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An assembly for a high output hydrodynamic separation unit includes, in one form, several components or parts. Top and bottom
plates serve as caps for and distribute force through layers of separation channels. The compressive forces seal the channels and
prevent leakage from the channels. An optional middle plate may also be provided to create smaller subsets of the layers of
separation channels. At least one connector Is provided to the combination of components to compress the layers of separation
channels. In a variation, an optional outer shell may encase the unit to provide support and compress the stack with a unique

threaded configuration.
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ABSTRACT OF THE DISCLOSURE

[0044] An assembly for a high output hydrodynamic separation unit includes,
in one form, several components or parts. Top and bottom plates serve as caps
for and distribute force through layers of separation channels. The compressive
forces seal the channels and prevent leakage from the channels. An optional
middle plate may also be provided to create smaller subsets of the layers of
separation channels. At least one connector is provided to the combination of
components to compress the layers of separation channels. In a variation, an
optional outer shell may encase the unit to provide support and compress the

stack with a unigue threaded configuration.
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Atty. Dkt. No. 20111435CA01-XER202824US01

METHOD AND SYSTEM FOR STACKING AND SEALING
HYDRODYNAMIC SEPARATION LAYERS

BACKGROUND

[0001] Various configurations of hydrodynamic separation devices have evolved
over time. It has become desirable to produce such systems in a high volume, cost
effective manner. In this regard, a commensurate technique for fabricating and

sealing these devices Is desired.

BRIEF DESCRIPTION
[0002] In one aspect of the presently described embodiments, a

hydrodynamic separation device comprises a plurality of layers in a stack,
each layer having defined therein a flow channel, an inlet to the flow channel, at
least two outlets for the flow channel, and apertures defined in the layer, a first
nlate positioned on a first end of the stack, the first plate having apertures, a
second plate positioned on a second end of the stack, the second plate having
apertures and connectors received in aligned apertures of the stack, the first
plate and the second plate to compress together the first plate, stack and
second plate.

[0003] In another aspect of the presently described embodiments, each layer
further includes alignment protrusions extending therefrom.

[0004] In another aspect of the presently described embodiments, the

protrusions have shoulders disposed thereon.

[0005] In another aspect of the presently described embodiments, each layer
further includes a highly polished sealing surface in proximity to the fiow
channel.

[0006] In another aspect of the presently described embodiments, each layer

further includes a secondary sealing surface in proximity to the highly polished

sealing surface.

[0007] In another aspect of the presently described embodiments, each layer

of the stack is formed of a plastic material.
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[0008] In another aspect of the presently described embodiments, the plastic
material is a melt processes polymer, appropriate for the end application.

[0009] In another aspect of the presently described embodiments, the first
plate and the second plate are formed of metal or plastic material.

[0010] In another aspect of the presently described embodiments, a
hydrodynamic separation device comprises a plurality of layers in a stack,
each layer having defined therein a flow channel, an inlet to the flow channel,
and at least two outlets for the flow channel, a cylindrical shell housing the
stack, the shell having a first threaded portion and a second threaded portion, a
first plate threaded on the first threaded portion of the shell and a second plate
threaded on the second threaded portion of the shell, wherein the plurality of
layers in the stack are compressed between the first plate and the second plate.
[0011] In another aspect of the presently described embodiments, each layer
further includes alignment protrusions extending therefrom.

[0012] In another aspect of the presently described embodiments, the
protrusions have shoulders disposed thereon.

[0013] In another aspect of the presently described embodiments, each layer
further includes a highly polished sealing surface in proximity to the flow
channel.

[0014] In another aspect of the presently described embodiments, each layer
further includes a secondary sealing surface in proximity to the highly polished
sealing surface.

[0015] In another aspect of the presently described embodiments, each layer
of the stack is formed of a plastic material.

[0016] In another aspect of the presently described embodiments, the plastic
material is a melt processed polymer appropriate for the end application.

[0017] In another aspect of the presently described embodiments, the first
plate and the second plate are formed of metal or plastic material.

[0018] In another aspect of the presently described embodiments, a method
for forming a hydrodynamic separation device having a plurality of layers in a

stack, each layer having defined therein a flow channel, an inlet to the flow
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chanr;el, at least two outlets for the flow channel and protrusions extending from
the layers, comprises aligning the protrusions of adjacent layers with one
another, snapping together the layers into the stack such that protrusions of
adjacent layers are mated and compressing the layers between two plates.
[0019] In another aspect of the presently described embodiments, the
compressing comprises using connectors received in aligned apertures of the
layers of the stack and the plates.

[0020] In another aspect of the presently described embodiments, the
compressing comprises threading the plates into a cylindrical shell housing the
stack.

[0021] [In another aspect of the presently described embodiments, the
snapping is accomplished by shoulders disposed on the protrusions extending

from each layer.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] FIGURE 1 is an elevational view of a hydrodynamic separation unit

according to the presently described embodiments;

[0023] FIGURES 2(a) and (b) are cross-sectional views of several layers of
the hydrodynamic separation unit of FIGURE 1,

[0024] FIGURE 3 is an elevational view of a layer of the hydrodynamic
separation unit of FIGURE 1; and,

[0025] FIGURE 4 is an elevational view of another hydrodynamic separation
unit according to the presently described embodiments

DETAILED DESCRIPTION
[0026] According to the presently described embodiments, an assembly of a

high output hydrodynamic separation device or unit includes, in one form,
several components or parts. In this regard, top and bottom plates serve as
caps for, and distribute force through, layers of separation channels. An
optional middle plate may also be provided to create smaller subsets of the

layers of separation channels. A connector or connecting system such as a
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series of connectors, e.g. through-bolts, is used in the combination of
components to compress, and effectively seal, the layers of separation
channels. In a variation of the design, an optional outer shell may encase the
unit to provide support and compress the stack with a unique threaded
configuration.

[0027] With reference to FIGURE 1, a unit 10 according to the presently
described embodiments is illustrated. As shown, a sub-stack 12-1 of individual
layers, such as those shown at 14, is compressed by top plate 16 and middle
plate 20, another sub-stack 12-2 of layers of similar configurations to those
numbered 14 is shown compressed by middle plate 20 and bottom plate 18. The
middle plate 20 is optional. In the absence of the middle plate 20, both sub-
stack 12-1 and 12-2 are compressed between top plate 16 and bottom plate 18.
Also shown are at least one connector or connecting system such as
connectors, e.g. through-bolts 22. The connectors or through-bolts 22 connect
through the plates 16, 18 and 20 to compress the layers 14 in the stack 12. In
this regard, the plates 16, 18 and 20 have an appropriate number (e.g. at least
one) of apertures or through holes — that can be aligned to receive the bolts 22.
In one form, these apertures or through holes may be threaded to allow
threaded bolts to provide compression force on the stack 12. Or, in another
form, the apertures or through holes may be configured to allow the heads of
the bolts, and corresponding nuts threaded on an opposite end, to generate and
maintain the requisite compression force. The through-bolts 22 may also be
inserted through the layers 14 in some configurations.

[0028] Although it should be understood that the layers 14 may take any
number of configurations, one example of a layer having through holes or
apertures to accommodate this configuration is shown in Figure 3 below. The
layers 14 are, in at least one form, produced using injection molding techniques,
and may be formed of any suitable material including materials that are, for
example, processed by way of melting. Such materials may include plastic

materials such as polycarbonates, polyesters, polypropylenes... etc.
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[0029] The layers 14 are, in another form, produced by thermoforming
techniques, and may be formed of any suitable material including materials that
are processable by thermoforming techniques. Such materials may include
polyesthers, polypropylenes and polyethylenes.

[0030] The layers 14 are, in another form, produced by either sand casting or
high pressure die casting of a metal material such as aluminum, steel, stainless
steel, titanium, magnesium or another appropriate metal material.

[0031] The layers 14 are, in another form, produced by any of the above
techniques or others, and then a high quality surface finish is produced by the
process of machining and removal of material.

[0032] Likewise, the plates (16, 18 and 20) may take on a variety of suitable
configurations to accommodate the features contemplated herein, and may be
formed of any suitable material, such as plastic or metal material. The
contemplated bolts, which may be standard off-the-shelf items or custom
formed, may also be fabricated from any of a variety of suitable materials such
as plastic or metal. Further, any suitable connector or connecting system may
be implemented. Any suitable number of connectors may be used.

[0033] With reference now to Figure 2(a), the layers 14 of the stack 12 of the
unit 10 are shown in cross section. Each individual layer 14 is sealed by a
compression of two surfaces. The primary seal is parallel to a plane of primary
separation diameter and the sidewalls act as a secondary seal surface. In this
regard, the layer 14 has a surface lip 30 acting as the primary seal and a dratft
portion 32 serving as the secondary seal surface. The lip 30 and draft portion
32 provide a contact area for the contemplated sealing and suitably contact and
seal with the underside of the layer above, as shown. In at least one form, the
surface lip 30 and draft portion 32 are highly polished as a resuit of the molding
process (or otherwise). This results in low surface roughness, which is

conducive to improved sealing of the layers 14 to one another when

compressed.
[0034] In another method of sealing the surfaces between each layer 14, the

entire part after being produced is coated through a process such as vapor
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depoéition or electroless plating. The plating material is either naturally softer
than the polymer or impregnated with a polymer that gives it a softer surface
than the polymer.

[0035] With reference now to Figure 2(b), in another method of sealing the
surfaces between each layer 14, a sealing material (or structure or device) is
placed between the layers to provide sealing. As shown, sealing materials
(structures or devices) 34 and 36 are suitably positioned to provide or enhance
the sealing function between the layers. In one form, a soft material such as a
gasket material or any appropriate rubber material similar to the materials used
in the construction of o-rings and other sealing devices may be used to form the
elements 34 and 36. Also, a thin polymer material is used, in one form, to
provide sealing. It should also be appreciated that the configuration of the
sealing material 34 and 36 may vary but, in one form, will take on a shape to
conform to the lip 30 and draft portion 32 suitably extending around the layer to
provide meaningful sealing function.

[0036] In another method of sealing, the surfaces are bonded together
through a process of heat sealing or sonic welding as appropriate to the
construction material of choice. Using such a technique may result in a change
in the appearance of the lip and draft portion to resemble a structure, such as
that show in Figure 2(b), or merely create bonding of the appropriate surfaces
and resemble the configuration of Figure 2(a).

[0037] Referring now to Figure 3, a single layer 14 is depicted. The layer 14
includes a flow channel 40 having a defined width and depth (depending on the
implementation) terminating at inlet 42 and outlets 44 and 46. As shown, the
primary sealing surfaces or lips 30 and the secondary sealing surfaces 32 follow
the contour of the flow channel 40 around the layer 14 and provide suitable
sealing (for example, as described) to the flow channel during operation. During

such operation, in one form, fluid flows into the flow channel 40 through the inlet
42 and, through action of various hydrodynamic forces acting on the fluid flow,

particles separate into flow paths that selectively exit the flow channel 40
through outlets 44 and 46.
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[0038i In this regard, as examples, techniques using a variety of forces such
as centrifugal forces, pressure-driven forces, Dean Vortices forces, buoyancy
forces, etc. may be used to separate particles in the separation devices
described herein (such as those described in Figures 1 and 4, for example). In
this regard, for example, corresponding and commonly assigned patent
applications that describe various techniques for particle separation include:
U.S. Application No. 11/606,460 filed on November 30, 2006 and entitled
PARTICLE SEPARATION AND CONCENTRATION SYSTEM; U.S. Application
No. 12/120,093 filed on May 13, 2008 and entitled FLUIDIC STRUCTURES
FOR MEMBRANELESS PARTICLE SEPARATION; and U.S. Application No.
11/936.,729 filed on November 7, 2007 and entitlied FLUIDIC DEVICE AND
METHOD FOR SEPARATION OF NEUTRALLY BOUYANT PARTICLES, all of
which are incorporated herein by reference.

[0039] In one form, the inlet and both outlets are located in close proximity to
one another. The inlets and outlets could be located at any point along the
diameter of the channel depending on the application. It should also be
appreciated that in at least one form, the individual layers 14 that are stacked,
aligned and sealed (as in Figures 1 and 4, for example) form common Inlet
paths and outlet paths for and/or through the system by way of the alignment of
the respective inlets 42 and outlets 44 and 46 of the layers. In at least one
form, these common inlets and outlets may be capped and/or connected to
other devices or systems through appropriate connections, hoses, pipes, lines,
valves, plumbing, hardware, pumps, fittings, caps, etc..., as may be appropriate
for any given implementation. In at least some forms, the common inlets and
outlets facilitate parallel processing of material that is input to the system. Such
parallel processing provides advantages such as higher throughput.

[0040] The single layer 14 is also shown to have apertures or through holes
48 and snap fit protrusions 50 in select locations along the edge or periphery of
the layer. The through holes 48 receive the bolts shown in Figure 1. The shap
fit protrusions 50 have a configuration allowing for the connection of adjacent

layers to one another. The precise configuration and number of the protrusions
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50 may vary, as those of skill in the art will appreciate. However, in at least one
form, the protrusions 50 are designed to be received in the underside of a
corresponding protrusion of an adjacent layer, and snap in place. In this regard,
shoulders 52 are provided to the protrusions. Each protrusion is likewise
designed to receive a corresponding protrusion of an adjacent layer in like
manner. In this way, layers are snap fit together to provide rough alignment and
pressed together with the plates to form the seal around the highly polished
areas. The protrusions serve to not only locate the layer in their plane, but also
to correct for any deviations in flatness of the layer. In at least one form, the
layers are snapped together first and then compressed.

[0041] Figure 4 shows a variation (in cross-section) of the presently
described embodiments. A hydrodynamic separation unit 80 includes a plurality
of separation layers 82 housed in an outer shell 84. The shell 84 has threaded
portions 86 and 88 to threadingly receive top plate 90 and bottom plate 92. The
layers 82 may take a variety of configurations, but will take the same
configuration as layers 14 described in connection with Figures 1 through 3, In
one form. Of course, the through holes of layer 14 are not necessary for this
embodiment, so the layer 82 may be substantially similar to the layer 14, sans
the through holes. The plates 90 and 92 have corresponding threaded portions
on their edges to mate with the threaded portions 86 and 88. The shell 84 is, In
one form, cylindrical to allow for the turning and threading of the plates 90 and
92 into the threaded portions 86 and 88 of the shell 84. Such threading of the
plates into the shell provides for compression of the layers 82 between the
plates 90 and 92. Of course, to accomplish the contemplated compression, the
size of the threaded portions 86 and 88 is suitably tuned to the number of layers
82 or height of any stack of such layers.

[0042] The hydrodynamic separation device or unit contemplated by the
presently described embodiments may be assembled in any of a variety of
manners to facilitate the features achieved by the presently described

embodiments. One approach, however, is implemented in a method comprising

aligning the protrusions of adjacent layers with one another, snapping together the
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Iayersé into the stack such that protrusions of adjacent layers are mated and
compressing the layers between two plates. The aligning and snapping not only
align the layers in the appropriate orientation, but also help correct any undesired
bends, curves or warps of the layer that may otherwise prevent an efficient seating
and sealing of adjacent layers. Also, in one example, the aligning and snapping are
performed before the compressing. In this technique, the compressing may be
accomplished in a variety of manners. In one example, consistent with the
embodiments shown in Figures 1-3, the compressing comprises using bolts received
in aligned apertures of the layers of the stack and the plates. In another example,
consistent with the embodiment shown in Figure 4, the compressing comprises
threading the plates into a cylindrical shell housing the stack. Also, as those of skill
in the art will appreciate, the snapping is accomplished by shoulders disposed on the
protrusions extending from each layer. Still further, in other examples, the method
may also include placement or positioning of a suitable sealing material (or structure
or device), such as those described herein, between the layers to provide or
enhance sealing functions.

[0043] It will be appreciated that variants of the above-disclosed and other
features and functions, or alternatives thereof, may be combined into many
other different systems or applications. Various presently unforeseen or
unanticipated alternatives, modifications, variations or improvements therein
may be subsequently made by those skilled in the art which are also intended to

be encompassed by the following claims.

WHAT IS CLAIMED IS:
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1. ‘A hydrodynamic separation device comprising:

a plurality of layers in a stack, each layer having defined therein a flow
channel, an inlet to the flow channel, at least two outlets for the flow channel, and
apertures defined in the layer;

a first plate positioned on a first end of the stack, the first plate having
apertures;

a second plate positioned on a second end of the stack, the second plate
having apertures; and,

connectors received in aligned apertures of the stack, the first plate and the

second plate to compress together the first plate, stack and second plate.

2. The device as set forth in claim 1 wherein each layer further includes

protrusions extending therefrom.

3. The device as set forth in claim 1 wherein each layer further includes a highly
polished sealing surface in proximity to the flow channel.

4. The device as set forth in claim 3 wherein each layer further includes a
secondary sealing surface in proximity to the highly polished sealing surface.

5. The device set forth in claim 1 wherein each layer further includes a soft
gasket or o-ring like material between the layers.

6. The device set forth in claim 1 wherein each layer is coated with a soft

polymer layer.

7. A hydrodynamic separation device comprising:
a plurality of layers in a stack, each layer having defined therein a flow
channel, an inlet to the flow channel, and at least two outlets for the flow channel;

a cylindrical shell housing the stack, the shell having a first threaded portion

and a second threaded portion;
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a first plate threaded on the first threaded portion of the shell; and,

a second plate threaded on the second threaded portion of the shell,

wherein the plurality of layers in the stack are compressed between the first
plate and the second plate.

8. The device as set forth in claim 7 wherein each layer further includes

protrusions extending therefrom.

9. The device as set forth in claim 7 wherein each layer further includes a highly

polished sealing surface in proximity to the flow channel.

10. A method for forming a hydrodynamic separation device having a plurality of
layers in a stack, each layer having defined therein a flow channel, an inlet to the
flow channel, at least two outlets for the flow channel and protrusions extending from
the layers, the method comprising:

aligning the protrusions of adjacent layers with one another;

snapping together the layers into the stack such that protrusions of adjacent
layers are mated,; and,

compressing the layers between two plates.

- 11 -
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FIG. 3
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