor. Preferably the third portion has a length less than twice the radius of the rotor. The third

portion may have a length less than the radius of the rotor. In determining an appropriate

length for the third (tail) portion, there is a trade off between the power output of the turbine

and the stability and manufacturability of the overall device.

The rotor blades may be arcuate in cross-section. In this sense, arcuate does not imply that

the rotor blades are formed by an arc of a circle, although this is possible, merely that the rotor

blades are curved in some way. A curved blade design with a concave trailing surface is

effective in "catching" fluid flow. Similarly, a convex leading surface of the rotor blade can

guide fluid flow through the turbine.

The blades may be tilted with respect to the radial direction of the rotor. Thus, a chord line

between the ends of the arcuate cross-section of the blades may make an angle of more than

0 degrees and less than 45 degrees in the contra-rotational direction with the outward radial

direction of the rotor. The use of the term "chord line" is not intended to imply that the blades

are formed by an arc of a circle, although this is possible. The angle of the chord line to the

radial direction of the rotor may be greater than 5 degrees, preferably greater than 10 degrees.

The angle of the chord line to the radial direction of the rotor may be less than 40 degrees,

desirably less than 35 degrees, preferably less than 30 degrees, more preferably less than 25

degrees, yet more preferably less than 20 degrees.

It is not necessary for all of the rotor blades to be identical in size, position or orientation,

although this simplifies design and manufacture of the turbine. In certain embodiments of the



invention, the rotor blades may have a helical configuration. Thus, the blades may extend

longitudinally not only in a direction parallel to the axis of rotation of the turbine, but also in a

direction which is tangential to the axis of rotation, whereby to define a helix.

Typically, the turbine may comprise more than five rotor blades and fewer than 19 rotor blades.

Desirably, the turbine may comprise more than seven rotor blades. Desirably, the turbine may

comprise fewer than 17 rotor blades, preferably fewer than 15 rotor blades and more

preferably fewer than 13 rotor blades, yet more preferably fewer than eleven rotor blades,

most preferably fewer than nine rotor blades. A presently preferred turbine design for a full-

size production prototype comprises eight rotor blades.

The extent of the rotor blades in the radial direction of the rotor may be greater than 10% of

the radius of the rotor and less than 50% of the radius of the rotor. Desirably, the extent of the

rotor blades in the radial direction of the rotor may be greater than 15%, preferably greater

than 20%, more preferably greater than 25% of the radius of the rotor. Desirably, the extent of

the rotor blades in the radial direction of the rotor may be less than 45%, preferably less than

40% of the radius of the rotor.

The turbine may comprise a flow-directing member within the substantially cylindrical space.

The flow-directing member may have a radially outward surface which follows substantially a

portion of the circumference of the substantially cylindrical space. The flow-directing member

may have a radially inward surface that substantially mirrors the radially outward surface.

The turbine may be configured such that the radius of the rotor bounding the shield member

makes an angle ("the wind angle") of at least zero degrees and up to 45 degrees with the

direction of fluid flow incident on the turbine rotor. The wind angle may be greater than 0

degrees, preferably greater than 5 degrees, more preferably greater than 10 degrees. The

wind angle may be less than 45 degrees, preferably less than 35 degrees, more preferably

less than 25 degrees. A preferred range for the wind angle is between 10 degrees and 25

degrees.

Brief Description of the Drawings

Embodiments of the invention will now be described in more detail by way of example only and

with reference to the accompanying drawings, in which:



Figure 1 is a plan view of a device to explain the present invention;

Figure 2a is a cross-section of a portion of the device of Figure 1;

Figure 2b is a cross-section of an alternative embodiment of a portion of the device of

Figure 2a;

Figure 3 is a plan view of a device embodying the present invention;

Figure 4 is a schematic plan view of a turbine according to a further embodiment of the

invention; and

Figure 5 is a schematic plan view of a turbine according to a yet further embodiment of

the invention.

Detailed Description of the Preferred Embodiment

A device 100 for translating fluid flow into rotary motion, in the form of a wind turbine, is shown

in Figure 1. The driving blades extend along the axis of rotation and the axis of rotation

projects vertically from the ground. Thus, the device can be described as a vertical axis wind

turbine. The direction of the fluid flow and the axis of rotation of the device of Figure 1 are

perpendicular to one another. The device can take the form of a simple arrangement with one

rotating component, which converts kinetic energy from the wind into torque in a rotating shaft.

As shown in Figure 1, the device 100 comprises a rotor formed of an axle 102 to which a

plurality of blades 104 are connected and around which they are located. The blades 104 are

connected to the axle 102 by a disc 101 . The disc 10 1 is centred on and connected to the axle

102. In cross-section, the blades 104 are arcuate with a convex leading surface and a concave

trailing surface. The blades 104 are equally spaced radially from the axle 102 and the blades

104 are equally spaced circumferentially from one another. The longitudinal axes of the blades

104 extend substantially parallel to the axle 102. The blades 104 are all identical and straight.

The blades could also be helical, that is twist around the axis of rotation as they extend along

it. The blades could also extend towards the axis of rotation as they extend along the axis.

The rotating axle 102 can be connected to a dynamo or other electricity generating device in

order to generate electricity from the fluid flow. Alternatively, it could be used as a motive force

or in a combination of motive force and electricity generation.

The shape of the cross-section of the blades 104 is shown in Figure 2a. The blades 104 have

a curved (arcuate) profile, which tapers to a point at each end or edge 105. From end to end,

the surface of the upper (leading) side or camber 106 is longer than the lower (trailing) side or



camber 108. Thus, each blade 104 has an aerofoil-shape cross section. In this embodiment,

the blades 104 are symmetrical about an perpendicular to a chord line 107. The chord line

107 or axis is a straight line extending or defined between the ends 105 of the blade 104. The

blades 104 can be located such that the chord line or axis of the chord 107 of each blade

passes through the axis of rotation of the device 100 (line 113 in Figure 1) , but this is not

preferred.

An alternative blade cross-section is shown in Figure 2b and like features have been given like

reference numerals. Rather than the ends of each blade 104 forming a point, the ends 120 are

filleted.

In the example of Figure 1, the orientation of the blades is such that the device is made to

rotate in a clockwise direction shown by arrows 112. Because of their orientation, not all the

blades 104 drive the device 100 in the desired direction. In the example of Figure 1, the blades

marked "x" create resistance and create a vectored force which drives the disc in the opposite

(anti-clockwise) direction. In very general terms, the blades marked "a" create a vectored force,

which drives the device in the clockwise direction as do the blades marked "b". The blades "x"

which create resistance and drive the device anti-clockwise are located at an angle θx,

between 145° and 255°. The blades "a", which drive the device clockwise, are located at an

angle θa, between 255° and 35°. The blades b, which also drive the device clockwise, are

located at an angle θbbetween 35° and 145°. Thus, blades spanning 250° drive the device in

a clockwise direction.

In the embodiment of Figure 3 (where features the same as Figure 1 are given like reference

numerals), guides or fins 150 are used to guide fluid flow to increase the portion of the blades

104 of the device 148, which generate impulse in the desired direction (in this case,

clockwise). Guards or shields 152 are used to reduce the portion of the blades 104 of the

device which generate torque in the opposite, undesirable direction (in this case, ant i

clockwise). In order to improve or optimise the angle of attack of the fluid flow onto the blades,

typically the guides are located perpendicular to the instantaneous or linear direction of

movement of the blades as they rotate or perpendicular to the circumference or edge of the

disk to which the blades are connected. Shields are provided such that, at least in part, fluid is

prevented from flowing over the portion of the blades that are orientated relative to the

direction of fluid flow such that they produce a vectored force counter to the desired direction.



The use of guides or fins as shown in this embodiment is not preferred as will be apparent

from the embodiments of Figures 5 and 6 .

Shields 152 (individually shown as V1 and V2 in Figure 3) are fixed on either side of the axle

102. Their inside edges 154 are curved outwardly at both ends from the axle. This shape

forms a Venturi channel through which fluid flows. The outside edges 156 of the shields V1

and V2 are curved inwardly, parallel to the outside circumference of the device. The space

between the outside edges 156 of the shields 152 and the outside circumference is of a size to

allow the blades 104 to move through. The windward side 158 of the shields V1 and V2 are

sloped between their inside edges 152 and their outside edges 156 to direct the air flow into

the Venturi channel. The leeward side 160 of the shields V1 and V2 are sloped between their

inside edges 152 and their outside edges 156 to direct the air flow outwardly from the Venturi

channel onto the leeward side blades. The Venturi channel drives the wind exiting the

windward side blades onto the leeward side blades. The use of a Venturi channel as shown in

this embodiment is not preferred as will be apparent from the embodiments of Figures 5 and 6 .

Guides g-i are located on the windward side of the turbine. They direct the fluid flow onto the

blades on the windward side of the turbine. This provides the ideal angle of attack to maximise

power from the blades on the windward side. The guides g-i are thin, planar members or

elongate fins whose longitudinal axes extend parallel to the axle. The guides are spaced

apart along the circumference of the turbine. In the example of Figure 3 , there are six guides.

That is, the number of guides corresponds to the number of blades that can fit between the

shields V1and V2 on the windward side.

Guides g2 are located on the leeward side of the turbine between the shields V1 and V2 and

the leeward side blades. They too direct the fluid flow onto the blades, but on the leeward side

of the turbine. This provides the ideal angle of attack to maximise power from the blades on

the leeward side. They too are thin, planar members or elongate fins whose longitudinal axes

extend parallel to the axle. The guides g2 are spaced apart circumferentially around the

turbine. In the example of Figure 3 , there are six guides. That is, the number of guides

corresponds to the number of blades that can fit between the shields V1 and V2 on the leeward

side.

Shield V3 guards against negative vectored forces that force the device in an undesirable anti-

clockwise direction. Shield V3 is fixed outwardly of the blades 104 that drive the turbine in an



anti-clockwise direction. Its inner side 162 is curved around the outer circumference of the

turbine. Channel 166 flares outwardly from the inner side 162 on the windward side. It directs

the air flow onto the blades 104, which produce clockwise rotation. The portion 168 between

the inner and outer side on the leeward side is sloped to allow the air to flow out from the

blades 104.

This embodiment provides a driving force over 90° of the turbine on the windward side and

over 90° on the leeward side, giving a total such driving force over 180° of the turbine. There is

impetus provided by the fluid pressure acting against the flat side, lower side or camber 108 of

the blades (Figure 2a and 2b) through the exposed quadrant 169 (Figure 3) (the area

extending radially outwardly from the outside edge of the shield V1) .

In this example, the device 148 is located on a rotatable mounting with a vane, in the manner

of a weathercock, so that the device 148 is kept "head to wind", that is with guides gi on the

windward side and guides g2 on the leeward side.

Shield V1 is optional. If shield V1 is not present, the performance of the device is improved as

the fluid flow pushes against the blades in quadrant 169, to further drive the turbine 100

around.

Figure 4 illustrates schematically in plan view the geometry of a wind turbine according to a

further embodiment of the invention. The rotor of the turbine comprises eight blades 104

distributed equally about its circumference. As in previous embodiments, the rotor blades 104

extend generally vertically between top and bottom discs, such that a space is formed in the

interior of the rotor through which the wind can pass. In Figure 4 , the wind direction is

illustrated schematically by the arrow W .

A portion of the rotor is protected from the wind by a shield V3. The rotor-facing (radially

inward) surface of the shield V3 follows the circumference of the rotor with sufficient clearance

for the rotor to rotate safely. The radially outward surface of the shield V3 is defined by lines

r 1 , n, p and q . Line r 1 is a radius of the circle which defines the rotor and marks the maximum

extent of the shield V3 in the direction of rotation of the rotor (anti-clockwise in Figure 4).

In this embodiment, the radius r 1 is at an angle Wr1 ("the wind angle") of 15 degrees to the

notional wind direction W in the contra-rotational direction of the rotor (clockwise in Figure 4).



The windward surface of the shield V3 is defined by the line n, which in this embodiment is at

an angle Wn of 90 degrees to the wind direction W in the rotational direction of the rotor. The

outer surface of the shield V3 is further defined by line p, which in this embodiment is at an

angle Wp of 30 degrees to the wind direction W in the rotational direction of the rotor. Thus,

the angle np between the surface of the shield V3 defined by the line n and the surface of the

shield defined by line p is 60 degrees in the contra-rotational direction of the rotor for the

embodiment shown in Figure 4 .

If the angle Wn between the wind direction and the windward surface n of the shield V3 is

increased, the front face of the shield V3 offers a more streamlined surface to the wind which

guides air onto the rotor blades 104. However, it has been found desirable for the shield to

generate a region of high pressure generally in the vicinity of the intersection of lines n and p

which will encourage air to pass through the rotor rather than around the rotor.

The shield V3 comprises a tail portion V5 which extends away from the rotor in the direction of

line q , which in this embodiment is parallel to a radius of the rotor, so that the tail V5 has a

constant width. The tail portion V5 increases the resistance to wind flow around the shield V3

and therefore increases the high pressure region generated by the shield V3. In this

embodiment, the angle pq between the outer surface of the shield V3 defined by line p and the

outer surface of the tail portion V5 defined by line q is 45 degrees in the rotational direction.

Within the rotor, an internal shield V2 provides a streamlined path for wind through the rotor.

The internal shield V2 is defined by an arc between the two radii that define the extent of the

shield V3, V5 about the rotor. The radially outer arc of the internal shield V2 follows the circle

defined by the radially inner edges of the blades 104, with sufficient clearance for safe rotation

of the rotor. The radially inner surface of the internal shield V2 mirrors the profile of the outer

surface along a chord line between the ends of the arc defining the outer surface.

In this embodiment, the rotor blades 104 are arcuate and follow a curve between a radially

innermost point and a radially outermost point. The straight line joining the radially innermost

point and a radially outermost point is illustrated as line m in Figure 4 . The angle m between

the radius of the circle defining the rotor and the line connecting the ends of the rotor blade is

about 35 degrees in the contra-rotational direction of the rotor for the embodiment shown.

This angle is important in that by tilting the rotor blades backward, i.e. in the contra-rotational

direction (the opposite direction to the rotational direction), relative to the radial direction of the



rotor, the leading surface of the rotor blade guides the air through the rotor before it emerges

sufficiently from the shield V3 to catch the wind. This has been found to significantly enhance

the power output of the turbine.

In the illustrated embodiment, the rotor has a diameter of 1.6 m. This is a prototype size and

the full size rotor has a diameter of approximately 20 m. In the prototype, the thickness of the

shield V3, for example, measured at the distal tip of the tail portion V5 is 2 1 cm and the length

of the tail is approximately 2 m.

Figure 5 illustrates schematically in plan view the geometry of a wind turbine according to a yet

further embodiment of the invention. In this embodiment, the outer surface of the shield V3

has a more curved and less angular profile than the embodiment of Figure 4 . However, the

geometry of the shield, in accordance with the invention, is similar.

In the embodiment of Figure 5 , the rotor of the turbine comprises eight blades 104 distributed

equally about its circumference. As in previous embodiments, the rotor blades 104 extend

generally vertically between top and bottom discs, such that a space is formed in the interior of

the rotor through which the wind can pass.

In the embodiment of Figure 5 , the rotor-facing (radially inward) surface of the shield V3

follows the circumference of the rotor with sufficient clearance for the rotor to rotate safely.

The radially outward surface of the shield V3 is defined by lines r 1 , n , p and q . Line r 1 is a

radius of the circle which defines the rotor and marks the maximum extent of the shield V3 in

the direction of rotation of the rotor (anti-clockwise in Figure 5). From the radius r 1 , the radially

outward surface of the shield V3 forms a smooth curve, which curves firstly in the contra-

rotational direction of the rotor (clockwise in Figure 5) and then changes direction to curve in

the rotational direction of the rotor (anti-clockwise in Figure 5).

In this embodiment, the radius r 1 is at an angle Wr1 ("the wind angle") of 15 degrees to the

notional wind direction W in the contra-rotational direction of the rotor. The windward surface

of the shield V3 is defined by the line n , which is the tangent to the curved surface where the

surface meets the radius of the rotor r 1 (ignoring any small scale smoothing at the tip of the

shield V3). In this embodiment, line n is at an angle Wn of 95 degrees to the wind direction W

in the rotational direction of the rotor.



The outer surface of the shield V3 is further defined by line p, which represents the maximum

angular extent of the curved outer surface of the shield in the contra-rotational direction of the

rotor, i.e. before the curve changes direction. In this embodiment, the angle np between the

line n and the line p is 80 degrees in the contra-rotational direction of the rotor. Thus, the line

p in this embodiment is at an angle Wp of 15 degrees to the wind direction W in the rotational

direction of the rotor.

As in the previous embodiment, it has been found desirable for the configuration of the shield

to be selected to generate a region of high pressure generally in the vicinity of the intersection

of lines n and p which will encourage air to pass through the rotor rather than around the rotor.

The shield V3 comprises a tail portion V5 which extends away from the rotor in the direction of

line q . The line q represents the maximum angular extent of the curved outer surface of the

shield in the rotational direction of the rotor (anti-clockwise in Figure 5) after the curve changes

direction. In this embodiment, the angle pq between the outer surface of the shield V3 defined

by line p and the outer surface of the tail portion V5 defined by line q is 55 degrees in the

rotational direction.

Within the rotor, an internal shield V2 provides a streamlined path for wind through the rotor in

the same way as in the embodiment of Figure 4 .

In the embodiment of Figure 5 , the rotor blades 104 are arcuate and follow a curve between a

radially innermost point and a radially outermost point. The rotor blades 104 of this

embodiment have a convex leading surface and a concave trailing surface. The straight line

joining the radially innermost point and a radially outermost point is illustrated as line m in

Figure 5 . The angle m between the radius of the circle defining the rotor and the line

connecting the ends of the rotor blade is 15 degrees in the contra-rotational direction of the

rotor for the embodiment shown.

In the embodiment of Figure 5 , the rotor has a diameter of 1.6 m. This is a prototype size and

the full size rotor has a diameter of approximately 20 m. In the prototype, the length of the tail

is 0.6 m.

In summary, the principle of the device 100 is the use of a blade 104 which is arranged to

rotate about a fixed axis with the blade's 104 principal or long axis parallel to the axis of



rotation. The orientation of the axis of rotation is unimportant. However, for maximum

efficiency it should be perpendicular to the normal flow of air. The air then flows across the

device 100. The airflow is directed or guided across the diameter of the device across the

centre of rotation. It then passes across another blade 104 on the other side. The air then

flows out to free air. The action of the air passing across the blades 104 creates forces

perpendicular to the principal axis of the blades 104 which are transmitted by means of a

suitable structure (for example, a disk or wheel) to an axle 102, and power is obtained from the

rotation of this axle 102.

In embodiments of the invention, the air is guided by the physical structure of a shield member

and also by the high and low pressure regions that are formed by the interaction of the shield

member and the rotor with the air.

The interior or inside of the rotor is shielded or has ducting such that the incoming air flow is

directed across the diameter or centre and out across the blades at the optimum angle. As

each blade is subjected to flow in two directions in one revolution of the rotor, the symmetric

blade cross-section means that each blade provides power to the shaft when being subjected

to the flow in both directions. The control of the fluid flow over the blades gives the optimum

angle of attack for each blade.

In summary, a wind turbine for capturing energy from a fluid flow comprises a rotor having a

rotational axis and a plurality of rotor blades 104 arranged for rotation about the rotational axis.

The rotor blades extend longitudinally in a direction substantially parallel to the rotational axis.

A shield member V3 is arranged to shield some of the rotor blades from an oncoming wind

where incidence of the wind on those rotor blades would act against rotation of the rotor in the

direction of rotation. The rotor blades 104 are distributed about the circumference of the rotor

and are spaced from the rotational axis, defining a substantially cylindrical space within the

rotor through which the wind passes. The shield member V3 is defined by a radially inward

surface and a radially outward surface. The radially inward surface follows substantially a

portion of the circumference of the rotor. The radially outward surface of the shield member

V3 comprises a first portion which meets the radially inward surface. In the region of the

interface with the radially inward surface, the first portion extends in a first direction n that

makes an angle of at least 0 degrees and up to 90 degrees in the contra-rotational direction

with the radial direction of the rotor. The radially outward surface of the shield member V3

comprises a second portion which meets the first portion. At least a portion of the second



portion extends in a second direction p that makes an angle of more than 0 degrees in the

contra-rotational direction with the first direction n . The turbine has improved power output and

efficiency compared to earlier similar designs.

Embodiments of the present invention have been described with particular reference to the

examples illustrated. However, it will be appreciated that variations and modifications may be

made to the examples described within the scope of the present invention. Although the

examples described above have largely been described in relation to the fluid flow being wind,

the devices described herein could be used with other flowing fluids such as water flowing in

rivers and tides. Although the devices of Figures 1 and 3 have been described having 24

blades around the circumference, different numbers of blades could be used.



Claims

1. A turbine for capturing energy from a fluid flow, in particular a wind turbine, the turbine

comprising:

a rotor having a rotational axis and a plurality of rotor blades arranged for rotation

about the rotational axis in a direction of rotation and extending longitudinally in a direction

substantially parallel to the rotational axis;

a shield member arranged to shield, in use, some of the rotor blades from an oncoming

fluid flow where incidence of the fluid on those rotor blades would act against rotation of the

rotor in the direction of rotation,

wherein the rotor blades are distributed about the circumference of the rotor and are

spaced from the rotational axis, whereby to define a substantially cylindrical space within the

rotor through which space the fluid flow passes, in use of the turbine;

wherein the shield member is defined by a radially inward surface and a radially

outward surface, the radially inward surface substantially following a portion of the

circumference of the rotor;

wherein the radially outward surface of the shield member comprises a first portion

which meets the radially inward surface and in the region of the interface with the radially

inward surface, the first portion extends in a first direction that makes an angle of at least 0

degrees and up to 90 degrees in the contra-rotational direction with the radial direction of the

rotor; and

wherein the radially outward surface of the shield member comprises a second portion

which meets the first portion and the angle between the first direction and a second direction

which follows at least a portion of the surface of the second portion is more than 0 degrees in

the contra-rotational direction.

2 . A turbine as claimed in claim 1, wherein said angle between the first direction and the

radial direction of the rotor is greater than 0 degrees and less than 90 degrees.

3 . A turbine as claimed in claim 1 or 2 , wherein the angle between the first direction and

the second direction is greater than 0 degrees and less than 140 degrees.

4 . A turbine as claimed in any preceding claim, wherein the radially outward surface of the

shield member comprises a third portion which meets the second portion and at least a portion



of the third portion extends in a third direction that makes an angle of more than 0 degrees in

the rotational direction with the second direction.

5 . A turbine as claimed in claim 4 , wherein the angle between the second direction and

the third direction is less than 90 degrees.

6 . A turbine as claimed in claim 4 or 5 , wherein the third portion has a length greater than

half the radius of the rotor and less than three times the radius of the rotor.

7 . A turbine as claimed in any preceding claim, wherein the rotor blades are arcuate in

cross-section and a chord line between the ends of the arcuate cross-section of the blades

makes an angle of more than 0 degrees and less than 45 degrees in the contra-rotational

direction with the outward radial direction of the rotor.

8 . A turbine as claimed in any preceding claim comprising more than five rotor blades and

fewer than 19 rotor blades.

9 . A turbine as claimed in any preceding claim, wherein the extent of the rotor blades in

the radial direction of the rotor is greater than 10% of the radius of the rotor and less than 50%

of the radius of the rotor.

10. A turbine as claimed in any preceding claim further comprising a flow-directing member

within the substantially cylindrical space.

11. A turbine as claimed in claim 10 , wherein the flow-directing member has a radially

outward surface which follows substantially a portion of the circumference of the substantially

cylindrical space.

12. A turbine as claimed in claim 11, wherein the flow-directing member has a radially

inward surface that substantially mirrors the radially outward surface.
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