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IN-PIPE TURBINE AND HYDRO-ELECTRIC POWER GENERATION
SYSTEM

FIELD OF THE INVENTION:

The present invention relates to a power generation system, and more particularly
relates to a power generation system for. generating electrical power from the

potential energy of a head of fluid.

10 - BACKGROUND OF THE INVENTION:

The demand for energy from renewable energy sources is increasing as the earth’s
fossil fuels are depleted. . Furthermore, it is desirable to generate electricity from
clean energy sources that do not contribute to global warming.
15 '
One common renewable energy source is hydro-electric power which IS generated
by haressing the potential head of a fluid, such as water. A typical hydro electric
power generation system requires a water source, such as a river to be dammed at a
high location to create a head of water with stored potential energy. A pipeline runs
20  from the dam to a lower location. A turbine generator is installed at the end of
' pipeline so that water discharged from the high location flows through the turbine.
The water drives the turbine which in turn drives an electrical gen"erat’or which

generates electricity.

25 ,The problem with a dam-type hydro electric generation afrangement is that the
flooding caused by the dam has a negative impact on the local environment. The

flooding destroys the natural landscape and displaces people living in the vicinity.

In order to avoid the problems associated with dam-type hydro electric power

30  generation, an alternative arrangement uses a pipeline which siphons water down
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from a high point to a lower point. A turbine is installed in the pipeline to be driven

by water flowing through the pipeline.

Wherever necessary, a diversion weir can be used from which the water can be taken

-to the turbine using a pipeline.

Alternate methods of turbine installation in addition to the one mentioned above are

by using a modular frame in which the turbiﬁé(s) are installed.

Siphon-type hydro electric pbwer generation arrangements are more typically used

for small or micro hydro power generation which typically generates electricity from

- a smaller head of water than a dammed hydro electric generation arrangement. In a

- siphoned hydro electric power generation arrangement, the pipeline may be installed

next to a waterfall, river, canal or a stream where a head of water is available

‘naturally. The pipeline carries a flow of water alongside the existing flow of water

with minimal impact to the environment.

One problem with siphon-type hydro electric power generation arrangements is that

it is necessary to remove the turbine from the pipeline in order to service the turbine.

This operation can be difficult and expensive to perform since turbines are often
installed in a pipeline on a steep slope that is difficult to access. A further problem
is that it is often difficult to optimise the electrical power generation since the
efficiency of a conventional turbine varies as the flow of water driving the turbine

varies.
The present invention seeks to provide an improved power generation system.

OBJECTS OF THE INVENTION:

Some of the objects of the present disclosure, which at least one embodiment herein

satisfies, are as follows:

PCT/IN2014/000626
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An object of the present disclosure is to provide a simple, compact, modular turbine

and potential hydro-electric power generation- system which gives good energyn

efficiency.

An object of the present disclosure is to provide an in-pipe turbine and hydro-
electric power generation system which can be adapted to a variety of hydraulic

conditions and head heights.

Another object of the present disclosure is to provide a high efficient, unidirectional
hydro- electric turbine adapted for generating power by utilizing potential energy
from but not restricted to ; falls on canals, run of the rivers projects, hydroelectric

power plant tail races, existing pipe lines, ETP/STP discharge.

Yet another object of the present disclosure is to provide an unidirectional, in-pipe
turbine and hydro-electric power generation system which has only one moving'part
namely rotor, théreby making it easy to maintain and install the system, without

need for any specialized devices.

Yet another object of the present disclosure is to provide a potential hydro turbine
generator with one or more turbine blades to improve efficiency and performance of

the turbine generator.

Still another object of the present disclosure is to provide multiple turbine generator

arrangement comprising multiple unidirectional turbine generators connected to an

onshore and/ or an offshore electrical distribution system.

Another object of the present invention is to provide a hydro - power generating
apparatus which is easier to install and maintain since it is light weight, the material

of construction used is metals, non - metals, preferably composites and more

PCT/IN2014/000626
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specifically fiber reinforced plastic i.e. FRP or glass reinforced plastic i.e. GRP,

thereby making it anti- corrosive and adapting it to any fluids for energy generation.

Another object of the present disclosure is to provide an in- pipe turbine which can

- be installed preferably using siphon and /or open channel method for generating

energy adapted to a variety of head heights involving minimum construction.

Further object of the present disclosure is to provide multiple turbine generator
arrangement connected either in series or in parallel of the water body. Series
installation i1s a preferred methodology' in high head applications for utilizing the
available head. The turbine is adapted to function across high, medium, low and

ultra-low heads (from 1m to 200m).

Further object of the present invention is to provide a bypass system for the multiple
turbine generator arrangement to ensure energy generation in case of breakdown of

any of the turbine unit.

Still further object of the present disclosure is to provide a hydro power generator
unit which can be installed under water, underground, fitted along the existing
pipelines since there are no components external to the turbine unit, thereby
resulting in minimum land acquisition, minimum environmental impact, no dam or

diversion to be created, deforestation and rehabilitation.

These objects and other advantages of the present disclosure will be more 'app~arer'1t

from the following description.

SUMMARY OF THE INVENTION:

According to one aspect of the present invention, there is provided a system to
generate electricity from a fluid flowing in a pipeline, the system comprising a

mounting arrangement to -mount the system in a portion of a pipeline' an elongate

4
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shaft a turbine rotor which is mounted to the shaft, the turbine rotor being operable
to rotate about the elongate axis of the shaft when fluid in the pipeline acts on the

turbine rotor

an electrical generator arrangement comprising a first part incorporating at least one
magnet and a second part comprising at least one winding, wherein one part of the
generator systcm is mounted to the turbine rotor and the othe} part of the generator
system is mounted to a stator element which is positioned adjacent/or opposite to the
turbine rotor; and a housing which at least partly houses the turbine rotor, the shaft
and the electrical generator arrangement, wherein the housing comprises two parts
that are releasably attached to one another such that the two parts of the housing can
be at least partly separated from one another to permit access to the turbine rotor and

the electrical generator system.

Preferably, the two parts of the housing are releasably attached to one another in a

plane which is substantially parallel to the elongate axis of the shaft.

Conveniently, the two parts of the housing are releasably attached to one another in

a plane which is substantially perpendicular to the elongate axis of the shaft.

Advantageously, the housing comprises a fluid inlet and a fluid outlet, and wherein
one or both of the fluid inlet and the fluid outlet has a cross sectional area that is less

t‘han‘ the cross sectional area of the portion of the pipeline.

Preferably, the system further comprises at least one inlet guide vane which may or

may not be attached to the housing adjacent the fluid inlet, each inlet guide vane

. being held at'an angle relative to the direction of the flow of the fluid in the pipeline

~ such that each inlet guide vane changes the direction of flow of the fluid in the

pipeline to be at least partly in line with a rotor vane on the turbine rotor.

PCT/IN2014/000626
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Conveniently, each inlet guide vane is formed integrally with the housing.
Preferably in another embodiment, the inlet guide vane is releasably attached to the
housing. The inlet guide vanes are attached to the hub on inner side but to a ring at
the outer side making a provision for detachment. The inlet guide vane arrangement

1s assembled into the casing.

Advantageously, the system further comprises at least one outlet stay vane which is
positioned adjacent the fluid outlet, each outlet stay vane being held substantially in

line with the direction of flow of the fluid in the pipeline.

Each outlet stay vane is formed integrally with the housing. Preferably In another
embodiment, the outlet stay vane is releasably attached to the housing. The outlet

stay vane arrangement is assembled into the casing.

Conveniently, in one embodiment the system further comprises an open ended
frustoconical inlet element which has a first open end mounted to the fluid inlet of
the housing and a second open end positioned upstream from the fluid inlet, wherein

th€second open end has a cross sectional area that is substantially equal to the cross

- sectional area of the pipeline.

Advantageously, the system further comi)rises an open ended frustoconical outlet
element which has a first open end mounted to the fluid outlet of the housing and a
second open end positioned downstream from the fluid outlet, wherein the second

openr end has a cross sectional area that is substantially equal to the cross sectional

area of the pipeline.

Preferably, the shaft is fixed relative to the 'housing such that the shaft is not

rotatable relative to the housing.

Conveniently, the turbine rotor is rotatably mounted to the shaft by a bearing

arrangement provided on the turbine rotor. Advantageously, the shaft is rotatably

6
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mounted to the housing by at least one bearing arrangement provided on the

housing.

Preferably, the turbine rotor and the housing are formed from at least one of a metal,

a polymer, a metal composite or a reinforced polymer composite.

Conveniently, at least one of the first and second parts of the electrical generator

arrangement is at least partly encapsulated in an electrically insulating material.

Advantageously, the first part of the electrical generator arrangement comprises a

plurality of permanent magnets.

Preferably, the electrical generator arrangement comprises a plurality of metal

portions which are not permanently magnetic, the metal portions each being
provided between two of the permanent magnets, such that the permanent magnets

induce magnetic field in the metal portions.

Conveniently, the system comprises a plurality of turbine rotors and a plurality of
electrical generator arrangements, one part of each electrical generator arrangement.

being mounted to a respective one of the plurality of turbine rotors.

According to another aspect of the present invention there is provided a power
generation arrangement comprising a pipeline; and at least one system according to

any one of claims 1 to 18 mounted in a portion of the pipeline.

Prefei'ably, the arrangement comprises a plurality of systems according to any one of
claims 1 to 18 which are mounted in the pipeline in series with one another at spaced

apart positions along the pipeline.

Conveniently, the arrangement further comprises a bypass conduit connected to the

pipeline in parallel with each respective system, each bypass conduit comprising a

[4
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pressure reducing valve to at least partly restrict the flow of fluid through the bypass

conduit.

Advantageously, the system is positioned substantially at or adjacent one end of the

pipeline.

According to a further aspect of the present invention, there is provided a method of
installing a power generation arrangement comprising providing a pipeline to carry
fluid from an elevated position to a lower position, and mounting at least one of the

devices of any one of claims 1 to 18 in one or more portions of the pipeline.

Preferably, the method comprises retrofitting at least one system according to any

one of claims 1 to 18 in an existing pipeline.

So that the present invention may be more readily understood, embodiments of the
present invention will now be described, by way of example, with reference to the
accompanying drawings, in which:

%

BRIEF DESCRIPITON OF DRAWINGS:

Figure 1 is a part cut away perspective view of a power generation system of one

embodiment of the invention, .

- Figure 2 is a cross-sectional plan view of part of the system shown in figure 1,

Figure 3 is a diagrammatic perspective view of a turbine rotor of an embodiment of

the invention,

Figure 4 is a diagrammatic perspective view of a generator stator of an electrical

generator arrangement of an embodiment of the invention,

PCT/IN2014/000626



CA 02926053 2016-03-31

WO 2015/052725 PCT/IN2014/000626

10

15

20

25

30

Figure 5 is a diagrammatic view of a rotor,

~ Figure 6 is a diagrammatic perspective view of an inlet 'guide vane arrangement of

an embodiment of the invention,

- Figure 7 is a diagrammatic perspective view of a stay vane arrangement of an

embodiment of the invention,

Figure 8 is a diagrammatic perspectiVe view of an electrical generation system of an

embodiment of the invention in the form of a horizontal split turbine,

Figure 9 is diagrammatic perspective view an embodiment of the invention with a
horizontal split generator housing which shows the ease of maintenance with
horizontal split casing turbine by disassembling the top casing,

Figure 10is a diagfammatic view of an assembly with a vertically split casing,

Figure 11 is diagrammatic view of a power generation system of an embodiment of

the invention installed in a portion of a pipeline,

Figure 12 is a diagrammatic view of a power generation system of an embodiment

of the invention installed in a siphon pipeline arrangement,

Figure 13 is a diagrammatic view of a power generation arrangement comprising a
plurality of power generation systems of an embodiment of the invention arranged in

series along a pipeline,

Figure 14 is a diagrammatic view of a power generation arrangement comprising a
plurality of power generation systems of an embodiment of the invention arranged in

parallel with one another,
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Figure 15 is a diagrammatic part cut away perspective view of a power generation

’

system of a further embodiment of the invention, and

Figure 16 1s a diagrammatic view of a power generation arrangement comprising the
power generation system of figure 15 installed within a pipeline. This embodiment
comprises an installation of multiple turbines at a single location. The turbines are

along the pip.eline.
DETAILED DESCRIPTION OF THE PREFERRED EMOBODIEMENTS:

The present invention is best understood by the description set forth herein. To

achieve the foregoing objects and in accordance with the purpose of the invention,
and. to overcome the problems and shortcomings associated with prior art, a variety

of embodiments are described. However, those skilled in the art will readily

appreciate that the detailed description given herein is for explanatory purposes and

may be embodied in various forms as the invention extends beyond these limited
embodiments. Therefore, specific details disclosed herein are not to be interpreted as
limiting, but rather as a basis for the claims and as a representative basis for teaching
one skilled in the art to employ the present invention in virtually any appropriately

detailed system, structure, or matter.

Referring initially to figures 1 and 2 of the accompanying drawings, a power

- generation system 1 of an embodiment of the invention is installed within a turbine

hous'ing 2 which is configured to be attached in-line in a portion of a pipeline. The
power generation system of an embodiment of the invention may thus be used as an
in-pipe power generation system. The system comprises a casihg or generator
housing 3 which at least partly houses the components of the system. The generator

housing 3 s described in more detail below.

[n one embodiment, the power generation system of an embodiment of the invention

is integrated in a portion of a pipeline which is provided with mounting flanges at

10
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each end. In this embodiment, the portion of pipeline can be mounted inline in an

existing pipeline.

The electrical genération system 1 comprises an elongate shaft 4 which extends
through the generator housing 3. When the electrical generation system 1 is
installed within the turbine housing 2, the axis of the shaft 4 is substantially parallel
to the direction of flow of a fluid through the turbine housing 2, as indicated by

arrow 5 in figures 1 and 2.

In this embodiment, the shaft 4 is fixed to the generator housing 3 so that the shaft 4
is not rotatable relative to the generator housing 3. However, in other embodiments,
the shaft 4 is rotatably mounted to the generator housing 3 by a bearing arrangement

provided on one of the shaft 4 and the generator housing 3.

A turbine rotor 6 is mounted to the shaft 4. In this embodiment, the turbine rotor 6
is rotatably mounted to the shaft 4 by a bearing arrangement 7 provided on the .
turbine rotor 6. In this embodiment, the turbine rotor 6 and the bearing arrangement
7 are the only components of the system which rotate in operation. This minimizes
the number of components of the system that are subjected to wear during use.
Providing a single bearing arrangement 7 on the turbine rotor 6 also allows easy
maintenance of the bearing arrangement as compared with other conventional
systems which require multiple bearing arrangements positioned to rotatably support -

both a shaft and a rotor.

In other embodiments, where the shaft 4 is rotatably mounted to the generator

housing 3, tﬁhe turbine rotor 6 is fixed to the shaft 4 for rotation with the shaft 4.
Referring now to figure 3 of the accompanying drawings, the turbine rotor 6

comprises a central hub 8 which 1s provided with a mounting aperture 9. The

bearing arrangement 7 is seated in part of the mounting aperture 9 and the shaft 4

11
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extends through the bearing arrangement 7 and the mounting aperture 9 to rotatably

mount the turbine rotor 6 to the shaft 4.

The turbine rotor 6 comprises three rotor vanes 10 which are each attached the
central hub 8 at an angle relative to one another. In this embodiment, there are three
rotor vanes 10, but in other embodiments, there is only one rotor vane or there are
more than three rotor vanes. The rotor vanes 10 are angled such that fluid flowing
through the turbine housing 2 acts on the vanes 10 which in turn exerts a rotational

force on the hub 8 which rotates the turbine rotor about the axis of the shaft 4.

The turbine rotor 6 comprises a generally cylindrical outer ring member 11 which at

least partly surrounds the vanes 10. The outer ring 11 incorporates at least one
permanent magnet 12 which is mounted to or formed integrally with the outer ring
11. In this embodiment, the outer ring 11 incorporates a plurality of permanent
magnets 12 which are located at spaced apart positions around the outer ring 11, as
shown in figure 3. In one embodiment, the permanent magnets 12 are partially or
preferably entirely embedded in the outer ring of the turbine rotor. The permanent

magnets are also preferably encapsulated.

In this embodiment, a generally éylindrical adaptor ring 11a is provided between the
outér ring. 11 and the permanent magnets 12. The adaptor ring 11a is an optional
component .that facilitates the ease of generator assembly and disassembly. For
instance, the dimensions of the adaptor ring 11a can be adjusted during the design

process to compensate for any design changes to the dimensions of either the, the
outer ring 11, the permanent magnets 12 or the generator stator (13 and / or 14)

without needing to change the rotor dimensions.

~ The permanent magnets 12 rotate together with the turbine rotor 6. ‘The permanent

magnets 12 form one part of an electrical generation arrangement. The permanent
magnets 12 and the outer ring 11 act as an electrical generator rotor. The electrical

generator rotor is integrated with the turbine rotor by virtue of the attachment of the

12
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outer ring to the hub 8 via the vanes 10. The turbine rotor 6 is thus integrated with

an electrical generator rotor of an electrical generation arrangement.

In the preferred embodiment of the invention, the turbine rotor 6 comprises

stampings that provide slots in which the magnets 12 are held. The slots are

dimensioned so that there is sufficient space left around the magnets 12 to receive an
insulating material. The space in the slots is filled by the insulating material, thus
encapsulating the magnets to protect them from wear and tear, as well as to prevent
any contact with water. The encapsulation also helps to prevent magnets from
disengaging with the stampings in which they are fitted, while rotating at high

speeds.

The turbine rotor 6 is preferably cast with the vanes 10 and the outer ring 11 as a
single integrated component. In other embodiments, the hub 8, the vanes 10 and the
outer ring 11 are formed separately from one another and fixed to one another, for

Instance by welding.

The integrated ‘turbine and electrical generator rotor of an embodiment of the

invention avoids the need for any transmission arrangements, such as flywheels or
gearboxes which are conventionally used to couple a turbine rotor with an electrical
generator rotor.  The integrated turbine and electrical generator rotor of
embodiments of the invention is therefore less complex and easier to maintain than

conventional arrangements that require a transmission mechanism.

Referring now to figure 4 of the accompanying drawings, a generator stator element
13 is mounted to the generator housing 3 to at least partly surround the turbine rotor
6. The diameter of the inner aperture of the generator stator 13 1s selected such that
there is a smaller gap between the stator 13 and the rotor 6 on the fluid inlet side of
the arrangemeht as compared with the fluid outlet sidé. This minimizes the

possibility of particles entering the gap between the turbine rotor face and housing

13
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face which protects the generator from any impact and impediment to the rotation

due to silt, grit and grime.

At least one winding is mounted to a generator stator 13 which is fixed relative to
the generator housing 3. In this embodiment, a plurality of hwindings 14 are
positioned at spaced apart positions around the generator stator 13. The windings 14

form a second part the power generation arrangement.

[n use, when the turbine rotor 6 rotates, the turbine rotor 6 moves the magnets 14
past the adjacent windings 14 which induces a voltagé across the windings 14. The
voltage is drawn from the windings 14 and provided via an electrical connection to a
balance of system (not shown). The balance of system regulates the generated
power and outputs the power from the system. The balance of system preferably

also allows power condition monitoring, remote monitoring and optional control.

In a preferred embodiment of the invention, the generator rotor 6 and the generator
stator 13 are each encapsulated in an electrically insulat‘iﬁg niaterial which is water
resistant. Water flowing through the electrical generator arrangement contacts the
encapsulated rotor 6 and stator 13 and cools the rotor 6 and the stator 13. This

avoids the need for forced cooling which simplifies the system, reduces the overall

cost and reduces required maintenance.

in this embodiment, a non-permanently magnetized metal portion 15 is provided
between each of the permanent magnets 12 in the arrangement illustrated
schematically’ in figure 5. The permanent magnets 12 and non-permanently
magnetized metal interleaved portions 15 together form a consequent pole rotor.
Magnetism is induced in the metal portions 13 so that the metal portions 15 acts as
magnets within the electrical generation system. The consequent pole design .
enables the number of permanent magnets 12 to be reduced which reduces the

overall cost of the system.
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The slots in the generator stator and/or rotor are preferably skewed such that each
slot is at an angle to the axis of rotation with the angular location of one end of each
slot being displaced relative to the other end. Skewing is achieved during
manufacture by turning and offsefting the laminations with respect to each other so
that the passages formed by overlapping slots of the laminations are helical in shape.

Skewing helps to reduce magnetic hum and it also helps to avoid “Cogging” (i.e. a

~ locking tendency of the rotor).

In other embodiments, the position of the magnets and the windings in the electrical
generator arrangement is reversed, with the windings being integrated in the turbine
rotor and the magnets integrated in the stator. In one embodiment windings are
provided on both the rotor and the stator. In a further embodiment the generator

arrangement comprises an induction generator which is coupled to the turbine rotor.

Referring now to figure 6 of the accompanying drawings, this embodiment of the
invention is provided with an inlet guide vane arrangement 16. The inlet guide vane
arrangement 16 comprises a central hub 17 which is fixed relative to the generator
housing 3. A plurality of inlet guide vanes 18 extend radially outwardly from the
central hub 17 at spaced apart positions. The inlet guide vanes 18 are angled relative
to one another to alter the direction of flow of fluid through the system. The inlet
guide vanes 18 direct the flow of the fluid in a direction which at least partly
coincides with the plane of one or more of the vanes 10 of the turbine rotor 6. The
inlet guide vanes 18 maximize the efficiency of energy transfer from the fluid to the

turbine rotor 6 by minimizing turbulence at the front edge of the rotor vanes 10.

The inlet guide vanes 18 are at least partly surrounded by the walls of a fluid inlet
tube 19 which aligns with a fluid inlet on the generator' housing 3 through which
fluid flows into the power generation system 1. In this embodiment, the cross
sectional area of the fluid inlet aperture of the power generation system 1 is less than

the cross sectional area of the portion of the turbine housing 2.
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Referring now to figure 7 of the accompanying drawings, an outlet stay vane

~arrangement 20 comprises a central hub 21 which is fixed relative to the generator

housing 3 adjacent an outlet of the generator housing 3. Outlet stay vanes 22 extend

 radially outwardly from the stay hub 21. The plane of each of the stay vanes 22 is

substantially parallel to the flow direction 5 of fluid passing through the system. An

" outer support member 20 extends around the stay vanes 22 and provides a fluid

outlet which aligns with a fluid outlet on the generator housing 3. The cross
sectional area of the fluid outlet aperture is less than the cross sectional area of the

portion of the turbine housing 2.

The function of the outlet stay arrangement 20 is to provide lateral support to the

- shaft 4 which is held within the stay hub 21.. The alignment of the planes of the stay

vanes 22 provides minimal resistance to the flow of fluid out from the system.

In this embodiment, the inlet guide vane arrangement 16 and the outlet stay

. Referring now to figure 8 of the accompanying drawings, in one embodiment of the

~ invention, the generator housing 3 comprises a first housing portion 24 and a second

housing portion 25 that are releasably attached to one another by fixings 26. The

. first and second portions 24, 25 contact one another in a split plane 27 which is

- substantially parallel to the flow direction 5 of fluid flowing through the system.

Referring now to figure 9 of the accompanying drawings, the two portions 24, 25 of
the generator housing 3 are configured to be separated from one another by releasing

the fixings 26. The first portion 24 which forms one half of the generator housing 3

in this embodiment may therefore be at least partly lifted to allow access to the rotor

_and the other components within the generator hoﬁsing 3 so that the components can
+ be maintained and serviced easily. Maintenance can therefore occur whilst the

30 ¢

. electrical generation system is installed in situ. This avoids the need to for the entire
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- electrical generation system to be removed from the pipeline for maintenance,

thereby increasing the ease of maintenance and reducing the overall cost.

Referring to tigure 10 of the accompanying drawings, in a further embodiment of
t'he'invention, the generator housing 3 comprises first and second portions 24, 25
which are releasably attached to one another in a plane 28 which is vertical and
substantially perpendicular to the flow direction 5 of fluid flowing through the
system. In this embodiment, the generator housing 3 may be split along the plane 28
into two separate portions 24, 25 to allow maintenance to the components within the

generator housing 3.

Referring back to figures 1 and 2 and also to figure 11 of the accompanying

drawings, in a preferred embodiment of the invention the system comprises a venturi

~ inlet passage 29 which is connect in fluid communication with the generator housing

3. In this embodiment, the inner surface of the venturi inlet passage 29 is generally
frustoconical with a second open end 30 which is of larger cross section than a first

open end 31.

The second open end has a cross sectional area which is substantially equal to the
cross sectional area of the portion of the turbine housing 2. The first open end has a
cross sectional area which is substantially equal to the cross.sectional area of the

fluid inlet of the generator housing 3.

The venturi inlet passage 29 effectively reduces the diameter of the passage through '

which the fluid flows as the fluid approaches the electrical generation system. As the
diameter of the passage reduces, the velocity of the fluid flowing within the passage
increases. The venturi ef’féct in the passage therefore serves to increase the velocity
of the fluid to a higher velocity than the fluid flowing elsewhere in the pipeline. The
increased velocity allows .additionai mechanical energy to be extracted from the
fluid by maximizing the speed of rotation of the turbine rotor which in turn

maximizes the electrical output from the generator.

17
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In this embodiment, the system incorporates an outlet draft tube 32 which is

connected to the fluid outlet of the generator housing 3. The draft tube has an inner

- surface which is hollow and substantially frustoconical in shape. The draft tube 32

has a first 6pen end 33 which is connected to the fluid outlet of the generator
housing 3. The first open end 33 of the draft tube 32 has a cross sectional area
which is substantially equal to the cross sectional area of the fluid outlet of the

generator housing 3.

The draft tube 32 has a second open end 34 which has a cross sectional area that is
larger than the first open end 33. The cross sectional area of the second open end 34
1s substantially equal to the cross sectional area of the end of the turbine housing 2.
The draft tube 32 allows fluid to exit from the power generation ’system easily by
drawing the fluid out from the generator housing 3 as a result of the draft tube 32

creating a differential pressure within the pipeline.

In one embodiment, the venturi inlet passage 29 and the draft tube 32 are formed
integrally with the generator housing 3. However, in other embodiments, one or
both of the venturi inlet passage 29 and the draft tube 32 are separate components

which are attached to the generator housing‘ 3.

~ Referring to figure 12 of the accompanying drawings, a power generation system 1

of an embodiment of the invention is installed in turbine housing 2 of a pipeline 35.
The electrical generation system 1 and the pipeline 35 are arranged in a siphon-type
hydro electric power generation system. The hydro electric siphon-type generation
system is a small or micro hydro electric power generation system. The pipeline
might, for instance, be installed at one end in the base of a desilting tank or a weir.
The electrical generation system of an embodiment of the invention is operable to
function with high, medium, low and ultra-low heads from under 1 meter up to at

least 200 meters.

18
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One end of the pipeline 35 is s'ubmerged in a body of water 36 at a ﬁfst Jocation.
The other end of the pipeline 35 is submerged in a body of water 37 at a second
location which is lower than the first location. The pipeline 35 incorporates an
outlet 38 which is configured to be connected to a pump. A pump may therefore be
c;.)nnectcd to the outlet 38 to pump air out from the pipeline 35 to create a negative
pressufe within the pipeline 35. This draws ;:vater frorh the body of water 36 into the
pipeline 35 where the water can flow through the pipeline 35 to the lower location,

thereby initiating the siphon action of the pipeline 35.

As the water is drawn through the pipeline 35 by the siphon effect, the water acts on
the vanes 10 of the turbine rotor 6 to rotate the turbine rotor 6. The rotation of the

turbine rotor 6 rotates the the generator rotor of the generator arrangement which

produces electrical power.

Referring to figure 13 of the accompanying drawings, in one embodiment, a
plurality of electrical generation systems of embodiments of the invention may be
installed in series with one another at spaced apart positions along a pipeline. In this

arrangement, three electrical generation systems 39-41 are connected in series in a

- ptpeline 42.

The pipeline 42 draws water from a body of water 43 at an elevated location and
carries the water to a lower location 44. The electrical generation systems 30-41 are
positioned at progressively lower locations relative to the head of water 43 so that
the potential energy of water flowing from the elevated body of water 43 is divided
between the electrical generation systems 39-41. For instance, in one embodiment,
five turbines which are each rated at a twenty meter head may be connected in series
at an interval of twenty meters to divide a total fluid head of one hundred meters

between the turbines.

A bypass conduit or pipeline 45-47 is provided in parallel with each of the electrical

géneration systems 30-41. Each of the bypass pipelines 45-47 incorporates inlet and
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outlet.shut off valves which may be operated to open or close each of the bypass
pipelines 45-47. The shut off valves may be progressively opened or closed in order
to adjust the flow of water flowing through the bypass pipeline 45-47 and hence
through tﬁe respective electrical generation systems 30-41. The shut off valves are
also preferably adjustable to vary the amount of water flowing through each bypass
pipeline in order to reduce the pressure of the head of water flowing through the

turbine.

If one of the electrical generation sygtems 39-41 requires maintenance then shut off
valves at each end of the electrical generation system can be closed to prevent water
flowing into or out from the electrical generation system. The shut off valves in the
respective bypass pipeline may be adjuéted to allow fluid to flow through the bypass
pipeline with a flow rate that is similar to the flow rate of the fluid when the

electrical generation system is connected and operating correctly.

The bypass pipelines 45-47 and the shut off valves allow the flow of water through

~ the pipeline 42 and the electrical generation system 39-41 to be adjusted to

maximize power generation, even when one or more of the electrical generation

systems is undergoing maintenance.

It 1s to be appreciated that in other embodiments of the invention a pipeline may
incorporate only one electrical generation system or more than three electrical

generation systems.

In a series connected arrangement, such as the arrangement shown in figure 13,
partial power generation is possible if one or more turbines fail since other turbines
in the arrangement can still operate. If one or more turbines fail then water can be
diverted through the bypass pipeline around each failed turbine. The series
arrangement can also be adapted if there is head variation to allow partial generation

by matching the number of operational turbines to the available head.
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Réferring to ﬁguré 14 of the accompanying drawings, in a further embodiment of
the invention, three electrical generation systems 48-50 are installed in three
respective pipelines 51-53 which run parallel to one another. This paralrlel
configuration of electrical generation systems allows one or more of thé electrical
generation systems 48-30 to be switched 1n or out to vary the power generation
capability to match an available flow of water. In other embodiments, a plurality of
electrical generation systems are installed in parallel with one another and in these
embodiments there are less than three or more than three electrical generation

systems.

In a parallel connected arrangement, such as the arrangement shown in figure 14,
partial generation can continue if there is flow variation since an appropriate number

of turbines corresponding to the reduction in flow can be kept operational.

The series and parallel connected arrangements of embodiments of the invention
solve the problem with conventional systems where only a single turbine or a small
number of turbines are used and where turbine failure significantly reduces or
entirely stops the power generation capability. Embodiments of the invention allow
bower generation to continue when the head drops below a level that would render a

conventional arrangement tnoperable.

Referring to figure 15 of the accompanying drawings, a further embodiment of the

“invention incorporates many of the same components as the embodiments described

above. Corresponding reference numerals are used for corresponding components in

each embodiment.

In this further embodiment, an electrical generation system 54 comprises two turbine
rotors 55, 56 which are similar to the single turbine rotor 6 of the embodiment
described above. However, in this embodiment, the first and second turbine rotors

55, 56 are fixed to the shaft 4 and the shaft 4 is rotatably attached to the generator

- housing 3. The first and second turbine rotors 55, 56 rotate together with the shaft 4
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in synchronicity. However, in other embodiments of the invention, the shaft 4 is

~ fixed to the generator housing 3 and each of the turbine rotors 55, 56 is rotatably

attached to the fixed shaft 4.

The power generation system 54 of this further embodiment operates in a similar

way to the embodiments described above in that the electrical generation

| arrangement .associated with each turbine rotor 55, 56 generates electricity as the

turbine rotor 55, 56 rotates. However, in this further embodiment, the potential
energy of the head of water flowing through the turbine housing 2 is divided

between each of the turbine rotors 55, 56.

‘The electrical generation system 54 of this further embodiment may be installed at |

the lowest end of a pipeline 57 which delivers a high head of water. The potential
energy of the high head of water ts divided between the turbine rotors 55, 56,
without the need for separate distinct electrical generation systems to be positioned
at spaced apart positions along‘the pipeline 57. This arrangement is beneficial in
that all of the turbine rotors of the electrical generation system are positioned at one
location which is relatively low in altitude compared to the other portions of the
pipeline 57, as shdwn in figure 16. The low altitude location is likély to be warmer
than a hfgher location and hence less likely to be affected by cold weather and ice,
especially in a cold and snow prone region. Furthermore, the electrical generators
and any corresponding ba!ancing systems are all positioned at one location which 1is
easy to access, instead of at spaced apart positions on a steep incline along the
pipeline 57. The electrical generation system is thus more reliable and easier to
maintain than other electrical generation system that require turbine generators to be

installed at different locations along a pipeline.
The composite material construction permits the turbine to operate freely, even if

covered in snow so long as the water flows through the pipeline. No heating is

required as in the case in a conventional hydro electric generator.
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In this multiple-rotor embodiment, only one bypass pipeline 58 is necessary to divert
the flow of water around the single electrical generator systeni 54. This single
bypass pipeline 58 and the reduced number cut-off valves is easier to implement
and Operate than other arrangements which require multiple bypass pipelines and cut

off valves.

It is to be appreciated that further embodiments of the invention an electrical
generation system may incorporate more than two turbine rotors and generators of

the type described above.

In a preferred embodiment of the invention, the entire power generation system is
manufactured from a composite material or a combination of metal portions and
composite portions. The composites in embodiments of the invention are
preferably, glass fibre reinforced polymers and/or carbon fibre reinforced polymers.
These types of composites are relatively cheap to manufacture and have a long

lifetime.

When used in this specification and claims, the terms "comprises™ and "comprising”
and variations thereof mean that the specified features, steps or integers are

included. The terms are not to be interpreted to exclude the presence of other

features, steps or components.

ADVANTAGES OF THE PRESENT INVENTION:

An in-pipe turbine and hydro-electric power generation system, as described in the

present disclosure has several technical advantages including but not limited to the

realization of:

e The system can be installed easily in an existing pipeline with flanged ends
on the system which couple with the existing pipeline. This eliminates the

need for a dam, weir or separate man-made water source. This results in a
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substantial reduction in the land required for hydroelectric pdwer generation,
low/zero environmental impact since there is no flooding or deforestation,
low/zero social impact since there is no relocation or rehabilitation and a
reduced carbon footprint due to a reduction in the construction requirement.
> e the system is simplé, compact and modular and provides good energy
efficiency;
o the system can be adapted to a variety of hydraulic conditions and head
heights; and
e the systems is easy to maintain without need for any spc;cialized device, the
10 inlet guide vane and outlet stay vanes can be removed easily from the casing.
In horizontal split casing, the upper casing can be removed after which the
inlet guide vane and outlet stay vanes can be remdved and repaired or
replaced.
e the system contains only a single moving part, shaﬁ is stationery there by
15 making it easy for manufacturing, assembly, installfrfg and maintenance.
o the system does not need a separate power house thereby reducing the civil
construction, land availability causing minimum environmental impact .The
arrangement of an embodiment of the invention is more easily approved by a
local government or authority since the system does not have a negative

20 environmental impact on the environment.
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CLAIMS:

1. A system to generate electricity from a fluid flowing in a pipeline, the system comprising:

a mounting arrangement to mount the system in a portion of a pipeline;

an elongate shaft;

a turbine rotor which is mounted to the shaft, the turbine rotor being operable to rotate
about the elongate axis of the shaft when fluid in the pipeline acts on the turbine rotor;

an electrical generator arrangement comprising a first part incorporating at least one
magnet and a second part comprising at least one winding, wherein one part of the generator
system is mounted to the turbine rotor and the other part of the generator system is mounted to
a stator element which is positioned adjacent the turbine rotor; and

a housing which at least partly houses the turbine rotor, the shaft and the electrical
generator arrangement, the housing comprising a fluid inlet and a fiuid outlet; wherein the
system further comprises:

at least one inlet guide vane which is detachably attached to the housing adjacent to the
fluid inlet, each inlet guide vane being held at an angle relative to the direction of the flow of the
fluid in the pipeline such that each inlet guide vane changes the direction of flow of the fluid In
the pipeline to be at least partly in line with a rotor vane on the turbine rotor; and

at least one outlet stay vane which is detachably attached to the housing and positioned
adjacent to the fluid outlet, each outlet stay vane being held substantially in line with the
direction of flow of the fluid in the pipeline; and wherein the housing comprises two parts that
are releasably attached to one another such that the two parts of the housing can be at least
partly separated from one another to permit access to the turbine rotor and the electrical

generator system and to permit removal of each inlet guide vane and each outlet stay vane.

2. The system of claim 1, wherein the two parts of the housing are releasably attached to
one another in a plane which is substantiaily parallel to the elongate axis of the shatft.

3. The system of claim 1, wherein the two parts of the housing are releasably attached to
one another in a plane which is substantially perpendicular to the elongate axis of the shatt.

4. The system of any one of claims 1 to 3, wherein one or both of the fluid inlet and the fluid
outlet has a cross sectional area that is less than the cross sectional area of the portion of the

pipeline.
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D. The system of claim 4, wherein the system further comprises an open ended
frustoconical inlet element which has a first open end mounted to the fluid inlet of the housing
and a second open end positioned upstream from the fluid inlet, wherein the second open end

has a cross sectional area that is substantially equal to the cross sectional area of the pipeline.

D. The system of claim 4 or claim 5, wherein the system further comprises an open ended
frustoconical outlet element which has a first open end mounted to the fluid outlet of the housing
and a second open end positioned downstream from the fluid outlet, wherein the second open
end has a cross sectional area that is substantially equal to the cross sectional area of the

pipeline.

7. The system of any one of claims 1 to 6, wherein the shaft is fixed relative to the housing

such that the shaft is not rotatable relative to the housing.

8. he system of claim 7, wherein the turbine rotor is rotatably mounted to the shait by a

bearing arrangement provided on the turbine rotor.

Q. The system of any one claim 1 to 6, wherein the shaft is rotatably mounted to the

housing by at least one bearing arrangement provided on the housing.

10. The system of any one of claims 1 to 9, wherein the turbine rotor and the housing are

formed from at least one of a metal, a polymer, a metal composite or a reinforced polymer

composite.

11. The system of any one of claims 1 to 10, wherein at least one of the first and second

parts of the electrical generator arrangement is at least partly encapsulated in an electrically

insulating material.

12. The system of any one of claims 1 to 11, wherein the first part of the electrical generator

arrangement comprises a plurality of permanent magnets.

13. The system of claim 12, wherein the electrical generator arrangement comprises a
plurality of metal portions which are not permanently magnetic, the metal portions each being
provided between two of the permanent magnets, such that the permanent magnets induce a

magnetic field in each metal portion.
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14. The system of any one of claims 1 to 13, wherein the system comprises a plurality of
turbine rotors and a plurality of electrical generator arrangements, one part of each electrical

generator arrangement being mounted to a respective one of the plurality of turbine rotors.

15. A power generation arrangement comprising:
a pipeline; and at least one system according to any one of claims 1 to 12 mounted in a

portion of the pipeiine.

16. The power generation arrangement of claim 15, wherein the arrangement comprises a
plurality of systems according to any one of claims 1 to 14 which are mounted in the pipeline in

series with one another at spaced apart positions along the pipeline.

17. The power generation arrangement of claim 16, wherein the arrangement further
comprises a bypass conduit connected to the pipeline in parallel with each respective system,

each bypass conduit comprising a pressure reducing valve to at least partly restrict the flow of

fluid through the bypass conduit.

18. The power generation arrangement of claim 15 comprising the system of claim 14,

wherein the system is positioned substantially at or adjacent one end of the pipeline.

19. A method of installing a power generation arrangement comprising:
providing a pipeline to carry fluid from an elevated position to a lower position, and

mounting at least one system of any one of claims 1 to 14 in one or more portions of the

pipeline.

20. The method of claim 19, wherein the method comprises retrofitting at least one system

according to any one of claims 1 to 14 in an existing pipeline.
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