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SUPPORT STRUCTURE FOR FLUID TREATMENT SYSTEMS HAVING
BELTED FILTRATION SYSTEMS

[0001] This paragraph has been left intentionally blank.
TECHNICAL FIELD
[0002] The present technology relates generally to fluid treatment systems. In particular,

several embodiments are directed toward a fluid treatment system including a support structure

for-use in belted fluid filtration systems.

BACKGROUND

[0003] Purified water is used in many applications, including the chemical, power, medical
and pharmaceutical industries, as well as for human consumption. Typically, prior to use, water
is treated to reduce the level of contaminants to acceptable limits. Treatment techniques include
physical processes such as filtration, sedimentation, and distillation; biological processes such as
slow sand filters or activated sludge; chemical processes such as flocculation and chlorination;

and the use of electromagnetic radiation such as ultraviolet light.

[0004] Physical filtration systems are used to separate solids from fluids by interposing a
medium (e.g., a mesh or screen) through which only the fluid can pass. Undesirable particles
larger than the openings in the mesh or screen are retained while the fluid is purified. In water
treatment applications, for example, contaminants from wastewater such as storm water runoff,
sediment, heavy metals, organic compounds, animal waste, and oil and grease must be
sufficiently remowved prior to reuse. Water purification plants and water purification systems
often make use of numerous water filtration units for purification. It would be desirable to
provide improved filtering units to reduce the expense and complexity of such purification

systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Figure 1A is a front sectional view of a filtration systém configured in accordance

with embodiments of the present technology.
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[00006] Figure 1B is a perspective sectional view of the filtration system of Figure 1A.

[0007] Figure 2 is an isolated, side perspective view of a cartridge configured in

accordance with embodiments of the present technology.

[0008] Figure 3 is an isolated, top perspective view of a support configured in accordance

with embodiments of the present technology.

[0009] Figures 4A-4D are top views of supports having various strut patterns configured in

accordance with several embodiments of the present technology.

[0010] Figures 5A-5H are top view of modular supports configured in accordance with

embodiments of the present technology.

DETAILED DESCRIPTION

[0011] The present technology relates generally to treatment systems. In particular,
several embodiments are directed toward fluid treatment systems including support members for
rotating belt filters and associated systems and methods. In some embodiments, for example,
the present technology includes a filter support having a longitudinal axis generally parallel to
the direction of movement of the filter belt. The filter support can include a plurality of struts
spaced apart by a plurality of openings, and at least one of the plurality of struts extends across a
portion of the filter support such that a longitudinal axis of the at least one strut is positioned at

an angle with respect to the longitudinal axis of the filter support.

[0012] Specific details of several embodiments of the technology are described below with
reference to Figures 1A-5H. Other details describing well-known structures and systems often
associated with fluid filtration systems have not been set forth in the following disclosure to
avoid unnecessarily obscuring the description of the various embodiments of the technology.
Many of the details, dimensions, angles, and other features shown in the Figures are merely
illustrative of particular cmbodiments of the technology. Accordingly, other cmbodiments can
have other details, dimensions, angles, and features without departing from the spirit or scope of
the present technology. A person of ordinary skill in the art, therefore, will accordingly
understand that the technology may have other embodiments with additional elements, or the
technology may have other cmbodiments without scveral of the featurcs shown and described

below with reference to Figures 1A-SH.
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I. Overview of Rotating Belt Filtration Systems Configured for Use with the Filter
Supports of the Present Technology

[0013] Figure 1A is a front sectional view of a treatment or filtration system 100
configured in accordance with embodiments of the present technology, and Figure 1B is a
perspective sectional view of the filtration system 100 of Figure 1A. Referring to Figures 1A
and 1B together, the filtration system 100 is configured to receive a fluid or influent (represented
by a diamond symbol "¢" in Figure 1A) containing one or more constituents (represented by a
circle symbol "O" in Figure 1A) and separate the constituents from a majority of the fluid. The
filtration system 100 can produce a large percentage of relatively clean effluent water and a
small percentage of water concentrated with the constituents in a waste and/or recovery stream
(e.g., an effluent), as described in greater detail below. As used herein, "constituents" refer to
contaminants (e.g., scale, etc.) and/or commodities (e.g., dissolved solids, oils, paraffins,
organics, metals, inorganic materials, etc.). For ease of reference, water containing such
constituents 18 referred to herein as "contaminated water™ cven though the water may contain
only commodities and no contaminants, only contaminants and no commodities, or both

commodities and contaminants.

[0014] The system 100 includes a housing 102 that at least partially encloses and defines a
fluid chamber 103 that receives the influent through an inlet 118 disposed on the housing 102.
The filtration system 100 also includes a filter belt cartridge 126 positioned within the
chamber 103. In some embodiments, the cartridge 126 can be configured to be received by a
channel or other fluid pathway. The cartridge 126 can include a first end portion 126a, a second
end portion 126b opposite the first end portion 126a, two rollers 128 positioned at the first and
second end portions 126a, 126b, respectively, a filter belt 104 (not shown in Figure 1B for ease
of illustration) positioned around and between the rollers 128, and a filter support 129 positioned
beneath at least a portion of the filter belt 104 and extending at least a portion of the distance
between the rollers 128. The filter support 129 is described in greater detail below with

reference to Figures 2-5H.

[0015] In some embodiments the cartridge 126 is fixed to a portion of the housing 102,
and in other embodiments the cartridge 126 is removable from the chamber 103 and/or
housing 102 for maintcnance, replacement, or operational reduction/cxpandability. Although
only a single cartridge 126 is shown in Figure 1A, in other embodiments the system 100 can

include more than one cartridge 126. For example, in some embodiments the chamber 103 can

3



be divided into multiple compartments, each having its own caitridge 126. Examples of such
filtration systems for use with the filter support 129 of the present technology are disclosed in
U.S. Patent Application No. 14/412,625, filed January 2, 2015.

[0016] The filter belt 104 can be an integrated endless or looped filtering belt, such as a
mesh configured to remove or reduce the level of suspended solids in the fluid. For example,
the filter belt 104 can be porous such that the belt 104 prevents fluid and/or contaminants larger
than the pore size of the filter belt 104 from passing through the filter belt 104. As such, the
contaminants too large to pass through the filter belt 104 can build up on the filter belt's surface
and form an accumulated solids layer 140 (only shown schematically in Figure 1A). Although
the accumulated solids layer 140 is shown as two, distinct spaced apart portions in Figure 1A,
this is for ease of illustration only. During a fluid treatment process, the accumulated solids
layer 140 can extend across the entire length of the filter belt 104 and/or substantially cover the
surface area of the filter belt 104 facing the chamber 103. The accumulated solids layer 140 can
comiprise a porous, at least partially solid layer formed by contaminants ranging in size. In
operation, the gradient formed by the different-sized contaminants comprising the accumulated
solids layer 140 can augment the filtering capabilities of the belt 104. The filter belt 104 ¢an be
configured to block contaminants such as stormwater runoff, algae, sediment, heavy metals,
organic compounds, animal waste, and/or oil and grease. In alternative embodiments, the filter
belt 104 and the accumulated solid layer 140 can be configured to block contaminants such as
stormwater runoff, algae, sediment, heavy metals, organic compounds, animal waste, and/or 0il

and grease.

[0017] The system 100 can include one or more drive shafts, motors and/or gearboxes (not
labeled) coupled to the rollers 128 and configured to rofate the rollers 128. The filter belt 104 1s
configured to pass over (¢.g., rotate around) the rollers 128 in a direction indicated by arrows B
As shown in Figures 1A and 1B, the cartridge 126 can be positioned at an incline (with respect
to the ground) within the chamber 103 such that the first end portion 126a of the cartridge is
positioned at an elevation greater than that of the second end portion 126b of the cartridge 126.
As such, during operation of the system 100, the filter belt 104 carries the accumulated solid
layer 140 upwards towards the first end portion 1262 of the cartridge 126 and delivers at least a

portion of the accumulated solid layer 140 to a solids collection system 122,

A
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IL. Selected Embodiments of Filter Supports For Use With Rotating Belt Filtration Systems

[0018] Figures 2 and 3 are isolated views of the cartridge 126 and filter support 129,
respectively, shown in Figures 1A and 1B. Referring to Figures 2 and 3 together, the filter
support 129 is configured to be coupled to a frame of the cartridge 126 and/or other components
of the filtration system 100. For example, in some embodiments the filter support 129 is fixed to
the cartridge 126, and in other embodiments the filter support 129 can be positioned on the
frame of the cartridge 126 and remain moveable with respect to the frame (as discussed in

grcater detail below with respect to Figure SF).

[0019] The filter support 129 of the present technology can include one or more struts 160
spaced apart by openings 162. In some embodiments, for example, the filter support 129 can be
made of a single sheet of material (e.g., a metal, a plastic, a composite, etc.) and can be cut (e.g.,
laser cut) to form a strut configuration configured to improve exposed filter belt area and thus
improve filtering efficiency. Various embodiments of strut configurations are discussed below
with reference to Figurcs 4A-4D. In particular cmbodiments, the filter support 129 can be
modular; that is, the filter support 129 can comprise two or more members having the same or
different strut arrangement, as discussed in greater detail below with reference to Figures 5A-

SH.

[0020] As best shown in Figure 3, at least one of the struts 160 can be positioned such that
a central longitudinal axis S, of the strut 160 makes a non-zero angle 6 with respect to a
longitudinal axis L, of the filter support 129. Such a strut is referred to herein as a "non-
longitudinal strut” for ease of reference. Moreover, as used herein, "a longitudinal axis L, of the
filter support 129" refers to any line passing through the body of the filter support 129 that runs
parallel to the direction vector of the portion of the filter belt 104 immediately adjacent an upper
surface of the filter support 129. In some embodiments, the angle 0 is greater than or equal to 4

degrees (e.g., greater than or equal to 10 degrees, greater than or equal to 20 degrees, etc.).

[0021] The inclusion of non-longitudinal struts in the filter support 129 of the present
technology provides several advantages over conventional filter belt supports. Conventional
filter belt supports comprise a series of longitudinal struts spaced apart across the width of the
belt. Because the conventional longitudinal struts run in the same direction the belt travels, the
struts consistently block the portions of the filter aligned with the longitudinal struts, thus
rendering those portions unusable for filtering. The strut arrangement of the present technology,

however, staggers at least one of the support struts 160 along the direction vector of the filter
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belt 104 such that the angled, staggered struts do not consistently block or blind any portion of
the filter belt 104 surface arca, thereby increasing the exposed arca of the filter belt 104. The
strut configuration of the present technology provides an additional advantage in that it disperses
the weight of the accumulated solid layer 140 across a greater portion of the width of the filter
support 129 as compared to the longitudinal struts of conventional supports, thereby reducing
stress on the belt and leading to longer belt life. Filter belts on conventional supports have
consistently unsupported portions between the longitudinal struts which causcs those portions to

stretch and bend under the weight of the accumulated solid layer.

[0022] The struts 160 of the embodiment shown in Figure 3 are arranged in a generally
chevron pattern. It will be appreciated that the filter support 129 of the present technology can
have any composition and/or arrangement of struts that includes at least one non-longitudinal
strut. In some embodiments, for example, all of the struts 160 can be non-longitudinal struts.
Figures 4A-4D illustrate several examples of strut arrangements configured in accordance with
the present technology. As shown in Figure 4A, in some embodiments the filter support 129 can
include a first portion 170 having a first arrangement of struts 160 and a second portion 172
having a second arrangement of struts 160. The struts 160 can be arranged in a honeycomb
pattern (Figurc 4A), a diamond pattern (Figure 4B), a triangle pattern (Figure 4C), or any other
suitable geometric pattern. In a particular embodiment, the struts 160 are not arranged in any
pattern. Additionally, the non-longitudinal struts (and/or portions thereof) can be linear (Figures
4A-4C), curved (Figure 4D), or both (Figure 4D).

[0023] In some embodiments, the filter support 129 can be modular and/or be comprised
of two or more distinct members. Figures 5A-5H illustrate several embodiments of modular
filter supports 129. Figure SA shows a modular filter support 129 having a first member 180a
and a second member 180b. As shown in Figure 5B, different members within the same filter
support 129 can have different shapes, different sizes, and different orientations with respect to
the other members. The members can be positioned edge-to-edge along the length of the filter
support 129, as shown in Figurc 5C, and/or can be positioncd cdge-to-cdge along the width of
the filter support 129, as shown in Figure 5D. Figure 5E shows one example of a filter
support 129 have interlocking members. In some embodiments, the members can be spaced
apart along a frame 164 (and/or the cartridge frame), as shown in Figure 5F. The spaced-apart
members can be fixed in place and/or can be movcable relative to the frame 164 (and/or
cartridge 126). Additionally, the members can be stacked or layered. For example, as shown in

Figure 5G, the filter support 129 can have one or more struts 196 arranged at a first elevation

o
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and one or more struts 194 arranged at a second elevation greater than the first elevation. As
shown in Figure 5H, in some embodiments the filter support 129 can comprise a first filter
support 129a and a second support 129b overlaid on the first filter support 129a. The first and
second filter supports 129a, 129b can have different strut arrangements and/or similar strut

arrangements offset from one another.

[0024] From the foregoing, it will be appreciated that specific embodiments of the
technology have been described herein for purposes of illustration, but that various
modifications may be made without deviating from the disclosurc. For cxample, while various
attributes of the fluid flow or the filtering apparatus are designated as “upper”, “lower”, “left”,
“right”, “upwardly-facing”, “downward”, etc., these terms are used only for purposes of
explaining the accompanying drawings. For example, in some embodiments, an inlet may be at
a lower height than an outlet and/or fluids may be filtered upwards through a filter mesh such
that gravity assists in keeping contaminants from piercing an overhead filter. In still further
embodiments, the filtration systems may include additional features, such as overflow chambers,
fluid routing systems, or additional flow paths. Additionally, while advantages associated with
certain embodiments of the new technology have been described in the context of those
embodiments, other embodiments may also exhibit such advantages, and not all embodiments
need necessarily exhibit such advantages to fall within the scope of the technology.
Accordingly, the disclosure and associated technology can encompass other embodiments not
expressly shown or described herein. Thus, the disclosure is not limited except as by the

appended claims.

_7-



CLAIMS:

1. A device comprising:

a filter support configured to be positioned adjacent a filter belt within a filter belt filtration system,
the filter support having a longitudinal axis generally parallel to the direction of movement of the
filter belt, wherein the filter support includes:

a first plurality of struts spaced apart by a plurality of first spacings, wheremn the first plurality of
struts extend across a first portion of the filter support such that longitudinal axes of the first
plurality of struts are positioned at an angle of at least 10 degrees with respect to the longitudinal
axis of the filter support;

a second plurality of struts spaced apart by a plurality of second spacings, wherein the second
plurality of struts extend across a second portion of the filter support such that the longitudinal
axes of the second plurality of struts are positioned at an angle of at least 10 degrees with respect
to the longitudinal axis of the filter support; and,

wherein the first plurality of struts include struts on a first side of a centerline of the filter support that
extend from a first edge on the first side to the centerline and shorter struts on a second side of the
centerline opposite the first side that extend only between struts of the second plurality of struts,

wherein the second plurality of struts include struts on the second side that extend from the second
edge to the centerline and shorter struts on the first side that extend only between struts of the first
plurality of struts, and

wherein the filter support is made of a single sheet of material, the openings are cutouts in the sheet of

material, and the struts are portions of the sheet of material.

2. The device of claim 1 wherein the filter support includes at least one longitudmmal strut that
rums parallel to the longitudinal axis of the filter support.

3. A treatment system, comprising:

a chamber configured to receive a fluid;

a cartridge positioned within the chamber, wherein the cartridge includes:
a frame;
a set of rollers;
a filter belt positioned around and between the rollers;

a filter support positioned on the frame, the filter support comprising:

-8-
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a first plurality of struts spaced apart by a plurality of first spacings, wheremn the first plurality of
struts extend across a first portion of the filter support such that longitudinal axes of the first
plurality of struts are positioned at an angle of at least 10 degrees with respect to the longitudinal
axis of the filter support;

a second plurality of struts spaced apart by a plurality of second spacings, wherein the second
plurality of struts extend across a second portion of the filter support such that the longitudinal
axes of the second plurality of struts are positioned at an angle of at least 10 degrees with respect
to the longitudinal axis of the filter support; and,

wherein the first plurality of struts mclude struts on a first side of a centerline of the filter support
that extend from a first edge on the first side to the centerline and shorter struts on a second side
of the centerline opposite the first side that extend only between struts of the second plurality of
struts,

wherein the second plurality of struts include struts on the second side that extend from the second
edge to the centerline and shorter struts on the first side that extend only between struts of the
first plurality of struts, and

wherein the filter support is made of a single sheet of material, the openings are cutouts in the

sheet of material, and the struts are portions of the sheet of material.

4. The system of claim 3 wherein the filter support includes at least one longitudinal strut that

rums parallel to the longitudinal axis of the filter support.

5. The system of claim 3 wherein at Ieast one of the plurality of first struts and the plurality of

second struts are arranged in a chevron configuration.

6. A device comprising:

a filter support configured to be positioned adjacent a filter belt within a filter belt filtration system,
the filter support having a longitudinal axis generally parallel to the direction of movement of the
filter belt, wherein the filter support includes a plurality of struts spaced apart by a plurality of
openings, and wherein at least one of the plurality of struts extends across a portion of the filter
support such that a longitudmal axis of the at least one strut is positioned at an angle with respect to
the longitudmal axis of the filter support, wherem the filter support is made of a single sheet of

material, the openings are cutouts in the sheet of material each cutout having a perimeter defined by
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a plurality of the struts, wherem the openings extend substantially to the perimeter, and the struts are

portions of the sheet of material.

7. The device of claim 6 wherein the angle is between 0 and 180 degrees, exclusive.
8. The device of claim 6 wherem the angle is between 2 degrees and 178 degrees, exclusive.
9. The device of claim 6 wherein the filter support includes at least one longitudmmal strut that

runs parallel to the longitudinal axis of the filter support.

10. The device of claim 6 wherein the struts are arranged in a chevron configuration.

11. The device of claim 6 wherein the filter support includes a plurality of support struts extending
across a portion of the filter support at an angle with respect to the longitudinal axis of the filter
support, and wherem at least one of the plurality of support struts is parallel to another of the plurality

of support struts.

12. The device of claim 6 wherein the angle is 90 degrees.

13. The device of claim 6 further comprising a second filter support distinct from the filter
support.
14. A device comprising:

a support configured to be positioned adjacent a filter belt within a filter belt filtration system, the
support having a longitudinal axis generally parallel to the direction of movement of the filter belt,
wherein the support includes:

a first member comprising a plurality of first struts spaced apart by a plurality of first openings,
wherein at least one of the plurality of struts extends across a portion of the first member at a first
angle with respect to the longitudinal axis of the support, wherem the first member is made of
single sheet of material, the openings are holes in the sheet of material each having a perimeter
defined by a plurality of the struts, wherein the openings extend substantially to the perimeter, and

the struts are portions of the sheet of material; and

-10-
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a second member comprising a plurality of second struts spaced apart by a plurality of second
openings, wherein at least one of the plurality of second struts extends across a portion of the
second member at a second angle with respect to the longitudnal axis of the support, wherein the
second member is made of single sheet of material, the openings are cutouts in the sheet of
material each cutout having a perimeter defined by a plurality of the struts, wheremn the openings

extend substantially to the perimeter, and the struts are portions of the sheet of material.

15. The device of claim 14 wherein the first member is configured to be positioned adjacent the

second member along the length of the filter belt.

16. The device of claim 14 wherein the first member is configured to be stacked on the second

member such that the first member is between the second member and the filter belt.

17. The device of claim 14 wherein both the first angle and the second angle arc greater than or
equal to 4 degrees.
18. The device of claim 14 wherein at least one of the plurality of first struts is parallel to at least

one of the plurality of second struts.
19. The device of claim 14 wherein the first member is configured to be positioned adjacent the
second member along the length of the belt such that an end of the first member is in contact with an

end of the second member.

20. The device of claim 14 wherein a portion of the first member is configured to overlap a

portion of the second member.

21. The device of claim 14 wherem the first member and the second member are interlocked such

that the first member is prevented from moving laterally relative to the second member.

22. The device of claim 14 wherem the first member and the second member are interlocked such

that the first member is prevented from moving longitudinally relative to the second member.

23. A treatment system, comprising:

-11-
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a chamber configured to receive a fluid;

a cartridge positioned within the chamber, wherein the cartridge includes:

a set of rollers;

a filter belt positioned around and between the rollers; and

a filter support positioned adjacent the filter belt such that the filter belt is configured to be disposed
between the filter support and the received fluid, wherein the filter support includes a plurality of
struts spaced apart by a plurality of openings, and wherein at least one of the plurality of struts
extends across a portion of the filter support at an angle with respect to the longitudmal axis of the
filter support, wherein the filter support is made of single sheet of material, the openings are
cutouts i the sheet of material each cutout having a perimeter defined by a plurality of the struts,
wherein the openings extend substantially to the perimeter, and the struts are portions of the sheet

of material.

24, The system of claim 23 wherem the angle is greater than or equal to 4 degrees.

25. The system of claim 23 wherein the filter support includes at least one longitudal strut that
rums parallel to the longitudinal axis of the filter support.

26. The system of claim 23 wherein the struts are arranged in a chevron configuration.

27. The device of claim 6, wherein the plurality of struts comprises a first plurality of struts
oriented at an acute angle to the longitudinal axis, a second plurality of struts oriented at an obtuse
angle to the longitudinal axis, at least some of the first plurality of struts end at a side of one of the
second plurality of struts, at least some of the second plurality of struts ends at a side of the one of the
first plurality of struts.

28. The device of claim 27, wheremn some of the first plurality of struts begin and end at one of the
second plurality of struts and some of the second plurality of struts begin and end at one of the first

plurality of struts.

29. The device of claim 27, wherein some of the openings are rectangular.
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