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(57) Abstract: A mixing assembly for an exhaust system can include an outer body, a front plate, a back plate, a middle member, and
an inner member. The outer body defines an interior volume and has a center axis. The front plate defines an upstream portion of the
interior volume and the back plate defines a downstream portion of the interior volume. The middle member is positioned transverse
to the center axis and defines a volume. The inner member is positioned coaxially with the middle member inside the middle member.
The front plate includes inlets configured to direct exhaust to (i) a first flow path into an interior of the inner member, (ii) a second
flow path into the volume of the middle member between a sidewall of the middle member and a sidewall of the inner member, and
(iii) a third flow path into the interior volume of the outer body.
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BODY MIXING DECOMPOSITION REACTOR

TECHNICAL FIELD

[0001] The present application relates generally to the field of aftertreatment systems for

internal combustion engines.
BACKGROUND

[0002] For internal combustion engines, such as diesel engines, nitrogen oxide (NOy)
compounds may be emitted in the exhaust. To reduce NOy emissions, an SCR process may
be implemented to convert the NO, compounds into more neutral compounds, such as
diatomic nitrogen, water, or carbon dioxide, with the aid of a catalyst and a reductant. The
catalyst may be included in a catalyst chamber of an exhaust system, such as that of a
vehicle or power generation unit. A reductant, such as anhydrous ammonia, aqueous
ammonia, or urea is typically introduced into the exhaust gas flow prior to the catalyst
chamber. To introduce the reductant into the exhaust gas flow for the SCR process, an SCR
system may dose or otherwise introduce the reductant through a dosing module that
vaporizes or sprays the reductant into an exhaust pipe of the exhaust system up-stream of
the catalyst chamber. The SCR system may include one or more sensors to monitor
conditions within the exhaust system.

SUMMARY

[0003] Implementations described herein relate to mixing assemblies. One
implementation relates to a mixing assembly that includes: an outer body defining an
interior volume and having a center axis; a front plate defining an upstream portion of the
interior volume; a back plate defining a downstream portion of the interior volume; a
middle member positioned transverse to the center axis of the outer body and defining a
volume; and an inner member positioned coaxially with the middle member inside the
volume defined by the middle member; wherein the front plate comprises inlets configured
to direct exhaust to (i) a first flow path into an interior of the inner member, (ii) a second
flow path into the volume of the middle member between a sidewall of the middle member
and a sidewall of the inner member, and (iii) a third flow path into the interior volume of the

outer body.
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[0004] Another implementation relates to an exhaust assembly that includes: a catalyst;
and a mixing assembly positioned upstream of the catalyst, the mixing assembly
comprising: an outer body defining an interior volume and having a center axis; a front
perforation plate defining an upstream portion of the interior volume; a back perforation
plate defining a downstream portion of the interior volume; a middle cylinder positioned
transverse to the center axis of the outer body and defining a volume; and an inner tube
positioned coaxially with the middle cylinder inside the volume defined by the middle
cylinder; wherein the front perforation plate comprises inlets configured to direct exhaust
gas to (i)a first flow path into an interior of the inner tube, (ii)a second flow path into the
volume of the middle cylinder between a sidewall of the middle cylinder and a sidewall of
the inner tube, and (iii)a third flow path into the interior volume of the outer body.

[0005] Yet a further implementation relates to an exhaust aftertreatment assembly that
includes: a doser and a top cone. The top cone includes a sidewall defining a conical shape,
an upper opening at an upper end of the sidewall, and a bottom opening at a lower end of
the sidewall. The sidewall includes a a plurality of inlets. The upper opening has a diameter
based, at least in part, on a spray cone diameter for reductant spray from the doser at a spray
break-up length for the doser. The conical shape defined by the sidewall forms an angle
relative to a central axis, and the angle based, at least in part, on a spray angle for reductant

spray from the doser.
BRIEF DESCRIPTION

[0006] The details of one or more implementations are set forth in the accompanying
drawings and the description below. Other features, aspects, and advantages of the
disclosure will become apparent from the description, the drawings, and the claims, in
which:

[0007] Figure 1 is a block schematic diagram of an example selective catalytic reduction
system having an example reductant delivery system for an exhaust system;

[0008] Figure 2 is perspective cross-sectional view of a mixing assembly;

[0009] Figure 3 is an exploded perspective view of the mixing assembly;

[0010] Figure 4 is front elevation view of the mixing assembly;

[0011] Figure 5 is a side elevation cross-sectional view of the mixing assembly;

[0012] Figure 6 is a perspective cross-sectional view of the mixing assembly;

2-
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[0013] Figure 7 is a partial cutaway perspective view of the mixing assembly showing
fluid flow paths through the mixing assembly;

[0014] Figure 8 is a top cross-sectional view of the mixing assembly showing the fluid
flow paths of Figure 7

[0015] Figure 9A and 9B are fluid flow velocity diagrams showing fluid velocity profiles
within the mixing assembly at different exhaust flow speeds;

[0016] Figures 10A and 10B are fluid flow velocity diagrams showing fluid velocity
profiles within the mixing assembly at different exhaust flow speeds;

[0017] Figure 11 is a perspective view of a radial louvered cone for the mixing assembly;
[0018] Figure 12 is a partial perspective view of the radial louvered cone of Figure 11
assembled with the mixing assembly;

[0019] Figure 13 is a perspective view of a modified radial louvered cone for the mixing
assembly;

[0020] Figure 14 is a top view of the modified radial louvered cone of Figure 13;

[0021] Figure 15 is a perspective view of another modified radial louvered cone for the
mixing assembly;

[0022] Figure 16 is a top view of the modified radial louvered cone of Figure 15;

[0023] Figure 17 is a perspective view of a louvered cylinder for the mixing assembly;
[0024] Figure 18 is a top view of the louvered cylinder of Figure 17;

[0025] Figure 19 is a fluid flow velocity path diagram showing fluid velocity paths within
the mixing assembly having the radial louvered cone of Figures 11-12;

[0026] Figure 20 is a fluid flow velocity path diagram showing fluid velocity paths within
the mixing assembly having a perforated cone;

[0027] Figure 21 is a top down view of fluid flow velocity showing a fluid velocity profile
within the mixing assembly having the radial louvered cone of Figures 11-12;

[0028] Figure 22 is a top down view of fluid flow velocity showing a fluid velocity profile
within the mixing assembly having a perforated cone;

[0029] Figure 23 is a side view of fluid flow velocity showing a fluid velocity profile
within the mixing assembly having a modified radial louvered cone with a 25 degree louver
opening;

[0030] Figure 24 is a side view of a pressure contour showing pressures within the mixing

assembly having the modified radial louvered cone with a 25 degree louver opening;
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[0031] Figure 25 is a side view of fluid flow velocity showing a fluid velocity profile
within the mixing assembly having a modified radial louvered cone with a 30 degree louver
opening;

[0032] Figure 26 is a side view of a pressure contour showing pressures within the mixing
assembly having the modified radial louvered cone with a 30 degree louver opening;

[0033] Figure 27 is a fluid flow velocity path diagram showing fluid velocity paths within
the mixing assembly having the modified radial louvered cone with a 30 degree louver
opening;

[0034] Figure 28 is a side view of fluid flow velocity showing a fluid velocity profile
within the mixing assembly having a modified radial louvered cone with a 35 degree louver
opening;

[0035] Figure 29 is a side view of a pressure contour showing pressures within the mixing
assembly having the modified radial louvered cone with a 35 degree louver opening;

[0036] Figure 30 is a fluid flow velocity path diagram showing fluid velocity paths within
the mixing assembly having the modified radial louvered cone with a 35 degree louver
opening;

[0037] Figure 31 is a side view of fluid flow velocity showing a fluid velocity profile
within the mixing assembly having the modified radial louvered cone of Figures 13-14 with
30 degree louver openings angled at 30 degrees;

[0038] Figure 32 is a side view of a pressure contour showing pressures within the mixing
assembly having the modified radial louvered cone of Figures 13-14 with 30 degree louver
openings angled at 30 degrees;

[0039] Figure 33 is a fluid flow velocity path diagram showing fluid velocity paths within
the mixing assembly having the modified radial louvered cone of Figures 13-14 with 30
degree louver openings angled at 30 degrees;

[0040] Figure 34 is a side view of fluid flow velocity showing a fluid velocity profile
within the mixing assembly having the modified radial louvered cone of Figures 15-16 with
10 degree louver openings;

[0041] Figure 35 is a side view of a pressure contour showing pressures within the mixing
assembly having the modified radial louvered cone of Figures 15-16 with 10 degree louver

openings;
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[0042] Figure 36 is a fluid flow velocity path diagram showing fluid velocity paths within
the mixing assembly having the modified radial louvered cone of Figures 15-16 with 10
degree louver openings;

[0043] Figure 37 is a side view of fluid flow velocity showing a fluid velocity profile
within the mixing assembly having the modified radial louvered cone of Figures 15-16 with
20 degree louver openings;

[0044] Figure 38 is a side view of a pressure contour showing pressures within the mixing
assembly having the modified radial louvered cone of Figures 15-16 with 20 degree louver
openings;

[0045] Figure 39 is a fluid flow velocity path diagram showing fluid velocity paths within
the mixing assembly having the modified radial louvered cone of Figures 15-16 with 20
degree louver openings;

[0046] Figure 40 is a side view of fluid flow velocity showing a fluid velocity profile
within the mixing assembly having the modified radial louvered cone of Figures 15-16 with
30 degree louver openings;

[0047] Figure 41 is a side view of a pressure contour showing pressures within the mixing
assembly having the modified radial louvered cone of Figures 15-16 with 30 degree louver
openings;

[0048] Figure 42 is a fluid flow velocity path diagram showing fluid velocity paths within
the mixing assembly having the modified radial louvered cone of Figures 15-16 with 30
degree louver openings;

[0049] Figure 43 is a side view of fluid flow velocity showing a fluid velocity profile
within the mixing assembly having the modified radial louvered cone of Figures 15-16 with
35 degree louver openings;

[0050] Figure 44 is a side view of a pressure contour showing pressures within the mixing
assembly having the modified radial louvered cone of Figures 15-16 with 35 degree louver
openings;

[0051] Figure 45 is a fluid flow velocity path diagram showing fluid velocity paths within
the mixing assembly having the modified radial louvered cone of Figures 15-16 with 35
degree louver openings;

[0052] Figure 46 is a side view of fluid flow velocity showing a fluid velocity profile

within the mixing assembly having the louvered cylinder of Figures 17-18;
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[0053] Figure 47 is a side view of a pressure contour showing pressures within the mixing
assembly having the louvered cylinder of Figures 17-18;

[0054] Figure 48 is a fluid flow velocity path diagram showing fluid velocity paths within
the mixing assembly having the louvered cylinder of Figures 17-18; and

[0055] Figure 49 is a perspective view of the mixing assembly of Figures 2-6 with a swirl
assembly.

[0056] 1t will be recognized that some or all of the figures are schematic representations
for purposes of illustration. The figures are provided for the purpose of illustrating one or
more implementations with the explicit understanding that they will not be used to limit the

scope or the meaning of the claims.
DETAILED DESCRIPTION

[0057] Following below are more detailed descriptions of various concepts related to, and
implementations of, methods, apparatuses, and systems for compact mixers for an
aftertreatment system. The various concepts introduced above and discussed in greater
detail below may be implemented in any of numerous ways, as the described concepts are
not limited to any particular manner of implementation. Examples of specific
implementations and applications are provided primarily for illustrative purposes.

L Overview

[0058] In some vehicles, generators, or other applications for exhaust systems, the area or
space may be limited or a reduction in the space claim of the exhaust system may permit
other advantages, such as a larger engine, a larger passenger cabin, smaller generator size,
etc. One particular portion of an exhaust system that presents difficulties for reduction of the
space claim is the aftertreatment system and, particularly, the decomposition chamber or
reactor pipe. The decomposition chamber must both adequately mix dosed reductant with
flowing exhaust gas while also distributing the reductant and exhaust gas mixture across the
cross-sectional area of the downstream catalyst. Where there is no limitation to the space
claim sizing of the aftertreatment system, a relatively long tube structure is implemented
where the exhaust gas and dosed reductant can mix while flowing along the length.
However, reduction of a length or size of the decomposition chamber can result in reduced

mixing and/or reduced distribution of the reductant and exhaust gas mixture.
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[0059] Presented herein are implementations of mixing assemblies for decomposition
chambers that are provided having a compact length, but also result in adequate mixing and
distribution of the reductant and exhaust gas mixture.

I, Overview of Aftertreatment System

[0060] FIG. 1 depicts an aftertreatment system 100 having an example reductant delivery
system 110 for an exhaust system 190. The aftertreatment system 100 includes a particulate
filter, for example a diesel particulate filter (DPF) 102, the reductant delivery system 110, a
decomposition chamber or reactor pipe 104, an SCR catalyst 106, and a sensor 150,

[0061] The DPF 102 is configured to remove particulate matter, such as soot, from
exhaust gas flowing in the exhaust system 190. The DPF 102 includes an inlet, where the
exhaust gas is received, and an outlet, where the exhaust gas exits after having particulate
matter substantially filtered from the exhaust gas and/or converting the particulate matter
into carbon dioxide.

[0062] The decomposition chamber 104 is configured to convert a reductant, such as urea
or diesel exhaust fluid (DEF), into ammonia. The decomposition chamber 104 includes a
reductant delivery system 110 having a doser 112 configured to dose the reductant into the
decomposition chamber 104. In some implementations, the reductant is injected upstream of
the SCR catalyst 106. The reductant droplets then undergo the processes of evaporation,
thermolysis, and hydrolysis to form gaseous ammonia within the exhaust system 190. The
decomposition chamber 104 includes an inlet in fluid communication with the DPF 102 to
receive the exhaust gas containing NOx emissions and an outlet for the exhaust gas, NOx
emissions, ammonia, and/or remaining reductant to flow to the SCR catalyst 106.

[0063] The decomposition chamber 104 includes the doser 112 mounted to the
decomposition chamber 104 such that the doser 112 may dose the reductant into the exhaust
gases flowing in the exhaust system 190. The doser 112 may include an insulator 114
interposed between a portion of the doser 112 and the portion of the decomposition chamber
104 to which the doser 112 is mounted. The doser 112 is fluidly coupled to one or more
reductant sources 116. In some implementations, a pump 118 may be used to pressurize the
reductant from the reductant source 116 for delivery to the doser 112. In some
implementations, a filter assembly 117 can be positioned between the reductant source 116
and the doser 112. The filter assembly 117 can be upstream or downstream of the pump

118. In other implementations, the filter assembly 117 can be integrated into the pump 118.
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In still other implementations, the filter assembly 117 can be integrated into the doser 112
and/or reductant source 118. The filter assembly 117 can include a filter housing, a filter
media, and one or more valves, as described in greater detail below.

[0064] The doser 112 and pump 118 are also electrically or communicatively coupled to a
controller 120. In some implementations, the one or more valves can be electrically or
communicatively coupled to the controller 120. The controller 120 is configured to control
the doser 112 to dose reductant into the decomposition chamber 104. The controller 120
may also be configured to control the pump 118 and/or the filter assembly 117. The
controller 120 may include a microprocessor, an application-specific integrated circuit
(ASIC), afield-programmable gate array (FPGA), etc., or combinations thereof. The
controller 120 may include memory which may include, but is not limited to, electronic,
optical, magnetic, or any other storage or transmission device capable of providing a
processor, ASIC, FPGA, etc. with program instructions. The memory may include a
memory chip, Electrically Erasable Programmable Read-Only Memory (EEPROM),
erasable programmable read only memory (EPROM), flash memory, or any other suitable
memory from which the controller 120 can read instructions. The instructions may include
code from any suitable programming language.

[0065] The SCR catalyst 106 is configured to assist in the reduction of NOx emissions by
accelerating a NOx reduction process between the ammonia and the NOx of the exhaust gas
into diatomic nitrogen, water, and/or carbon dioxide. The SCR catalyst 106 includes inlet in
fluid communication with the decomposition chamber 104 from which exhaust gas and
reductant is received and an outlet in fluid communication with an end of the exhaust
system 190.

[0066] The exhaust system 190 may further include an oxidation catalyst, for example a
diesel oxidation catalyst (DOC), in fluid communication with the exhaust system 190 (e.g.,
downstream of the SCR catalyst 106 or upstream of the DPF 102) to oxidize hydrocarbons
and carbon monoxide in the exhaust gas.

[0067] In some implementations, the DPF 102 may be positioned downstream of the
decomposition chamber or reactor pipe 104. For instance, the DPF 102 and the SCR catalyst
106 may be combined into a single unit, such as a DPF with SCR-coating (SDPF). In some
implementations, the doser 112 may instead be positioned downstream of a turbocharger or

upstream of a turbocharger.
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[0068] The sensor 150 may be coupled to the exhaust system 190 to detect a condition of
the exhaust gas flowing through the exhaust system 190. In some implementations, the
sensor 150 may have a portion disposed within the exhaust system 190, such as a tip of the
sensor 150 may extend into a portion of the exhaust system 190. In other implementations,
the sensor 150 may receive exhaust gas through another conduit, such as a sample pipe
extending from the exhaust system 190. While the sensor 150 is depicted as positioned
downstream of the SCR catalyst 106, it should be understood that the sensor 150 may be
positioned at any other position of the exhaust system 190, including upstream of the DPF
102, within the DPF 102, between the DPF 102 and the decomposition chamber 104, within
the decomposition chamber 104, between the decomposition chamber 104 and the SCR
catalyst 106, within the SCR catalyst 106, or downstream of the SCR catalyst 106. In
addition, two or more sensors 150 may be utilized for detecting a condition of the exhaust
gas, such as two, three, four, five, or six sensors 150 with each sensor 150 located at one of
the foregoing positions of the exhaust system 190. In some implementations, one or more
actuators 152, such as actuators to move a valve (e.g., an EGR valve) or to control operation
of other devices, may be included for the exhaust system 190 in addition to the one or more

sensors 150.

II. Implementation of Mixing assemblies for Aftertreatment Systems

[0069] FIGS. 2-6 depict an implementation of a mixing assembly 200 that can be
implemented as the decomposition chamber 104 of FIG. 1. The mixing assembly 200
includes an outer body 202, a front plate 210, a middle member 220, an inner member 230,
a top cone 240, an exhaust assist port 250, a bleed port 260, and a back plate 290. In some
implementations, a middle cylinder base plate 270 can be included as a separate component
or can be integrated into one of the front plate 210 or middle member 220.

[0070] The outer body 202 includes an inlet 204 and an outlet 206 with a sidewall 208
extending therebetween and defining a decomposition chamber interior volume 209. The
outer body 202 is defined by a center longitudinal axis. The front plate 210 defines an
upstream portion of the interior volume 209 and the back plate 290 defines a downstream
portion of the interior volume 209.

[0071] The front plate 210 includes one or more openings 212 formed in at least a part of
the front plate 210. The one or more openings 212 can be circular, triangular, square, etc. In

9.
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some implementations, the one or more openings 212 can form a mesh. The front
perforation plate 210 shown in FIGS. 2-6 is a curved member having the one or more
openings 212 positioned in a middle region 214 with solid portions 215, 216 on either side.
The front perforation plate 210 includes an inlet opening 217 and a bleed port opening 218.
[0072] The inlet opening 217 provides an open flow path for exhaust to enter the middle
member or cylinder 220, exhaust assist port 250, and the top cone 240. The one or more
openings 212 formed in the front plate 210 provide a flow path for exhaust to enter into the
middle cylinder 220 and in a space formed between the front plate 210 and the middle
cylinder 220. The bleed port opening 218 provides an open flow path for exhaust to enter
through into a bleed port 260 defined by a bleed port plate 262 and the outer body 202.
[0073] The size of the inlet opening 217, size of the bleed port opening 218, and the
number and size of the one or more openings 212 in the front perforation plate 210 can be
varied to modify an amount of exhaust flow through each. In some implementations, the
size of the inlet opening 217, size of the bleed port opening 218, and the number and size of
the one or more openings 212 in the front perforation plate 210 can be based on a
percentage of a cross-sectional area of an inlet 204 of the outer body 202. For instance, the
inlet opening 217 can be between 10% and 30%, such as 20%, of the size of the cross-
sectional area of the inlet of the outer body 202.

[0074] The cross-sectional area of the bleed port opening 218 can be between 0% and
15%, such as 4.2%, of the cross-sectional area of the inlet of the outer body 202. The cross-
sectional area of the bleed port opening 218 can determine an amount of exhaust gas that is
used for thermal heating of the bleed port plate 262. The thermal heating can reduce the
impingement of dosed reductant from the interior of the inner member or tube 230 on the
bleed port plate 262.

[0075] The aggregate cross-sectional area of the one or more openings 212 in the front
perforation plate 210 can be between 0% and 15%, such as 5.7%, of the cross-sectional area
of the inlet of the outer body 202. The aggregate cross-sectional area of the one or more
openings 212 in the front perforation plate 210 can determine an amount of exhaust gas that
bypasses the inlet opening 217 and/or is used for backpressure reduction.

[0076] The middle member 220 can be a middle cylinder positioned transverse to the
center longitudinal axis of the outer body 202, and defines an interior middle volume. The

inner member 230 can be an inner tube that is positioned coaxially with the middle member
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220 inside the volume defined by the middle member 220. The inner member 230 can
define an interior.

[0077] Exhaust that enters through the inlet opening 217 flows along a first flow path
formed by two portions, collectively 310. A first portion 310A of the first flow path 310,
shown in FIGS. 7-8, flows through an opening between the exhaust assist port 250 and the
around the top cone 240 and the outer body 202. The exhaust combines with dosed
reductant from a doser (not shown) that is sprayed through an opening 252. In some
implementations, the exhaust assist port 250 abuts the top cone 240. In other
implementations, the exhaust assist port 250 can be spaced apart from the top cone 240. The
exhaust gas flowing along this first portion 310A of the first flow path 310 adds momentum
to the dosed reductant to increase mixing and reduce deposit formation downstream.

[0078] A second portion 310B of the first flow path 310 for the exhaust entering through
the inlet opening 217 flows around and into openings 242 in the top cone 240. In the
implementation shown, the openings 242 include perforations. In other implementations,
such as those shown in FIGS. 11 and 13-18, slots, slats, or other opening features may be
implemented for openings 242. The exhaust flowing through the openings 242 mixes with
the exhaust gas and dosed reductant from the first portion 310A of the first flow path 310 in
an interior of the inner tube 230.

[0079] The mixed exhaust gas and dosed reductant flows from a first end of the inner tube
230 from the top cone 240 to a second end at a bottom of the inner tube 230. The second
end is open to an interior of the middle cylinder 220. A second flow path flows 320 into the
middle cylinder 220 from the bleed port opening 218. Exhaust from the inlet 204 of the
outer body 202 enters through the bleed port opening 218 and flows between the outer body
202 and the bleed port plate 262. A space between the bleed port plate 262 and the middle
cylinder 220 permits the exhaust gas to flow into an interior of the middle cylinder 220. The
exhaust gas can flow around the inner tube 230 and/or to mix with exhaust gas and
reductant exiting from the second end of the inner tube 230. The resulting further mixed
exhaust gas and reductant flows out through openings 222 formed in the middle cylinder
220. In some implementations, the openings 222 can be perforations, such as shown in FIG.
5, or can be other openings 222, such as slats, slots, mesh, etc. In the implementation
shown, the openings 222 are on an upstream surface of the middle cylinder 220. In other

implementations, the openings 222 can be on a side, downstream, or any other surface or
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combination of surfaces of the middle cylinder 220. When the exhaust and reductant
mixture exits through the openings 222, the exhaust gas and reductant mixture enters into a
volume 294 between the front perforation plate 210, the rear perforation plate 290, and the
middle cylinder 220.

[0080] As described above, the front perforation plate 210 includes one or more openings
212 through which exhaust gas from the inlet 204 of the outer body 202 enters into the
volume 294 to mix with the exhaust gas and reductant exiting from the openings 222 of the
middle cylinder 220 as a third flow path 330. The exhaust gas and reductant mixture flows
through the volume 294, around the middle cylinder 220, to the rear perforation plate 290.
At the rear perforation plate 290, the exhaust gas and reductant mixture exits through
openings 292 formed through the rear perforation plate 290 and exits through the outlet 206
toward a downstream component, such as a catalyst.

[0081] FIG. 9A depicts a flow velocity profile 400 showing fluid velocities of fluid
flowing through the mixing assembly 200 at a first operating exhaust inlet flow speed. FIG.
9B depicts another flow velocity profile 500 showing fluid velocities of fluid flowing
through the mixing assembly 200 at a second operating exhaust inlet flow speed. In both
implementations, the front perforation plate 210 is positioned approximately 10 millimeters
from the middle cylinder 220.

[0082] FIG. 10A depicts a flow velocity profile 600 showing fluid velocities of fluid
flowing through the mixing assembly 200 at a first operating exhaust inlet flow speed. FIG.
10B depicts another flow velocity profile 700 showing fluid velocities of fluid flowing
through the mixing assembly 200 at a second operating exhaust inlet flow speed. In both
implementations, the front perforation plate 210 is positioned approximately 8 millimeters
from the middle cylinder 220.

[0083] As shown in FIGS. 11 and 13-18, the top cone 240 can have a variety of
configurations. For example, as shown in FIGS. 11-12, a top cone 800 can include a
plurality, such as six, scooped inlets 810 spaced about the exterior of the cone 800. As
shown, the scooped inlets 810 are formed by a spaced apart flap with sidewalls to form a
scoop type shape. Of course other inlets 810 can be used. The top cone 800 can be applied
to various decomposition reactors with various reductant dosers. The top cone 800 defines
an exhaust assist opening 820 that can be located at a distance from the doser to align with a

breakup length of the reductant spray and having a diameter equal to a spray diameter at the
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spray breakup area. In some implementations, the diameter may include a factor of safety to
avoid impingement. The top cone 800 has a side wall positioned at an angle similar to an
angle of the dosed reductant spray cone. The side wall as shown includes scooped inlets
810. In some implementations, the side wall may include perforations or louvers to allow
exhaust gas to pass into the top cone 800 interior. The exhaust assist opening 820 utilizes
exhaust flow to protect the sprayed reductant and uses a small amount of exhaust velocity to
merge the reductant spray with an exhaust cross flow. FIG. 12 depicts the top cone 800
incorporated into the mixing assembly 200 of FIGS. 2-6. As noted above, the top cone 240
can be dimensioned based on the spray pattern produced by a reductant doser. The top cone
240 can include a sidewall defining a conical shape and having a plurality of openings, an
upper opening at an upper end of the sidewall, and a bottom opening at a lower end of the
sidewall. The upper opening can have a diameter based, at least in part, on a spray cone
diameter for reductant spray from a doser at a spray break-up length for the doser. In one
embodiment, a top opening in the top cone 240 corresponding to the opening for the exhaust
assist port 250 can be spaced approximately 15-25 millimeters from an end of an injector
for the reductant doser. Such a spacing can correspond to the spray break-up length when
reductant is dosed. The spray break-up length is a distance from an injector or doser of a
reductant doser at which a continuous liquid jet from a nozzle exit of the reductant doser
breaks into fragments. A diameter of the top opening of the top cone 240 and the
corresponding opening of the exhaust assist port 250 can be between 20 and 40 millimeters,
such as 29.3 millimeters. The diameter can correspond to a sum of a spray cone diameter
and a factor of safety or buffer based on the spray cone diameter. The spray cone diameter
is the diameter of the spray cone at the spray break-up length. The factor of safety or buffer
can be between 5% and 50% of the spray cone diameter, such as 10%, 20%, 30%, 40% or
50%. The conical shape defined by the sidewall of the top cone 240 forms an angle relative
to a central axis of the top cone 240. The angle can be based on a spray angle of reductant
dosed by the reductant doser and a factor of safety or buffer. The spray angle is the angle
formed by the spray cone from the nozzle exit to the spray break-up length. The angle for
the top cone 240 can be between 30 degrees and 80 degrees, such as 60 degrees. The factor
of safety or buffer can be between 5% and 50% of the spray angle, such as 10%, 20%, 30%,
40% or 50%. A bottom diameter for a bottom opening of the top cone can be coupled to a

downstream mixing component, such as the inner member 230, and can be sized based on a
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diameter of the inner member 230. In some implementations, the bottom diameter can be
between 3 inches and 6 inches, such as 4.5 inches or 5 inches.

[0084] FIGS. 13-14 depicts another top cone 900 that can include a plurality, such as six,
scooped inlets 910 spaced about the exterior of the cone 900. In the implementation shown,
the scooped inlets 910 are angled, such as between 10 degrees and 45 degrees, such as 30
degrees, relative to a vertical axis of the top cone 900. The top cone 900 can be applied to
various decomposition reactors with various reductant dosers. The top cone 900 includes an
exhaust assist opening 920 that can be located at a distance from the doser to align with a
breakup length of the reductant spray and having a diameter equal to a spray diameter at the
spray breakup area. In some implementations, the diameter may include a factor of safety to
avoid impingement. The top cone 900 has a side wall positioned at an angle similar to an
angle of the dosed reductant spray cone. The side wall as shown includes scooped inlets
910. In some implementations, the side wall may include perforations or louvers to allow
exhaust gas to pass into the top cone 900 interior. The exhaust assist opening 920 utilizes
exhaust flow to protect the sprayed reductant and uses a small amount of exhaust velocity to
merge the reductant spray with an exhaust cross flow.

[0085] FIGS. 15-16 depicts another top cone 1000 that can include a plurality, such as six,
inlet flaps 1010 spaced about the exterior of the cone 1000. In the implementation shown,
the inlet flaps 1010 are not angled, but in other implementations, the inlet flaps 1010 can be
angled, such as between 10 degrees and 45 degrees, such as 30 degrees, relative to a vertical
axis of the top cone 1000. The top cone 1000 can be applied to various decomposition
reactors with various reductant dosers. The top cone 1000 includes an exhaust assist
opening 1020 that can be located at a distance from the doser to align with a breakup length
of the reductant spray and having a diameter equal to a spray diameter at the spray breakup
area. In some implementations, the diameter may include a factor of safety to avoid
impingement. The top cone 1000 has a side wall positioned at an angle similar to an angle
of the dosed reductant spray cone. The side wall as shown includes inlet flaps 1010. In
some implementations, the side wall may include perforations or louvers to allow exhaust
gas to pass into the top cone 1000 interior. The exhaust assist opening 1020 utilizes exhaust
flow to protect the sprayed reductant and uses a small amount of exhaust velocity to merge

the reductant spray with an exhaust cross flow.
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[0086] FIGS. 17-18 depicts a top cylinder 1100 that can include a plurality, such as six,
inlet flaps 1110 spaced about the exterior of the cylinder 1100. In the implementation
shown, the inlet flaps 1110 are not angled, but in other implementations, the inlet flaps 1110
can be angled on a surface of the sidewall, such as between 10 degrees and 45 degrees, such
as 30 degrees, relative to a vertical axis of the cylinder 1100. The cylinder 1100 can be
applied to various decomposition reactors with various reductant dosers. The cylinder 1100
includes an exhaust assist opening 1120 that can be located at a distance from the doser to
align with a breakup length of the reductant spray and having a diameter equal to a spray
diameter at the spray breakup area. In some implementations, the diameter may include a
factor of safety to avoid impingement. The cylinder 1100 has a side wall that includes the
inlet flaps 1110. In some implementations, the side wall may include perforations or louvers
to allow exhaust gas to pass into the cylinder 1100 interior. The exhaust assist opening 1120
utilizes exhaust flow to protect the sprayed reductant and uses a small amount of exhaust
velocity to merge the reductant spray with an exhaust cross flow.

[0087] FIG. 19 depicts a flow velocity profile 1200 showing fluid velocities of fluid
flowing through the mixing assembly 200 having the top cone 800 of FIGS. 11-12 at a first
operating exhaust inlet flow speed. In the implementation shown, the scooped inlets 8§10
have a 25 degree angled inlet opening relative to the sidewall of the top cone 800. FIG. 20
depicts a flow velocity profile 1300 showing fluid velocities of fluid flowing through the
mixing assembly 200 with the top cone 240 with perforations at the first operating exhaust
inlet flow speed. As shown, the scooped inlets 810 of the top cone 800 impart a vortical
velocity to the exhaust gas. FIG. 21 depicts a top down flow velocity profile 1400 showing
fluid velocities of fluid flowing through the mixing assembly 200 having the top cone 800
of FIGS. 11-12 at a first operating exhaust inlet flow speed. In the implementation shown,
the scooped inlets 810 have a 25 degree angled inlet opening relative to the sidewall of the
top cone 800. FIG. 22 depicts a top down flow velocity profile 1500 showing fluid
velocities of fluid flowing through the mixing assembly 200 with the top cone 240 with
perforations at the first operating exhaust inlet flow speed. As shown, the scooped inlets 810
of the top cone 800 impart a vortical velocity to the exhaust gas.

[0088] FIG. 23 depicts a flow velocity contour profile 1600 showing fluid velocities of
fluid flowing through the mixing assembly 200 having the top cone 800 of FIGS. 11-12 at

the first operating exhaust inlet flow speed. In the implementation shown, the scooped inlets
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810 have a 25 degree angled inlet opening relative to the sidewall of the top cone 800. FIG.
24 depicts a pressure contour profile 1700 showing fluid pressures within the mixing
assembly 200 having the top cone 800 of FIGS. 11-12 at the first operating exhaust inlet
flow speed. In the implementation shown, the scooped inlets 810 have a 25 degree angled
inlet opening relative to the sidewall of the top cone 800.

[0089] FIG. 25 depicts a flow velocity contour profile 1800 showing fluid velocities of
fluid flowing through the mixing assembly 200 having the top cone 800 of FIGS. 11-12 at
the first operating exhaust inlet flow speed. In the implementation shown, the scooped inlets
810 have a 30 degree angled inlet opening relative to the sidewall of the top cone 800. FIG.
26 depicts a pressure contour profile 1900 showing fluid pressures within the mixing
assembly 200 having the top cone 800 of FIGS. 11-12 at the first operating exhaust inlet
flow speed. In the implementation shown, the scooped inlets 810 have a 30 degree angled
inlet opening relative to the sidewall of the top cone 800. FIG. 27 depicts a flow velocity
profile 2000 showing fluid velocities of fluid flowing through the mixing assembly 200
having the top cone 800 of FIGS. 11-12 at the first operating exhaust inlet flow speed. In the
implementation shown, the scooped inlets 810 have a 30 degree angled inlet opening
relative to the sidewall of the top cone 800.

[0090] FIG. 28 depicts a flow velocity contour profile 2100 showing fluid velocities of
fluid flowing through the mixing assembly 200 having the top cone 800 of FIGS. 11-12 at
the first operating exhaust inlet flow speed. In the implementation shown, the scooped inlets
810 have a 35 degree angled inlet opening relative to the sidewall of the top cone 800. FIG.
29 depicts a pressure contour profile 2200 showing fluid pressures within the mixing
assembly 200 having the top cone 800 of FIGS. 11-12 at the first operating exhaust inlet
flow speed. In the implementation shown, the scooped inlets 810 have a 35 degree angled
inlet opening relative to the sidewall of the top cone 800. FIG. 30 depicts a flow velocity
profile 2300 showing fluid velocities of fluid flowing through the mixing assembly 200
having the top cone 800 of FIGS. 11-12 at the first operating exhaust inlet flow speed. In the
implementation shown, the scooped inlets 810 have a 35 degree angled inlet opening
relative to the sidewall of the top cone 800.

[0091] FIG. 31 depicts a flow velocity contour profile 2400 showing fluid velocities of
fluid flowing through the mixing assembly 200 having the top cone 900 of FIGS. 13-14 at

the first operating exhaust inlet flow speed. In the implementation shown, the scooped inlets
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910 have a 30 degree angled inlet opening relative to the sidewall of the top cone 900 and
are angled at 30 degrees on the sidewall of the top cone 900 relative to a vertical axis of the
top cone 900. FIG. 32 depicts a pressure contour profile 2500 showing fluid pressures
within the mixing assembly 200 having the top cone 900 of FIGS. 13-14 at the first
operating exhaust inlet flow speed. In the implementation shown, the scooped inlets 910
have a 30 degree angled inlet opening relative to the sidewall of the top cone 900 and are
angled at 30 degrees on the sidewall of the top cone 900 relative to a vertical axis of the top
cone 900. FIG. 33 depicts a flow velocity profile 2600 showing fluid velocities of fluid
flowing through the mixing assembly 200 having the top cone 900 of FIGS. 13-14 at the
first operating exhaust inlet flow speed. In the implementation shown, the scooped inlets
910 have a 30 degree angled inlet opening relative to the sidewall of the top cone 900 and
are angled at 30 degrees on the sidewall of the top cone 900 relative to a vertical axis of the
top cone 900.

[0092] FIG. 34 depicts a flow velocity contour profile 2700 showing fluid velocities of
fluid flowing through the mixing assembly 200 having the top cone 1000 of FIGS. 15-16 at
the first operating exhaust inlet flow speed. In the implementation shown, the inlet flaps
1010 have a 10 degree angled inlet opening relative to the sidewall of the top cone 1000.
FIG. 35 depicts a pressure contour profile 2800 showing fluid pressures within the mixing
assembly 200 having the top cone 1000 of FIGS. 15-16 at the first operating exhaust inlet
flow speed. In the implementation shown, the inlet flaps 1010 have a 10 degree angled inlet
opening relative to the sidewall of the top cone 1000. FIG. 36 depicts a flow velocity profile
2900 showing fluid velocities of fluid flowing through the mixing assembly 200 having the
top cone 1000 of FIGS. 15-16 at the first operating exhaust inlet flow speed. In the
implementation shown, the inlet flaps 1010 have a 10 degree angled inlet opening relative to
the sidewall of the top cone 1000.

[0093] FIG. 37 depicts a flow velocity contour profile 3000 showing fluid velocities of
fluid flowing through the mixing assembly 200 having the top cone 1000 of FIGS. 15-16 at
the first operating exhaust inlet flow speed. In the implementation shown, the inlet flaps
1010 have a 20 degree angled inlet opening relative to the sidewall of the top cone 1000.
FIG. 38 depicts a pressure contour profile 3100 showing fluid pressures within the mixing
assembly 200 having the top cone 1000 of FIGS. 15-16 at the first operating exhaust inlet

flow speed. In the implementation shown, the inlet flaps 1010 have a 20 degree angled inlet
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opening relative to the sidewall of the top cone 1000. FIG. 39 depicts a flow velocity profile
3200 showing fluid velocities of fluid flowing through the mixing assembly 200 having the
top cone 1000 of FIGS. 15-16 at the first operating exhaust inlet flow speed. In the
implementation shown, the inlet flaps 1010 have a 20 degree angled inlet opening relative to
the sidewall of the top cone 1000.

[0094] FIG. 40 depicts a flow velocity contour profile 3300 showing fluid velocities of
fluid flowing through the mixing assembly 200 having the top cone 1000 of FIGS. 15-16 at
the first operating exhaust inlet flow speed. In the implementation shown, the inlet flaps
1010 have a 30 degree angled inlet opening relative to the sidewall of the top cone 1000.
FIG. 41 depicts a pressure contour profile 3400 showing fluid pressures within the mixing
assembly 200 having the top cone 1000 of FIGS. 15-16 at the first operating exhaust inlet
flow speed. In the implementation shown, the inlet flaps 1010 have a 30 degree angled inlet
opening relative to the sidewall of the top cone 1000. FIG. 42 depicts a flow velocity profile
3500 showing fluid velocities of fluid flowing through the mixing assembly 200 having the
top cone 1000 of FIGS. 15-16 at the first operating exhaust inlet flow speed. In the
implementation shown, the inlet flaps 1010 have a 30 degree angled inlet opening relative to
the sidewall of the top cone 1000.

[0095] FIG. 43 depicts a flow velocity contour profile 3600 showing fluid velocities of
fluid flowing through the mixing assembly 200 having the top cone 1000 of FIGS. 15-16 at
the first operating exhaust inlet flow speed. In the implementation shown, the inlet flaps
1010 have a 35 degree angled inlet opening relative to the sidewall of the top cone 1000.
FIG. 44 depicts a pressure contour profile 3700 showing fluid pressures within the mixing
assembly 200 having the top cone 1000 of FIGS. 15-16 at the first operating exhaust inlet
flow speed. In the implementation shown, the inlet flaps 1010 have a 35 degree angled inlet
opening relative to the sidewall of the top cone 1000. FIG. 45 depicts a flow velocity profile
3800 showing fluid velocities of fluid flowing through the mixing assembly 200 having the
top cone 1000 of FIGS. 15-16 at the first operating exhaust inlet flow speed. In the
implementation shown, the inlet flaps 1010 have a 35 degree angled inlet opening relative to
the sidewall of the top cone 1000.

[0096] FIG. 46 depicts a flow velocity contour profile 3900 showing fluid velocities of
fluid flowing through the mixing assembly 200 having the cylinder 1100 of FIGS. 17-18 at
the first operating exhaust inlet flow speed. FIG. 47 depicts a pressure contour profile 4000
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showing fluid pressures within the mixing assembly 200 having the cylinder 1100 of FIGS.
17-18 at the first operating exhaust inlet flow speed. In FIG. 45 depicts a flow velocity
profile 4100 showing fluid velocities of fluid flowing through the mixing assembly 200
having the cylinder 1of FIGS. 17-18 at the first operating exhaust inlet flow speed.

[0097] FIG. 49 depicts a swirl inducer 4900 in lieu of the top cone 240 for the mixing
assembly 200 of FIGS. 2-6. In the implementation shown, the swirl inducer 4900 includes
an inlet 4910, an outer wall 4920, and an inner wall 4930. The outer wall 4920 and inner
wall 4920 defined a swirl path 4930 for exhaust gas entering through the inlet 4910 and
entering into an interior of the inner tube 230.

[0098] While this specification contains many specific implementation details, these
should not be construed as limitations on the scope of what may be claimed, but rather as
descriptions of features specific to particular implementations. Certain features described in
this specification in the context of separate implementations can also be implemented in
combination in a single implementation. Conversely, various features described in the
context of a single implementation can also be implemented in multiple implementations
separately or in any suitable subcombination. Moreover, although features may be
described above as acting in certain combinations and even initially claimed as such, one or
more features from a claimed combination can in some cases be excised from the
combination, and the claimed combination may be directed to a subcombination or variation
of a subcombination.

[0099] Similarly, while operations are depicted in the drawings in a particular order, this
should not be understood as requiring that such operations be performed in the particular
order shown or in sequential order, or that all illustrated operations be performed, to achieve
desirable results. In certain circumstances, the separation of various system components in
the implementations described above should not be understood as requiring such separation
in all implementations, and it should be understood that the described components and
systems can generally be integrated in a single product or packaged into multiple products

embodied on tangible media.

% ¢ 2% ¢

[0100] As utilized herein, the terms “approximately,” “about,” “substantially”, and similar
terms are intended to have a broad meaning in harmony with the common and accepted
usage by those of ordinary skill in the art to which the subject matter of this disclosure

pertains. It should be understood by those of skill in the art who review this disclosure that
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these terms are intended to allow a description of certain features described and claimed
without restricting the scope of these features to the precise numerical ranges provided.
Accordingly, these terms should be interpreted as indicating that insubstantial or
inconsequential modifications or alterations of the subject matter described and claimed are
considered to be within the scope of the invention as recited in the appended claims.
Additionally, it is noted that limitations in the claims should not be interpreted as
constituting “means plus function™ limitations under the United States patent laws in the
event that the term “means” is not used therein.

[0101] The terms “coupled,” “connected,” and the like as used herein mean the joining of
two components directly or indirectly to one another. Such joining may be stationary (e.g.,
permanent) or moveable (e.g., removable or releasable). Such joining may be achieved with
the two components or the two components and any additional intermediate components
being integrally formed as a single unitary body with one another or with the two
components or the two components and any additional intermediate components being
attached to one another.

[0102] The terms “fluidly coupled,” “in fluid communication,” and the like as used herein
mean the two components or objects have a pathway formed between the two components
or objects in which a fluid, such as water, air, gaseous reductant, gaseous ammonia, etc.,
may flow, either with or without intervening components or objects. Examples of fluid
couplings or configurations for enabling fluid communication may include piping, channels,
or any other suitable components for enabling the flow of a fluid from one component or
object to another.

[0103] It is important to note that the construction and arrangement of the system shown
in the various exemplary implementations is illustrative only and not restrictive in character.
All changes and modifications that come within the spirit and/or scope of the described
implementations are desired to be protected. It should be understood that some features
may not be necessary and implementations lacking the various features may be
contemplated as within the scope of the application, the scope being defined by the claims

cca 2% << 2% ¢

that follow. In reading the claims, it is intended that when words such as an,” “at least
one,” or “at least one portion™ are used there is no intention to limit the claim to only one

item unless specifically stated to the contrary in the claim. When the language “at least a
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portion” and/or “a portion™ is used the item can include a portion and/or the entire item

unless specifically stated to the contrary.
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WHAT IS CLAIMED IS:

1. A mixing assembly comprising:

an outer body defining an interior volume and having a center axis;

a front plate defining an upstream portion of the interior volume;

a back plate defining a downstream portion of the interior volume;

a middle member positioned transverse to the center axis of the outer body and
defining a volume; and

an inner member positioned coaxially with the middle member inside the volume
defined by the middle member;

wherein the front plate comprises inlets configured to direct exhaust to (1) a first
flow path into an interior of the inner member, (ii) a second flow path into the volume of the
middle member between a sidewall of the middle member and a sidewall of the inner

member, and (iii) a third flow path into the interior volume of the outer body.

2. The mixing assembly of claim 1, wherein the front plate comprises a plurality of

openings.

3. The mixing assembly of claim 1, wherein the back plate comprises a plurality of

openings.

4. The mixing assembly of claim 1 further comprising a top cone coupled to a first end of

the inner member.

5. The mixing assembly of claim 4, wherein the top cone defines an exhaust assist opening

and comprises a side wall defining a plurality of inlets.

6. The mixing assembly of claim 5, wherein the plurality of inlets defined by the sidewall

of the top cone are scooped inlets.

7. The mixing assembly of claim 5, wherein the plurality of inlets defined by the sidewall

of the top cone comprise inlet flaps.

8. The mixing assembly of claim 5, wherein the plurality of inlets defined by the sidewall

of the top cone are configured to direct exhaust to a first portion of the first flow path and
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the exhaust assist opening is configured to direct exhaust to a second portion of the first

flow path.

9. The mixing assembly of claim 1, wherein the exhaust of the first flow path and the

exhaust of the second flow path mix at a second end of the inner member.

10. An exhaust assembly comprising:
a catalyst; and

a mixing assembly positioned upstream of the catalyst, the mixing assembly

comprising:
an outer body defining an interior volume and having a center axis;
a front perforation plate defining an upstream portion of the interior volume;
a back perforation plate defining a downstream portion of the interior
volume;

a middle cylinder positioned transverse to the center axis of the outer body
and defining a volume; and

an inner tube positioned coaxially with the middle cylinder inside the volume
defined by the middle cylinder;

wherein the front perforation plate comprises inlets configured to direct
exhaust gas to (i)a first flow path into an interior of the inner tube, (ii)a second flow
path into the volume of the middle cylinder between a sidewall of the middle
cylinder and a sidewall of the inner tube, and (iii)a third flow path into the interior

volume of the outer body.

11. The exhaust assembly of claim 10 further comprising a top cone coupled to a first end
of the inner tube, wherein the top cone defines an exhaust assist opening and comprises a

sidewall defining a plurality of inlets.

12. The mixing assembly of claim 11, wherein the plurality of inlets defined by the

sidewall of the top cone are scooped inlets.

13. The mixing assembly of claim 11, wherein the plurality of inlets defined by the

sidewall of the top cone are inlet flaps.

14. An exhaust aftertreatment assembly comprising:
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a doser; and
a top cone, the top cone comprising:

a sidewall defining a conical shape and having a plurality of inlets;

an upper opening at an upper end of the sidewall, the upper opening having a
diameter based, at least in part, on a spray cone diameter for reductant spray from
the doser at a spray break-up length for the doser; and

a bottom opening at a lower end of the sidewall,

wherein the conical shape defined by the sidewall forms an angle relative to
a central axis, the angle based, at least in part, on a spray angle for reductant spray

from the doser.

15. The exhaust aftertreatment assembly of claim 14, wherein the plurality of inlets of the

sidewall of the top cone are scooped inlets.

16. The exhaust aftertreatment assembly of claim 14, wherein the plurality of inlets of the

sidewall of the top cone are inlet flaps.

17. The exhaust aftertreatment assembly of claim 14 further comprising an exhaust assist
port coupled to the sidewall of the top cone, the exhaust assist port having an opening

coaxially aligned with the upper opening.

18. The exhaust aftertreatment assembly of claim 17, wherein the plurality of inlets of the
sidewall of the top cone are configured to direct exhaust gas to a first portion of a first flow
path through the top cone and the exhaust assist port is configured to direct exhaust gas to a
second portion of the first flow path through the top cone.

19. The exhaust aftertreatment assembly of claim 14, wherein the bottom opening is

coupled to a downstream mixing component.

20. The exhaust aftertreatment assembly of claim 19, wherein the downstream mixing
component is an inner member positioned at an angle relative to an upstream exhaust gas

flow.
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