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Liquid Filter Construction for Freezing Environments

Field of the Invention
The present invention relates to filters, more specifically to liquid filters that may

be exposed to freezing conditions.

Background of the Invention

Elevated temperatures inside internal combustion engines can produce nitrogen
oxides in exhaust gases. Regulations in many jurisdictions limit the emission of nitrogen
oxides into the atmosphere because of their known adverse effects on the environment.
One way of controlling nitrogen oxide emissions is injection of a hydrogen rich chemical
into the exhaust stream, such as urea in an aqueous solution. The urea, or similar
chemical, undergoes a chemical reaction that converts nitrogen oxides within the exhaust
fumes into harmless nitrogen and water. Such systems can significantly reduce the
concentration of nitrogen oxides in the exhaust fumes to comply with environmental
regulations.

The urea or other hydrogen rich material that is dosed into the exhaust stream
must be filtered in order to prevent damage to the dosing module. However, unlike most
fluid filters necessary for operation of internal combustion engines, the hydrogen rich
material necessary for removal of nitrogen oxides is typically an aqueous solution, and as
such is susceptible to freezing at low temperatures. When an aqueous solution freezes, it
expands in volume. The increase in volume at the fluid freezing temperature is

dependent on the type of aqueous solution, but is often in the range of ten percent.
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Expansion in volume can lead to significant increases in pressure if that expansion occurs
within an enclosed vessel, such as a filter housing. When volume expansion is not
accounted for, freezing of the fluid can increase pressure inside the filter housing and
result in damage to the housing, filter element or both.

Freezing patterns in fluids follow thermal patterns and vary significantly
depending upon the geometry of the vessel containing the fluid. A liquid starts to solidify
at the lowest temperature at or below the freezing temperature. This phenomena can start
anywhere inside a filter housing. Temperature of a fluid inside a housing is usually not
constant because there can be thermal patterns and temperature gradients. As the overall
temperature drops, an aqueous solution starts to freeze at the lowest temperature location.
This location can occur anywhere in the fluid and can entrap a liquid in a section of the
housing. Ifthat entrapped liquid is unable to find a volume into which it can expand, the
filter housing and elements can be damaged.

One approach to solving the problem of liquids freezing in a filter housing is the
use of a flexible or elastic filter housing, such as that described in U.S. Patent No.
4,842,737. A significant drawback to such designs is that the use of a deformable filter
housing imposes serious constraints on how the filter housing is mounted on an engine,
because additional space needs to be available for the filter housing to expand during
freezing of the fluid inside the filter. Another drawback with flexible housings is that it is
difficult to construct a flexible filter housing that matches the durability and strength of a
rigid filter housing. Thus, flexible housings increase the risk for mechanical failure and

possible leaks, and are disfavored over rigid housings.
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Another available approach to addressing the problem of liquids freezing within a
filter housing is described in Japanese Patent No. JP61197013-A, which uses a flexible
membrane attached to the inside of the housing of the filter and which delimits a certain
volume of air on one side of the membrane. When the liquid in the filter freezes and
expands in volume the air pocket behind the membrane is designed to take up the
increased volume of the liquid while deforming the membrane elastically. However, this
membrane arrangement is rather complex and fragile, which increases the risk for
leakages and mechanical failure if the membrane fails or a leak otherwise develops.

A similar approach incorporates a compressible foam component instead of a
flexible membrane. Such component generally has a multitude of air-containing cells that
at least partially collapse when exposed to liquid pressure exceeding one bar of absolute
pressure. Over time, repeated pressure changes resulting in repeated expansion and
contraction of cell walls cause degradation of the foam component. In addition, the foam
component, as it ages, can develop cracks that get penetrated by liquid, which can freeze
and then thaw. Such changes in state also degrade cell walls of the foam component.
Finally, exposure to petroleum also degrades many types of foam that can be
implemented in these systems. Any degradation in the foam prevents the component
from effectively absorbing volume when the aqueous solution freezes.

A similar approach to addressing the fluid-expansion problem is detailed in U.S.
Patent No. 7,481,319, which describes use of an expansion element placed in contact
with the filter element inside a filter housing. These expansion elements also consist of a
deformable foam material having air-containing cells that risk collapse when exposed to

pressurized liquid. However, the expansion element can only take up small volume
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changes of liquid because it is made out of a deformable foam that has a high solids level.
Also, the deformable element is in contact with the filter element, so the filter element
cannot readily take up volume changes of the liquid in that direction. This limits the
number of possible freezing patterns that can occur without damaging the filter or
housing, and increasing the risk of damage to the filter housing, the filter element, or
both. Lastly, this approach to addressing fluid-expansion problems is also susceptible to
foam degradation for the reasons explained in the paragraph above.

Thus, a need exists for an improved filter construction for use in conditions where

the fluid to be filtered is pressurized and subject to freezing.
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Summary of the Invention

The present invention is directed to a filter construction for filtering liquids. The
filter construction allows for significant levels freezing of liquids within a filter housing
without damage to the housing or internal components within the housing. The filter
housing contains a compressible element that compresses upon freezing of some or all of
the liquid within the housing, thereby avoiding the build-up of damaging pressure within
the housing. The compressible element maintains at least minimum compressibility
when subjected to a pressurized fluid.

In an example embodiment the compressible element includes a gas filled volume
surrounded by a flexible wall. The wall is made, for example, of an elastomeric material
such as nitrile butadiene rubber, hydrogenated nitrile butadiene rubber, fluoroelastomors,
butyl rubber, and combinations thereof. Other materials can also be used. The gas filled
volume can be, for example, the shape of a flattened sphere (or similar shape), which
allows for compression in any direction, thereby allowing for relieve of freezing patterns
in any direction.

The compressible element with the gas filled volume is designed so as to have a
large gas volume, which correlates to greater compressibility, while having flexible walls
that are durable enough to withstand repeated freeze-thaw cycles, as well as repeated
pressurization cycles associated with turning an engine on and off. Generally the gas-
filled volume of the compressible element comprises at least 50 percent of the volume of
the compressible element, often at least 70 percent of the volume of the compressible

clement, and in some embodiments at least 80 percent of the volume of the compressible
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element. In yet other embodiments the gas-filled volume of the compressible element
comprises at least 90 percent of the volume of the compressible element.

Water and many aqueous solutions will expand by about ten percent upon
freezing. Therefore, it can be desirable to have the gas-filled volume within the
compressible element be 10 percent or more of the total volume of liquid typically within
the filter housing. Indeed, even greater percentages of gas-filled volume are
advantageous because the gas filled volume is unable to compress completely without
excess pressure developing within the filter housing. Thus, in some embodiments gas-
filled volumes greater than 10 percent of the total liquid volume of the housing are
desired, while in other implementations gas-filled volumes greater than 15 percent of the
total liquid volume of the housing are desirable, and in yet other embodiments gas-filled
volumes greater than 20 percent of the total liquid volume of the housing are desirable. It
will be understood, however, that volumes of less than 10 percent, and even less than 5
percent, can be useful because the entire fluid within the filter will not necessarily freeze.

In certain embodiments the compressible element can be compressed by at least
25 percent when exposed to pressure from a freezing fluid, and then returns to its original
volume (or nearly its original volume) upon melting of the freezing fluid. In other
embodiments the compressible element can be compressed by at least 35 percent when
exposed to pressure from a freezing fluid, and then returns to its original volume (or
nearly its original volume) upon melting of the freezing fluid. In other embodiments the
compressible element can be exposed to pressure from a freezing fluid and be
compressed by at least 50 percent then returns to its original volume (or nearly its

original volume) upon melting of the freezing fluid.
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Cycling of the compressible element through many freeze-thaw cycles within a
filter housing is a good measure of the suitability of the element for use in a filter. Such
cycling repeatedly changes the volume of the compressible element, thereby allowing a
measurement of performance and durability of the element. After 100 freeze-thaw
cycles, the compressible element should generally still return to at least 90 percent of its
original volume, more commonly at least 95 percent of its original volume, and in certain
embodiments at least 98 percent of its original volume. Often there will be no apparent
diminishment in size of the compressible element after a 100 or more freeze thaw cycles,
nor will there be apparent diminishment in the compressibility of the element or in it’s
the volume of gas enclosed within the compressible element.

Typically the compressible element is compressible from all directions. This
allows the element to provide improved pressure relief in situations where the fluid
freezes in an unusual pattern or wherein freezing fluid builds up pressure non-uniformly
within the housing. In some embodiments the compressible element is uniformly
compressible from all directions, such as when the element has a substantially spherical
shape. In other implementations the compressible element is shaped like a partially
flattened sphere, and thus is more compressible in some directions than others.

The compressible element can be configured such that it is not in direct contact
with the filter element, although in some alternative implementations it is in direct
contact with the filter element. Generally the compressible element is positioned near an
end of the filter housing because the center of the housing is occupied by the filter

element and fluid-flow channels.
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It will be understood that filter housings can contain more than one compressible
clement. Additional elements can be positioned adjacent to one another, but more
typically are positioned apart from one another, optionally at opposite ends of the filter
housing.

In an example alternative embodiment, the compressible element includes a foam-
filled volume surrounded by a flexible enclosure wall. In such embodiments the
compressible element typically includes a particularly durable and water-proof enclosure
wall so as to avoid penetration of liquid into the foam, thereby avoiding deterioration in
compressibility.

In an alternative embodiment, a filter is constructed with a compressible element
comprising an enclosure forming an expandable piston, and a spring positioned within
the piston, the spring configured to expand and allow contraction of the volume of the
expandable piston in response to freezing fluids.

In yet another alternative embodiment, a liquid filter construction comprises a
filter housing, the filter housing configured to retain a filter element for filtration of
liquids. An air-retaining element is positioned within the filter housing, the air retaining
element comprising a void volume in fluid communication with liquids within the filter
housing. Upon partial freezing of liquid within the filter housing, the void volume in the
air retaining element is at least partially filled with displaced liquid or displaced liquid
that has frozen. The amount of gas within the volume is reduced by compression, and
upon thawing the gas within the void volume expands and returns to its pre-freezing

volume.



10

15

20

WO 2011/060254 PCT/US2010/056524

In another alternative embodiment, a liquid filter assembly has a housing,
configured to retain a filter element for filtration of liquids. An air-retaining element is
positioned within the filter housing, and defines an opening leading to a void volume in
fluid communication with liquids within the filter housing. Upon partial freezing of
liquid within the filter housing, the void volume in the air retaining element is at least
partially filled with displaced liquid through the opening of the air retaining element.
The volume of gas within the void volume is reduced by compression imposed by the
liquid entering the void volume. Upon thawing, the liquid exits the void volume through
the opening and the gas within the void volume expands and returns to its pre-freezing
volume. In this particular embodiment, the air-retaining element can have a rigid
housing.

The above summary of the present invention is not intended to describe each
disclosed embodiment or every implementation of the present invention. The figures and

the detailed description which follow more particularly exemplify these embodiments.

Brief Description of the Drawings
The invention may be more completely understood in consideration of the
following detailed description of various embodiments of the invention in connection
with the accompanying drawings, in which:
Figure 1 shows a cross sectional view of a liquid filter assembly made in

accordance with a first implementation of the invention.
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Figure 2 shows a cross sectional view of the liquid filter assembly of Figure 1,
showing the filter construction with a deformed compressible element that has been
compressed under pressure resulting from freezing of a fluid.

Figure 3A shows a side perspective view of a compressible element constructed in
accordance with an implementation of the invention.

Figure 3B shows a cross sectional view of the compressible element of Figure 3A,
with the compressible element at atmospheric pressure.

Figure 3C shows a cross sectional view of the compressible element of Figure 3A,
with the compressible element partially compressed under greater than atmospheric
pressure.

Figure 4 shows an alternative filter assembly made in accordance with an
implementation of the invention.

Figure 5 shows an alternative filter assembly made in accordance with an
implementation of the invention.

Figure 6 shows an alternative filter assembly made in accordance with an
implementation of the invention.

Figure 7 shows an alternative filter assembly made in accordance with an
implementation of the invention.

Figure 8 shows an alternative filter assembly made in accordance with an
implementation of the invention.

Figure 9 shows a perspective view of an alternative embodiment of a

compressible element constructed in accordance with an implementation of the invention.

10
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Figure 10A shows a perspective view of another alternative embodiment of a
compressible element constructed in accordance with an implementation of the invention.

Figure 10B shows a cross-sectional view of an example implementation
incorporating the compressible element depicted in Figure 10A.

Figure 11 shows a cross-sectional view of an alternative embodiment of a
compressible element constructed in accordance with an implementation of the invention.

Figure 12 shows a cross-sectional view of another alternative embodiment of a
compressible element constructed in accordance with an implementation of the invention.

Figure 13 shows an alternative filter assembly made in accordance with an
implementation of the invention.

Figure 14 shows another alternative filter assembly made in accordance with an
implementation of the invention.

Figure 15 shows a perspective cross sectional view of a compressible element
consistent with the embodiment depicted in Figure 14.

Figures 16 shows a perspective cross sectional view of another compressible
clement also consistent with the embodiment depicted in Figure 14.

Figure 17 shows an alternative filter assembly made in accordance with an

implementation of the invention.

Detailed Description of the Invention
A liquid filter assembly containing a filter housing and further components for it
are disclosed. The filter housing is configured to retain a filter element for the filtration

of liquids. A compressible element is positioned within the filter housing to allow for

11
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expansion space in the event that liquid within the filter construction undergoes freezing
and expansion. The compressible element comprises a wall surrounding a gas-filled
volume. This compressible element compresses in response to the generation of pressure
from freezing of liquid within the filtration housing by compression of the gas-filled
volume. The compression of the compressible element prevents damage to the filter
element, the filter housing, and adjacent equipment by relieving pressure within the
housing. The compressible element is typically completely immersed and surrounded by
the fluid, and thus must be chemically compatible with fluid.

In typical embodiments the compressible elements have an outside skin made of a
stretchable but generally non-compressible material such as, but not limited to, nitrile
butadiene rubber (NBR), hydrogenated nitrile butadiene rubber (HNBR),
fluoroelastomors (FKM), butyl, or other types of material providing flexibility at low
temperatures. In one embodiment the skin is a rigid material.

The outside skin layer should be selected to have low permeability to fluids. In a
variety of embodiments the skin layer has no permeability to a plurality of fluids. In
addition, the outside skin layer should be selected so as to have resistance to
hydrocarbons, such as diesel fuel, which is can be present even in low concentrations in
aqueous solutions associated with internal combustion engines.

In one implementation, the skin of a compressible element can have multiple
layers of materials to achieve the advantages across those types of materials, and avoid
the disadvantages when using a single material. For example, in one embodiment nitrile

butadiene rubber can be used as the outside layer due to its resistance to diesel fuel, and

12
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butyl can be used as an inner layer because of its relative permeation resistance to the gas
inside the compressible element, despite being reactive to diesel fuel.

In one example embodiment the skin is made from nitrile butyl rubber with a low
permeation rate and has a thickness ranging from 1 mm (0.039 inches) to 5 mm (0.197
inches). In one other example embodiment, the skin is made from a combination of
nitrile butyl rubber and butyl rubber and has a thickness ranging from1 mm (0.039
inches) to 5 mm (0.197 inches). In yet another example embodiment, incorporating a
rigid skin that does not flex, the skin is made from glass filled nylon and has a thickness
ranging from 1 mm (0.039 inches) to 3 mm (0.118 inches). Those having skill in the art
will appreciate that increasing the thickness can lower the gas permeability of the skin,
but such an increase can correlate with a lower void volume of the compressible element,
itself. As such, a variety of skin thicknesses can be used that correlate with a void
volume (and compressible gas therein) that is able to compress in response to particular
pressure increases within the filter housing to recover the intended volume

Compressible elements made in accordance with the invention have gasses
enclosed within them such that the elements have a very high potential compression ratio.
The highly compressible element springs back to its original form, or nearly to its
original form, when pressure is removed. Generally the elements are able to be
repeatedly compressed by at least 25 percent, desirably be compressed by at least 35
percent, and in some implementations be compressed by at least 50 percent without loss
of compressibility. In an alternative embodiment, a compressible element may define a

volume that is filled with a compressible foam material.
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It is desirable that the compressible elements be constructed in a manner that
allows them to be repeatedly deformed through numerous freeze-thaw cycles, as well as
pressure cycles associated with normal engine use. Even when the compressible
clements are not subject to a freeze-thaw cycle, they must often still undergo pressure
cycles during normal operation, such as cycles associated with pressurizing fluids in an
engine at start-up and during operation, followed by depressurization when the engine is
turned off. Indeed, such pressurization cycles can be very significant — for example up
to 5 bar in current high pressure systems, while even higher pressures are possible.

Reference will now be made to Figure 1, showing a cross section of a filter
assembly 10 made in accordance with an implementation of the invention. The filter
assembly 10 includes a filter housing 20 (shown in basic detail) and filter element 30
placed within the housing 20. The filter element 30 seals clean and dirty sides of the
filter with seal 40.

The filter housing 20 is generally formed of a material having sufficient rigidity to
support the filter element, to allow installation and removal, to withstand impact, and to
withstand conditions in cold outside environments, often including use on vehicles.
Typically the filter housing is constructed of metal or molded plastic, and is relatively
rigid.

In the depicted embodiment of Figure 1, the filter element 30 has a top end-cap 50
and a bottom end-cap 60. An inner liner 70 combines with the top end-cap 50 and
bottom end-cap 60 to provide support for filter element 30. Thus, filter element 30
includes filter media that is supported by inner liner 70, and also generally sealed to top

and bottom end caps 50, 60. In an alternative embodiment, no inner liner 70 is used.
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A compressible element 80 with void volume 82 is positioned in the housing 20.
Void volume 82 is filled with an entrapped gas (such as air). In the depicted
embodiment, the compressible element 80 is located below bottom end-cap 60 and does
not make contact with bottom end-cap 60 or filter housing 10. The compressible element
80 can generally be disposed outside areas of fluid flow within the filter housing 10. In
certain embodiments the compressible element 80 is held in place with a bracket in
bottom end-cap 60.

Additional compressible element 90 with void volume 92 is located above top
end-cap 50 in the example configuration shown in Figure 1. In certain embodiments the
compressible element 90 does not make contact with top end-cap 50 and filter housing
20. This compressible element 90, shown in cross section in Figure 1, has a “donut”
shape that follows along the circumference of the filter housing 20.

Referring now to Figure 2, the filter assembly 10 of Figure 1 is shown, but with
the compressible element 80 demonstrating a deformation due to an increase in pressure
within the housing 20. In Figure 2 the compressible element 80 has mostly deformed
along an axis running through the center of the filter assembly 10. Compressible element
90 can also show deformation, although such deformation is not depicted in Figure 2. It
will be understood that compressible element 80 and compressible element 90 will not
necessarily have identical levels of compression, because the pressure from freezing
fluids is not necessarily uniform within the filter assembly 10.

Figures 3A-3C further show an example compressible element 280, similar to that
depicted in Figures 1 and 2. Figure 3A shows the compressible element 280 in a side

perspective view, while Figures 3B and 3C show cross-sectional views of the
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compressible element 280 along with void volume 282 within the compressible element
280. In Figure 3B the compressible element 280 is shown at atmospheric pressure, while
in Figure 3B the compressible element 280 is shown with the compressible element
deformed and compressed as a result of increased pressure within a filter housing (not
shown).

Figures 9-12 depict a variety of alternative embodiments for compressible
clements that are consistent with embodiments of the technology disclosed herein. Figure
9, for example, depicts a compressible element 980 that is substantially cylindrical.
Furthermore, Figure 10A depicts a compressible element 1080 that is substantially
cylindrical and defines an opening 1082 extending through the compressible element
1080. In at least one implementation, the opening 1082 that is defined can accommodate
fluid flow adjacent to the compressible element. Figure 10B depicts an example
implementation of the compressible element 1080 depicted in Figure 10A. Those having
skill in the art will appreciate that the compressible element can define a variety of shapes
and configurations.

As two additional examples, Figures 11 and 12 depict cross sections of
compressible elements that are consistent with embodiments of the technology disclosed
herein. Figure 11 shows the cross section of a compressible element 1180 defining a first
void 1182 and a second void 1184 therein. Figure 12 shows a cross section of a
compressible element 1280, having a different shape of the compressible element 1180 of
Figure 11, which defines a first void 1282, a second void 1284, and a third void 1286

therein. In the event of damage to the compressible element 1280 that breaches
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containment of the first void 1282, for example, the second void 1284 and the third void
1286 remain functional.

Referring now to Figure 4, a filter assembly 310 with an alternative compressible
element 380 is depicted, with interior volume 382. In Figure 4 the compressible element
380 includes a series of protrusions 383 which extend from the outside of the
compressible element 380. These protrusions help to position the compressible element
within the housing 320, while also maintaining distance between the main portion of the
compressible element 380 and the bottom plate 360. Figure 4 also shows an optional
inner liner 370 supporting a filter element 330, plus top plate 350 and compressible
elements 390 adjacent the top plate, the compressible elements filled with a gas in the
void volume 392.

Referring now to Figure 5, an alternative filter assembly 410 is made up of a filter
housing 420 (shown in basic detail) and filter element 430. The filter element 430
attaches to filter housing 420 and seals clean and dirty sides of the filter with seals 422
and 424. The filter element 430 has a top end-cap 450 and bottom end-cap 460.
Compressible element 480 and gas 482 is located below bottom end-cap 460. Similarly,
compressible element 490 with entrapped gas 492 is located above top end-cap 450.
Compressible elements 480 and 490 are both “donut” shaped configurations in the
depicted embodiment, but it will be understood that other shapes can be used.

In reference now to Figure 6, a further embodiment of a filter assembly made in
accordance with the present invention is shown. Filter assembly 510 is constructed and
arranged in accordance with an implementation of the invention. This filter assembly

510 is made up of a filter housing 520 (shown in basic detail) and filter element 530. The
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filter element 530 attaches to filter housing 520 and seals clean and dirty sides of the
filter with a seal 522. The filter element 530 has a top end-cap 550, bottom end-cap 560
and an optional inner liner 570. Piston 536 with entrapped gas 538 and spring 539 are
located below bottom end-cap 560. The piston 536 allows for expansion and contraction
of a volume of gas within the housing, thereby allowing expansion room for freezing
fluids. Similarly, pistons 546 with entrapped gas 548 are located above top end-cap with
550. In at least one embodiment the springs 539 may be omitted in licu of another
compressible pressure source such as, for example, a pressurized gas. Those having skill
in the art will appreciate other possible pressure sources on the side of the piston opposite
the filter fluid.

Figure 7 shows an improved filter assembly 610 made up of a filter housing 620
(shown in basic detail) and filter element 630. The filter element 630 attaches to filter
housing 620 and seals clean and dirty sides of the filter with seal 622. The filter element
630 has a top end-cap 640, bottom end-cap 650, and inner liner 670. Piston 680 with
entrapped gas 682 and seal 684 is located below bottom end-cap. A similar piston or
pistons can be positioned above the top end-cap.

In an alternative embodiment, volume expansion with entrapped gas in column(s)
is used to accommodate expansion of freezing liquids. A column has an opening to
allow liquid to enter and expand in volume during freezing. In reference now to Figure 8,
an_alternative filter assembly 710 is made up of a filter housing 720 (shown in basic
detail) and filter element 730, inner liner 770, and top end-cap 740 plus bottom end-cap
750. The filter element 730 attaches to filter housing 720 and seals clean and dirty sides

of the filter with seals 722. The filter element has a top end-cap 740, bottom end-cap
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750, and inner liner 770. Cylinders 780 entrap gas and allow volume expansion when
needed. The cylinders 780 are open on the bottom, but allow formation of an air pocket
that retains sufficient air to allow a meaningful amount of liquid expansion within the
housing to occur without damage to the filter housing or internal components.

One embodiment that is depicted in Figure 13, a_filter assembly 1310 is made up
of a filter housing 1320 and filter element 1330, inner liner 1370, and top end-cap 1350
plus bottom end-cap 1360. The filter element 1330 attaches to filter housing 1320 and
seals clean and dirty sides of the filter with seals 1340. The filter element 1330 has a top
end-cap 1350, bottom end-cap 1360, and inner liner 1370. A compressible element 1380
defining an opening 1384 and a void volume 1382, is disposed within the housing 1320.
In this particular embodiment, the compressible element 1380 can have a rigid housing,
which will be explained in more detail below. Upon the introduction of pressure within
the filter housing, fluid is displaced through the opening 1384 of the compressible
element 1380 into the void volume 1382, which compresses air within the void volume
1382. Upon reduction of pressure within the filter housing, fluid is released from the
void volume 1382 through the opening 1384 of the compressible element 1380.

As described above, in this particular embodiment, the compressible element
1380 can be made from a variety of substantially rigid materials including various
plastics and metals. In one embodiment the rigid element 1380 is constructed of a plastic
such as glass-filled nylon. In another embodiment the rigid element is constructed of
stainless steel. The walls of the rigid element can have a thickness within the range of 1
mm (0.039 inches) to 3 mm (0.118 inches), although those with skill in the art will

appreciate that the wall thickness will vary depending on the requirements of the specific
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material used. In one embodiment the compressible element 1380 can also be made of a
flexible material such as nitrile butyl rubber, although not limited to this example.

Figure 14 depicts an embodiment that can be characterized as a variation of the
embodiment depicted in Figure 13. Two compressible elements 1480 are disposed
within the housing 1420, where they each define an opening 1484 and a void volume (not
viewable in this figure). In this particular embodiment, the compressible elements 1480
can have a rigid housing similar to the rigid housing described above in the discussion of
Figure 13. Upon the introduction of pressure within the filter housing 1420, fluid is
displaced through the opening 1484 of the compressible element 1480 into the void
volume, which compresses air within the void volume. Upon reduction of pressure
within the filter housing 1420, fluid is released from the void volume through the opening
1484 of the compressible element 1480.

Figures 15 and 16 depict example cross sections of two particular embodiments of
the compressible elements depicted in Figure 14. In Figure 15 the compressible element
1590 defines an opening 1592 and a void volume 1582. The base 1592 of the
compressible element 1590 has a weighted portion 1592 that assists in retaining the
opening 1596 of the compressible element 1590 towards the bottom relative to the
compressible element 1590. The weighted portion 1592 can have a variety of shapes and
implementations, and generally is configured to be more dense than the rest of the
compressible element 1590 and adjacent to the opening 1596 such that the default
position of the opening 1596 is downward in response to gravity.

Instead of incorporating a weighted portion as in the embodiment of Figure 15,

the embodiment of the compressible element 1690 depicted in Figure 16 incorporates
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additional material 1694 extending into the volume 1682 and partially defining the
opening 1696 of the compressible element 1690. Similar to the embodiment of Figure
15, the additional material adjacent to the opening 1696 of the compressible element
1690 assists in retaining the opening 1696 at the bottom relative to the compressible
element 1690.

Figure 17 depicts in cross section an alternative design in which a compressible
element 1780 defines a void volume 1782. The filter assembly 1710 includes a filter
housing 1720 (shown in basic detail) and filter element 1730 placed within the housing
1720. The filter element 1730 seals clean and dirty sides of the filter with seals 1740.
The filter housing 1720 is generally formed of a material having sufficient rigidity to
support the filter element, to allow installation and removal, to withstand impact, and to
withstand conditions in cold outside environments, often including use on vehicles.
Typically the filter housing is constructed of metal or molded plastic, and is relatively
rigid.

In the depicted embodiment of Figure 17, the filter element 1730 has a top end-
cap 1750 and a bottom end-cap 1760. An inner liner 1770 combines with the top end-cap
1750 and bottom end-cap 1760 to provide support for filter element 1730. Thus, filter
element 1730 includes filter media that is supported by inner liner 1770, and also
generally sealed to top and bottom end caps 1750, 1760.

Freezing of a fluid can start from outside to center of housing, from the center to
the outside, from the top to the bottom, from the bottom to the top, or in one of many
different orientations. Speed with which freezing occurs depends on thermal patterns and

gradients, with lowest temperature spots in the fluid freezing first. When quick freezing
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occurs, it can easily entrap fluid in a liquid state in portions of the housing . When this
occurs, it requires a highly compressible element to absorb volume expansion of most of
the fluid. Therefore, in some implementations the filter housing should have one
compressible element on each end of the filter element.

In some implementations the compressible elements have edge features that
mount to end-caps to position them such that they are completely surrounded by liquid
for most effective use of these devices. The same function is also achieved in many ways
including, but not limited to, protrusions in the compressible elements.

Compressible elements come in various shapes like, but not limited to, ball, disk,
cylinder, tire, or donut. Shape depends in part on physical geometry of adjacent
components which in turn vary with each application.

The present invention should not be considered limited to the particular examples
described above, but rather should be understood to cover all aspects of the invention as
fairly set out in the attached claims. Various modifications, equivalent processes, as well
as numerous structures to which the present invention may be applicable will be readily
apparent to those of skill in the art to which the present invention is directed upon review

of the instant specification.
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We Claim:
1. A liquid filter construction comprising:
a) a filter housing, the filter housing configured to retain a filter element for

filtration of a liquid, wherein the liquid is a pressurized aqueous urea solution;
b) a compressible element positioned within the filter housing, the

compressible element comprising an enclosure wall defining a volume; and

c) a gas disposed within the volume.
2. A liquid filter construction comprising:
a) a filter housing, the filter housing configured to retain a filter element for

filtration of a liquid; and
b) a compressible element positioned within the filter housing, the
compressible element comprising:
1) a flexible enclosure wall defining a volume, and

i1)  a foam material disposed within the volume.

3. A liquid filter construction comprising:

a) a filter housing, the filter housing configured to retain a filter element for
filtration of a liquid; and

b) a compressible element positioned within the filter housing, the

compressible element comprising:
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1) an enclosure forming an expandable piston, and
i1) a pressure source within the piston, configured to expand the
volume of the expandable piston in response to decreased pressure outside of the

expandable piston.

4. A liquid filter construction comprising:

a) a filter housing, the filter housing configured to retain a filter element for
filtration of a liquid, wherein the filter housing defines areas configured for fluid flow;
and

b) an air-retaining element positioned within the filter housing, the air
retaining element comprising a void volume in fluid communication with liquid within
the filter housing, wherein the void volume is disposed outside arecas configured to
accommodate fluid flow within the filter housing,

wherein upon partial freezing of liquid within the filter housing, the void volume

in the air retaining element is at least partially filled with displaced liquid.

5. A liquid filter construction comprising:

a) a filter housing, the filter housing configured to retain a filter element for
filtration of a pressurized liquid;

b) a compressible element positioned within the filter housing, the
compressible element comprising an enclosure wall defining a volume; and

c) a gas disposed within the volume.
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6. A liquid filter construction comprising:

a) a filter housing, the filter housing configured to retain a filter element for
filtration of a liquid, wherein the liquid is an aqueous urea solution; and

b) a compressible element positioned within the filter housing, the

compressible element comprising an enclosure wall defining a first volume.

7. The liquid filter construction of claim 1, 2, 3, 5, or 6, wherein the enclosure wall

of the compressible element comprises an elastomeric material.

8. The liquid filter construction of claim 7, wherein the enclosure wall of the
compressible element comprises an elastomeric material selected from the group
consisting of: nitrile butadiene rubber, butyl, hydrogenated nitrile butadiene rubber,

fluoroelastomors, and combinations thereof.

9. The liquid filter construction of claim 1, 5 or 6 wherein the enclosure wall of the

compressible element defines an opening and comprises a rigid material.

10. The liquid filter construction of claim 1, 2, 3, 5, or 6, wherein the enclosure wall

has a thickness from 1 mm to 5 mm.

11. The liquid filter construction of claim 1, 2, 3, 5, or 6, wherein the gas-filled volume
of the compressible element comprises at least 10 percent of the volume of the

compressible element.
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12. The liquid filter construction of claim 1, 2, 3, 5, or 6, wherein the compressible
clement can be compressed by at least 10 percent when exposed to pressure from a

freezing fluid, and then returns to its original volume upon melting of the freezing fluid.

13. The liquid filter construction of claim 1, 2, 3, 5, or 6, wherein the compressible

clement can be compressed by at least 50 percent when exposed to pressure from a

freezing fluid, and then returns to its original volume upon melting of the freezing fluid.

14. The liquid filter construction of claim 1, 2, 5, or 6, wherein the compressible

element is configured to be compressible from all directions.

15. The liquid filter construction of claim 1, 2, 5, or 6, wherein the compressible

clement is shaped substantially like a partially flattened sphere.

16. The liquid filter construction of claim 1, 2, 5, or 6, wherein the compressible

element is disposed outside of areas of fluid flow within the filter housing.

17. The liquid filter construction of claim 1, 2, 3, 5, or 6, wherein the compressible

element is positioned at an end of the filter housing.
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18. The liquid filter construction of claim 1, 2, 3, 5, or 6, further comprising a second
compressible element, said second compressible element positioned within the filter

housing opposite a first compressible element.

19.  The liquid filter construction of Claim 3, wherein the pressure source is a spring.

20. The liquid filter construction of Claim 1, 2, 4, 5 or 6, wherein the filter housing is

configured to retain a filter element for filtration of the liquid at or above 1 bar of

pressure.

21. The liquid filter construction of Claim 2, 3, 4, or 5, wherein the pressurized liquid

1S an aqueous urea solution.

22. The liquid filter construction of Claim 1, 2, 4, 5 or 6, wherein the enclosure wall

defines a second volume.

23.  The liquid filter construction of Claim 4 or 6, further comprising a gas disposed

within the volume.

24, The liquid filter construction of Claim 1, 2, 4, 5 or 6, wherein the filter housing is

configured to retain a filter element for filtration of the liquid at or above 3 bars of

pressure.
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25.  The liquid filter construction of Claim 1, 2, 4, 5 or 6, wherein the filter
housing is configured to retain a filter element for filtration of the liquid at or

above 4 bars of pressure.

26. The liquid filter construction of claim 1, 2, 3, 5, or 6, wherein the gas-
filled volume of the compressible element comprises at least 10 percent of the

volume of the compressible element.

217. The liguid filter construction of claim 1, 2, 3, 5, or 6, wherein the
compressible element can be compressed by at least 10 percent when exposed to
pressure from a freezing fluid, and then returns to its original volume upon

melting of the freezing fluid.

28. The liquid filter construction of claim 1, 2, 3, 5, or 6, wherein the gas-
filled volume of the compressible element comprises at least 60 percent of the

volume of the compressible ¢lement.
29.  The liquid filter construction of claim 1, 2, 3, 5, or 6, wherein the
compressible element can be compressed by at least 60 percent when exposed to

pressure from a freezing fluid, and then retums to its original volume upon

melting of the freezing fluid.
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30.  The liquid filter construction of claim 1, 2, 3, 5, or 6, wherein the gas-
filled volume of the compressible element comprises at least 90 percent of the

volume of the compressible element.

31. The liquid filter construction of claim 1, 2, 3, 5, or 6, whetein the
compressible element can be compressed by at least 90 percent when exposed to
pressure from a freezing fluid, and then returns to its original volume upon

melting of the freezing fluid.

32.  The liquid filter construction of claim 4, wherein the displaced liquid

includes displaced liquid that has frozen.

29

RECTIFIED SHEET (RULE 91) ISA/EP



WO 2011/060254

PCT/US2010/056524

1/17
90
90
40 g
/ ] ”
A
92 [ | 50
/| ! (70
/ //
/ ] 30
/ %
4 ' 1 20
/]
/]
¢
/ 60
Y/
/]
/

SUBSTITUTE SHEET (RULE 26)



WO 2011/060254

PCT/US2010/056524
2/17

(10

90
& 09
f . N
"
7
/ 50
V 70
; 1
/ 3
/ %
g ' 20
/
g
¢
/1 1 60
/ /
Al /

82 80

FIG. 2

SUBSTITUTE SHEET (RULE 26)



WO 2011/060254 PCT/US2010/056524
3/17

280

282 280

‘\\\‘\\\“\\\
NV

NOUEERNN \‘\\\‘\\\“\\\

AN

3 \m/ :
AN\

FIG. 3C

SUBSTITUTE SHEET (RULE 26)



WO 2011/060254 PCT/US2010/056524
4/17

392
390 340
390
N

i 350
Y/
392 [/
; g 370
/ ” /330
’ |. /
; ! # 320
A /
/ | /
; I j 360
/ || |/
35
/
j

SUBSTITUTE SHEET (RULE 26)



WO 2011/060254 PCT/US2010/056524
5/17

w WM

N

482

SUBSTITUTE SHEET (RULE 26)



WO 2011/060254 PCT/US2010/056524
6/17

/510

548 522

548
546

NN N NN

546

S SN NNNNN
Ol
~
(]

SOANANNNSSINSIKEKESES

SUBSTITUTE SHEET (RULE 26)



WO 2011/060254

717

f 610

N OAMNMAANNNNIN

SO N ANSNSNSNNIYENTSTS

==

622

PCT/US2010/056524

640

670
630

620

650

682

SUBSTITUTE SHEET (RULE 26)



WO 2011/060254 PCT/US2010/056524
8/17

N
~J
™~
™~

~J

3

2L L2444 L4

\\\\\\\\\\\\\\\\\\\
NN N\ N\
\\s
S
O

780

780

FIG. 8

SUBSTITUTE SHEET (RULE 26)



WO 2011/060254 PCT/US2010/056524
9/17

[
A

FIG. 9

SUBSTITUTE SHEET (RULE 26)



WO 2011/060254 PCT/US2010/056524
10/17

1080

‘\ 1082

FIG. 10A

SUBSTITUTE SHEET (RULE 26)



WO 2011/060254 PCT/US2010/056524
11/17

2L L2 L0 020700207270 2072072 /777

1080

S SIS ISISISISISISSSSSNSN
AN

SSSESSSS S SN ISSISISISIISAANN

FIG. 108

SUBSTITUTE SHEET (RULE 26)



WO 2011/060254 PCT/US2010/056524
12/17

1180

1184

1182

FIG. 11

SUBSTITUTE SHEET (RULE 26)



WO 2011/060254 PCT/US2010/056524
13/17

1280 1281 1284 1286
N\ [/ - -

o FIG. 12

SUBSTITUTE SHEET (RULE 26)



WO 2011/060254

PCT/US2010/056524
14/17

1340

' 1350

1370

1330

1320

S P77 777777

S SSS SN SNSNN NN

1360

777777
AN

SO NSNS SSOSSIKSSSS SN \

1382

1384 1380

FIG. 13

SUBSTITUTE SHEET (RULE 26)



WO 2011/060254 PCT/US2010/056524
15/17

1420

1480

\\\\\\\\\\\\\\\\\\\\\\\S

S AN A A AN T I TS TSESISOSSS SS§SSSS

1480
1484 1484

FIG. 14

SUBSTITUTE SHEET (RULE 26)



WO 2011/060254 PCT/US2010/056524
16/17

1682

O
\oH
(— 5@5
-‘
Vs
/AT
|
H
N

SUBSTITUTE SHEET (RULE 26)



WO 2011/060254

17/17

1740

1770

1780

SN

1782
1740

PCT/US2010/056524

1750 1710

1730

1720

1760

1780

FIG. 17

1782

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2010/056524

A. CLASSIFICATION OF SUBJECT MATTER

INV. BO1D29/21 BO1D29/90
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

BO1D

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

figures 1-6,11-15,17-19

the whole document

paragraph [0029] - paragraph [0033]

A EP 1 510 239 Al (MANN & HUMMEL GMBH [DE]) 1-30
2 March 2005 (2005-03-02)

X US 2009/218295 Al (VERDEGAN BARRY M [US] 1-32
ET AL) 3 September 2009 (2009-09-03)
paragraph [0023] - paragraph [0026];

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not
considered to be of particular relevance

"E" earlier document but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or
which is cited to establish the publication date of another
citation or other special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

"T" later document published after the international filing date
or priority date and not in conflict with the application but
cited to understand the principle or theory underlying the
invention

"X" document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to involve an inventive step when the
document is combined with one or more other such docu-
merr:ts, such combination being obvious to a person skilled
inthe art.

"&" document member of the same patent family

Date of the actual completion of the international search

19 April 2011

Date of mailing of the international search report

02/05/2011

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Plaka, Theophano

Form PCT/ISA/210 (second sheet) (April 2005)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2010/056524
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 2009218295 Al 03-09-2009 CN 101959569 A 26-01-2011
DE 112009000102 T5 30-12-2010
WO 2009108421 A2 03-09-2009
EP 1510239 Al 02-03-2005 AT 414562 T 15-12-2008
DE 10340123 Al 24-03-2005
US 2005077230 Al 14-04-2005

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - claims
	Page 31 - claims
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - wo-search-report
	Page 50 - wo-search-report

