wO 2019/089041 A 1 | HIUN 000 000000 0 O O 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
09 May 2019 (09.05.2019)

(10) International Publication Number

WO 2019/089041 Al

WIPO I PCT

1)

@n

22)

@5
(26)
(71)

(72)

(74)

@81)

International Patent Classification:
FOIN 3/28 (2006.01) FOIN 3/20 (2006.01)

International Application Number:
PCT/US2017/059874

International Filing Date:
03 November 2017 (03.11.2017)

Filing Language: English

Publication Language: English

Applicant: FAURECIA EMISSIONS CONTROL
TECHNOLOGIES, USA, LLC [US/US]; 950 W 450 S,
Columbus, Indiana 47203 (US).

Inventors: CHAPMAN, Chris; 772 Ridgeview Lane,
Columbus, Indiana 47201 (US). DIMPELFELD, Philip
M.; 3504 Grant Court, Columbus, Indiana 47203 (US).
QUADRI, Syed Saleem; 72 Salzburg Blvd., Apt. A,
Columbus, Indiana 47201 (US). AHMED, Aejaz;, #H. N
°.115 3rd Main 5th Cross, Rahmath Nagar RT Nagar Post,
560032 Bangalore (IN).

Agent: LABA, Kerrie A.; Carlson, Gaskey & Olds, P.C.,
400 W. Maple Road, Ste. 350, Birmingham, Michigan
48009 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL,CN, CO, CR, CU, CZ, DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,

84

OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

4

Title: FLOW REVERSING MIXER ASSEMBLY

12\(‘

Lm

!/Az I18
34 | | r32
Ty g
||| | || X [t |
[l III| A
X — 30 |
I 1 T 1122
: =7 1

(57) Abstract: A mixer assembly for a vehicle exhaust system includes a
housing having an inlet portion and an outlet portion that are connected to
each other with a channel portion. An inlet baffle is positioned at the inlet
portion and an outlet baffle is positioned at the outlet portion. The inlet
and outlet baffles are non-concentric. An injector housing is attached to the
housing downstream of the inlet baffle and a spray guide is mounted within
the injector housing. The spray guide has a spray inlet and a spray outlet
that directs spray into the channel portion.
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FLOW REVERSING MIXER ASSEMBLY

BACKGROUND OF THE INVENTION

[0001] An exhaust system conducts hot exhaust gases generated by an engine through
various exhaust components to reduce emissions and control noise. The exhaust system may
include a diesel particulate filter (DPF) that is configured to remove particulate contaminates
from exhaust gas flow prior to the exhaust gases entering downstream exhaust system
components. The system may also include a diesel oxidation catalyst (DOC) upstream of the
DPF which converts exhaust gas pollutants, such as carbon monoxide for example, into
substances such as carbon dioxide and water. In one known configuration, the exhaust system
includes an injection system with a doser that injects a reducing agent, such as urea for
example, into the exhaust gases downstream of the DPF/DOC and upstream of a selective
catalytic reduction (SCR) catalyst. A mixer is positioned downstream of the DPF/DOC and
upstream of the SCR catalyst. The doser is mounted to an outer peripheral surface of the
mixer which is configured to mix engine exhaust gases with urea injected by the doser prior
to the exhaust stream entering the SCR catalyst.

[0002] In one known configuration, the various components are in an inline series
configuration. However, certain tight packaging constraints can lead to splitting up the inline
configuration into two separate modules that are parallel to each other. This type of
configuration then requires a flow reversing device. The addition of such a device further

complicates packaging and increases cost.

SUMMARY OF THE INVENTION
[0003] According to one exemplary embodiment, a mixer assembly for a vehicle
exhaust system includes a housing having an inlet portion and an outlet portion that are
connected to each other with a channel portion. An inlet baffle is positioned at the inlet
portion and an outlet baffle is positioned at the outlet portion. The inlet and outlet baffles are
non-concentric. An injector housing is attached to the housing downstream of the inlet baffle
and a spray guide is mounted within the injector housing. The spray guide has a spray inlet

and a spray outlet that directs spray into the channel portion.
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[0004] In another exemplary embodiment, a vehicle exhaust system assembly
includes a first exhaust component assembly extending along a first axis, a second exhaust
component assembly extending along a second axis that is spaced apart and parallel to the
first axis, and a mixer that connects a component outlet from the first exhaust component
assembly to a component inlet of the second exhaust component assembly. The mixer
includes a mixer housing having an inlet portion and an outlet portion that are connected to
each other with a channel portion. The mixer also includes an inlet baffle positioned at the
inlet portion and an outlet baffle positioned at the outlet portion, where the inlet baffle is
concentric with the first axis and the outlet baffle is concentric with the second axis. An
injector assembly includes an injector housing that is attached to the mixer housing
downstream of the inlet baffle and a cone that is mounted within the injector housing. The
cone has a cone inlet that receives spray from an injector and has a cone outlet that directs
spray into the channel portion.

[0005] These and other features of the present invention can be best understood from

the following specification and drawings, the following of which is a brief description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Figure 1 shows one example of a vehicle exhaust system with a mixer.

[0007] Figure 2 shows a perspective view of the mixer of Figure 1.

[0008] Figure 3 is an end view showing one example of inlet and outlet baffles for the
mixer of Figure 2.

[0009] Figure 4 is a side section view of one example injection assembly used with
the mixer of Figure 2.

[0010] Figure 5A is perspective view of the mixer and an outer jacket from the mixer
of Figure 2.

[0011] Figure 5B shows a jacket outlet for the jacket of Figure SA.

[0012] Figure 5C shows a jacket inlet for the jacket of Figure 5A.

[0013] Figure 6 shows another example of a vehicle exhaust system with a mixer.

[0014] Figure 7 shows a perspective view of the mixer of Figure 6.

[0015] Figure 8 is an end view showing one example of inlet and outlet baffles for the

mixer of Figure 7.
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[0016] Figure 9 is a side section view of one example injection assembly used with
the mixer of Figure 7.

[0017] Figure 10A is perspective view of the mixer and an outer jacket from the
mixer of Figure 7.

[0018] Figure 10B shows a jacket outlet for the jacket of Figure 10A.

[0019] Figure 10C shows a jacket inlet for the jacket of Figure 10A.

[0020] Figure 11 is a schematic representation of a mixer with an inner wall
configuration.

[0021] Figure 12 shows another example of a vehicle exhaust system with a mixer.

[0022] Figure 13 shows a perspective view of the mixer of Figure 12.

[0023] Figure 14 is an end view showing one example of inlet and outlet baffles for
the mixer of Figure 13.

[0024] Figure 15 is a side section view of one example injection assembly used with
the mixer of Figure 13.

[0025] Figure 16A is perspective view of the mixer and an outer jacket from the
mixer of Figure 13.

[0026] Figure 16B shows a jacket outlet for the jacket of Figure 16A.

[0027] Figure 16C shows a jacket inlet for the jacket of Figure 16A.

[0028] Figure 17 shows another example of a vehicle exhaust system with a mixer.

[0029] Figure 18 shows a perspective view of the mixer of Figure 17.

[0030] Figure 19 is an end view showing one example of inlet and outlet baffles for
the mixer of Figure 18.

[0031] Figure 20 is a side section view of one example injection assembly used with
the mixer of Figure 18.

[0032] Figure 21A is perspective view of the mixer and an inner wall from the mixer
of Figure 18.

[0033] Figure 21B shows an inner wall outlet for the jacket of Figure 21A.

[0034] Figure 21C shows an inner wall inlet for the jacket of Figure 21A.
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DETAILED DESCRIPTION

[0035] Figure 1 shows one example of a vehicle exhaust system 12 that conducts high
temperature exhaust gases generated by an engine (not shown) through various exhaust
components to reduce emissions and control noise as known. In the example shown in Figure
1, a first exhaust component assembly 14 extends along a first axis Al and a second exhaust
component assembly 16 extends along a second axis A2 that is spaced apart and parallel to
the first axis Al. A mixer 18 connects a component outlet from the first exhaust component
assembly 14 to a component inlet of the second exhaust component assembly 16. Further,
due to the parallel configuration of the exhaust component assemblies 14, 16, the mixer 18
also serves as a flow reversing device.

[0036] In one example configuration, the first exhaust component assembly 14
includes a diesel particulate filter (DPF) 20 and a diesel oxidation catalyst (DOC) 22 that is
upstream of the DPF 20. The DPF 20 is configured to remove particulate contaminates from
exhaust gas flow prior to the exhaust gases entering downstream exhaust system components.
The DOC 22 converts exhaust gas pollutants, such as carbon monoxide for example, into
substances such as carbon dioxide and water. In this example, the second exhaust component
assembly 16 includes a selective catalytic reduction (SCR) catalyst 24. As known, SCR
technology allows nitrogen oxide (NOXx) reduction reactions to take place in an oxidizing
atmosphere. The levels of NOx are reduced using a reducing agent, such as urea for example.
The reducing agent reacts with NOx to convert the pollutants into nitrogen, water, and small
amounts of carbon dioxide (CO2).

[0037] In one example configuration, the exhaust system 10 includes an injection
system 26 (Figure 4) with an injector or doser 28 that injects a reducing agent, such as a
solution of urea and water for example, into the exhaust gases downstream of the DPF 20 and
upstream the SCR catalyst 24. The mixer 18 is positioned upstream of the SCR catalyst 24
and mixes engine exhaust gases with the injected reducing agent. The doser 28 is mounted to
an outer peripheral surface of the mixer 18.

[0038] In one exemplary embodiment, the mixer 18 has a mixer housing 30 that
includes an inlet portion 32 and an outlet portion 34 that are connected to each other with a
channel portion 36 as shown in Figure 2. In one example, the channel portion 36 is offset

relative to a center of the mixer housing 30 and extends generally along a peripheral edge of
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the housing 30. An inlet baffle 38 is positioned at the inlet portion 32 and an outlet baffle 40
is positioned at the outlet portion 34. Due to the parallel exhaust component configuration,
the inlet 38 and outlet 40 baffles are non-concentric. The inlet baffle 38 is concentric with
the first axis Al and the outlet baffle 40 is concentric with the second axis A2. An injector
housing 42 is attached to the mixer housing 30 downstream of the inlet baffle 38. The doser
28 is externally mounted to the injector housing 42 and injects the reducing agent into a spray
guide 44 that is mounted within the injector housing 42. The spray guide 44 has a spray inlet
that receives injected fluid from the doser 28 and has a spray outlet that directs fluid spray
into the channel portion 36.

[0039] In one example, the inlet 32 and outlet 34 portions have mirrored helix shapes
that are connected by the channel portion 36. In one example, the channel portion 36
comprises a rectangular sectioned straight duct. The inlet portion 32 receives exhaust gas
from an outlet of the DPF 20 through the inlet baffle 38. In one example shown in Figure 3,
the inlet baffle 38 comprises a flat perforated baffle plate. The inlet baffle 38 includes various
types of openings, slots, apertures, etc. and is configured to direct certain percentages of
exhaust gas to different areas of the mixer 18. In one example, the inlet baffle 38 includes at
least one primary opening 46, at least one secondary opening 48 smaller than the primary
opening 46, and a plurality of third openings 50 that are smaller than the secondary opening
48.

[0040] A majority of the exhaust gas flows through the primary opening 46 which is
an open area adjacent to a lowest part of the mixer housing upstream helix. The secondary
opening 48 directs flow into the injector housing 42 which diverts the exhaust gas into the
spray guide 44 which shrouds the spray stream and pushes the spray into the channel portion
36 and then into the outlet portion 34 of the mixer housing 30. The plurality of third openings
50 comprise a series of perforated slots or holes in the inlet baffle 38 which allow exhaust gas
from the DPF 20 to enter the spray area and promote droplet breakup. The exhaust and spray
mixture flows through the channel portion 36 until the mixture meets the downstream helix
shape in the mixer housing 30 where the mixture is forced to flow around the helix and exit
through the outlet baffle 40 just before an inlet to a face of the SCR 24. In one example, the
outlet baffle 40 comprises a helical baffle plate that further promotes an evenly distributed

mixture. In one example, there is a gap between the outlet baffle 40 and the SCR face of at
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least 25 mm that allows the mixture of gas and fluid to evenly distribute over the SCR
surface.

[0041] In one example, the location and size of the primary opening 46 is configured
to control and direct 30-80% of the exhaust gas exiting the DPF 20 into a volume inside the
mixer housing 30 that is upstream of the spray outlet. The plurality of third openings 50 in
the inlet baffle 38 are located adjacent to the spray outlet to allow 10-20% of the exhaust gas
exiting the DPF 20 to initiate breaking up the spray into ammonia gas. The secondary
opening 48 comprises a slot that is used to feed 5-20% of the exhaust gas to the spray guide
44. The slot is located at a periphery of the inlet baffle 38 and is adjacent to a spray guide
cavity defined within the injector housing 42.

[0042] As discussed above, the mixer housing 30 includes an upstream helix that
features a helix shaped upper surface of the inlet portion 32. In one example, the pitch of the
helix is exactly the height of the mixer housing 30 so that the lowest part of the helix forms a
tight gap between the lower part and an inlet baffle surface, so that exhaust gas cannot bypass
from the main opening directly to the outlet baffle 40. The helix helps guide the exhaust gas
exiting the primary opening 46 in the inlet baffle 38 past the injection spray zone.

[0043] In one example, the spray guide 44 comprises a cone 52 (Figure 4) that is
mounted within the injector housing 42 and which extends from a cone inlet 54 to a cone
outlet 56. The cone inlet 54 is defined by a first cross-sectional area that is less than a second
cross-sectional area at the cone outlet 56. The injector housing 42 extends outside the mixer
housing 30 and comprises a cylindrical shape such that the housing 42 surrounds the cone 52
concentrically. The injector housing 42 guides the exhaust gas from the secondary opening 48
in the inlet baffle 38 along an outer surface of the cone 52 up to an inside surface of the
housing 42 at the doser mount location. The flow then enters the cone inlet 54 which is at the
smaller diameter and open end of the cone 52.

[0044] A swirl cone deflector plate 58 is attached to the large diameter open end of
the cone 52 near the cone outlet 56 to support the cone 52 in the mixer 18. The deflector
plate 58 also divides a main mixer volume (receiving exhaust gas from the primary opening
46 and third openings 50) from a cone volume (receiving exhaust gas from the secondary
opening 48) within the injector housing 42 to duct the 5-20% of exhaust flow into the cone
inlet 54.
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[0045] In one example, the channel portion 36 comprises a duct that is a straight
section of the mixer housing 30 and which is co-axial with the injection spray. In one
example, the duct cross-section is rectangular and has a cross-sectional area that is the same
as an inlet pipe to the after treatment exhaust system. In one example, the width of the duct is
half the width of the mixer 18, and the height is determined based on the packaging of the
cone 52; however, the height is adjusted to be as minimal as possible for packaging purposes,
while also providing the correct cross sectional area.

[0046] As discussed above, the outlet portion 34 of the mixer housing 30 comprises a
downstream helix that is a mirror of the upstream helix of the inlet portion 32. The helix
surface guides the exhaust gas from the channel portion 36 to distribute over the outlet baffle
40 and then exit through a primary opening 60 of the outlet baffle 40. The lowest part of the
helix touches the outlet baffle 40 to create a guiding wall for the exhaust gas and to prevent
the exhaust gas from flowing directly through the primary opening 60 and bypassing the
mixing effect in the downstream helix section.

[0047] In one example, the outlet baffle 40 comprises a helix shape that is exactly the
same pitch and direction of rotation as the shape of the downstream helix of the mixer
housing 30. In one example, the outlet baffle 40 includes at least one primary opening 60 and
a plurality of slots or secondary openings 62 that extend in a radial direction relative to a
center of the outlet baffle 40. The outlet baffle 40 may also include additional openings 64 as
needed to further facilitate exhaust gas flow. In one example, the primary opening 60 is sized
to receive between 60-80% of the exhaust flow and the secondary openings comprise two to
four radially oriented slots that are circumferentially spaced evenly apart prior to the primary
opening 60. The slots allow the remainder of the exhaust flow to exit the outlet baffle 40 to
the SCR 24. This configuration helps distribute the exhaust gas and ammonia gas over the
SCR more efficiently.

[0048] In one example, the mixer 18 includes an outer jacket 66 that extends at least
partially around a portion of the channel portion 36. As shown in Figures 2 and 5A-C in one
exemplary embodiment, the jacket 66 extends from a location near the inlet baffle 38, along
the channel portion 36, and extends around a substantial portion of the outlet portion 34 of
the housing 30. The exhaust gas flow enters the jacket 66 via at least one opening or slot 68

(Figure 3) formed in the outer edge of the inlet baffle 38 and a slot 74 in the housing 30. The
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slot 68, in one example, is positioned circumferentially between the secondary opening 48
and the third openings 50. Exhaust gas flow exits the jacket 66 through a slot 72 that is just
upstream of the outlet baffle 40.

[0049] Figures 6 through 10C show another exemplary embodiment of a mixer 118.
The mixer 118 has a mixer housing 130 that includes an inlet portion 132 and an outlet
portion 134 that are connected to each other with a channel portion 136 as shown in Figure 7.
In one example, the channel portion 136 is offset relative to a center of the mixer housing 130
and extends generally along a peripheral edge of the housing 130. An inlet baffle 138 is
positioned at the inlet portion 132 and an outlet baffle 140 is positioned at the outlet portion
134, with the inlet 138 and outlet 140 baffles being non-concentric. The inlet baffle 138 is
concentric with the first axis Al and the outlet baffle 140 is concentric with the second axis
A2. An injector housing 142 is attached to the mixer housing 130 downstream of the inlet
baffle 138. The doser 28 is externally mounted to the injector housing 142 and injects the
reducing agent into a spray guide 144 that is mounted within the injector housing 142. The
spray guide 144 has a spray inlet that receives injected spray from the doser 28 and has a
spray outlet that directs fluid spray into the channel portion 136.

[0050] In one example, the inlet 132 and outlet 134 portions have mirrored helix
shapes that are connected by the channel portion 136. In one example, the channel portion
136 comprises a rectangular sectioned straight duct. The inlet portion 132 receives exhaust
gas from an outlet of the DPF 20 through the inlet baffle 138. In one example shown in
Figure 8, the inlet baffle 138 comprises a flat perforated baffle plate. The inlet baffle 138
includes various types of openings, slots, apertures, etc. and is configured to direct certain
percentages of exhaust gas to different areas of the mixer 118. In one example, the inlet
baffle 138 includes at least one primary opening 146, at least one secondary opening 148
smaller than the primary opening 146, and a plurality of third openings 150 that are smaller
than the secondary opening 148.

[0051] The inlet baffle 138 may also include at least one opening or slot 168 (Figure
8) formed in the outer edge of the inlet baffle 138 that is used to direct exhaust gas into an
outer jacket 166. The slot 168 is positioned near the perforated third openings 150 and near
the upstream helix, and the slot 168 directs exhaust gas flow to enter a secondary channel in

the jacket 166 that is separate from the main channel of the housing 130. The flow is directed
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along an external surface of the channel portion 136 and enters back into the mixer housing
130 at the opposite end of the mixer 118 at the downstream helix. The exhaust gas in the
jacket 166 heats the outer wall of the mixer housing 130 that is subject to spray impingement
on the inside to prevent deposits from forming.

[0052] A majority of the exhaust gas flows through the primary opening 146 which is
an open area adjacent to a lowest part of the mixer housing upstream helix. The secondary
opening 148 directs flow into the injector housing 142 which diverts the exhaust gas into the
spray guide 144 which shrouds the spray stream and pushes the spray into the channel portion
136 and then into the outlet portion 134 of the mixer housing 130. The plurality of third
openings 150 comprise a series of perforated slots or holes in the inlet baffle 138 which allow
exhaust gas from the DPF 20 to enter the spray area and promote droplet breakup. The
exhaust and spray mixture flows through the channel portion 136 until the mixture meets the
downstream helix shape in the mixer housing 130 where the mixture is forced to flow around
the helix and exit through the outlet baffle 140 just before an inlet to a face of the SCR 24. In
one example, there is a gap between the outlet baffle 140 and the SCR face of at least 25 mm
that allows the mixture to more evenly distribute over the SCR surface.

[0053] In one example, the location and size of the primary opening 146 is configured
to control and direct 30-80% of the exhaust gas exiting the DPF 20 into a volume inside the
mixer housing 130 that is upstream of the spray outlet. The plurality of third openings 150 in
the inlet baffle 138 are located adjacent to the spray outlet to allow 10-20% of the exhaust gas
exiting the DPF 20 to initiate breaking up the spray into ammonia gas. The secondary
opening 148 feeds 5-20% of the exhaust gas to the spray guide 144. Another slot 168 is
located at a periphery of the inlet baffle 138 and is circumferentially between the secondary
opening 148 and third openings 150. The slot 168 allows exhaust flow to enter the heated
jacket 166 separate from the main flow path and enters back into the upper housing 130 at the
opposite end of the mixer 118. The exhaust gas in the jacket 166 heats the outer wall of the
upper housing 130 where there is spray impingement on the inside. In one example, the slot
168 in the periphery of the inlet baffle 138 receives between 5-20% of the exhaust flow and
ducts the flow into the heated outer jacket 166.

[0054] In one example, the externally mounted jacket 166 has an L-shaped cross-

section that envelopes one side and a top of the mixer housing 130 along the channel portion
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136 of the mixer housing 130 and follows the same curvature and helix pitch as the outlet
portion 134 of the mixer housing 130. In one example, there is a 5-10 mm gap between the
jacket 166 and the housing 130 to form a secondary flow channel within the jacket 166. A
slot 170 in the mixer housing 130 at the inlet portion 132 receives exhaust gas from the slot
168 in the inlet baffle 138 and a slot 172 in the outlet portion 134 allows the flow to exit from
the heated jacket 166 upstream of the outlet baffle 140. As discussed above, the jacket 166 is
used to heat an external side of the mixer housing 130 with 5-20% of the exhaust gas.

[0055] As an alternative to the heated jacket 166, an inner wall 174 (Figure 11) could
be used to provide a heated surface inside the mixer housing 130. In one example, a gap 176
between an inner surface of the mixer housing 130 and the inner wall 174 is 5-10 mm. The
inner wall 174 extends the full height of the mixer housing 130, extends from the spray guide
144 to the outlet portion 134 of the mixer housing 130, and follows the helix shape to end
after rotating 100 degrees into the outlet portion 134 of the mixer housing 130.
Approximately, 5-20% of the exhaust gas would be ducted from the slot 168 in the inlet
baffle 140 through the gap 176 between the inner wall 174 and the internal surface of the
housing 130 before exiting into the outlet portion 134.

[0056] As discussed above, the mixer housing 130 includes an upstream helix that
features a helix shaped upper surface of the inlet portion 132. In one example, the pitch of
the helix is exactly the height of the mixer housing 130 so the lowest part of the helix forms a
tight gap between the lower part and an inlet baffle surface, so that exhaust gas cannot bypass
from the main opening to the outlet baffle 140. The helix helps guide the exhaust gas exiting
the primary opening 146 in the inlet baffle 138 past the injection spray zone.

[0057] In one example, the spray guide 144 comprises a cone 152 (Figure 9) that is
mounted within the injector housing 142 and which extends from a cone inlet 154 to a cone
outlet 156. The cone inlet 154 is defined by a first cross-sectional area that is less than a
second cross-sectional area at the cone outlet 156. The injector housing 142 extends outside
the mixer housing 130 and comprises a cylindrical shape such that the housing 142 surrounds
the cone 152 concentrically. The injector housing 142 guides the exhaust gas from the
secondary opening 148 in the inlet baffle 138 along an outer surface of the cone 152 up to an
inside surface of the housing at the doser mount location. The flow then enters the cone inlet

154 which is at the smaller diameter and open end of the cone 152.
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[0058] A swirl cone deflector plate 158 is attached to the large diameter open end of
the cone 152 near the cone outlet to support the cone 152 in the mixer 18. The deflector plate
158 also divides a main mixer volume (receiving exhaust gas from the primary opening 146
and third openings 150) from a cone volume (receiving exhaust gas from the secondary
opening 148) within the injector housing 142 to duct the 5-20% of exhaust flow into the cone
inlet 154.

[0059] In one example, the channel portion 136 comprises a duct that is a straight
section of the mixer housing 130 and is co-axial with the injection spray. In one example,
the duct cross-section is rectangular and has a cross-sectional area that is the same as an inlet
pipe to the after treatment exhaust system. In one example, the width of the duct is half the
width of the mixer 18, and the height is determined based the packaging of the cone 152;
however, the height is adjusted to be as minimal as possible for packaging purposes, while
also providing the correct cross sectional area.

[0060] As discussed above, the outlet portion 134 of the mixer housing 130 comprises
a downstream helix that is a mirror of the upstream helix of the inlet portion 132. The helix
surface guides the exhaust gas from the channel portion 136 to distribute over the outlet
baffle 140 and then exit through a primary opening 160 of the outlet baffle 140. The lowest
part of the helix touches the outlet baffle 140 to create a guiding wall for the exhaust gas and
to prevent the exhaust gas from flowing directly through the primary opening 160 and
bypassing the mixing effect in the downstream helix section.

[0061] In one example, the outlet baffle 140 includes at least one primary opening
160 and a plurality of secondary openings or slots 162 that extend in a radial direction
relative to a center of the outlet baffle 140. In one example, the outlet baffle 140 comprises a
flat plate and the at least one primary opening 160 comprises a plurality of openings 160 that
form perforated hole pattern over approximately half of the area of the flat outlet baffle 140.
In one example, the primary openings 160 are sized to receive between 60-80% of the
exhaust flow and the secondary openings comprise two radially oriented slots 162 that are
circumferentially spaced evenly apart for each other. The slots 162 allow the remainder of
the exhaust flow to exit the outlet baffle 140 to the SCR 24. This configuration helps

distribute the exhaust gas and ammonia gas over the SCR more efficiently.
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[0062] In one example, the slots 162 have protrusions 178 around their periphery
which extend upward 2-5 mm in the opposite direction to the flow which retain urea inside
the outlet portion 134 of the mixer housing 130. This promotes improved urea break up to
ammonia and prevents the liquid from running through the slots 162 towards the SCR 24
which could lead to deposit formation.

[0063] Figures 12 through 16C show another exemplary embodiment of a mixer 218.
The mixer 218 has a mixer housing 230 that includes an inlet portion 232 and an outlet
portion 234 that are connected to each other with a channel portion 236 as shown in Figure
13. In one example, the channel portion 236 is offset relative to a center of the mixer housing
230 and extends generally along a peripheral edge of the housing 230. An inlet baffle 238 is
positioned at the inlet portion 232 and an outlet baffle 240 is positioned at the outlet portion
234, with the inlet 238 and outlet 240 baffles being non-concentric. The inlet baffle 238 is
concentric with the first axis Al and the outlet baffle 240 is concentric with the second axis
A2. An injector housing 242 is attached to the mixer housing 230 downstream of the inlet
baffle 238. The doser 28 is externally mounted to the injector housing 242 and injects the
reducing agent into a spray guide 244 that is mounted within the injector housing 242. The
spray guide 244 has a spray inlet that receives spray from the doser 28 and has a spray outlet
that directs spray into the channel portion 236.

[0064] In one example, the inlet 232 and outlet 234 portions are mirrored concave
impression shapes 280 that are connected by the channel portion 236. In one example, the
concave impressions 280 are located at the centers of the inlet 232 and outlet 234 portions
such that raised wall portions 282 extend at least partially around a periphery of the inlet 232
and outlet 234 portions.

[0065] In one example, the channel portion 236 comprises a rectangular sectioned
straight duct. The inlet portion 232 receives exhaust gas from an outlet of the DPF 20 through
the inlet baffle 238. In one example shown in Figure 14, the inlet baffle 238 comprises a flat
perforated baffle plate. The inlet baffle 238 includes various types of openings, slots,
apertures, etc. and is configured to direct certain percentages of exhaust gas to different areas
of the mixer 218. In one example, the inlet baffle 238 includes at least one primary opening
246, at least one secondary opening 248 smaller than the primary opening 246, and a plurality

of third openings 250 that are smaller than the secondary opening 248.
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[0066] The inlet baffle 238 may also include at least one opening or slot 268 (Figure
14) formed in the outer edge of the inlet baffle 238 that is used to direct exhaust gas into an
outer jacket 266. The slot 268 is positioned near the perforated third openings 250 and
directs exhaust gas flow to enter a secondary channel in the jacket 266 that is separate from
the main channel of the housing 230. The flow is directed along an external surface of the
channel portion 236 and enters back into the mixer housing 230 at the opposite end of the
mixer. The exhaust gas in the jacket 266 heats the outer wall of the mixer housing 230 that is
subject to spray impingement on the inside to prevent deposits from forming.

[0067] A majority of the exhaust gas flows through the primary opening 246 which is
an open area adjacent to a lowest part of the mixer housing upstream concave impression
280. The secondary opening 248 directs flow into the injector housing 242 which diverts the
exhaust gas into the spray guide 244 which shrouds the spray stream and pushes the spray
into the channel portion 236 and into the outlet portion 234 of the mixer housing 230. The
plurality of third openings 250 comprise a series of perforated slots or holes in the inlet baffle
238 which allow exhaust gas from the DPF 20 to enter the spray area and promote droplet
breakup. The exhaust and spray mixture flows through the channel portion 236 until the
mixture meets the downstream concave impression 280 in the mixer housing 230 where the
mixture is forced to flow around the concave impression and exit through the outlet baffle
240 just before an inlet to a face of the SCR 24. In one example, there is a gap between the
outlet baffle 240 and the SCR face of at least 25 mm that allows the mixture of gasses to
evenly distribute over the SCR surface.

[0068] In one example, the location and size of the primary opening 246 is configured
to control and direct 30-80% of the exhaust gas exiting the DPF 20 into a volume inside the
mixer housing 230 that is upstream of the spray outlet. The plurality of third openings 250 in
the inlet baffle 238 are located adjacent to the spray outlet to allow 10-20% of the exhaust gas
exiting the DPF 20 to initiate breaking up the spray into ammonia gas. The secondary
opening 248 comprises a slot that is used to feed 5-20% of the exhaust gas to the spray guide
244. The slot is located at a periphery of the inlet baffle 238 and is adjacent to a spray guide
cavity defined within the injector housing 242. In one example, the slot 268 is located at the
periphery of the inlet baffle 238 and receives between 5-20% of the exhaust flow and ducts

the flow into the heated outer jacket 266.
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[0069] In one example, the externally mounted jacket 266 has an L-shaped cross-
section that envelopes one side and a top of the mixer housing 230 along the channel portion
236 of the mixer housing 230 and follows the same curvature and helix pitch as the raised
wall portions 282 of the mixer housing 230. In one example, there is a 5-10 mm gap between
the jacket 266 and the housing 230 to form a secondary flow channel within the jacket 266. A
slot 270 in the mixer housing 230 at the inlet portion 232 receives exhaust gas from the slot
268 in the inlet baffle 238 and a slot 272 in the outlet portion 234 allows the flow to exit from
the heated jacket 266 upstream of the outlet baffle 240. As discussed above, the jacket 266 is
used to heat an external side of the mixer housing 230 with 5-10% of the exhaust gas. As an
alternative to the heated jacket 266, an inner wall 174 (Figure 11) as described above could
be used to provide a heated surface inside the mixer housing 230.

[0070] As discussed above, the mixer housing 230 includes an upstream concave
impression 280 formed in the inlet portion 232. In one example, the lowest part of the
concave impression 280 forms a tight gap between this lowest part and an inlet baffle surface,
so that exhaust gas cannot bypass from the main opening 246 directly to the outlet baffle 240.
The concave impression 280 also helps guide the exhaust gas exiting the primary opening
246 in the inlet baffle 238 past the injection spray zone.

[0071] In one example, the spray guide 244 comprises a cone 252 (Figure 15) that is
mounted within the injector housing 242 and which extends from a cone inlet 254 to a cone
outlet 256. The cone inlet 254 is defined by a first cross-section area that is less than a
second cross-sectional area at the cone outlet 256. The injector housing 242 extends outside
the mixer housing 230 and comprises a cylindrical shape such that the housing 242 surrounds
the cone 252 concentrically. The injector housing 242 guides the exhaust gas from the
secondary opening 248 in the inlet baffle 238 along an outer surface of the cone 252 up to an
inside surface of the housing at the doser mount location. The flow then enters the cone inlet
254 which is at the smaller diameter and open end of the cone 252.

[0072] A swirl cone deflector plate 258 is attached to the large diameter open end of
the cone 252 near the cone outlet 256 to support the cone 252 in the mixer 218. The deflector
plate 258 also divides a main mixer volume (receiving exhaust gas from the primary opening

246 and third openings 250) from a cone volume (receiving exhaust gas from the secondary
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opening 248) within the injector housing 242 to duct the 5-10% of exhaust flow into the cone
inlet 254.

[0073] In one example, the channel portion 236 comprises a duct that is a straight
section of the mixer housing 230 and is co-axial with the injection spray. In one example,
the duct cross-section is rectangular and has a cross-sectional area that is the same as an inlet
pipe to the after treatment exhaust system. In one example, the width of the duct is half the
width of the mixer 218, and the height is determined based the packaging of the cone 252;
however, the height is adjusted to be as minimal as possible for packaging purposes, while
also providing the correct cross sectional area.

[0074] As discussed above, the outlet portion 234 of the mixer housing 230 comprises
a downstream concave impression 280 that is a mirror of the upstream concave impression
280 of the inlet portion 232. The concave impression surface guides the exhaust gas from the
channel portion 236 to distribute over the outlet baffle 240 and then exit through one or more
openings 260 of the outlet baffle 240. The lowest part of the concave impression 280 is
tightly spaced to the outlet baffle 240 to create a guiding wall for the exhaust gas and to
prevent the exhaust gas from flowing directly through the openings 260 and bypassing the
mixing effect in the downstream concave impression section.

[0075] In one example, the outlet baffle 240 comprises a flat plate and the plurality of
openings 260 form a perforated hole pattern over approximately more than half of an entire
area of the flat outlet baffle 240.

[0076] Figures 17 through 21C show another exemplary embodiment of a mixer 318.
The mixer 318 has a mixer housing 330 that includes an inlet portion 332 and an outlet
portion 334 that are connected to each other with a channel portion 336 as shown in Figure
18. In one example, the channel portion 336 is offset relative to a center of the mixer housing
330 and extends generally along a peripheral edge of the housing 330. An inlet baffle 338 is
positioned at the inlet portion 332 and an outlet baffle 340 is positioned at the outlet portion
334, with the inlet 338 and outlet 340 baffles being non-concentric. The inlet baffle 338 is
concentric with the first axis Al and the outlet baffle 340 is concentric with the second axis
A2. An injector housing 342 is incorporated into the mixer housing 330 downstream of the
inlet baffle 338. The doser 28 is externally mounted to the injector housing 342 and injects

the reducing agent into a spray guide 344 that is mounted within the injector housing 342.
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The spray guide 344 has a spray inlet that receives spray from the doser 28 and has a spray
outlet that directs spray into the channel portion 336.

[0077] In one example, the inlet 332 and outlet 334 portions are mirrored concave
impression shapes 380 that are connected by the channel portion 336. In one example, the
concave impressions 380 are located at the centers of the inlet 332 and outlet 334 portions
such that raised wall portions 382 extend at least partially around a periphery of the inlet 332
and outlet 334 portions.

[0078] In one example, the channel portion 336 comprises a rectangular sectioned
straight duct. The inlet portion 332 receives exhaust gas from an outlet of the DPF 20 through
the inlet baffle 338. In one example shown in Figure 19, the inlet baffle 338 comprises a flat
perforated baffle plate. The inlet baffle 338 includes various types of openings, slots,
apertures, etc. and is configured to direct certain percentages of exhaust gas to different areas
of the mixer 318. In one example, the inlet baffle 338 includes at least one primary opening
346, at least one secondary opening 348 smaller than the primary opening 346, and a plurality
of third openings 350 that are smaller than the secondary opening 348.

[0079] In one example, the mixer 318 includes an inner wall 374 that is located in the
mixing cavity and spaced inwardly from an inner surface of the outer housing 330 by a gap
376 (Figures 21A-C). In one example, the inlet baffle 338 includes at least one opening or
slot 368 (Figure 19) formed in the outer edge of the inlet baffle 338 that is used to direct
exhaust gas into the gap 376 formed between the inner surface of the housing 330 and the
inner wall 374. The slot 368 is positioned near the perforated third openings 350 and directs
exhaust gas flow to enter a secondary channel formed in the gap 376 that is separate from the
main internal cavity of the housing 330. The flow is directed along an outward-facing
surface of the inner wall 374 and enters back into the main cavity of the mixer housing 330 at
the opposite end of the mixer. The exhaust gas in the gap 376 heats the inner wall 374 to
prevent deposits from forming on an inwardly-facing surface of the inner wall 374 which is
subject to spray impingement.

[0080] A majority of the exhaust gas flows through the primary opening 346 which is
an open area adjacent to a lowest part of the mixer housing upstream concave impression
380. The secondary opening 348 directs flow into the injector housing 342 which diverts the

exhaust gas into the spray guide 344 which shrouds the spray stream and pushes the spray
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into the channel portion 336 and into the outlet portion 334 of the mixer housing 330. The
plurality of third openings 350 comprise a series of perforated slots or holes in the inlet baffle
338 which allow exhaust gas from the DPF 20 to enter the spray area and promote droplet
breakup. The exhaust and spray mixture flows through the channel portion 336 until the
mixture meets the downstream concave impression 380 in the mixer housing 330 where the
mixture is forced to flow around the concave impression and exit through the outlet baffle
340 just before an inlet to a face of the SCR 24. In one example, there is a gap between the
outlet baffle 340 and the SCR face of at least 25 mm that allows the mixture of gasses to
evenly distribute over the SCR surface.

[0081] In one example, the location and size of the primary opening 346 is configured
to control and direct 30-80% of the exhaust gas exiting the DPF 20 into a volume inside the
mixer housing 330 that is upstream of the spray outlet. The plurality of third openings 350 in
the inlet baffle 338 are located adjacent to the spray outlet to allow 10-20% of the exhaust gas
exiting the DPF 20 to initiate breaking up the spray into ammonia gas. The secondary
opening 348 comprises a slot that is used to feed 5-10% of the exhaust gas to the spray guide
344. The slot is located at a periphery of the inlet baffle 338 and is adjacent to a spray guide
cavity defined within the injector housing 342. In one example, the additional slot 368 is
located at the periphery of the inlet baffle 338 and receives between 5-10% of the exhaust
flow and ducts the flow into the gap 376.

[0082] In one example, the inner wall 374 extends from an outlet of the spray guide
344, along the channel portion 336 of the mixer housing 330, and then follows the same
curvature and helix pitch as the raised wall portions 382 of the mixer housing 330 at the inlet
and/or outlet portions 332, 334. In one example, the gap 376 between the inner wall 374 and
the housing 330 is between 5-10 mm to provide a secondary flow channel within the mixer
318. A wall inlet 370 receives exhaust gas from the slot 368 in the inlet baffle 338 and directs
the exhaust gas into the gap 376. A wall outlet 372 in the outlet portion 234 allows the flow
to exit from the gap 376 upstream of the outlet baffle 340. As discussed above, the inner wall
374 provides a secondary exhaust gas flow path that receives 5-10% of the exhaust gas to
heat the inner wall 374. Further, it should be understood that the inner wall 374 could also be
used instead of, or in addition to, the outer jacket configuration disclosed in any of the

examples described above.
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[0083] As discussed above, the mixer housing 330 includes an upstream concave
impression 380 formed in the inlet portion 332. In one example, the lowest part of the
concave impression 380 forms a tight gap between this lowest part and an inlet baffle surface,
so that exhaust gas cannot bypass from the main opening 346 directly to the outlet baffle 340.
The concave impression 380 also helps guide the exhaust gas exiting the primary opening
346 in the inlet baffle 338 past the injection spray zone.

[0084] In one example, the spray guide 344 comprises a cone 352 (Figure 20) that is
mounted within the injector housing 342 and which extends from a cone inlet 354 to a cone
outlet 356. The cone inlet 354 is defined by a first cross-section area that is less than a
second cross-sectional area at the cone outlet 356. The injector housing 342 is incorporated
directly into the mixer housing 330 to provide a compact configuration and at least partially
surrounds the cone 352 to facilitate directing exhaust flow into the cone inlet 354. The
injector housing 342 guides the exhaust gas from the secondary opening 348 in the inlet
baffle 338 along an outer surface of the cone 352 up to an inside surface of the housing at the
doser mount location. The flow then enters the cone inlet 354 which is at the smaller
diameter and open end of the cone 352.

[0085] A swirl cone deflector plate 358 is attached to the large diameter open end of
the cone 352 near the cone outlet 356 to support the cone 352 in the mixer 318. The deflector
plate 358 also divides a main mixer volume (receiving exhaust gas from the primary opening
346 and third openings 250) from a cone volume (receiving exhaust gas from the secondary
opening 348) within the injector housing 342 to duct the 5-10% of exhaust flow into the cone
inlet 354. The mixer 318 also includes one or more inlet deflectors 378 and one or more
outlet deflectors 380 which are used to improve droplet break-up and reduce deposits. The
inlet deflector 378 is positioned upstream of the spray and restricts exhaust gas flow to the
lower portion of the main duct. The gas flow has an increased velocity due to the smaller
open area caused by the inlet deflector 378, which promotes droplet break-up to gas.

[0086] In one example, the channel portion 336 comprises a duct that is a straight
section of the mixer housing 330 and is co-axial with the injection spray. In one example,
the duct cross-section is rectangular and has a cross-sectional area that is the same as an inlet
pipe to the after treatment exhaust system. In one example, the width of the duct is half the

width of the mixer 318, and the height is determined based the packaging of the cone 352;
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however, the height is adjusted to be as minimal as possible for packaging purposes, while
also providing the correct cross sectional area.

[0087] As discussed above, the outlet portion 334 of the mixer housing 330 comprises
a downstream concave impression 380 that is a mirror of the upstream concave impression
380 of the inlet portion 332. The concave impression surface guides the exhaust gas from the
channel portion 336 to distribute over the outlet baffle 340 and then exit through one or more
openings 360a, 360b of the outlet baffle 340. The lowest part of the concave impression 380
is tightly spaced to the outlet baffle 340 to create a guiding wall for the exhaust gas and to
prevent the exhaust gas from flowing directly through the openings 360a, 360b and bypassing
the mixing effect in the downstream concave impression section. In one example, the outlet
baffle 340 comprises a flat plate and the openings 360a comprise a first plurality of openings
360 that form a perforated hole pattern over approximately half of an entire area of the flat
outlet baffle 340. The openings 360b comprise slots or holes that are located in an opposite
half of the outlet baffle 340.

[0088] In each of the examples, the mixer comprises a single-piece upper or outer
housing that includes both inlet and outlet portions which are connected to each other via a
straight channel. The inlet portion is coupled to an upstream exhaust component and the
outlet portion is coupled to a downstream exhaust component that is non-concentric with the
upstream exhaust component. The inlet and outlet portions are configured such that they are
mirrored images of each other. The channel is offset from a center of the inlet and outlet
portions and extends along one edge of the outer housing to connect the mirrored inlet and
outlet portions to each other. The mixers include a spray injector that is coaxial with the
channel portion. Each mixer includes an outer jacket and/or an inner wall that extends along
the channel portion and forms a secondary flow path that heats areas within the mixer that are
subject to spray impingement such that deposit formation is reduced. The mixers also
include inlet baffles that are configured to divide incoming exhaust gas into sub-portions that
are directed into different areas of the mixer. This configuration provides a very compact
arrangement while still providing sufficient mixing capability and reduced deposit formation.

[0089] As discussed above, the subject invention provides a compact system by
integrating the mixing of the reducing agent and exhaust gas into a U-shaped mixer housing

that is used to connect the DOC/DPF to the SCR/SCRF catalyst. The exemplary mixer
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housings are configured with an offset channel that connects to mirror image shape
inlet/outlet portions to create tangential flow that promotes efficient mixing upstream of the
SCR/SCREF through optimized inlet and outlet baffles.

[0090] The preceding description is exemplary rather than limiting in nature.
Variations and modifications to the disclosed examples may become apparent to those skilled
in the art that do not necessarily depart from the essence of this disclosure. The scope of
legal protection given to this disclosure can only be determined by studying the following
claims.

[0091] Although a combination of features is shown in the illustrated examples, not
all of them need to be combined to realize the benefits of various embodiments of this
disclosure. In other words, a system designed according to an embodiment of this disclosure
will not necessarily include all of the features shown in any one of the Figures or all of the
portions schematically shown in the Figures. Moreover, selected features of one example

embodiment may be combined with selected features of other example embodiments.
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CLAIMS

1. A mixer assembly for a vehicle exhaust system comprising:

a housing having an inlet portion and an outlet portion that are connected to each
other with a channel portion;

an inlet baffle positioned at the inlet portion;

an outlet baffle positioned at the outlet portion, wherein the inlet and outlet baffles are
non-concentric;

an injector housing attached to the housing downstream of the inlet baffle; and

a spray guide mounted within the injector housing, wherein the spray guide has a

spray inlet and a spray outlet that directs spray into the channel portion.

2. The mixer assembly according to claim 1 wherein the inlet and outlet portions are

mirror images of each other.

3. The mixer assembly according to claim 2 wherein the inlet and outlet portions have

helix shapes.

4. The mixer assembly according to claim 2 wherein the inlet and outlet portions have

concave impressions.

5. The mixer assembly according to claim 1 wherein the channel portion comprises a

straight duct section.

6. The mixer assembly according to claim 5 wherein the straight duct section has a

rectangular cross-section.

7. The mixer assembly according to claim 5 including an outer jacket that surrounds at

least a portion of the straight duct section.
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8. The mixer assembly according to claim 1 wherein the inlet baffle includes at least one
primary opening, at least one secondary opening smaller than the primary opening, and a

plurality of third openings that are smaller than the secondary opening.

9. The mixer assembly according to claim 8 wherein the spray guide comprises a cone,
and wherein the spray inlet is defined by a cross-section that is smaller than a cross-section at

the spray outlet.

10. The mixer assembly according to claim 9 wherein the inlet portion receives exhaust
gas from an upstream exhaust component, and wherein 30-80% of the exhaust gas is directed

through the primary opening to a volume that is upstream of the spray outlet.

11. The mixer assembly according to claim 9 wherein the inlet portion receives exhaust
gas from an upstream exhaust component, and wherein 5-10% of the exhaust gas is directed
through the secondary opening to supply exhaust gas to the spray inlet to mix with injected

spray prior to exiting the spray outlet.

12. The mixer assembly according to claim 9 wherein the inlet portion receives exhaust
gas from an upstream exhaust component, and wherein 10-20% of the exhaust gas is directed

through the plurality of third openings to break up spray exiting the spray outlet.

13. The mixer assembly according to claim 8 wherein the inlet portion receives exhaust
gas from an upstream exhaust component, and wherein the inlet baffle includes at least one
slot formed in a periphery of the inlet baffle through which 5-10% of the exhaust gas is

directed into an outer jacket that at least partially surrounds the channel portion.
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14. The mixer assembly according to claim 1 wherein exhaust gas received through the
inlet baffle is directed toward the outlet baffle, and wherein the outlet baffle includes at least
one primary opening and a plurality of slots that extend in a radial direction relative to a
center of the outlet baffle, and wherein 60-80% of the exhaust gas exits the housing via the

primary opening.

15. The mixer assembly according to claim 14 wherein the plurality of slots comprises

two to four slots which are circumferentially spaced apart from each other.

16. The mixer assembly according to claim 1 including an inner wall spaced apart from
an inner surface of the housing by a gap, the inner wall extending from the inlet portion,
along the channel portion, and to the outlet portion to define a secondary flow path within the

housing.

17. The mixer assembly according to claim 1 wherein the inlet portion, outlet portion, and

channel portion comprise a single-piece housing.
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18. A vehicle exhaust system assembly comprising:

a first exhaust component assembly extending along a first axis;

a second exhaust component assembly extending along a second axis that is spaced
apart from and parallel to the first axis;

a mixer that connects a component outlet from the first exhaust component assembly
to a component inlet of the second exhaust component assembly, wherein the mixer includes
a mixer housing having an inlet portion and an outlet portion that are connected to each other
with a channel portion, an inlet baffle positioned at the inlet portion, and an outlet baffle
positioned at the outlet portion, and wherein the inlet baffle is concentric with the first axis
and the outlet baffle is concentric with the second axis; and

an injector assembly including an injector housing attached to the mixer housing
downstream of the inlet baffle and a cone mounted within the injector housing, wherein the
cone has a cone inlet that receives spray from an injector and has a cone outlet that directs

spray into the channel portion.

19. The exhaust system assembly according to claim 18 wherein the channel portion
comprises a straight duct section, and wherein the inlet and outlet portions are mirror images

of each other.

20. The exhaust system assembly according to claim 18 wherein the inlet baffle includes
at least one primary opening, at least one secondary opening smaller than the primary
opening, and a plurality of third openings that are smaller than the secondary opening, and
wherein

30-80% of exhaust gas exiting the first exhaust component assembly is directed
through the primary opening to a volume that is upstream of the spray outlet,

5-10% of the exhaust gas is directed through the secondary opening to supply exhaust
gas to the cone inlet, and

10-20% of the exhaust gas is directed through the plurality of third openings to break

up spray exiting the cone outlet.
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21. The exhaust system assembly according to claim 20 including an outer jacket that
surrounds at least a portion of the channel portion, and wherein the inlet baffle includes at
least one slot formed in a periphery of the inlet baffle through which 5-10% of the exhaust

gas is directed into the outer jacket.

22. The exhaust system assembly according to claim 18 wherein the outlet baffle includes
at least one primary opening and a plurality of radially extending slots, and wherein 60-80%

of the exhaust gas exits the mixer housing via the primary opening.

23. The exhaust system assembly according to claim 18 wherein the inlet portion, outlet

portion, and channel portion comprise a single-piece mixer housing.

24. The exhaust system assembly according to claim 18 including an inner wall spaced
apart from an inner surface of the mixer housing by a gap, the inner wall extending from the
inlet portion, along the channel portion, and to the outlet portion to define a secondary flow

path within the mixer housing.
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