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(57) Abréegée/Abstract:
A hydro-power generation system for use in conjunction with a water treatment system is disclosed. The embodiments of the hydro-

power generation system include an impeller rotatably positioned in a housing. The impeller Is rotatably coupled with a generator.
VWhen water flows through the water treatment system, water flows to the hydro-power generation system and acts on the impeller
causing rotation thereof. The rotation of the impeller results in the generation of electricity for the water treatment system by the
generator. Other embodiments of the hydro-power generation system include a rotor rotatably positioned in a conduit through
which water flows. The flowing water causes the rotor to rotate. The rotor operatively cooperates with a surrounding stator. As the
rotor rotates within the stator electricity is generated for the water treatment system.
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(57) Abstract: A hydro-power generation system for use in con- .
junction with a water treatment system is disclosed. The embod-
iments of the hydro-power generation system include an impeller
rotatably positioned 1n a housing. The impeller is rotatably cou-
pled with a generator. When water flows through the water treat-
ment system, water flows to the hydro-power generation system
and acts on the impeller causing rotation thereof. The rotation of
the impeller results 1n the generation of electricity for the water
treatment system by the generator. Other embodiments of the hy-
dro-power generation system include a rotor rotatably positioned
in a conduit through which water flows. The flowing water causes
the rotor to rotate. The rotor operatively cooperates with a sur-
rounding stator. As the rotor rotates within the stator electricity is
generated for the water treatment system.
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HYDRO-POWER GENERATION FOR A WATER TREATMENT SYSTEM

Field of the Invention
The present invention relates generally to a water treatment system and, more
particularly, to a method and system for providing electrical power to a water

treatment system through hydroelectric power generation.

Background of the Invention

Over the past several years, people have become more health conscious when
it comes to consuming watef from public water supplies or private wells.
Unfortunately, in today's increasingly polluted world, there is no such thing as
naturally pure water. Water supplies contain microbiological and chemical
contaminants that can be found in nature or are the result of human activity. As water
flows in streams, resides in lakes, and filters through layers of soil and rock in the
ground, the water dissolves or absorbs naturally occurring contaminants. In addition,

human-originated sources of water contaminants can result from rainfall runoff,

snowmelt and underground migration from disposal sites.

A clean, constant supply of drinking water is essential to every community.
People in large cities frequently drink water that comes from surface water sources,
such as lakes, rivers, and reservoirs. Sometimes these sources are close to the
community and other times, drinking water is obtained from sources many miles
away. In rural areas, people are more likely to drink ground water that is pumped
from public or private wells. These wells tap into aquifers that may be only a few

miles wide, or may span the borders of many states. Although efforts are made to



10

15

20

CA 02385719 2002-03-25

WO 01/25626 PCT/US00/41082

limit the levels of contaminants in ground water and surface water, some level of

contaminants is present in all drinking water.

As a result of the increased awareness of water contamination, the public
desires to have the water it consumes purified. Several different types of water
treatment systems have been developed to increase the purity of drinking water for the
consuming public. These systems typically remove some or all of the contaminants
found in drinking water supplies in an effort to provide water free of contamination.
Several of these systems use a carbon-based filter unit and an ultraviolet (UV) light
unit to filter and decontaminate the water before being dispensed for consumption.
The carbon-based filter unit uses inert material to filter out particulate and organic
contaminants. Ultraviolet radiation that 1s emitted from the ultraviolet light unit is
used to neutralize harmful microorganisms present in the water.

In order to energize the ultraviolet light unit and a plurality of other systems in
the water treatment system, a power source is required. Conventional water treatment
systems use power from a standard electrical outlet or a battery power source to
provide the energy necessary to drive all of the components in the water treatment
system, including the ultraviolet light unit. In the case of water treatment systems
powered by electrical outlets, the system has limited portability and ceases to operate
when there 1s an interruption in the electrical outlet power supply. Water treatment
systems operated from battery power sources contain only a finite supply of energy
that 1s depleted through operation or storage of the water treatment system and
replacement batteries must be readily available to keep the water treatment system
operable. If a longer-term battery power source is desired, larger batteries are

required that can add considerable weight and size to the water treatment system.



10

15

20

25

CA 02385719 2002-03-25

WO 01/25626 PCT/US00/41082

Some existing water treatment systems are capable of using either the standard
electrical outlets or the battery power sources where the battery power source can be
replenished by the electrical outlet power source. Although these water treatment
systems do not require replacement batteries, the capacity and size of the batteries
dictate the length of operation of the water treatment system while operating on the
battery source. An electrical outlet source must also be utilized on a regular basis to
replenish the batteries. In addition, these water treatment systems require additional
electrical circuits and components to operate from the two different power sources.

For the foregoing reasons, a need exists for a water treatment system
containing an internal power supply that requires no external electrical power source

and can produce power to operate the water treatment system.

Summary of the Invention

The present invention discloses a hydro-power generation system for use in
conjunction with a water treatment system that overcomes problems associated with
the prior art. The embodiments of the hydro-power generation system require no
external power source to provide power for use by the water treatment system. The
hydro-power generation system is operable to produce electricity when water 1s
flowing through the water treatment system.

One embodiment of the hydro-power generation system includes a nozzle, a

housing and an outlet. During operation, water flows from the water treatment system

into the nozzle. The nozzle forces the flowing water through the housing to the outlet.
The housing is formed to accept an impeller that is in fluid communication with water
flowing through the housing. The flowing water acts on the impeller causing the

impeller to rotate. The impeller 1s fixedly coupled to a generator. The rotation of the
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impeller rotates a portion of the generator thereby producing electricity for the water

treatment system.

Another embodiment of the hydro-power generation system includes a
housing, an impeller, a nozzle, an outlet and a generator. The housing includes an
airspace within which the impeller that is capable of rotating is positioned. The
nozzle penetrates the housing and provides an inlet for water. The nozzle operates to
provide a stream of water that is directed at the impeller to induce the rotation of the
impeller. The outlet 1s coupled to the housing to channel water directed at the
impeller out of the housing. The generator 1s coupled with the impeller such that
rotation of the impelier induces the generation of electricity by the generator.

Yet another embodiment of the hydro-power generation system includes a
housing, a rotor and a stator. The housing includes an inlet and an outlet and forms a
conduit for the passage of water therethrough. The rotor 1s positioned within the
housing and capable of rotation such the rotor is rotated by the flow of water through
the housing. The stator 1s positioned to surround the rotor such that rotation of the
rotor induces the production of electricity.

A method of supplying electricity to a water treatment system using water
that 1s subject to treatment by the water treatment system is described by another
embodiment. The method comprnises providing a housing that includes an inlet and an
outlet, and supplying a flow of water to the inlet of the housing. The water flows
through the housing to the outlet. The method further comprises rotating a rotor that
is positioned in the housing. The position of the rotor in the housing 1s such that a
stator surrounds the rotor. In addition, the method comprises generating electricity

with the rotor and the stator. The rotation of the rotor induces the generation of

electricity.
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Yet another embodiment describes a method of supplying electricity to a water
treatment system using water that 1s subject to treatment by the water treatment
system. This method includes providing a housing having an airspace and supplying
a flow of water to a nozzle. In addition, the method includes directing the water
sprayed from the nozzle at an impeller that is positioned within the airspace and "is
capable of rotation. The method continues by rotating the impeller and a rotor that is
fixedly coupled to the impeller with the water sprayed from the nozzle. The rotor is
cooperatively operable with a stator to form a generator that is generating electricity
when the rotor rotates.

The presently preferred embodiments can be readily adapted for use in a
variety of water treatment systems that require a power source, such as portable water
treatment systems, faucet-mounted water treatment systems, under-counter water
treatment systems, whole house water treatment systems and remote location water
treatment systems. Those skilled in the art would also recognize that the hydro-power
generation system could be adapted for use with various other systems that require
electricity during activities that include flowing water or other fluids.

Since the presently preferred water treatment system contains a self-sustaining
power supply, the standard electrical outlet power supply is not required. In addition,
since the water treatment system is capable of supplying its own power needs, it can
also provide a power source for charging an energy storage device used for the water
treatment system. The energy storage device may augment operation by providing
power for such things as indicators and monitors during times when the water 1s not
flowing. In the presently preferred embodiments, the hydro-power generation system
may provide power for initial power requirements, UV lamp starting, indicators and

monitoring devices.



10

15

20

CA 02385719 2002-03-25

WO 01/25626 | PCT/US00/41082

These and other features and advantages of the invention will become
apparent upon consideration of the following detailed description of the presently

preferred embodiments, viewed in conjunction with the appended drawings. The

foregoing discussion has been provided only by way of introduction. Nothing in this

section should be taken as a limitation on the following claims, which define the

scope of the invention.

Brief Description of the Drawings

Figure 1 illustrates a water treatment system coupled to one embodiment of
the hydro-power generation system.

Figure 2 illustrates a cross section of one embodiment of the nozzle illustrated
in Fig. 1.

Figure 3 illustrates the water treatment system and the hydro-power generation
system illustrated in Fig. 1 rotated 90 degrees with a portion of the hydro-power
generation system sectioned away.

Figure 4 illustrates a cross-section of another embodiment of the hydro-power
generation system.

Figure 5 illustrates a cross-section of the nozzle illustrated in Fig. 4 taken
along line 5-5.

Figure 6 illustrates the hydro-power generation system illustrated in Fig. 4
rotated 90 degrees with a portion of the hydro-power generation system sectioned
away.

Figure 7 represents a cross-sectional view of another embodiment of the

hydro-power generation system coupled to the water treatment system.
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Figure 8 represents a top view of the embodiment of the hydro-power
generaﬁon system illustrated in Fig. 7 with a portion of the stator housing sectioned
away.

Figure 9 represents a cross-sectional view of another embodiment of the

hydro-power generation system.

Detailed Description of the Presently Preferred Embodiments of the Invention

The exemplary embodiments of the invention are set forth below with
reference to specific configurations, and those skilled in the art would recognize
various changes and modifications could be made to the specific configurations while
remaining within the scope of the claims. The presently preferred embodiments may
be used with any water treatment system that requires a power supply and includes a
water flow; however, the embodiments are designed for a water treatment system for
residential or portable use. Those skilled in the art would also recognize that the
embodiments could be used with fluids other than water and use of the term "water”
and "hydro" should not be construed as a limitation.

Fig. 1 is a side view of a water treatment system 10 connected with a preferred
hydro-power generation system 12. In this embodiment, the hydro-power generation
system 12 includes a nozzle 14, a housing 16, an impeller 13 and a housing outlet 20.
The nozzle 14 is coupled with the water treatment system 10 by a conduit 22. The
conduit 22 may be formed of PVC plastic or similar material and may be coupled to
the nozzle 14 by threaded connection, friction fit or some other similar connection
mechanism.

During operation, pressurized water flows from the water treatment system 10

into the hydro-power generation system 12 via the nozzle 14 as illustrated by arrow
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24. The nozzle 14 1s coupled with the housing 16 such that water flows through the
nozzle 14 and is forced through the housing 16 to the housing outlet 20. In alternative
embodiments, the hydro-power generation system 12 may be positioned within the
water treatment system 10 or positioned to receive a supply of pressurized water
before the water enters the water treatment system 10

Fig. 2 illustrates a cross section of one embodiment of the nozzle 14. The
preferred nozzie 14 is a sonic nozzle that increases the velocity of pressurized water
flowing therethrough. In this embodiment, the nozzle 14 is capable of increasing the
velocity of the water to sub-sonic speed. The nozzle 14 is formed of stainless steel or
some other similar rigid material and includes a nozzle inlet 26 and a nozzle outlet 28.
The nozzle inlet 26 is coupled to the water treatment system 10 as previously
discussed. The nozzle outlet 28 is coupled to the housing 16 by friction fit, snap-fit,
threaded connection or some other similar coupling mechanism capable of forming a
watertight connection therebetween. The nozzle 14 may penetrate the housing 16 in
any location that provides proper alignment of the nozzle 14 with the impeller 18 as
will be hereinafter discussed.

The nozzle 14 includes a passageway 30 that provides for the flow of water
therethrough. The passageway 30 is formed to be a first predetermined diameter 32 at
the nozzle inlet 26 and a second predetermined diameter 34 at the nozzle outlet 28. In
this embodiment, the second predetermined diameter 34 is about twenty-six percent of
the first predetermined diameter 32. The passageway 30 rematns the first
predetermined diameter 32 for a predetermined length of the nozzle 14. The
remaining portion of the passageway 30 is conically shaped by uniformly tapering the
passageway 30 to the second predetermined diameter 34. In this embodiment, the

passageway 30 of the nozzle 14 tapers at an angle of approximately 18 degrees
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between the first predetermined diameter 32 and the second predetermined diameter
34,

The configuration of the passageway 30 determines the velocity of the water
exiting from the nozzle 14. In addition, the velocity of the water at the nozzle outlet
28 is dependent on the pressure of the water source and the back pressure downstream
of the nozzle 14. A desirable predetermined range of the velocity at the nozzle outlet
28 may be determined using an expected range of pressure provided by the water
treatment system 10 (illustrated in Fig. 1) at the nozzle inlet 26. For example, in a
household water system, the pressure of the water supply 1s in a range of about twenty
to sixty pounds-per-square-inch (PSI). The passageway 30 also provides a continuous
and uniform stream of water at the nozzle outlet 28. During operation water flowing
through the nozzle 14 flows into the housing 16 within a predetermined range of high
velocity with a predetermined trajectory.

Referring back to Fig. 1, the housing 16 forms a conduit that may be
composed of plastic or some other similar waterproof material capable of forming a
rigid passageway for water. In this embodiment, the housing 16 includes a
transiucent portion as illustrated in Fig. 1 to allow viewing of the interior of the
housing 16. The housing 16 i1s formed to encompass the impeller 18 that 1s in fluid
communication with water as the water flows through the housing 16 after exiting the
nozzle outlet 28.

The impeller 18 includes a plurality of blades 42 that are rigidly fastened to a
hub 44. The blades 42 are positioned in the housing 16 such that water flowing from
the nozzle 14 impinges upon the blades 42 of the impeller 18 at a predetermined
angle. The predetermined angle is determined based on the expected pressure of the

water at the nozzle inlet 26, the back pressure at the nozzle outlet 28 and the desired
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revolutions-per-minute (RPM) of the impeller 18. During operation, the flowing
water acts on the impeller 18 causing 1t to rotate in a single direction within the
housing 16. As discussed in detail below, as the impeller 18 rotates, this embodiment
of the hydro-power generation system 12 converts the energy in the flowing water to
rotational energy, which is then converted to electricity. In this embodiment, the
impeller 18 1s submerged in the water flowing through the housing 16.

Fig. 3 illustrates the embodiment depicted in Fig. 1 rotated 90 degrees with a
portion of the housing 16 sectioned away. As illustrated, the impeller 18 1s coaxially
fastened to a generator 46 by a longitudinal extending shaft 48. The shaft 48 may be
stainless steel or some other similar rigid material that is fixedly coupled with the
impeller 18. The hub 44 of the impeller 18 1s coaxially coupled to one end of the
shaft 48 and a generator shaft 50, which is part of the generator 46, is coaxially
coupled to the other end. The rigid coupling of the shaft 48 to the impeller 18 and the
generator 46 may be by welding, press-fit or other similar rigid connection.

The rotatable shaft 48 longitudinally extends to penetrate the housing 16
through a watertight seal 52 made of rubber or other similar material. The watertight
seal 52 1s coupled to the housing 16 and 1s formed to allow the shaft 48 to rotate freely
without the escape of water from within the housing 16. The shaft 48 longitudinally
extends to the generator 46 that 1s positioned adjacent the housing 16. Although not
illustrated, the outer surface of the generator 46 may be coupled to the housing 16 by,
for example, nuts and bolts, rivets or other similar mechanism capable of fixedly
coupling the housing 16 and generator 46.

During operaton, as water flows through the housing 16 and the impeller 18
rotates, shafts 48, 50 correspondingly rotate, causing electricity to be produced from

the generator 46. In an alternative embodiment, a magnetic coupler (not shown) is

10
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used in place of the shaft 48 to eliminate the need for penetration of the housing 16.
In this embodiment, the impeller 18 includes magnets with sufficient magnetic
strength to ngidly couple with similar magnets positioned on the generator shaft 50
outside the housing 16. During operation, when the impeller 18 rotates, the magnetic
attraction of the magnets oriented on the impeller and the magnets oriented on the
generator shaft 50 cause rotation of the generator shaft 50 thereby generating
electricity from the generator 46.

In this embodiment, the generator 46 may be a permanent magnet generator
capable of generating direct current (DC) or alternating current (AC). In an
alternative embodiment, the generator 46 may be capable of generating both AC and
DC current. The electricity is transferred from the generator 46 by a plurality of
conductors 54 that may be wires, busses or other similar materials capable of
conducting electricity. The voltage level of the electricity produced 1s a function of
the revolutions-per-minute of the impeller 18. As previously discussed, the velocity
of the water flowing from the nozzle 14 may be designed within a predetermined
range thereby controlling the voltage output of the electricity generated by the
generator 46,

The direct or alternating current produced by this embodiment may be used to
power the water treatment system 10 and may also be used to charge an energy
storage device (not shown) such as, for example, a battery or capacitors. The rotation
of the impeller 18 or the duration of the electricity being produced may also provide a
mechanism for flow-based measurements such as, flow rates or the quantity of water
that has flowed through the water treatment system 10. The rotation of the impeller
18 or the duration of the electricity being produced may be combined with the back

electromagnetic force (EMF) of the generator 46 to provide the flow-based

11
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measurements. Those skilled in the art would recognize that the hydro-power
generation system 12 may also be used in other systems besides the water treatment
system 10.

Fig. 4 illustrates a cross sectional view of another embodiment of the hydro-
power generation system 12. This embodiment is similarly coupled to the water
treatment system 10 as in the embodiment illustrated in Fig. 1 and includes a nozzle
14, a housing 16, an impeller 18 and a housing outlet 20. Similar to the previously
discussed embodiment, the nozzle 14 provides water at high velocity that 1s directed
at the rotatable impeller 18. However, in this embodiment, the impeller 18 1s not
submerged in water within the housing 16 during operation. As such, the water from
the nozzle 14 forms a stream that is sprayed at the impeller 18.

The nozzle 14 may be a sonic nozzle similar to the previously discussed
nozzle 14 illustrated in Fig. 2. The nozzle 14 penetrates the housing 16 and is coupled
thereto by a mounting plate 56. The mounting plate 56 is positioned adjacently
contacting the outer surface of the housing 16. Those skilled in the art would
recognize that other methods exist that could be used to couple the nozzle 14 with the
housing 16.

Fig. 5 illustrates a cross sectional view of the nozzle 14 mounted in the
mounting plate 56 of this embodiment. The mounting plate 56 includes a longitudinal
slot 58 and a pair of ears 60 that allow adjustment of the nozzle 14 to an optimal
position in relation to the impeller 18. In this embodiment, the nozzle 14 may be
fixedly mounted to the housing 16 when the optimal position is achieved by inserting
threaded screws in the ears 60. In alternative embodiments, the mounting plate 56

provides a single predetermined desired position of the nozzle 14 when the fasteners

12
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such as, for example, threaded screws, rivets or pins fixedly mount the mounting plate
56 on the housing 16.

Referring again to Fig. 4, the desired position of the nozzle 14 is such that the
nozzle 14 longitudinally extends into the housing 16. The housing 16 of this
embodiment includes a housing cavity 62 that is defined by the inner walls of the
housing 16 as illustrated in Fig. 4. The housing cavity 62 is an air space that includes
the impeller 18 positioned therein. During operation, water 1s sprayed from the
nozzie 14 into the housing cavity 62 with a predetermined trajectory to strike the
impeller 18 at a predetermined angle. The predetermined angle 1s based on the
desired RPM of the impeller 18 and the range of the pressure of water supplied to the
nozzle 14 from the water treatment system 10. The cooperative operation of the
nozzle 14 and the impeller 18 are not limited to operation with pressurized water and
other fluids such as, for example, air could similarly be utilized.

As further illustrated in Fig. 4, the impeller 18 includes a plurality of blades
64. Each of the blades 64 of this embodiment are fixedly coupled to an impeller hub
66 at one end and include a paddle 68 formed at the opposite end. The impeller hub
66 is fixedly coupled to a shaft 48 as in the previously discussed embodiments. Those
skilled in the art would recognize that the quantity of the blades 64 and the size of the
impeller 18 could vary depending on the application.

Fig. 6 illustrates the embodiment hydro-power generation system 12 1illustrated
in Fig. 5 rotated 90 degrees with a portion of the housing 16 sectioned away for
illustrative purposes. As illustrated, the hydro-power generation system 12 includes
the housing 16 coupled to the generator 46 with the shaft 48 as in the previously
discussed embodiments. In addition, the shaft 48, which 1s rotatable, longitudinally

extends from the impeller 18 into the generator 46 through the watertight seal 52. In

13
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an alternative embodiment, the shaft 48 could be modified with a magnetic coupler, as
previously described, thereby eliminating the penetration of the housing 16 and the
watertight seal 52. As illustrated, the shaft 48 rotatably positions the impeller 18 in
the airspace within the housing cavity 62 with the paddles 68 thereby rotating about
the shaft 48.

As 1illustrated in Fig. 6, each of the paddles 68 of this embodiment are formed
in a parabolic shape that includes a slot 70. The parabolic shape of the paddles 68
provide a uniform receiver of the energy present in the water spraying from the nozzle
14 (illustrated in Fig. 5). The slots 70 allow the energy of the spraying water to pass
to the next paddle 68 as the impeller 18 rotates. The transitional passing of the energy
in the spraying water to the next paddle 68 maximizes the efficiency of the energy
transfer from the water to the impeller 18. In alternative embodiments, the blades 64
could be formed in other shapes and configurations that are conducive to the efficient
transfer of energy from other fluids sprayed from the nozzle 14. For example, when
the fluid 1s air, the blades 64 may be formed as vanes, fins or other similar structure
capable of translating the energy from the flowing air to the rotation of the impeller
18.

During operation, after the stream of water strikes the impeller 18 at a
predetermined angle, the water falls by gravity as indicated by arrow 72 toward the
housing outlet 20. As such, the water collects at the housing outlet 20 and is thereby
channeled out of the housing 16. Since the impeller 18 1s not submerged in water, the
bulk of the energy transferred from the water stream to the impeller 18 is provided as
rotational force to the shaft 48.

The rotation of the shaft 48 causes rotation of a portion of the generator 46.

One embodiment of the generator 46 includes a rotor 76, a first stator 78, and a

14
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second stator 80 positioned within a generator housing 82. The rotor 76 is fixedly
coupled to the shaft 48 and rotates therewith. The first and second stators 78, 80 are
fixedly coupled to the generator housing 82 and circumferentially surround the shaft
48. The rotor 76 1s positioned between the first and second stators 78, 80 to form the
generator 46.

The rotor 76 of this embodiment may be in the form of a disk that includes a
plurality of permanent magnets 84. The permanent magnets 84 are uniformly place in
predetermined positions within the rotor 76 to operatively cooperate with the first and
second stators 78, 80. Each of the first and second stators 78, 80 in this embodiment
may also form disks that include a plurality of coils 86. The coils 86 are positioned
uniformly within the first and second stators 78, 80 to operatively cooperate with the
permanent magnets 84. The coils 86 may be electrically connected to form one or
more windings that are operable to generate electricity. The number of poles and the
design of the first and second stators 78, 80 are dependent on a number of factors.
The factors include: the strength of the gaussian field formed by the permanent
magnets 84 and the back EMF, as well as the desired RPM and the desired power
output of the generator 46.

In this embodiment, the rotation of the rotor 76 causes magnetic flux that 1s
generated by the permanent magnets 84 to similarly rotate thereby producing
electricity in the first and second stators 78, 80. The rotor 76 and the first and second
stators 78, 80 operatively cooperate to generate alternating current (AC). The AC
may be rectified and stabilized by the generator 46 to supply both AC and direct
current (DC). In an alternative embodiment, the permanent magnets 84 may be

positioned on the first and second stators 78, 80 such that the generator 46 is operable
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to generate direct current (DC). In another alternative embodiment, the generator 46
is similar to the generator 46 discussed with reference to Fig. 3.

During operation, pressurized water may be supplied from the water treatment
system 10 (illustrated in Fig. 1) to the hydro-power generation system 12. Asin the
previous embodiments, alternative embodiments of the hydro-power generation
system 12 may supply water to the water treatment system 10 or be positioned within
the water treatment system 10. In this embodiment, water is supplied from the water
treatment system 10 to the nozzle 14 as previously discussed.

Pressurized water flows through the nozzle 14 and sprays with high velocity
into the housing cavity 62 thereby striking the paddles 68 on the impeller 18 at a
predetermined angle of incidence. When the water strikes the paddles 68, the energy
in the spraying water is translated to the impeller 18 causing rotation in a single
direction. As the impeller 18 rotates, a portion of the spraying water also sprays
through the slots 70 and strikes another of the paddles 68 on the impeller 18.
Following the collision of the water with the paddles 68 and the accompanying
transfer of energy, the water falls by gravity to the housing outlet 20 and flows out of
the housing 16. Accordingly, the housing cavity 62 remains an airspace during
operation and is not completely filled with water during operation.

The rotation of the impeller 18 causes rotation of the shaft 48 thereby rotating
the rotor 76 of the generator 46. In this embodiment, the rotor 76 rotates at about
2400 revolutions-per-minute (RPM). Rotation of the rotor 76 induces the generation
of electricity that is supplied to the water treatment system 10. As previously
discussed, the range of the voltage level produced by the generator 46 is based on the

range of velocity of the water flowing through the nozzle 14. Accordingly, the
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voltage range of the generator can be selected by selecting a predetermined range of

velocity for the flowing water through the nozzle 14
Fig. 7 illustrates a cross-sectional view of another embodiment of the hydro-

power generation system 12 which is preferentially coupled with the water treatment

- system 10. As illustrated, the hydro-power generation system 12 includes a rotor

housing 102 and a stator housing 104. The rotor housing 102 forms a conduit that
may be composed of plastic or other similar rigid material and includes an inlet 106
and an outlet 108. During operation the inlet 106 receives the flowing water as
illustrated by arrow 110 and the outlet 108 channels the flowing water to the water
treatment system 10. In alternative embodiments, the hydro-power generation system
12 may be positioned within the water treatment system 10 or positioned to receive
water flowing out of the water treatment system 10. As previously discussed, the
flow of water through the hydro-power generation system 12 may be controlled by the
water treatment system 10.

As illustrated in Fig. 7, the rotor housing 102 contains a rotor 112 and the
stator housing 104 contains a stator 114. The rotor 112 of this embodiment may be a
twelve-pole permanent magnet rotor having six north/south pole combinations. As set
forth in detail below, the stator 114 of this embodiment may be an annular ring
designed with eight north/south pole combinations. The rotor 112 and the stator 114
cooperatively operate to produce electricity during operation. As known in the art, a
stator contains a stationary winding that can be configured to contain any number of
poles depending on the magnitude of the voltage needed at the output. The number of
poles in the winding disclosed in the present embodiment should not be construed as a

limitation on the present invention.
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Fig. 8 illustrates a top view of the embodiment depicted in Fig. 7 with the top
portion of the stator housing 104 sectioned away for illustrative purposes. The stator
114 is fixedly positioned in the stator housing 104 to circumferentially surround the
rotor housing 102. The stator 114 includes a core 116, a plurality of salient poles 118
5 and a plurality of coils 120. The core 116 may be composed of iron, steel or other
similar material and is formed to include the salient poles 118. In this embodiment,
there may be eight salient poles 118 that are each surrounded by coils 120.
The salient poles 118 are formed on the stator 114 such that they
circumferentially surround the rotor housing 102. Each of the salient poles 118
10  includes a formed end that is known in the art as a pole shoe 122. The pole shoes 122
are located adjacent the rotor housing 102. The pole shoes 122 conduct a constant
magnetic flux formed by the rotor 112 through the coils 120. The coils 120 may be
wire or some other similar material capable of conducting electricity and being
wrapped around the salient poles 118. Although not illustrated, the coils 120 are
15 electrically connected to form the winding. As known in the art, the number of turns
of wire used for each coil 120 is determined by the voltage and power requirements,
the minimum and maximum revolutions of the rotor 112, the maximum allowable
back-pressure, the required inductance and the magnetic gauss.
Referring again to Fig. 7, the stator 114 is transversely positioned
20  perpendicular to the central axis of the rotor housing 102. Since the stator 114 1S
positioned outside the rotor housing 102, it is isolated from fluid communication with
the water flowing within the rotor housing 102. The stator housing 104 1s fixedly
coupled to the rotor housing 102 thereby providing a predetermined position on the
rotor housing 102 for the stator 114. In this embodiment, the stator housing 104 1s

25 coupled with the external surface of the rotor housing 102 by a friction fit. Those
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skilled in the art would recognize that various other ways of coupling the rotor
housing 102 and the stator housing 104 exist.

In this embodiment of the hydro-power generation system 12, the rotor 112
includes a permanent magnet 124 that can be formed of metal, sintered metal,
extruded metal or ceramic material. The permanent magnet 124 forms a constant
magnetic flux and 1s coupled with a rotor shaft 126. The rotor shaft 126, which is
rotatable, longitudinally extends from opposite ends of the permanent magnet 124 and
may be composed of stainless steel or other rigid, corrosion reststant material. The
permanent magnet 124 1s formed with 1ts central axis coaxial with the rotor shaft 126.
The outer surface of the permanent magnet 124 may be formed in a streamline shape
to include at least one rotor blade 128. The permanent magnet 124 of this
embodiment is formed in a barrel shape with a single helical ridge forming the rotor
blade 128. In alternative embodiments, the rotor blade 128 could be turbine blades or
other similar devices capable of inducing rotation of the rotor 112 when subjected to
flowing water.

As illustrated in Fig. 7, the rotor 112 is positioned within the rotor housing 102
coaxial with the central axis of the rotor housing 102. One end of the rotor shaft 126
of the rotor 112 is inserted 1n a first collar 130 and the other end of the rotor shaft 126
1s inserted in a second collar 132. In this embodiment, the ends of the rotor shaft 126
increase in diameter to form a solid sphere to facilitate fastening to the first collar 130
and the second collar 132. The first collar 130 and the second collar 132 are formed
of plastic or other similar material and create a transverse strut perpendicular to the
central axis of the rotor housing 102. The first collar 130 and the second collar 132
each contain a bearing 134 or other similar device to allow the rotor shaft 126 to

rotate freely. Additionally, the first collar 130 and the second collar 132 are coupled
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to the rotor housing 102 at a predetermined distance from each other such that the

rotor 112 can be suspended therebetween.

The rotor 112 1s positioned in the rotor housing 102 such that water flowing
through the rotor housing 102 impinges upon the rotor blade 128 that forms a part of
the rotor 112. The rotor blade 128 acts as a paddle, causing the flowing water to act
on the rotor 112. The flowing water causes the rotor 112 to rotate in a single direction
about the central axis of the rotor housing 102. The rotor 112 is positioned within the
stator 114 such that the axis of the rotor 112 is concentric with that of the stator 114.
The rotor 112 operatively cooperates with the stator 144 to form the generator.

During operation, as water is flowing and the rotor 112 is rotating, the
constant magnetic flux generated by the rotor 112 also rotates and penetrates into the
stator 114 thereby intrinsically creating power. An air gap of a specified distance
must' be maintained between the rotor 112 and the stator 114 to allow the constant
magnetic flux from the rotor 112 to induce the generation of electricity from the stator
114. In these embodiments, the "air gap" between the permanent magnet 124 of the
rotor 112 and the pole shoes 122 of the stator 114 consists of flowing water and the
rotor housing 102. The flow of fluid and the rotor housing 102 do not affect the
constant magnetic flux. Accordingly, the rotating constant magnetic flux from the
rotating rotor 112 induces the production of electricity from the coils 120 of the stator
114.

As the water flows through the rotor housing 102 causing the rotor 112 to
rotate, the rotating constant magnetic flux is imparted on the winding of the stator 114
and electricity 1s produced. The electricity flows through conductors 54 to power a
device which 1s a water treatment system 10 in this embodiment. The hydro-power

generation system 12 of this embodiment illustrated in Figs. 7 and 8 produces
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alternating current (AC) that may be used to power the water treatment system 10. In
an alternative embodiment, the hydro-power generation system 12 may produce direct
current (DC) by positioning the permanent magnet 124 on the stator 114. In another
alternative embodiment, the hydro-power generation system 12 supplies both AC and
DC current to the water treatment system 10 by rectifying and stabilizing the
alternating current (AC). The DC current may also be used to charge a energy storage
device (not shown). The rotation of the rotor 112 and the duration that electricity 1s
produced may also be used to provide flow-based measurements such as, the flow rate
or the quantity of water flowing through the water treatment system 10.

Fig. 9 illustrates a cross-sectional view of yet another embodiment of the
hydrb-power generatio'n system 12 that is similar in concept to the previous
embodiment disclosed with respect to Figs. 7 and 8. This embodiment includes a
rotor 112, a stator 114 and a turbine nozzle 140 positioned in a housing 142. The
housing 142 forms a conduit that includes an inlet 144 and an outlet 146. As water or
some other fluid flows into the inlet 144 as illustrated by arrow 148, the water flows
through the housing 142 and is channeled out of the housing 142 by the outlet 146. In
one embodiment, the hydro-power generation system 12 may be positioned within a
water treatment system 10 (illustrated in Fig. 1), following the water treatment system
10 or supplying water to the water treatment system 10.

The housing 142 may be formed of plastic or similar rigid matenal capable of
channeling water. The housing 142 of this embodiment includes a first section 152
and a second section 154 to facilitate assembly and maintenance. The first and
second sections 152, 154 may be fixedly coupled by gluing, friction fit, threaded
connection or some other means of providing a similar rigid connection. The housing

142 forms a passageway 156 for the flow of water therethrough. Fixedly positioned
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within the passageway 156 is the turbine nozzle 140.

The turbine nozzle 140 of this embodiment may be generally conical in shape
and may be formed of plastic dr some other similar rigid material. The turbine nozzle
140 may be integrally formed to include a tip 158 and a plurality of struts 160. The
tip 158 may be centrally located in the passageway 156 and serves to direct the
flowing water outwardly toward the inner wall of the housing 142. The struts 160 are
fixedly coupled to the inner wall of the housing 142 by, for example friction fit, snap-
fit, threaded connection or other similar rigid connection.

The struts 160 fixedly hold the turbine nozzle 140 in the passageway 156 and
include a plurality of channels 162 to allow water to flow through the housing 142,
The size of the channels 162 may be adjusted to control the velocity of the flowing
water. As In the nozzle 14, previously discussed with reference to Fig. 2, a
predetermined range of velocity can be determined. The predetermined range of
velocity 1s based on the expected pressure range of the water flowing in the inlet 144
as well as the backpressure of the hydro-power generation system 12. In addition, the
struts 160 may be oriented in a predetermined configuration to act as vanes to direct
the flowing water. The flowing water may be directed, for example, to act upon the
rotor 112 1n a predetermined way, to eliminate turbulence, to adjust pressure drop or
to increase the efficiency of operation.

The rotor 112 of this embodiment includes a turbine rotor 164, a rotor shaft
166 and a permanent magnet 168. The rotor 112 is rotatably positioned within the
passageway 156 such that water flowing in the passageway 156 causes rotation of the
rotor 112 about a central axis 170 of the housing 142. Rotation of the rotor 112
occurs when the flowing water acts upon the turbine rotor 164. The turbine rotor 164

may be formed of stainless steel, aluminum, plastic or other similar rigid matenal that
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1s capable of withstanding the rotational forces and the force of the flowing water.
The turbine rotor 164 includes at least one turbine blade 172 and a body 174.

The turbine blade 172 is positioned to receive energy from water flowing
through the struts 160. The turbine blade 172 may be a plurality of vanes, a helical
ridge or other mechanism formed on the body 174 that is capable of converting the
energy of the flowing water to rotational energy. The turbine blade 172 of this
embodiment 1s integrally formed with the body 174 and extends until positioned
adjacent the inner wall of the housing 142. The body 174 may be formed to define a
cavity 176 that circumferentially surrounds a portion of the rotor shaft 166. It should
be noted by the reader that the depth of the channels 162 are less than the depth of the
turbine blade 172 with respect to the inner wall of the housing 142. The differential
depth provides circulation of the flowing water as will be hereinafter discussed.

The rotor shaft 166 is rotatable and may be integrally formed with the turbine
rotor 164 or, the rotor shaft 166 may be fixedly coupled thereto'by press-fit, threaded
connection or similar coupling mechanism. The rotor shaft 166 may be stainless steel
or other similar rigid material that may longitudinally extend through the permanent
magnet 168. The permanent magnet 168 may be an extruded magnet that may be
formed of metal, sintered metal, ceramic material or some other similar material with
magnetic properties. The permanent magnet 168 may be fixedly coupled to the rotor
shaft 166 by friction fit, molding or other similar mechanism. The rotor 112 is
rotatable held 1n position by a plurality of bearings 178.

The bearings 178 circumferentially surround a portion of the rotor shaft 166 at
opposite ends of the permanent magnet 168. The bearings 178 may be carbon
graphite, Teflon, ball bearings, ceramic, ultra high molecular weight (UHMW)

polethelyne or other similar bearings capable of withstanding the rotation of the rotor
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shaft 166. In this embodiment, the bearings 178 are lubricated by water present in the
passageway 156. In addition, the flowing water is operable to cool the bearings 178
as will be hereinafter described. The bearings 178 are fixedly coupled and held 1n
position by the stator 114.

The stator 114 of this embodiment includes a plurality of exit guide vanes 180,
a fin 182, a plurality of coils 184 and a cap 186. As illustrated in Fig. 9, the stator 114
i1s fixedly positioned in the passageway 156 by the exit guide vanes 180. The exit
guide vanes 180 are fixedly coupled with the inner wall of the housing 142 by, for
example, glue, friction fit, sn'ap fit or similar rigid coupling mechanism. The exit
guidé vanes 180 longitudinally extend parallel with the inner wall of the housing 142
and provide channels for the flow of water therethrough. The exit guide vanes 180
are formed to channel the flowing water to the outlet 146 to reduce turbulence, air
bubbles, back pressure and other similar behavior of the flowing water that may effect
efficient operation. The fin 182 is similarly formed to channel the flowing water to
the outlet 146.

The coils 184 are formed on a core (not shown) to circumferentially surround
the rotor 112 and form a winding. The coils 184 are separated from the rotor 112 by
an air gap 188. The coils 184 are fixedly coupled with the exit guide vanes 180. In
addition, the coils 184 may be fixedly coupled with the bearings 178 and the fin 182,
The coils 184 may be fixedly coupled to the exit guide vanes 180, the bearings 178
and the fin 182 by, for example, glue or by being integrally formed therewith. In this
embodiment, the coils 184 are positioned within the passageway 156, but are
waterproof to avoid fluid communication with the flowing water. The coils 184 may
be made waterproof by being, for example, potted with epoxy, injection molded with

rubber or plastic, ultrasonically sealed or otherwise isolated from the water by a
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similar waterproofing mechanism. In an alternative embodiment, the coils 184 may
be located outside the housing 142 as in the embodiment previously discussed with
reference to Figs. 7 and 8.

The coils 184 are also water proofed by the cap 186. The cap 186 1s
positioned to seal the end of the coils 184 that is adjacent the turbine rotor 164 as
illustrated in Fig. 9. The cap 186 may be removably coupled to the coils 184 by
threaded connection or may be fixedly coupled to the coils 184 by glue or integral
formation therewith. The cap 186 is formed to partially surround the bearing 178 and
radially extend a predetermined distance that is equal to the radius of the stator 114.
The predetermined distance of the cap 186 extends closer to the inner wall of the
housing 142 than the body 174 of the turbine rotor 164. The difference in the distance
from the inner wall of the housing 142 to the cap 186 and the body 174 provides for
circulation of the flowing water as will be hereinafter discussed.

During operation, water flowing through the inlet 144 and into the passageway
156 experiences a predetermined increase in velocity as the pressurized water flows
through the channels 162. The flowing water is directed by the struts 160 to achieve a

predetermined angle of incidence on the turbine blade 172 that imparts rotation on the

rotor 112. In this embodiment, the rotor 112 rotates at about 15,000 revolutions-per-

minute (RPM). Due to the differential depth of the channel 162, the turbine blade 172
and the cap 182, the flowing water is circulated into the cavity 176. Circulation of the
flowing water through the cavity 176 provides cooling and lubrication of the
adjacently positioned bearing 178.

The revolution of the rotor 112 within the stator 114 produces electricity when
the hydro-power generation system 12 is operating. The hydro-power generation

system 12 is capable of generating alternating current (AC). In alternative
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embodiments, the hydro-power generation system 12 may produce (DC) current if the
permanent magnet 168 is positioned on the stator 114. In another alternative
embodiment, the hydro-power generation system 12 may be designed to produce both
AC current and DC current by rectification and stabilization of the AC current. As
previously discussed, the number of poles and the size and configuration of the coils
184 is dependent on the back pressure, the required RPM's and the target energy
output of the hydro-power generation system 12.

' Referring now to Figs. 3, 6, 7, 8 and 9, another embodiment of the hydro-
power generation system 12 discussed in conjunction with the embodiments of these
figures is operable to supply multiple voltage and current levels. The multiple voltage
and current levels are supplied by switching the coils of the hydro-power generation
system 12 between a series configuration and a parallel configuration. Although not
illustrated, a microprocessor or other similar control unit that can sense the voltage
and current output of the hydro-power generation system 12 and the present voltage
and current needs of the water treatment system 10 may be used to selectively switch
the coils between series and parallel configurations. Selective switching of the coils
may be applied to embodiments that produces direct current (DC) or alternating
current (AC).

For example, some ultraviolet (UV) light sources require a relatively low
predetermined alternating current for initial energization and a relatively high voltage
level. Following initial energization, the UV light source requires a relatively high
alternating current but requires a relatively low voltage level to remain energized.
Accordingly, during operation, when the hydro-power generation system 12 1s
generating electricity, the coils are selectively placed in a sertes configuration by the

microprocessor. The series configuration generates a predetermined alternating
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current at a predetermined voltage level that is capable of initially energizing the UV
light source. Following initial energization of the UV light source, the coils are
selectively reconfigured to a parallel configuration to provide a predetermined
alternating current at a predetermined voltage level capable of maintaining
energization of the UV light source. Switching the coils of the hydro-power
generation system 12, as previously discussed, may provide for various voltage and
current requirements of any electrical device in the water treatment system 10.

In another embodiment, the hydro-power generation system 12 discussed in
conjunction with the previously discussed embodiments may be provided with a
plurality of taps representing different groups of coils formed into windings. The taps
are operable to supply a plurality of different predetermined voltage levels by
electrically connecting different numbers of coils to form the windings. The water
treatment system 10 may be configured to operatively switch between the taps during
operation using a microprocessor or some other similar device. Accordingly, in the
UV light source example previously discussed, one tap may be used for initial
energization and another tap may be used for continuous operation. In addition,
different taps may be used on an ongoing basis to operate different electrical devices
in the water treatment system 10 depending on the power requirements of the
electrical devices.

In yet another embodiment of the hydro-power generation system 12 discussed
in conjunction with the previously discussed embodiments, the back electromagnetic
force (EMF) that is present is advantageously reduced. As known in the art, the back
EMF of a permanent magnet generator is increased by flux concentrators that are
formed by metal laminations in the core of the generator. The flux concentrators are

operable to improve the generating efficiency of the generator, but supply back EMF
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that must be overcome to rotate the rotor.

In the application of the hydro-power generation system 12 to a water
treatment system 10, some UV light sources have varying power requirements during
startup and operation. By using the previously discussed embodiments of the hydro-
power generation system 12 and not include the flux concentrators, the operational
requirements of the UV light source may be met.

During operation, prior to energization of the water treatment system 10, the
rotational load (the back EMF) on the hydro-power generation system 12 may be
relatively low. The rotational load may be relatively low since the hydro-power
generation system 12 of this embodiment does not include the flux concentrators and
the water treatment system 10 is not using power. As such, when water flows through
the hydro-power generation system 12, the rotor is operable to accelerate to a
predetermined relatively high RPM in a relatively short period of time.

The relatively high RPM supplies a predetermined voltage at a predetermined
alternating current (AC) that is capable of initially energizing, for example, the UV
light source in the water treatment system 10. Following initial energization of the
UV light source, the rotational load on the hydro-power generation system 12 is
increased thereby slowing the RPM of the rotor. The slower RPM of the rotor
provides a predetermined low voltage with a corresponding predetermined alternating
current (AC) thereby allowing continued energization of the UV light source. The
reader should recognize that the "instant-on" capability provided by the hydro-power
generation system 12 of this embodiment may eliminate the need for energy storage
devices to power the UV light source in the water treatment system 10.

The present preferred embodiments of the hydro-power generation system 12

provide a stand alone source of electricity for the water treatment system 10. The
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hydro-power generation system 12 provides an efficient conversion of the energy
present in water flowing through the water treatment system 10 to electrical energy.
The electrical energy may be supplied by the embodiments of the hydro-power
generation system 12 to meet the particular energy needs of the water treatment
system 10. As those skilled in the art would recognize, application of the hydro-
power generation system 12 is not limited to water treatment systems 10 and could be
advantageously applied for other fluids such as, for example, air.

While the present invention has been described with reference to specific
exemplary embodiments, it will be evident that various modifications and changes
may be made to these embodiments without departing from the spirit and scope of the
invention. It is the following claims, including all equivalents, that are intended to

define the spirit and scope of the invention.

29



CA 02385719 2004-07-26

The embodiments of the invention in which an exclusive property or privilege is claimed are
defined as follows:

1. A hydro-power generation system, comprising:
a housing that includes an inlet and an outlet;

a rotor rotatably positioned within the housing such that the rotor 1s rotated by a flow
of liquid through the housing;

a turbine nozzle fixedly held within the housing, wherein the turbine nozzle comprises
a tip and a plurality of struts, the tip operable to increase the velocity of the flow of liquid
by diverting the flow of liquid outwardly toward the inner wall of the housing, and the struts
operable to direct the flow of liquid through a plurality of channels to the rotor to rotate the

rotor; and

a generator stator fixedly positioned to surround the rotor to induce the production of

electricity when the rotor is rotated.

2. The hydro-power generation system of claim 1, wherein the turbine nozzle is operable

to increase the velocity of the liquid and direct the flow of liquid to achieve a predetermined

angle of incidence of the liquid upon the rotor.

3. The hydro-power generation system of claim 1, wherein the rotor comprises a shaft

and a turbine rotor.

4. The hydro-power generation system of claim 3, wherein the turbine rotor includes a
helical ridge.
5. The hydro-power generation system of claim 3, wherein the turbine rotor includes a

plurality of turbine blades.

0. The hydro-power generation system of claim 1, wherein the stator is fixedly positioned

to surround the housing adjacent the rotor.

&
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1. The hydro-power generation system of claim 1, wherein the stator is fixedly positioned

within the housing to surround the rotor.

8. The hydro-power generation system of claim 1, wherein the electricity is alternating
current.
0. The hydro-power generation system of claim 8, wherein the rotor comprises a

permanent magnet.

10.  The hydro-power generation system of claim 8, wherein the alternating current is

rectified to provide direct current.

11.  Thehydro-power generation system of claim 1, wherein the electricity is direct current.

12.  The hydro-power generation system of claim 11, wherein the stator comprises a

permanent magnet.

13.  The hydro-power generation system of claim 1, further comprising a plurality of taps
representative of coils included in at least one of the stator and the rotor and an ultraviolet
light source energized with the electricity produced, wherein the taps are dynamically operable

to provide different voltage levels of electricity to initially energize and continue to energize

the ultraviolet light source.

14.  The hydro-power generation system of claim 1, further comprising an ultraviolet light

source and a plurality of coils included in at least one of the stator and the rotor, wherein the
ultraviolet light source is energized with the electricity produced, and the coils are
dynamically switchable from a parallel configuration to a series configuration to provide a

first voltage for initial energization and a second voltage for continued energization of the

ultraviolet light source.

15.  The hydro-power generation system of claim 1, wherein the hydro-power generation
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system 1s operable without flux concentrators to accelerate to a first RPM to initially energize an
ultraviolet light source with a first voltage, wherein continued energization of the ultraviolet light

source 1s operable to slow rotation of the hydro-power generation system to a second RPM and

produce a second voltage.

16.  The hydro-power generation system of claim 1, wherein the rotation of the rotor is

operable to provide flow-based measurements of the liquid.

17.  The hydro-power generation system of claim 1, wherein the inlet is supplied liquid from
a water treatment system.

18.  The hydro-power generation system of claim 1, wherein the stator comprises a plurality
of exit guide vanes and a fin, the exit guide vanes and the fin cooperatively operable to channel
the flow of liquid to the outlet, wherein the alignment of the exit guide vanes with the channels
form a substantially straight path for the flow of liquid through the passageway.

19.  The hydro-power generation system of claim 1, wherein the housing comprises a first
section and a second section, the first section detachably coupled with the second section to

facilitate assembly and maintenance.

20.  The hydro-power generation system of claim 19, wherein the rotor and stator are disposed

in the second section and the turbine nozzle is disposed in the first section.

21.  The hydro-power generation system of claim 1, wherein the liquid is drinking water.
22. A hydro-power generation system comprising:

a housing having an inner wall that defines a passageway, the passageway having an inlet

and an outlet and configured to accommodate a flow of liquid through the housing;
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a turbine nozzle positioned concentrically in the passageway, wherein the turbine nozzle
includes a tip positioned near the inlet that is configured to divert the flow of liquid outwardly
toward the inner wall and a plurality of struts operable in conjunction with the inner wall to form
a plurality of inlet channels to channel the diverted flow of liquid,;

a rotor comprising a turbine rotor coupled with a generator rotor by a shaft, the rotor
positioned concentrically in the passageway downstream of the turbine nozzle so that the flow
of liquid through the inlet channels is directed to the turbine rotor; and

a generator stator concentrically positioned to surround the generator rotor, the generator
stator coupled with the inner wall by a plurality of exit guide vanes that are operable in
conjunction with the inner wall to form a plurality of exit channels, wherein the inlet channels
are aligned with the exit channels to form a substantially straight flow path for the flow of liquid
through the passageway.

23.  The hydro-power generation system of claim 22, further comprising a bearing rotatably
coupled with the shaft and fixedly coupled with the generator stator, wherein the turbine rotor
comprises a turbine blade rotatably positioned adjacent to the inlet channels and the depth of the
turbine blade is greater than the depth of the inlet channels to provide circulation of a portion of

the flow of liquid to cool and lubricate the bearing.

24.  The hydro-power generation system of claim 22, wherein the housing comprises a first
section detachably coupled with a second section, the turbine nozzle disposed in the first section,

and the rotor and the generator stator disposed in the second section.

25.  The hydro-power generation system of claim 22, wherein the rotor is configured to rotate

at about 15,000 revolutions-per-minute.

26.  the hydro-power generation system of claim 22, wherein the generator rotor is a

permanent magnet and the generator stator comprises a plurality of coils.
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27.  The hydro-power generation system of claim 22, wherein the passageway comprises a

cylinder having a substantially uniform cross-sectional area between the inlet and the outlet.

28.  The hydro-power generation system of claim 22, wherein the tip comprises a rounded

protuberance extending from near the inlet towards the outlet.

29.  The hydro-power generation system of claim 28, wherein the diameter of the tip increases

toward the outlet.

30.  The hydro-power generation system of claim 22, wherein the housing is configured to be

mounted in a faucet mounted water treatment system.

31.  The hydro-power generation system of claim 22, wherein the turbine nozzle, the rotor and
the generator stator are immersible in and surrounded by the flow of liquid through the

passageway.

32.  The hydro-power generation system of claim 22, further comprising an ultraviolet light
source coupled with the generator stator, wherein the generator stator is configured to provide
capability to start the ultraviolet light source so that, upon initial rotation of the generator rotor
by the flow of liquid, the generator stator generates a start voltage capable of initial energization

of the ultraviolet light source.

33.  Thehydro-power generation system of claim 32, wherein the generator stator is configured
to generate a running voltage to maintain energization of the ultraviolet light source when rotation
of the generator rotor slows due to increased rotational loading of the generator rotor as a result

of the initial energization of the ultraviolet light source.
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34. A hydro-power generation system, comprising:

a housing that includes an inner wall that defines a passageway having an inlet and an
outlet, wherein the cross-sectional area of the passageway is substantially uniform between the
inlet and the outlet;

a rotor concentrically positioned within the passageway such that the rotor is rotated by
a flow of liquid through the passageway;

a turbine nozzle fixedly coupled with the housing and concentrically positioned in the inlet
of the passageway, wherein the turbine nozzle comprises a tip and a plurality of struts, the tip
configured to increase the velocity of the flow of liquid by diversion of the liquid outwardly
toward the inner wall, and the struts configured to direct the flow of liquid through a plurality
of channels to the rotor;

a stator fixedly positioned to surround the rotor such that rotation of the rotor induces the
production of electricity, wherein at least one of the stator and the rotor comprises a plurality of
coils; and

an ultraviolet light source coupled with one of the stator and the rotor, wherein the coils

are dynamically switchable to provide a first voltage for initial energization and a second voltage

for continued energization of the ultraviolet light source.

35.  The hydro-power generation system of claim 34, wherein the coils are dynamically

switchable from a parallel configuration to a series configuration.

36.  The hydro-power generation system of claim 34, wherein the coils comprise a plurality

of taps, and the coils are dynamically switchable by dynamic selection of different taps.

37.  The hydro-power generation system of claim 34, wherein the housing is configured to be
disposed within and form part of a water treatment system.

38.  The hydro-power generation system of claim 37, wherein the water treatment system is

a faucet mounted water treatment system.
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39.  The hydro-power generation system of claim 37, wherein the water treatment system 1is

an undercounter water treatment system.

40.  The hydro-power generation system of claim 34, further comprising a microprocessor, the
microprocessor configured to dynamically switch the coils in response to the current and voltage

output of one of the stator and the rotor.

41.  The hydro-power generation system of claim 1, wherein the housing includes an inner
wall that defines a passageway between the inlet and the outlet, wherein the cross-sectional area

of the passageway is substantially uniform between the inlet and the outlet.

42.  The hydro-power generation system of claim 41, wherein the rotor is concentrically

positioned within the passageway.

43.  The hydro-power generation system of claim 41, wherein the turbine nozzle is

concentrically positioned near the inlet of the passageway.

44, A method of supplying electricity using a flow of liquid, the method comprising:

providing a housing that includes an inlet and an outlet;

supplying the flow of liquid to the inlet of the housing, wherein the liquid flows through
the housing to the outlet;

rotating a rotor that is positioned in the housing and surrounded by a generator stator,
wherein the rotor rotates as a result of the liquid flowing through the housing;

directing the flow of liquid outward towards the inner wall of the housing with a tip of
a turbine nozzle to increase the velocity of the flow of fluid;

directing the flow of liquid to the rotor through a plurality of channels formed with a
plurality of struts included with the turbine nozzle to further increase the velocity of the flow of
liquid; and

generating electricity with the rotor and the generator stator, wherein rotation of the rotor
induces the generati;)n of electricity.
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45. The method of claim 44, wherein the electricity generated is alternating current.

46. The method of claim 45 further comprising the act of rectifying the alternating current

to provide direct current.

47.  The method of claim 44, wherein the electricity generated is direct current.

48.  The method of claim 44, further comprising the act of charging an energy storage device.

49.  The method of claim 44, further comprising the act of channelling the liquid to the outlet
with a plurality of exit guide vanes.

50.  The method of claim 44, further comprising the act of circulating the liquid to a bearing

to cool and lubricate the bearing.

51. The method of claim 44, further comprising the act of dynamically adjusting the voltage
and current levels of the electricity with a plurality of coils included in at least one of the stator
and the rotor in response to initial energization and continued energization of an ultraviolet light

source by the electricity generated.

52.  The method of claim 51, further comprising the act of switching the coils between a

parallel configuration and a series configuration.

53.  The method of claim 51, further comprising the act of electrically connecting the coils

with a plurality of taps to provide a plurality of voltage levels.

04.  The method of claim 44, further comprising the acts of accelerating the hydro-power
generation system in the absence of flux concentrators to a first RPM to initially energize an
ultraviolet light source; and slowing the hydro-power generation system to a second RPM and

a second voltage by continued energization of the ultraviolet light source.
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55.  The method of claim 44, comprising the initial act of adjusting the struts to control the
velocity of the flow of liquid.

56.  The method of claim 44, comprising the initial act of adjusting the struts in order to adjust
at least one of the angle of incidence of the liquid on the rotor, efficiency, turbulence and

pressure drop.

57.  The method of claim 44, wherein the housing includes a passageway between the inlet and

the outlet, the passageway having substantially uniform cross-sectional area between the inlet and

the outlet.

58. The method of claim 57, wherein the rotor is concentrically positioned within the

passageway.

59.  The method of claim 57, wherein the turbine nozzle is concentrically positioned near the

inlet of the passageway.
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