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SEALING ASSEMBLY AND METHOD OF USE THEREQF

BACKGROUND

In many situations, the flow of fluids results in pressure on device components which may lead
to fluid leaks, particularly at connections between components.  For example, water treatment
systems may involve one or more fiftration units and water may leak at points where water flows into
or from a filtration unit. The leakage of fluid reduces the overall efficiency of the system due to, for
example, both fluid loss and a reguirement for maintenance. The disclosure relates to devices and

methods to reduce fluid leakage, resulting in less waste and a more efficient fluid-containing systems.
SUMMARY

The disclosure relates to devices and mathods to reduce fluid leakage. The devices and
methods may be used, for example, in water treatment systems. In general, sealing assemblies are
disclosed, where 4 sealing assembly includes at least one sealing device, and at least one endcap.

Sealing assemblies may also include at feast one filler center connector.

The sealing device may assume different shapes but generally includes a wall with a central
lumen which acts as a conduit for the flow of fluid. The exterior surface of a sealing device bas at least
two ridges, where the placement of the ridges forms graoves in the sealing device. O-rings are fitted
into the grooves. In general, the sealing devicas fit into-an orifice of an endcap where the O-rings
engage the interjor surface of the endcap orifice, creating & watertight seal between the exterior surface
of the sealing device and the interior surface of the orifice of the endcap. The sealing devices may be

used in & variety of systems where the flow of fluid occurs, reducing ieakage.

BRIEF DESCRIPTION OF FIGURES

Figure 1 shows a perspective view of a sealing device according 1o the disclosure.

Figure 2 shows a view of 3 sealing device as seen from the side.

Figure 3 shows a cross-sectional view of a sealing device according o the disclosure.

Figure 4a shows a perspective view of another example of a sealing device according to the disclosure.
Figure 4b shows a view of a sealing device as seen from above showing a central orifice.

Figure 5 shows a disassembled view of a sealing assembly.

Figure & shows a disassembled view of a sealing assembly with sealing device remaoved.
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Figure 7 shows a cross-sactional view of a water filtration cartridge with the locations of sealing
assemblies circled.

Figure 8 shows an expanded cross-sectional view of a sealing assembly located in a water filtration
cartridge.

Figure 9 shows an expanded cross-sectional view of another sealing assembly located in a water
filtration cartridge.

Figure 10a shows a perspactive of an endcap according to the disclosure.

Figure 10b shows a second perspective view of the endcap.

Figure 11 shows a top view of the endcap from Figure 10.

Figure 12 shows a cross-sectional view of an endcap from figure 11

Figure 13 shows a top view of a further example of an endcap according to the disclosure.
Figure 14 shows a bottom view of the endcap of Figure 13,

Figure 15 shows a further top view of the endcap of Figura 13,

Figure 16 shows a further bottom view of the endecayp of Figure 13,

Figure 17 Figure 16 shows a cross-sectional view of the endcap of Figure 13.

DESCRIPTION

The systems, devices and methods described herein are not limited in their application to the
details of construction and the arrangement of components set forth in the description or
ilustrated in the drawings. Also, the phraseology and terminology used herein is for the purpose
of description and should not be regarded as limiting.  The use of "including” , “comprising” ,
"having" , "containing”, “invalving" and variations thereof herein, is meant to encompass the
iterns  listed thereafter, equivalents thereof, and additional ftems, as well a5 alternate
embodiments consisting of the items listed thereafter exclusively.

This disclosure relates to systems, devices, and methods to reduce Jeakage in fluid-containing
systems. in preferred examplas, the disclosure relates to devices and methods for reducing leakage of
water. For example, the devices and methods of the disclosure may be used inwater treatment of
water purification systems. The devices and methods disclosed herein will reduce fluid leakage, thereby
increasing the fife of the device, reducing maintenance costs, or incraasing the efficiency of water
treatment or a combination of these effects. According to the disclosure, existing systems may be

gasily adapted to incorporate the devices and methods.
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In preferred examples, a sealing assembly includes at least one sealing deviee and at least one
endeap. The assembly may also include at least one filtar center connector, In s sealing assembly, at
least one sealing device engages with and forms a'watertight seal with at least one endcap, The sealing
assembly may be assembled or integrated with other components such that the sealing assambly is
fluidly connacted with the other components. For example, the assembly may be placed at the point
where one water filtration unit is fluidly connected to a second water filtration unit., such that water
flows from one filtration unit through the sealing assembly to a second filtration unit. The sealing
assembly may be adapted to a particular situation by adapting the structure of the seating device or

endcap or both sealing device and endcap.

in general, devices of the disclosure may be composed of materials campatible with prolonged
exposure to fluids. In preferred examples, devices are composed of materials compatible with specific
requirements for water, such as for drinking water. In preferred examples, the materials are food grade
quality. The devicas of the disclosure are  composed of materials that withstand machanical stress.
Far example, devices may be composed of plastics. For example, acrylonitrile butadiene styreng, Delrin
or nylon alone o in combination may be used, In general, a sealing device is manufactured as a single
piece. Sealing rings such as O-rings may be mounted, inserted, or placed on the sealing device where

the O-rings are formed from fond-grade materials.

Figures 1-3 show three views of an example of 3 sealing device according to the disclosure. In
these figures, the sesling device is shown as generaily cylinder-shaped. That is, the wall is formed into
cylinder and a lumen extending through the sealing device is cylindrical. in other exampies, the sealing
device may assume other shapes as required, such as barrel-shaped, cuboid, or a combination of
shapes. For example, the sealing device exterior could be barrel-shaped, but the lumen may he
cylindrical. Barrel-shaped includes those shapes where the width or cross-sactional area of the device is
greater at the midpoint of the device’s height than at either end of the device. The height, diameter,
depth or width of the sealing device, as well as the dimensions of ridges, grooves, orifices, lumens or

walls may vary with requirements for a particular use.

Forreference, afirstaxis of @ sealing device is defined by the direction of the flow of fluid
through lumen of the sealing device. The height of the sealing device is the dimension along the first
axis from a first edge of the device to a second edge. A cross-sectional area of the fumen lies along a
horizortal plane that is perpendicular to the first axis.  In the exampie of a cylindrical lumen, the

diameter of the lumen cross-section extends in a straight line from the second {inner} surface at one
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point through a circle midpoint to an opposing point of the second surface. The diameter may be used

to determine the area of the lumen ¢ross-section,

The inner surface area of the sealing device is defined by the area of the second surface. An
outer surface area is defined by the first surface.  The total surface area of the device is the sum of the
inner and outer surface areas and the area of the first and second edges. An outer perimeter of the
sealing device is the dimension of the device defined as the perimeter of a cross-section that extends
to and inciudes the first surface. An inner perimeter of the sealing device is the dimension of the
device is defined as. the perimeter of a cross-section that extends to and includes the second surface.
For a cylindrical sealing device, the outer perimeter is an outer circumference of a cross-section
inciuding the first surface, For a cylindrical sealing device, the inner perimeter is an inner circumference

of a cross-section including the second surfacs.

in the example shown in Figures 1-3, the sealing device 10 includes body 11 having wall 13. In
this exampie, wall 13 forms a cylinder, having a centrallumen 12, Wall 13 has a first surface 22,
defining the exterior-facing portion of the wall and a second surface 24 defining the interior-facing
portion of the wall.  Body 11 also includes first edge surface 31 and second edge surface 33. In this
exarmnple, first edge surface 31 and second edge surface 33 are flat. inother exampies, first and second
edge surfaces could assume different shapes as required, such as rounded. The height of the sealing

surface extends along the first axis from the first edge to the second edge.

The sealing device 10 includes a central orifice or lumen 12. In this example, second surface 24
of wall 13 defines the shape of lumen 12. In this example, the lumen is cylindrical. The lumen
axtends through the entire height of the sealing device. The lumen acts as a conduit for fluid when the
sealing device and assembly are placed in a system, such as a water treatment system. The lumen
shape or dimensions, such as diameter, parimeter, radius, or cross-sectional area, may be determined

by the requirements for fluid flow, such as gallons perminute cutputled in g water treatment system.

In the exampie shown in Figures 1-3, ridges extend horizontally from the first surface of the wall.
That is, the ridges extend from the first surface 22 of the wall 13 at approximately along a horizontal
plane perpendicular to the first axis. Fach ridge extends around the entirety of outer perimeter or
circumference of the sealing device. The ridges are approximately parallel in this example. In this
aexample, the sealing device has a central ridge 16 extending horizontally from the first surface and

cantered at the approximate midpoint of the height of the sealing device.
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I this example, secondary ridges 14,18, 20, 26 are found above (14,18} and below (20,26) the
central ridge 16. That is, the ridges are positioned symmetrically along the height of the sealing device.
In this example, secondary ridges 10, 26 extend from the top and bottom edges 31,33. In this example,
the height (dimension along first axis) of the central ridge 16 is greater than the height of tha secondary
ridges. In this example, the heights of the secondary ridges and of the central ridge is approximately
uniform along the entire horizontal extension of each ridge. The placement of ridges along the height
of the of the sealing device results in the formation of grooves 21,23,25,27, located between ridges.
That s, grooves are spaces formed between or are defined by surfaces 38,39 of adjacent ridges and

the second surface 22, Grooves extend around the entire perimeter of the wall of the sealing device.

Table 1 presents one example of the dimensicons of a sealing device according to the disclosure,

Table 1
Sealing device feature Approximate Dimension {mm)
Height 32
Lurnen diameter 18
Device diameter including first surface 24.5
Height of secondary ridges 1.8

Height of groove {distance between adjacent | 4.4

ridges)

Height of central ridge 9.4

Wall thickness {first surface to second surface | 5.5

distance)

Horizontal extension ef ridges from first 54
surface

in preferred examples, sealing rings, such as O-rings, may be fitted into the grooves 21,23,25,27
created by the placement of the ridges above and below the central ridge 16, When inserted into a
groove, an O-ring fits arpcund the entire perimeter of the wali of the sealing device. When inserted into
agroove a portion or surface of each O-ring contacts the first surface 22 of the wall 13 and adjacent
surfaces of ridges 38, 39. A portion of O-ring extends horizontally farther than the maximum
horizontal extension of each ridge, such that a portion of the O-ring is availabie to contact the surface of

another, second component, and the O-ring deforms, thereby creating a watertight seal between the
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sealing device and the second component.  The properties of the O-ring, such as material and
dimensions are selected such that contact stress between the Q-ring and surfaces are greater than the

fluid pressure generated by the system,

In the example of Figure 1-3, secondary ridges are spaced the same distance apart along the
first axis and the secondary ridges have a uniform height thereby creating grooves of the same height.
in other examples, ridges may be placed at different distances apart or may have different ridge heights,
thereby creating grooves of different dimensions, allowing the placement of differently-sized O-rings on

the sealing device.

The size, number, dimensions and distribution of ridges and grooves may be altered according
to requirements for g particular system. For example, some sealing devices may have two secondary
ridges, one secondary ridge below the central ridge and one secondary ridge above the central ridge,
creating two grooves in the sealing device. Some examples may have more than two secondary ridges
above the central ridge or more than two secondary ridges below the central ridge, thereby having
meore than four O-rings inserted on the sealing device. The number of ridges and grooves may he

asymmetric, such that there may be more grooves above the central ridge than below the central ridge.

in Figures 4a and b, another example of a sealing device is shown. where the device is similar
to other examples, but the O-rings 115 have been over-molded onto the sealing device. In this example,
sealing device 110 includes wall 121, sealing device first surface 122 where the first surface defines
the exterior of the device, secand surface 124 that defines the interior of the device. In this example,
first edge surface 131, and second edge surface 133 of the device. The sealing device 110 includes 3
orifice or lumen 112, The lumen acts 112 as a conduit for fluid when the sealing device is placed in a

system, such as a water treatment system.

Referring to Figure 5 and Figure 6, one example of a sealing assembly according to the
disclosure s shown in an exploded view when placed between and fluidly connected with two
filtration units 80,70, Figure & shows the same view as in Figure 5 but with sealing device 10 and O-
rings 15 removed. In this example, the sealing assembly includes a sealing device 10, first connector

endeap 40, a second connector endcap 50, and filter center connector 30,

Filter center connector 30 is generally cylindrical in this example and has first surface 61, second
surface 63 and height 64. The fiiter center connector has central ring 71 which includes central orifice

54 and inner orifice surface 52, In this example, ring 71 is cylindrical and central orifice 54 is cylindrical
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as defined by inner orifice surface 52, In this example, sealing device 10 is mounted. into filter center
connector 30 in orifice 34, In some examples, the sealing device 10 is retained in the filter center
connector 30 by aninterference fit. In this example, ceniral ridge 16 of sealing device 10 angages inner
orifice surface 52 of filter center connector 30 to establish an interference fit. in preferred examples,
the height of the central ridge 16 is approximately the same as the height of ring 71 of the filter center

connactor.

Figures 5 and 6 also show a first connector endcap 40 and second connector endcap 50. tn this
example, the first and second endcaps are identical in structure and are generally cylindrical, thereby
matching the general shape of filter center connector. Further, the diameters of endcaps 40,50 are
approximately the same as the diameter of the filter center connector. Connector endcap 40 is fitted
onto filtration unit 60 and second connector endcap 50 fitted o filtration unit 70, both using threaded

portions 45,

Figures 10-12 show isolated views of an example of a connector endcap shown in Figure 5 and
Figure 6. Figure 104 s a view showing a first uppsr surface 42 which includes a first upper arifice 41
having first upper orifice surface 43. Also present in this view is side exterlor surface 49. inthis

example, first upper orifica is approximately cylindrical as defined by first upper surface 43.

Figure 10B shows the reverse view of the endcap showing interior surface 44, threaded portion
45, second lower orifice 47 with sacond lower orifice interior surface 53.  The first orifice and second
orifices are defined by interior orifice surfaces 43 and 53 and are approximately cylindrical. Figure 11
shows the endcap as seen from directly above. Figure 12 shows the endcap in cross-section,

additionally showing the position of ridge 57, focated in first upper orifice 41

Figure 7 shows an example of a water filtration cartridge that employs sealing device assemblies
of the disclosure. The water filtration cartridge 90 includes water filtration units 60 and 70. Figure 8
shows an expanded view of the region in the second circle of Figure 7. Figure 9 shows an expanded view

of the region in the first circle of Figure 9. In Figure 7, water inlet 83 and water outlet 81 are shown,

Figure 8 shows an expanded, cross-sectional view of the placement of a sealing assembly 600
from Figure 7 in a waler treatment system. In this example, the sealing assembly includes one sealing
device 10, connector endcaps 40, 50, and filter center connector 30, In this example, endcaps, 40, 50
are positioned such that their respactive exterior surfaces 42 are facing each other when assembled in

the filtration cartridge.
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Sealing device 10 is mounted in and retainad by filter center connector 30 by an interferance fit
between central ridge 16 of sealing device and  interior orifice surface 52 of filter center connector. in
the asserbled filtration cartridge, filter center connector surface 61 contacts exterior surface 42 of
endcap 40 and filter center connector surface 63 contacts exterior surface 42 of endcap 50. The
pressure of the contact with endcaps helps retain the position of filter center connector in the filtration

cartridge.

According to this example, a single sealing device 10 extends through each of first upper orifices
41 of eachendcap 40,50 respectively, C-rings 15 located on sealing device 10 contact orifices
surfaces 43 of first endcap 40 and of second endcap 50 to form water-tight seals between the orifice
surfaces 43 of the endcaps and the sealing device 10. That is, twe O-rings placed above the centrat ridge
of the sealing device contact surface 43 of first endcap 40 and two O-rings below the central ridge
contact surface 43 of second endeap 50, In this example, edge surfaces 31 and 33 of sealing device 10
respectively contact ridges 57 of endcaps 430, 50. The sealing assembly fluidly connects filtration units
60-and 70 where fiuid flows through lumen 12 of sealing device 10 from one filtration unit to a second
filtration unit. Further, first edge surface 31 of sealing device 10 contacts ridge 57 of endcap 40 and
second edge surface 33 contacts ridge 57 of endcap 50, thereby further stabilizing the sealing assembly

in the filtration cartridge.

Figure 9 shows another example of a sealing assembly 700 of the disclosure. This describes a
sealing assembly used at the point where water exits a water treatment cartridge and where water
enters the cartridge (the region in top circle of Figure 7). The sealing assembly includes three sealing
devices 310,410,510, first connector endcap 100 and dual endcap 200. Figures 13-17 show different

views of a dual endcap according to the disclosure.

in the left side of Figure 9, two sealing devices 310, 410, are fluidly connected in series where
water flows through the lumens of the sealing devices, then through outlat 83. In the right side of the
figure, water flows into the filtration cartridge through inlet 81 then through sealing device 510, As
seen in previous examples, sealing devices 310,410,510 are similar and include O-rings 15 and lumens
12. Each of sealing devices 310,410, and 510 have four O-rings but not all have been identified in Figure

9 for the sake of clarity.

in the example of Figure 8, connector endcap 100 is similar to the endcaps disclosed in

figures 5 and 6. Sealing device 310 engages with endcap 100 in a similar manner to previously
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described examples. Endcap 100 is threaded onto filtration unit 160 using threaded portion 145. In this
example, two O-rings of sealing device 310 placed below the cantral ridge contact the interior orifice
surface of 143 of the orifice 141 of the endcap 100. A surface of ridge 159 of endcap 100 contacts edge

surface 133 of sealing device 310. Endcap 100 includes exterior surface 149.

Figure 9, 13-17 also shows views of dual endcap 200, As shown in Figure 9, this endcap is
placed between filtration unit 160 and cartridge endcap 300 in an assembled water treatment system.
Cartridge endcap includes inlet 81 and outlet 83 where fluid flows into and from the filtration cartridge

respectively.

As seen in Figures 9 and 13-17, dual endcap 200 is generally cylindrical, where the cross-
sectional shape is circular, matching the cross-sectional shape of the filtration cartridge. The dual
endcap may have a cross-sectional diameter slightly less than the cartridge.  Dual endcap contacts the
cartridge endcap 300 on a first { upper) surface 201 of dual endeap 200. The dual endcap 200 may be
fixed to cartridge endcap 300 using screws or other fasteners inserted into fastener orifices 207. In this
example, dual endcap 200 includes height surface 209. Grooves 221 may be present in height surface
where O-rings. may be insertad in the grooves. The O-rings in grooves 221 may create a watertight seal

between a surface of the cartridge and the dual endcap.

Figures 13-17 show further views of dual endcan 200. As seen in Figures 13 and 15, dual
endcap 200 has first upper surface 201 and first and second upyper orifices 203, 205, each having
interior orifice surfaces 211,217 respectively. Ridges 257, 277 ara present in dual endcap orifices 203
and 205 respectively. Figure 14 and 16 shows a reverse view of dual endcap showing second surface
206, first and second lower orifices 202, 204, having interior orifice surfaces 213,218, Figure 17 shows

a cross-sectional view of endcap 200.

As shown in Figure 9, dual endcap 200 engagas with sealing devices 310, 410, and 510. In this
example, sealing device 310 also extends fram filtration unit 160 o dual endcap 200 through first lower
orifice 204. Two O-rings 15 above the central ridge of sealing device 310 contact first lower orifice
surface 213 of duzl endcap 200. Sealing device 310 edge surface 331 contacts ridge 267 of dual endcap
200. Asarasult, sealing device 310 fluidly connects filtration cartridge 160 with dual endcap 200 and

craates a watertight seal between surfaces of connector endcap 100 and dual endeap 200,

During use, fluid flows through lumen 12 of sealing device 310 to the lumen of sealing device

410. Sealing device 410 is inserted into first upper orifice 203 of dual endcap 200. Two O-rings of
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sealing device 410 placed below the central ridge contact orifice interior surface 211 to form a seal
between surface of the sealing device 410 and dual endcap 200. Sealing device 410 edge surface 433

contacts a surface of ridge 257 of dual endcap 200, thereby stabilizing

Further, two O-rings above the central ridge of sealing device 410 contact the surface of 2
channel in cartridge endcap 300, thereby forming a seal between the surfaces of cartridge outlet
channel 87 and the sealing device 410 . In thisexample, water flows from the fumen of sealing device

410 through cartridge outlet channeal 87 to outlat 83,

Sealing device 510 is also shown in Figure 9, where sealing device 510 is inserted into second
upper orifice 205 at the point where water entars a filtration unit through infet 81. G-rings 15 contact
orifice inner surfaca 217 and sealing device edge surface 533 contacts a surface of ridge 277. Two O-
rings of sealing device 410 contact the surface of a channel in cartridge endcap 300, therehy forming a

seal beiween cartritge endcap inlet channel 511 and the sealing device 510 .

This disclosure provides iflustrative examples and is intended 1o provide an overview
or frameweork for understanding the claims. The accompanying drawings are included to provide
ilustration and a further undérstanding of the various aspects and examples and are
incorporated in and constitute a part of this disclosure. The drawings, together with the

spacification, serve to explain the disclosed aspects and examples.

10
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Claims

1. Asealing asserbly, comprising
at least one endcap;
at least one sealing device;
said at least one sealing device comprising

a body;
said body portion comprising;
a wall;

said wall having a first surface and a second
surface;

said wall having first edge surface and a second
edge surface;

said wall defining a luren that extends through
the height of said body;

at least three ridges extending horizontally from said
first surface of said wall;

at least two grooves formed by the placement of said at
least three ridges;

one sealing ring fitted into each of said at least two grooves; and

wherein at least one of said sealing rings engage with a surface on said at least
endcap.

2. The sealing assembly of claim 1, comprising two endcaps.

3. The sealing assembly of claim 2, comprising two connector endeaps.

4. The sealing assembly of claim 2, comprising a connector endcap and a dual endcap.

5. The seafing assembly of claim 2, wherein said two endcaps are different in structure

6. Tha sealing assembly of claim 1, further comprising at least one filter center connector.

7. The sealing assembly of claim 6, wherein said at least one sealing device is mounted into said
filter center connector using an interference fit.

11
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8. The sealing device of claim 1, wherein said body is cylindrical in shape.

9. The sealing device of claim 1, wherein said body is barrel-shaped.

10. The sealing device of claim 1 wherein said sealing device is formed fram food grade materials.

11. The sealing device of claim 1, wherein said sealing device has five ridges, forming four grooves;
wherein one sealing ring is fitted into each of said four grooves.

12. The sealing assembly of claim 6, wherein said sealing assembly is fluidly connected with at least
one water filtration unit.

13. The sealing assembly of claim 1,wherein said sealing rings are over-molded onto said body of
said sealing device.

14, Asealing device, comprising:
a body portion;
said body portion comprising a wall;
said walf having a first surface and a second surface;
said wall having first edge surface and a second edge surface;

said body enclosing a furnen that extends through the height of said body
nortion;

at least three ridges extending horizontally from said first surface of said
wall;

at least two grooves formed by the placement of said at least three
ridges;

wherein sald at least two grooves are approximately parallel and sxtend
horizontally around said body,

15. The sealing device of claim 14 wherein said body is cyfindrical in shape

16. The sealing device of claim 14, wherein said body is barrel-shaped.

17. The sealing device of claim 14, wherein said body is cylindrical

18. The sealing device of claim 14, wherein said sealing device is formed from food grade materials,

12
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19, The sealing device of claim 14, wherein said sealing device has five ridges, forming four grooves;
wherein one sealing ring is fitted into each of said four grooves.

20. The sealing assembly of claim 14, wherein O-rings are over-molded onto said bady of said
sealing device.

13



