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(57) Abstract: A water screen or conveyor belt module in-
cludes one or more projections in its top surface for in-
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for liquid to drain or fluid to flow between the top and bot-
tom of the module. The fluid flow openings may comprise
slots extending in the lengthwise direction of the module
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Water Screen Belt Module

FIELD OF THE INVENTION

[0001]  This invention relates to a module for use in constructing a modular traveling water
screen for removing solid material from liquids or for use in a conveyor belt providing good air
flow or drainage characteristics.

BACKGROUND OF THE INVENTION

[0002] Any discussion of the prior art throughout the specification should in no way be
considered as an admission that such prior art is widely known or forms part of common

general knowledge in the field

[0003] Many industrial and agricultural facilities employ large volumes of water taken
directly from outdoor sources such as rivers, streams, lakes, and oceans. Some examples of
such facilities include nuclear and coal-fired power plants which use water as a coolant,
hydroelectric power facilities which use water to drive turbines, and farms which use water for
irrigation. Water taken from such outdoor sources may contain a large amount of solid
material, including plant life (twigs, branches, leaves, seaweed, etc.), aquatic animal life, or
garbage. If solid material above a certain size is allowed to enter into equipment within such
facilities, it may cause clogging of pipes or damage to moving parts, while in the case of
aquatic life, such as salmon or other species of fish, there may be a need to prevent the
aquatic life from entering equipment within the facilities in order to protect the aquatic life itself.
Therefore, facilities which take water directly from outdoor sources are frequently equipped
with some sort of filtration equipment for removing solid material from the water before the

water enters equipment in the facilities.

[0004] Filtration equipment for this purpose sometimes employs a stationary filtering
member, such as a screen or a grate, placed on the upstream side of equipment in a facility.
However, when a stationary filtering member becomes clogged with the passage of time, it
may be difficult or dangerous to access the filtering member in order to clean it or replace it

without shutting down the equipment which the filtration equipment is being used to protect.

[0005] To overcome this problem, filtration equipment having a filtering member which
moves along a path while performing filtration has been developed. One such type of filtration

equipment is referred to as a traveling water screen. A traveling water screen (referred to
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below simply as a water screen) includes one or more filtering members which move along a
path which passes through water containing solid material to be removed from the water.
When a filtering member of a traveling water screen is passing along a portion of the path
which is immersed in water which is to be filtered, solid material in the water can adhere to or
rest against the filtering member. When the filtering member is moved along the path to
outside of the water, the solid material adhering to or resting against the filtering member can
be transported out of the water by the filtering member and then detached from the filtering
member, either by simply being allowed to fall from the filtering member or by the application of
a force to the solid material, such as by means of a rotating brush or sprayed water. Since
solid material is continuously removed from the water screen, large amounts of solid material
can be prevented from building up on the surface of the water screen, and the water screen
can operate continuously for long periods without the need to stop the water screen or the
equipment which the water screen is protecting in order to clean the water screen.

[0006] A water screen may comprise a continuous sheet of a filtering material, but
frequently it has a modular structure comprising a plurality of similar modules which are
pivotably connected to each other end to end in series, with each module equipped with a
filtering material. Conventional water screen modules for a modular water screen tend to have
a complicated structure including some sort of support frame and a filtering material, such as a
wire mesh, laid over and secured to the frame. Because the filtering material and the support
are formed separately from each other, they have to be rigidly secured to each other by a
joining process such as welding, riveting, or bolting. The process of manufacturing a
conventional water screen module thus involves numerous manufacturing steps and is

complicated and costly.

[0007] In order to simplify the structure of a water screen module, a water screen module
which is formed of molded plastic was proposed in US 2006/0185967 A1. In such a water
screen module, portions of the module which provide structural support and portions of the
module which perform filtration can be integrally formed with each other in a molding step. As

a result, the module can be manufactured efficiently and economically.

SUMMARY OF THE INVENTION

[0008] Itis an object of the present invention to overcome or ameliorate at least one of the

disadvantages of the prior art, or to provide a useful alternative.
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[0009] To this end, the present invention provides a molded plastic module suitable for use
in a water screen or a conveyor belt, the module comprising first and second lengthwise ends,
first and second hinge elements formed at the first and second lengthwise ends and defining
widthwise first and second pivot axes, respectively, a top surface extending between the first
and second lengthwise ends, and a plurality of projections formed on the top surface, each
projection having a plurality of fluid flow openings formed therein, said module further including
a plenum formed underneath each projection and fluidly communicating with a plurality of the
fluid flow openings and with a bottom of the module.

[0010] Unless the context clearly requires otherwise, throughout the description and the
claims, the words “comprise”, “comprising”, and the like are to be construed in an inclusive
sense as opposed to an exclusive or exhaustive sense; that is to say, in the sense of
“including, but not limited to”.

[0011] The present invention provides a water screen or conveyor belt module that can
utilize the advantages of a molded plastic module while at the same time provide an increased

filtering capacity or better fluid flow.

[0012] The present invention also provides a modular water screen or a conveyor belt

employing such a module.

[0013] A water screen or belt module according to one form of the present invention has
first and second lengthwise ends and a top surface extending between the lengthwise ends.
The top surface includes at least one projection having a plurality of fluid flow openings that
provide a pathway for liquid to drain or fluids to flow through the top surface. The projection
increases the surface area of the top surface of the module and thereby increases the fluid

flow or filtration capacity of the module.

[0014] The actual surface area of the top surface of the module is preferably at least 5%
and more preferably at least 15% greater than the projected surface area of the top surface of

the module.

[0015] The module may include a single projection or a plurality of projections. The
projections may have a variety of shapes and sizes. When the module includes a plurality of

projections, the projections may be the same as or different in shape and size from each other.
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[0016] Preferably each projection has a wall thickness which is less than the height of the
module over at least a portion of the projection.

[0017] A modular water screen or conveyor belt according to the present invention
comprises a plurality of modules connected to each other in series at hinge joints and includes
at least one module according to the present invention. A modular water screen or conveyor
belt according to the present invention is not restricted to any particular use, and it can be used
for any of the applications in which a conventional water screen or conveyor belt requiring
good fluid flow is employed. For example, it can be installed on the upstream side of an inlet
for cooling water in a power plant, or it can be installed upstream of the turbines at a
hydroelectric dam. The water screen can also be used to remove solid material from sewage
prior to undergoing water treatment or from water to be used for irrigation. Although the water
screen will frequently be used to remove solid material from water, it can also be used to
remove solid material from liquids other than water. Therefore, the terms “water screen” and
“water screen module” should not be considered as limiting a water screen or a water screen
module according to the present invention to use with water. As another example, the modules
can be connected together to form a perforated conveyor belt that provides drainage to
remove water from conveyed products or air flow to dry, heat, or cool conveyed products.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] One or more preferred embodiment(s) of the invention will now be described, by way

of example only, with reference to the accompanying drawings in which:

[0019] FIG. 1 is a top axonometric view of an embodiment of a water screen or conveyor

belt module according to the present invention.

[0020] FIG. 2 is a plan view of the module of FIG. 1.

[0021] FIG. 3 is an elevation of one of the widthwise ends of the module of FIG. 1.

[0022] FIG. 4 is a bottom axonometric view of the module of FIG. 1.

[0023] FIG. 5 is a cross-sectional view taken along line 5-5 of FIG. 2.

[0024] FIG. 6 is a top axonometric view of another embodiment of a module according to

the present invention.
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[0025] FIG. 7 is a bottom axonometric view of the module of FIG. 1.

[0026] FIG. 8 is a top axonometric view of another embodiment of a module according to
the present invention having projections which vary in shape in both the lengthwise and

widthwise directions of the module.

[0027] FIG. 9is an elevation of one of the widthwise ends of the module of FIG. 8.
[0028] FIG. 10 is an elevation of one of the lengthwise ends of the module of FIG. 8.
[0029] FIG. 11 is a cross-sectional elevation taken along line 11-11 of FIG. 9.

[0030] FIG. 12 is a top axonometric view of two of the modules of FIG. 1 connected in

series.
[0031] FIG. 13 is a bottom axonometric view of the modules shown in FIG. 12.

[0032] FIG. 14 is a schematic side elevation of an example of a water screen according to

the present invention installed on the upstream side of a cooling water inlet.

[0033] FIG. 15 is a schematic elevation of the modules of FIG. 12 as viewed from one of the

widthwise ends of the modules showing leaves resting on the top surfaces of the modules.

DESCRIPTION OF PREFERRED EMBODIMENTS

[0034] FIGS. 1-5 illustrate a first embodiment of a water screen or perforated conveyor belt
module 10 according to the present invention. As shown in FIGS. 1 and 2, which are
respectively a top axonometric view and a top plan view, the module 10 has a generally
rectangular outline as viewed in plan. When the module 10 is pivotably connected in series
with other modules to form a water screen or a conveyor belt, the lengthwise direction of the
water screen or belt will extend generally to the left and right in FIGS. 1 and 2. Accordingly,
this direction (shown by arrow 11 in FIGS. 1 and 2) will be referred to as the lengthwise
direction of the module 10, and the direction perpendicular to the lengthwise direction in a
horizontal plane when the module 10 is sitting on a level surface (the direction shown by arrow

12 in FIGS. 1 and 2) will be referred to as the widthwise direction of the module 10.
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[0035] Each lengthwise end of the module 10 is equipped with at least one bore 14 for
receiving an unillustrated hinge rod by which the module 10 can be pivotably connected to a
similar module at a hinge joint. Although a single bore at each lengthwise end is sufficient to
pivotably connect a module to another module, a module will typically have a plurality of
aligned bores spaced in the widthwise direction of the module in each of its lengthwise ends. In
this embodiment, a plurality of bores 14 are formed in a plurality of finger-like projections 13
(referred to here as hinge elements) extending in the lengthwise direction at both lengthwise
ends of the module 10. Adjoining hinge elements 13 are separated from each other by a space
15 into which a hinge element 13 of an adjoining module can be inserted when two modules
are being connected end to end by means of a hinge rod to form part of a water screen or belt.
The use of hinge elements (also referred to in the art as link ends) having bores for receiving a
hinge rod is common in the design of plastic conveyor belt modules, and the hinge elements
13 in this embodiment may employ the same structure as various types of hinge elements
used in conventional conveyor belt modules, including hinge elements having lateral stubs,
acting as hinge-rod segments, that are pivotably received in receptacles in the interleaved
hinge elements of an interconnected module.

[0036] FIG. 3 is an elevation of one of the widthwise ends of the module 10 of FIG. 1. The
side of the module 10 which faces up in FIG. 3 will be referred to as the top side of the module,
and the side of the module which faces down in FIG. 3 will be referred to as the bottom side of
the module. The upwardly facing surface on the top side of the module 10 in FIG. 3 will be
referred to as the top surface of the module. During operation of a water screen or conveyor
belt employing this module 10, the orientation of the module will typically vary over time as the
module 10 moves along a path, and the various sides and surfaces of the module may face in
any direction with respect to the vertical. Regardless of the orientation of the module at a given
time, the top and bottom sides and the top surface of the module will refer to those sides and

surfaces defined with respect to the orientation of the module shown in FIG. 3.

[0037] The top surface of the module 10 has an actual surface area which is larger than its
projected surface area. The projected surface area refers to the area of the top surface
projected on a horizontal plane when the module 10 is in the orientation shown in FIG. 3 in
which a plane passing through the axes of the bores 14, i.e., the pivot axes of the hinge
elements, at each lengthwise end of the module 10 is horizontal. The actual surface area and
the projected surface area of a module 10 are calculated over a region extending between the
axis of the bores 14 at one lengthwise end of the module 10 and the axis of the bores 14 at the

opposite lengthwise end of the module when each lengthwise end of the module 10 is
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pivotably connected to a similar module 10 by a hinge rod in the manner shown in FIG. 12 and
each of the modules is horizontal. The actual surface area and the projected surface area of a
module 10 include the area of any openings formed in the top surface of the module. The
actual surface area is preferably at least 5% and more preferably at least 15% greater than the
projected surface area. In the embodiment shown in FIGS. 1-5, the actual surface area is
approximately 20% greater than the projected surface area. The actual surface area is made
larger than the projected surface area of the top surface of the module 10 by the provision of at
least one projection in the top surface. For example, the illustrated embodiment includes three
arch-shaped projections 20a-20c.

[0038] The projections 20a-20c can have a variety of shapes as viewed in profile, such as a
shape defined by curves, straight lines, or a combination of curves and straight lines. As
shown in FIG. 3, as viewed from a widthwise end of the module 10, each of the projections
20a-20c in this embodiment has the shape of an arch having a curved profile with a height H
of approximately 7.4 mm measured between its highest and lowest portions. A module may
have a single projection or a plurality of projections. When a module has a plurality of
projections, each projection may directly contact another of the projections at one of its
lengthwise ends, or there may be a space between adjoining projections. In the illustrated
embodiment, each projection 20a—20c is connected at one of its lengthwise ends to another of
the projections. Each projection may extend continuously in the widthwise direction of the
module, or a plurality of projections may be disposed in the widthwise direction of the module.
In this embodiment, each projection 20a—20c has a constant profile over its entire width, but
the profile may vary along the width of the module 10. For example, the height H of a
projection at a given position in the lengthwise direction of the module 10 may vary in the
widthwise direction of the module. Each of projections 20a—-20c extends over the entire width
of the module 10, but they may extend for a shorter distance, and they may extend for different
distances from each other. The projections cause the height of the top surface of the module
10 as measured from a plane passing through the axes of the bores 14 at opposite lengthwise
ends of the module 10 to vary over the top surface. The height of the top surface will typically
vary by at least 5 mm over the top surface. For example, in the embodiment of FIGS. 1-5, the
height of the top surface varies by approximately 7.4 mm, which is the above-mentioned height

H of each projection 20a-20c.

[0039] A plurality of openings for drainage of liquid or flow of fluids, such as liquids and
gases, is formed in the top surface of the module 10, including the top surface of the

projections 20a—20c. Each of the fluid flow openings extends through the top surface of the
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module 10 and fluidly communicates with the bottom end of the module 10 so that fluid can
pass through the module 10 in the thickness direction of the module 10 (in the vertical direction
in FIG. 3). The dimensions of the openings in the top surface of the module 10 are selected so
as to allow liquid to pass through the openings while preventing the passage of solid material
above a certain size, whereby the module 10 can perform filtration of liquid. The shape of the
fluid flow openings is not critical. In the present embodiment, the openings are in the form of
elongated slots 21 extending in the lengthwise direction of the module 10, with each slot 21
having a length greater than its width. The length and width of each slot 21 can be selected in
accordance with the size of the solid material which it is desired to prevent from passing
through the module 10. When a water screen module is intended to primarily remove debris
and aquatic life from water, an example of a suitable range for the width of each slot 21 is in
the range of 0.5 to 4 mm. When an opening is in the form of an elongated slot 21, the slot 21
can extend in a direction other than the lengthwise direction of the module 10. However, a slot
which extends in the lengthwise direction of the module 10 is advantageous from the
standpoints of the strength of the module and the layout of ribs on the underside of the
module. In addition, when a water screen employing the module 10 is cleaned by moving the

module 10 in its lengthwise direction along a path which passes through sprayed water, fluid
flow openings in the form of elongated slots extending in the lengthwise direction of a module

can spend a greater length of time in the sprayed water and can be more effectively cleaned.

[0040] As shown in FIG. 2, each of the slots 21 in this embodiment extends over at least
75% of the length of the projection in which it is formed, with each of the slots 21 in projection
20a extending over substantially the entire length of the projection 20a. The slots 21 may
extend continuously between two adjoining projections. For example, a plurality of the slots 21
extend continuously from the vicinity of the left end of projection 20b to the right end of
projection 20c in FIG. 2. The slots 21 will typically have the same width as each other, but it is
also possible for the width to vary among the slots 21. As shown in FIG. §, which is a vertical
cross-sectional view taken along line 5-5 of FIG. 2, in the present embodiment, the slots 21
divide each of the projections 20a-20c into a plurality of fin-shaped members (referred to
simply as fins 22) extending parallel to each other in the lengthwise direction of the module 10.

[0041] The open area of the module 10 refers to the percent of the projected area of the
module 10 occupied by openings in the top surface of the module and is measured over the
same region that the projected surface area is measured, with the module 10 pivotably
connected at each of its hinge elements to a similar module 10 in the manner shown in FIG. 12

and with each module horizontal. There is no strict limit on the open area of a module
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according to the present invention, but typically it will be at least 15% and frequently in the
range of approximately 30% to approximately 60%.

[0042] The flow resistance of a slot 21 to the passage of liquid through the slot 21 in the
thickness direction of the module 10 is preferably as low as possible for a slot 21 having given
dimensions at its upper end. The flow resistance of a slot 21 depends on its length and width
as well as on its depth measured in the thickness direction of the module 10. Therefore, the
depth of each slot 21 is preferably as small as possible to reduce flow resistance. In order to
decrease the depth of the slots 21, each of projections 20a—20c is hollow over at least a
portion of its area so that in the hollow portions, the wall thickness of the projections (and
therefore the depth of the slots 21 formed in the projections) is less than the height of the
module 10 at that point. The lower end of each slot 21 opens onto an enlarged chamber or
plenum 23 that has a larger horizontal cross-sectional area than an individual slot 21 and that
opens onto the bottom end of the module 10. The sides of the plenums 23 are formed by a
plurality of lengthwise ribs 24 extending in the lengthwise direction of the module 10 and a
plurality of transverse ribs 25 extending in the widthwise direction on the underside of the
module 10. The ribs 24 and 25 are shown extending to the bottom end of the module 10, but
they may extend for a shorter distance. Each plenum 23 can receive liquid passing through a
plurality of the slots 21 and discharge the received liquid out the lower end of the module 10. In
some locations, the projections 20a—20c may be unsupported from below. In other locations,
the lower ends of the projections 20a-20c may be supported atop the upper ends of the
lengthwise ribs 24 or the transverse ribs 25. For example, as shown in FIG. 3, at one of the
widthwise ends of the illustrated module 10, each of the lengthwise ends of projection 20a is
supported atop a transverse rib 25, but only one of the lengthwise ends of each of projections
20b and 20c is supported atop a transverse rib 25, and projections 20b and 20c are not
supported from below by a transverse rib 25 where these two projections join each other. As
shown in FIG. 4, which is a bottom axonometric view of the module 10, there are also locations
along the width of the module 10 where projections 20b and 20c are supported by a transverse
rib 25 at both of their lengthwise ends, and there are also locations where projection 20a is
supported at only one of its lengthwise ends by a transverse rib 25 and is unsupported from
below at its other lengthwise end.

[0043] As shown in FIG. 5, in this embodiment, some of the fins 22 defined by the slots 21
coincide with and are integrally formed with some of the lengthwise ribs 24, although it is also
possible for all of the fins 22 to be offset from the lengthwise ribs 24 in the widthwise direction

of the module 10.
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[0044] A water screen or conveyor belt module according to the present invention is
typically a substantially rigid member which undergoes only insignificant deformation under
normal conditions of use, i.e., any deformation is elastic and not readily apparent without the
use of measuring tools. The wall thickness of projections in the top surface of the module
(such as projections 20a—20c) is normally selected such that the projections substantially
retain their shape when a pressure differential exists between the top and bottom sides of the
module during ordinary operation of the module as a water screen, i.e., the projections are not
intended to collapse during use. The pressure differential between the top and bottom sides of
a water screen module during operation of a water screen employing the module is typically in
the range of 0.2 to 2.2 psi.

[0045] In the same manner as with a modular conveyor belt, a water screen comprising one
or more modules according to the present invention will usually be driven along a prescribed
path by means of sprockets or rollers which engage with the undersurface of the water screen
and are rotated by a suitable drive mechanism. Conveyor belt modules which are driven by
sprockets are typically either center driven (meaning that a sprocket engages with a module
midway between the lengthwise ends of a module), hinge driven (meaning that a sprocket
engages with a module at a lengthwise ends of the module), or a combination of center and
hinge driven. A module according to the present invention may employ any of these drive
arrangements. The illustrated module 10 is of the hinge-driven type. It has a plurality of tooth
pockets 26 formed on the underside of the module 10 at intervals along its width in which the
teeth of sprockets can nest when the module 10 is passing around a sprocket in a

conventional manner.

[0046] In the illustrated embodiment, the lengthwise ends of projections 20a and 20c are
spaced from the lengthwise ends of the module 10 by a flat deck 27. However, as long as the
projections do not interfere with pivoting of adjoining modules 10 of a water screen with
respect to each other as the water screen is passing along a path, the projections may extend

up to the lengthwise ends of the module 10.

[0047] The length and the width of the module 10 are not restricted, since a modular water
screen or conveyor belt employing a module 10 according to the present invention can be
given a desired length by connecting a plurality of modules end to end in series, and it can be
given a desired width by arranging a plurality of modules side by side in a row. An example of

a typical length of a module 10 is an overall length of approximately 4.25 inches with a pitch
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(the distance between the centers of the bores 14 at opposite lengthwise ends of the module
10) of approximately 3.5 inches, and an example of a typical width is 6 to 12 inches.

[0048] The dimensions of a modular water screen or conveyor belt formed from a plurality
of modules will depend upon the specific application. A water screen or belt may have the
width of a single module, but more commonly, a plurality of modules will be arranged side by
side in a row in the widthwise direction of the modules. For example, a water screen is
frequently 10 or more feet wide with more than one module in each row and the rows pivotably

connected together to form an endless conveyor belt or water screen.

[0049] A module according to the present invention can be made of any material that is
compatible with the environment of use, but a plastic module and particularly a molded plastic
module (such as an injection molded plastic module) is especially suitable from the standpoints
of corrosion resistance, cost, and ease of manufacture. In addition, it has been found that solid
material in. water in which a module is immersed less readily adheres to a module made of
plastic than to one made of metal, making it easier to clean the module and prevent the
buildup of solid material on the module. The entire module 10 shown in FIGS. 1-5 can be
formed as a one-piece member by injection molding without the need for machining or joining
of separately formed members to each other. Plastics typically used for the manufacture of
modular plastic conveyor belts (polypropylene, polyethylene, acetals, etc.) are generally

suitable for use in a water screen module according to the present invention.

[0050] As stated above, the projections of a module according to the present invention need
not be curved in profile. FIGS. 6 and 7 are respectively a top and a bottom axonometric view of
another embodiment of a water screen or conveyor belt module 40 according to the present
invention. Instead of having only curved projections, the module has a curved projection 20a
and a V-shaped projection 20d on its top surface. The V-shaped projection 20d has two
sloping sides which slope along a straight line as viewed from a widthwise end of the module
40 and meet at a ridge extending along a straight line in the widthwise direction of the module
40. The curved projection 20a has the same size and shape as projection 20a in the
embodiment of FIG. 1, while the V-shaped projection 20d has the same length as the
combined length of projections 20b and 20c of the embodiment of FIG. 1. In addition to having
a greater length than projection 20c, projection 20d has a greater height than projection 20a.
However, it is also possible for the V-shaped projection 20d to have dimensions which are the
same as or smaller than those of projection 20a. Like the projections 20a—-20c of FIG. 1, the V-

shaped projection 20d has a plurality of fluid flow openings in the form of slots 21 extending in
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the lengthwise direction of the module 40. Some of the slots 21 are formed in just one of the
sloping sides of the V-shaped projection 20d, with other of the slots 21 extend continuously
over the ridge at the top of projection 20d between opposite sloping sides of projection 20d.
Like projection 20a, the V-shaped projection 20d is divided by the slots 21 into a plurality of
parallel fins 22 extending in the lengthwise direction of the module 40.

[0051] Like projection 20a, the V-shaped projection 20d is hollow over at least a portion of
its area so that the wall thickness of the projection 20d is less than the height of the module 20
in the hollow portions. As a result, the slots 21 extend only partway through the depth of the
projection 20d and drain into plenums 23 formed on the underside of the module 40 in the
same manner as shown in FIG. 5 with respect to the preceding embodiment. The structure of
this embodiment may be otherwise the same as that of the embodiment of FIGS. 1-5. In this
embodiment, the actual surface area of the top surface of the module 40 is approximately 30%

greater than the projected surface area.

[0052] A modular water screen or conveyor belt according to the present invention includes
a plurality of modules pivotably connected end to end in series, with at least one of the
modules being a module according to the present invention. A modular water screen or
conveyor belt according to the present invention may be formed entirely from modules
according to the present invention, or it may be formed from one or more modules according to
the présent invention combined with modules having a different structure from that of a module
according to the present invention. The other modules may or may not perform a filtering or a
fluid flow function. For example, modules without fluid flow openings may be interspersed with
modules that can perform a fluid flow or filtering function. Different embodiments of a module

according to the present invention can also be combined in a single water screen or belt.

[0053] A modular water screen according to the present invention may include various
attachments for lifting solid material out of water being filtered and moving the solid material to
another location. For example, attachments such as plates, scoops, or buckets can be secured
to the modules or between modules at one or more locations along the length of a water
screen. When the attachments are traveling along an upwardly moving portion of the path of a
water screen, they can lift solid material out of the water and carry it to a location along the
path of the water screen where the solid material can be collected. One use of scoops and
buckets is to safely transport fish from the upstream side of a water screen to a location
downstream of or outside of a flow path leading to any equipment which could harm the fish.

Examples of attachments capable of being used with a modular water screen are disclosed in
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US 2006/0185967 A1, the disclosure of which is incorporated by reference. A wide variety of
attachments used with conventional modular plastic conveyor belts can also be employed.

[0054] FIGS. 8-11 illustrate another embodiment of a water screen or conveyor belt module
50 according to the present invention in which the height of a projection formed on the top
surface of a module varies in the widthwise direction of the module instead of being constant
as in the embodiments of FIGS. 1-7. Like the preceding embodiments, this module 50 has a
generally rectangular periphery as viewed in plan and has a plurality of hinge elements 51
formed along the edges of the module 50 at both of its lengthwise ends. Each of the hinge
elements 51 has a circular bore 52 for pivotably receiving an unillustrated hinge rod by means
of which the module 50 can be pivotably connected in series with other modules to form a
water screen or a conveyor belt. As shown in FIG. 8, which is a top axonometric view, the top
surface of the module 50 has a plurality of projections 53 for increasing the surface area of the
top surface. vIn the illustrated example, the module 50 includes six projections 53 arranged in
two rows extending in the widthwise direction of the module, with each row containing three of
the projections 53. As best seen in FIGS. 9 and 10, which are respectively an elevation as
viewed from one of the widthwise ends and an elevation as viewed from one of the lengthwise
ends of the module 50, each projection 53 has a flat upper end 54, a pair of sloping sides 55 at
the lengthwise ends of the projection 53, and a pair of sloping sides 56 at the widthwise ends
of the projection 53. The sloping sides 55 at the lengthwise ends are outwardly convex at their
upper ends adjoining the upper end 54 of the projection 53 and outwardly concave at their
lower ends. Each of the sloping sides 56 at the widthwise ends of each projection 53 is sloped
along a straight line between the upper and lower ends of the projection 53 as viewed in FIG.
10. A plurality of drainage or fluid flow openings in the form of slots 57 extending in the
lengthwise direction of the module 50 are formed in the top surface of the module 50, including
in the top 54 and sloping sides 55 and 56 of each projection 53. As shown in FIG. 11, which is
a cross-sectional view taken along line 11-11 of FIG. 9, each of the projections 53 is hollow
and has a wall thickness which is less than the height of the module 50 over most of its area.
The slots 57 divide each projection 53 into a plurality of parallel fins 58 each extending in the
lengthwise direction of the module 50 and each having a length greater than its width. The
open area of the top surface of the module 50 is approximately 30%. The actual surface area
of the top surface of the module 50 is approximately 15% greater than the projected surface
area of the top surface of the module 50, with the actual surface area and the projected

surface area having the same definitions as in the embodiment of FIGS. 1-5.
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[0055] As in the preceding embodiments, a plurality of lengthwise ribs 59 and transverse
ribs 60 that provide structural support for the module 50 are formed on its underside. As shown
in FIG. 11, the ribs 59 and 60 also define a plurality of plenums 61 on the underside of the
projections 53 which communicate with the slots 57. As shown by the arrows in FIG. 11, each
plenum 61 receives water draining through a plurality of the slots 57 in the top surface of the
module 50 and discharges the water through the bottom side of the module.

[0056] Although not shown in the drawings, the underside of the module 50 is shaped so as
to be able to engage with sprockets for driving a traveling water screen or conveyor belt along
a path. Any of the structures described with respect to the embodiment of FIGS. 1-5 for
enabling a module to engage with sprockets can be employed in this embodiment as well.

[0057] The slots 57 in this embodiment may have various lengths, depending upon the
structure of the underside of the module 50, since for strength reasons, it may be desirable to
limit the extent to which the slots 57 extend through the transverse ribs 60. As can be seen in
FIG. 8, some of the slots 57 are formed only in the top 54 of a projection 53 or only in one of
the sloping sides 55 or 56 of a projection 53, while other slots 57 extend continuously between
the top 54 and one of the sloping sides 85 of a projection, or between one of sloping sides 55
and one of sloping sides 56 of a projection 53. In addition, some of the slots 57 extend
continuously between two projections 53 spaced from each other in the lengthwise direction of
the module 50.

[0058] FIGS. 12 and 13 are respectively a top and a bottom axonometric view of two of the
modules 10 of FIG. 1 showing how they can be connected in series when forming part of a
water screen or conveyor belt. The other embodiments of modules according to the present
invention can be connected in series in a similar manner. The two illustrated modules 10 are
placed end to end with the hinge elements 13 at one lengthwise end of one module 10
interfitting with the hinge elements 13 at one lengthwise end of the other module 10 and with
the bores 14 at one lengthwise end of one module 10 aligned with the bores 14 at one
lengthwise end of the other module 10. In this state, a hinge rod 30 can be passed through the
aligned bores 14 to pivotably connect the two modules 10 to each other in series at a hinge
joint 82 that allows the connected modules to pivot relative to each other along aligned first
and second pivot axes 80, 81. In the state shown in FIGS. 12 and 13, the widthwise ends of
the two modules 10 are aligned with each other. More typically, two modules which are
connected in series in a modular water screen or_a conveyor belt will be connected in a

“bricklayed” manner in which the widthwise ends, or hinge elements, of a module in one row of
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the water screen or belt are offset in the widthwise direction of the water screen with respect to
the widthwise ends of the modules in the adjoining rows of the water screen or belt.

[0059] As shown in FIG. 13, when two modules 10 are connected in series, one of the
lengthwise ends of each tooth pocket 26 adjoins the end surface of one of the hinge elements
13 of the adjoining module, and the other lengthwise end of each tooth pocket 26 adjoins one
of the transverse ribs 25 of the module. When the modules 10 are passing around drive
sprockets such that the teeth of the drive sprockets nest in the tooth pockets 26 of one of the
modules, if the drive sprockets are rotated in a first rotational direction, the teeth of the
sprockets engage with the end surfaces of the hinge elements 13 adjoining the tooth pockets
26 and drive the module and the water screen in a first lengthwise direction. When the drive
sprockets are rotated in the opposite rotational direction, the teeth of the sprockets engage
with the transverse ribs 25 adjoining the tooth pockets 26 and drive the module and the water
screen in the opposite lengthwise direction.

[0060] When a water screen or conveyor belt module according to the present invention is
intended to be installed at a widthwise end of a water screen or conveyor belt, the module 10
may include a retaining mechanism at one of its widthwise ends for releasably retaining a
hinge rod in the bores 14 of the module 10 and preventing the hinge rod from moving in the
widthwise direction of the module 10 and becoming disengaged from the bores 14. A wide
variety of retaining mechanisms have been developed for use with modular plastic conveyor
belts, and any such mechanisms can be used with a module according to the present
invention. A few examples of known retaining mechanisms which may be suitable for use with
a water screen or conveyor belt module according to the present invention are finger-like
retainers that can bend into or out of the path of movement of a hinge rod, sliding members
that can slide between a position in which they are engaged with or disengaged from a hinge
rod, clips which can snap over the ends of a hinge rod to secure the hinge rod in place, and
pins that can engage with the ends of a hinge rod. The modules shown in FIGS. 1-11 are not
equipped with such a retaining mechanism, but they can be easily modified by a person skilled
in the art to include a retaining mechanism, such as any of the conventional types of retaining
mechanisms mentioned above. The modules shown in FIGS. 1-11 can be installed in a water
screen or a belt in a location spaced from the widthwise ends of the water screen or belt (as
so-called “internal modules”), and modules equipped with a retaining mechanism for a hinge
rod can be positioned at the widthwise ends of the water screen (as so-called “edge modules”).

Alternatively, if a retaining mechanism comprises part of a hinge rod rather than part of a
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module itself, the modules shown in FIGS. 1-11 can be used either as internal modules or as
edge modules.

[0061] FIG. 14 schematically illustrates a modular water screen 70 according to the present
invention being used to filter water on the upstream side of a cooling water inlet 76 in an
industrial facility. The water screen 70 comprises a plurality of water screen modules according
to the present invention pivotably connected in series. At its lower end, the water screen 70
passes around a stationary shoe 72 which is submerged in a water channel 74 leading to the
water inlet 76, and at its upper end, the water screen 70 passes around a set of rotatable drive
sprockets 73 which are mounted outside of the water channel 74. The drive sprockets 73 are
rotatably driven by an unillustrated drive motor in the clockwise direction in the figure to drive
the water screen in the direction shown by arrows. The water screen 70 is installed so that the
top surface of each module faces outwards from the interior of the loop formed by the water
screen 70. Namely, the top surface of a module faces to the left when the module is on the left
side of the loop defined by the water screen 70 and faces to the right when the module is on
the right side of the loop defined by the water screen 70 as viewed in FIG. 14. Cooling water
75 flows through the channel 74 from left to right in the figure as shown by the hollow arrow,
passes through the water screen 70, and then enters the cooling water inlet 76. Due to the
resistance to flow of liquid through the water screen 70, the static head of the cooling water 75
is different on the upstream side of the water screen 70, the interior of the loop defined by the
water screen 70, and the downstream side of the water screen 70, as indicated by the different
levels of the cooling water 75 in FIG. 14. The illustrated water screen 70 is equipped with
plates 71 at intervals along its length for carrying solid material upwards out of the cooling
water 75. Solid material carried by the plates 71 can be dumped from the plates 71 when the
plates 71 reach the upper end of the path of the water screen 70 and are inverted.
Alternatively, as shown in FIG. 14, a plurality of nozzles 77 may be installed on the interior of
the loop defined by the water screen 70 above the surface of the cooling water 75, and the
nozzles 77 can spray water at the bottom sides of the modules forming the water screen 70 to
detach solid material adhering to the top surface of the modules or resting on the plates 71.
The material detached by the spray of water from the nozzles 77 can be collected in a trough
78, for example, adjoining the water screen 70 and be carried by the trough 78 to a suitable
location for disposal or relocation. Adhered solid material can also be removed from the

modules and the plates 71 by other means, such as by a rotating brush.

[0062] The provision of one or more projections on the top surface of a water screen

module according to the present invention increases the surface area in which fluid flow
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openings can be formed in the top surface of the module and thereby increases the surface
area available for filtration. The provision of a plurality of projections on the top surface of a
water screen module according to the present invention also helps to keep the fluid flow
openings in the top surface of the module from being obstructed when solid objects in water
being treated are pressed against the top surface of the module. FIG. 15 is an elevation of the
two modules 10 of FIG. 12 as viewed from one of the widthwise ends of the modules and
schematically shows a state in which solid objects such as a leaves 31 are pressed against the
top surface of each module 10 by water pressure. If the top surfaces of the modules 10 were
completely flat, the entirety of the portions of the top surfaces of the modules 10 beneath the
leaves 31 would be blocked off by the leaves 31, and water would be unable to drain through
these portions. However, because the top surfaces of the modules 10 in FIG. 15 are not
completely flat but instead have a plurality of projections 20a—20c, each leaf 31 can be
supported by a plurality of the projections such that only a portion of each leaf 31 contacts the
top surface of one of the modules 10, and gaps are present between portions of the bottom
surface of each leaf 31 and the top surface of the corresponding module 10. These gaps form
channels along which water can flow beneath the leaves 31 to reach fluid flow openings
formed in the top surfaces of the module 10 beneath the leaves 31. In this manner, a plurality
of projections increases the effectiveness of a water screen module in filtration. Likewise, in a
conveyor belt constructed of such modules, drainage from the top surface or air flow through

the openings is increased.

[0063] Although the invention has been described with reference to specific examples it will
be appreciated by those skilled in the art that the invention may be embodied in many other
forms.
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CLAIMS

1. A molded plastic module suitable for use in a water screen or a conveyor belt, the
module comprising first and second lengthwise ends, first and second hinge elements formed
at the first and second lengthwise ends and defining widthwise first and second pivot axes,
respectively, a top surface extending between the first and second lengthwise ends, and a
plurality of projections formed on the top surface, each projection having a plurality of fluid flow
openings formed therein, said module further including a plenum formed underneath each
projection and fluidly communicating with a plurality of the fluid flow openings and with a
bottom of the module.

2. A module as claimed in claim 1 wherein at least one of the projections has a profile
as viewed in a widthwise direction of the module which is constant over the width of the

projection.

3. A module as claimed in claim 1 wherein at least one of the projections has a profile

as viewed in a widthwise direction of the module which varies over the width of the projection.

4, A module as claimed in claim 1 wherein each projection has a top surface and a
bottom surface which is parallel to the top surface over at least a portion of the projection.

5. A module as claimed in claim 1 wherein a plurality of the projections each has a
surface that is sloped with respect to a plane passing through the first and second pivot axes,
the sloped surface including at least one of the fluid flow openings.

6. A module as claimed in claim 1 wherein a height of the top surface of the module
varies by at least 5 mm with respect to a plane passing through the first and second pivot

axes.

7. A module as claimed in claim 1 wherein the fluid flow openings comprise slots

elongated in the lengthwise direction of the module.
8. A module as claimed in claim 7 wherein the slots have a width of 0.5 to 4 mm.

9. A module as claimed in claim 7 wherein a plurality of the slots extend continuously

between two of the projections.
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10. A module as claimed in claim 1 wherein a plurality of the fluid flow openings extend
only partway through the height of the module.

11. A module as claimed in claim 1 wherein the top surface of the module has an open
area of at least 15%.

12. A module as claimed in claim 1 wherein the projections have a plurality of
unobstructed fluid flow openings formed on the top surface.

13. A module as claimed in claim 1 wherein the projection includes a region in which a
wall thickness of the projection is less than a height of the module in that region measured to a
plane passing through the first and second hinge axes.

14. A module as claimed in claim 1 wherein the fluid flow openings divide the projections
into a plurality of parallel fins extending in a lengthwise direction of the module.

15. A water screen comprising a plurality of modules as in claim 1 pivotably connected
together in rows of one or more of the modules wherein the first hinge elements along one row
are interfitted with the second hinge elements along an adjacent row to form a hinge joint
connecting the adjacent rows together and allowing them to pivot relative to each other along

the aligned first and second pivot axes of the interfitted first and second hinge elements.

16. A perforated conveyor belt comprising a plurality of modules as in claim 1 pivotably
connected together in rows of one or more of the modules wherein the first hinge elements
along one row are interfitted with the second hinge elements along an adjacent row to form a
hinge joint connecting the adjacent rows together and allowing them to pivot relative to each
other along the aligned first and second pivot axes of the interfitted first and second hinge

elements.
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