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anism for a pool cleaner. The paddle wheel mechanism includes a housing, a
paddle wheel shaft supported by the housing, a first paddle wheel, and a
second paddle wheel. The housing directs fluid from a fluid path of the pool
cleaner into a first flow path and a second flow path. The first paddle wheel
is supported by the paddle wheel shaft and is positioned within the housing
along the first flow path. The second paddle wheel is supported by the
paddle wheel shaft and is positioned within the housing along the second
flow path. The first paddle wheel rotates responsive to fluid directed along
the first flow path, and the second paddle wheel rotates responsive to fluid
directed along the second tlow path.
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DOUBLE PADDLE MECHANISM FOR POOL CLEANER
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of United States Provisional Patent Application
No. 61/780,558 filed on March 13, 2013, the entire contents of which are incorporated

herein by reference.
BACKGROUND

[0002]  Mechanical pool cleaners are typically classified as pressure-side cleaners or
suction-side cleaners based on their connection to a pool pump. More specifically,
suction-side pool cleaners are connected to a suction or inlet port of the pump, while
pressure-side pool cleaners are connected to a pressure or outlet port of the pump. In both
types, water is drawn or forced through the cleaner and mechanisms are provided to
attempt to harvest energy from water movement through the cleaner in order to operate

one or more functions of the cleaner (e.g., vacuuming, steering, etc.).

[0003] With respect to suction-side pool cleaners, a turbine or paddle wheel may be
provided within a water flow passage to harvest energy from the water flow. Generally,
design aspects of the paddle wheel and related components are based on a tradeoff
between performance and efficiency. For example, reducing the clearances between
blades of the paddle wheel and the walls of the associated flow passage may increase
efficiency by allowing the paddle wheel to harness more kinetic energy from the fluid
flow. However, reduced clearance may detrimentally affect paddle wheel performance
because debris may not be allowed to pass through the water flow passage, and/or may
impede rotation of the paddle wheel. On the other hand, increasing the clearances may
improve performance by allowing debris to pass through the passage without impeding the
paddle wheel. In this instance, however, more fluid may flow through the larger
clearances without providing kinetic energy to the paddle wheel, which may result in

reduced efficiency.

[0004] One pool cleaning system includes a pool cleaner with a primary turbine and
two secondary turbines. The primary turbine is mounted to a primary shaft and is fed by a
primary fluid inlet. Fluid flow from the primary fluid inlet causes the primary turbine to

rotate, thereby causing movement of the pool cleaner via walking pods. The secondary
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turbines are separately mounted to secondary shafts that are distinct from the primary
shaft, and are fed by a secondary fluid inlet. Fluid flow from the secondary fluid inlet
causes the secondary turbines to rotate in order to provide torque to a suction hose.
Among other drawbacks, the use of separate turbines on separate shafts may not

appropriately address the handling of debris to optimize performance and efficiency.

[0005] Another pool cleaning system includes a first turbine receiving fluid flow from
an external flow generator to drive rotation of a drive shaft. Rotation of the drive shaft
drives rotation of a second turbine, which acts as an internal flow generator to expel water

from the system.

[0006] A further pool cleaning system includes two distinct vortex chambers for
generating a swirling pattern of fluid flow within the chambers. Two turbines of the same
type (i.e., of the same shape and size) are provided, with one turbine being oriented in
each chamber at a location that is removed from the direct flow of fluid through the
chamber. Fluid flow from an inlet is equally divided between the two chambers, with the
swirling flow pattern within the chambers driving rotation of the turbines. The turbines
are supported by independent shafts, with one of the turbines providing motive power to a
first drive wheel of the system and the other turbine providing motive power to a second
drive wheel of the system. Among other drawbacks, removal of turbines from the direct
flow path of a fluid flow may result in reduced system efficiency. Further, the use of two
turbines of the same type may not assist in the handling of debris to optimize performance

and efficiency.
SUMMARY

[0007] Some embodiments provide a paddle wheel mechanism for a pool cleaner. The
paddle wheel mechanism includes a housing, a first paddle wheel, and a second paddle
wheel. The first and second paddle wheels are both positioned within the housing and are
both supported by a single paddle wheel shaft. The first paddle wheel rotates in response
to fluid from a first flow path, and the second paddle wheel rotates in response to fluid

from a second flow path.

[0008] Other embodiments provide a pool cleaner with a housing and a paddle wheel

shaft supported by the housing. A first paddle wheel and a second paddle wheel are both
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positioned within the housing and are both supported by the paddle wheel shaft. The first
paddle wheel rotates in response to fluid from a first flow path. The second paddle wheel
is defined by a different geometry than the first paddle wheel and rotates in response to

fluid from a second flow path.

[0009] Still other embodiments provide a paddle wheel mechanism for a pool cleaner,
the paddle wheel mechanism including a paddle wheel shaft, a first paddle wheel, a second
paddle wheel, and a housing with first and second paddle wheel compartments. The
housing is configured to direct fluid from a fluid path into a first flow path through the
first paddle wheel compartment and a second flow path through the second paddle wheel
compartment. The first paddle wheel is supported by the paddle wheel shaft within the
first paddle wheel compartment, includes a first plurality of paddle wheel blades with
distal tips, and rotates in response to fluid from the first flow path. The second paddle
wheel is supported by the paddie wheel shaft within the second paddle wheel
compartment, includes a second plurality of paddle wheel blades with distal tips, and
rotates in response to fluid from the second flow path. A first radial clearance between a
first internal surface of the first paddle wheel compartment and the distal tips of the first
plurality of paddle wheel blades is different from a second radial clearance between a
second internal surface of the second paddle wheel compartment and the distal tips of the

second plurality of paddle wheel blades.
DESCRIPTION OF THE DRAWINGS

[0010] FIGS. 1A and 1B are isometric views of a pool cleaner for use with a paddle

wheel mechanism described herein;
[0011] FIG. 2 is an isometric view of a paddle wheel mechanism including a housing;

[0012]  FIG. 3 is an isometric view of the paddle wheel mechanism of FIG. 2 with an
upper portion of the housing removed to show a paddle wheel shaft, a first paddle wheel,

and a second paddle wheel;

[0013] FIG. 4 is an isometric view of the paddle wheel shaft, and the first and second
paddle wheels of FIG. 3 removed from the housing for clarity; and
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[0014] FIG. 5 is an exploded view of the paddle wheel mechanism of FIG. 2 depicting
example fluid flow paths through the housing.

DETAILED DESCRIPTION

[0015] Before any embodiments of the invention are explained in detail, it is to be
understood that the invention is not limited in its application to the details of construction
and the arrangement of components set forth in the following description or illustrated in
the following drawings. The invention is capable of other embodiments and of being
practiced or of being carried out in various ways. Also, it is to be understood that the
phraseology and terminology used herein is for the purpose of description and should not
be regarded as limiting. The use of “including,” “comprising,” or “having” and variations
thereof herein is meant to encompass the items listed thereafter and equivalents thereof as
well as additional items. Unless specified or limited otherwise, the terms “mounted,”
“connected,” “supported,” and “coupled” and variations thereof are used broadly and
encompass both direct and indirect mountings, connections, supports, and couplings.
Further, “connected” and “coupled” are not restricted to physical or mechanical
connections or couplings. It will be understood that terms such as “upper,” “lower,”
“top,” “bottom,” and the like may be used with respect to an orientation depicted in a

particular figure and are not intended to limit the disclosure to a particular orientation.

[0016] The following discussion is presented to enable a person skilled in the art to
make and use embodiments of the invention. Various modifications to the illustrated
embodiments will be readily apparent to those skilled in the art, and the generic principles
herein can be applied to other embodiments and applications without departing from
embodiments of the invention. Thus, embodiments of the invention are not intended to be
limited to embodiments shown, but are to be accorded the widest scope consistent with the
principles and features disclosed herein. The following detailed description is to be read
with reference to the figures, in which like elements in different figures have like reference
numerals. The figures, which are not necessarily to scale, depict selected embodiments
and are not intended to limit the scope of embodiments of the invention. Skilled artisans
will recognize the examples provided herein have many useful alternatives and fall within

the scope of embodiments of the invention.
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[0017] Various types of suction-side (or other) swimming pool cleaners are operated
using energy harvested from the flow of fluid drawn through them. More specifically,
suction-side pool cleaners are connected to a suction side of a pool pump that causes fluid
to be drawn along a fluid path within the pool cleaner. A paddle wheel mechanism
positioned within the fluid path may accordingly be utilized to harvest energy from the
fluid flow along the fluid path.

[0018] As noted above, it may be useful to provide a paddle wheel mechanism for a
pool cleaner that balances concerns of efficiency with other performance considerations.
For example, it may be useful to provide a paddle wheel mechanism that harnesses kinetic
energy with relatively high efficiency from a fluid flow, while also preventing debris from
excessively interfering with performance of the system. In certain embodiments, such a
paddle wheel mechanism may include a housing that directs fluid from a fluid path of the
pool cleaner into two distinct flow paths. A first of the fluid flow paths may include a
strainer or other device associated with the flow path to remove debris, while a second of
the fluid flow paths may be defined by an opening sized to receive a relatively large
amount of debris. A single paddle wheel shaft may support a first paddle wheel disposed
within the first flow path, and also may support a second paddle wheel disposed within the
second flow path. The first paddle wheel may rotate in response to fluid flow along the
first flow path, and the second paddle wheel may rotate in response to fluid flow along the
second flow path, with both the first and the second paddle wheel thereby providing
rotational power to the paddle wheel shaft. The first paddle wheel may be configured to
operate with relatively high efficiency within a relatively debris-free first fluid path, while
the second paddle wheel may be configured to operate with relatively high performance in

the second fluid path that is designed to accommodate a substantial amount of debris.

[0019] In certain embodiments, the first paddle wheel may include a first plurality of
blades with a different configuration than a second plurality of blades included on the
second paddle wheel. For example, the first plurality of blades may include a greater (or
lesser) number blades or exhibit a different geometry than the second plurality of blades.
In certain embodiments, a clearance between a portion of the first plurality of blades and
the housing may be different from a clearance between a portion the second plurality of

blades and the housing. For example, the radial clearance between distal tips of the first
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plurality of blades and the housing may be smaller than the radial clearance between distal
tips of the second plurality of blades and the housing. This sizing may allow the first
plurality of blades to harness kinetic energy with relatively high efficiency, while also
allowing debris to pass between the second plurality of blades and the housing in order to

ensure a high level of system performance.

[0020] Referring now to FIG. 1, an example pool cleaner 10 is depicted, which may
utilize a paddle wheel mechanism 12 (see, e.g., FIG. 2) to harvest kinetic energy of fluid
moving through the pool cleaner 10. The pool cleaner 10 may be configured as a suction-
side pool cleaner, or as various other types of pool cleaners (e.g., a pressure-side pool
cleaner) known in the art. The pool cleaner 10 generally includes a housing 14, which is
designed to retain the paddle wheel mechanism 12, and opposing wheels 16, 18 associated
with the housing 14. The pool cleaner 10 further includes in an inlet (not shown) disposed
on a lower surface of the pool cleaner 10 that allows for fluid and/or debris to enter into
and/or travel through the pool cleaner 10. The pool cleaner 10 also includes an outlet 20
provided in the form of a cylindrical connection extending from an upper portion of the
housing 14, which is designed to interact with a hose (not shown) that transports debris
and/or water to a pool filtering mechanism and/or collection device. In certain
embodiments, rotation of the paddle wheel mechanism 12 may provide kinetic energy for
driving wheels 16 and 18, and/or for various other features or components (e.g.,

vacuuming).

[0021]  Referring to FIGS. 2-4, the paddle wheel mechanism 12 is depicted, which is
designed for handling debris and harvesting energy within the swimming pool cleaner 10.
Referring in particular to FIG. 2, the paddle wheel mechanism 12 generally includes a
paddle wheel housing 30, and a paddle wheel assembly defined by a first paddle wheel 84
and a second paddle wheel 86. The paddle wheel housing 30 is defined by an upper
housing portion 32 and a lower housing portion 34. The housing 30 is configured to be
disposed inside of the pool cleaner housing 14 and to be disposed within a fluid path 50 of
the pool cleaner 10. In one embodiment, the paddle wheel mechanism 12 is sized to fit
within the housing 14 of the pool cleaner 10. In another embodiment, some portions of
the housing 30 of the paddle wheel mechanism 12 are integral with portions of the housing

14 of the pool cleaner 10. In a further embodiment, portions of the housing 30 may be



WO 2014/160393 PCT/US2014/026485
7

omitted. As depicted, the upper housing portion 32 is secured to the lower housing portion
34 by one or more screw-mount bodies 38, although various other attachment mechanisms
may be utilized, including hinges, clasps, latches and the like. The upper housing portion
32 and lower housing portion 34 may be releasably joined to each other to provide access
to internal components of the paddle wheel mechanism 12 during, for example, cleaning
or maintenance. As shown in FIGS. 2 and 3, the housing 30 includes shaft supports 76 on
opposing sides thereof, each of which supports ends of a single paddle wheel shaft 78,

described in more detail below.

[0022] The upper housing portion 32 is defined by a substantially semi-circular lower
section 32a that is integral with a conical member 32b that terminates at a cylindrical
outlet portion 36. The conical member 32b is sized in a substantially similar manner to the
lower section 32a adjacent thereto and continuously tapers inwardly until joining the
cylindrical outlet portion 36. The conical member 32b is designed to accommodate a
larger volume of fluid and/or debris than the cylindrical outlet portion 36. The cylindrical
outlet portion 36 defines a substantially circular opening that is in communication with the
outlet 20 of the pool cleaner 10. The upper housing portion 32 defines an exit flow path
for fluid and/or debris that is traveling through the housing 30 to the outlet 20.

[0023] The lower housing portion 34 is defined by a substantially semi-circular base
34a that includes a first inlet 52 and a second inlet 54 extending therefrom. The lower
section 32a of the upper housing portion 32 and the base 34a of the lower housing portion
34 collectively define a compartment to hold the first and second paddle wheels 84, 86.
The first inlet 52 is configured as an extended rectilinear duct defining a first inlet opening
56 and a first cross-sectional flow area. The second inlet 54 is configured as an extended
rectilinear duct providing a second inlet opening 58 and a second, larger cross-sectional
flow area, as compared to the first cross-sectional flow area of the first inlet 52. The first
inlet 52 is generally configured to accept fluid, whereas the second inlet 54 is generally
configured to accept debris and a portion of fluid. More specifically, fluid may enter both
the first inlet 52 and the second inlet 54, but the second inlet 54 is designed to accept
relatively large amounts of debris, including debris sized larger than the first cross-

sectional flow area of the first inlet 52.
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[0024] The first inlet 52 and the second inlet 54 protrude outwardly from the semi-
circular base 34a of the lower housing portion 34 at substantially different orientations. In
the embodiment depicted, the second inlet 54 protrudes outwardly from the semi-circular
base 34a of the lower housing portion 34 along a direction that is substantially parallel to
the cylindrical outlet portion 36 (e.g., along the same axis). The first inlet 52 protrudes
outwardly from the semi-circular base 34a along a direction that is different from the
orientation of the second inlet 54. In one embodiment, the first inlet 52 protrudes
outwardly at an angle that is offset, or deviates by about 30 degrees from the direction of
the second outlet 54. It will be understood that other configurations may be possible,
including configurations in which the second inlet 54 protrudes in a direction that is not
substantially parallel with the cylindrical outlet portion 36, configurations in which the
first inlet 52 protrudes in a direction that deviates by greater or less than 30 degrees from
the direction of the second outlet 54, and configurations in which the first inlet 52 and the
second inlet 54 extend outwardly in approximately parallel directions with respect to each

other.

[0025] In certain embodiments, a strainer 66 provided in the form of a filter, a mesh,
or another device configured to block the passage of debris, may be associated with the
first inlet 52. As depicted, the strainer 66 is mounted at an end of the first inlet 52 to
substantially cover the first inlet opening 56, which may be useful to allow for periodic
cleaning or replacement of the strainer 66. In certain embodiments, however, the strainer
66 may be provided at one or more different locations within the first inlet 52. In other
embodiments, a strainer 66 may not be employed and the inlet opening 56 may be

otherwise protected or constrained to limit the passage of debris therein.

[0026] The size of the inlet opening 56 in conjunction with the strainer 66 limit the
amount and size of debris that is capable of entering the first inlet 52. More particularly,
the strainer 66 and/or sizing of the inlet opening 56 are designed to provide a relatively
debris-free stream of fluid across the first paddle wheel 84. For example, the inlet opening
56 may be configured to be small enough that debris of a particular size cannot pass
through the inlet opening 56, or the inlet opening 56 may be oriented to receive fluid from

a compartment or cavity (not shown) that is protected from debris.
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[0027] The first inlet 54 and the second inlet 56 are designed to receive a portion of
fluid and/or debris defined by the fluid flow path 50. More specifically, the housing 30
may direct fluid from the fluid path 50, via the first and second inlets 54 and 56, into a first
flow path 60 and a second flow path 62 within the housing 30. The flow paths 60 and 62
may pass separately through various portions of the housing 30 (as discussed in greater
detail below), and may recombine into a single outlet flow path 64 through the outlet

portion 36.

[0028] Referring to FIG. 3, the housing 30 further defines a first paddle wheel
compartment 70 and a second paddle wheel compartment 72 designed to hold the first
paddle wheel 84 and the second paddle wheel 86, respectively. The two compartments 70
and 72 extend into and between the lower housing portion 34 and the upper housing
portion 32 (see, e.g., FIG. 2), and are separated by an internal divider 74. The internal
divider 74 may be configured as a plate (or plates) bounding the first paddle wheel
compartment 70 at a surface 74a and bounding the second paddle wheel compartment 72
at an opposing surface 74b. By separating the two paddle wheel compartments 70 and 72,
the internal divider 74 also serves to separate the first flow path 60 from the second flow

path 62 within the housing 30.

[0029] The first paddle wheel compartment 70 of the housing 30 is defined, at least in
part, by a curved interior surface 92, which may be designed to generally provide
relatively small clearances for rotation of the first paddle wheel 84. For example, the
interior surface 92 may be generally curved to follow the path traced by the radially
outermost portions of the first paddle wheel 84, as discussed in greater detail below, with
the interior surface 92 generally defining a relatively small clearance between outermost
portions of the first paddle wheel 84 and the interior surface 92. The first paddle wheel
compartment 70 is also defined by an internal surface 96 (e.g., a side wall) and the surface
74a of the divider 74, each of which may be designed to provide relatively small

clearances for lateral features of the first paddle wheel 84.

[0030] Similarly, the second paddle wheel compartment 72 of the housing 30 is
defined, at least in part, by a curved interior surface 94, which may be designed to
generally provide relatively small clearances for rotation of the second paddle wheel 86.

For example, the interior surface 94 may be generally curved to follow the path traced by
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the radially outermost (or other) portions of the paddle wheel 86, as discussed in greater
detail below, with the interior surface 94 generally defining a clearance between the
outermost portions of the second paddle wheel 86 and the surface 94. The second paddle
wheel compartment 72 is also defined by internal surface 98 (e.g., a side wall) and the
surface 74b of the divider 74, each of which may be designed to provide relatively small

clearances for lateral features of the paddle wheel 86.

[0031] The first and second paddle wheel compartments 70, 72 are designed to receive
the first and second paddle wheels 84 and 86, respectively, which are supported by a
paddle wheel shaft 78. The paddle wheel shaft 78 is depicted as a single cylindrical shaft
that extends through the first and second paddle wheels 84, 86 and interacts with the shaft
supports 76, which allows the paddle wheel shaft 78 to turn freely within the housing 30.
In the embodiment depicted, an interior end 80 of the paddle wheel shaft 78 is fully
enclosed by the housing 30 and an exterior end 82 of the paddle wheel shaft 82 extends
outside of the housing 30. In this way, through connection of various devices or
mechanisms to the exterior end 82 of the shaft 78, rotation of the paddle wheel shaft 78
may be utilized to provide power to a drive mechanism or steering mechanism (not
shown) of the pool cleaner 10. It will be understood that, in other embodiments, the
paddle wheel shaft 78 may be mounted within the housing 30 for rotation in a variety of
other known ways. For example, the shaft supports 76 may support one or more bearings
(not shown), which in turn support the paddle wheel shaft 78, or the end 72 of the paddle
wheel shaft 78 may not extend outside of the housing 30. Similarly, the paddle wheel
shaft 78 may be a single-body shaft, may include two co-axial half-shafts, or may take a
variety of other configurations. Further, in certain embodiments, the interior end 80 of the

paddle wheel shaft 78 may also extend outside of the housing 30.

[0032]  As shown in FIGS. 3 and 4, the paddle wheel shaft 78 supports both the first
paddle wheel 84 and the second paddle wheel 86, with the first paddle wheel 84 rotating
within the first paddle wheel compartment 70 and the second paddle wheel 86 rotating
within the second paddle wheel compartment 72. The first paddle wheel 84 includes a
plurality of blades 88 that extend radially away from a base 110 and are mounted to (or
integrally formed with) the paddle wheel shaft 78. The blades 88 are each defined by a

curved member that is bounded by an exterior lateral edge 114, an interior lateral edge
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116, and a distal tip 122. Likewise, the second paddle wheel 86 includes a plurality of
blades 90 that extend radially away from a base 112 and are mounted to (or integrally
formed with) the paddle wheel shaft 78. The blades 90 are each defined by a curved
member that is bounded by an exterior lateral edge 118, an interior lateral edge 120, and a
distal tip 124. In certain embodiments, the bases 110 and 112 are non-rotatably attached
to the paddle wheel shaft 78, such that the rotation of each of paddle wheels 84 and 86

provides rotational power to the paddle wheel shaft 78.

[0033] In the embodiment depicted, the paddle wheel blades 88 and 90 include a
generally curved profile over the majority of their extension away from the paddle wheel
shaft 78, in order to effectively harvest kinetic energy from passing fluid. It will be
understood, however, that other configurations are possible, including those in which the
blades 88 and/or 90 have straight profiles. As depicted in FIG. 4, a width dimension W)
of the first paddle wheel blades 88 may be generally smaller than a width dimension W> of
the second paddle wheel blades 90. It will be understood, however, that other
configurations are possible, including those in which the first-blade width dimension W, is

equal to or greater than the second-blade width dimension W

[0034] In the embodiment depicted, the first paddle wheel 84 includes six blades 88
(some of which are hidden from view in the various figures), and the second paddle wheel
86 includes four blades 90. It will be understood, however, that in other embodiments the
first paddle wheel 84 may include the same number of blades as the second paddle wheel
86 (e.g., in a configuration with six blades 88 and six blades 90, or with four blades 88 and
four blades 90) or may include fewer blades than the second paddle wheel 86 (e.g., in a

configuration with four blades 88 and six blades 90).

[0035] Portions of the blades 88 and 90 may be separable, respectively, from the
paddle wheel bases 110 and 112 at, respectively, joints 126 and 128. This may be useful,
for example, in order to allow for relatively easy cleaning or maintenance of the first and
second paddle wheels 84, 86, as well as to allow for customizability of the paddle wheels
84 and 86. For example, if a particular radial clearance is desired for blades 88 and a
different radial clearance is desired for blades 90, a particular set of blades 88 may be
selected and attached to the base 110 at the joint 126, and a particular set of blades 90 may
be selected and attached to the base 112 at the joint 128. Similarly, the number of the
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blades 88 and 90, or various other aspects of the paddle wheels 84 and 86 may be similarly
varied through selective attachment of particular blades 88 and 90 at, respectively, the
joints 126 and 128.

[0036] As noted above, various internal surfaces of the first and second paddle wheel
compartments 70, 72 provide particular clearances with respect to various features of the
first and second paddle wheels 84, 86. For example, the surfaces 96 and 74a within the
first paddle wheel compartment 70 may provide a relatively small clearance, respectively,
for the exterior lateral edges 114 and the interior lateral edges 116 of the paddle wheel
blades 88 of the first paddle wheel 84. Similarly, the surfaces 98 and 74b within the
second paddle wheel compartment 72 may provide a relatively small clearance,
respectively, for the exterior lateral edges 118 and the interior lateral edges 120 of paddle
wheel blades 90 of the second paddle wheel 86.

[0037] In certain embodiments, different clearances may be provided for various
features of the blades 88 of the first paddle wheel 84 than for various features of the blades
90 of the second paddle wheel 86. For example, a radial clearance between one or more
distal tips 122 of the blades 88 and the interior surface 92 of the first paddle wheel
compartment 70 may be somewhat smaller than a radial clearance between one or more
distal tips 124 of the blades 90 and the interior surface 94 of the second paddle wheel
compartment 72. Among other benefits, a larger gap may be provided between the blades
90 and the housing 30 for easier passage of debris past the second paddle wheel 86 and
through the second paddle wheel compartment 72. This configuration may be useful, for
example, in order to allow debris to be gathered by the pool cleaner 10 in a cleaning
operation. As such, a particular radial clearance (or clearances) for the blades 90 may be

selected based upon the type and size of debris expected to pass through the housing 30.

[0038]  Referring now to FIG. 5, various aspects of the operation of the paddle wheel
mechanism 12 are depicted. Fluid flowing along the fluid path 50 is directed by the
housing 30 into the first and second flow paths 60, 62. A portion of the fluid from fluid
flow path 50 is split into the first flow path 60 and passes through the first inlet opening 56
and the strainer 66 such that debris is removed from the first flow path 60 before reaching
the first paddle wheel compartment 70. As a result, fluid flowing along the first flow path
60 across the first paddle wheel 84 within the first compartment 70 may be relatively
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debris-free. Accordingly, relatively small clearances may be provided between the paddle
wheel blades 88 and the interior surfaces of the first paddle wheel compartment 70 (i.e.,
because there is little to no debris flowing along the first flow path 60) and the first paddle
wheel 84 may operate with relatively high efficiency. For example, the paddle wheel
blades 88 may be configured such that the distal tips 122 of the blades 88 pass very closely
along, or adjacent to, the interior surface 92 of the housing 30. Accordingly, when the
fluid moving along the first flow path 60 causes the first paddle wheel 84 to rotate, the
first paddle wheel 84 harvests a relatively high proportion of the kinetic energy of the
fluid. In certain embodiments, a large number of blades 88 (e.g., six of the blades 88) may
be provided in order to efficiently harvest the kinetic energy of the flow path 60.

[0039] A portion of the fluid from fluid flow path 50 is split into the second flow path
62 and passes through the second inlet opening 58 to reach the second paddle wheel
compartment 72. In contrast with the first flow path 60, fluid flowing along the second
flow path 62 may not travel through a strainer or other similar mechanism, so fluid
flowing along the second flow path 62 and through the second paddle wheel compartment
72 may include a relatively large amount of debris. Passage of debris through the housing
30 via the second flow path 62 may facilitate various cleaning operations by the pool
cleaner 10, and, as noted above, a relatively large flow area may be provided along the
second flow path 62 to accommodate the debris. To allow the debris-laden flow to pass
across the second paddle wheel 86, however, without excessively detrimental effect on
system performance, relatively large clearances may be provided between the paddle
wheel blades 90 of the second paddle wheel 86 and the interior surfaces of the second
paddle wheel compartment 72. For example, the paddle wheel blades 90 may be
configured such that the distal tips 124 of the blades 90 trace a path that is substantially
spaced from, or removed from, the interior surface 94 of housing 30. Accordingly, when
the fluid moving along the second flow path 62 causes the second paddle wheel 86 to
rotate, debris traveling along the second flow path 62 may pass between the distal tips 124
and the interior surface 94 of the housing 30 without excessively impeding the rotation of
the second paddle wheel 86. In certain embodiments, a small number of the blades 90
(e.g., four of the blades 90) may be provided, in order to further prevent the debris in the
second flow path 62 from adversely affecting rotation of the second paddle wheel 86.
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[0040] Accordingly, in various configurations, the first paddle wheel 84 may be
designed to provide a high level of efficiency and the second paddle wheel 86 may be
designed to provide a high level of performance, even in a debris-laden flow. As such, the
first paddle wheel 84 may serve as a primary power source for pool cleaner operation, and
the second paddle wheel 86 may allow debris to pass through the housing 30 while also
providing a secondary source of additional power. Both of the first and second paddle
wheels 84, 86 may together provide rotational power to other components of the pool
cleaner 10 due to rotation on a common shaft 78. Further, either of the first or second
paddle wheels 84, 86 may assist the rotation of the other, as needed. For example, in the
event that rotation of the second paddle wheel 86 is hindered by accumulating debris, the
high efficiency rotation of the first paddle wheel 84 may provide additional power to
rotate the second paddle wheel 86 in order to dislodge the accumulated debris and return

the second paddle wheel 86 to a higher performance operation.

[0041] It will be understood that certain embodiments may differ from the example
configurations noted above. For example, in certain embodiments, the lower housing
portion 34 may include a single inlet opening (not shown), with various internal features
of the lower housing portion 34 directing fluid from single inlet into the first and second
flow paths 60 and 62. Similarly, in certain embodiments, the upper housing portion 34
may include two outlet openings (not shown), with a first of the outlet openings providing
an outlet for fluid from the first flow path 60 and a second of the outlet openings providing

an outlet for fluid from the second flow path 62.

[0042] In certain embodiments, one or both of the first and second inlets 52, 54 may
include non-rectangular geometry, including circular, ovular, or other cross-sectional
geometry. Likewise, one or both of the first and second inlets 52, 54 may include constant
(e.g., FIG. 2) or variable cross-sectional geometry. In certain embodiments, the flow area
of the first inlet 52 may be equal to the flow area of the second inlet 54, or the flow area of

the first inlet 52 may be larger than the flow area of the second inlet 54.

[0043] In additional embodiments, two separate housings (not shown) may be
provided. For example, a first of two housings may enclose the first paddle wheel 84, a
second of the two housings may enclose the second paddle wheel 86, and a common shaft

78 for both paddle wheels 84 and 86 may extend between the two housings.
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[0044] In some embodiments, the blades 88 of the first paddle wheel 84 may extend a
similar radial distance away from the paddle wheel shaft 78 (or the paddle wheel base 110)
as the blades 90 of the second paddle wheel 86 extend away from the paddle wheel shaft
78 (or the paddle wheel base 112), but a different radial clearance may still be provided
between internal surfaces of the housing 30 and, respectively, the distal tips 122 and 124
of the blades 88 and 90. For example, a wall of the housing 30 that includes the interior
surface 92 may be thicker than a wall of the housing 30 that includes the interior surface
94. Accordingly, the interior surface 92 may be generally closer to the paddle wheel shaft
78 than is the interior surface 94, such that a smaller radial clearance is provided for the
blades 88 of the first paddle wheel 84 than for the blades 90 of the second paddle wheel 86
even though the blades 88 and 90 may extend the same radial distance away from the shaft

78.

[0045] It will be appreciated by those skilled in the art that while the invention has
been described above in connection with particular embodiments and examples, the
invention is not necessarily so limited, and that numerous other embodiments, examples,
uses, modifications and departures from the embodiments, examples and uses are intended
to be encompassed by the claims attached hereto. The entire disclosure of each patent and
publication cited herein is incorporated by reference, as if each such patent or publication
were individually incorporated by reference herein. Various features and advantages of

the invention are set forth in the following claims.
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We Claim:

1. A paddle wheel mechanism for a pool cleaner, the paddle wheel

mechanism comprising:

a housing positioned within a fluid path of the pool cleaner, the housing directing
fluid from the fluid path into a first flow path and a second flow path, the first flow path
being separated from the second flow path, at least in part, by the housing;

a paddle wheel shaft supported by the housing;

a first paddle wheel supported by the paddle wheel shaft and positioned within the
housing along the first flow path, the first paddle wheel rotating responsive to fluid
directed across the first paddle wheel by the first flow path; and

a second paddle wheel supported by the paddle wheel shaft and positioned within
the housing along the second flow path, the second paddle wheel rotating responsive to

fluid directed across the second paddle wheel by the second flow path.

2. The paddle wheel mechanism of Claim 1, wherein the first paddle wheel
includes a first plurality of paddle wheel blades and the second paddle wheel includes a
second plurality of paddle wheel blades.

3. The paddle wheel mechanism of Claim 2, wherein the first plurality of
paddle wheel blades and the second plurality of paddle wheel blades each include one or

more curved paddle wheel blades.

4. The paddle wheel mechanism of Claim 2, wherein the first plurality of
paddle wheel blades includes six paddle wheel blades and the second plurality of paddle

wheel blades includes four paddle wheel blades.

5. The paddle wheel mechanism of Claim 2, wherein the first plurality of
paddle wheel blades define a first radial clearance between one or more distal tips of the

first plurality of paddle wheel blades and a first internal surface of the housing, and the
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second plurality of paddle wheel blades define a second radial clearance between one or
more distal tips of the second plurality of paddle wheel blades and a second internal
surface of the housing, the second radial clearance being larger than the first radial

clearance.

6. The paddle wheel mechanism of Claim 1, wherein a first blade width for
the first plurality of paddle wheel blades is smaller than a second blade width for the
second plurality of paddle wheel blades.

7. The paddle wheel mechanism of Claim 1, further comprising a strainer

positioned within the first flow path.

8. The paddle wheel mechanism of Claim 1, wherein the second flow path

provides a larger cross-sectional flow area than the first flow path.

9. The paddle wheel mechanism of Claim 1, further comprising a first inlet to
the housing directing fluid from the fluid path along the first flow path, and a second inlet
directing fluid from the fluid path along the second flow path.

10.  The paddle wheel mechanism of Claim 9, wherein the housing includes an
upper housing coupled to a lower housing, wherein the upper housing includes a fluid

outlet and the lower housing includes the first inlet and the second inlet.
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11. A pool cleaner comprising:

a housing positioned within a fluid path of the pool cleaner, the housing directing
fluid from the fluid path into one of a first flow path, and a second flow path, the first flow
path being separated from the second flow path, at least in part, by the housing;

a paddle wheel shaft supported by the housing;

a first paddle wheel supported by the paddle wheel shaft and positioned within the
housing along the first flow path, the first paddle wheel rotating responsive to fluid
directed across the first paddle wheel by the first flow path; and

a second paddle wheel having a different geometry than the first paddle wheel, the
second paddle wheel being supported by the paddle wheel shaft and positioned within the
housing along the second flow path, the second paddle wheel rotating responsive to fluid

directed across the second paddle wheel by the second flow path.

12.  The pool cleaner of Claim 11, wherein the first paddle wheel includes a
first plurality of paddle wheel blades and the second paddle wheel includes a second
plurality of paddle wheel blades and the second plurality of paddle wheel blades have a
different geometry with respect to the first plurality of paddle wheel blades.

13.  The pool cleaner of Claim 11, wherein the first paddle wheel is defined by
a width dimension that is smaller than a width dimension of the second paddle wheel

blade.

14.  The pool cleaner of Claim 11 further including a strainer is associated with

the first flow path.

15.  The pool cleaner of Claim 11, wherein the second flow path provides a

larger cross-sectional flow area than the first flow path.
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16.  The pool cleaner of Claim 11 further comprising a first inlet to the housing
directing fluid from the fluid path along the first flow path and a second inlet directing
fluid from the fluid path along the second flow path.

17.  The pool cleaner of Claim 16, wherein the first inlet is offset with respect to

the second inlet.

18.  The pool cleaner of Claim 17, wherein the housing further includes an

outlet portion.

19.  The pool cleaner of Claim 18, wherein the second inlet is substantially

aligned with the outlet portion.
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20. A paddle wheel mechanism for a pool cleaner, the paddle wheel

mechanism comprising:

a housing positioned within a fluid path of the pool cleaner, the housing including
a first paddle wheel compartment and a second paddle wheel compartment, the first paddle
wheel compartment being separated from the second paddle wheel compartment, at least
in part, by an internal surface of housing, the housing directing fluid from the fluid path
into a first flow path through the first paddle wheel compartment and a second flow path
through the second paddle wheel compartment;

a paddle wheel shaft supported by the housing;

a first paddle wheel positioned within the first paddle wheel compartment and
supported by the paddle wheel shaft, the first paddle wheel including a first plurality of
paddle wheel blades and rotating responsive to fluid directed by the first flow path across

the first plurality of paddle wheel blades; and

a second paddle wheel positioned within the second paddle wheel compartment
and supported by the paddle wheel shaft, the second paddle wheel including a second
plurality of paddle wheel blades and rotating responsive to fluid directed by the second
flow path across the second plurality of paddle wheel blades;

wherein the first plurality of paddle wheel blades define a first radial clearance
between one or more distal tips of the first plurality of paddle wheel blades and a first
internal surface of the first paddle wheel chamber, and the second plurality of paddle
wheel blades define a second radial clearance between one or more distal tips of the
second plurality of paddle wheel blades and a second internal surface of the second paddle

wheel chamber, the second radial clearance being larger than the first radial clearance.
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