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TITLE

Multi finned helically twisted vertical axis wind turbine

FIELD OF THE INVENTION
The present invention relates to the field of wind turbines, and in particular, relates

to multi-finned helically twisted vertical axis wind turbine.

BACKGROUND ART:

With rising concerns over global warming and increased demands for power, much
emphasis has been placed on the generation of clean energy. One such source of
clean and long term alternative source of energy is by way of harnessing the wind
energy through the use of wind machines. Wind machines or wind mills as they are
popularly called have been used for centuries. However, in the recent decades they
have been the subject of enhanced efforts to improve efficiency, usability, safety and
durability. Modern wind turbines can be broadly categorized into two constructional
types namely, large horizontal axis wind turbines and the vertical axis wind

turbines.

The conventional horizontal axis wind turbines are generally based on airfoil design
principles to harness the wind power. Large horizontal axis wind turbines can
operate effectively in moderate winds, and are efficient at capturing energy.
Relatively high percentage of thewindenergy can be converted to
mechanical energy in terms of wind turbine blade rotation and by coupling this
wind turbine to an aero generator leads to generation of electrical energy. However,
in order to efficiently capture energy from the wind, the horizontal axis wind
turbines requires blade lengths in excess of 15 meters as huge weight or bulk inertia
of the wind turbine shaft needs to be displaced, which in turn requires large tracts of
land for installation. Due to their large size, horizontal axis wind turbines, which can
be over 50 meters tall, are mechanically complex and can be dangerous to operate
near populated areas because of the huge length of the blades which when subjected

to high speeds and large stresses can be unsafe for installation in populated areas.
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Vertical axis wind turbines on the other hand are mechanically less complex and
provide practically safe wind turbine design. The most common or famous of such
vertical axis wind turbines is the Savonius-type wind turbine. Savonius-type wind
turbines have two or more elongated blades rotating about a vertical axis. Instead of
the blades radiating from a hub like an aircraft propeller, Savonius-type wind
turbine blades are arranged so that the long axis of each blade generally extends

along the axis of blade rotation.

Savonius-type wind turbines started out being pure drag machines that is, operating
only due to the differential drag on the curved elongate blades. When wind
encounters a Savonius-type blade set, the "cupping" effect of the wind on the
concave side of one blade produces greater drag than the impact of the wind on the
convex side of the other blade. The greater drag from the "cupped" wind causes the

blade set to rotate and is used to harness power from the wind.

Compared to large horizontal axis wind turbines, Savonius-type wind turbines are
relatively small, and operate in a broad spectrum of wind speeds. Savonius type
wind turbines are therefore well suited for use near and in populated areas, as well

as remote locations.

Attempts to improve traditional Savonius-type wind turbines have been made.
With non-twisted blade designs, attempts to increase the amount of power extracted
from the wind were not very successful as, they exhibit a differential wind load
which causes a pulsating torque. This differential wind load is due to the fact that
the entire length of each non-twisted blade alternately moves into and out of the
wind as the blade assembly rotates and therefore the non-twisted blades introduce a

pulsating torque profile which can lead to vibrations.

Twisted blades present a substantially constant surface area to the wind as the rotor
assembly turns and thereby exhibit a lesser pulsing torque. However, twisted blades

are complex to fabricate as they have a twist along a longitudinal axis. Many twisted
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blades are made from a flat material which is twisted into a helical shape. Other
blades exhibit a curved cross section which is generally symmetric about the
longitudinal axis before a twist is introduced along the longitudinal axis and thus
the blade are difficult to fabricate are a single unit. This also poses a considerable
challenge for their safe transportation and installation at the location site which

increases their transportation and logistics cost.

Another major problem faced during transportation and assembly has to do with the
blade. Since the blade is fabricated as a single unit, it is quite difficult to vary the
pitch angle or the twist imparted to the blade during fabrication process irrespective
of light weight flexible material being used in the present state of the art. This
drawback becomes quite prominent in low or moderate wind conditions as it
hampers maximum wind harvesting because the pitch angle isn’t optimized

according to the wind regime prevailing at such installation sites.

SUMMARY OF THE INVENTION:
The object of the instant invention is to obviate the drawbacks of the existing state-

of-the-art.

The present invention provides for a novel rotor section of a vertical axis wind
turbine by having at least one flexible helically twisted blade. The blade includes at
least two fins joined along the vertical longitudinal axis. The fins are imparted with a
flexible and predetermined pitch angle from their bottom edge to the top edge to
render them with a helical twist along the vertical axis shaft of the rotor section of

the wind turbine around which they rotate.

The invention provides lightweight fins that can be easily assembled into blades.
These can be helically twisted to the precise pitch angle required after reading the
wind situation at the place of installation. These are also easy to transport from the
place of manufacture to the place of installation. The accurate determination of the

pitch angle of the fins also contributes to significant harnessing of wind power in
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even lower wind regime.

BRIEF DESCRIPTION OF THE DRAWINGS :

Fig 1 illustrates a multi-finned wind turbine assembly in accordance with an
embodiment of the instant invention.

Fig 2 provides a diagrammatic representation of a single fin in accordance with an
embodiment of the instant invention.

Fig 3 provides a diagrammatic representation of a cluster of the multi-finned wind
turbine assembly in accordance with an embodiment of the instant invention.

Fig 4A illustrates the top view a wind turbine rotor assembly using two fins (F1, F2)
in accordance with an embodiment of the present invention.

Fig 4B illustrates a wind turbine rotor assembly using three fins (F1, F2, F3) in

accordance with an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

As required, detailed embodiments of the present invention are disclosed herein;
however, it is to be understood that the disclosed embodiments are merely
exemplary of the invention, which can be embodied in various forms. Therefore,
specific structural and functional details disclosed herein are not to be interpreted as
limiting, but merely as a basis for the claims and as a representative basis for
teaching one skilled in the art to variously employ the present invention in virtually
any appropriately detailed structure. Further, the terms and phrases used herein are
not intended to be limiting; but rather, to provide an understandable description of
the invention.

The terms "a" or "an", as used herein, are defined as one or more than one. The term
plurality, as used herein, is defined as two or more than two. The terms including
and/or containing, as used herein, are defined as comprising (i.e., open language).
The term coupled / communicates, as used herein, is defined as connected, although

not necessarily directly, and not necessarily mechanically.
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In the present application, a rotor assembly of a vertical axis wind turbine is
provided that is intended to be used in the optimized generation of electrical energy
as a result of the rotation of the rotor section. While specific details of the rotor
section will be herein described, the use and conversion of the rotation energy to
create electrical energy is believed to be within the scope of the prior art, and

therefore will not be specifically described herein.

Fig 1 illustrates a multi-finned wind turbine assembly in accordance with an
embodiment of the instant invention. The wind turbine comprises a rotor section (R)
and a generator section (G) such that the rotor section (R) is operatively configured
to the generator section (G). The rotor section comprises of at least one rotor blade.
The rotor blade comprises a vertical shaft (VA), a plurality of supporting ribs (SR),
and at least two fins (F1, F2) mounted on the supporting ribs (SR). The rotor section
(R) is mounted on a frame (MF) which in turn is anchored firmly on bearings (BH1
and BH2) for smooth rotation around the vertical axis. The embodiment shown in
Fig 1 is illustrated with the help of two fins (F1, F2) for exemplary purposes. Further,
the instant invention can be practiced using more than two fins (F1, F2) in various
embodiments. In an embodiment of the instant invention, the wind turbine is a dual

finned Savonious type vertical axis wind turbine.

The rotor section (R) comprises of the rotor blade having a helically twisted shape
mounted on the vertical shaft (VA) running through the centre of the rotor blade.
The helically twisted shape comprises a pair of fins (F1, F2) which are twisted on
their vertical axis and mounted on the supporting ribs (SR). Mounting refers to a
fixing arrangement between the ribs and the fins such that the ribs support the fins.
In an embodiment, mounting implies fixing the fins (F1, F2) on the supporting ribs
(SR) using a screw. The vertical shaft (VA) acts as a pivot for the rotor section (R)
thus enabling rotation of the rotor blade when it encounters wind. The number of
fins (F1, F2, ... Fn) and the angle of twist or pitch angle imparted to the fins (F1, F2,
...Fn) are flexible. In an embodiment, the number of fins (F1, F2) and the angle of

twist are determined according to the wind regime prevailing at the site of the
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installation for each such said vertical axis wind turbine in order to harness
optimum wind power at that location. The angle of twist and the number of fins (F1,
F2) is directly proportional to the wind speeds normally prevailing at the site of

installation.

The twisted fins (F1, F2) are co-joined along the vertical shaft (VA) with the help of
the supporting ribs (SR) to form the desired helical shaped blade. Each fin (F1 or F2),
which may be fabricated separately, has two vertical edges of which one edge (E1)
(as can be seen from Fig. 1) forms one half of the helically twisted shape of the rotor
blade. The other edge of the fin (F1) is attached to the vertical shaft (VA) and is thus
hidden from the view. Similarly, for the second fin (F2), its outward edge (E2) is
depicted which forms the other half of the helically twisted rotor blade. Therefore,
the rotor blade construction can be summarized by taking the inner edges of each
fins (F1, F2) to be maintained as a straight one while their respective outer edges (E1
& E2) are twisted or bent in such a manner so that when the two inner edges of the
two fins (F1, F2) are mounted in a vertical alignment on the vertical shaft (VA), their
outer twisted edges (E1 & E2) constitute a rotor blade having a continuous helical

strand which appears to be wound around the vertical shaft VA.

The fins (F1, F2) are made up of flexible lightweight material such that they can be
twisted or a desired angle can be imparted to the fins (F1, F2) at the time of their
fabrication. In an embodiment, the lightweight material can be fibre glass. The fins
(F1, F2) have a constant length and breadth and are identical in these x and y axis
specifications such that the rotor blade appears to comprise of a single strip of
constant length and width but is made of two or more fins. Alternately, the fins (F1,
F2,... Fn) may have a varying thickness such that the ends are thinner compared to
the central portion of the fin. However, the embodiment with uniform thickness
demonstrates better results due to lower inertial forces. The fins (F1, F2) are twisted
from their bottom edges BE along their z-plane to its top edge (TE) to impart a pre-
calculated pitch angle during fabrication. The two twisted fins (F1, F2) are mounted

on the vertical shaft (VA) and result in the rotor blade which appears to be helical
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strand wound around the vertical shaft (VA).

The pre-calculated pitch angle which is imparted along the z plane on the fins (F1,
F2) is established depending upon the wind regime prevailing at that particular
installation site. The pitch angle bears a directly proportional relationship with the
wind regime of an installation site. The lower the wind speed, lower is the value of
the pitch angle. Similarly, higher wind speed results in higher value of the pitch
angle. In accordance with an exemplary embodiment, for an average wind speed of
5.5 meter per second, the pitch angle which gives optimal power generation may be
30°. In accordance with another exemplary embodiment, where the wind speed is
between 5.5 meter per second and 4 meter per second, the optimal pitch angle may

be between 175°- 180°.

In an embodiment, this pitch angle of the rotor blades along with the number of fins
(F1, F2) required to construct a rotor blade together determine the number and
placement of the supporting ribs (SR = SR1, SR2, SR3 ... SRn) on the vertical shaft
(VA) after careful study of the wind regime at the site of the installation. The
supporting ribs are small rods fabricated along with its respective fins (F1, F2) and
their quantity and dimensions are also dependent upon the pitch angle to be
imparted to their respective said fins (F1, F2). The rods and the vertical shaft may be
fabricated using preferably a rigid material, for example a metal or stainless steel.
The vertical, horizontal and the angular placement of the supporting ribs (SR) on the
vertical shaft (VA) is also determined and configured during the time of fabrication

of the fins (F1, F2) and is thus also a dependant attribute of the pitch angle.

The rotor section is held in desired position with suitable bearings (BH1, BH2) and
its corresponding housing on both top and bottom edges respectively of the vertical
shaft (VA) to enable its smooth rotation in response to the wind encountered by the
rotor blade. This entire assembly as described above is housed in a modular support
structure, namely frame (MF) to eliminate vibrations and provide stability during its

operation. In an embodiment, the frame (MF) comprises of a metal or stainless steel.
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The vertical shaft (VA) is further extended beyond the bottom bush housing (BH2) to
operatively connect the rotor section (R) with the generator portion (G) of the

proposed vertical axis wind turbine.

Therefore, a calculated customization in the alignment of the blade structure enables
a smooth and constant non pulsating torque output power from the vertical axis

wind turbine at the same time.

Fig 2 provides a diagrammatic representation of the single fin (F1 or F2) which has
an outer edge (OE), inner edge (IE), bottom edge (BE) and top edge (TE). The inner
edge (IE) of the fin is aligned to the inner edge of another fin to form a blade.

Each fin (F1 or F2) of the rotor blade is made up of light weight flexible material strip
having a constant width along its vertically extending longitudinal direction. The fin
may comprise a uniform or varying thickness which is selected based upon the area
of deployment of the wind turbine. The opposite ends of each such fin are capable of
being longitudinally disposed to have a minimum pitch angle from bottom edge
(BE) to top edge (TE) for all the blades depending on the wind regime at a given
location of installation. This disposition imparts a helical twist to the multi-finned
blade at a pitch angle that can be pre-calculated according to the wind conditions
normally encountered at the installation site in order to reduce the wind resistance
provided by the assembly and thus optimize the wind harnessing capacity of the
vertical axis wind turbine at that installation site. The pitch angle shares a
directionally proportional relation to the average quantum of wind speeds
prevailing at any installation site. Therefore, for an installation site where lower
magnitude wind speeds are encountered, the helical twist or the pitch angle
imparted to the fin at the time of fabrication is less so that maximum longitudinal
surface area of the fin constituting the blade is exposed to the low range wind
whereas the fin is twisted more for an installation site where it is more windy so that
the wind encounters a minimal surface area of the blade. In accordance with an

exemplary embodiment, for an average wind speed of 5.5 meter per second, the
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pitch angle which gives optimal power generation may be 30°. In accordance with
another exemplary embodiment, where the wind speed is between 5.5 meter per
second and 4 meter per second, the optimal pitch angle may be between 175°- 180°.
Thus, in all kinds of scenarios, wind harnessing capability of the proposed wind

turbine is optimized.

In fact, not only the pitch angle but also the number of fins (F1, F2) required to
construct the multi-finned blade along with supporting ribs (SR) are configured
according to the pitch angle. Subsequently, the desired numbers of fins (F1, F2,... Fn)
imparted with the predetermined pitch angle, the number and the type of
supporting ribs required along with the vertical shaft (VA) on which all of these
components are to be mounted are fabricated as separate units and carried over to
the desired installation site. This facilitates low transportation and logistics cost and

also enables easy installation by the end user itself.

Owing to the modular nature of the vertical axis wind turbine as shown in Fig. 1, a
number of such modules can be clustered together in various permutations and
combinations depending upon factors like output power requirements, and the
nature of the installation site eg. area available for such installations at that site as is
depicted in Fig 3. This horizontal or the vertical clustering of such modules is
dependent on the footprint of specific installation site in order to optimize wind
harnessing capacity of the installed modules. This modular arrangement provides a

major advantage for people involved in design and maintenance of such equipment.

This ability to customize the pitch angle and the number of fins (F1, F2) to suit the
wind regime at any installation site gives the capability to harness optimum wind
power at any site and this modular arrangement enables low transportation and
logistics cost for installation and subsequent maintenance of the proposed vertical

axis wind turbine and thus is a big improvement over the existing state of the art.

For example, for a given installation site, annual wind regime is studied. Based on
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the wind regime data, the fin configuration is determined. For example, in India the
average annual wind speed is about 5.5 meter per second while in Europe / US the
annual wind speed is about 7 meter per second. Using this wind speed and other
characteristics of the wind regime, the pitch angle is computed. In addition, the
number of fins, supporting ribs, configuration of the assembly - individual or
clustered is determined. Thereafter, the fins are manufactured preferably of uniform
thickness using any light weight material like fibre glass. The fin is manufactured as
per the predetermined pitch angle. In addition, the vertical shaft, the frame, the
supporting ribs and the fins are fabricated and transported to the installation site of
the assembly. The rotor assembly is coupled with appropriately designed generators

that best harness energy from the vertical blade configuration.

Fig 4A illustrates the top view a wind turbine rotor assembly using two fins (F1, F2)

in accordance with an embodiment of the present invention.

Fig 4B illustrates a wind turbine rotor assembly using three fins (F1, F2, F3) in
accordance with an embodiment of the present invention. The figure depicts the top
view of the wind turbine. It is advisable to increase the number of fins employed as
the wind speed drops. For example, when the average wind speed for a site drops
below 5.5 meter per second, a third fin is required to be added to maintain the
desired / steady power output. The increase in number of fins increases the torque
and thereby the rotation speed that results in increased power output as opposed to

the power output if two fin wind turbine would be deployed at such a location.
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I claim:

1.

A vertical axis wind turbine comprising at least one rotor section, each rotor
section comprising;:

a. a vertical shaft;

b. a plurality of supporting ribs mounted on the vertical shaft; and

c. two or more fins mounted on the supporting ribs, wherein the opposite

ends of each fin are twisted longitudinally at a predetermined pitch angle.

The vertical axis wind turbine of claim 1 wherein the fin comprises of uniform

thickness.

The vertical axis wind turbine of claim 1 wherein the fin comprises of varying

thickness.

The vertical axis wind turbine of claim 1 further comprising a frame for hosting

the shaft, the supporting ribs and the fins.

The vertical axis wind turbine of claim 1 further comprising a plurality of

bearings for anchoring the frame for smooth rotation around a vertical axis.

The vertical axis wind turbine of claim 1 wherein the rotor section is operatively

connected to a generator.

The vertical axis wind turbine of claim 1 wherein the material of the fins

comprises fibre glass.

The vertical axis wind turbine of claim 1 wherein the material of the shaft and

the supporting ribs comprises a metal.

The vertical axis wind turbine of claim 1 wherein the pitch angle is determined

based upon the wind regime of the place of deployment of the wind turbine.
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10. The vertical axis wind turbine of claim 1 wherein the number of supporting ribs
is determined on the basis of number of fins and the predetermined pitch angle

of the fins.
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