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STATIC MIXING DEVICES AND METHOD OF MANUFACTURE

CROSS REFERENCE TO RELATED APPLICATIONS

This present application claims priority to U.S. Provisional Patent Application No.
62/555,875 filed September 8, 2017 the disclosures of which are incorporated by reference

herein.

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to the mixing of fluids and, more particularly
to motionless or static mixing devices for the mixing of fluids and a method of manufacturing the
static mixing unit.

[0002] Static mixing devices are widely used in various applications to cause blending or
fluidization of multi-component mixtures, as well as to facilitate the chemical reaction, heat
transfer and/or mass transfer of fluid streams. A series of the static mixing devices are typically
positioned end-to-end within a pipe or other conduit through which the multi-component
mixtures or fluid streams are flowing, with adjacent static mixing devices rotated with respect to
each other at a preselected angle about a longitudinal axis of the conduit.

[0003] One popular type of static mixing device uses two or more grids of blade-like
crossing elements that are arranged to intersect with each other at a preselected angle and to also
be positioned at an angle to the longitudinal axis of the conduit. The crossing elements in each
grid are spaced apart a distance corresponding to the width of the crossing elements of the
intersecting grid so that the crossing elements of the intersecting grids are interleaved with and
are in sideways contact with each other at crossing points. These contacting crossing elements
are typically individual elements that must be held in place and then welded together at the

crossing points to secure them together.
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[0004] The construction of the intersecting grids of the static mixing devices by welding
together the individual contacting crossing elements is a time-consuming and labor-intensive
process. Moreover, in applications, such as polymer mixing, where the static mixing device is
subject to high pressure drops, these welds at the side edges of the crossing elements are
subjected to high stresses that may over time cause failure of the welds. U.S. Patent No.
5,435,061 discloses one approach to simplifying the construction process by using a metal
casting process to form portions or subassemblies of the static mixing device. The subassemblies
are then joined together to form the static mixing device. While the number of welds required to
construct the static mixing device is reduced in this process, a need remains for a process of
constructing static mixing devices that increases the strength of the static mixing devices by

reducing the number of welds, but which also does not require the casting of subassemblies.

SUMMARY OF THE INVENTION

[0005] In one aspect, the present invention is directed to a static mixing device subassembly,
said subassembly comprising: a first grid formed of a first set of spaced-apart and parallel-
extending deflector blades; a second set of spaced-apart and parallel-extending deflector blades
that are interleaved with and cross the second set of deflector blades at a preselected angle,
adjacent ones of the interleaved deflector blades in the first and second sets each having opposite
ends and side edges, the side edges having uncut portions that join the adjacent ones of the
interleaved deflector blades along a transverse strip where the deflector blades cross and cut
portions that extend from the uncut portions to the opposite ends of the deflector blades, the
deflector blades in the second grid each having a bent portion that places segments of the

deflector blade on opposite sides of the uncut portion in offset planes; a third grid formed of a
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third set of spaced-apart and parallel-extending deflector blades; and a fourth set of spaced apart
and parallel-extending deflector blades that are interleaved with and cross the third set of
deflector blades at a preselected angle, adjacent ones of the interleaved deflector blades in the
third and fourth sets each having opposite ends and side edges, the side edges having uncut
portions that join the adjacent ones of the interleaved deflector blades along a transverse strip
where the deflector blades cross and cut portions that extend from the uncut portions to the
opposite ends of the deflector blades, the deflector blades in the fourth grid each having a bent
portion that places segments of the deflector blade on opposite sides of the uncut portion in offset
planes. One of the ends in at least some of the deflector blades in the first set is uncut and is
interconnected with an uncut one of the ends of the deflector blades in the third set along a
reverse bend that aligns the first and second grids of deflector blades with the third and fourth
grids of deflector blades.

[0006] In another aspect, the invention is directed to a static mixing device subassembly, said
subassembly comprising: a first grid formed of a first set of spaced-apart, parallel-extending,
planar deflector blades; a second set of spaced-apart, parallel-extending, planar deflector blades
that are interleaved with and cross the second set of deflector blades at an included angle within
the range of 45 to 135 degrees, adjacent ones of the interleaved deflector blades in the first and
second sets each having opposite ends and linear side edges, the side edges having uncut portions
that join the adjacent ones of the interleaved deflector blades along a transverse strip where the
deflector blades cross and cut portions that extend from the uncut portions to the opposite ends of
the deflector blades, the deflector blades in the second grid each having a bent portion that places
segments of the deflector blade on opposite sides of the uncut portion in offset planes; a third

grid formed of a third set of spaced-apart, parallel-extending, planar deflector blades; and a
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fourth set of spaced apart, parallel-extending, planar deflector blades that are interleaved with
and cross the third set of deflector blades at an included angle within the range of 45 to 135
degrees, adjacent ones of the interleaved deflector blades in the third and fourth sets each having
opposite ends and linear side edges, the side edges having uncut portions that join the adjacent
ones of the interleaved deflector blades along a transverse strip where the deflector blades cross
and cut portions that extend from the uncut portions to the opposite ends of the deflector blades,
the deflector blades in the fourth grid each having a bent portion that places segments of the
deflector blade on opposite sides of the uncut portion in offset planes that are parallel to each
other. One of the ends in at least some of the deflector blades in the first set is uncut and is
interconnected with an uncut one of the ends of the deflector blades in the third set along a
reverse bend that aligns the first and second grids of deflector blades with the third and fourth
grids of deflector blades. One of the ends in each of the deflector blades in the second set is
spaced apart from and aligned with one of the ends in each of the deflector blades in the fourth
set. The first, second, third and fourth grids have a least one side shaped to conform to a curved
longitudinal plane.

[0007] In a further aspect, the invention is directed to a static mixing device comprising
static mixing device subassemblies in which the interconnected uncut ends of the deflector
blades in the first and third sets in one of the static mixing subassemblies are joined to said
spaced apart and aligned ends of the deflector blades in the second and fourth sets in an adjacent
one of the static mixing subassemblies

[0008] In a still further aspect, the invention is directed to a method of making the static
mixing device, comprising the steps of: cutting and bending a sheet of material to form a

plurality of static mixing device subassemblies; and joining adjacent ones of static mixing



WO 2019/049050 PCT/IB2018/056785

subassemblies together by joining the uncut ends of the deflector blades in the first and third sets
in one of the adjacent static mixing subassemblies to the spaced apart and aligned ends of the
deflector blades in the second and fourth sets in the other one of the adjacent static mixing

subassemblies

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] In the accompany drawings that form part of the specification and in which like
reference numerals are used to indicate like components in the various views:

[00010] Fig. | is a side perspective view of a static mixing device constructed according to an
embodiment of the present invention and shown in a fragmentary portion of a conduit;

[00011] Fig. 2 is a side elevation view of the static mixing device and conduit shown in Fig. 1;
[00012] Fig. 3 is a top plan view of the static mixing device and conduit shown in Figs. 1 and
2;

[00013] Fig. 4 is a side perspective view of one embodiment of the subassembly of the static
mixing device;

[00014] Fig. 5 is a side perspective view of the subassembly of the static mixing device taken
from an opposite side from the view shown in Fig. 4;

[00015] Fig. 6 is an end elevation view of two of the subassemblies of the static mixing
devices prior to being joined together;

[00016] Fig. 6 is a side perspective view of a second embodiment of a subassembly of the
static mixing device that incorporates apertures in deflector blades;

[00017] Fig. 8 is a front elevation view of a blank with a series of fold and cut lines that may

be used to form a subassembly of the static mixing device; and
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[00018] Fig. 9 is a perspective view of the blank shown in Fig. 8.

DETAILED DESCRIPTION

[00019] Turning now to the drawings in greater detail and initially to Figs. 1-3, one
embodiment of a static mixing device is designated generally by the numeral 10 and is shown
within a cylindrical conduit 12 through which fluid streams are intended to flow and mix
together as they pass through the static mixing device 10. The static mixing device 10 fills a
cross section of the conduit 10. Although only a single static mixing device 10 is illustrated,
multiple static mixing devices 10 are normally positioned in end-to-end relationship within the
conduit 12, with adjacent ones of the static mixing devices 10 rotated with respect to each about
a longitudinal center axis of the conduit 12.

[00020] The static mixing device 10 comprises intersecting grids 14 and 16 comprised of
crossing elements in the form of spaced-apart and parallel deflector blades 18 and 20,
respectively. The grids 14 and 16, and the individual deflector blades 18 and 20, cross each other
at an included angle that may in one embodiment be within the range of 45 to 135 degrees and in
another embodiment be within the range of 60 to 120 degrees. The grids 14 and 16 and deflector
blades 18 and 20 are also positioned at an angle, which is normally one-half of the included
angle, with respect to the longitudinal center axis of the conduit 12.

[00021] The deflector blades 18 in each of the grids 14 are interleaved with and cross the
deflector blades 16 in each of the associated intersecting grids 16. The deflector blades 18 and 20
may be in the form of rectangular strips, except that the deflector blades 18 and 20 that are
positioned nearest the inner surface of the conduit 12 are shaped to conform to the shape of the

inner surface of the conduit 12. The deflector blades 18 may be planar and the deflector blades
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20 may have two planar segments 20a and 20b that are positioned in offset planes by a bent
portion 20c. The offset planes may be parallel to each other.

[00022] The deflector blades 18 within each grid 14 have opposed ends 22 and 24 and
opposed side edges 26 and 28. The deflector blades 20 within each grid 16 likewise have
opposed ends 30 and 32 and opposed side edges 34 and 36. The side edges 26, 28 and 34, 36 of
deflector blades 18 and 20, respectively, include uncut portions that join adjacent ones of the
interleaved deflector blades 18 and 20 along a transverse strip 38 where the deflector blades 18
and 20 cross each other. This transverse strip 28 creates a strong integral connection between
adjacent ones of the deflector blades 18 and 20 that extends across the entire width of each grid
14 and 16 and eliminates the need to position and then weld or otherwise join together individual
ones of the deflectors blades 18 and 20. The side edges 26, 28 and 34, 36 include cut portions
that extend from the uncut portions to the opposite ends 22, 24 and 30, 32 of the deflector blades
18 and 20, respectively.

[00023] The bent portion 20c that places the segments 20a, 20b of the deflector blade 20 in
the offset planes may be in the form of an S-shaped bend 40 that incorporates the transverse strip
38. As can be seen in Fig. 3, the S-shaped bend 40 shortens the longitudinal length of the
deflector blades 20 in relation to the longitudinal length of the deflector blades 18, thereby
creating slit-like openings 42 between the ends 30, 32 of adjacent deflector blades 18 in the solid
surface axial projection of the static mixing device 10. These openings 42 and the S-shaped bend
40 in the deflector blades 20 are believed to facilitate mixing of the fluid streams when they are
flowing through the static mixing device 10.

[00024] In each pair of intersecting grids 14 and 16, the end 24 of each one of the deflector

blades 18 is uncut and is joined to a similarly uncut end 22 of one of the deflector blades 18 in
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another one of the intersecting pairs of grids 14 and 16 along a reverse bend 44 that aligns one of
the pairs of intersecting grids 14 and 16 with another one of the pairs of intersecting grids 14 and
16 to form a static mixing device subassembly 46 as shown in Figs. 4 and 5. In another
embodiment, the end 24 of only some of the deflector blades 18 is uncut and is joined to a
similarly uncut end 22 of one of the deflector blades 18 in another one of the intersecting pairs of
grids 14 and 16 along the reverse bend 44 to form the static mixing device subassembly 46.
[00025] The interconnected uncut ends 24 and 22 of the deflector blades 18 creates a strong
integral connection that eliminates the need to position and then weld together the ends 24 and
22 of individual deflector blades 18. Each deflector blades 18 is shown as having one cut end 22
or 24. In another embodiment the cut end 22 or 24 is replaced by an uncut end 22 or 24 that is
then connected to an uncut end 22 or 24 of the deflector blades 18 in a further one of the
intersecting pairs of grids 14 and 16 along another one of the reverse bends 44 so that three of
the intersecting pairs of grids 14 and 16 are aligned with each other. Additional intersecting pairs
of grids 14 and 16 can be joined in this manner.

[00026] In one embodiment of the static mixing device subassembly 46, the end 32 of each
deflector blade 20 in the grid 16 is spaced from the end 30 of the longitudinally-aligned deflector
blade 20 in the adjacent grid 16 to create a gap 48. As illustrated in Fig. 6, the gap 48 may be
sized to receive at least some of the reverse bend 44 at the uncut ends 22, 24 of the deflector
blades 18 in another of the static mixing device subassemblies 46 so that the ends 32, 30 of the
deflector blades 20 may be welded or otherwise secured to the uncut ends 22, 24 of the deflector
blades 18 to join the two static mixing device subassemblies 46 together. Additional static

mixing device subassemblies 46 can be joined together in this manner.
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[00027] In some embodiments, as shown in Fig. 7, some or all of the deflector blades 18
and/or some or all of the deflector blades 20 may include apertures 50 that allow portions of the
fluid streams to pass through the deflector blades 18 and/or 20 to facilitate mixing of the fluid
streams.

[00028] Turning now to Figs. 8 and 9, a blank 52 in the form of a planar sheet of a material,
such as a metal or an alloy, from which one of the static mixing device subassemblies 46 is
illustrated. The blank 52 has been cut to form the cut ends 22, 24 and cut portions of the sides 26,
28 of the deflector blades 18, as well as the cut ends 30, 32 and the cut portions of the sides 34,
36 of the deflector blades 20. The S-shaped bends 40 to be formed in the deflector blades 20 and
the reverse bends 44 to be formed between the ends 24 and 22 of longitudinally-adjacent
deflector blades 18 are shown by broken lines. After cutting the planar sheet of material to form
the blank 52, the static mixing device subassembly 46 is then formed by bending the blank 52 at
the locations of the S-shaped bends 40 and the reverse bends 44. Because side-ways adjacent
ones of the deflector blades 18 and 20 are integrally joined together at the uncut portions of their
sides 26, 28 and 34, 36 along the transverse strip 38 and the longitudinally-adjacent ones of the
deflector blades 18 are integrally joined together at their uncut ends 22, 24 along the reverse
bend 44, the static mixing device subassembly 46 is formed as a one-piece element without any
need for welding together of separate deflector blades. This results in a high-strength static
mixing device subassembly 46 that can be fabricated more quickly and less expensively than
would otherwise be required if the deflector blades 18 and 20 were required to be welded
together. Similarly, the static mixing device 10 can be quickly assembled from the static mixing

device subassemblies 46 with a minimum of welding required.
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[00029] From the foregoing, it will be seen that this invention is one well adapted to attain all
the ends and objectives hereinabove set forth together with other advantages that are inherent to
the structure.

[00030] It will be understood that certain features and subcombinations are of utility and may
be employed without reference to other features and subcombinations. This is contemplated by
and is within the scope of the invention.

[00031] Since many possible embodiments may be made of the invention without departing
from the scope thereof, it is to be understood that all matter herein set forth or shown in the

accompanying drawings is to be interpreted as illustrative and not in a limiting sense.
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