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ABSTRACT

A solids entrainment and quick disconnect system for a vertical or submersible
pump is disclosed in which a pump distribution plate having guide members is provided
for positioning near the floor of a well or sump to facilitate the entrainment of solids into
the pump inlet. The quick disconnect system comprises an angled discharge adaptor
that allows the pump to be vertically lowered onto the pump distribution plate in a
manner to not only assure registration and sealing of the pump inlet to the pump
distribution plate, but to provide comprehensive mating and sealing of the pump

discharge outlet to the discharge piping of the sump or pit.
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SUCTION DISTRIBUTION AND DISCONNECTION
SYSTEM FOR A SUBMERSIBLE PUMP
BACKGROUND OF THE INVENTION
[0001] Field of the Invention: This invention relates to vertical or submersible pumps
and specifically relates to a suction distribution system for increasing solids entrainment
and an attendant pump disconnection system.
[0002] Description of Related Art: Vertical or submersible pumps are used in a
variety of industries for placement in a submerged tank, sump, wet well or pit for
pumping fluid, such as wastewater, therefrom. In earlier times, any maintenance or
replacement of submersible pumps would have to be conducted downhole by a worker
lowered into the hole or tank. However, the development of disconnect and liftout
systems has since enabled the pump to be brought out of the hole or tank for
maintenance, repair or replacement.
[0003]) Different disconnect and liftout systems have been developed for submersible
pumps over the years. In general, prior disconnect and liftout systems have involved
lowering the pump vertically into the hole using vertical guide rails. As the pump was
lowered by use of the guide rails, mating vertical elements of flanges of a stationary
discharge pipe and discharge outlet of the pump were thereby brought into sealing
contact. However, a comprehensive sealing arrangement at the discharge outlet was
not always achieved with such systems.
[0004] Today, existing quick disconnect systems for submersible pumps require a
vertical lowering and rotation of the pump to bring the discharge outlet of the pump into

mating and sealing relationship with a discharge elbow in the discharge piping. Rotation
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of the pump in present disconnect systems is possible because the pump inlet is
typically lowered to a position at or near the bottom of the pit or sump for pumping of
fluid from the pit. However, certain pumping limitations may result, especially in the
pumping of solids-laden fluids where the use of a fluid or solids entrainment apparatus
at the bottom of the hole or tank would prevent the use of a disconnect system of the
conventional type where rotation of the pump is required.

[0005] Thus, it would be advantageous in the art to provide a means for improving
solids entrainment for a submersible pump and to provide a quick disconnect system
that is compatible with a solids entrainment system to not only improve pumping
efficiencies, but to provide a comprehensive sealing arrangement between both the

pump discharge outlet and the pump inlet.

BRIEF SUMMARY OF THE INVENTION
[0006] In accordance with the present invention, a solids entrainment system and a

quick disconnect system for a vertical or submersible pump are provided for improving

pumping efficiencies and for providing improved sealing at the discharge outlet and

pump inlet of the pump. In accordance with the invention, improved solids entrainment

IS provided by use of a pump distribution plate that is positioned at or near the bottom of

the sump pit, well or tank, and the disconnect system employs an angled discharge
adaptor device for assuring a comprehensive sealing between the discharge outlet of
the pump and the discharge piping in the sump pit, well or tank.

[0007] The pump distribution plate of the present invention generally comprises a

linear plate that is sized for positioning near the bottom of a sump pit, well or tank. The
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pump distribution plate may preferably have an arrangement of guides members that
extend from the bottom surface of the plate toward the floor of the sump pit, tank or well.
The pump distribution plate has at least one opening formed through the plate which is
sized to receive the inlet of a pump in fluid communication therewith. The guide
members are arranged on the bottom surface of the pump distribution plate to define
the area from which the pump can draw liquid, thereby creating increased velocities
between the pump distribution plate and the floor of the pit, well or tank to facilitate
entrainment of solids.

[0008] The pump distribution plate may be provided with a centering member for
aiding in positioning of the pump inlet in connection with the pump distribution plate and
for assuring a sealed mating of the pump inlet to the pump distribution plate. The pump
distribution plate may also be configured for accommodating a plurality of pumps
thereon. The pump distribution plate of the present invention can be used with
removable pumps, as described particularly in this disclosure, but may also be
employed with non-removable pumps as well (i.e., where the pump is essentially
integrally connected to the pump distribution plate and the pump and pump distribution
plate are lowered and lifted out in tandem).

[0009] The quick disconnect system of the present invention further comprises a
discharge adaptor member which connects the discharge outlet of the pump to the
discharge elbow of the discharge piping of the sump pit, tank or well. The discharge
adaptor has an angled mating surface and sealing ring that assures a comprehensive
mating and sealing between the pump discharge outlet and the discharge piping, thus

enabling the vertical dissent of the pump onto the centering member of the pump
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distribution plate and eliminating the need to rotate the pump into position, which would

not be feasible with the pump distribution plate of the present invention.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
[0010] In the drawings, which illustrate what is currently considered to be the best
mode for carrying out the present invention:
[0011] FIG. 1 is a perspective view of dual submersible pumps positioned with respect

to an embodiment of the pump distribution plate of the present invention;

[0012] FIG. 2 is a perspective view of the bottom surface of the pump distribution

plate shown in FIG. 1;

[0013] FIG. 3 is a view in elevation of the dual pump embodiment of the invention
shown in FIG. 1 with one of the pumps disconnected from the discharge piping;
[0014] FIG. 4 is a view in cross section of the dual pump embodiment shown in FIG.
3,

[0015] FIG. 5is an enlarged view in cross section of one of the pumps illustrating
detall of the pump inlet and discharge outlet;

[0016] FIG. 6 is a plan view in partial phantom of a disconnect elbow stand of the
present invention;

[0017] FIG. 7 is a view in cross section of the disconnect elbow stand shown in FIG.

6, taken at line 7-7;

[0018] FIG. 8 is a view in elevation of the discharge adaptor of the present invention,

some features being shown in phantom;
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[0019] FIG. 9 is an enlarged partial view of the discharge adaptor and discharge seal
rng;
[0020] FIG. 10 is plan view of the suction head plate of the present invention;

[0021] FIG. 11 is a view in cross section of the suction head plate shown in FIG. 10,

taken at line 11-11;

[0022] FIG. 12 is a plan view of the centering plate of the present invention; and
[0023] FIG. 13 is a view in cross section of the centering plate of FIG. 12, taken at line

13-13.

DETAILED DESCRIPTION OF THE INVENTION
[0024) The principél elements of the present invention are illustrated in FIG. 1 which
shows, by way of example only, a pumping system comprising two submersible pumps
10, 10’. The present invention does not require two pumps, however, and may be
employed with a single submersible or vertical pump. The submersible pumps 10, 10’
are each shown positioned, or positionable, on a pump distribution plate 12 which is
provided to increase the area of effective solids entrainment around the inlet of the
pump.
[0025] The pump distribution plate 12 is generally formed as a flattened or linear
sheet of material and is sized to be receivable within a sump pit, well or tank (not
shown). The pump distribution plate 12 is structured to be supported on the bottom
surface or floor of the sump pit, well or tank (hereinafter generically referred to as a
‘well”). Alternatively, as shown in FIG. 3, the pump distribution plate 12 may be fixedly

or adjustably suspended above the floor of the sump pit by attachment to a device (not
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shown) that traverses the pit or tank. Accordingly, the pump distribution plate 12 may
be structured to be moveable in either a vertical of horizontal direction depending on the
application and installation requirements.

[0026] The pump distribution plate 12 is structured with a pump opening 14’ (only one
being viewable in FIG. 1) which is sized to receive the inlet of the pump 10’ as
llustrated and described further hereinafter. The pump distribution plate 12 illustrated
in FIG. 1 is formed with a central opening 16 which provides means for insertion on or
connection to a support column in certain types of installations.

[0027] The pump distribution plate 12 is further structured with guide members 18,
which are more clearly illustrated in FIGS. 2 and 3. The guide members 18 generally
extend outwardly from the bottom surface 20 of the pump distribution plate 12 in a
direction toward the floor or bottom of the well and may provide support for positioning
the pump distribution plate 12 on the floor 22 of the well. As shown in FIG. 2, the guide
members 18 are positioned relative to the pump openings 14, 14’ and in an orientation
to direct fluid, and more importantly solids, toward the pump openings 14, 14’.

[0028] The guide members 18 may be structured in any suitable manner, and may be
positioned or oriented in any suitable manner, which facilitates direction and movement
of the solids toward the pump suction of the submersible pump 10, 10’. The guide
members 18 are advantageously positioned relative to the pump openings 14 and to the
floor 22 of the well to create increased velocities between the pump distribution plate 12
and the floor 22 to facilitate entrainment of the solids by the pump 10.

[0029] In an alternative embodiment, the pump distribution plate 12 may lack the

guide members 18 and may essentially comprise only a linear sheet of material having
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at least one pump opening 14 for receiving a pump inlet. In such an embodiment, the
pump distribution plate 12 is lowered to a depth in the well such that the space 24 (FIG.
3) formed between the pump distribution plate 12 and the floor 22 of the well is no more
than three times the diameter of the pump inlet. At that prescribed spacing, increased
velocities are created between the pump distribution plate 12 and the floor 22 to
facilitate entrainment of solids. Additionally, the pump distribution plate 12 controls the
drawing of air into the pump suction when the pump is operating at low submergence
(i.e., the height of fluid in the well above the pump inlet).

[0030] It can be seen that employing a pump distribution plate 12 of the present
invention in a well precludes the use of the conventional means for quickly
disconnecting the pump for lift out from the well, which involves rotating the pump to
bring the pump discharge outlet into mating contact with the discharge piping of the
well. Therefore, the present invention includes a disconnect system that enables a
quick disconnection of a submersible pump from the pump distribution plate and
discharge piping by vertical movement of the pump, rather than by the conventional
rotation means.

[0031] Referring again to FIG. 1, the submersible pumps 10, 10’ in the pumping
system of the present invention are lowered into and out of the well by employment of
conventionally known guide rails 28. A guide rail bracket 30, secured to the pump
casing 32 of the pump 10, has at least one arm 34 which slidingly engages the guide
rails 28 to guide and direct the pump 10 in its vertical movement into and out of the well.
The movement of the pump 10 is typically enabled by attachment of a hoisting line (not

shown) to an eye 36 formed on the motor housing 38 of the pump 10. As the hoisting
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line raises and lowers the pump 10 into the well, the sliding guide arms 34 moving along
the guide rails 28 help keep the pump 10 at an appropriate orientation and positioning
relative to the pump distribution plate 12.

[0032] FIGS. 1 and 3 illustrate one of the pumps 10 as being fully connected to the
discharge piping 40 of the well and the other pump 10’ is shown disconnected from the
discharge piping 40. What enables the pump 10, 10’ to be disconnected and moved
vertically within the well is the use of a discharge adaptor 42 that is configured to
provide comprehensive mating and sealing of the pump discharge outlet to the
discharge piping 42 of the well.

[0033] Thus, as shown more clearly in the cross section view of FIG. 4, each pump
10, 10’ includes a discharge adaptor 42 that is connected to the pump discharge outlet
46 of the pump 10, 10’. The discharge adaptor 42 has an angled face 48 that registers
with an angled opening 50 in fluid communication with the discharge piping 40 of the
well. It can generally be seen from FIG. 4 that the guide rails 28 and guide rail bracket
30 maintain the appropriate orientation and spacing of the pump 10, 10’ with respect to
the pump distribution plate 12 so that the discharge adaptor 42 comes into matingly
sealed registration with the angled opening 50 of the discharge piping 40 and the pump
inlet 54 is aligned for registration with the pump opening 14’ in the pump distribution
plate 12.

[0034] FIG. 5 provides an enlarged view and further detail of the submersible pump
10 and the present invention. The pump casing 32 houses an impeller 56 that is
connected to and driven by a drive shaft 568. A suction head plate 60 is secured to the

pump casing 32 and provides a pump inlet 54 through which fluid is directed toward the
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impeller 56. The impeller 56 displaces the fiuid to the volute 62 of the pump 10 and the
fluid exists the pump 10 through the pump discharge outlet 46. The pump casing 32 at
the pump discharge outlet 46 is formed with a flange 64 to which the discharge adaptor
42 is secured. The discharge adaptor 42 is formed with a bore 66 through which fluid
moves from the pump discharge outlet 46 to the discharge piping 40.

[0035] In accordance with the present invention, a disconnect elbow stand 70
provides an intermediary conduit from the discharge adaptor 42 to the discharge piping
40. The disconnect elbow stand 70, shown in further detail in FIGS. 6 and 7, is
structured with a pedestal portion 72 that provides means for attaching the disconnect
elbow stand 70 to the pump distribution plate 12, as shown in FIG. 1. The disconnect
elbow stand 70 is further structured with a connection point 74 for attachment of the
guide rails 28 to the disconnect elbow stand, as also shown in FIG. 1, and is structured
with an anchoring point 76 for securement of the flange 78 (FIG. 5) of the discharge
piping 40 to disconnect elbow stand 70. The disconnect elbow stand 70 is further
formed with a fluid conduit 80 that provides a fluid pathway from the angled opening 50
to the discharge piping 40.

[0036] Referring again to FIG. 5, The discharge adaptor 42 has an angled face 48
which is complimentary to the angled opening 50 of the disconnect elbow stand 70.
The detail of the discharge adaptor 42 shown in FIG. 8 illustrates that the discharge
adaptor 42 is formed with an abutting surface 82 and centering ring 84 that is received
in the flange 64 of the pump casing 32 surrounding the pump discharge outlet 46. The
opposing surface of the discharge adaptor 42 is formed with an inwardly extending

shoulder 86 that encircles the bore 66 of the discharge adaptor 42. The shoulder 86
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provides for receipt of a discharge seal ring 90 therein, as shown in FIGS. 5 and 9.
[0037] The discharge seal ring 90 is preferably made of an elastomeric material
having a durometer of between about Shore A 45 and Shore A 80. The discharge seal
ring 90 is held in place within the shoulder 86 by a retaining ring 92 that is received In a
groove 94 that encircles the shoulder 86. As best seen in FIG. 9, the discharge seal
ring 90 is sized to extend proud of the angled face 48 of the discharge adaptor 42 so
that it sealingly mates against the angled opening 50 of the disconnect elbow stand 70
when the pump 10 is lowered into the well.

[0038] The angle a (FIG. 8) of the angled face 48 of the discharge adaptor 42, relative
to the vertical or central axis 49 of the pump, may be from about five degrees to about
forty-five degrees or more. The angled face 48 and consequently the discharge seal
ring 90 are thereby provided with sufficient vertical movement against the angled
opening 50 of the disconnect elbow stand 70 to assure that a comprehensive seal will
result when the pump 10 is vertically lowered into the well. Accordingly, a vertical drop
in and lift out enables the pump 10 to be positioned with respect to the pump distribution
plate 12 to increase solids entrainment while assuring that the pump 10 is sealed both
at the pump discharge and at the pump inlet.

[0039] Referring again to FIG. 5, the pump 10 is structured with a suction head plate
60 which attaches to the pump casing 32 at the suction end of the pump 10. Further
detail of the suction head plate 60 is shown in FIGS. 10 and 11. The suction head
plate 60 is structured with a generally flattened base portion 100 and a downwardly

extending cylindrical portion 102 having a hollow bore that forms the pump inlet 54. As

seen In FIG. 10, the suction head plate 60 is formed with slots 104 that aid in location of

10
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the suction head plate 60 on the pump casing 32. The suction head plate 60 may also

be formed with an eye 106 that aids in lifting and assembling the suction head plate 60

to the pump casing 32.

[0040] The outer surface 108 of the cylindrical portion 102 of the suction head plate
60 may preferably be slightly angled inwardly and is formed with a groove 110 into
which is received an inlet seal ring 112. The inlet seal ring 112 is preferably made from
an elastomeric material having a durometer of between about Shore A 40 and Shore A
70. The outer surface 108 of the cylindrical portion 102 of the suction head plate 60 is
configured to be received in a centering plate 120 that is positioned in the pump
opening 14 of the pump distribution plate 12. Detail of the centering plate 120 is shown
in FIGS. 12 and 13.

[0041] As best seen in FIGS. 5 and 13, the centering plate 120 has a flange portion
122 that rests on the upper surface 124 (FIG. 5) of the pump distribution plate 12 and
has a downwardly extending ring portion 126 that extends into the pump opening 14
formed in the pump distribution plate 12. As shown in FIG. 12, slots 128 may be formed
in the outer peripheral edge 130 of the centering plate 120 through which anchoring
bolts, which extend through apertures 132 (FIG. 5) formed in the pump distribution plate
12, are positioned to locate and secure the centering plate 60 to the pump distribution
plate 12.

[0042] The inner surface 134 of the centering plate 60, as best seen in FIG. 13, may
preferably be angled inwardly (i.e., toward the center axis), thereby providing a
conically-shaped opening for receipt of the suction head plate 60. Thus, the angled

outer surface 108 of the cylindrical portion 102 of the suction head plate 60 is matingly

11
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received in the centering plate 60 as the pump 10 is lowered in to the well and is sealed
by means of the sealing ring 112. The angle of the inner surface 134 of the centering
plate 60 and corresponding angle of the outer surface 108 of the suction head plate 60
help locate and center the pump inlet 54 relative to the pump distribution plate 12 when
lowering the pump 10 into place.

[0043] The pump distribution plate of the present invention provides improved means
for entraining solids by submersible pumps, thereby improving solids pumping
efficiencies. The quick disconnect system further provides the means by which a pump
distribution plate of the present invention may be used while providing a comprehensive
location and sealing of both the pump inlet and pump discharge in a vertical drop in
situation. While the invention has been described and illustrated herein with respect to
a dual pump configuration, it should be understood that a single pump arrangement
may be provided while still employing the structural and functional elements of the
iInvention; and more than two pumps may be used. Further, while the pump distribution
plate has been described herein with respect to accommodating a removable
submersible pump, it is equally as suitable to structure the pump distribution plate in a
manner to permanently secure a submersible pump thereto such that the pump and
pump distribution plate are dropped in and lifted out in tandem. Thus, it will be clear to
those of skill in the art that the present invention may be adapted to a variety of uses
and particular specifications of a given application. Hence, details of the invention

described and illustrated herein are by way of example only and not be way of limitation.

12




| | | |
CA 02501187 2010-11-26

CLAIMS

What is claimed Is:
1. A submersible pump system, comprising:

a submersible pump having a pump inlet and a pump discharge outlet structurea
for remote connection to a stationary discharge pipe opening located near
the floor of a sump pit or tank;

a pump distribution plate for positioning near the floor of a sump pit or tank, said
pump distribution plate having said stationary discharge pipe secured to said
plate, having at least one opening through said plate for remotely receiving
said pump inlet when said pump distribution plate is positioned in a sump pit
or tank, having a centering member surrounding each said at least one
opening in said pump distribution plate for receiving said pump inlet of said
submersible pump in centered registration therewith, having a bottom
surface for orientation toward the floor of a sump pit or tank, and having
guide members extending from said bottom surface of said distribution plate
toward the floor of a sump pit or tank to position said pump Inlet above the
floor of a sump pit or tank, said guide members being arranged Iin relation to
said at least one opening to facilitate solids entrainment by directing fluid and

solids toward said at least one opening in said pump distribution plate.

2. The submersible pump system of claim 1 further comprising discharge
piping having an angled opening and a disconnect system comprising an angled face
surrounding said pump discharge outlet for assuring mating and sealing of said pump

discharge outlet to said angled opening of said discharge piping.

3. ’\ The submersible pump system of claim 2 further comprising a

discharge elbow stand configured with said angled opening, and secured to said

pump distribution plate and said discharge piping.

4. The submersible pump system of claim 1 wherein said pump inlet is

13
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configured with an inlet seal ring to provide sealing engagement of said pump inlet

with said centering member.

5.  Thesubmersible pump system of claim 4 further comprising a guide rail

system connection to said pump distribution plate.

6. The submersible pump system of claim 5 wherein said guide rail system

further comprises a guide rail bracket connected to said submersible pump.

7.  Thesubmersible pump system of claim 3 further comprising a guide ralil
system connected to said discharge elbow stand and positioned to guide movement

of said submersible pump into and out of a well or tank.

8. The submersible pump system of claim 1 wherein said submersible
pump has a suction side, and further comprising a suction head plate positioned on
sald suction side of said pump, said pump inlet being formed in said suction head

plate.

9. The submersible pump system of claim 8 further comprising a centering
member positioned in said at least one opening in said pump distribution plate, said
centering member being configured to receive said pump inlet of said suction head

plate.

10. The submersible pump system of claim 9 wherein said centering
member has an angled inner surface and said pump inlet of said suction head plate
has an outer angled surface for guiding said pump inlet into said centering member

along said angled inner surface of said centering member.

11.  The submersible pump system of claim 9 further comprising discharge

piping having an angled opening and a disconnect system comprising an angled face

14
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surrounding said pump discharge outlet for assuring mating and sealing of said pump

discharge outlet to said angled opening of said discharge piping.

12.  The submersible pump system of claim 11 wherein said angled face of
said pump discharge outlet is configured to retain a discharge seal ring positioned

thereabout for sealing against said angled opening of said discharge piping.

13. A device for use in submersible pumping operations to enhance solids

entrainment by a pump, comprising:

a pump distribution plate formed of a substantially linear plate portion of material
having a top surface and a bottom surface;

at least one opening through said linear plate portion sized to receive the iniet of a
pump, said at least one opening being structured to remotely guide and
register the inlet of a pump against said opening when said pump distribution
plate Is positioned at the bottom of a tank or pit;

a centering member surrounding each said at least one opening in said pump

distribution plate for receiving said pump inlet of said submersible pump in centered

registration therewith; and

3 plurality of guide members attached to and extending from said bottom surface of
said linear plate portion toward the floor of a sump pit or tank and being sized
to position said pump inlet away from the floor of a sump pit or tank, said

guide members being positioned relative to said at least one opening to direct

solids-laden fluid toward said at least one opening.

14.  The device of claim 13 further comprising a submersible pump having
a pump Inlet sized for receipt in said at least one opening of said pump distribution

plate and having a pump discharge outlet having an angled opening.

15. The device of claim 14 further comprising discharge piping connected

to said pump distribution plate, said discharge piping having an angled opening

15
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positioned to matingly and sealingly engage said angled opening of said submersible

pump discharge outlet.

16.  The device of claim 14 further comprising an inlet seal ring positioned

on said pump iniet for sealingly engaging said pump inlet to said centering member.

16
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