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Improvements In and Relating to Water Wheels

Field of the Invention

The present invention relates to water wheels.

Background to the Invention

A wide range of hydraulic machines for exchanging energy
between a fluid medium and mechanical system are known.
One particularly simple class of devices for harnessing
power from flowing water is gravity type water wheels, in
which the weight of water in buckets on one side of . a
wheel of'belt creates an unbalance causing the wheel or

belt to turn.

Three well-known gravity water wheels are shown in Figure

1A-1C.

Figure 1A shows an overshot type water wheel. A
disadvantage of the overshot water wheel design is that as
the wheel rotates some water is emptied from the buckets
before they reach their lowest point. This means that not
all the energy available from the input flow can be

recovered.

Figure 1B shows a shrouded or breast type water wheel,
which reduces the problem of premature emptying compared
to the overshot wheel, but has a disadvantage in that any
solid material drawn into the wheel may cause a blockage
between the buckets and the shroud, or alternatively be

chopped up by the rotation of the wheel.

CONFIRMATION COPY
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Figure 1C shows a chain type water wheel, which functions
over the vertical portion as an elongated breast wheel.
Chain type water wheels can be used in situations when the
drop between the input and output flows is so great that a
single wheel would be excessively large. However, the
chain type wheel is mechanically complex compared to
overshot and breast wheels, and also requires two shafts

and their associated bearing and support structures.
It is an aim of preferred embodiments of the present
invention to address one or more of the disadvantages of

the prior art, whether identified herein or otherwise.

Summary of the Invention

According to a first aspect of the present invention there
is provided a water wheel comprising a shaft and a belt;
the belt carrying a plurality of water receptacles and
arranged to freely depend from the shaft as the shaft

rotates.

Although the word “water” is used in this document, it
should be clear that any liquid or other heavier than air
fluid medium could be used to power the water wheel by

filling the receptacles.

Suitably, each receptacle comprises a fixing means to hold
the receptacle in place on the belt. Suitably, each
receptacle is held in place on the belt by the fixing
means such that as the shaft rotates descending
receptacles assume a substantially upright position by the
engagement of the belt with the receptacles and the weight

of the receptacles and water contained therein.
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Suitably, each receptacle is held in place on the belt by
the fixing means such that as the shaft rotates descending
receptacles approaching the lowest point of the belt move
from the substantially upright position to an inverted
position by the engagement of the belt with the

receptacles.

Suitably, each receptacle is held in place on the belt by
the fixing means such that as the shaft rotates ascending
receptacles assume a substantially inverted position by
the engagement of the belt with the receptacles and the

weight of the receptacles.

Suitably, ascending receptacles approaching the highest
point of the belt move from the inverted position to the
upright position by engagement of the belt with . the
receptacleg and/or by engagement of the receptacles with

the shaft.

Suitably, the fixing means engages the belt at a plurality
of points along the belt. Suitably, the fixing means
comprises a clamping member arranged to hold a portion of

the belt against two spaced apart clamping points.

Suitably, the fixing means 1s provided within the
receptacle. Suitably, the clamping points comprise parts
of a projection extending from an inner surface of the

receptacle.

Suitably, the belt is arranged to pass from the fixing
means of a first receptacle to the fixing means of an

adjacent, second receptacle over an edge of the first
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receptacle. Suitably, the belt is arranged to pass from
the fixing means of a second receptacle to the fixing
means of an adjacent, first receptacle through a wall of

the second receptacle.

Suitably, as the shaft rotates the first receptacle

descends below the second receptacle.

Alternatively, the fixing means may be provided at the
ends of the receptacle, preferably mounted on an end cap
of the receptacle. In this configuration the belt passes
from the fixing means of adjacent first and second

receptacles to the side of the receptacles.

Suitably, the receptacles comprise a cut out portion in
which the belt locates as it passes from the fixing means

over the edge of the first receptacle.

Suitably, the receptacles are substantially identical.
Suitably, the receptacles are troughs. Suitably the
receptacles are of substantially constant cross section
along their 1length. Suitably, in c¢ross section the
receptacles comprise one of: a triangle, a major segment
of a circle, a minor segment of a circle, a segment of an

ellipse.

Suitably the shaft comprises a plurality of teeth arranged
to receive and engage the receptacles therebetween in turn
as the shaft rotates. Suitably, the spaces between the
teeth are of complementary shape to the receptacle cross
section. The receptacles may rotate between the teeth as

the shaft rotates.
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Alternatively, the receptacles may comprise shoes mounted
thereon to engage the shaft. Suitably, the fixing means

comprises part of the shoes.

Suitably, the water wheel comprises a plurality of belts
to carry the receptacles. Suitably, the receptacles
comprise fixing means for each belt. Preferably the water
wheel comprises two belts spaced apart along or at the
ends of the receptacles to stabilise the receptacles as

they rotate.

Suitably the belt and the receptacles comprise a plastics

material.

Suitably, a water impermeable membrane . is - connected

between each receptacle.

Suitably the water wheel comprises a generator coupled to
or formed integrally with the shaft to produce electricity
as the shaft rotates. Suitably the water wheel comprises

an inlet sluice and an outlet race.

Suitably, the water receptacles are movable between a
gubstantially upright ©position and a substantially
inverted position independently of their position on the
belt. Suitably, the water receptacles are rotatable

independently of belt rotation.

Brief Introduction to the Drawings

For a better understanding of the invention, and to show

how embodiments of the same may be carried into effect,
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reference will now be made, by way of example, to the

accompanying diagrammatic drawings in which:

Figures 1A-1C show three prior art gravity type water

wheels;

Figure 2 shows a side perspective view of a water wheel
according to a first preferred embodiment of the

invention;
Figure 3 shows a side view of the water wheel of Figure 2;

Figure 4 shows a front perspective view of the water wheel

of Figure 2 without an inlet sluice and an outlet race;

Figure 5 shows a side perspective view of an upper portion

of the water wheel of Figure 2;

Figures 6A-6C show an alternative arrangement by which
troughs can engage a shaft in preferred embodiments of the

invention; and
Figure 7 shows a side perspective view of an alternative
arrangement of troughs and belts for use with another

preferred embodiment of the invention.

Description of Preferred Embodiments

Figures 2, 3 and 5 show a water wheel 1 comprising a shaft
10, and belts 20 that carry twenty four receptacles in the
form of troughs 30. The water wheel 1 further comprises

an inlet sluice 40 and an outlet race 50.
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The belts 20 freely depend from the shaft 10, and are
arranged to carry the troughs 30 around as the shaft 10

rotates.

By allowing the belts 20 to freely depend from the shaft
10 a mechanically simplified version of the chain type
water wheel is provided. Furthermore, as described below
removal of the Ilower shaft offers increased efficiency
over the prior art breast type wheel as the emptying
troughs are not forced to move around the lower shaft in a

circular fashion.

Each trough 30 comprises a fixing means 32 to it in place
on the belts 20. The belts 20, troughs 30 and fixing
means 32 are arranged so that as the shaft 10 rotates
under the weight of water contained in some of the troughs:
30, descending troughs 30 assume a substantially upright
position by the engagement of the belts 20 with the
troughs 30 and the weight of the descending troughs 30 and

the water contained therein.

As seen in Figures 2,3 and 5 the shaft 10 is arranged to
rotate anticlockwise, with descending troughs 30 on the
left hand side of the water wheel 1 fed by water from the
inlet sluice 40. The water wheel 1 shown in the Figures
is empty of water, and the lack of water in the troughs 30
on the left hand side of the water wheel 1 means that the
troughs 30 are in a slightly less upright position than

when in normal use.

By designing the fixing means 32, troughs 30 and belt 20
to keep the descending troughs 30 substantially upright
and therefore wostly £full on the way down a high



10

15

20

25

30

WO 2006/082403 PCT/GB2006/000351

proportion of the energy obtainable from the water is

harnessed.

As the shaft 10 rotates (anticlockwise in Figures 2,3 and
5), descending troughs 30 approaching the lowest point of
the belts 20 move from the substantially upright position
to an inverted position. The belts 20 acting through the
fixing means 32 and the weight of the troughs 30 acts to
upturn the troughs 30 and discharge their contents into
the outlet race 50. Correct arrangement of the fixing
means allows the troughs 30 to be upturned later and more
rapidly than is possible in the known breast type wheel
where the troughs are upturned as they move in a circular

path around a lower shaft.

The troughs 30 shown in Figures 2-5 have wooden battens 21
attached to their convex surface. These battens 21 act as
a counterweight in the embodiment shown to aid the
transition between guided troughs 30 held in place on the
shaft 10 and the upright configuration of the troughs as
they descend. In other embodiments the positioning of the
fixing means and the weight of water and trough can be
arranged such that the counterweight provided by the

battens 21 is not required.

Ascending troughs 30 on the right hand side of the water
wheel 1 in Figures 2,3 and 5 remain in the substantially
inverted position as they hang from their fixing means 32

and belts 20.

To achieve the desired positioning of the troughs 30 at

all points along the belts 20 as the shaft 10 rotates the
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fixing means 32 is arranged to engages the belts 20 at a

plurality of points along each belt 20.

Each fixing means 32 is located within a trough 30 and
comprises a clamping member in the form of a clamp plate
33 arranged to hold a portion of one of the belts 20
against a support including two spaced apart clamping
points 34. The support comprises a projection 35

extending from an inner surface of the trough 30.

The belt 20 is arranged to pass from the fixing means 32
of a first trough 30A to the fixing means of an adjacent,
second trough 30B over a cut out portion 39 at an edge of
the first trough 30A. In Figures 2, 3 and 5 the second
trough 30B lies one position clockwise along the belt of

the first trough 30A.

The connection between each trough 30B and the adjacent
trough 30A lying one position anticlockwise on the belt 20
is such that the belt 20 passes from the fixing means 32
of the trough 30B to the fixing means 32 of the adjacent
trough 30A through an aperture 36 in wall of the trough
30B.

By providing the spaced apart clamping points 34 and the
belt-cut out and belt-aperture interfaces, tension in the
belt can act to apply twisting forces to the troughs 30
and cause them to adopt a desired orientatiomn. Careful
selection of the spacing of the clamping points 34, the
depth of the cut out 39 and the position of'the aperture
36 can provide the desired orientation of the troughs 30

around the belt 20.
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In cross sgection the troughs 30 comprise a major segment
of a circle, and are arranged to engage with the shaft 10
between teeth 12 on the shaft 10. There are twelve teeth
12 on the shaft 12 which pull the troughs 30 up and around
as the water wheel 1 rotates. In addition to the
wholesale rotation of the water wheel 1 the troughs 30
rotate between the teeth 12 as the shaft 10 rotates to

assume the correct upright position for filling.

In other embodiments the troughs 30 may comprise
alternative cross sections, and may be shaped so that no

rotation is possible in the spaces between complementary-

. teeth 12 on the shaft 10.

Figures 6A-6C show an alternative arrangement by which

troughs 300 can engage a shaft 100. The troughs 300
comprise end caps 301 at both ends which comprise a shoe
302 including a fixing means 320 to secure the troughs 300
to a belt 200. The shoe 302 includes a recess, preferably
a truncated V-groove 303 as shown in Figure 6B arranged to
engage a tapering edge 304 of the shaft 100. As shown by
the dashed lines of the side view of Figure 6C the V-
groove is curved in the direction of the belt 200 to match

the curvature of the shaft 100.

The large contact area between the V-groove 303 and the
tapering edge 304 reduces slippage at the interface
between the shaft 100 and shoes 302. In use both ends of
a trough 300 will periodically engage the shaft 100 in
this way, and at any given time more than one trough 300

will be in engagement with the shaft.
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Figure 7 shows an alternative arrangement of troughs 301
and belt 201 for use in water wheels according to the
embodiments of the present invention. In Figure 7,
troughs 301 are coupled to one another by a belt 201 made
up from a plurality of pivotable links 202. Each trough
201 comprises a pivotable link 202. The troughs 201
engage a toothed shaft (not shown) in a similar manner to
that described in relation to the embodiment of
Figures 1-5. The fixing means for holding the troughs to
the belt are also provided by the pivotable links 202. 1In
this embodiment interaction between troughs 301 as well as
the influence of the belt 201 and gravity determines the
orientation of the troughs 301 as the belt 201 rotates.

In Figure 7 the belt 201 is intended to rotate clockwise.
The generally diamond-shaped cross section of the troughs
301 is chosen to maximise the collection of water in each
trough as the belt 201 rotates, and to facilitate the
subsequent emptying of the troughs 301 as they approach
their lowermost position. In preferred embodiments of
troughs 301 the angle of the open portion of the troughs
301 to the base portion of the troughs 301 is greater than
the angle of the closed portion to the base portion. In
the particularly preferred embodiment shown in Figure 7

the angles of the open portion and the closed portion are

approximately 45° and 30° respectively.

As with the embodiment of Figures 1-5, the arrangements of
belt and the fixing means shown in Figures 6 and 7, mean
that as the trough leaves the shaft the tension in the
belt and the weight of the water and trough causes the

trough 300 to adopt an wupright configuration as it
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descends, and to quickly invert at a predetermined lower

position.

Although the preferred embodiments shown herein comprise
two belts 20, 200 any suitable number of belts can be used
to carry the troughs. At least two belts spaced apart
along the troughs is preferred to stabilise the troughs as

they rotate.

In preferred embodiments each trough is further joined to
adjacent troughs by a loose, water impermeable sheet.
This prevents water passing between the troughs, allowing
a greater proportion of the energy of the input flow to be
recovered. Preferably the water impermeable sheet has a
water shedding surface to encourage water thereon to form

droplets and run from the sheet into a lower trough.

The water wheel 1 is shown in Figure 4 without the input
sluice 40 and the outlet race 50. The water wheel 1 is
primarily intended to harness energy for electricity
generation, and therefore comprises a generator (not
shown) coupled to the shaft 10 to produce electricity as
the shaft rotates 10. In alternative embodiments a
generator may be built into the shaft and/or formed as one

piece with the shaft.

Gravity type water wheels as described above are
particularly suitable for low head installations, with a
fall in the region of 1 metre or less. It is envisaged
that the embodiment shown in the accompanying Figures will
have an operational power output of approximately 150-

250W.
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The embodiment shown in Figures 1-5 is approximately 145cm
high by 40cm wide by 60cm deep. Each of the troughs 30 is
approximately 37cm wide by 5cm high, with a capacity of
approximately 400ml. The shaft 10 has a diameter of

approximately 25cm.

With the inlet sluice 40 arranged as shown in Figures 2, 3
and 5 to provide overshot operating conditions the water
wheel 1 has a no-load speed of approximately 62
revolutions per minute and a load speed of 35-40
revolutions per minute. Measured maximum power output is

approximately 260W, with overall operating efficiency

approaching 80% when the water wheel is running at 170W -

output.

If increased generating capacity is required at a
particular location a battery of the water wheels
described herein can be wused, or the trough length

extended.

The battery may comprises a plurality of water wheels
mechanically and/or electrically coupled to one another,
and the water wheels making up the battery may be arranged
adjacent across a water flow, and/or in series down stream
from one another. Alternatively multiple belﬁs and
troughs could be arranged side by side on a single shaft.
Embodiments of the present invention can be designed to
offer efficient energy recovery with input heads as low as
15cm. Embodiments of present invention can also be
designed to offer efficient energy recovery at larger
heads, e.g. 2m. Other design variables to consider
include the number of troughs, and the position of the

input sluice relative to the belt drop.
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In the embodiment of Figures 2, 3, and 5 the inlet sluice
40 can be positioned to feed the troughs 30 any point on
the descending side of the water wheel 1, as determined by
inlet flow rate and desired power output. If the inlet
sluice 40 ig positioned to feed the troughs 30 as they
descend vertically past the inlet sluice 40 the water
wheel 1 operates in a similar way to the prior art breast
wheel. By positioning the inlet sluice 40 very low down
in the path of the troughs 30 the water wheel 1 operates

almost in an undershot configuration.

As an alternative to using a battery, the length of the
belt 20 and the number of troughs 30 making up the water
wheel 1 can be increased to accommodate a larger drop. It
is envisaged that the belt and troughs could be supplied

as standard lengths coupleable modularly as required.

There are a very large number of locations suitable for
the installation of low head water wheels to provide
electricity generation, and low head “run of river” hydro-
electric installations provide a clean and <renewable
energy source. Embodiments of the present invention are
of simple construction, and can operate at relatively high

efficiency when running within their design parameters.

Attention is directed to all papers and documents which
are filed <concurrently with or previous to this
specification in connection with this application and
which  are open to public inspection with this
specification, and the contents of all such papers and

documents are incorporated herein by reference.
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All of the features disclosed in this specification
(including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any combination,
except combinations where at least some of such features

and/or steps are mutually exclusive.

Each feature disclosed in this specification (including
any accompanying claims, abstract and drawings) may be
replaced by alternative features serving the same,
equivalent or similar purpose, unless expressly stated
otherwise. Thus, unless expressly stated otherwise, each
feature disclosed is one example only of a. generic series .

of equivalent or similar features.

The invention is not restricted to the details of the
foregoing embodiment(s). The invention extends to any
novel one, or any novel combination, of the features
disclosed in this specification (including any
accompanying claims, abstract and drawings), or to any
novel one, or any novel combination, of the steps of any

method or process so disclosed.
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Claims:

1. A water wheel comprising a shaft and a belt; the belt
carrying a plurality of water receptacles and arranged to

freely depend from the shaft as the shaft rotates.

2. A water wheel according to claim 1, wherein each
receptacle comprises a fixing means to hold the receptacle
in place on the belt, and wherein each receptacle is held
in place on the belt by the fixing means such that as the
shaft rotates descending receptacles assume a
substantially upright position by the engagement of the
belt with the receptacles and the weight of the

receptacles and water contained therein.

3. A water wheel according to claim 2, wherein each
receptacle 1is held in place on the belt by the fixing
means such that as the shaft rotates. descending
receptacles approaching the lowest point of the belt move
from the substantially upright position to an. inverted
position by the engagement of the belt with the

receptacles.

4. A water wheel according to claim 2 or 3, wherein each
receptacle is held in place on the belt by the fixing
means such that as the shaft rotates ascending receptacles
assume a substantially inverted position by the engagement
of the belt with the receptacles and the weight of the

receptacles.

5. A water wheel according to claim 2, 3 or 4, wherein
ascending receptacles approaching the highest point of the

belt move from the inverted position to the upright
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position by engagement of the belt with the receptacles
and/or by engagement of the receptacles with the shaft.

6. A water wheel according to any one of claims 2-5,
wherein the fixing means engages the belt at a plurality

of points along the belt.

7. A water wheel according to claim 6, wherein the fixing
means comprises a clamping member arranged to hold a
portion of the belt against two spaced apart clamping

points.

8. A water wheel according to claim 7, wherein.  the
clamping points comprise parts of a projection extending

from an inner surface of the receptacle.

9. A water wheel according to claim 7 or 8, wherein the

fixing means is provided within the receptacle.

10. A water wheel according to c¢laim 7, 8 or .9, wherein
the belt is arranged to pass from the fixing means of a
first receptacle to the fixing means of an adjacent,

second receptacle over an edge of the first receptacle.

11. A water wheel according to claim 7, 8, 9 or 10,
wherein the belt is arranged to pass from the fixing means
of a second receptacle to the fixing means of an adjacent,

first receptacle through a wall of the second receptacle.

12. A water wheel according to claim 10 or 11, wherein as
the shaft rotates the first receptacle descends below the

second receptacle.
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13. A water wheel according to any one of claims 2-7,
wherein the fixing means is provided at the ends of the
receptacle, such that the belt passes from the fixing
means of first and second receptacles to the side of the

first and second receptacles.

14. A water wheel according to any preceding claim,
wherein the receptacles are substantially identical in

shape to one another.

15. A water wheel according to any preceding claim,
wherein the receptacles are of substantially constant

cross section along their length.

16. A water wheel according to any preceding claim,
wherein the shaft comprises a plurality of teeth arranged
to receive and -engage the receptacles therebetween in turn

as the shaft rotates.

17. A water wheel according to claim 16, wherein the
spaces between the teeth are of complementary shape to the

cross section of the receptacles.

18. A water wheel according to claim 16 or 17, wherein the
receptacles are arranged to rotate between the teeth as

the shaft rotates.

19. A water wheel according to any preceding claim,
wherein the receptacles comprise shoes mounted thereon to

engage the shaft.
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20. A water wheel according to any preceding claims
wherein the water wheel comprises a plurality of belts to

carry the receptacles.

21. A water wheel according to any preceding claim,
comprising a water impermeable membrane connected between

receptacles.

22. A water wheel according to any preceding claim,
further comprising one or more of: (a)a generator coupled
to or formed integrally with the shaft to produce
electricity as the shaft rotates; (b) an inlet sluice;

and (¢) an outlet race.

23. A water wheel substantially as herein described, with

particular reference to the accompanying drawings.
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