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FIG.1

(57) Abstract: A flow shifter baffle (26) for mixing a fluid flow having at least two components, a static mixer (10) and method of
mixing. The flow shifter baftle (26) includes a double divider wall element adjacent to a leading edge and a plurality of occluding
walls coupled to the double divider wall element. The double divider wall element includes first and second generally parallel walls
which extend across the entire transverse flow cross-section. The double divider wall element is configured to divide the fluid flow
into a central flow portion and first and second peripheral flow portions. This division of the fluid flow using the double divider wall
element and the plurality of occluding walls improves the mixing of separate components by producing a greater number of layers
with less jumbling of the layers, when a layered composition of multiple components is delivered into the flow shifter baffle (26).
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DOUBLE WALL FLOW SHIFTER BAFFLES AND ASSOCIATED STATIC
MIXER AND METHODS OF MIXING

Cross Reference to Related Application

[0001] This application claims the priority of U.S. Provisional Patent
Application No. 62/202,554, filed on August 7, 2015, and U.S. Patent
Application No. 15/074,013 filed on March 18, 2016, the entire disclosures of
which are incorporated by reference herein.

Technical Field

[0002] This disclosure generally relates to a fluid dispenser and more

particularly, to components of a static mixer and methods of mixing fluid flows.

Background
[0003] A number of motionless mixer types exist, such as Multiflux,

helical and others. These mixer types, for the most part, implement a similar
general principle to mix fluids together. In these mixers, fluids are mixed
together by dividing and recombining the fluids in an overlapping manner. This
action is achieved by forcing the fluid over a series of mixing elements and
baffles of alternating geometry. Such division and recombination causes the
layers of the fluids being mixed to thin and eventually diffuse past one another,
resulting in a generally homogenous mixture of the fluids. This mixing process
has proven to be very effective, especially with high viscosity fluids.

[0004] Static mixers are typically constructed of a series of mixing
elements and alternating baffles, of varying geometries, usually consisting of
right-handed and left-handed mixing baffles located in a conduit to perform the
continuous division and recombination. Such mixers are generally effective in
mixing together most of the mass fluid flow, but these mixers are subject to a
streaking phenomenon, which has a tendency to leave streaks of completely
unmixed fluid in the extruded mixture. The streaking phenomenon often results
from streaks of fluid forming along the interior surfaces of the mixer conduit that
pass through the mixer essentially unmixed.

[0005] Moreover, there have been previous attempts made to maintain
adequate mixer length while trying to address the streaking phenomenon. In

one example, the traditional left-handed and right-handed mixing baffles can be
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combined with flow inversion baffles, such as the specialized inverter baffles
described in U.S. Patent No. 7,985,020 to Pappalardo and U.S. Patent No.
6,773,156 to Henning. However, these known types of flow inversion baffles
may cause a high backpressure within the mixer conduit and may also disrupt
the mixing layers of material as a result of the complex movements required for
fluid flow through the flow inversion baffles. That disruption of the mixing layers
can reduce the efficiency of mixing enabled by the downstream mixing baffles,
which means that more elements and length may be required in the static mixer
to achieve the desired mixing effects. In this regard, the streaking phenomenon
is handled by the flow inversion baffles, but these also present further
disadvantages to overcome in the static mixer as a whole.

[0006] Therefore, it would be desirable to further enhance the mixing
elements used with static mixers of this general type, so that mixing
performance is further optimized at each mixing element, and preferably without

generating high amounts of backpressure.

Summary
[0007] In accordance with one embodiment, a flow shifter baffle is

configured to mix a fluid flow having at least two components. The flow shifter
baffle includes a leading edge, a trailing edge, a double divider wall element,
and a plurality of occluding walls. The flow shifter baffle defines a transverse
flow cross-section perpendicular to the fluid flow along an entire length between
the leading and trailing edges. The transverse flow cross-section has an outer
periphery. The double divider wall element is adjacent to the leading edge.
The double divider wall element includes first and second generally parallel
walls. The double divider wall element extends across the entire transverse
flow cross-section and is configured to divide the fluid flow into a central flow
portion and first and second peripheral flow portions. The plurality of occluding
walls are coupled to the double divider wall element and are positioned to force
movement of the first and second peripheral flow portions. The flow shifter
baffle improves the mixing of separate components by producing a greater
number of layers with less disruption of the layers, when a layered mixture is
delivered into the flow shifter baffle.

[0008] In various embodiments, the flow shifter baffle further includes a

dividing panel adjacent to the trailing edge. The dividing panel is coupled to the

2.
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double divider wall element, and includes first and second sides facing opposite
directions. The first and second sides are oriented transverse from the first and
second generally parallel walls. The plurality of occluding walls force the first
peripheral flow portion to flow along the first side of the dividing panel and the
second peripheral flow portion to flow along the second side of the dividing
panel, thereby shifting the central flow portion towards an outer periphery of the
flow shifter baffle as the first and second peripheral flow portions flow along the
first and second sides of the dividing pane respectively.

[0009] In various embodiments, the plurality of occluding walls shift an
entirety of the first and second peripheral flow portions to a different portion of
the flow cross-section. In some embodiments, the double divider wall element
includes a first central occluding wall surface and a second central occluding
wall surface. The first and second central occluding wall surfaces may be
arranged such that first and second central occluding wall surfaces do not
overlap, revealing an opening along the transverse flow cross-section for the
central flow portion to move through unimpeded. In other embodiments, the
double divider wall element includes a central X-shaped structure extending
between the first and second parallel walls. The central X-shaped structure
includes first and second angled walls. The first angled wall extends from the
first parallel wall at the leading edge to a back end of the second parallel wall,
and the second angled wall extends from the second parallel wall at the leading
edge to a back end of the first parallel wall. Yet in other embodiments, there
are no walls or other structure extending between the first and second parallel
walls, such that the central flow portion does not shift between the first and
second parallel walls.

[0010] In accordance with yet another aspect of the present invention, a
static mixer for mixing a fluid flow having at least two components is described.
The static mixer includes a mixer conduit configured to receive the fluid flow
and a mixing component. The mixing component is defined by a plurality of
mixing elements positioned in the mixer conduit, the plurality of mixing elements
including at least one flow shifter baffle, as described above.

[0011] In accordance with yet another aspect of the present invention, a
method of mixing at least two components of a fluid flow with a static mixer is
described. The static mixer includes a mixer conduit and a plurality of mixing

baffles including at least one flow shifter baffle. The method includes
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introducing the fluid flow having at least two components into an inlet end of the
mixer conduit. The method further includes forcing the fluid flow through the
plurality of mixing baffles to produce a mixed fluid flow, which includes forcing
the fluid flow through the at least one flow shifter baffle. The method also
includes dividing the fluid flow with a double divider wall element into a central
flow portion and first and second peripheral flow portions. The method further
includes shifting the first and second peripheral flow portions around a
transverse flow cross-section through the flow shifter baffle with a plurality of
occluding walls, and shifting the central flow portion with the flow of the first and
second peripheral flow portions towards an outer periphery of the transverse
flow cross-section of the at least one flow shifter baffle. This method results in
doubling a number of flow layers of the at least two components as a result of
flow through the at least one flow shifter baffle, while maintaining a general
orientation of the flow layers as the fluid flow moves through the at least one
flow shifter baffle.

[0012] These and other objects and advantages of the disclosed
apparatus will become more readily apparent during the following detailed

description taken in conjunction with the drawings herein.

Brief Description of the Drawings

[0013] FIG. 1 is a front perspective view of a static mixer in accordance
with one embodiment of the invention.

[0014] FIG. 2 is a front perspective view of a portion of a mixing
component of the static mixer of FIG. 1.

[0015] FIG. 3 is a front perspective view of a flow shifter baffle in

accordance with one embodiment.

[0016] FIG. 4 is a rear perspective view of the flow shifter baffle of FIG. 3.
[0017] FIG. 5 is a top view of the flow shifter baffle of FIG. 3.

[0018] FIG. 6 is a front elevational view of the flow shifter baffle of FIG. 3.
[0019] FIG. 7 is a side elevational view of the flow shifter baffle of FIG. 3.
[0020] FIG. 8 is a front perspective view of a flow shifter baffle in

accordance with an alternative embodiment, which specifically includes an X-
shaped structure at a double divider wall element.
[0021] FIG. 9 is a top view of the flow shifter baffle of FIG. 8.
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[0022] FIG
8.
[0023] FIG
8.
[0024] FIG
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. 10 is a front elevational view of the flow shifter baffle of FIG.

. 11 is a side elevational view of the flow shifter baffle of FIG.

. 12 is a front perspective view of a stack of mixing baffle

elements including the flow shifter baffle of FIG. 8, with various flow cross

sections indicated.

[0025] FIG
view of FIG. 12.
[0026] FIG
view of FIG. 12.
[0027] FIG
view of FIG. 12.
[0028] FIG
view of FIG. 12.
[0029] FIG
view of FIG. 12.
[0030] FIG
view of FIG. 12.
[0031] FIG

. 13A is a flow cross section taken at line 13A shown in the

. 13B is a flow cross section taken at line 13B shown in the

. 13C is a flow cross section taken at line 13C shown in the

. 13D is a flow cross section taken at line 13D shown in the

. 13E is a flow cross section taken at line 13E shown in the

. 13F is a flow cross section taken at line 13F shown in the

. 14 is a front perspective view of a flow shifter baffle in

accordance with yet another alternative embodiment, which specifically includes

no structure extending across the double divider wall element.

[0032] FIG
[0033] FIG
14,
[0034] FIG
14,
[0035] FIG

. 15 is a top view of the flow shifter baffle of FIG. 14.

. 16 is a front elevational view of the flow shifter baffle of FIG.

. 17 is a side elevational view of the flow shifter baffle of FIG.

. 18 is a front perspective view of a stack of mixing baffle

elements including the flow shifter baffle of FIG. 14, with various flow cross

sections indicated.

[0036] FIG
view of FIG. 18.
[0037] FIG
view of FIG. 18.

. 19A is a flow cross section taken at line 19A shown in the

. 19B is a flow cross section taken at line 19B shown in the
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[0038] FIG. 19C is a flow cross section taken at line 19C shown in the
view of FIG. 18.

[0039] FIG. 19D is a flow cross section taken at line 19D shown in the
view of FIG. 18.

[0040] FIG. 19E is a flow cross section taken at line 19E shown in the
view of FIG. 18.

[0041] FIG. 19F is a flow cross section taken at line 19F shown in the
view of FIG. 18.

[0042] FIG. 20 is a top view of a stack of mixing baffle elements including
a flow shifter baffle similar to that of FIG. 3.

[0043] FIG. 21A is a front perspective view of a prior art flow shifter
baffle, with various flow cross sections indicated.

[0044] FIG. 21B is a top view of the prior art flow shifter baffle of FIG.
21A.

[0045] FIG. 21C is a schematic view of the fluid flow cross-sections of the
prior art flow shifter baffle of FIGS. 21A and 21B.

[0046] FIG. 22A is a schematic view showing fluid flow cross sections at

the beginning of entry into a prior art static mixer and after flowing through
some of the mixing baffle elements of the prior art static mixer, including the
flow shifter baffle of FIGS. 21A and 21B.

[0047] FIG. 22B is a schematic view showing fluid flow cross sections at
the beginning of entry into the static mixer of the various embodiments
described herein and after flowing through some of the mixing baffle elements,
including one of the flow shifter baffles of FIGS. 3 through 20.

Detailed Description

[0048] Referring generally to FIGS. 1 and 2, one embodiment of a static
mixer 10 according to an exemplary embodiment of the invention is shown.
The static mixer 10 includes a mixing component 12 having a series of mixing
elements and baffles for dividing, shifting, and recombining a fluid flow F in
various manners along a length of the static mixer 10. These various mixing
elements and baffles function together to thoroughly mix multiple components
of the fluid flow, and thereby minimize streaks of unmixed fluid components in

the extruded fluid mixture. The function, benefits, and structural features of
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each of the types of mixing elements and baffles are described in turn below in
connection with respective Figures.

[0049] The static mixer 10 generally includes a conduit 14 and the mixing
component 12 inserted into the conduit 14. The conduit 14 defines an inlet end
socket 16 configured to be attached to a cartridge, cartridge system, or
metering system (none of which are shown) containing at least two fluids to be
mixed together. For example, the inlet end socket 16 may be connected to any
of the two-component cartridge systems available from Nordson Corporation.
The conduit 14 also includes a body section 18 shaped to receive the mixing
component 12 and a nozzle outlet 20 communicating with the body section 18.
Although the body section 18 and mixing component 12 are shown as having
substantially square cross-sectional profiles, those skilled in the art will
appreciate that the concepts described below may equally apply to mixers with
other geometries, including round or cylindrical as well as others.

[0050] The series of mixing elements and baffles of the mixing
component 12 begins with an entry mixing element 22 adjacent to the inlet end
socket 16 and which is configured to ensure some initial division and mixing of
the at least two fluids received in the static mixer 10 regardless of the
orientation of the mixing component 12 relative to the incoming fluid flows.
Downstream of the entry mixing element 22 is a series of left-handed and right-
handed versions (labeled 24 and 24 below) of a double wedge mixing baffle
24. Each double wedge mixing baffle 24 functions to divide the fluid flow at a
leading edge of the mixing baffle 24, and then shift or rotate the flow clockwise
or counterclockwise through a partial rotation before expanding and
recombining the fluid flow at a trailing edge of the mixing baffle 24. A flow
shifter element 26 is interjected after every set of several double wedge mixing
baffles 24 in the series. The flow shifter element 26 is configured to shift at
least a portion of the fluid flow from one side of the conduit 14 to another side of
the conduit 14, thereby providing a different type of fluid movement and mixing
contrasting with the double wedge mixing baffles 24. Each of these types of
mixing elements and baffles is described in greater detail below in connection
with respective Figures.

[0051] FIG. 2 shows a partial portion of the mixing component 12,
separated from the remainder of the static mixer 10. It will be understood that

one or more of the elements defining the mixing component 12 may be
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reorganized or modified from those shown without departing from the scope of
this disclosure, provided that the mixing component 12 includes one or more
mixing baffles, and one or more of the flow shifter elements 26.

[0052] The series of mixing elements and baffles 22, 24, 26 defining the
mixing component 12 are integrally molded with one another so as to define
first and second sidewalls 28, 30. The first and second sidewalls 28, 30 at least
partially bound opposite sides of the mixing component 12, whereas the other
sides of the mixing component 12 extending between the first and second
sidewalls 28, 30 remain largely open or exposed to an associated interior
surface 32 of the conduit 14 (one of the interior surfaces 32 is cut away and not
shown in FIG. 1). The total number of mixing elements and baffles 22, 24, 26
may vary in different embodiments of the mixer 10. Thus, although the
particular structures of the mixing elements and baffles 22, 24, 26 shown in
FIG. 1 will be described in greater detail below, it will be understood that the
static mixer 10 is merely one example of an embodiment incorporating aspects
of the present disclosure.

[0053] Now with reference to FIGS. 3 through 20, several exemplary
embodiments of the flow shifter element 26 (also referred to as a flow shifter
baffle) are shown in further detail. Each of these flow shifter elements 26 is
configured to remove a streak from a fluid bypass zone, typically located in the
periphery of the mixer conduit, and moves this streak towards the center of the
mixer conduit where the streak can be divided and mixed thoroughly by further
elements like the double wedge mixing baffles 24 located downstream from the
flow shifter element 26. Furthermore, the movement of the fluid flow caused by
the flow shifter elements 26 is designed to limit additional backpressure caused
by flowing through the static mixer 10, while also enabling for layers of fluid
flow, which have been created by the mixing baffles 24 upstream from the flow
shifter element 26, to remain intact and in the same general orientation for
further mixing by the mixing baffles 24 located downstream from the flow shifter
element 26. To this end, the flow shifter elements 26 of the various
embodiments described below shuffle or shift a critical portion of the fluid flow
while allowing the remainder of the fluid flow to pass through without significant
jumbling or other detrimental effects, thereby also limiting added backpressure

caused by flowing through the flow shifter element 26.
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[0054] Turning to the embodiment shown in FIGS. 3 through 7, a first
embodiment of the flow shifter baffle 210 is shown in further detail. The flow
shifter baffle 210 is generally square-shaped in these Figures and therefore
would be configured for use in a square mixer conduit, but it will be understood
that the flow shifter baffle 210 may define different cross sectional shapes in
other similar embodiments. The flow shifter baffle 210 includes a leading edge
212 facing an upstream direction relative to fluid flow when placed in the static
mixer 10 and an opposite trailing edge 214 facing a downstream direction. The
leading edge 212 is at least partially defined by a double divider wall element
216 which extends back towards a central portion of the flow shifter baffle 210.
The double divider wall element 216 is described in further detail below, but it is
primarily defined by first and second generally parallel walls 218, 220 shown in
a generally vertical orientation in these Figures. The trailing edge 214 is at
least partially defined by a dividing panel 222 which is coupled to the double
divider wall element 216 adjacent the central portion of the flow shifter baffle
210. The flow shifter baffle 210 defines a transverse flow cross-section
perpendicular to the fluid flow F along an entire length between the leading and
trailing edges 212, 214, with the transverse flow cross-section having an outer
periphery. The dividing panel 222 is oriented generally transverse (such as
perpendicular) to the first and second generally parallel walls 218, 220, as
shown by the horizontal orientation as presented in the Figures. The dividing
panel 222 includes a first side 224 and a second side 226 facing opposite
directions and extending to the trailing edge 214. Additionally, the flow shifter
baffle 210 further includes a plurality of occluding walls 228, 230, 232, 234 that
are coupled to the double divider wall element 216 so as to extend transverse
to the fluid flow direction through the static mixer 10. This combination of walls
and elements and their associated functionalities are described in further detail
below, but it will be understood that more or fewer elements may be included in
the flow shifter baffle 210 in accordance with other embodiments.

[0055] As shown most clearly in FIGS. 3 and 5, the fluid flow (indicated
by arrow F) first encounters the parallel walls 218, 220 at the leading edge 212
of the flow shifter baffle 210. The parallel walls 218, 220 may optionally include
tapered or sharpened ends at the leading edge 212 as shown to help reduce
additional backpressure and guide the fluid flow into spaces around the double

divider wall element 216. The parallel walls 218, 220 divide the incoming fluid
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flow into three portions: a central flow portion located between the parallel walls,
a first peripheral flow portion located on an opposite side of the first parallel wall
218, and a second peripheral flow portion located on an opposite side of the
second parallel wall 220. These flow portions are typically not recombined in
any manner until reaching the dividing panel 222. As will be described below,
the central flow portion largely moves through the flow shifter baffle 210 with
minimum shifting before recombination with the other flow portions, while the
first and second peripheral flow portions are forced to shift by the occluding
walls 228, 230, 232, 234. As shown, the plurality of occluding walls 228, 230,
232, 234 shift the entire flow section located outside the double divider wall
element 216 so as to shift the entirety of the first and second peripheral flow
portions to a different portion of the flow cross-section.

[0056] With reference to FIGS. 5 and 6, the flow path for the first and
second peripheral flow portions is shown in further detail. As evident from the
front view of FIG. 6, the entire flow path through these portions of the flow
shifter baffle 210 are blocked at some point by the first, second, third, and fourth
occluding walls 228, 230, 232, 234, which are effectively located in the four
different quadrants defined along the length of the static mixer 10. More
specifically, the first peripheral flow portion first encounters and must flow past
the second occluding wall 230 located on a lower left quadrant in the view
shown in FIG. 6. After flowing over this second occluding wall 230, the first
peripheral flow portion then encounters the first occluding wall 228 located in an
upper left quadrant in the view shown in FIG. 6. This first occluding wall 228
forces the first peripheral flow portion to shift downwardly such that the first
peripheral flow portion then flows along the first side 224 (bottom side) of the
dividing panel 222. Because the first peripheral flow portion is shifted upwardly,
downwardly, and to the right without bending or curving around corners, the
general orientation of any flow layers entering this portion of the flow shifter
baffle 210 is maintained during flow through this baffle 210.

[0057] Similarly, the second peripheral flow portion first encounters and
must flow past the third occluding wall 232 located on an upper right quadrant in
the view shown in FIG. 6. After flowing under this third occluding wall 232, the
second peripheral flow portion then encounters the fourth occluding wall 234
located in a lower right quadrant in the view shown in FIG. 6. This fourth

occluding wall 234 forces the second peripheral flow portion to shift upwardly so
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as to then flow along the second side 226 (top side) of the dividing panel 222.
Because the second peripheral flow portion is shifted downwardly, upwardly,
and to the left without bending or curving around corners, the general
orientation of any flow layers entering this portion of the flow shifter baffle 210 is
maintained.

[0058] As briefly described above, the central flow portion is largely
passed through to the location adjacent the dividing panel 222 as it flows
through the flow shifter baffle 210. In this embodiment of the flow shifter baffle
210, first and second central occluding wall surfaces 236, 238 are positioned to
encounter the central flow portion. The first central occluding wall surface 236
is located along an upper portion of the space between the first and second
parallel walls 218, 220. This first central occluding wall surface 236 may be
angled with respect to a plane transverse to the flow direction, as shown in the
view of FIG. 5, in some embodiments, and the central flow portion must first
flow under this first central occluding wall surface 236. Then, approximately
concurrently with when the first and second peripheral flow portions begin to
flow along the dividing panel 222, the central flow portion encounters the
second central occluding wall surface 238 and must flow over this element. As
shown in the front view of FIG. 6, these first and second central occluding wall
surfaces 236, 238 do not overlap, which reveals an "opening" through the
length of the flow shifter baffle 210 for the central flow portion to move through
largely unimpeded. The second central occluding wall surface 238 is shown as
being formed as part of the occluding wall 234 in FIG. 4, but it will be
understood that this element may be separately provided or relocated in other
embodiments of the baffle 210. Adjacent to the second central occluding wall
surface 238, the dividing panel 222 includes an opening 240 extending between
the first and second sides 224, 226 in this embodiment. This opening 240 (and
others like it provided in the various baffle elements of the static mixer 10)
enables pressure equalization across the area of the flow shifter baffle 210 as
well as ensured free flow of the central flow portion to the desired location for
rejoining the first and second peripheral flow portions.

[0059] Therefore, the central flow portion is also shifted upwardly and
downwardly in this embodiment before flowing to the opposite first and second
sides 224, 226 of the dividing panel 222. The first peripheral flow portion
expands or flows to the right along the first side 224 of the dividing panel 222

-11-
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after passing the occluding wall 228, and it will be readily understood that this
flow then encounters or rejoins the part of the central flow portion located under
the first side 224 of the dividing panel 222. The continued flow of the first
peripheral flow portion forces this part of the central flow portion to move
rightwardly or outwardly towards an outer periphery of the flow shifter baffle 210
and of the static mixer 10. Therefore, any flow streak that may be located in
this central region is forced outwardly towards a periphery, where flow division
and mixing is assured when flowing through subsequent mixing baffles located
downstream from the flow shifter baffle 210.

[0060] Likewise, the second peripheral flow portion expands or flows to
the left along the second side 226 of the dividing panel 222 after passing the
occluding wall 234, and it will be readily understood that this flow then
encounters or rejoins the part of the central flow portion located above the
second side 226 of the dividing panel 222. The continued flow of the second
peripheral flow portion forces this part of the central flow portion to move
leftwardly or outwardly towards an outer periphery of the flow shifter baffle 210
and of the static mixer 10. This provides the same advantageous benefit for
mixing as described above for the other part of the central flow portion. The
flow on both sides 224, 226 of the dividing panel 222 is then rejoined at the
trailing edge 214 as the fluid flow moves into the next mixing baffle element
located in the static mixer 10.

[0061] Therefore, the flow shifter baffle 210 of this embodiment divides a
central flow portion from peripheral flow portions (this can divide flow layers in
the fluid flow so as to double the number of flow layers, as described with
reference to schematics below), and then moves or shifts these flow portions
such that the orientation of any flow layers is not disturbed or jumbled by the
shifting, but any potential flow streaks are moved to an different areas of the
static mixer 10 for further mixing at subsequent elements. Because the flow
shifter baffle 210 minimizes the shifting movement applied to each flow portion,
the added backpressure caused by flowing through the flow shifter baffle 210 is
reduced compared to conventional flow inverter designs. Thus, the flow shifter
baffle 210 more efficiently handles the flow streaking phenomenon while
avoiding a need to dramatically increase the length and/or the backpressure
generated within the static mixer 10. Furthermore, it will be appreciated that

this embodiment of the flow shifter baffle 210 can be used with any type of other
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mixing baffle elements to achieve these functional benefits in the use of a static
mixer 10, and this is not limited to the double wedge mixing baffles described in
further detail above.

[0062] With reference to FIGS. 8 through 13F, another embodiment of a
flow shifter baffle 310 in accordance with this invention is shown in detail. This
flow shifter baffle 310 includes many of the same elements as the previously
described embodiment (flow shifter baffle 210), and these elements have been
provided with similar reference numbers in the 300 series where the elements
are substantially similar or identical. For example, the flow shifter baffle 310 of
this embodiment again includes a leading edge 312, a trailing edge 314, a
double divider wall element 316 defined by first and second parallel walls 318,
320, a dividing panel 322 with first and second sides 324, 326, and a plurality of
occluding walls 328, 330, 332, 334. Although many of these elements have
slightly modified shapes or profiles in this embodiment, the flow shifter baffle
310 and its elements function as described above except where the differences
are outlined in further detail below (the detailed description of these identical or
substantially similar elements is largely not repeated herein for the sake of
brevity). Therefore, much like the previous embodiment, the flow shifter baffle
310 moves any flow streaks away from a central portion of the static mixer 10
while also doubling and maintaining the general orientation of flow layers so
that the layers are not jumbled or mixed together in a detrimental manner, and
also with minimized additional backpressure caused by flow through the flow
shifter baffle 310.

[0063] In this embodiment of the flow shifter baffle 310, the dividing panel
222 is split into two portions by the opening 340, which extends in this
embodiment all the way through the trailing edge 314. This opening 340 is still
provided for pressure equalization and for enabling mostly free flow of the
central flow portion through the baffle 310. The trailing edge 314 includes fins
or tapering so as to guide the fluid flow into the next mixing baffle element when
flowing through the static mixer 10. As previously described above, it will be
understood that this tapering or sharpening may be applied to elements along
the leading edge 312 as well (as was shown in the first embodiment of the flow
shifter baffle 210) or not at all in similar embodiments.

[0064] The other primary distinction for this embodiment of the flow

shifter baffle 310 is the structure which encounters the central flow portion after
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the fluid flow is divided into the central flow portion and first and second
peripheral flow portions by the double divider wall element 316. To this end, the
flow shifter baffle 310 further includes a central X-shaped structure (when
viewed from the top as in FIG. 9) extending between the first and second
parallel walls 318, 320. This central X-shaped structure includes a first angled
wall 350 extending from the first parallel wall 318 at the leading edge 312 to a
back end of the second parallel wall 320, and a second angled wall 352
extending from the second parallel wall 320 at the leading edge 312 to a back
end of the first parallel wall 318. As most readily seen in the front view of FIG.
10, the first angled wall 350 is located at a top half or top portion of the flow
shifter baffle 310, while the second angled wall 352 is located at a bottom half
or bottom portion of the flow shifter baffle 310. Therefore, these first and
second angled walls 350, 352 are each configured to shift one part of the
central flow portion. After this shifting of the parts of the central flow portion, the
central flow portion is recombined with the shifting first and second peripheral
flow portions moving along the first and second sides 224, 226 of the dividing
panel 222, similar to the shifting described above.

[0065] FIGS. 12 and 13A through 13F schematically show a series of
flow cross sections taken for a sample fluid flow having two components as
evidenced by testing of the flow shifter baffle 310 of this embodiment and its
associated static mixer 10. The specific locations of the flow cross sections
relative to the flow shifter baffle 310 and the mixing baffles located immediately
upstream and downstream from the flow shifter baffle 310 are indicated for
clarity in FIG. 12. To this end, the flow is first shown in FIG. 13A while being
shifted into two quadrants of the static mixer 10 by the double wedge mixing
baffle located immediately upstream (in the fluid flow direction) from the flow
shifter baffle 310. The fluid flow is defined by a number of layers of the two
types of fluid, shown schematically by the different shading (A) or non-shading
(B). FIG. 13B shows the fluid flow immediately before entry at the leading edge
312 of the flow shifter baffle 310, and it will be understood that the flow from
each of the quadrants has spread or shifted to fill the space across the width of
the static mixer 10.

[0066] After division by the double divider wall element 316, the fluid flow
is shown in FIG. 13C passing through an initial portion of the flow shifter baffle

310. In this regard, the first peripheral flow portion (which includes parts of both
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flow portions shown in FIG. 13B) has been shifted upwardly by the occluding
wall 330 and the second peripheral flow portion has been shifted downwardly
by the occluding wall 332. The central flow portion at the top half is being
shifted by the first angled wall 350 to begin moving to the right and downwardly,
while the central flow portion at the bottom half is being shifted by the second
angled wall 352 to begin moving to the left and upwardly. Near the exit of the
double divider wall element 316 as shown in FIG. 13D, the top half of the
central flow portion has been shifted to the bottom half and the bottom half of
the central flow portion has been shifted to the top half, with minimal disruption
or jumbling of the flow layers. Likewise, the first peripheral flow portion has
been shifted downwardly by the occluding wall 328 while the second peripheral
flow portion has been shifted upwardly by the occluding wall 334.

[0067] The first and second peripheral flow portions then flow along the
first and second sides 324, 326 of the dividing panel 322, which forces one part
of the central flow portion to be pushed leftwardly to an outer periphery of the
static mixer 10 and another part of the central flow portion to be pushed
rightwardly to an outer periphery of the static mixer 10. These central flow
portions continue to be shown as separate in FIG. 13E to clarify this shifting
movement. Thus, any flow streaks in the central flow portion are forced
towards the outer periphery for further mixing downstream. FIG. 13E shows the
flow at the junction of the trailing edge 314 of the flow shifter baffle 310 and the
next mixing baffle element, which explains why the flow appears to be divided
into quadrants. The first shift of this resulting flow by the downstream mixing
baffle into two quadrants is shown in FIG. 13F, which is an analogous state as
the original one shown in FIG. 13A before entering the flow shifter baffle 310.
As can be readily understood from a comparison of FIGS. 13A and 13F, the
doubling of the flow layers and general maintaining of the orientation of the flow
layers is shown. Therefore, the flow shifter baffle 310 efficiently contributes to
mixing of the two components while also moving any potential troubling flow
streaks from a central portion to an outer periphery, where further mixing can
occur by the downstream mixing baffles or elements.

[0068] As with the previous embodiment, the flow shifter baffle 310
divides a central flow portion from peripheral flow portions, and then moves or
shifts these flow portions such that the orientation of any flow layers is not

disturbed or jumbled by the shifting, but any potential flow streaks in the central
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flow portion are moved to an outer periphery of the static mixer 10 for further
mixing at subsequent elements. Because the flow shifter baffle 310 minimizes
the shifting movement applied to each flow portion, the added backpressure
caused by flowing through the flow shifter baffle 310 is reduced compared to
conventional flow inverter designs. Thus, the flow shifter baffle 310 more
efficiently handles the flow streaking phenomenon while avoiding a need to
dramatically increase the length and/or the backpressure generated within the
static mixer 10. Furthermore, it will be appreciated that this embodiment of the
flow shifter baffle 310 can be used with any type of other mixing baffle elements
to achieve these functional benefits in the use of a static mixer 10, and this is
not limited to the double wedge mixing baffles described in further detail above.
[0069] With reference to FIGS. 14 through 19F, another embodiment of a
flow shifter baffle 410 in accordance with this invention is shown in detail. This
flow shifter baffle 410 includes many of the same elements as the previously
described embodiments (flow shifter baffles 210, 310), and these elements
have been provided with similar reference numbers in the 400 series where the
elements are substantially similar or identical. For example, the flow shifter
baffle 410 of this embodiment again includes a leading edge 412, a trailing
edge 414, a double divider wall element 416 defined by first and second parallel
walls 418, 420, a dividing panel 422 with first and second sides 424, 426, and a
plurality of occluding walls 428, 430, 432, 434. Although many of these
elements have slightly modified shapes or profiles in this embodiment, the flow
shifter baffle 410 and its elements function as described above except where
the differences are outlined in further detail below (the detailed description of
these identical or substantially similar elements is largely not repeated herein
for the sake of brevity). Therefore, much like the previous embodiment, the flow
shifter baffle 410 moves any flow streaks away from a central portion of the
static mixer 10 while also doubling and maintaining the general orientation of
flow layers so that the layers are not jumbled or mixed together in a detrimental
manner, and also with minimized additional backpressure caused by flow
through the flow shifter baffle 410.

[0070] In this embodiment of the flow shifter baffle 410, the dividing panel
422 is not completely split into two portions by the opening 440, thereby making
this more like the first flow shifter baffle embodiment. The trailing edge 414

includes fins or tapering so as to guide the fluid flow into the next mixing baffle
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element when flowing through the static mixer 10. As previously described
above, it will be understood that this tapering or sharpening may be applied to
elements along the leading edge 412 as well (as was shown in the first
embodiment of the flow shifter baffle 210) or not at all in similar embodiments.
[0071] The other primary distinction for this embodiment of the flow
shifter baffle 410 is the structure which encounters the central flow portion after
the fluid flow is divided into the central flow portion and first and second
peripheral flow portions by the double divider wall element 416. As shown,
there are no walls or other structure extending between the first and second
parallel walls 418, 420, such that the central flow portion does not shift between
the first and second parallel walls 418, 420. To this end, the flow shifter baffle
410 does not include any structure extending between the first and second
parallel walls 418, 420. Therefore, the central flow portion passes freely
through the first part of the flow shifter baffle 410 before being recombined with
the shifting first and second peripheral flow portions moving along the first and
second sides 424, 426 of the dividing panel 422, similar to the shifting
described above.

[0072] FIGS. 18 and 19A through 19F schematically show a series of
flow cross sections taken for a sample fluid flow having two components as
evidenced by testing of the flow shifter baffle 410 of this embodiment and its
associated static mixer 10. The specific locations of the flow cross sections
relative to the flow shifter baffle 410 and the mixing baffles located immediately
upstream and downstream from the flow shifter baffle 410 are indicated for
clarity in FIG. 18. To this end, the flow is first shown in FIG. 19A while being
shifted into two quadrants of the static mixer 10 by the double wedge mixing
baffle located immediately upstream (in the fluid flow direction) from the flow
shifter baffle 410. The fluid flow is defined by a number of layers of the two
types of fluid, shown schematically by the different shading (A) or non-shading
(B). FIG. 19B shows the fluid flow immediately before entry at the leading edge
412 of the flow shifter baffle 410, and it will be understood that the flow from
each of the quadrants has spread or shifted to fill the space across the width of
the static mixer 10.

[0073] After division by the double divider wall element 416, the fluid flow
is shown in FIG. 19C passing through an initial portion of the flow shifter baffle

410. In this regard, the first peripheral flow portion (which includes parts of both
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flow portions shown in FIG. 19B) has been shifted upwardly by the occluding
wall 430 and the second peripheral flow portion has been shifted downwardly
by the occluding wall 432. The central flow portion is not shifted during flow
between the first and second parallel walls 418, 420. This is also evident in the
same view of the central flow section shown near the exit of the double divider
wall element 416 in FIG. 19D. The first peripheral flow portion has been shifted
downwardly by the occluding wall 428 while the second peripheral flow portion
has been shifted upwardly by the occluding wall 434.

[0074] The first and second peripheral flow portions then flow along the
first and second sides 424, 426 of the dividing panel 422, which forces one part
of the central flow portion to be pushed leftwardly to an outer periphery of the
static mixer 10 and another part of the central flow portion to be pushed
rightwardly to an outer periphery of the static mixer 10. These central flow
portions continue to be shown as separate in FIG. 19E to clarify this shifting
movement. Thus, any flow streaks in the central flow portion are forced
towards the outer periphery for further mixing downstream. FIG. 19E shows the
flow at the junction of the trailing edge 414 of the flow shifter baffle 410 and the
next mixing baffle element, which explains why the flow appears to be divided
into quadrants. The first shift of this resulting flow by the downstream mixing
baffle into two quadrants is shown in FIG. 19F, which is an analogous state as
the original one shown in FIG. 19A before entering the flow shifter baffle 410.
As can be readily understood from a comparison of FIGS. 19A and 19F, the
doubling of the flow layers and general maintaining of the orientation of the flow
layers is shown. Therefore, the flow shifter baffle 410 efficiently contributes to
mixing of the two components while also moving any potential troubling flow
streaks to an area where further mixing can occur by the downstream mixing
baffles or elements.

[0075] As with the previous embodiment, the flow shifter baffle 410
divides a central flow portion from peripheral flow portions, and then moves or
shifts these flow portions such that the orientation of any flow layers is not
disturbed or jumbled by the shifting, but any potential flow streaks in the central
flow portion are moved to an outer periphery of the static mixer 10 for further
mixing at subsequent elements. Because the flow shifter baffle 410 minimizes
the shifting movement applied to each flow portion, the added backpressure

caused by flowing through the flow shifter baffle 410 is reduced compared to
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conventional flow inverter designs. Thus, the flow shifter baffle 410 more
efficiently handles the flow streaking phenomenon while avoiding a need to
dramatically increase the length and/or the backpressure generated within the
static mixer 10. Furthermore, it will be appreciated that this embodiment of the
flow shifter baffle 410 can be used with any type of other mixing baffle elements
to achieve these functional benefits in the use of a static mixer 10, and this is
not limited to the double wedge mixing baffles described in further detail above.
[0076] FIG. 20 illustrates a series of mixing baffles or elements including
double wedge baffles 24 and a flow shifter baffle 210 similar to the first
embodiment described above. This Figure shows that several openings may
be provided along the various dividing panels or surfaces of multiple baffles to
provide the pressure equalization described in connection with the flow shifter
baffles above.

[0077] FIGS. 21A and 21B respectively show a front perspective view
and a top view of a prior art flow inverter baffle as shown and described in U.S.
Patent No. 7,985,020 to Pappalardo, as previously referenced in the
background section. FIGS. 21A and 21B each include reference cross-sections
V, W, X, Y and Z from which the flow cross-sections of FIG. 21C are taken. As
such, FIG. 21C is a schematic view of the fluid flow cross-sections of the prior
art flow shifter baffle of FIGS. 21A and 21B.

[0078] FIGS. 22A and 22B respectively show the side by side mixing
results using a conventional static mixer (including one or more flow inverter
baffles such as shown in FIGS. 21A and 21B) and the static mixer according to
an aspect of the present invention. Specifically, FIG. 22B illustrates the mixing
result achieved by the series of mixing baffles or elements in accordance with
the embodiments of the static mixer 10. As can be seen, the flow layers of
components A and B are thoroughly mixed and the flow layers are substantially
maintained to ensure the high efficiency of this mixing action (e.g., no significant
flow streaks are produced by jumbling together of the flow layers). As
compared to FIG. 22A, FIG. 22B clearly shows less jumbling of the layers, as
the layers of components A and B in FIG. 22B are generally parallel to one
another resulting in greater mixing with less flow streaks of completely unmixed
fluid in the extruded mixture. Further, as compared to FIG. 22A, FIG. 22B
shows a far greater number of layers of components A and B caused by

division and recombination. Greater division and recombination causes the

-19-



WO 2017/027279 PCT/US2016/045281

layers of the fluids being mixed to thin and eventually diffuse past one another,
eventually resulting in a generally homogenous mixture of the fluids (with a
shorter necessary length of the mixer overall). Thus, the static mixer 10
achieves various functional benefits over conventional mixer designs as set
forth in detail above.

[0079] While the present invention has been illustrated by a description
of exemplary embodiments and while these embodiments have been described
in some detail, it is not the intention of the Applicant to restrict orin any way
limit the scope of the appended claims to such detail. Additional advantages
and modifications will readily appear to those skilled in the art. The various
features of the disclosure may be used alone or in any combination depending
on the needs and preferences of the user. This has been a description of the
present invention, along with the preferred methods of practicing the present
invention as currently known. However, the invention itself should only be

defined by the appended claims.
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What is claimed is:

1. A flow shifter baffle for mixing a fluid flow having at least two
components, the flow shifter baffle comprising:

a leading edge and a trailing edge, the flow shifter baffle defining
a transverse flow cross-section perpendicular to the fluid flow along an entire
length between the leading and trailing edges, with the transverse flow cross-
section having an outer periphery;

a double divider wall element adjacent to the leading edge, the
double divider wall element including first and second generally parallel walls
and extending across the entire transverse flow cross-section and configured to
divide the fluid flow into a central flow portion and first and second peripheral
flow portions; and

a plurality of occluding walls coupled to the double divider wall
element and positioned to force movement of the first and second peripheral

flow portions.

2. The flow shifter baffle of claim 1, wherein the plurality of occluding
walls shift an entirety of the first and second peripheral flow portions to a

different portion of the flow cross-section.

3. The flow shifter baffle of claim 1, further comprising:

a dividing panel adjacent to the trailing edge and coupled to the
double divider wall element, the dividing panel including first and second sides
facing opposite directions and being oriented transverse from the first and
second generally parallel walls,

wherein the plurality of occluding walls force the first peripheral
flow portion to flow along the first side of the dividing panel and the second
peripheral flow portion to flow along the second side of the dividing panel,
thereby shifting the central flow portion towards an outer periphery of the flow
shifter baffle as the first and second peripheral flow portions flow along the first

and second sides of the dividing pane respectively.
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4, The flow shifter baffle of claim 3, wherein the plurality of occluding
walls further comprise first, second, third, and fourth occluding walls,

wherein the first occluding wall located in a lower left quadrant
forces the first peripheral flow portion to shift upwardly, and the second
occluding wall located in an upper left quadrant forces the first peripheral flow
portion to shift downwardly along the first side of the dividing panel, and

wherein the third occluding wall located on an upper right
quadrant forces the first peripheral flow portion to shift downwardly, and the
fourth occluding wall located in a lower right quadrant forces the second
peripheral flow portion to shift upwardly along the second side of the dividing

panel.

5. The flow shifter baffle of claim 1, wherein the double divider wall
element further comprises a first central occluding wall surface located along an

upper portion of space defined between the first and second parallel walls.

6. The flow shifter baffle of claim 5, wherein the first central
occluding wall surface is angled with respect to the transverse flow cross-

section.

7. The flow shifter baffle of claim 5, wherein the double divider wall
element further comprises a second central occluding wall surface integrally

formed to one of the plurality of occluding walls.

8. The flow shifter baffle of claim 7, wherein the first and second
central occluding wall surfaces do not overlap, revealing an opening along the
transverse flow cross-section for the central flow portion to move through

unimpeded.

9. The flow shifter baffle of claim 1, wherein the first and second
generally parallel walls include a tapered or sharpened end at the leading edge
to help reduce backpressure and guide the fluid flow into spaces around the

double divider wall element.
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10. The flow shifter baffle of claim 1, further comprising:

a central X-shaped structure extending between the first and
second parallel walls and including first and second angled walls, the first
angled wall extending from the first parallel wall at the leading edge to a back
end of the second parallel wall and the second angled wall extending from the

second parallel wall at the leading edge to a back end of the first parallel wall.

11. The flow shifter baffle of claim 10, wherein the first angled wall is
located at a top portion of the transverse flow cross-section of the flow shifter
baffle, while the second angled wall is located at a bottom portion of the

transverse flow cross-section of the flow shifter baffle.

12. The flow shifter baffle of claim 1, wherein there are no walls or
other structure extending between the first and second parallel walls, such that
the central flow portion does not shift between the first and second parallel

walls.

13. A static mixer for mixing a fluid flow having at least two
components, the static mixer comprising:

a mixer conduit configured to receive the fluid flow; and

a mixing component defined by a plurality of mixing elements
positioned in the mixer conduit, the plurality of mixing elements including at

least one flow shifter baffle according to claim 1.
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14, A method of mixing at least two components of a fluid flow with a
static mixer including a mixer conduit and a plurality of mixing baffles including
at least one flow shifter baffle, the method comprising:
introducing the fluid flow having at least two components into an
inlet end of the mixer conduit; and
forcing the fluid flow through the plurality of mixing baffles to
produce a mixed fluid flow, which includes forcing the fluid flow through the at
least one flow shifter baffle, which further comprises:
dividing the fluid flow with a double divider wall element into
a central flow portion and first and second peripheral flow portions;
shifting the first and second peripheral flow portions around
a transverse flow cross-section through the flow shifter baffle with a plurality of
occluding walls;
shifting the central flow portion with the flow of the first and
second peripheral flow portions towards an outer periphery of the transverse
flow cross-section of the at least one flow shifter baffle; and
doubling a number of flow layers of the at least two
components as a result of flow through the at least one flow shifter baffle, while
maintaining a general orientation of the flow layers as the fluid flow moves

through the at least one flow shifter baffle.

15. The method of claim 14, wherein the shifting the first and second
peripheral flow portions further comprises shifting the first and second
peripheral flow portions around a plurality of occluding walls such that the first
peripheral flow portion flows along a first side of a dividing panel and the
second peripheral flow portion flows along a second side of a dividing panel,
and

wherein shifting the central flow portion further comprises
delivering the central flow portion to the first and second sides of the dividing
panel and shifting the central flow portion with the flow of the first and second
peripheral flow portions towards an outer periphery of the at least one flow
shifter baffle as the first and second peripheral flow portions flow along the first

and second sides of the dividing panel.
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16. The method of claim 15, wherein the plurality of occluding walls
further comprise first, second, third, and fourth occluding walls, and shifting the
first and second peripheral flow portions further comprises:

shifting the first peripheral flow portion upwardly using the first
occluding wall located in a lower left quadrant, and then shifting the first
peripheral flow portion downwardly using the second occluding wall located in
an upper left quadrant along the first side of the dividing panel; and

shifting the second peripheral flow portion downwardly using the
third occluding wall located on an upper right quadrant, and then shifting the
second peripheral flow portion upwardly using the fourth occluding wall located

in a lower right quadrant along the second side of the dividing panel.
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