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STATIC MIXER WITH A TRIANGULAR MIXING CONDUIT

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. Provisional Patent App. No.
62/531,558, filed July 12, 2017, the disclosure of which is hereby incorporated by reference

herein.

TECHNICAL FIELD

[0002] This disclosure generally relates to static mixers used for the mixing of two or

more fluids, as well as related static mixer components.

BACKGROUND

[0003] Known static mixers include a mixer conduit that defines a passage and a mixing
element comprised of a series of mixing baffles disposed within the passage. When two or more
fluids are pumped into the static mixer, the flow of fluid along and around the non-moving
mixing baffles continuously blends the fluids. The flow of fluids eventually forms a relatively
homogenous mixture upon exiting the static mixer. This method of mixing is very effective for

viscous materials in particular, such as epoxies, acrylics, and polyurethanes.

[0004] Several designs of static mixers currently exist. One type of static mixer
currently used is a helical mixer. Helical mixers typically include a housing with a substantially
circular cross section, and include mixing baffles of various designs that rotate the fluids to be
mixed as the fluids flow through the helical mixer conduit. Helical mixers rely on the splitting
and rotation of the fluids as they flow through the mixer conduit in order to double, and thus mix,
the layers of fluids. Another type of static mixer currently used is a square multiflux mixer.
Multiflux mixers generally mix material in a shorter length with less waste and less backpressure
than an equivalent spiral mixer and are considered an advancement. As with helical mixers, the
tube shape of multiflux mixers is critical to their mixing action. Multiflux mixers typically
include a housing with a substantially square cross section, which, unlike helical mixers, causes
no fluid rotation. In contrast, multiflux mixers rely on an even compressing and expanding of
fluid layers using baffles disposed within the mixer conduit in order to double and mix the layers
of fluid. As with spiral mixers, the fluid flows through multiflux mixers are divided into two flow
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paths. The flow paths are then compressed to opposite corners of the square tube. They then

expand parallel to each other, which causes a doubling of the layers when the materials rejoin.

[0005] The mixing effectiveness of both helical mixers and square multiflux mixers is
highly dependent on the geometry of their respective mixing conduits. For example, helical
mixers’ round housing geometry creates certain advantages due to its lack of corners, lack of
straight walls, and curved wall shape, which encourages fluid rotation. A helical mixerin a
straight wall housing, such as a square housing, does not work effectively because the flat sides of

the housing impede rotation of the layers of fluid.

[0006] Multiflux mixers’ rectangular housings have advantages due to their sets of two
substantially parallel and straight walls, one in line with layer expansion and another aligned
with the layer compression. The parallel straight walls encourage straight layers and impede
undesirable layer rotation, while creating equidistant flow paths for fluid to reach across the
length of the cross section of the mixer. A multiflux mixer geometry placed in a round tube does

not allow for equal stretching and compression of layers, resulting in major streaking issues.

[0007] While the current mixing technology described above is effective at mixing high
viscosity materials such as epoxies, acrylics, and polyurethanes, it is open to improvements to
increase flow, reduce waste, and reduce size. Therefore, there is a need for a static mixer having
a geometry that utilizes advantages provided by both helical mixers and square multiflux mixers.
Harnessing the advantages of a new conduit geometry is the key in creating an advanced static

mixer.

SUMMARY

[0008] An embodiment of the present application includes a static mixer for mixing a
fluid flow having at least two components. The static mixer includes a mixing conduit defining
an inner surface that comprises a first inner surface, a second inner surface that extends from the
first inner surface, and a third inner surface that extends from the first inner surface to the second
inner surface. The first, second, and third inner surfaces define a mixing passage configured to
receive the fluid flow. The first and second inner surfaces are offset by a first acute angle, the
first and third surfaces are offset by a second acute angle, and the second and third surfaces are

offset by a third acute angle. The static mixer also includes a mixing element positioned in the
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mixing passage, where the mixing element is configured to contact the first, second, and third

inner surfaces.

[0009] Another embodiment of the present application includes a method of mixing first
and second components with a static mixer. The static mixer includes a mixing conduit and a
mixing element that includes a first mixing baffle and a second mixing baffle downstream from
the first mixing baffle. The method includes flowing the fluid flow through a first end of a
mixing passage of the mixing conduit, where the mixing passage has a substantially triangular
cross section, and flowing the fluid flow over a leading edge of the first mixing baffle to divide
the fluid flow into at least two first portions. The method also includes flowing the at least two
first portions of the fluid flow along the first mixing baffle to rotate the at least two first portions
of the fluid flow in a first rotational direction within the mixing passage relative to a central axis
defined by the mixing conduit, as well as recombining the at least two first portions at the trailing
edge of the first mixing baffle, such that the at least two first portions form a first mixture.
Further, the method includes flowing the first mixture over a leading edge of the second mixing
baffle to divide the first mixture into at least two second portions, and flowing the at least two
second portions of the first mixture along the second mixing baffle to rotate the at least two
second portions of the first mixture in a second rotational direction that is opposite the first
rotational direction within the mixing passage relative to the central axis. Additionally, the
method includes recombining the at least two second portions of the first mixture at the trailing
edge of the second mixing baffle, such that the at least two second portions of the first mixture

form a second mixture.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The foregoing summary, as well as the following detailed description, will be
better understood when read in conjunction with the appended drawings. The drawings show
illustrative embodiments of the invention. It should be understood, however, that the application

is not limited to the precise arrangements and instrumentalities shown.

[0011] Figure 1 is a perspective view of a static mixer according to an embodiment of

the application;
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[0012] Figure 2 is a side view of the static mixer shown in Figure 1;
[0013] Figure 3 is a rear perspective view of the static mixer shown in Figure 1;

[0014] Figure 4 is a cross-sectional view of the mixing conduit shown in Figure 1 along

a plane extending in the lateral and vertical directions;

[0015] Figure 5 is a perspective view of a mixing element according to an embodiment

of the application;
[0016] Figure 6A is a side view of the mixing element shown in Figure 5;
[0017] Figure 6B is a front view of the mixing element shown in Figure 5;

[0018] Figure 7A is a right rear perspective view of a first mixing baffle shown in Figure

6A;

[0019] Figure 7B is a right front perspective view of the first mixing baffle shown in
Figure 6A,;

[0020] Figure 7C is a left front perspective view of the first mixing baffle shown in
Figure 6A,;

[0021] Figure 7D is a left rear perspective view of the first mixing baffle shown in

Figure 6A,;

[0022] Figure 8A is a right rear perspective view of a second mixing baffle shown in

Figure 6A,;

[0023] Figure 8B is a right front perspective view of the second mixing baffle shown in

Figure 6A,;

[0024] Figure 8C is a left front perspective view of the second mixing baffle shown in

Figure 6A,;

[0025] Figure 8D is a left rear perspective view of the second mixing baffle shown in

Figure 6A,;
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[0026] Figure 9 is a perspective view of a mixing element according to another

embodiment of the application,
[0027] Figure 10A is a side view of the mixing element shown in Figure 11;
[0028] Figure 10B is a front view of the mixing element shown in Figure 11;

[0029] Figure 11A is a right rear view of the first and second mixing baffles shown in

Figure 10A;

[0030] Figure 11B is a right front view of the first and second mixing baffles shown in
Figure 10A;

[0031] Figure 11C is a left front view of the first and second mixing baffles shown in

Figure 10A; and

[0032] Figure 11D is a left rear view of the first and second mixing baffles shown in

Figure 10A.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0033] A static mixer 10 is disclosed that includes a mixing conduit 20 that defines a
mixing passage 48. The mixing passage 48 is configured to receive a mixing element, such as
the mixing element 100 or mixing element 300, where the mixing elements 100 and 300 are

configured to mix two or more fluids flowing within the mixing passage 48.

[0034] Until now, a static mixer has yet to be developed that takes advantage of a
triangular tube geometry. A triangle geometry is unique when compared to the geometry of a
round or square tube. A triangular tube has three sides and three corners, which lend themselves
to mixing geometries that cannot work in a round or square housing. As the advent of multiflux
square mixers showed many benefits of a mixer designed for a square housing over helical
mixers, it has been found through research and testing that mixing elements designed for use in a

triangular tubes have higher flow rates with less material volume than square or round mixers.

[0035] Certain terminology is used to describe the static mixer 10 in the following

description for convenience only and is not limiting. The words "right," "left," "lower," and
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"upper" designate directions in the drawings to which reference is made. The words "inner" and
"outer" refer to directions toward and away from, respectively, the geometric center of the
description to describe the static mixer 10 and related parts thereof. The words “forward” and
“rearward” refer to directions in a longitudinal direction 2 and a direction opposite the
longitudinal direction 2 along the static mixer 10 and related parts thereof. The terminology

includes the above-listed words, derivatives thereof, and words of similar import.

[0036] Unless otherwise specified herein, the terms “longitudinal,” “lateral,” and
“vertical” are used to describe the orthogonal directional components of various components of
the static mixer 10, as designated by the longitudinal direction 2, lateral direction 4, and vertical
direction 6. It should be appreciated that while the longitudinal and lateral directions 2 and 4 are
illustrated as extending along a horizontal plane, and the vertical direction 6 is illustrated as
extending along a vertical plane, the planes that encompass the various directions may differ

during use.

[0037] Embodiments of the present application include a static mixer 10 for mixing two
or more fluid flows into a homogenous fluid mixture. Referring to Figures 1-4, the static mixer
10 includes a mixing conduit 20 that is configured to receive a mixing element, such as mixing
elements 100 or 300, which will be described further below. The mixing conduit 20 defines a
socket 24, a nozzle 40, and a body section 32 that extends from the socket 24 to the nozzle 40
along a central axis A that is substantially parallel to the longitudinal direction 2. In one
embodiment, the nozzle 40 extends out from a forward surface 33 defined by the body section
32. Alternatively, the forward surface 33 may not be present, and the body section may
gradually taper into the nozzle 40. The socket 24 defines an outer surface 28, and may be
substantially circular. The body section 32 also defines an outer surface 36 that extends from the
socket 24 to the nozzle 40. The outer surface 36 includes a first outer surface 36a, a second outer
surface 36b that extends from the first outer surface 36a, and a third outer surface 36¢ that
extends from the first outer surface 36a to the second outer surface 36b. The intersections
between the first outer surface 36a, the second outer surface 36b, and the third outer surface 36¢
may be curved or beveled, as shown in Figure 4, or may define sharp angles. Further, the first,
second, and third outer surfaces 36a, 36b, and 36¢ may be offset from each other with respect to

the longitudinal direction 2 by an acute angle, such that the outer surface 36 defines a

-6-



WO 2019/014181 PCT/US2018/041393

substantially triangular cross section. The nozzle 40 extends from the end of the body section

32, and defines an outlet 44, through which homogenous mixed fluid exits the static mixer 10.

[0038] Continuing with Figures 1-4, the body section 32 defines an inner surface 38,
which defines a mixing passage 48 that extends from a socket opening 26 defined by the socket
24 to the outlet 44 defined by the nozzle 40. The socket 24 can also define a threading 27, which
is capable of allowing the mixing conduit 20 to be releasably and securely coupled to a fluid
storage container or pumping mechanism (not shown). However, the socket 24 may define a
smooth inner surface 25 that is unthreaded in alternative embodiments. In operation, a mixing
element, such as mixing elements 100 or 300, are configured to be received by the mixing
passage 48, along with a flow of two or more fluids to be mixed. The inner surface 38 includes a
first inner surface 38a, a second inner surface 38b that extends from the first inner surface 38a,
and a third inner surface 38c extending from the first inner surface 38a to the second inner
surface 38b. The first inner surface 38a extends substantially along a first plane P1, the second
inner surface 38b extends substantially along a second plane P2, and the third inner surface 38¢
extends substantially along a third plane P3. As such, each of the inner surfaces 38a-38c is
depicted as having a substantially straight, planar configuration. The first, second, and third
inner surfaces 38a, 38b, and 38c are configured such that the mixing passage 48 defines a
substantially triangular shape. Accordingly, the first and second surfaces 38a and 38b (and thus
the first and second planes P1 and P2) are offset by a first angle 61, the first and third inner
surfaces 38a and 38c (and thus the first and third planes P1 and P3) are offset by a second angle
02, and the second and third surfaces 38b and 38c (and thus the second and third planes P2 and
P3) are offset by a third angle 03, where each of the first, second, and third angles 61, 62, and 03,
are acute angles. In one embodiment, each of the first, second, and third angles 61, 62, and 63 are
equal (60 degrees), such that the cross section of the mixing passage 48 defines an equilateral
triangle along a plane defined by the lateral and vertical directions 4 and 6. However, the first,
second, and third angles 61, 02, and 63 can be altered as desired, so that the cross section of the
mixing passage 48 defines an acute, isosceles, or obtuse triangle. Like the outer surface 28, the
intersections of the first inner surface 38a, the second inner surface 38b, and the third inner
surface 38c may be tapered or curved. Alternatively, the intersections of the first inner surface

38a, the second inner surface 38b, and the third inner surface 38¢c may define sharp angles.
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[0039] The triangular cross section of the mixing passage 48 provides several
advantages. Because the inner surface 38 of the mixing conduit 20 does not include
perpendicular sides or corners, and further does not include any parallel sides, a mixing element
(like the mixing elements 100 or 300, discussed below) can be used to cause the effective mixing
of fluids through rotation as they pass through the mixing passage 48. This cannot be effectively
achieved using a square multiflux mixer. Further, because the inner surface 38 includes straight
walls, like a square multiflux mixer and unlike a helical mixer, the mixing passage 48
encourages straight layers in the fluid passing through the mixing conduit 20. These features in
combination aid in creating new mixing geometries that were never possible with helical or
square multiflux mixtures. These new mixing geometries help enable the creation of static
mixers with higher flow rates than previously existing mixers that can be created using less

material volume.

[0040] Now referring to Figures 5-8D, a mixing element 100 according to an
embodiment of the present application will be described. The mixing element 100 is comprised
of a plurality of mixing baffles 101. In particular, the mixing element 100 includes alternating
arrangements of first mixing baftles 101a and second mixing baffles 101b, which may be mirror
images of the first mixing baffles 101a. However, the mixing element 100 can be alternatively
configured, such that a certain number of the first mixing baffles 101a and the second mixing
baffles 101b repeat after each other. The mixing element 100 can be formed as a single unitary
structure that defines each of the first and second mixing baffles 101a and 101b, such as through

molding.

[0041] The mixing element 100 is configured such that two or more fluids are mixed as
they flow through the mixing passage 48 of the mixing conduit 20, and along the mixing element
100. As shown in Figure 5 and 6A, the fluid flow extends along a direction F that is
substantially parallel to the longitudinal direction 2 as the fluid flows from the first mixing baftle
101 in the mixing element 100, which may be a first or second mixing baffle 101a or 101b, to the
last mixing baffle 101 in the mixing element 100, which may also be a first or second mixing
baffle 101a or 101b. Each of the mixing baffles 101 divides the fluid flow through the mixing
passage 48 at a leading edge of the mixing baffles 101, and then rotates, shifts, and/or expands
the fluid flow before recombining the fluid flow at a trailing edge of the mixing baffles 101. In
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particular, the mixing baffles 101 generally divide the fluid flow into three portions through each
of the mixing baffles 101 before recombining the fluid flow. As the fluid flow is being
recombined at a trailing edge of a mixing baffle 101, the fluid flow may already have begun
being separated by the leading edge of a subsequent mixing baffle 101, as the trailing edge of
one mixing baffle may overlap along the longitudinal direction with the leading edge of a

subsequent mixing baffle.

[0042] Like the mixing passage 48 of the mixing conduit 20, the mixing element 100
can define a triangular cross section when viewed from a plane that extends in the lateral and
vertical directions 4 and 6, as shown in Figure 6B. The profile of the mixing element 100 when
viewed from this plane can be defined by a first plane P4, a second plane Ps, and a third plane Pe.
The first plane P4 of the mixing element 100 can be offset from the second plane Ps by a first
angle 04, the first plane P4+ may be offset from the third plane Ps by a second angle 6s, and the
second plane Ps may be offset from the third plane Ps by a third angle 66. Each of the first,
second, and third angles 04, 05, and 06 can be equal (as shown in Figure 6B), in which case each
of the first, second, and third angles 04, 05, and 06 are 60 degrees. Alternatively, the first, second,
and third angles 04, 65, and 06 can be altered as desired, so that the cross section of the mixing
element 100 can define an acute, isosceles, or obtuse triangle. Regardless of the type of triangle
formed by the cross section of the mixing element 100, the mixing element 100 will generally
conform in cross-sectional shape to the cross-sectional shape of the mixing passage 48, such that
the mixing element 100 can be received in the mixing passage 48 of the mixing conduit 20. As a
result, when the mixing element 100 is disposed within the mixing passage 48, the first plane P:
of the mixing conduit 20 can be parallel to the first plane P4 of the mixing element 100, the
second plane P2 of the mixing conduit 20 can be parallel to the second plane Ps of the mixing
element 100, and the third plane P3 of the mixing conduit 20 can be parallel to the third plane Ps
of the mixing element 100. However, the mixing element 100 may be rotated relative to the
mixing conduit 20 such that the mixing element 100 may be inserted into the mixing passage 48
in other orientations, in which case different ones of the first through third planes P1-P3 of the
mixing conduit 20 will be parallel to different ones of the first through third planes P4-Ps of the

mixing element 100.
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[0043] Continuing with Figures 7A-7D, the first mixing baffle 101a will be described.
The features of the first mixing baffle 101a as described below can be equally representative of
each of the first mixing baffles 101a present throughout the length of the mixing element 100.
The first mixing baffle 101a defines a first mixing panel 104, a second mixing panel 108, and a
third mixing panel 112, each of which extends from a leading edge 115 of the first mixing baffle
101a to a trailing edge 118 of the first mixing baffle 101a. Each of the first, second, and third
mixing panels 104, 108, and 112 can be curved along the longitudinal direction 2 and may
substantially form rectangular prisms if flattened into a uniform plane. However, this is not
intended to be limiting, and the first, second, and third mixing panels 104, 108, and 112 can form
alternative shapes as desired. Each of the first, second, and third mixing panels 104, 108, and
112 can define a portion of the leading edge 115. For example, the first mixing panel 104 can
define a first portion 115a of the leading edge 115, the second mixing panel 108 can define a
second portion 115b of the leading edge 115, and the third mixing panel 112 can define a third
portion 115c¢ of the leading edge 115. Additionally, each of the first, second, and third mixing
panels 104, 108, and 112 can define a portion of the trailing edge 118. For example, the first
mixing panel 104 can define a first portion 118a of the trailing edge 118, the second mixing
panel 108 can define a second portion 118b of the trailing edge 118, and the third mixing panel
112 can define a third portion 118c of the trailing edge 118. Though the leading and trailing
edges 115 and 118 are depicted as substantially planar surfaces, the leading and trailing edges
115 and 118 can also be alternatively configured as desired. For example, the leading and

trailing edges 115 and 118 can be beveled, curved, define sharp edges, etc.

[0044] Each of the mixing panels 104, 108, and 112 are integrally connected to each
other. The first mixing panel 104 and the second mixing panel 108 connect at a first junction
121a, the first mixing panel 104 and the third mixing panel 112 can connect at a second junction
121b, and the second mixing panel 108 and the third mixing panel 112 connect at a third junction
121c. While each of the first, second, and third junctions 121a, 121b, and 121c are depicted as
sharp angles between the mixing panels 104, 108, and 112, the junctions 121a-c may be
substantially curved, such that the transition from one of the mixing panels 104, 108, or 112 to

another of the mixing panels 104, 108, o 112 is gradual.
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[0045] The first mixing panel 104 defines a first surface 104a and a second surface 104b
opposite the first surface 104a. The first and second surfaces 104a and 104b are dimensionally
the largest of the first mixing panel 104, and define the regions of the first mixing panel 104 that
contact the flow of fluid to rotate it as it flows through the mixing passage 48. The first mixing
panel 104 also defines multiple side surfaces that extend between the first and second surfaces
104a and 104b. The first portion 115a of the leading edge 115 extends from the first surface
104a to the second surface 104b at a forward-most part of the first mixing panel 104, and the first
portion 118a of the trailing edge 118 extends from the first surface 104a to the second surface
104b at a rearward-most part of the first mixing panel 104. Between the leading and trailing
edges 115 and 118, the first mixing panel 104 defines a first side 124 and a second side 128. The
first side 124 of the first mixing panel 104 extends from the first portion 115a of the leading edge
115 to the second side 128, and the second side 128 extends from the first side 124 to the first
portion 118a of the trailing edge 118. Both the first and second sides 124 and 128 also extend
from the first surface 104a to the second surface 104b. Though the first and second sides 124
and 128 are shown as substantially planar surfaces, the first and second sides 124 and 128 can be
alternatively configured as desired. For example, the first and second sides 124 and 128 can be

beveled, curved, define sharp edges, etc.

[0046] The sides of the first mixing panel 104 are configured to meet at respective
corners. The first portion 115a of the leading edge 115 is configured to meet the first side 124 of
the first mixing panel 104 at a first corner 132, the second side 128 of the first mixing panel 104
is configured to meet the first portion 118a of the trailing edge 118 at a second corner 134, and
the first and second sides 124 and 128 of the first mixing panel 104 are configured to meet at a
third corner 138. Due to the curvature of the first mixing panel 104, which will be discussed
further below, the first corner 132 is positioned forward along the longitudinal direction 2 and to
the left along the lateral direction 4 with respect to the second and third corners 134 and 138, and
the second corner 134 is positioned rearward along the longitudinal direction 2 and to the right
along the lateral direction 4 with respect to the first and third corners 132 and 138. Additionally,
the first corner 132 is positioned below the second and third corners 134 and 138 along the
vertical direction 6, while the third corner 138 is positioned above the first and second corners

132 and 134 along the vertical direction 6.
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[0047] The second mixing panel 108 can be similarly configured as the first mixing
panel 104. The second mixing panel 108 also defines a first surface 108a and a second surface
108b opposite the first surface 108a. The first and second surfaces 108a and 108b of the second
mixing panel 108 are dimensionally the largest, and define regions of the second mixing panel
108 that contact the flow of fluid to rotate the fluid as it flows through the mixing passage 48.
The second mixing panel 108 further defines multiple side surfaces that extend between the first
and second surfaces 108a and 108b. Like the first mixing panel 104, the second portion 115b of
the leading edge 115 extends from the first surface 108a of the second mixing panel 108 to the
second surface 108b at a forward-most part of the second mixing panel 108, and the second
portion 118b of the trailing edge 118 extends from the first surface 108a to the second surface
108b at a rearward-most part of the second mixing panel 108. Between the leading and trailing
edges 115 and 118, the second mixing panel 108 defines a first side 140 and a second side 142.
The first side 140 of the second mixing panel 108 extends from the second portion 115b of the
leading edge 115 to the second side 142, and the second side 142 extends from the first side 140
to the second portion 118b of the trailing edge 118. Both the first and second sides 140 and 142
also extend from the first surface 108a to the second surface 108b. Though the first and second
sides 140 and 142 are shown as substantially planar surfaces, the first and second sides 140 and
142 can be alternatively configured as desired. For example, the first and second sides 140 and

142 can be beveled, curved, define sharp edges, etc.

[0048] The sides of the second mixing panel 108 are configured to meet at respective
corners. The second portion 115b of the leading edge 115 is configured to meet the first side 140
of the second mixing panel 108 at a first corner 146, the second side 142 of the second mixing
panel 108 is configured to meet the second portion 118b of the trailing edge 118 at a second
corner 148, and the first and second sides 140 and 142 of the second mixing panel 108 are
configured to meet at a third corner 150. Due to the curvature of the second mixing panel 108,
which will be discussed further below, the first corner 146 is positioned forward along the
longitudinal direction 2 with respect to the second and third corners 148 and 150, the second
corner 148 is positioned rearward along the longitudinal direction 2 with respect to the first and
third corners 146 and 150, and the first and second corners 146 and 148 are not spaced apart
along the lateral direction 4. Additionally, the first corner 146 is positioned above the second

and third corners 148 and 150, while the second and third corners 148 and 150 are not spaced
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apart along the vertical direction 6. The third corner 150 is positioned to the right of the first and

second corners 146 and 148 along the lateral direction 4.

[0049] The third mixing panel 112 can be similarly configured as the first and second
mixing panels 104 and 108. The third mixing panel 112 also defines a first surface 112a and a
second surface 112b opposite the first surface 112a. The first and second surfaces 112a and
112b of the third mixing panel 112 are dimensionally the largest of the surfaces of the third
mixing panel 112, and define the regions of the third mixing panel 112 that contact the flow of
fluid to rotate the flow of fluid as it flows through the mixing passage 48. The third mixing
panel 112 further defines multiple side surfaces that extend between the first and second surface
112a and 112b. Like the first and second mixing panels 104 and 108, the third portion 115¢ of
the leading edge 115 extends from the first surface 112a to the second surface 112b of the third
mixing panel 112 at a forward-most part of the third mixing panel 112, and the third portion 118c
of the trailing edge 118 extends from the first surface 112a to the second surface 112b at a
rearward-most part of the second mixing panel 112. Between the leading and trailing edges 115
and 118, the third mixing panel 112 defines a first side 154 and a second side 158. The first side
154 of the third mixing panel 112 extends from the third portion 115c¢ of the leading edge 114 to
the second side 158, and the second side 158 extends from the first side 154 to the third portion
118c¢ of the trailing edge 118. Both the first and second sides 154 and 158 also extend from the
first surface 112a to the second surface 112b of the third mixing panel 112. Though the first and
second sides 154 and 158 are shown as substantially planar surfaces, the first and second sides
154 and 158 can be alternatively configured as desired. For example, the first and second sides

154 and 158 can be beveled, curved, define sharp edges, etc.

[0050] The sides of the third mixing panel 112, like the first and second mixing panels
104 and 108, are configured to meet at respective corners. The third portion 115¢ of the leading
edge 115 is configured to meet the first side 154 of the third mixing panel 112 at a first corner
162, the second side 158 of the third mixing panel 112 is configured to meet the third portion
118c¢ of the trailing edge 118 at a second corner 166, and the first and second sides 154 and 158
of the third mixing panel 112 are configured to meet at a third corner 170. Due to the curvature
of the third mixing panel 112, which will be discussed further below, the first corner 162 is

positioned forward along the longitudinal direction 2 and to the right along the lateral direction 4
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with respect to the second and third corners 166 and 170, and the second corner 166 is positioned
rearward along the longitudinal direction 2 with respect to the first and third corners 162 and
170. Additionally, the second corner 166 is positioned above the first and third corners 162 and
170 along the vertical direction 6, while the first and third corners 162 and 170 are not spaced
apart along the vertical direction 6, and the third corner 170 is positioned to the left of the first

and second corners 162 and 166 along the lateral direction 4.

[0051] The first mixing baffle 101a functions to divide, rotate, shift, expand, and
recombine the flow of fluid through the mixing passage 48, which functions to mix the flow of
fluid. The rotational aspect of this functionality derives from the shape of the first, second, and
third mixing panels 104, 108, and 112, which can be curved in some respect in each of the
longitudinal, lateral, and vertical directions 2, 4, and 6. In particular, when the first mixing baffle
101a is disposed within the mixing passage 48, the first mixing panel 104 is curved such that the
first side 124 of the first mixing panel 104 contacts the first inner surface 38a of the mixing
conduit 20 and the second side 128 contacts the second inner surface 38b of the mixing conduit
20. The second mixing panel 108 is curved such that first side 140 of the second mixing panel
108 contacts the second inner surface 38b of the mixing conduit 20 and the second side 142 of
the second mixing panel 108 contacts the third inner surface 38c of the mixing conduit 20. The
third mixing panel 112 is curved such that the first side 154 of the third mixing panel 112
contacts the third inner surface 38c of the mixing conduit 20 and the second side 158 contacts the
first inner surface 38a of the mixing conduit 20. Though certain sides of the first, second, and
third mixing panels 104, 108, and 112 are described as contacting certain surfaces of the mixing
conduit 20, the mixing element 100 may be rotated relative to the mixing conduit 20 when

inserted into the mixing passage 48, as desired.

[0052] The fluid flowing through the first mixing baffle 101a is directed by these
various surfaces as follows. The fluid flow enters the mixing passage 48 and generally travels
along the flow direction F, which is parallel to the longitudinal direction 2. Upon reaching the
first mixing baffle 101a, fluid flowing through the mixing passage 48 flows over the leading
edge 115 of the first mixing baffle 101a. This divides the fluid flow into a first portion, a second
portion, and a third portion. The first portion flows between the first mixing panel 104 and the

second mixing panel 108, and specifically flows along the first surface 104a of the first mixing
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panel 104 and along the first surface 108a of the second mixing panel 108. The second portion
flows between the first mixing panel 104 and the third mixing panel 112, and specifically flows
along the second surface 104b of the first mixing panel 104 and along the second surface 112b of
the third mixing panel 112. The third portion of the fluid flow flows between the second mixing
panel 108 and the third mixing panel 112, and specifically flows along the second surface 108b
of the second mixing panel 108 and along the first surface 112a of the third mixing panel 112.

As the first, second, and third portions of the fluid flow travel along the flow direction F, they are
rotated by the mixing panels in a first rotational direction. In operation, the first rotational
direction can be either the clockwise or counterclockwise direction. From the leading edge 115
to the trailing edge 118, the each portion of the fluid flow can be rotated. The degree of rotation
can be increased or decreased as desired. Shifting of the fluid flow occurs in the triangular
corners of the mixing conduit 20 along the lateral and/or vertical directions 4, 6 as the material
rotates. Additionally, the fluid expands along the inner surfaces 38a-38¢ of the mixing conduit
20 as the fluid flows along the flow direction F. This expansion can include stretching, though
other methods of expansion are contemplated. As the first, second, and third portions of the fluid
flow reach the trailing edge 118, they are recombined into a first mixture that is somewhat mixed
relative to the first, unmixed fluid flow comprising two or more fluids that enters the mixing
passage 48. However, upon reaching the trailing edge 118, this first mixture may have already

begun to be separated by the second mixing baffle 101b, which will be described below.

[0053] Now referring to Figures 8 A-8D, the second mixing baffle 101b will be
described. The features of the second mixing baffle 101b can be similar to those of the first
mixing baffle 101a, as the second mixing baffle 101b can be a mirror image of the first mixing
baffle 101a. However, the second mixing baftle 101b need not be a mirror image of the first
mixing baffle 101a, and can be alternatively configured as desired. The second mixing baffle
101b can also be equally representative of each of the second mixing baffles 101b throughout the
length of the mixing element 100. The second mixing baffle 101b defines a first mixing panel
204, a second mixing panel 208, and a third mixing panel 212, each of which extends from a
leading edge 215 of the second mixing baffle 101b to the trailing edge 218 of the second mixing
baffle 101b. Each of the first, second, and third mixing panels 204, 208, and 212 can be curved
along the longitudinal direction and may substantially form rectangular prisms if flattened into a

uniform plane. However, this is not intended to be limiting, and the first, second, and third
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mixing panels 204, 208, and 212 can form alternative shapes as desired. Each of the first,
second, and third mixing panels 204, 208, and 212 can define a portion of the leading edge 215.
For example, the first mixing panel 204 can define a first portion 215a of the leading edge 215,
the second mixing panel 208 can define a second portion 215b of the leading edge 215, and the
third mixing panel 212 can define a third portion 215¢ of the leading edge 215. Additionally,
each of the first, second, and third mixing panels 204, 208, and 212 can define a portion of the
trailing edge 218. For example, the first mixing panel 204 can define a first portion 218a of the
trailing edge 218, the second mixing panel 208 can define a second portion 218b of the trailing
edge 218, and the third mixing panel 212 can define a third portion 218c¢ of the trailing edge 218.
Though the leading and trailing edges 215 and 218 are depicted as substantially planar surfaces,
the leading and trailing edges 215 and 218 can also be alternatively configured as desired. For
example, the leading and trailing edges 215 and 218 can be beveled, curved, define sharp edges,

etc.

[0054] Each of the mixing panels 204, 208, and 212 are integrally connected to each
other. The first mixing panel 204 and the second mixing panel 208 connect at a first junction
221a, the first mixing panel 204 and the third mixing panel 212 connect at a second junction
221b, and the second mixing panel 208 and the third mixing panel 212 connect at a third junction
221c. While each of the first, second, and third junctions 221a, 221b, and 221c are depicted as
sharp angles between the mixing panels 204, 208, and 212, the junctions 221a-c may be
substantially curved, such that the transition from one of the mixing panels 204, 208, and 212 to

another of the mixing panels 204, 208, and 212 is gradual.

[0055] The first mixing panel 204 of the second mixing baffle 101b defines a first
surface 204a and a second surface 204b opposite the first surface 204a. The first and second
surfaces 204a and 204b are dimensionally the largest of the first mixing panel 204, and define
the regions of the first mixing panel 204 that contact the flow of fluid to rotate the flow of fluid
as it flows through the mixing passage 48. The first mixing panel 204 also defines multiple side
surfaces that extend between the first and second surfaces 204a and 204b. The first portion 215a
of the leading edge 215 extends from the first surface 204a to the second surface 204b at a
forward-most part of the first mixing panel 204, and the first portion 218a of the trailing edge

218 extends from the first surface 204a to the second surface 204b at a rearward-most part of the
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first mixing panel 204. Between the leading and trailing edges 215 and 218, the first mixing
panel 204 defines a first side 224 and a second side 228. The first side 224 of the first mixing
panel 204 extends from the first portion 215a of the leading edge 215 to the second side 228, and
the second side 228 extends from the first side 224 to the first portion 218a of the trailing edge
218. Both the first and second sides 224 and 228 also extend from the first surface 204a to the
second surface 204b. Though the first and second sides 224 and 228 are shown as substantially
planar surfaces, the first and second sides 224 and 228 can be alternatively configured as desired.
For example, the first and second sides 224 and 228 can be beveled, curved, define sharp edges,

etc.

[0056] The sides of the first mixing panel 204 are configured to meet at respective
corners. The first portion 215a of the leading edge 215 is configured to meet the first side 224 of
the first mixing panel 204 at a first corner 232, the second side 228 of the first mixing panel 204
is configured to meet the first portion 218a of the trailing edge 218 at a second corner 234, and
the first and second sides 224 and 228 of the first mixing panel 204 are configured to meet at a
third corner 238. Due to the curvature of the first mixing panel 204, which will be discussed
further below, the first corner 232 is positioned forward along the longitudinal direction 2 with
respect to the second and third corners 234 and 238, the second corner 238 is positioned
rearward along the longitudinal direction 2 with respect to the first and third corners 232 and
238, and the third corner 238 is positioned to the left of the first and second corners 232 and 234
along the lateral direction 4. Additionally, the first corner 232 is positioned above the second
and third corners 234 and 238 along the vertical direction 6, while the second and third corners
234 and 238 are not offset from each other along the vertical direction 6. Further, the first and

second corners 232 and 234 are not spaced apart along the lateral direction 4.

[0057] The second mixing panel 208 of the second mixing baffle 101b can be similarly
configured to the first mixing panel 204. The second mixing panel 208 also defines a first
surface 208a and a second surface 208b opposite the first surface 208a. The first and second
surfaces 208a and 208b of the second mixing panel are dimensionally the largest, and define
regions of the second mixing panel 208 that contact the flow of fluid to rotate the flow of fluid as
it flows through the mixing passage 48. The second mixing panel 208 further defines multiple
side surfaces that extend between the first and second surfaces 208a and 208b. Like the first
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mixing panel 204, the second portion 215b of the leading edge 215 extends from the first surface
208a of the second mixing panel 208 to the second surface 208b at a forward-most part of the
second mixing panel 208, and the second portion 215b of the trailing edge 218 extends from the
first surface 208a to the second surface 208b at a rearward-most part of the second mixing panel
208. Between the leading and trailing edges 215 and 218, the second mixing panel 208 defines a
first side 240 and a second side 242.

[0058] The second mixing panel 208 can be similarly configured as the first mixing
panel 204. The second mixing panel 208 also defines a first surface 208a and a second surface
208b opposite the first surface 208a. The first and second surfaces 208a and 208b of the second
mixing panel 208 are dimensionally the largest, and define regions of the second mixing panel
208 that contact the flow of fluid to direct it through the mixing passage 48. The second mixing
panel 208 further defines multiple side surfaces that extend between the first and second surfaces
208a and 208b. Like the first mixing panel 208, the second portion 215b of the leading edge 215
extends from the first surface 208a of the second mixing panel 208 to the second surface 208b at
a forward-most part of the second mixing panel 208, and the second portion 215b of the trailing
edge 218 extends from the first surface 208a to the second surface 208b at a rearward-most part
of the second mixing panel 208. Between the leading and trailing edges 215 and 218, the second
mixing panel 208 defines a first side 240 and a second side 242. The first side 240 of the second
mixing panel 208 extends from the second portion 215b of the leading edge 215 to the second
side 242, and the second side 242 extends from the first side 240 to the second portion 218b of
the trailing edge 218. Both the first and second sides 240 and 242 also extend from the first
surface 208a to the second surface 208b. Though the first and second sides 240 and 242 are
shown as substantially planar surfaces, the first and second sides 240 and 242 can be
alternatively configured as desired. For example, the first and second sides 240 and 242 can be

beveled, curved, define sharp edges, etc.

[0059] The sides of the second mixing panel 208 are configured to meet at respective
corners. The second portion 215b of the leading edge 215 is configured to meet the first side 240
of the second mixing panel 208 at a first corner 246, the second side 242 of the second mixing
panel 208 is configured to meet the second portion 218b of the trailing edge 218 at a second
corner 248, and the first and second sides 240 and 242 of the second mixing panel 208 are
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configured to meet at a third corner 250. Due to the curvature of the second mixing panel 208,
which will be discussed further below, the first corner 246 is positioned forward along the
longitudinal direction 2 and to the right along the lateral direction 4 with respect to the second
and third corners 248 and 250, and the second corner 248 is positioned rearward along the
longitudinal direction 2 and to the left along the lateral direction 4 with respect to the first and
third corners 246 and 250. Additionally, the first corner 246 is positioned below the second and
third corners 248 and 250 along the vertical direction 6, while the second corner 248 is
positioned below the third corner 250 but above the first corner 246 along the vertical direction

6.

[0060] The third mixing panel 212 can be similarly configured as the first and second
mixing panels 204 and 208 of the second mixing baffle 101b. The third mixing panel 212 also
defines a first surface 212a and a second surface 212b opposite the first surface 212a. The first
and second surfaces 212a and 212b of the third mixing panel 212 are dimensionally the largest of
the surfaces of the third mixing panel 212, and define the regions of the third mixing panel 212
that contact the flow of fluid to rotate the flow of fluid as it flows through the mixing passage 48.
The third mixing panel 212 further defines multiple side surfaces that extend between the first
and second surfaces 212a and 212b. Like the first and second mixing panels 204 and 208, the
third portion 215¢ of the leading edge 215 extends from the first surface 212a to the second
surface 212b of the third mixing panel 212 at a forward-most part of the third mixing panel 212,
and the third portion 218c¢ of the trailing edge 218 extends from the first surface 212a to the
second surface 212b at a rearward-most part of the third mixing panel 212. Between the leading
and trailing edges 215 and 218, the third mixing panel 212 defines a first side 254 and a second
side 258. The first side 254 of the third mixing panel 212 extends from the third portion 215¢ of
the leading edge 215 to the second side 258, and the second side 258 extends from the first side
254 to the third portion 218c¢ of the trailing edge 218. Both the first and second sides 254 and
258 also extend from the first surface 212a to the second surface 212b of the third mixing panel
212. Though the first and second sides 254 and 258 are shown as substantially planar surfaces,
the first and second sides 254 and 258 can be alternatively configured as desired. For example,

the first and second sides 254 and 258 can be beveled, curved, define sharp edges, etc.
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[0061] The sides of the third mixing panel 212, like the first and second mixing panels
204 and 208, are configured to meet at respective corners. The third portion 215¢ of the leading
edge 215 is configured to meet the first side 254 of the third mixing panel 212 at a first corner
262, the second side 258 of the third mixing panel 212 is configured to meet the third portion
218c of the trailing edge 218 at a second corner 266, and the first and second sides 254 and 258
of the third mixing panel 212 are configured to meet at a third corner 270. Due to the curvature
of the third mixing panel 212, which will be discussed further below, the first corner 252 is
positioned forward along the longitudinal direction 2 and to the left along the lateral direction 4
with respect to the second and third corners 266 and 270, and the second corner 266 is positioned
rearward along the longitudinal direction 2 with respect to the first and third corners 262 and
270. Additionally, the second corner 266 is positioned above the first and third corners 262 and
270 along the vertical direction 6, while the first and third corners 262 and 270 are not spaced
apart along the vertical direction 6. Also, the third corner 270 is positioned to the right of the

first and second corners 262 and 266 along the lateral direction 4.

[0062] Like the first mixing baffle 101a, the second mixing baffle 101b functions to
divide, and rotate, shift, or expand and recombine the flow of fluid through the mixing passage
48, which functions to mix the flow of fluid. The rotational aspect of this functionality derives
from the shape of the first, second, and third mixing panels 204, 208, and 212, which can be
curved in some respect in each of the longitudinal, lateral, and vertical direction 2, 4, and 6. In
particular, when the second mixing baffle 101b is disposed within the mixing passage 48, the
first mixing panel 204 is curved such that the first side 224 of the first mixing panel 204 contacts
the first inner surface 38a of the mixing conduit 20 and the second side 228 contacts the third
inner surface 38c of the mixing conduit 20. The second mixing panel 208 is curved such that the
first side 240 of the second mixing panel 208 contacts the second inner surface 38b of the mixing
conduit 20 and the second side 242 of the second mixing panel 208 contacts the first inner
surface 38a of the mixing conduit. The third mixing panel 212 is curved such that the first side
254 of the third mixing panel 212 contacts the third inner surface 38c of the mixing conduit 20
and the second side 258 contacts the second inner surface 38b of the mixing conduit 20. Though
certain sides of the first, second, and third mixing panels 204, 208, and 212 are described as
contacting certain surfaces of the mixing conduit 20, the mixing element 300 may be rotated

relative to the mixing conduit 20 when inserted into the mixing passage 48, as desired.
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[0063] The fluid flowing through the second mixing baffle 101b is directed by the
second mixing baffle 101b to generally rotate in a second rotational direction that is opposite the
first rotational direction as it flows in the longitudinal direction 2, whereas the first mixing baffle
101a generally rotates the fluid flow in the first rotational direction, as described above. Upon
reaching the second mixing baffle 101b, the first mixture, which is formed from the fluid flow by
the first mixing baffle, flows through the mixing passage 48 and over the leading edge 215 of the
first mixing baffle 101a. This divides the first mixture into a first portion, a second portion, and
a third portion. The first portion flows between the first mixing panel 204 and the second mixing
panel 208, and specifically flows along the first surface 204a of the first mixing panel 204 and
along the first surface 208a of the second mixing panel 208. The second portion flows between
the first mixing panel 204 and the third mixing panel 212, and specifically flows along the
second surface 204b of the first mixing panel 204 and along the first surface 212a of the third
mixing panel 212. The third portion of the fluid flow flows between the second mixing panel
208 and the third mixing panel 212, and specifically flows along the second surface 208b of the
second mixing panel 208 and along the second surface 212b of the third mixing panel 212. As
the first, second, and third portions of the fluid flow travel along the flow direction F, they are
rotated by the mixing panels in the second rotational direction. From the leading edge 215 to the
trailing edge 218, each portion of the fluid flow can be rotated. The degree of rotation can be
increased or decreased as desired. Shifting of the fluid flow occurs in the lateral and/or vertical
directions 4, 6 in the triangular corners of the mixing conduit 20 as the material rotates.
Additionally, the fluid expands along the inner surfaces 38a-38c of the mixing conduit 20 as the
fluid flows along the flow direction F. This expansion can include stretching, though other
methods of expansion are contemplated. As the first, second, and third portions of the fluid flow
reach the trailing edge 218, they are recombined into a second mixture that is further mixed
relative to the first mixture that first comes into contact with the second mixing baffle 101b.
However, upon reaching the trailing edge 218 of the second mixing baffle 101b, the second
mixture may have already begun to be separated by a second first mixing baffle 101a. The fluid
flowing through the mixing passage may be continuously divided, mixed, and recombined by
additional first and second mixing baffles 101a and 101b, until a substantially homogenous

mixture is produced at the trailing end of the mixing element 100.
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[0064] Continuing with Figures 9-10B, an alternative embodiment of a mixing element
300 will be described. Like the mixing element 100, the mixing element 300 is configured to be
inserted into the mixing passage 48 of the mixing conduit 20. The mixing element 300 is also
comprised of a plurality of mixing baffles 301. The mixing element 300 can be constructed
using an alternating arrangement of first mixing baffles 301a and second mixing baffles 301b. In
the depicted embodiment, the second mixing baffles 301b are mirror images of the first mixing
baffles 301a. However, the mixing element 300 can be alternatively configured, such that a
certain number of the first mixing baffles 301a and the second mixing baffles 301b repeat after
each other. The mixing element 300 can be formed as a single unitary structure that defines each
of the first and second mixing baffles 301a and 301b. For example, the mixing element 300 can

be formed through molding.

[0065] The mixing element 300, like the mixing element 100, is configured such that
two or more fluids are mixed as they flow through the mixing passage 48 of the mixing conduit
20 along the mixing element 300. As shown in Figures 9 and 10A, the fluid flow extends along
the flow direction F as the fluid flows from the first mixing baffle 301 in the mixing element
300, which may be a first or second mixing baffle 301a or 301b, to the last mixing baffle 301 in
the mixing element 300, which may also be a first or second mixing baffle 301a or 301b. Each
of the mixing baffles 301, like the mixing baffles 101, divides the fluid flow through the mixing
passage 48 at a leading edge of the mixing baffles 301, and then rotates, shifts, and expands the
fluid flow before recombining the fluid flow at a trailing edge of the mixing baffles 301.
However, unlike the mixing baffles 101, the mixing baffles 301 divide the fluid flow into two
portions through each of the mixing baffles 301 before recombining the fluid flow. As the fluid
flow is being recombined at a trailing edge of a mixing baffle 301, the fluid flow may already
have begun being separated by the leading edge of a subsequent mixing baffle 301, as the trailing
edge of one mixing baffle may overlap along the longitudinal direction 2 with the leading edge

of a subsequent mixing baftle 301.

[0066] Like the mixing passage 48 of the mixing conduit 20, the mixing element 300 can
define a triangular cross section when viewed from a plane that extends in the lateral and vertical
direction 4 and 6, as shown in Figure 10B. The profile of the mixing element 300 when viewed

from this plane can be defined by a first plane P7, a second plane Ps, and a third plane Ps. The
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first plane P7 of the mixing element 300 can be offset from the second plane Ps by a first angle
07, the first plane P7 can be offset from the third plane Py by a second angle 0s, and the second
plane Ps can be offset from the third plane Py by a third angle 69. Each of the first, second, and
third angles 67, 63, and 69 can be equal (as shown in Figure 10B), in which case each of the first,
second, and third angles 67, 0s, and 09 is 60 degrees. Alternatively, the first, second, and third
angles 67, 0s, and 69 can be altered as desired, so that the cross section of the mixing element 300
can define an acute, isosceles, or obtuse triangle. Regardless of the type of triangle formed by
the cross section of the mixing element 300, the mixing element 300 will generally conform in
cross-sectional shape to the cross-sectional shape of the mixing passage 48 of the mixing conduit
20. As aresult, when the mixing element 300 is disposed within the mixing passage 48, the first
plane P1 of the mixing conduit 20 can be parallel to the first plane P7 of the mixing element 300,
the second plane P2 of the mixing conduit 20 can be parallel to the second plane Ps of the mixing
element 300, and the third plane Ps of the mixing conduit 20 can be parallel to the third plane P9
of the mixing element 300. However, the mixing element 300 can be rotated relative to the
mixing conduit 20 such that the mixing element 300 may be inserted into the mixing passage 48
in other orientations, in which case different ones of the first through third planes P1-P3 of the
mixing conduit 20 will be parallel to different ones of the first through third planes P7-Py of the

mixing element 300.

[0067] Now referring to Figures 11A-D, the first mixing baffle 301a of the mixing
element 300 will be described. The features of the first mixing baffle 301a as described below
can be equally representative of each of the first mixing baffles 301a present throughout the
length of the mixing element 300. However, as shown in Figures 11A-11D, features of each of
the first mixing baffles 301a can differ. The first mixing baffle 301a defines a first surface 304
and a second surface 306 opposite the first surface 304. The first and second surfaces 304 and
306 are dimensionally the largest of the first mixing baftle 301a, and define the regions of the
first mixing baffle 301a that contact the flow of fluid to rotate the flow of fluid as it flows
through the mixing passage 48. The first and second surfaces 304 and 306 also extend from a
leading edge 308 to a trailing edge 312 of the first mixing baffle 301a. The leading edge 308 of
the first mixing baffle 301a defines the forward-most part of the first mixing baffle 301a along
the longitudinal direction 2, and the trailing edge 312 defines the rearward-most part of the first
mixing baffle 301a along the longitudinal direction 2.
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[0068] The first mixing baffle 301a also defines multiple side surfaces that extend
between the first and second surfaces 304 and 306, as well as between the leading and trailing
edges 308 and 312. The first mixing baffle 301a defines a first side 314 and a second side 316,
where the first side 314 extends from the leading edge 308 to the second side 316, and the
second side 316 extends from the first side 314 to the trailing edge 312. Both the first and
second sides 314 and 316 also extend from the first surface 304 to the second surface 306. The
first mixing baffle 301a further defines a third side 318 and a fourth side 320, where the third
side 318 extends from the leading edge 308 to the fourth side 320, and the fourth side 320
extends from the third side 318 to the trailing edge 312. Both the third and fourth sides 318 and
320 extend from the first surface 304 to the second surface 306. Though the first, second, third,
and fourth sides 314, 316, 318, and 320 are shown as substantially planar surfaces, the first,
second, third, and fourth sides 314, 316, 318, and 320 can be alternatively configured as desired.
For example, the first, second, third, and fourth sides 314, 316, 318, and 320 can be beveled,

curved, define sharp edges, etc.

[0069] The sides of the first mixing baffle 301a are configured to meet at respective
corners. The leading edge 308 of the first mixing baffle 301a is configured to meet the first side
314 at a first corner 322, the second side 324 is configured to meet the first side 314 at a second
corner 324, and the second side 324 is configured to meet the trailing edge 312 at a third corner
326. Due to the curvature of the first mixing baffle 301a, which will be discussed further below,
the first corner 322 is positioned forward along the longitudinal direction 2 and to the left along
the lateral direction 4 with respect to the second and third corners 324 and 326. The third corner
326 1s positioned rearward along the longitudinal direction 2 and to the right along the lateral
direction 4 with respect to the first and second corners 322 and 324. Additionally, the second
corner 324 is positioned above the first and third corners 322 and 326 along the vertical direction
6, while the third corner 326 is positioned below the first and second corners 322 and 324 along

the vertical direction 6.

[0070] The leading edge 308 of the first mixing baffle 301a is also configured to meet a
third side 318 at a fourth corner 328. The third side 318 is configured to meet a fourth side 320
at a fifth corner 330, and the fourth side 320 is configured to meet the trailing edge 312 at a sixth
corner 332. Due to the curvature of the first mixing baffle 301a, the fourth corner 328 is
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positioned forward along the longitudinal direction 2 and to the right along the lateral direction 4
with respect to the fifth and sixth corners 330 and 332, while the sixth corner 332 is positioned
rearward along the longitudinal direction 2 with respect to the fourth and fifth corners 328 and
332. The fifth corner 330 is positioned to left of the fourth and sixth corners 328 and 332 along
the lateral direction 4. Additionally, the sixth corner 332 is positioned above the fourth and fifth
corners 328 and 330 along the vertical direction 6, while the fourth and fifth corners 328 and 330
are not spaced apart along the vertical direction 6. As shown in Figures 11A-11D, some of the
first through sixth corners 322, 324, 326, 328, 330, and 332 are beveled, some are curved, and
some define sharp angles. Though a particular embodiment is shown, any of the corners of the
first mixing baffle 301a can be curved, beveled, or define sharp angles as desired. For example,
other first mixing baffles 301a of the mixing element 300 have differently configured corners, as

shown in Figures 9 and 10A.

[0071] Figures 11A-11D also depict the second mixing baffle 301b. The second mixing
baffle 301b can be similarly configured as the first mixing baffle 301a. For example, the second
mixing baffle 301b can be a mirror image of the first mixing baffle 301a. The second mixing
baffle 301b as described below can be equally representative of each of the second mixing
baffles 301b present throughout the length of the mixing element 300. The second mixing baffle
301b defines a first surface 404 and a second surface 406 opposite the first surface 404. The first
and second surfaces 404 and 406 are dimensionally the largest of the second mixing baffle 301b,
and define the regions of the second mixing baffle 301b that cause the flow of fluid to rotate as it
flows through the mixing passage 48. The first and second surfaces 404 and 406 also extend
from a leading edge 408 to a trailing edge 412 of the second mixing baffle 301b. The leading
edge 408 of the second mixing baffle 301b defines the forward-most part of the second mixing
baffle 301b, and the trailing edge 412 defines the rearward-most part of the second mixing baffle
301b along the longitudinal direction 2. The lead edge 408 of the second mixing baffle 301b
also defines the portion of the second mixing baffle 301b that connects the second mixing baftle
301b to the first mixing baffle 301a. As shown in Figures 11A-11D, the leading edge 408 of the
second mixing baffle 301b is integrally connected to the trailing edge 312 of the first mixing
baffle 301a, such that the first and second mixing baffles 301a and 301b form a monolithic

structure.
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[0072] The second mixing baffle 301b also defines multiple side surfaces that extend
between the first and second surfaces 404 and 406, as well as between the leading and trailing
edges 408 and 412. The first mixing baffle 401a defines a first side 414 and a second side 416,
where the first side 414 extends from the leading edge 408 to the second side 416, and the
second side 416 extends from the first side 414 to the trailing edge 412. Both the first and
second sides 414 and 416 also extend from the first surface 404 to the second surface 406. The
second mixing baffle 301b further defines a third side 418 and a fourth side 420, where the third
side 418 extends from the leading edge 408 to the fourth side 420, and the fourth side 420
extends from the third side 418 to the trailing edge 412. Both the third and fourth sides 418 and
420 extend from the first surface 404 to the second surface 406. Though the first, second, third,
and fourth sides 414, 416, 418, and 420 are shown as substantially planar surfaces, the first,
second, third, and fourth sides 414, 416, 418, and 420 can be alternatively configured as desired.
For example, the first, second, third, and fourth sides 414, 416, 418, and 420 can be beveled,

curved, define sharp edges, etc.

[0073] The sides of the second mixing baffle 301b are configured to meet at respective
corners. The leading edge 408 of the second mixing baffle 301b is configured to meet the first
side 414 at a first corner 422, the second side 416 is configured to meet the first side 414 at a
second corner 424, and the second side 416 is configured to meet the trailing edge 412 at a third
corner 426. Due to the curvature of the second mixing baffle 301b, which will be discussed
further below, the first corner 422 is positioned forward along the longitudinal direction 2 and to
the right along the lateral direction 4 with respect to the second and third corners 424 and 426.
The third corner 426 is positioned rearwards along the longitudinal direction 2 and to the left
along the lateral direction 4 with respect to the first and second corners 422 and 424.
Additionally, the second corner 424 is positioned above the first and third corners 422 and 426
along the vertical direction 6, while the third corner 426 is positioned below the first and second

corners 422 and 424 along the vertical direction 6.

[0074] The leading edge 408 of the second mixing baffle 301b is also configured to meet
the third side 418 at the fourth corner 428. The third side 418 is configured to meet the fourth
side 420 at a fifth corner 430, and the fourth side 420 is configured to meet the trailing edge 412

at a sixth corner 432. Due to the curvature of the second mixing baffle 301b, the fourth corner
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428 1s positioned forward along the longitudinal direction 2 and to the left along the lateral
direction 4 with respect to the fifth and sixth corners 430 and 432, while the sixth corner 432 is
positioned rearward along the longitudinal direction 2 with respect to the fourth and fifth corners
428 and 432. The fifth corner 430 is positioned to the right of the fourth and sixth corners 428
and 432 along the lateral direction 4. Additionally, the sixth corner 432 is positioned above the
fourth and fifth corners 428 and 430 along the vertical direction 6, while the fourth and fifth
corners 428 and 430 are not spaced apart along the vertical direction 6. As shown in Figures
11A-11D, the first through sixth corners 422, 424, 426, 428, 430, and 432 define sharp angles.
Though a particular embodiment is shown, any of the corners of the second mixing baffle 301b
can be curved, beveled, or define sharp angles as desired. Additionally, other second mixing

baffles 301b along the mixing element 300 can have differently configured corners as desired.

[0075] The first and second mixing baffles 301a and 301b of the mixing element 300
function to divide, rotate, shift, expand, and recombine the flow of fluid through the mixing
passage 48, which functions to mix the flow of fluid. The rotational aspect of this functionality
derives from the shape of the first and second mixing baffles 301a and 301b, which are curved in
some respect in each of the longitudinal, lateral, and vertical directions 2, 4, and 6. In particular,
when the mixing element 300 is disposed in the mixing passage 438, the first mixing baffle 301a
is curved such that the first side 314 of the first mixing baffle 301a contacts the first inner surface
38a of the mixing conduit 20, the second side 316 contacts the second inner surface 38b of the
mixing conduit 20, the third side 318 contacts the third inner surface 38c of the mixing conduit
20, and the fourth side 320 contacts the first inner surface 38a of the mixing conduit 20. Shifting
of the fluid flow occurs in the lateral and/or vertical directions 4, 6 in the triangular corners of
the mixing conduit 20 as the material rotates. Additionally, the fluid expands along the inner
surfaces 38a-38c of the mixing conduit 20 as the fluid flows along the flow direction F. This
expansion can include stretching, though other methods of expansion are contemplated. The
second mixing baffle 301b is curved such that the first side 414 of the second mixing baffle 301b
contacts the second inner surface 38b of the mixing conduit 20 when the mixing element 300 is
disposed in the mixing passage 48, the second side 416 contacts the first inner surface 38a, the
third side 418 contacts the third inner surface 38c, and the fourth side 420 contacts the second
inner surface 38b. Though certain sides of the first and second mixing baffles 301a and 301b are

described as contacting certain surfaces of the mixing conduit 20, the mixing element 300 may
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be rotated relative to the mixing conduit 20 when inserted into the mixing passage 48, such that
different sides of the first and second mixing baftles 301a and 301b contact different parts of the

inner surface 38 of the mixing conduit.

[0076] The fluid flowing through the first mixing baffle 301a is directed by the first
mixing baffle 301a to generally rotate in a first rotational direction as it flows in the longitudinal
direction 2. In operation, the first rotational direction can be either of the clockwise and
counterclockwise directions. Upon reaching the first mixing baffle 301a, the fluid flow flows
through the mixing passage 48 and over the leading edge 308 of the first mixing baffle 301a.
This divides the fluid flow into a first portion and a second portion. The first portion flows along
the first surface 304 of the first mixing baffle 301a, and the second portion flows along the
second surface 306 of the first mixing baffle 301a. As the first and second portions of the fluid
flow flow along the flow direction F, they are rotated by the first mixing baffle 301a in the first
rotational direction. From the leading edge 308 to the trailing edge 312, each portion of the fluid
flow can be rotated. The degree of rotation can be increased or decreased as desired. Shifting of
the fluid flow occurs in the lateral and/or vertical directions 4, 6 in the triangular corners of the
mixing conduit 20 as the material rotates. Additionally, the fluid expands along the inner
surfaces 38a-38c of the mixing conduit 20 as the fluid flows along the flow direction F. This
expansion can include stretching, though other methods of expansion are contemplated. As the
first and second portions of the fluid flow reach the trailing edge 312, they are recombined into a
first mixture that is further mixed relative to the fluid flow that first comes into contact with the
first mixing baffle 301a. However, upon reaching the trailing edge 312 of the first mixing baftle
301a, the fluid flow may have already begun to be separated by the second mixing baffle 301b.

[0077] Upon reaching the second mixing baffle 301b, the first mixture flows through the
mixing passage 48 and over the leading edge 408 of the second mixing baffle 301b. This divides
the first mixture into a first portion and a second portion. The first portion flows along the first
surface 404 of the second mixing baffle 301b, and the second portion flows along the second
surface 406 of the second mixing baffle 301b. As the first and second portions of the first
mixture flow along the flow direction F, they are rotated by the second mixing baffle 301b in a
second rotational direction that is opposite the first rotational direction. From the leading edge

408 to the trailing edge 412, each portion of the first mixture can be rotated. The degree of
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rotation can be increased or decreased as desired. Shifting of the fluid flow occurs in the lateral
and/or vertical directions 4, 6 in the triangular corners of the mixing conduit 20 as the material
rotates. Additionally, the fluid expands along the inner surfaces 38a-38¢ of the mixing conduit
20 as the fluid flows along the flow direction F. This expansion can include stretching, though
other methods of expansion are contemplated. As the first and second portions of the first
mixture reach the trailing edge 412 of the second mixing baffle 301b, they are recombined into a
second mixture that is further mixed relative to the first mixture that comes into contact with the
second mixing baffle 301b. The fluid then flows through the mixing passage 48 and is
continuously divided, mixed, and recombined by additional first and second mixing baffles 301a,
301b, and 301c, until a substantially homogenous mixture is produced at the trailing end of the

mixing element 300.

[0078] While the invention is described herein using a limited number of embodiments,
these specific embodiments are not intended to limit the scope of the invention as otherwise
described and claimed herein. The precise arrangement of various elements and order of the
steps of articles and methods described herein are not to be considered limiting. For instance,
although the steps of the methods are described with reference to sequential series of reference
signs and progression of the blocks in the figures, the method can be implemented in a particular

order as desired.
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What is claimed:

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

a mixing conduit defining an inner surface that comprises a first inner surface, a second
inner surface that extends from the first inner surface, and a third inner surface that extends from
the first inner surface to the second inner surface, such that the first, second, and third inner
surfaces define a mixing passage configured to receive the fluid flow, and the first and second
inner surfaces are offset by a first acute angle, the first and third surfaces are offset by a second
acute angle, and the second and third surfaces are offset by a third acute angle; and

a mixing element positioned in the mixing passage, wherein the mixing element is

configured to contact the first, second, and third inner surfaces.

2. The static mixer of claim 1, wherein the mixing conduit defines an outer surface
comprising a first outer surface that is substantially parallel to the first inner surface, a second
outer surface that is substantially parallel to the second inner surface, and a third outer surface

that 1s substantially parallel to the third inner surface.

3. The static mixer of claim 1, wherein the mixing conduit further comprises:

a body section that defines the mixing passage;

a socket connected to the body section, wherein the socket defines a socket opening in
communication with the mixing passage; and

a nozzle connected to the body section opposite the socket, wherein the nozzle defines an
outlet in communication with the mixing passage,

wherein the fluid flow is configured to flow through the socket opening, through the

mixing passage, and out the outlet.

4. The static mixer of claim 3, wherein the socket defines an inner surface that is at least
partially threaded.
5. The static mixer of claim 1, wherein the mixing element includes a first mixing baffle

that extends from a leading edge to a trailing edge, the first mixing baffle including a first mixing
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panel, a second mixing panel, and a third mixing panel, such that the each of the first, second,
and third mixing panels partially define the leading edge and the trailing edge, wherein the first,
second, and third mixing panels are configured to divide the fluid flow into a first portion, a

second portion, and a third portion.

6. The static mixer of claim 5, wherein the first mixing baffle is configured to rotate the
first, second, and third portions of the fluid flow in a first rotational direction as the fluid flow

flows from the leading edge of the first mixing baffle to the trailing edge.

7. The static mixer of claim 6, wherein the mixing element further includes a second mixing
baffle integral with the first mixing baffle, the second mixing baffle extending from a leading
edge to a trailing edge and including a first mixing panel, a second mixing panel, and a third
mixing panel, such that the each of the first, second, and third mixing panels of the second
mixing baffle partially define the leading edge and the trailing edge of the second mixing baffle,
wherein the first, second, and third mixing baftles of the second mixing baffle are configured to

divide the fluid flow into a fourth portion, a fifth portion, and a sixth portion.

8. The static mixer of claim 7, wherein the second mixing baffle is configured to rotate the
fourth, fifth, and sixth portions in a second rotational direction that is opposite the first rotational
direction as the fluid flow flows from the leading edge to the trailing edge of the second mixing

baffle.

9. The static mixer of claim 5, wherein the first mixing panel defines a first edge and a
second edge, the first edge of the first mixing panel extending from the leading edge to the
second edge of the first mixing panel, and the second edge of the first mixing panel extending
from the first edge of the first mixing panel to the trailing edge, wherein the first edge of the first
mixing panel is configured to contact the first inner surface of the mixing conduit, and the
second edge of the first mixing panel is configured to contact the second inner surface of the

mixing conduit.
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10. The static mixer of claim 9, wherein the second mixing panel defines a first edge and a
second edge, the first edge of the second mixing panel extending from the leading edge to the
second edge of the second mixing panel, and the second edge of the second mixing panel
extending from the first edge of the second mixing panel to the trailing edge, wherein the first
edge of the second mixing panel is configured to contact the second inner surface of the mixing
conduit, and the second edge of the second mixing panel is configured to contact the third inner

surface of the mixing conduit.

11. The static mixer of claim 10, wherein the third mixing panel defines a first edge and a
second edge, the first edge of the third mixing panel extending from the leading edge to the
second edge of the third mixing panel, and the second edge of the third mixing panel extending
from the first edge of the third mixing panel to the trailing edge, wherein the first edge of the
third mixing panel is configured to contact the third inner surface of the mixing conduit, and the
second edge of the third mixing panel is configured to contact the first inner surface of the

mixing conduit.

12. The static mixer of claim 1, wherein the mixing element defines a first mixing baffle that
extends from a leading edge to a trailing edge, and the first mixing baftle is configured to divide

the fluid flow into a first portion and a second portion.

13. The static mixer of claim 12, wherein the first mixing baftle is configured to rotate the
first and second portions of the fluid flow in a first rotational direction as the fluid flow flows

from the leading edge to the trailing edge of the first mixing baffle.

14.  The static mixer of claim 13, wherein the mixing element defines a second mixing baffle
integral with the first mixing baffle that extends from a leading edge to a trailing edge, and the
second mixing baffle is configured to divide the fluid flow into a third portion and a fourth

portion.

15. The static mixer of claim 14, wherein the second mixing baffle is configured to rotate the

third and fourth portions of the fluid flow in a second rotational direction that is opposite the first
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rotational direction as the fluid flow flows from the leading edge to the trailing edge of the

second mixing baffle.

16. A method of mixing first and second components with a static mixer that includes a
mixing conduit and a mixing element that includes a first mixing baffle and a second mixing
baffle downstream from the first mixing baftle, the method comprising:

flowing the fluid flow through a first end of a mixing passage of the mixing conduit,
wherein the mixing passage has a substantially triangular cross section;

flowing the fluid flow over a leading edge of the first mixing baffle to divide the fluid
flow into at least two first portions;

flowing the at least two first portions of the fluid flow along the first mixing baffle to
rotate the at least two first portions of the fluid flow in a first rotational direction within the
mixing passage relative to a central axis defined by the mixing conduit;

recombining the at least two first portions at the trailing edge of the first mixing baftle,
such that the at least two first portions form a first mixture;

flowing the first mixture over a leading edge of the second mixing baffle to divide the
first mixture into at least two second portions;

flowing the at least two second portions of the first mixture along the second mixing
baffle to rotate the at least two second portions of the first mixture in a second rotational
direction that is opposite the first rotational direction within the mixing passage relative to the
central axis; and

recombining the at least two second portions of the first mixture at the trailing edge of the
second mixing baffle, such that the at least two second portions of the first mixture form a

second mixture.

17. The method of claim 16, wherein the first and second mixing baffles each include three
mixing panels, and the at least two portions of the fluid flow includes a first portion, a second
portion, and a third portion, and the at least two portions of the first mixture include a first

portion, a second portion, and a third portion.

18. The method of claim 16, further comprising:
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rotating the first, second, and third portions of the fluid flow in the first rotational
direction; and
rotating the first, second, and third portions of the first mixture in the second rotational

direction.

19. The method of claim 18, further comprising:
shifting the first, second, and third portions of the fluid flow; and
expanding the first, second, and third portions of the fluid flow.

20. The method of claim 16, wherein the first and second mixing baffles each include two
mixing panels, and the at least two portions of the fluid flow includes a first portion and a second
portion, and the at least two portions of the first mixture include a first portion and a second

portion.

21. The method of claim 20, further comprising the steps of:
rotating the first and second portions of the fluid flow in the first rotational direction; and
rotating the first and second portions of the first mixture in the second rotational

direction.
22. The method of claim 21, further comprising:

shifting the first, second, and third portions of the fluid flow; and
expanding the first, second, and third portions of the fluid flow.

-34 -



WO 2019/014181 PCT/US2018/041393

1/15




WO 2019/014181

215

o

PCT/US2018/041393

FIG. 2



WO 2019/014181 PCT/US2018/041393

315 24




WO 2019/014181 PCT/US2018/041393

4/15

101



WO 2019/014181 PCT/US2018/041393

FIG. 6A

100\

1
P



PCT/US2018/041393

WO 2019/014181

6/15

maaGONOcEEEEEEAE AR EXXAIAAA0GOOOONOONENEEEEXEX I EAAAGOGOGOOONNCNEEEEEEXEAXAAMAGAGEOGNGEEGEEEEEszxziaaaocaacaosooc

by

Ps "

.

LY

Py

7
o
&
z

Pg

s

s

138

166

€2
o0
g
g

20]
Y
-

N
A
L

70

118b

121a

142

FIG. 7TA

148

150



WO 2019/014181 PCT/US2018/041393

715 138

101a
6
- 134
4 2
118
140
-108
115¢ 142 10
138 FIG.7B 1
101a
\ 6
-115
166
158-

170—




WO 2019/014181 PCT/US2018/041393

8/15

138

246




WO 2019/014181 PCT/US2018/041393




WO 2019/014181 PCT/US2018/041393

10/15

- 250 : 1016

, N 254
228 238

FIG. 8D



WO 2019/014181 PCT/US2018/041393

11115




WO 2019/014181 PCT/US2018/041393

12/15

:Q-\\_Q
: -
H o
~ &
:‘ﬁ‘\\m
H -
ey s <
; [3p]

301a 301b

FIG. 10A

301a 301b

301a 301b

301a 301b

SOOM..,\\x

301



PCT/US2018/041393

WO 2019/014181

13118

0s

i\

5
&

S

Pa

424

426

[2:0]
o
[3p]

328~

430~



PCT/US2018/041393

WO 2019/014181

14115

o
N
&0

330

328

328

301b

A e,
e Y

414

(LT

318



WO 2019/014181 PCT/US2018/041393

15/18

424

~ 308




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2018/041393

A. CLASSIFICATION OF SUBJECT MATTER

INV. BOIF5/06
ADD.

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

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

BOLF BO5C

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

EPO-Internal

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

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X DE 20 2009 004577 Ul (AMELS OLAF [DE];
ECKERS CHRISTOPH [DE]; KLEINEN BERNHARD

1-4

[DE]) 2 July 2009 (2009-07-02)
A abstract
figures 13-18

paragraphs [0014], [0015]

30 March 2011 (2011-03-30)
abstract
figures 1,11,13

2 August 1940 (1940-08-02)
figure 4
page 3, line 6 - Tine 36

A EP 2 301 656 A2 (NORDSON CORP [US])

A DE 694 473 C (KLOECKNER HUMBOLDT DEUTZ AG)

5-22

1-22

1-22

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

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

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

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

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

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

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

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

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

5 October 2018

Date of mailing of the international search report

15/10/2018

Name and mailing address of the ISA/

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

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

Fax: (+31-70) 340-3016

Authorized officer

Krasenbrink, B

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

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2018/041393
C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 3 949 970 A (TER BRAAK JOHANNES 1-22
GERARDUS) 13 April 1976 (1976-04-13)
abstract
figures 1-4
A NL 7 212 536 A (THE A.P.V. COMPANY 1-22
LIMITED) 20 March 1973 (1973-03-20)
figures 1-5

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

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2018/041393
Patent document Publication Patent family Publication
cited in search report date member(s) date
DE 202009004577 Ul 02-07-2009  NONE
EP 2301656 A2 30-03-2011 CN 102029121 A 27-04-2011
EP 2301656 A2 30-03-2011
US 2011075512 Al 31-03-2011
DE 694473 C 02-08-1940  NONE
US 3949970 A 13-04-1976  NONE
NL 7212536 A 20-03-1973 BE 788921 A 02-01-1973
DE 2245442 Al 29-03-1973
DE 7234116 U 13-01-1977
FR 2197127 Al 22-03-1974
GB 1386955 A 12-03-1975
NL 7212536 A 20-03-1973

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




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - drawings
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - wo-search-report
	Page 53 - wo-search-report
	Page 54 - wo-search-report

