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DESCRIPTION

BACKGROUND OF THE INVENTION

Cross-Reference to Related lication

[0001] This application claims the benefit of U.S. patent application Serial No. 13/340,779 filed December 30, 2011, which is
hereby incorporated herein by reference.

Field of the Invention

[0002] The present invention generally relates to rotodynamic or centrifugal pumps, and more particularly to permanent magnet
coupling pumps.

Discussion of the Prior Art

[0003] In many pumping applications, it is desirable to avoid rotating seals. Rotodynamic pumps have been developed with a
magnet coupling that utilizes an impeller that is driven via a non-contacting permanent magnet coupling in a radial magnet
orientation. Such pumps frequently are referred to as being sealless, but actually include inner and outer magnets separated by a
canister that is sealed with a static seal. Permanent magnet coupled rotodynamic pumps typically are of one of three types,
separately coupled, close coupled or vertical submerged.

[0004] Separately coupled permanent magnet coupled rotodynamic pumps generally utilize end suction via an axal inlet, are of
single stage or multistage configuration, and include an overhung impeller design. The overhung impeller design has the impeller
mounted on a rotor assembly which contains a first magnet ring of a magnet coupled drive spaced from the pumping element. A
second magnet ring is mounted on the rotatable shaft of a frame that is coupled to a motor or power drive device. The pump, the
frame that supports the rotatable shaft, and the power drive device generally are mounted on a common base plate.

[0005] Close coupled permanent magnet coupled rotodynamic pumps tend to be of a somewhat similar construction to the
separately coupled version, except that the second magnet ring is mounted directly on the driver shaft of the power drive device.

[0006] Vertical submerged permanent magnet coupled rotodynamic pumps generally also are of somewhat similar construction
to the separately couple version, but the impeller is mounted on the lower end of an elongated shaft which is overhung from its
drive bearing supports. The drive section utilizes permanent magnets or an eddy current drive system to transmit power to the
elongated shaft and impeller. This type of sealless pump uses a standard motor to drive the second magnet ring, which in turn
drives the first magnet ring. A containment shell or canister that contains the process fluid sealingly separates the magnet
components. The containment shell in the drive permits pumping from a sealed vessel using a submergible pump.

[0007] Radial magnetic couplings that utilize permanent magnets are common in each of the above rotodynamic (aka kinetic,
centrifugal) pumps. The radial magnetic couplings consist of three main components: a larger, outer coupling component (aka an
outer magnet or outer rotor) with multiple permanent magnets on its inner surface; a smaller, inner coupling component (aka an
inner magnet or inner rotor) with multiple permanent magnets on its outer surface; and a containment canister (aka a can, shell,
shroud, or barrier) separating the inner and outer components and forming a boundary for the fluid chamber. The magnets on
the inner and outer components are disposed in alignment with each other to match up and synchronize the inner and outer
components, such that as one component is rotated, the other component is synchronized and forced to follow, whereby the
pump impeller or pumping rotor is driven. But neither of the inner or outer coupling components physically touches the other, and
they rotate in separate environments, separated by the canister.

[0008] The radial magnetic couplings are of two configurations, "outer drive" and "inner drive". Most radial magnetic couplings in
rotodynamic pumps have an outer drive arrangement in which the outer coupling component is outside of the pump's fluid
chamber, and usually is driven by an external power source, such as a motor. In such configurations, the inner coupling
component is disposed inside the pump's fluid chamber and is connected to the impeller. The containment canister provides the
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boundary of the pump's fluid chamber, with the fluid chamber being inside of the canister.

[0009] Although less common, some pumps have an inner drive arrangement, which utilizes the same three general components,
but the roles are reversed. The inner coupling component is outside of the pump's fluid chamber, and usually is driven by an
external power source, such as a motor, while the outer coupling component is inside the pump's fluid chamber and is connected
to the impeller. A containment canister again provides the boundary of the pump's fluid chamber, with the fluid chamber being
outside of the canister. All of the inner drive rotodynamic pumps known to the inventors have a common configuration with respect
to the location of the impeller relative to the magnetic coupling, with the impeller being positioned axially forward of the magnetic
coupling.

[0010] With the impeller being positioned forward of the magnetic coupling, such inner drive pumps have several disadvantages.
The pumps are rather large, given that the axial space for the impeller is separate and forward of the axial space for the magnetic
coupling. The relatively large pumps further require large and more expensive components, a large volume of space for
mounting, and such pumps are heavier and more difficult to handle. The inner drive pumps also often experience an impeller
thrust imbalance. The impeller is subjected to a high forward thrust load, due to the higher discharge pressure acting upon a
relatively large rear surface of the impeller.

[0011] The prior art pumps also tend to have additional internal cavities where fluid can stagnate and which often must be
flushed out between usages. In addition, the prior art pumps do not provide very effective cooling for the canister, because the
canister is not directly exposed to the incoming cool liquid that enters the pump through the inlet port. Canister cooling for such
pumps is particularly important when the canister is made from electrically conductive materials, because such materials generate
eddy current heating when the magnetic coupling is rotating.

[0012] Many of the existing inner drive permanent magnet coupled pump designs include an internal recirculation path, which
allows a small amount of pumped fluid to flow from a higher pressure area (near the discharge port) to a lower pressure area
(near the inlet port). Such a recirculation path serves three purposes: to prevent stagnation or solids accumulation within the
pump; to improve cooling and/or lubrication of the impeller support bearings; and to improve cooling of the canister. The last
purpose only applies when the canister is made of electrically conductive material and is subjected to eddy current heating when
the magnetic coupling is rotating.

[0013] The details of existing recirculation paths vary widely among different pump designs and incorporate many different
section designs. However, such internal recirculation paths tend to be rather complex, because they need to flow through a
magnet chamber located deep behind the impeller. The internal recirculation paths often include some sections where all the
surfaces are stationary. The stationary sections more easily allow product stagnation and/or accumulation of solids.

[0014] DE 11 65 144B discloses a previously proposed such rotordynamic pump.

[0015] The present disclosure addresses shortcomings in prior art pumping systems, while providing rotodynamic pumps having
a permanent magnet coupling inside an impeller. The disclosure of inner drive pumps includes significant advantages over prior
art pumps.

SUMMARY OF THE INVENTION

[0016] The purpose and advantages of the disclosed subject matter will be set forth in and apparent from the description and
drawings that follow, as well as will be learned by practice of the claimed subject matter.

[0017] The present disclosure generally provides a rotodynamic pump as disclosed in Claim 1.

[0018] Thus, all or part of the magnet coupling inside the impeller is disposed within the pumping plane and is axially aligned with
the pumping region of the impeller. As such, the impeller has a large central opening for the magnet coupling and the outer
magnets are disposed within the central opening and connected to the impeller.

[0019] The present disclosure further provides a permanent magnet coupling in a rotodynamic pump that includes an internal
circulation cooling flow path between the canister and the impeller. The internal circulation cooling flow path allows a small amount
of pumped fluid to flow from a higher pressure area near the discharge port to a lower pressure area near the inlet port. The
details of the path sections can vary, but the disclosure includes preferred sections. The first section is a chamber behind the
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impeller that is disposed between the impeller and a canister flange. The second section includes grooves in surfaces of a rear
bushing. The third section includes a gap between the outer magnets and the canister. Some embodiments include a fourth
section having grooves in surfaces of a front bushing. Such cooling paths avoid stagnation and accumulation of solids, while also
permitting ready and more complete flushing of the entire pump when utilized in applications that require pumps to be flushed
between uses.

[0020] The present disclosure further includes examples of alternative embodiments of rotodynamic pumps that highlight the fact
that the inventive subject matter can be applied to pumps of various designs. For instance, the pumps may be of a design with an
impeller having a radial flow, mixed flow or axial flow. Also, the impellers may have no shroud, a partial shroud or a full shroud.
The pumps can be designed with any type of external drive, for example, they may include a close-coupled motor drive or a long-
coupled shaft drive design. Moreover, the pumps may be of metallic construction, or at least partially of non-metallic construction,
such as for pumps where the fluids only contact non-metallic surfaces. Indeed, pumps in accordance with the present disclosure
may include interior surfaces that are constructed of specific materials and/or have particular surface finishes wherein the interior
surfaces permit use of the pumps in hygienic applications where microbial growth must be prevented. The improved flushing of
circulation cooling paths and use of such surface finishes provide advantages for use in hygienic applications.

[0021] The magnet coupling also may include some variations, such as being of a short profile that fits entirely within the length
of the pumping region of the impeller or being a bit longer and having a portion of the magnet coupling within the length of the
pumping region of the impeller. Applications having higher torque requirements may be addressed with use of such longer
couplings where the magnet coupling may be at least partially disposed within the pumping region of the impeller. In addition, the
canister may be of a multi-part or single part construction.

[0022] Utilization of the subject matter in the present disclosure can lead to construction of pumps that are more compact, since
the magnet coupling is imbedded at least partially within the pumping region of the impeller. Specifically, the axial length of pumps
can be reduced, which may have advantages resulting in an ability to use many smaller and/or less expensive components. This,
in turn, can result in pumps that require a smaller volume or space for mounting, and that are of lighter weight and are easier to
handle.

[0023] Another potential advantage is that pumps using the subject matter of the present disclosure have fewer internal cavities
where fluid can stagnate. This is especially advantageous in applications where such stagnation causes problems, such as when
batch cross-contamination must be minimized, or in hygienic applications, where microbial growth must be prevented, and in any
applications where the pumps must be flushed out completely between usages.

[0024] A further advantage can be realized in that the designs can provide exceptionally effective cooling for the canister,
through the end portion of the canister, which is directly exposed to the cool liquid entering the pump through the inlet port.
Canister cooling can be particularly important when the canister is made from electrically conductive materials, because such
materials generate eddy current heating when the magnetic coupling is rotating.

[0025] Other potential advantages include that the pumps have an internal circulation path that is very simple and effective,
because there is no deep chamber behind the impeller through which the fluid must circulate. Also, the internal circulation path is
completely dynamic, such that no sections of the path consist of totally stationary surfaces. Thus, it is advantageous that pumps
avoid having stationary sections of circulation cooling paths that more easily allow product stagnation and/or accumulation of
solids.

[0026] A further advantage is that the net thrust load on the impeller is easier to balance than with typical designs, because of
the large opening in the center of the impeller. The large opening reduces the surface area of both the front and rear of the
impeller. Given that the higher discharge pressure acts upon the rear surface area of the impeller and creates a forward thrust
load, the reduced rear surface area in this design reduces the forward thrust load. Similarly, the pressure exerted in the inlet port
by the fluid entering the pump acts on the reduced front surface area of the impeller, reducing the rearward load applied to the
impeller. The net effect is a reduction in forward thrust, because the discharge pressure is higher than the inlet pressure. The net
thrust load on typical impellers is forward, and the reduced forward load helps to balance the thrust load on the impeller. A more
balanced impeller thrust load is advantageous for pump wear life and it may avoid the need for heavy-duty thrust bearings.

[0027] Itis to be understood that both the foregoing general description and the following detailed description are exemplary and
provided for purposes of explanation only, and are not restrictive of the subject matter claimed. Further features and objects of
the present disclosure will become more fully apparent in the following description of the preferred embodiments and from the
appended claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0028] In describing the preferred embodiments, reference is made to the accompanying drawing figures wherein like parts have
like reference numerals, and wherein:

FIG. 1 is a cross-sectional view of a first example part of the invention of a rotodynamic pump having a relatively short permanent
magnet coupling within an impeller, with an inner drive having a close coupled motor drive, mixed flow, a partial shroud, metallic
fluid contact surfaces, and a canister of multi-part construction.

FIG. 2 is an enlarged cross-sectional view of the pump portion shown in FIG. 1.
FIG. 3 is a perspective view of a thrust bearing shown in FIG. 1.

FIG. 4 is a cross-sectional view of a second example not part of the invention of a rotodynamic pump having a relatively short
permanent magnet coupling within an impeller, with an inner drive having a close coupled motor drive, radial flow, a full shroud,
non-metallic fluid contact surfaces, and a canister of single part construction.

FIG. 5 is a cross-sectional view of a third example part of the invention of a rotodynamic pump having a relatively long permanent
magnet coupling within an impeller, with an inner drive having a long coupled shaft drive, mixed flow, a partial shroud, metallic fluid
contact surfaces, and a canister of multi-part construction.

[0029] It should be understood that the drawings are not to scale. While some mechanical details of a rotodynamic pump with
permanent magnet coupling inside the impeller, including details of fastening means and other plan and section views of the
particular components, have not been included, such details are considered well within the comprehension of those of skill in the
art in light of the present disclosure. It also should be understood that the present invention is not limited to the example
embodiments illustrated.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0030] Referring generally to FIGS. 1-5, it will be appreciated that rotodynamic pumps with a permanent magnet coupling inside
the impeller of the present disclosure generally may be embodied within numerous configurations of rotodynamic or centrifugal
pumps. Indeed, while acknowledging that all of the example configurations that may include a permanent magnet inner drive need
not be shown herein, it is contemplated that the permanent magnet inner drive systems may be incorporated into various
rotodynamic pumps. To demonstrate this position, a few examples of pump configurations are shown herein.

[0031] Turning to a first example embodiment part of the invention in FIGS. 1-3, a rotodynamic pump 2 includes a casing 4 with
an inlet port 6, and an outlet port 8. The casing 4 may be constructed of rigid materials, such as steel, stainless steel, cast iron or
other metallic materials, or structural plastics or the like. However, it will be appreciated that the casing and all surfaces that
contact the fluid that will flow through the pump may present a non-metallic surface, such as by use of a liner or application of a
non-metallic coating.

[0032] The casing 4 is connected to an adapter 10, which facilitates mounting to a motor 12 for a close-coupled drive
configuration 14. Disposed in sealing engagement between the adapter 10 and the casing 4 is a canister 16 having a peripheral
radial flange 18 that is sealed to the casing 4 by a first static seal 20. The static seal 20 may be constructed as an elastomeric o-
ring, or preformed or liquid gasket materials or the like, which may be employed to enhance the connection between the
components.

[0033] The canister 16 further includes a cylindrical portion 22 that has a rear opening 24, and a front end portion 26. The end
portion 26 has a central aperture 28. The peripheral radial flange 18, cylindrical portion 22 and end portion 26 of the canister 16
may be constructed of any of a variety of rigid materials, and the material is typically chosen based on the medium to be pumped,
but preferably is non-magnetic and constructed of stainless steel, such as alloy C-276, or of plastic, composite materials or the
like. The canister 16 may be integrally fabricated from a single piece or may be fabricated, such as by welding together
separately formed portions. A nose cone 30 has a threaded bore 32 that receives a fastener 34, such as a bolt, that passes
through the aperture 28 in the end portion 26 of the canister 16 to connect the nose cone 30 to the canister 16. The nose cone
30 also is sealed to the canister 16 by a second static seal 35 that may be of similar construction to the first static seal 20.
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[0034] The casing 4, the canister 16 and the nose cone 30 define an interior pumping cavity 36 that is in communication with the
inlet port 6 and outlet port 8. An impeller 38 is disposed within the interior pumping cavity 36 and includes an impeller body 40
and vanes 42 extending therefrom. The impeller 38 has a partially shrouded construction and provides mixed axial and radial flow.
It is desirable for the impeller 38 to have some form of thrust bearing surfaces. The impeller body 40 has a central opening 44
that includes a rear well 46 that together with an overlying magnet protection sleeve 60, discussed below, provides first axial and
radial thrust bearing surfaces, and a front well 48 that provides second axial and radial thrust bearing surfaces. The first well 46
receives a rear bushing 50 and the second well 48 receives a front bushing 52. Alternative or additional provision for rearward
and/or forward thrust bearings also may be employed, and thrust bearings may be integrally or separately provided to retain
appropriate positioning of components to reduce vibration and wear. In this example, the impeller 38 is rotatably coupled to the
canister 16 via the bushings 50, 52, that engage the thrust bearing surfaces provided by the rear and front wells 46, 48, and the
impeller 38 rotates about a rotational axis R. Alternatives to the bushings 50, 52 may be utilized and the bushings could be initially
fixed to or otherwise engage the canister 16 or the impeller 38 during assembly of the pump 2.

[0035] To drive the impeller 38 in this first example pump 2, a permanent magnet coupling 54 is disposed within the central
opening 44. The permanent magnet coupling 54 includes outer permanent magnets 56 connected to an outer magnet ring 58
that preferably is constructed of magnetic material and is disposed in the central opening 44 and connected to the impeller 38.
Outer magnets 56 may be of any configuration, but are preferably rectangular and are preferably connected to the outer magnet
ring 58 by chemical means, such as by epoxy or adhesives, or may be attached by suitable fasteners, such as by rivets or the
like, with the magnets 56 being protected from the pumped fluid by a thin magnet protection sleeve 60 that, in this example,
provides protection in both the axial and radial directions. The outer magnets 56 are at least partially axially aligned with the
pumping region of the impeller 38.

[0036] The permanent magnet coupling 54 further includes inner permanent magnets 62 connected to an inner magnet ring 64
that is in the configuration of a hub that is connected to a shaft 66 on the drive motor 12 by a key 68. The inner magnets 62 are
in close proximity to, axially aligned with, but separated from the outer magnets 56 by the relatively thin-walled cylindrical portion
22 of the canister 16. When the shaft 66 of the drive motor 12 rotates, it causes the inner magnets 62 to rotate which, via a
magnetic coupling with the outer magnets 56, causes the impeller 38 to rotate.

[0037] As best seen in FIG. 2, the impeller 38 has a rear surface 70 that is exposed to the discharged fluid that is under
pressure. The forward thrust load generated by the discharge pressure on the rear surface 70 is at least partially balanced by the
pressure of the fluid entering the inlet port 6 and engaging the front surface 72 of the impeller 38. The forward and rearward
thrust loads on the impeller 38 may be balanced to a preselected degree. In turn, fluid under the higher discharge pressure is
used in a circulation path to cool the canister 16, bushings 50, 52, and magnets 56, 62.

[0038] The circulation path in this example includes four sections, the first being a chamber behind the rear surface 70 of the
impeller 38 through which fluid flows under pressure. The fluid flows from the first section to the second, which is formed by the
rear bushing 50 having grooves G. The fluid further flows through the third section of the circulation path which includes the gap
between the cylindrical portion 22 of the canister 16 and the protection sleeve 60 over the outer magnets 56. The fluid then flows
through the fourth section, which is formed by the front bushing 52 having grooves G that are similar to those of the rear bushing
50. The fluid then flows out from around the nose cone 30 and rejoins the fluid entering the pumping cavity 36 through the inlet
port 6. The rear bushing 50 is shown in a perspective view in FIG. 3, and in this example, the front bushing 52 is similarly
configured but smaller than the rear bushing 50. The rear bushing 50 and front bushing 52 include grooves G that allow the fluid
to pass the bushing in the circulation path. Further cooling is promoted by the fluid entering the inlet port 6 and engaging the
nose cone 30 that is connected to the end portion 26 of the canister 16.

[0039] The close-coupled drive configuration 14 and connection of the inner magnet ring 64 to the shaft 66 of the drive motor 12
allows for a shorter length, more space efficient and lighter weight, drive and pump installation. This is further enhanced by the
relatively short magnet coupling 54 that is within the pumping region of the impeller 16, generally in a pumping plane that is
perpendicular to the rotational axis R of the impeller 38.

[0040] Turning to a second example in FIG. 4, a rotodynamic pump 102 includes a casing 104 with an inlet port 106, and an
outlet port 108. The casing 104 may be constructed of rigid materials, such as were described for the first example. In this
example, the casing 104 also includes a non-metallic liner 105 to provide non-metallic surfaces that contact the fluid that will flow
through the pump. This may present interior surfaces having surface finishes that are acceptable for particular applications.

[0041] The casing 104 is connected to an adapter 110, which facilitates mounting to a motor 112 for a close-coupled drive
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configuration 114. Disposed in sealing engagement between the adapter 110 and the casing 104 is a canister 116 having a
peripheral radial flange 118 that is sealed to the casing 104 by a first static seal 120. The static seal 120 may be constructed in a
similar manner to that described above with respect to the first example embodiment. The canister of any of the examples also
may be constructed with surface finishes in the interior of the pump that are acceptable for use in hygienic applications, such as
by use of non-metallic or highly polished suitable metallic finishes.

[0042] The canister 116 further includes a cylindrical portion 122 that has a rear opening 124, and a front end portion 126. The
end portion 126 presents a convex surface to the fluid that enters through the inlet port 106 to avoid turbulence. The end portion
126 effectively presents a nose cone that is a part of the sealed structure of the canister 116. The peripheral radial flange 118,
cylindrical portion 122 and end portion 126 of the canister 116 are configured as a single piece and may be constructed of any of
a variety of rigid materials, and in any suitable manner, such as described above with respect to the first example embodiment.

[0043] The casing 104 and the canister 116 define an interior pumping cavity 136 that is in communication with the inlet port 106
and outlet port 108. An impeller 138 is disposed within the interior pumping cavity 136 and includes an impeller body 140 and
vanes 142 extending therefrom. The impeller 138 is constructed with a rear shroud 128 and a front shroud 130 and provides
radial flow. It is desirable for the impeller 138 of this example to have some form of thrust bearing surfaces. The impeller body 140
has a central opening 144 that includes a rear well 146 that together with an overlying magnet protection sleeve 160, discussed
below, provides first axial and radial thrust bearing surfaces, and a front well 148 that provides second axial and radial thrust
bearing surfaces. The first well 146 receives a rear bushing 150 and the second well 148 receives a front bushing 152.
Alternative or additional provision for rearward and/or forward thrust bearings also may be employed, and thrust bearings may be
integrally or separately provided to retain appropriate positioning of components to reduce vibration and wear. In this second
example, the impeller 138 is rotatably coupled to the canister 116 via the bushings 150, 152, that engage the thrust bearing
surfaces provided by the rear and front wells 146, 148, and the impeller 138 rotates about a rotational axis R1. As noted above,
alternative bushing configurations may be utilized and the bushings could be initially fixed to or otherwise engage the canister 116
or the impeller 138 during assembly of the pump 102.

[0044] To drive the impeller 138 in this second example pump 102, a permanent magnet coupling 154 is disposed within the
central opening 144. The permanent magnet coupling 154 includes outer permanent magnets 156 connected to an outer magnet
ring 158 that preferably is constructed of magnetic material and is disposed in the central opening 144 and connected to the
impeller 138. Outer magnets 156 may be of any configuration, but are preferably rectangular and are preferably connected to the
outer magnet ring 158 in a manner such as described with respect to the first example embodiment. The magnets 156 also may
be protected from the pumped fluid by a thin magnet protection sleeve 160 that, similarly to the first example, provides protection
in both the axial and radial directions. The outer magnets 156 are at least partially axially aligned with the pumping region of the
impeller 138.

[0045] The permanent magnet coupling 154 further includes inner permanent magnets 162 connected to an inner magnet ring
164 that is in the configuration of a hub that is connected to a shaft 166 on the drive motor 112 by a key 168. The inner magnets
162 are in close proximity to, axially aligned with, but separated from the outer magnets 156 by the relatively thin-walled cylindrical
portion 122 of the canister 116. When the shaft 166 of the drive motor 112 rotates, it causes the inner magnets 162 to rotate
which, via a magnetic coupling with the outer magnets 156, causes the impeller 138 to rotate.

[0046] As seen in FIG. 4, the impeller 138 has a rear surface 170 that is exposed to the discharged fluid that is under pressure.
The forward thrust load generated by the discharge pressure on the rear surface 170 is at least partially balanced by the
pressure of the fluid entering the inlet port 106 and engaging the front surface 172 of the impeller 138. As with the prior example,
the forward and rearward thrust loads on the impeller 138 may be balanced to a preselected degree. In turn, fluid under the
higher discharge pressure is used in a circulation path to cool the canister 116, bushings 150, 152 and magnets 156, 162. The
circulation path for this example includes three sections, the first being a chamber behind the rear surface 170 of the impeller 138
through which fluid flows under pressure. The fluid flows from the first section to the second, which is formed by the rear bushing
150 having grooves, such as are shown in FIG. 3 in the rear bushing 50 of the first example embodiment. The fluid further flows
through the third section of the circulation path which includes the gap between the cylindrical portion 122 of the canister 116 and
the protection sleeve 160 over the outer magnets 156. The fluid flow then rejoins the fluid entering the pumping cavity 136
through the inlet port 106. Thus, the rear and front bushings 150, 152 are of a similar configuration to the rear bushing of the first
example, shown in a perspective view in FIG. 3. Still further cooling is promoted by the fluid entering the inlet port 106 and
engaging the front end portion 126 of the canister 116.

[0047] As with the first example pump 2, in this second example 102, the close-coupled drive configuration 114 and connection
of the inner magnet ring 164 to the shaft 166 of the drive motor 112 allows for a shorter, more space efficient and lighter weight,
drive and pump installation. This is further enhanced by the relatively short magnet coupling 154 that is within the pumping region
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of the impeller 138, generally in a pumping plane that is perpendicular to the rotational axis R1 of the impeller 138.

[0048] Turning to a third example embodiment part of the invention in FIG. 5, a rotodynamic pump 202 includes a casing 204
with an inlet port 206, and an outlet port 208. The casing 204 may be constructed of rigid materials, such as were described for
the first example, and the casing 204 may include a non-metallic liner or coating to provide non-metallic surfaces that contact the
fluid that will flow through the pump, as shown within the second example.

[0049] The casing 204 is connected to an adapter 210, which includes a lower flange 211 that facilitates mounting the pump 202
to a base plate (not shown). The adapter 210 also accommodates a long-coupled drive configuration 214 via a coupling shaft 213
that is rotatably connected to the adapter 120 by bearings 215. It will be appreciated that the bearings 215 may be constructed as
roller or ball bearings, as a bushing or in any other suitable form. Also, the coupling shaft 213 may be connected to a drive
source, such as a drive motor, and the connection may be facilitated, for instance, by a key 217, or other suitable coupling
structure.

[0050] Disposed in sealing engagement between the adapter 210 and the casing 204 is a canister 216 having a peripheral radial
flange 218 that extends from a rear inverted cup portion 219 and is sealed to the casing 204 by a first static seal 220. The static
seal 220 may be constructed in a similar manner to that described above with respect to the first example embodiment.

[0051] The canister 216 further includes a cylindrical portion 222 that has a rear opening 224, and a front end portion 226. The
end portion 226 has a central aperture 228. The peripheral radial flange 218, inverted cup portion 219, cylindrical portion 222
and end portion 226 of the canister 216 may be constructed of any of a variety of rigid materials, and in any suitable manner,
such as described above with respect to the first example embodiment. The canister 216 also may be integrally fabricated from a
single piece or may be fabricated, such as by welding together separately formed portions. Much like in the first example, in this
pump 202, a nose cone 230 has a threaded bore 232 that receives a fastener 234, such as a bolt, that passes through the
aperture 228 in the end portion 226 of the canister 216 to connect the nose cone 230 to the canister 216. The nose cone 230
also is sealed to the canister 216 by a second static seal 235 that may be of similar construction to the first static seal 220.

[0052] The casing 204, the canister 216 and the nose cone 230 define an interior pumping cavity 236 that is in communication
with the inlet port 206 and outlet port 208. An impeller 238 is disposed within the interior pumping cavity 236 and includes an
impeller body 240 and vanes 242 extending therefrom. The impeller 238 has a partially shrouded construction and provides
mixed axial and radial flow. It is desirable for the impeller 238 to have some form of thrust bearing surfaces. The impeller body 240
has a central opening 244 that includes a rear well 246 that together with an overlying magnet protection sleeve 260, discussed
below, provides first axial and radial thrust bearing surfaces, and a front well 248 that provides second axial and radial thrust
bearing surfaces. The first well 246 receives a rear bushing 250 and the second well 248 receives a front bushing 252. As noted
with the prior examples, additional provision for rearward and/or forward thrust bearings also may be employed, and thrust
bearings may be integrally or separately provided to retain appropriate positioning of components to reduce vibration and wear.
In this third example, the impeller 238 is rotatably coupled to the canister 216 via the bushings 250, 252, that engage the thrust
bearing surfaces provided by the rear and front wells 246, 248, and the impeller 238 rotates about a rotational axis R2. As noted
above, alternative bushing configurations may be utilized and the bushings could be initially fixed to or otherwise engage the
canister 216 or the impeller 238 during assembly of the pump 202.

[0053] To drive the impeller 238 in this third example pump 202, a permanent magnet coupling 254 is disposed within the central
opening 244. The permanent magnet coupling 254 includes outer permanent magnets 256 connected to an outer magnet ring
258 that preferably is constructed of magnetic material and is disposed in the central opening 244 and connected to the impeller
238. Outer magnets 256 may be of any configuration, but are preferably rectangular and are preferably connected to the outer
magnet ring 258 in a manner such as described with respect to the first example embodiment. The magnets 256 also may be
protected from the pumped fluid by a thin magnet protection sleeve 260 that similarly to the prior examples provides protection in
both the axial and radial directions. The outer magnets 256 are at least partially axially aligned with the pumping region of the
impeller 238.

[0054] The permanent magnet coupling 254 further includes inner permanent magnets 262 connected to an inner magnet ring
264 that is in the configuration of a hub that is connected to the coupling shaft 213 by a key 268. The inner magnets 262 are in
close proximity to, axially aligned with, but separated from the outer magnets 256 by the relatively thin-walled cylindrical portion
222 of the canister 216. When the coupling shaft 213 is connected to a power source, such as a drive motor, and is rotatably
driven, it causes the inner magnets 262 to rotate which, via a magnetic coupling with the outer magnets 256, causes the impeller
238 to rotate.
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[0055] As seen in FIG. 5, the impeller 238 has a rear surface 270 that is exposed to the discharged fluid that is under pressure.
The forward thrust load generated by the discharge pressure on the rear surface 270 is at least partially balanced by the
pressure of the fluid entering the inlet port 206 and engaging the front surface 272 of the impeller 238. As with the prior
examples, the forward and rearward thrust loads on the impeller 238 may be balanced to a preselected degree. In turn, fluid
under the higher discharge pressure is used in a circulation path to cool the canister 216, bushings 250, 252, and magnets 256,
262. The circulation path includes four sections, the first being a chamber behind the rear surface 270 of the impeller 238
through which fluid flows under pressure. The fluid flows from the first section to the second, which is formed by the rear bushing
250 having grooves, such as are shown in FIG. 3 in the rear bushing 50 of the first example embodiment. The fluid further flows
through the third section of the circulation path which includes the gap between the cylindrical portion 222 of the canister 216 and
the protection sleeve 260 over the outer magnets 256. The fluid then flows through the fourth section, which is formed by the
front bushing 252 having grooves, again such as those shown with respect to the aforementioned rear bushing 50 of the first
example. The fluid then flows out from around the nose cone 230 and rejoins the fluid entering the pumping cavity 236 through
the inlet port 206. Thus, the rear and front bushings 250, 252 are of a similar configuration to the rear bushing of the first
example, shown in a perspective view in FIG. 3. Still further cooling is promoted by the fluid entering the inlet port 206 and
engaging the nose cone 230 that is connected to the front end portion 226 of the canister 216.

[0056] Unlike the first and second example pumps 2, 102, in this third example pump 202, the long-coupled drive configuration
using a coupling shaft 213, connection of the inner magnet ring 264 to the coupling shaft 213, and the inverted cup portion 219
still allow for a shorter length, more space efficient and lighter weight, drive and pump installation. This greater space efficiency is
achieved by allowing for a longer magnet coupling 254 that may be provided for higher torque applications, while still locating at
least a portion of the magnet coupling 254 and magnets 256, 262 within the pumping region of the impeller 238, generally in a
pumping plane that is perpendicular to the rotational axis R2 of the impeller 238.

[0057] From the above disclosure, it will be apparent that pumps constructed in accordance with this disclosure may include a
number of structural aspects that cause them to provide a magnet coupling inside an impeller that is disposed within the pumping
plane and being at least partially axially aligned with the pumping region of the impeller. The pumps may exhibit one or more of
the above-referenced potential advantages, depending upon the specific design choices made in constructing the pump.
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Patentkrav

1. Rotodynamisk pumpe (2; 102; 202), som har en indvendigt drevet permanent
magnetkobling, der er anbragt inde i en impeller (38; 138; 238), hvilken pumpe
omfatter:

et pumpehus (4; 104; 204), som definerer et pumpehulrum (36; 136; 236),

en indlgbsport (6; 106; 206), som er forbundet med pumpehulrummet (36;
136; 236),

en udlgbsport (8; 108; 208), som er forbundet med pumpehulrummet (36;
136; 236),

en impeller (38; 138; 238), som er roterbar omkring en rotationsakse (R; R1;
R2) og anbragt inde 1 pumpehulrummet (36; 136; 236) og har skovlblade (42;
142; 242),

en permanent magnetkobling (54; 154; 254), som roterbart driver

impelleren (38; 138; 238) og indbefatter udvendige magneter (56; 156; 256),
der er forbundet med impelleren (38; 138; 238), og indvendige magneter (62;
162; 262), som er forbundet med en indvendig magnetring (64; 164; 264) og
er aksialt pa linje med de udvendige magneter (56; 156; 256),

idet impelleren (38; 138; 238) har en pumperegion, som generelt er 1 et pumpeplan,
der er vinkelret pa rotationsaksen (R; R1; R2) og pa linje med den permanente
magnetkobling (54; 154; 254), séledes at i det mindste en del af den permanente
magnetkobling (54; 154; 254) er anbragt inden for pumpeplanet,

en beholder (16; 116; 216), som er forseglet til huset (4; 104; 204) og adskiller de
udvendige magneter (56; 156; 256) fra de indvendige magneter (62; 162; 262),
kendetegnet ved

en nasekegle (30; 230), som er forbundet med en forendedel (26; 126; 226) af
beholderen (16; 116; 216), hvor nesekeglen (30; 230) er forseglet til
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beholderens (16; 116; 216) forendedel (26; 126; 226) ved hjalp af en statisk
tetning (35; 235), og

hvor indlgbsporten (6; 106; 206) dirigerer fluidstrgmning aksialt 1 forhold til
impelleren (38; 138; 238), og fluid udledes radialt fra impelleren (38; 138; 238) til
udlgbsporten (8; 108; 208).

2. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 1, kendetegnet ved, at impelleren (38;
138; 238) indbefatter en central abning (44; 144; 244), som modtager de udvendige
magneter (56; 156; 256) og en generelt cylindrisk del (22; 122; 222) af

beholderen (16; 116; 216).

3. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 1, kendetegnet ved, at hele den
permanente magnetkobling (54; 154; 254) er pa linje med impellerens (38; 138; 238)

pumperegion.,

4. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 1, kendetegnet ved, at impelleren (38;

138; 238) tilvejebringer aksial, radial eller blandet strgmning.

5. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 1, kendetegnet ved, at impelleren (38;

138; 238) indbefatter ingen kappe, en delvis kappe eller en fuld kappe (128, 130).

6. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 1, kendetegnet ved, at den indvendige
magnetiske ring (64; 164; 264) er koblet til en drivkilde og er konfigureret som

vaerende af den kortkoblede (14; 114) cller langkoblede (214) type.
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7. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 6, kendetegnet ved, at den indvendige

magnetring (64; 164; 264) er koblet til en drivkilde, som er en motor (12; 112).

8. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 6, kendetegnet ved, at en langkoblet

drevtype (214) indbefatter en koblet aksel (213), der understgttes af lejer (215).

9. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 1, kendetegnet ved, at indvendige
overflader af pumpen (2; 102; 202), som kommer i kontakt med fluid, der stremmer

gennem pumpen (2; 102; 202), er metalliske eller ikke-metalliske.

10. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 1, kendetegnet ved, at indvendige
over(lader inde i pumpen (2; 102; 202) har en over(ladelinish, som er acceptabel til

hygiejniske anvendelsesformal.

11. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 1, kendetegnet ved, at en
beskyttelsesmuffe (60; 160; 260) er anbragt mellem de udvendige magneter (56; 156;
256) og beholderen (16; 116; 216).

12, Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 11, kendetegnet ved, at
beskyttelsesmuffen (60; 160; 260) tilvejebringer aksial og radial beskyttelse af de
udvendige magneter (56; 156; 256).

13. Rotodynamisk pumpe, som har cn indvendigt drevet permancent magnetkobling,

der er anbragt inde i en impeller ifglge krav 1, kendetegnet ved, at beholderen (16;
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116; 216) indbefatter en perifer flange (18; 118; 218).

14. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 13, kendetegnet ved, at

beholderens (16; 116; 216) perifere flange (18; 118; 218) er forseglet til
pumpehuset (4; 104; 204) ved hjelp af en statisk tetning (20; 120; 220).

15. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 1, kendetegnet ved, at beholderen (16;
116; 216) indbefatter en cylindrisk del (22; 122; 222).

16. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 1, kendetegnet ved, at beholderen (16;
116; 216) indbefatter en inverteret kopdel (219), som er forbundet med en cylindrisk
del (222).

17. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 1, kendetegnet ved, at nesekeglen (30;
230), som er forbundet med den forreste endedel (26; 126; 226) af beholderen (16;
116; 216), er anbragt inde i en vej af fluid, der strgmmer gennem indlgbsporten (6;

106; 206) og ind i pumpehulrummet (36; 136; 236).

18. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 1, kendetegnet ved, at beholderen (16;
116; 216) er af flerdelt eller enkeltstykke konstruktion.

19. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde 1 en impeller ifglge krav 1, kendetegnet ved, at de fremad- og
bagudrettede trykbelastninger pa impelleren (38; 138; 238) cr afbalancerct i cn

forhandsvalgt grad.
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20. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 1, kendetegnet ved, at pumpen (2; 102;
202) indbefatter en cirkulationsvej, som tillader tryksat afgangsfluid at strgmme forbi
beholderen (16; 116; 216), mod indlgbsporten (6; 106; 206) og ind i
pumpehulrummet (36; 136; 236).

21. Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifglge krav 20, kendetegnet ved, at pumpen (2;
102; 202) indbefatter mindst én trykbgsning (50, 52; 150, 152; 250, 252), som har en

konfiguration, der ggr det muligt for fluid at passere forbi tryklejet.

22, Rotodynamisk pumpe, som har en indvendigt drevet permanent magnetkobling,
der er anbragt inde i en impeller ifplge krav 21, kendetegnet ved, at den mindst ene
trykbgsning (50, 52; 150, 152; 250, 252) indbefatter riller (G), som ggr det muligt for
fluid at passere forbi tryklejet.
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