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EXHAUST GAS FLOW DEVICE

Cross-Reference to Related Application
This application is being filed on 15 May 2008, as a PCT International Patent
application in the name of Donaldson Company, Inc., a U.S. ﬁaﬁonal corporation,

5 and Jared Dean Blaisdell, a citizen of the U.S. and Karthik Viswanathan, a citizen of
India, applicants for the designation of the US only, and claims priority to U.S.
Provisional Patent Application Serial Nos. 60/938,067, filed May 15, 2007;
60/977,518, filed October 4, 2007; and 61/024,677, filed on January 30, 2008, all of

‘which are hereby incorporated by reference in their entirety.

10 Background
Vehicles equipped with diesel engines typically include exhaust

systems that have aftertreatment systems such as selective catalytic reduction
catalyst devices, lean NOx catalyst devices, or lean NOx trap devices to reduce the
amount of undesirable gases, such as nitrogen oxides (NOx) from the exhaust. In
15  order for these types of aftertreatment devices to work properly, a doser injects
reactants, such as urea, ammonia, or hydrocarbons, into the exhaust gas. As the
exhaust gas and reactants flow through the aftertreatment device, the exhaust gas
and reactants convert the undesirable gases, such as NOx, into more acceptable
gases, such as nitrogen and oxygen. However, the efficiency of the aftertreatment
20  system depends upon how evenly the reactants are mixed with the exhaust gases.
Therefore, there is a need for a flow device that provides a uniform mixture of

exhaust gases and reactants.

Summary
An aspect of the present disclosure relates to a flow device for an

25  exhaust treatment system that uses at least one bent tube for mixing exhaust flow
within an exhaust conduit. In certain embodiments, the flow device can include a
catalyst for catalyzing the decomposition of reactant injected into the exhaust
treatment systern.

Another aspect of the present disclosure relates to a flow device for

30  an exhaust treatment system having a base and at least one flow deflector tube

secured to the base. The flow deflector tube includes a flow inlet, a flow outlet, and
1
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a passage that extends through the flow deflector tube from the flow inlet to the flow
outlet. The flow outlet is at an angled orientation to the flow inlet.

Another aspect of the present disclosure relates to an exhaust
treatment system having an exhaust conduit for conveying exhaust gases from an
engine of a vehicle. An aftertreatment device is disposed in the exhaust conduit. A
flow device is disposed in the exhaust conduit upstream of the aftertreatment device.
The flow device includes a base and a plurality of flow deflector tubes secured to the
base. Each flow deflector tube includes a flow inlet, a flow outlet and a passage that
extends through the flow deflector tube from the flow inlet to the flow outlet. The
flow outlet is at an angled orientation to the flow inlet.

Another aspect of the present disclosure relates to a method of mixing
reactants and exhaust in an exhaust treatment system. The method includes the steps
of injecting reactants into exhaust gases flowing through an exhaust conduit used to
convey the exhaust gases from an engine. Bent tubes are disposed in the exhaust
conduit and used to mix the exhaust gases and the reactants.

Another aspect of the present disclosure relates to an exhaust
treatment system having an exhaust conduit for conveying exhaust gases from an
engine of a vehicle, an aftertreatment device disposed in the exhaust conduit and a
flow device disposed upstream of the aftertreatment device. The flow device
includes an inlet and an outlet and defines an exhaust flow redirection angle measure
between the inlet and the outlet. The exhaust flow redirection angle redirects
exhaust flow through the flow device such that the exhaust flow swirls about a
longitudinal axis of the flow device. The exhaust flow redirection angle is about 45
degrees to about 135 degrees.

Another aspect of the present disclosure relates to a method of mixing
exhaust in an exhaust treatment system. The method including injecting reactants
into exhaust gases flowing through an exhaust conduit used to convey the exhaust
gases from an engine. The method further including redirecting the exhaust gases
through a flow device. The flow device having an exhaust redirection angle that
causes the exhaust gases and the reactants to swirl about a longitudinal axis of the
exhaust conduit. The exhaust redirection angle is about 45 degrees to about 135
degrees.
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Another aspect of the present disclosure relates to a flow device for
an exhaust treatment system. The flow device includes a base and a plurality of
flow deflectors disposed on the base. The flow deflectors define an exhaust
redirection angle as measured between an exhaust inlet and an exhaust outlet of the
flow device that is less than or equal to about 135 degrees.

Another aspect of the present disclosure relates to a housing assembly
for an exhaust treatment system. The housing assembly includes a main body
defining an inner cavity. An aftertreatment device is disposed in the inner cavity. A
flow device is adapted to direct exhaust flow circumferentially about a longitudinal
axis of the main body such that the exhaust flow exits the flow device at a swirl
angle in the range of about 45 degrees to about 135 degrees.

Another aspect of the present disclosure relates to an exhaust
treatment system. The exhaust treatment system includes an exhaust conduit that is
adapted to convey exhaust gases from an engine, a doser that is adapted to inject
reactants into the exhaust gases, a flow device and a diameter restriction. The flow
device defines an exhaust redirection angle that causes the exhaust gases and the
reactants to swirl about a longitudinal axis of the exhaust conduit. The diameter
restriction is adapted to reduce the amount of unvaporized or unhydrolyzed reactants
at the aftertreatment device.

A variety of additional aspects will be set forth in the description that
follows. These aspects can relate to individual features and to combinations of
features. It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory only and are not
restrictive of the broad concepts upon which the embodiments disclosed herein are
based.

Brief Description of the Drawings

FIG. 1 is a schematic representation of an engine exhaust system
having features that are examples of aspects in accordance with the principles of the
present disclosure.

FIG. 2 is a perspective view of a flow device suitable for use in the
engine exhaust system of FIG. 1.

FIG. 3 is a side view of the flow device of FIG. 2.
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FIG. 4 is a cross-sectional view of the flow device taken on line 4-4
of FIG. 3.
FIG. § is a perspective view of a flow deflector tube of the flow
device of FIG. 2.
5 FIG. 6 is a front view of the flow device of FIG. 3.
FIG. 7 is a front view of the flow device of FIG. 3.
FIG. 8 is a schematic representation of the exhaust treatment system
of FIG. 1.
FIG. 9 is a cross-sectional view of the flow device taken on line 9-9
10 of FIG. 3.
FIG. 10 is a schematic representation of an alternate embodiment of
the exhaust treatment system of FIG. 1.
FIG. 11 is a schematic representation of an alternate embodiment of
the exhaust treatment system of FIG. 1.
15 FIG. 12 is a schematic representation of an alternate embodiment of
the exhaust treatment system of FIG. 1.
FIG. 13 is a schematic representation of an alternate embodiment of
the exhaust treatment system of FIG. 1.
FIG. 14 is a schematic representation of an alternate embodiment of
20  the exhaust tréatment system of FIG. 1.
FIG. 15 is a schematic representation of an alternate embodiment of
the exhaust treatment system of FIG. 1.
FIG. 16 is a view of the flow device of FIG. 2 in a housing assembly.
FIG. 17 is a view of the flow device of FIG. 2 in an alternate
25 embodiment of a housing assembly.
FIG. 18 is a view of the flow device of FIG. 2 in an alternate
embodiment of a housing assembly.
FIG. 19 is a view showing the flow device of FIG. 2 including
catalyzed substrates for catalyzing a desired chemical reaction at the flow device.
30 FIG. 20 is a perspective view of an alternate embodiment of a flow
device suitable for use in the engine exhaust system of FIG. 1.
| FIG. 21 is a perspective view of an alternate embodiment of a flow
deflector suitable for use with the flow device of FIG. 20.

4
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FIG. 22 is a side view of the flow deflector of FIG. 21.

FIG. 23 is a perspective view of a flow path through the flow device
of FIG. 20.

FIG. 24 is a schematic representation of the flow path through the
flow device of FIG. 20.

FIG. 25 is a perspective view of an alternate embodiment of a flow
device suitable for use in the engine exhaust system of FIG. 1.

FIG. 26 is a perspective view of an alternate embodiment of a
deflector suitable for use with the flow device of FIG. 25.

FIG. 27 is a perspective view of an alternate embodiment of a
housing assembly suitable for use with the engine exhaust system of FIG. 1.

FIG. 28 is left side view of the housing assembly of FIG. 27.

FIG. 29 is a cross-sectional view of the housing assembly of FIG. 27
taken on line 29-29 of FIG. 28.

FIG. 30 is a front view of an alternate embodiment of a housing
assembly suitable for use with the engine exhaust system of FIG. 1.

FIG. 31 is a left side view of the housing assembly of FIG. 30.

FIG. 32 is a left side view of an alternate embodiment of a housing

assembly suitable for use with the engine exhaust system of FIG. 1.

Detailed Description
Reference will now be made in detail to the exemplary aspects of the

present disclosure that are illustrated in the accompanying drawings. Wherever
possible, the same reference numbers will be used throughout the drawings to refer
to the same or like structure.

Referring now to FIG. 1, an engine exhaust system, generally
designated 11, is shown. The engine exhaust system 11 includes an engine 13, a
fuel tank 14 for supplying fuel (e.g., diesel fuel) to the engine 13, an air intake 15, an
air filter 16, and an exhaust conduit 17 for conveying exhaust gas away from the
engine 13. The engine exhaust system 11 also includes an exhaust treatment system,
generally designated 19, which is in communication with the exhaust conduit 17. In
the subject embodiment, the exhaust treatment system 19 includes a doser 21, a flow
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device, generally designated 23, a baffle or a diameter restriction 24, and an
aftertreatment device, generally designated 25.

The aftertreatment device 25 can include a structure such as a
catalytic converter, diesel particulate filter, a selective catalytic reduction (SCR)
catalyst device, a lean NOx catalyst device, a lean NOx trap, or other device for
removing pollutants from the exhaust stream. As these types of aftertreatment
devices 25 are well known to those skilled in the art, the aftertreatment devices 25
will only be briefly described herein.

Catalytic converters (diesel oxidation catalysts or DOC’s) are

typically used in an exhaust system to convert undesirable gases such as carbon

monoxide and hydrocarbons from a vehicle’s exhaust into carbon dioxide and water.
DOC'’s can have a variety of known configurations. Exemplary configurations
include substrates defining channels that extend completely therethrough.
Exemplary catalytic converter configurations having both corrugated metal and
porous ceramic substrates/cores are described in U.S. Pat. No. 5,355,973, which is
hereby incorporated by reference in its entirety. The substrates preferably include a
catalyst. For example, the substrate can be made of a catalyst, impregnated with a
catalyst or coated with a catalyst. Exemplary catalysts include precious metals such
as platinum, palladium and rhodium, and other types of components such as base
metals or zeolites. |

In one non-limiting embodiment, a catalytic converter can have a cell
density of at least 200 cells per square inch, or in the range of 200-400 cells per
square inch. A preferred catalyst for a catalytic converter is platinum with a loading
level greater than 30 grams/cubic foot of substrate. In other embodiments the
precious metal loading level is in the range of 30-100 grams/cubic foot of substrate.
In certain embodiments, the catalytic converter can be sized such that in use, the
catalytic converter has a space velocity (volumetric flow rate through the
DOC/volume of DOC) less than 150,000/hour or in the range of 50,000-
150,000/hour.

The diesel particulate filter (DPF), on the other hand, is typically used
in an exhaust system to remove particulate matter (e.g., carbon based particulate
matter such as soot) from the exhaust. DPF’s can have a variety of known

configurations. An exemplary configuration includes a monolith ceramic substrate

6
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having a “honey-comb” configuration of plugged passages as described in U.S. Pat.
No. 4,851,015, which is hereby incorporated by reference in its entirety. Wire mesh
configurations can also be used. In certain embodiments, the substrate can include a
catalyst. Exemplary catalysts include precious metals such as platinum, palladium

5 and rhodium, and other types of components such as base metals or zeolites.

For certain embodiments, diesel particulate filters can have a
particulate mass reduction efficiency greater than 75%. In other embodiments,
diesel particulate filters can have a particulate mass reduction efficiency greater than
85%. In still other embodiments, diesel particulate filters can have a particulate

10  mass reduction efficiency equal to or greater than 90%. For purposes of this
specification, the particulate mass reduction efficiency is determined by subtracting
the particulate mass that enters the diesel particulate filter from the particulate mass
that exits the diesel particulate filter, and by dividing the difference by the
particulate mass that enters the diesel particulate filter.

15 ‘The selective catalytic reduction (SCR) catalyst device is typically
used in an exhaust system to remove undesirable gases such as nitrogen oxides
(NOx) from the vehicle’s emissions. SCR’s are capable of converting NOx to
nitrogen and oxygen in an oxygen rich environment with the assistance of reactants
such as urea or ammonia, which are injected into the exhaust stream upstream of the

20  SCR through the doser 21.

The lean NOx catalyst device is also capable of converting NOx to
nitrogen and oxygen. In contrast to SCR’s, lean NOx catalysts use hydrocarbons as
reducing agents/reactants for conversion of NOx to nitrogen and oxygen. The

, hydrocarbon is injected into the exhaust stream upstream of the lean NOx catalyst.

25 At the lean NOx catalyst, the NOx reacts with the injected hydrocarbons with the
assistance of a catalyst to reduce the NOx to nitrogen and oxygen. While the
exhaust treatment system 19 will be described as including an SCR, it will be
understood that the scope of the present disclosure is not limited to an SCR as there
are various catalyst devices that can be used in accordance with the principles of the

30  present disclosure.

The lean NOX traps use a material such as barium oxide to absorb

NOx during lean burn operating conditions. During fuel rich operations, the NOx is
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desorbed and converted to nitrogen and oxygen by reaction with hydrocarbons in the
presence of catalysts (precious metals) within the traps.

Referring still to FIG. 1, in the subject embodiment, the exhaust
treatment system 19 includes a housing assembly, generally designated 27, having a

5 first axial end 29 and an oppositely disposed second axial end 31. In the subject
embodiment, the first axial end 29 supports an inlet tube 33, which is generally
aligned with an end 35 of the exhaust conduit 17. The second axial end 31 of the
housing assembly 27 supports an outlet tube 37, which is generally aligned with an
end 38 of the exhaust conduit 17. In the subject embodiment, the flow device 23,

10  which will be described in greater detail subsequently, is disposed within the
housing assembly 27 and positioned adjacent to the inlet tube 33. The aftertreatment
device 25 is disposed within the housing assembly 27 and positioned between the
flow device 23 and the outlet tube 37. The baffle 24 is disposed within the housing
assembly 27 and positioned downstream of the flow device 23 such that the baffle

15 24 islocated between the flow device 23 and the aftertreatment device 25.

Referring now to FIGS. 2-4, the flow device 23 will be described. In
the subject embodiment, the flow device 23 includes a base, generally designated 39,
and a plurality of flow deflector tubes, generally designated 41. In the subject
embodiment, the base 39 has an outer circumferential edge 42 having a diameter D.

20 The diameter D is sized such that when the base 39 is disposed in the hdusing
assembly 27, the outer circumferential edge 42 of the base 39 substantially blocks
the flow of exhaust between the outer circumferential edge 42 and the housing
assembly 27. In the subject embodiment, the outer circumferential edge 42 of the
base 39 is mounted (e.g., spot welded, etc.) to the inner diameter of the housing

25  assembly 27.

In one embodiment, the diameter D is about 9.5 inches. In another
embodiment, the diameter D is about 11 inches. In another embodiment, the
diameter D is about 12.5 inches. In another embodiment, the diameter D is less than
or equal to about 14 inches.

30 The base 39 includes an inlet end 43 and an outlet end 45. The inlet
end 43 of the base 39 defines a cavity 47. In the subject embodiment, the cavity 47
is generally shallow so as to make the base 39 compact. The outlet end 45 defines a
plurality of pass-through openings 49 that are in communication with the cavity 47.

8
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In the subject embodiment, the outlet end 45 includes a plurality of lips 51 each of
which surrounds one of the pass-through openings 49.

Referring now to FIG. 5, the flow deflector tubes 41 will be described. Each
of the flow deflector tubes 41 includes a flow inlet 53, an oppositely disposed flow
outlet 55, a transition portion 56, and a passage 57 (shown as a dashed line in FIG.
5) that extends through the flow deflector tube 41 from the flow inlet 53 to the flow
outlet 55. The flow deflector tube 41 has an angled orientation such that the flow
outlet 55 is oriented at an angle « from the flow inlet 53. The terms “angle” and
“angled” as used to describe the configuration of the flow outlet 55 with respect to
the flow inlet 53 of the flow deflector tube 41 in the disclosure and in the appended
claims means any angle, which is measured as shown in FIG. 5 by reference symbol
¢, other than 0 or 180 degrees unless otherwise limited. In a preferred embodiment,
the angle v is about 90 degrees. However, it will be understood that the scope of the
present disclosure is not limited to the flow outlet 55 being oriented about 90
degrees from the flow inlet 53 as the flow outlet 55 could be oriented more than 50
degrees from the flow inlet 53 or less than 90 degrees from the flow inlet 53.
Although in a preferred émbodiment, the angle ais greater than or equal to 90
degrees or more. In the subject embodiment, the transition portion 56 provides for a
gradual change in orientation between the flow inlet 53 and the flow outlet 55. For
example, the transition portion 56 in the subject embodiment is curved.

Referring now to FIGS. 6 and 7, the installation and orientation of the flow
deflector tubes 41 with respect to the base 39 will be described. In the subject
embodiment, and by way of example only, there are four flow deflector tubes 41.
The flow inlet 53 of each of the flow deflector tubes 41 is inserted through one of
the lips 51 and into the corresponding pass-through opening 49 of the outlet end 45
of the base 39. The lip 51, which surrounds the pass-through opening 49, supports
the flow inlet 53 of the flow deflector tube 41. With the flow deflector tubes 41
inserted into the pass-through openings 49 of the base 39, the flow deflector tubes 41
are oriented with respect to the base 39 such that a first plane 59 (shown as a dashed
line in FIG. 6), which symmetrically bisects the flow deflector tube 41 through the
center of the flow inlet 53 and the center of the flow outlet 55, is at an angle § from
a second plane 61 (shown as a dashed line in FIG. 6), which symmetrically bisects
the flow device 23 through the center of the base 39 and the center of the flow inlet

9
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53 of the flow deflector tube 41. It is preferred that the angle 8 be less than or equal
to 90 degrees. It is more preferred that the angle 8 be about 70 degrees. In a
preferred embodiment, the flow deflector tubes 41 are positioned such that the center
of the flow inlet 53 of each flow deflector tube 41 is a radial distance R from the
center of the base 39. It will be understood, however, that the scope of the present
disclosure is not limited to the center of the flow inlet 53 of each flow deflector tube
41 being positioned a distance R from the center of the base 39, as it may be
advantageous in certain applications for the flow deflector tubes 41 to have distinct
distances R between the center of the base 39 and each of the flow deflector tubes
41.

In the subject embodiment, the base 39 and each of the flow deflector tubes
41 are made from a material such as steel. After the flow deflector tubes 41 are
inserted into the pass-through openings 49 of the base 39, each flow deflector tube
41 is affixed to the base 39. In the subject embodiment, each flow deflector tube 41
is welded to the corresponding lip 51 of the base 39. As other methods of affixation
are possible, such as a press-fit, the scope of the present disclosure is not limited to
the flow deflector tube 41 being welded to the base 39.

Referring now to FIGS. 4, 5, 7, the flow of exhaust through the flow
device 23 will be described. Exhaust enters the cavity 47 of the base 39 through the
inlet end 43 in an axial flow direction 65 (shown as an arrow in FIGS. 4 and 5).
Exhaust, flowing in the axial flow direction 65, enters the passages 57 of the flow
deflector tubes 41 through the flow inlets 53 of the flow deflector tubes 41, which
are disposed in the pass-through openings 49 in the base 39. As the exhaust travels
through the passages 57, the transition portion 56 of the flow deflector tubes 41
changes the direction of the exhaust from the axial flow direction 65 to a radial flow
direction 67 (shown as an arrow in FIGS. 5 and 7). The angle of the radial flow
direction 67 with respect to the axial flow direction 65 is dependent on the angle o
(shown in FIG. 6). In the subject embodiment, and by way of example only, the
angle ais about 90 degrees. As shown in FIG. 5, the axial flow direction 65 is
rotated about 90 degrees in the clockwise direction through the transition portion 56
of the flow deflector tube 41 into the radial flow direction 67. While exhaust enters
the cavity 47 of the flow device 23 in the axial flow direction 65, exhaust leaves the
flow outlet 55 of the flow deflector tube 41 of the flow device 23 of the subject

10
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embodiment in the radial flow direction 67. The purpose for the change in flow
direction will be described in more detail subsequently.

Referring now to FIGS. 4 and 8, the flow of exhaust through the
exhaust treatment system 19 will be described. In the subject embodiment, the
housing assembly 27 includes both the flow device 23 and the aftertreatment device
25. In a preferred embodiment, the housing assembly 27 is a larger body having a
diameter that is greater than or equal to eight inches. In one embodiment, the
housing assembly 27 is a muffler body having a diameter in the range of eight to
thirteen inches. However, it will be understood that the scope of the present
disclosure is not limited to the housing assembly 27 having a diameter greater than
or equal to eight inches as the housing assembly 27 could be a small body such as an
exhaust pipe.

Exhaust enters an inlet tube 33 of the housing assembly 27. The
exhaust, traveling in the axial flow direction 65, enters the cavity 47 of the flow
device 23 and then flows through the flow deflector tubes 41. As previously
described, the flow direction of the exhaust changes as the exhaust travels through
the tfansition portion 56 of the flow deflector tubes 41. Therefore, the exhaust exits
the flow device 23 in the radial flow direction 67. As the exhaust exits the flow
deflector tubes 41 in the radial flow direction 67, the exhaust swirls
circumferentially around the housing assembly 27. As the exhaust swirls
circumferentially around the housing assembly 27, the doser 21, in the subject
embodiment, injects reactants (e.g., urea, ammonia, hydrocarbons) into the exhaust.

Due to the circumferential swirling of the exhaust, the reactants are
uniformly distributed in the exhaust. As previously stated, it is preferred that the
housing assembly 27 be a large body having a diameter greater than or equal to eight
inches. This large body of the housing assembly 27 in a preferred embodiment
promotes the effective circumferential swirling of the exhaust and promotes the
uniform distribution of the reactants in the exhaust. Uniform distribution of the
reactants is important for the aftertreatment device 25 to perform effectively. In the
prior art exhaust treatment systems, uniform distribution of the doser contents into
the exhaust was achieved through a long axial distance between the doser 21 and the
aftertreatment device 25. However, by changing the flow direction of the exhaust,

the exhaust and the contents of the doser 21 that are injected into the exhaust are
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effectively mixed over a much smaller axial distance. Therefore, one advantage of
the present disclosure is that it provides a uniform mixture of the exhaust and the
contents of the doser 21 over a small axial distance. Additionally, the swirling
action allows reactants to vaporize and/or hydrolyze in a relatively short axial
distance. For example, a reactant such as urea can be vaporized and decomposed
into ammonia and carbon dioxide while swirling in a circumferential direction
thereby shortening the axial distance required for the vaporization and
decomposition of the urea to occur.

In one embodiment, after the exhaust mixture exits the flow device
23, the exhaust mixture enters the aftertreatment device 25. As previously
described, the aftertreatment device 25 converts the exhaust mixture, which contains
NOx and reactants, to nitrogen and oxygen or carbon dioxide and water in the case
where the device is designed to reduce total NOx emissions.

Referring now to FIG. 8, after the exhaust mixture exits the flow
device 23, the exhaust mixture flows through a passage 66 in the baffle 24. The
baffle 24 includes a body 68 that defines the passage 66. In the subject embodiment,
the passage 66 is centrally disposed in the body 68. An outer diameter of the body
68 is sized to fit within the housing 27. The passage 66 in the baffle 24 is sized such
that the inner diameter of the passage 66 is less than the diameter of the housing 27.

As the exhaust mixture circumferentially swirls in the housing
assembly 27, heavier reactants (e.g., unvaporized or unhydrolyzed reactants) in the
exhaust mixture are pushed radially outward from the exhaust mixture by centrifugal
force such that the heavier reactants are retained against a wall of the housing
assembly 27. As the exhaust mixture circumferentially flows past the reactants
disposed against the wall of the housing assembly 27, these reactants are vaporized
or hydrolyzed. After the vaporization or hydrolyzation of these reactants, the
reactants reenter the exhaust mixture and pass through the passage 66 of the baffle
24, After the exhaust mixture passes through the passage 66, the exhaust mixture
enters the aftertreatment device 25.

The housing assembly 27 defines a first section disposed upstream of
the baffle 24 and a second section disposed downstream of the baffle 24. The flow
device 23 is disposed in the first section of the housing assembly 27 while the

aftertreatment device 25 is disposed in the second section. Since the inner diameter

12
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of the passage 66 in the baffle 24 is less than diameter of the housing 27, the
unvaporized or unhydrolyzed reactants, which are held against the wall of the
housing assembly 27 by the centrifugal force of the exhaust mixture, are retained in
the first section of the housing assembly 27 rather than flowing to the aftertreatment
device 25. The body 68 of the baffle 24 reduces the amount of unvaporized or
unhydrolyzed reactants at the aftertreatment device 25. Afier the reactants vaporize
and reenter the exhaust mixture, however, the reactants can flow through the passage
66 to the aftertreatment device 25.

The passage 66 is sized to retain the unvaporized or unhydrolyzed
reactants in the first section of the housing assembly 27. In one embodiment, the
passage 66 is also sized to provide a generally uniform distribution of the exhaust
mixture on the face of the aftertreatment device 25. In one embodiment, and by way
of example only, the inner diameter of the passage 66 per the diameter of the
housing assembly 27 is in a range of about 0.20 to about 0.95. In another
embodiment, and by way of example only, the inner diameter of the passage 66 per
the diameter of the housing assembly 27 is in a range of about 0.55 to about 0.85. In
another embodiment, the inner diameter of the passage 66 per the diameter of the
housing assembly 27 is less than or equal to about 0.95.

In the subject embodiment, the baffle 24 is disposed a longitudinal
distance L from the aftertreatment device 25. The longitudinal distance L is a
function of the velocity of the exhaust mixture as the exhaust mixture passes through
the passage 66. The longitudinal distance L is selected such that the exhaust mixture
is generally uniformly distributed on the face of the aftertreatment device 25. In one
embodiment, and by way of example only, the longitudinal distance L is in a range
of about 0.25 inches to about 6 inches. In another embodiment, and by way of
example only, the longitudinal distance L is in a range of about 0.5 inches to about 4
inches. another embodiment, and by way the longitudinal distance L is in a range of
about 1.5 inches to about 2.5 inches. In another embodiment, and by way of
example only, the longitudinal distance L is less than or equal to about 4 inches.

By retaining the unvaporized or unhydrolyzed reactants in the first
section of the housing assembly 27, the baffle 24 eliminates or reduces the amount
of unvaporized or unhydrolyzed reactants in the exhaust mixture at the
aftertreatment device 25. Since the efficiency of the exhaust treatment system 19
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increases as the amount of unvaporized or unhydrolyzed reactants in the exhaust gas
mixture decreases, the combination of the flow device 23 and the baffle 24 allows
for a more efficient exhaust treatment system 19 in a more compact space.

Referring now to FIGS. 8 and 9, in a preferred embodiment, the doser
21 is positioned upstream from a perspective of axial flow 65 (i.e., to the left with
respect to FIGS. 8 and 9) of a mixing plane 69, which is defined by the centers of
the flow outlets 55 of the flow deflector tubes 41. While it will be understood that
the scope of the present disclosure is not limited to the doser 21 being to the left of
the mixing plane 69, such a configuration is preferred. The primary reason for this
preference is that by injecting the reactants into the exhaust at a location to the left
of the mixing plane 69, the reactants from the doser 21 are subjected to the
circumferential swirling of the exhaust for a greater axial distance thereby resulting
in a more uniform exhaust mixture. Although the doser 21 is shown in FIGS 8 and 9
as being disposed between the mixing plane 69 and the base 39 of the flow device
23, in the alternative, a doser 121 (shown in FIG. 9 with dashed lines) could be
positioned upstream with respect to axial flow 65 (i.e., to the left with respect to
FIG. 8 and 9) of the inlet end 43 of the base 39. In this doser 121 position, the
reactants would be injected into the exhaust prior to the exhaust entering the cavity
47 of the flow device 23.

Referring now to FIG. 10, a schematic representation of an
alternative embodiment of an exhaust treatment system 219 is shown. In describing
this alternative embodiment, elements which are the same as, or functionally
equivalent to elements in the embodiments shown in FIGS. 1-9 will bear the same
reference numeral, plus 200, while new elements will have reference numerals
greater than 269. In the subject embodiment, a catalytic converter 277, a diesel
particulate filter 279, a doser 221, a flow device 223, and a first and second SCR 225
are disposed inside of a housing assembly 227. Exhaust enters an inlet tube 233,
which is disposed on a first axial end 229 of the housing assembly 227 of the
exhaust treatment system 219. The exhaust flows in an axial flow direction 265
through the catalytic converter 277. The exhaust then flows through the diesel
particulate filter 279. Afier exiting the diesel particulate filter 279, the exhaust
enters the flow device 223, where the axial flow direction 265 of the exhaust is
converted to a radial flow direction 267. As the exhaust swirls circumferentially
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through the housing after leaving the flow device 223, the doser 221, which is
disposed to the before of a m1x1ng plane 269, injects reactants (e.g., urea or
ammonia where an SCR catalyst is used or hydrocarbons where a lean NOx catalyst
or a lean NOx trap is used) into the exhaust forming an exhaust mixture. The
exhaust mixture then flows through a passage 268 of a baffle 224 and into the first
SCR 225 where the exhaust mixture is converted into nitrogen and oxygen. The
exhaust mixture then flows through the second SCR 225 where any remaining NOx
and urea or ammonia is converted to nitrogen and oxygen.

Referring now to FIG. 11, a schematic representation of an
alternative embodiment of an exhaust treatment system 319 is shown. In describing
this alternative embodiment, elements which are the same as, or functionally
equivalent to elements in embodiments shown in FIGS. 1-9 will bear the same
reference numeral, plus 300, while new elements will have reference numerals
greater than 369. In the subject embodiment, a housing assembly, generally
designated 327, includes an inlet portion 371, an outlet portion 373, and a
connecting tube 375. A catalytic converter 377, a diesel particulate filter 379, a
doser 321, and a flow device 323 are disposed in the inlet portion 371 of the housing
assembly 327 while a first and second SCR 325 are disposed in the outlet portion
373. In the subject embodiment, the doser 321 is disposed to the left of a mixing
plane 369 of the flow device 323 and injects reactants into the exhaust. The
connecting tube 375 provides communication between the inlet and outlet portions
371, 373. As the connecting tube 375 includes an inner diameter that is less than an
inner diameter of the inlet portion 371 of the housing assembly 327, the interface
between the inlet portion 371 and the connecting tube 375 functions as a baffle.

Referring now to FIG. 12, a schematic representation of an
alternative embodiment of an exhaust treatment system 419 is shown. In describing
this alternative embodiment, elements which are the same as, or functional
equivalents to elements in embodiments shown iﬁ FIGS. 1-9 will bear the same
reference numeral, plus 400, while new elements will have reference numerals
greater than 469. In the subject embodiment, a housing assembly, generally
designated 427, includes an inlet portion 471, an outlet portion 473, and a
connecting tube 475. A catalytic converter 477, a diesel particulate filter 479 are
disposed in the inlet portion 471 of the housing assembly 427 while a first and
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second SCR 425, a flow device 423 and a baffle 424 are disposed in the outlet
portion 473. The connecting tube 475 provides communication between the inlet
and outlet portions 471, 473 and in the subject embodiment also provides a location
for a doser 421. Therefore, in this embodiment, the doser 421 injects reactants into
the exhaust prior to the exhaust entering the flow device 423.

Referring now to FIG. 13, a schematic representation of an
alternative embodiment of an exhaust treatment system 519 is shown. In describing
this alternative embodiment, elements which are the same as, or functional
equivalents to elements in embodiments shown in FIGS. 1-9 will bear the same
reference numeral, plus 500, while new elements will have reference numerals
greater than 569. In the subject embodiment, a housing assembly, generally
designated 527 includes an inlet portion 571, an outlet portion 573, and a connecting
tube 575. A catalytic converter 577, a diesel particulate filter 579 are disposed in the
inlet portion 571 of the housing assembly 527 while a doser 521, a flow device 523,
a baffle 524 and a first and second SCR 525 are disposed in the outlet portion 573.
The connecting tube 575 provides communication between the inlet and outlet
portions 571, 573.

Referring now to FIG. 14, a schematic representation of an
alternative embodiment of an exhaust treatment system 619 is shown. In describing
this alternative embodiment, elements which are the same as, or functional
equivalents to elements in embodiments shown in FIGS. 1-9 will bear the same
reference numeral, plus 600, while new elements will have reference numerals
greater than 669. In the subject embodiment, a housing assembly, generally
designated 627, includes an inlet portion 671, an outlet portion 673, and a
connecting tube 675. A catalytic converter 677 and a diesel particulate filter 679 are
disposed in the inlet portion 671 of the housing'assembly 627 while a first and
second SCR 625 are disposed in the outlet portion 673. A doser 621 and a flow
device 623 are disposed in the connecting tube 675, which provides communication
between the inlet and outlet portions 671, 673.

Referring now to FIG. 15, a schematic representation of an
alternative embodiment of an exhaust treatment system 719 is shown. In describing
this alternative embodiment, elements which are the same as, or functionally

equivalent to elements in embodiments shown in FIGS. 1-9 will bear the same
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reference numeral, plus 700, while new elements will have reference numerals
greater than 769. In the subject embodiment, a housing assembly, generally
designated 727, includes an inlet portion 771, an outlet portion 773, and a
connecting tube 775. A catalytic converter 777, a diesel particulate filter 779, a
5 doser 721, and a flow device 723 are disposed in the inlet portion 771 of the housing
assembly 727 while a first and second SCR 725 are disposed in the outlet portion
773. In the subject embodiment, the doser 721 is disposed to the left of the flow
device 723 and injects reactants into the exhaust. The connecting tube 775 provides
communication between the inlet and outlet portions 771, 773 and defined a
10  constriction (e.g., a reduction in diameter as compared to the inlet and outlet
portions 771, 773). A tapered portion 780 is provided within the outlet portion 773
at a location upstream from the first SCR 725. The tapered portion 780 defines an
inner passage that gradually enlarges as the tapered portion 780 extends from the
connecting tube 775 toward the first SCR 725. In one embodiment, the tapered
15  portion 780 is generally conical. The combination of the flow device 723, the
reduced diameter connecting tube 775 and the tapered portion 780 provides an
arrangement with minimal voids for collecting reactant that provides generally even
flow distribution at the upstream face of the SCR 725 and uniform heating of the
SCR 725.
20 In one embodiment of the housing assembly 727, the inlet portion
771 includes an inlet pipe 781 having a diameter of about 4 inches, the outlet portion
773 includes an outlet pipe 783 having a diameter of about 4 inches, the connecting
tube 775 has a diameter of about 6 inches, and the catalytic converter 777, the diesel
particulate filter 779, the flow device 723 and the SCR’s 725 each have outer
25  diameters of about 10.5 inches. In other embodiment of the housing assembly, the
inlet pipe 781 has a diameter of about 5 inches, the outlet pipe 783 has a diameter of
about 5 inches, the connecting tube 775 has a diameter of about 6 inches, and the
catalytic converter 777, the diesel particulate filter 779, the flow device 723 and the
SCR’s 725 each have outer diameters of about 12 inches. Of course, other sizes
30  could be used as well.
Referring now to FIG. 16-18, the flow device 23 is shown in various
housing assembly 27 embodiments. In FIG. 16, the flow device 23 is mounted at a
mid-portion of the housing assembly 27 for use in the exhaust treatment system 219,
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which is shown schematically in FIG. 10. In FIG. 17, the flow device 23 is mounted
at an outlet portion 371 of the housing assembly 327 for use in the exhaust treatment
system 319, which is shown schematically in FIG. 11. In FIG. 18, the flow device
23 is mounted at an inlet portion 471, 571 of the housing assembly 427, 527 for use
in the exhaust treatment systems 419, 519, which are shown schematically in FIGS.
12 and 13, respectively.

- As previously stated, one of the many advantages of the exhaust
treatment system 19 of the present disclosure is that a uniform exhaust mixture,
which includes engine exhaust and reactants from the doser 21, is achieved. By
changing the flow direction of the exhaust through the flow device 23, the reactants
can be uniformly distributed throughout the exhaust.

Another advantage of the exhaust treatment system 19 of the present
disclosure is that the overall length of the exhaust treatment system 19 can be
reduced as less axial distance is needed between the doser 21 and the aftertreatment
device 25 to uniformly mix exhaust and the reactants from the doser 21.

While the exhaust treatment system 19 of the present disclosure has
been described with respect to NOx reduction devices, the teachings of the present
disclosure can be used for any application in which mixing or separating of a
material dispensed into exhaust is desired. For example, hydrocarbons can be
injected upstream of a catalytic converter wherein combustion of the hydrocarbons
at the catalytic converter generates heat for regenerating a downstream diesel
particulate filter. Mixing is desirable in this application to provide efficient use of
the catalyst and substrate.

As described above, flow devices in accordance with the principles of
the present disclosure provide excellent flow distributions by the way of thermal

mixing and reactant solution vaporization. However, at low exhaust temperatures,

. incomplete vaporization and/or decomposition of reactant may result in the

deposition of reactant at high-contact areas of a flow device (e.g., see areas 800 and
802 of the flow device 23 of FIG. 17). For example, the use of urea as a reactant at
low exhaust temperatures may result in the deposition of solid urea, cyanuric acid
and biuret on high-contact areas of the flow device thus reducing overall NOx
efficiency of the SCR aftertreatment system.
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An additional side effect of the low temperature operation relates to a
time lag that may occur between the time the reactant is injected and the time the
reactant reaches the SCR aftertreatment system. At lower temperatures, reactant
takes longer to vaporize in the exhaust stream. Un-vaporized reactant (e.g., urea)
has a longer residence time in the flow device than vaporized reactant because it
swirls longer within the flow device due to centrifugal force that retains the un-
vaporized reactant in the flow device. Therefore, at low temperatures (e.g., less than
400 degrees Celsius) the reactant (e.g., urea) swirls longer than at higher
temperatures (greater than 400 degrees Celsius) because of the additional time
required for vaporization thus resulting in increased time between injection and NOx
reduction.

When using urea as a reactant, it is desirable to maximize the
percentage of urea that decomposes to ammonia and carbon dioxide prior to
reaching the SCR aftertreatment device. Urea starts to decompose at about 160C.
However, this is simply a sublimation phase change where urea vapor is formed.
The actual decomposition starts to occur at elevated exhaust gas temperatures. In
fact, only about 50% of the urea decomposes to ammonia at 400C. The remaining
urea decomposes on the SCR catalyst surface thus reducing the efficiency of the
catalyst storage function which should primarily adsorb ammonia.

When urea is injected into the exhaust stream, the following chemical
reactions take place causing the urea to decompose into ammonia and carbon
dioxide:

CO(NH,), —22 NH, + HNCO Equation 1

HNCO + H,0—> NH, +CO, Equation 2

The intermediate compound found in Equations 1 & 2, isocyanic acid (HNCO), is
stable in the gas phase. The stability of HNCO can prevent or resist the full
decomposition of the urea. To enhance the decomposition of urea, it is desirable to
provide a hydrolysis catalyst at the flow device to catalyze the decomposition of
HNCO to ammonia and carbon dioxide. A flow device with excellent flow
distribution properties that also serves as a hydrolysis catalyst can enhance overall

SCR performance. In one embodiment, the urea hydrolysis catalyst can include a
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base metal oxide formulation. For example, a wash coat including mixture of TiO,
at 110 g/1, Al,Os at 30 g/l, and SiO, at 10 g/ can be used.

It will be appreciated that a variety of techniques can be used to
incorporate catalysts such as hydrolysis catalysts into flow devices in accordance
with the principles of the present disclosure. For example, hydrolysis catalysts can
be applied as a wash coat to the entire surface of the flow device, or can be applied
as a wash coat to selected regions of the flow device (e.g., high urea deposit areas).
In certain embodiments, the surface of the flow device may be roughened prior to
applying the wash coat. For embodiments where wash coat is applied to only
selected regions of the flow device, the selected regions may be roughened while the
remainder of the flow device may remain smooth. In addition to catalyzing the
decomposition of reactant, the wash coat can also cause turbulence that enhances
flow distribution and mixing. In certain embodiments, the flow device can be made
of a metallic material, a metallic catalyst material, a ceramic and/or silicon carbine
material, or other materials.

In certain embodiments, additional structures may be added to the
flow devices to facilitate incorporating a catalyst into the flow devices. For
example, a thin-sheet or sheets of alumina-titanate may be placed on all areas and/or
some areas of the flow device to apply hydrolysis catalyst. Alternatively, perforated
baffles coated with a wash coat having a hydrolysis catalyst can be incorporated into
high flow areas of the flow device (e.g., within the bent tubes). In a further
embodiment, as shown at FIG. 19, mini-substrates 900 coated with wash coat having
a hydrolysis catalyst are provided in each of the bent tubes 41 of the flow device 23.
It will be appreciated that each of the mini-substrates can have a flow-through
configuration of the type described above with respect to catalytic converters.

To enhance the vaporization of reactant, flow devices in accordance
with the principles of the present disclosure can also include structures that enhance
the transfer of heat to the reactant within the flow device. For example, heat transfer
fins can be provided within the flow device (e.g., within the bent tubes) to provide
increased surface area for transferring heat to the reactant passing through the flow
device.

Referring now to FIG. 20, an alternate embodiment of a flow device

1001 will be described. The flow device 1001 includes a base member, generally
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designated 1003, and a plurality of flow deflectors, generally designated 1005. In
the subject embodiment, the base member 1003 has an outer circumferential surface
1007 having a diameter D;o. The diameter Dy is sized such that when the base
member 1003 is disposed in the housing assembly 27, the outer circumferential
surface 1007 of the base member 1003 substantially blocks the flow of exhaust
between the outer circumferential surface 1007 and the housing assembly 27. In the
subject embodiment, the outer circumferential surface 1007 of the base member
1003 is mounted (e.g., spot welded, etc.) to the inner diameter of the housing
assembly 27.

The base 1003 includes an outer ring 1009 and a center section 1011
disposed within the outer ring 1009. In the subject embodiment, the outer ring 1009
includes an inner diameter that is greater than an outer diameter of the center section
1011. As a result of this difference between the inner diameter of the outer ring
1009 and the outer diameter of the center section 1011, the outer ring 1009 and the
center section 1011 cooperatively define a pathway 1013 when the outer ring 1009
and the center section 1011 are axially aligned. The size of the pathway 1013
affects the amount of pressure required for flow to pass through the pathway 1013.
As the size of the pathway 1013 increases, the amount of pressure required for flow
to pass thrdugh the pathway 1013 decreases.

Referring now to FIGS. 20-22, the flow deflectors 1005 will be
described. The flow deflectors 1005 include a first end 1015 and a second end 1017.
Each flow deflector 1005 has an arcuate configuration such that the second end 1017
is oriented at an angle oy, from the first end 1015. The terms “angle” and “angled”
as used to describe the configuration of the second end 1017 with respect to the first
end 1015 of the flow deflector 1005 in the disclosure and in the appended claims
means any angle, which is measured as shown in FIG. 21 by reference symbol oo,
other than 0 or 180 degrees unless otherwise limited. In one embodiment, the angle
0y is a range of about 45 degrees to about 135 degrees, about 60 degrees to about
120 degrees, about 70 degrees to about 110 degrees, or about 80 degrees to about
100 degrees. In another embodiment, the angle oy, is about 90 degrees.

The flow deflector 1005 includes an outer surface 1019 and an inner
surface 1021. In the subject embodiment, the inner surface 1021 is a concave
surface that faces toward the pathway 1013 when assembled onto the base member
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1003. The concavity of the inner surface 1021 of the flow deflector 1005 extends
between a first side 1023 and a second side 1025, In the subject embodiment, the
concavity of the inner surface 1021 forms a partial circle. In the depicted
embodiment, the partial circle is a semi-circle. By having the concavity of the inner
5  surface 1021 form a partial circle, more flow deflectors 1005 can be positioned
about the base member 1003 and therefore better direct the flow through the base
member 1003,
In the depicted embodiment, the first end 1015 of the flow deflector
1005 is connectedly engaged with an outlet side 1026 of the outer ring 1009 and the
10  center section 1011. In the subject embodiment, the flow deflector 1005 is oriented
on the base member 1003 such that the outer ring 1009 and the center section 1011
are connected by the first end 1015 of the flow deflector 1005 at the outlet side 1026
of the base member 1003. It will be understood, however, that the scope of the
present disclosure is not limited to the outer ring 1009 and the center section 1011
15  being connected by the flow deflector 1005 as radial arms could extend between the
outer ring 1009 and the center section 1011. In one embodiment, the first end 1015
of the flow deflector 1005 is mechanically connected (e.g., welded, spot welded,
riveted, bonded, etc.) to the outer ﬁng 1009 and the center section 1011.
Referring now to FIGS. 11, 20, 23, and 24, an exemplary flow path
20 1027 through the exhaust treatment system 319 is shown. Flow enters the inlet
portion 371 of the housing assembly 327. The direction of flow path 1027 at the
inlet portion 371 is generally parallel to a longitudinal axis 1029 of the housing
assembly 327. The flow passes through the catalytic converter 377 and the diesel
particulate filter 379 and enters an inlet side 1031 of the base member 1003 of the
25  flow device 1001. In the depicted embodiment, the doser 321 is disposed to the left
of the mixing plane 369 of the flow device 1001 and injects reactants into the
exhaust.
As flow passes through the pathway 1013, the flow path 1027 is
redirected by the flow deflectors 1005 such that the flow path 1027 circulates or
30  swirls about the longitudinal axis 1029 of the housing assembly 327. In the subject
embodiment, the longitudinal axis 1029 of the housing assembly 327 is generally
coaxial with the longitudinal axis of the flow device 1001. The flow path 1027 is
redirected in accordance with a flow redirection angle 8 (shown only in FIG. 24)
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that is measured from the direction of the flow entering the inlet side 1031 of the
base member 1003 of the flow device 1001. The term “flow redirection angle” as
used to describe the flow path 1027 through the flow device 1001 in the disclosure
and in the appended claims will be understood as being measured in accordance with
the reference symbol # as shown in FIG. 24. In one embodiment, the flow
redirection angle B is in the range of about 45 degrees to about 135 degrees, about
60 degrees to about 120 degrees, about 70 degrees to about 110 degrees, or about 80
degrees to about 100 degrees. In another embodiment, the flow redirection angle 8
is about 90 degrees. In another embodimént, the flow redirection angle B is less
than or equal to about 135 degrees, less than or equal to about 120 degrees, less than
or equal to about 110 degrees, less than or equal to about 100 degrees, less than or
equal to about 90 degrees, less than or equal to about 80 degrees, less than or equal
to about 70 degrees, less than or equal to about 60 degrees, or less than or equal to
about 45 degrees.

In the subject embodiment, the redirection of the flow in accordance
with the flow redirection angle 8 provides a number of advantages. One potential
advantage is that the flow path 1027 through the housing assembly 327 reduces or
eliminates voids or areas of cavitation. Voids or areas of cavitation decrease the
efficiency of the exhaust treatment system 319 since these voids or areas of
cavitation serve as locations for unvaporized or unhydrolyzed reactants to collect.
As these voids or areas of cavitation are not in contact with the exhaust, the reactants
disposed in these locations remain unvaporized or unhydrolyzed. Therefore, by
providing an exhaust treatment system 319 that reduces or eliminates voids or
cavitation areas, the efficiency of the exhaust treatment system 319 is increased.

Another potential advantage of the redirection of the flow in
accordance with the flow redirection angle 8 concerns the temperature distribution
across the housing assembly 327. Voids or areas of cavitation in the housing
assembly 327 create cold spots or areas of decreased temperature as compared to
other areas along the flow path of the exhaust. Due to the effects of temperature on
the reactivity of reactants, temperature variations can have a negative effect on the
performance of exhaust treatment systems. However, as the flow path 1027 in the
exhaust treatment system 319 reduces or eliminates these voids or areas of
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cavitation, the temperature distribution across the housing assembly 327 is relatively
uniform, which provides improved performance.
' Referring now to FIG. 25, an alternate embodiment of a flow device
1101 will be described. The flow device 1101 includes a base member, generally
5  designated 1103, and a plurality of flow deflectors, generally designated 1105. In
the subject embodiment, the flow deflectors 1105 are disposed about the periphery
of the base member 1103. The flow device 1101 also includes one flow deflector
1105 disposed at the center of the base member 1103.
The base member 1103 defines a plurality of holes 1107 that extend
10  through the base member 1103. In the subject embodiment, each hole 1107 is
disposed adjacent to one of the flow deflectors 1105. The holes 1107 through the
base member 1103 provide a passageway for flow through the base member 1103
without passing through one of the flow deflectors 1105. The number and size of
the holes 1107 impact the amount of pressure required for flow to pass through flow
15 device 1101. As the size of each of the holes 1107 increases, the amount of pressure
required for flow to pass through the flow device 1101 decreases. As the number of
holes 1107 increases, the amount of pressure required for flow to pass through the
flow device 1101 decreases. '
Referring now to FIG. 26, an alternate embodiment of a deflector
20 1105 will be described. The deflectors 1105 include a first end 1115 and a second
end 1117. Each flow deflector 1105 has an arcuate configuration such that the
second end 1117 is oriented at an angle oy¢ from the first end 1115. In the subject
embodiment, the angle oy is greater than 90 degrees. However, in the subject
embodiment, while the second end 1117 is oriented at an angle ay¢ that is more than
25 90 degrees from the first end 1115, the flow redirection angle 8 of the deflector 1105
is about 90 degrees. In the depicted embodiment, the orientation of the second end
1117 assists in having more deflectors 1105 disposed about the periphery of the base
member 1103 as the angle oy of the second end 1117 reduces or eliminates
interference between deflectors 1105. The greater the angle oyg the closer the
30 deflectors 1105 can be relative to one another.
Referring now to FIGS. 27-29, an alternate embodiment of a housing
assembly 1201 is shown. The housing assembly 1201 includes a first axial end
portion 1203 and an oppositely disposed second axial end portion 1205. The
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housing assembly 1201 further includes an outer surface 1207 and defines an inner
cavity 1209,

Disposed within the inner cavity 1209 of the housing assembly 1201
are the baffle 24 and the aftertreatment device 25. An inlet tube 1211, which is
disposed at the first axial end portion 1203 of the housing 1201, and an outlet tube
1213, which is disposed at the second axial end portion 1205, are in fluid
communication with the inner cavity 1209 of the housing assembly 1201.

The inlet tube 1211 is in fluid communication with the inner cavity
1209 through the outer surface 1207 of the housing assembly 1205 at the first axial
end portion 1203. As best shown in FIG. 28, the inlet tube 1211 is generally tangent
to outer surface 1207 of the housing assembly 1205. The tangential interface
between the inlet tube 1211 and the outer surface 1207 of the housing assembly
1201 is adapted to redirect the exhaust flow such that the exhaust flow swirls
circumferentially about a longitudinal axis 1215 of the housing assembly 1201. As
the exhaust mixture enters the inner cavity 1209 of the housing assembly 1205
through the inlet tube 1211, the exhaust mixture swirls within the inner cavity 1209.
The exhaust mixture then passes through the passage 66 of the baffle 24 to the
aftertreatment device 25.

As the exhaust mixture swirls within the inner cavity 1209 prior to
passing through the passage 66 of the baffle 24, the reactants that are dispensed into
the exhaust by the doser 21 (shown schematically in FIG. 8) are mixed into the
exhaust. In addition, unvaporized and/or unhydrolyzed reactants are pushed toward
the wall of the housing assembly 1201 by centrifugal forces. As previously
described, the body 68 of the baffle 24 prevents the reactants disposed against the
wall of the housing assembly 1201 from flowing in an axial direction to the
aftertreatment device 25. Afier the reactants vaporize, however, the reactants can
flow through the passage 66 to the aftertreatment device 25.

The subject embodiment of the housing assembly 1201 is potentially
advantageous as it is compact. As the swirling motion of the exhaust mixture is
accomplished as a result of the generally tangential interface between the inlet tube
1211 and the outer surface 1207 of the housing assembly 1205, less space is needed

within the inner cavity 1209 to mix reactants.
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Referring now to FIGS. 30 and 31, an alternate embodiment of a
housing assembly 1301 is shown. The housing assembly 1301 includes a first axial
end 1303 and an oppositely disposed second axial end 1305. The housing assembly
1301 further includes an inner cavity 1307.

Disposed within the inner cavity 1307 of the housing assembly 1301 |
are the baffle 24 and the aftertreatment device 25. An inlet tube 1311 is engaged
with the housing assembly 1301 at the first axial end 1303 while an outlet tube 1313
is engaged with the second axial end 1305.

In the subject embodiment, the inlet tube 1311 is disposed at an outer
portion of the first axial end 1303. The inlet tube 1311 includes a first end 1315 and
a second end 1317. The second end 1317 extends through the first axial end 1303
into the inner cavity 1307. In the inner cavity 1307, the inlet tube 1311 redirects the
flow through the inlet tube 1311 such that exhausts gases circumferentially swirl
about a longitudinal axis 1319 of the housing assembly 1301. In the subject
embodiment, the exhaust gases exiting the second end 1317 are disposed at a swirl
angle 059, where the swirl angle oy is defined as the angle between a velocity vector
1321 of the exhaust gases and an axiél direction 1323. In one embodiment, and by
way of example only, the swirl angle agq is in the range of about 45 degrees to about
135 degrees. In another embodiment, the swirl angle g is in the range of about 60
degrees to about 100 degrees.

Referring now to FIG. 32, an alternate embodiment of a housing
assembly 1401 is shown. The housing assembly 1401 includes a main body 1403
having a first axial end 1405 and an inner cavity 1407. Disposed within the inner
cavity 1407 of the housing assembly 1401 are the baffle 24 and the aftertreatment
device 25.

An inlet tube 1409 is engaged with an outer portion of the main body
1403 at the first axial end 1405 while an outlet tube (not shown) is engaged with a
second axial end of the main body 1403. The inlet tube 1409 includes a first end
portion 1411 that is radially engaged with the housing assembly 1401.

A flow device 1413 is disposed in the inner cavity 1407 of the
housing assembly 1401. In the subject embodiment, the flow device 1413 is a tube
that includes an inlet end 1415 and an outlet end 1417. The flow device 1413 is
fixed to an inner wall 1419 of the housing assembly 1401 such that the inlet end
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1415 of the flow device 1413 receives exhaust gases from the inlet tube 1409. In the
depicted embodiment of FIG. 32, a weld 1421 fixes the flow device 1413 to the
inner wall 1419 of the housing assembly 1401.
The flow device 1411 redirects the direction of the exhaust gases
5  from the inlet tube 1407 such that the exhaust gases flow circumferentially about a
longitudinal axis of the main body 1403. In the subject embodiment, the exhaust
gases exiting the outlet end 1417 are disposed at the swirl angle 0s0. In one
embodiment, and by way of example only, the swirl angle sy is in the range of
about 45 degrees to about 135 degrees.
10 Various modifications and alterations of this disclosure will become
apparent to those skilled in the art without departing from the scope and spirit of this
disclosure, and it should be understood that the scope of this disclosure is not to be

unduly limited to the illustrative embodiments set forth herein.
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WHAT IS CLAIMED IS:

1. A flow device for an exhaust treatment system comprising:

a base; and

at least one flow deflector tube secured to the base, the flow deflector tube
having a flow inlet, a flow outlet, and a passage that extends through the flow
deflector tube from the flow inlet to the flow outlet, wherein the flow outlet is at an

angled orientation to the flow inlet.

2. A flow device as claimed in claim 1, wherein the base includes an inlet end
defining a cavity that is in communication with the passage of the flow deflector

tube.

3. A flow device as claimed in claim 1, wherein the flow deflector tube

includes a transition portion disposed between the flow inlet and the flow outlet.

4, A flow device as claimed in claim 1, wherein the flow outlet is oriented at an

_ angle that is greater than or equal to 90 degrees from the flow inlet.

5. A flow device as claimed in claim 1, wherein the base includes at least one

pass-through opening.

6. A flow device as claimed in claim 5, wherein the flow inlet of the flow

deflector tube is inserted into the pass-through opening in the base.

7. A flow device as claimed in claim 6, wherein the flow deflector tube defines

~ a symmetrically bisecting plane through the center of the flow inlet end and the
center of the flow outlet end and the base defines a symmetrically bisecting plane
through the center of the base and the center of the pass-through opening, wherein
the plane through the flow deflector tube and the plane through the base form an
angle less than or equal to 90 degrees.
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8. A flow device as claimed in claim 6, wherein the flow deflector tube is

welded to a lip surrounding the pass-through opening of the base.

9. A flow device as claimed in claim 6, wherein there are four flow deflector
tubes and four pass-through openings in the base with each tube disposed in one of
the pass-through openings in the base.

10.  The flow device of claim 1, further comprising a catalyst provided at least
one of the base and the deflector tube.

11.  The flow device of claim 10, wherein the catalyst includes a hydrolysis
catalyst.

12.  The flow device of claim 10, further comprising a structure secured to at

least one of the base and the deflector tube for supporting the catalyst.

13.  The flow device of claim 12, wherein the structure includes a flow-through
substrate provided within the deflector tube.

14.  The flow device of claim 10, wherein at least one of the base and the
deflector tube includes at least portions coated with a wash coat including the

catalyst.

15.  An exhaust treatment system comprising:
an exhaust conduit for conveying exhaust gases from an engine of a vehicle;
an aftertreatment device disposed in the exhaust conduit;
a flow device disposed upstream of the aftertreatment device, wherein the
flow device includes:
a base; and
a plurality of flow deflector tubes secured to the base, each flow
deflector tube having a flow inlet, a flow outlet, and a passage that extends through
the flow deflector tube from the flow inlet to the flow outlet, wherein the flow outlet
is at an angled orientation to the flow inlet.
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16.  An exhaust treatment system as claimed in claim 15, wherein the
aftertreatment device is a selective catalytic reduction catalyst device.

17.  Anexhaust treatment system as claimed in claim 16, further comprising a
doser disposed upstream of a mixing plane that is defined through the centers of the
flow outlets of the flow deflector tubes.

18. An exhaust treatment system as claimed in claim 17, wherein the doser

injects urea into the exhaust gases from the engine.

19.  An exhaust treatment system as claimed in claim 17, wherein the doser

injects ammonia into the exhaust gases from the engine.

20.  An exhaust treatment system as claimed in claim 15, wherein the

aftertreatment device includes two selective catalytic reduction catalyst devices.

21.  An exhaust treatment system as claimed in claim 15, further comprising a
catalytic converter disposed upstream of the flow device.

22.  An exhaust treatrnent system as claimed in claim 21, further comprising a
diesel particulate filter disposed between the catalytic converter and the flow device.

23. An exhaust treatment system as claimed in claim 15, wherein the
aftertreatment device is a lean NOx catalyst device.

24.  An exhaust treatment system as claimed in claim 15, further comprising a
diameter restriction disposed between the flow device and the aftertreatment device.

25. A method of mixing exhaust in an exhaust treatment system comprising the
steps of:
injecting reactants into exhaust gases flowing through an exhaust conduit

used to convey the exhaust gases from an engine;
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using bent tubes disposed in the exhaust conduit to mix the exhaust gases
and reactants.

26. A method of mixing exhaust in an exhaust treatment system as claimed in
claim 25, wherein the bent tubes convert an axial flow direction of the exhaust to a
radial flow direction with the radial flow direction being at an angle that is greater
than or equal to 90 degrees from the axial flow direction.

27.  An exhaust treatment system comprising:

an exhaust conduit for conveying exhaust gases from an engine of a vehicle;

an aftertreatment device disposed in the exhaust conduit;

a flow device disposed upstream of the aftertreatment device, the flow device
including an inlet and an outlet and defining an exhaust flow redirection angle
measured between the inlet and the outlet for redirécﬁng exhaust flow through the
flow device such that the exhaust flow swirls about a longitudinal axis of the flow
device, wherein the exhaust flow redirection angle is about 45 degrees to about 135
degrees.

28.  An exhaust treatment system as claimed in claim 27, further comprising a
diameter restriction disposed between the flow device and the aftertreatment device.

29. A method of mixing exhaust in an exhaust treatment system comprising the
steps of:

injecting reactants into exhaust gases flowing through an exhaust conduit
used to convey the exhaust gases from an engine;

redirecting exhaust gases through a flow device, the flow device defining an
exhaust redirection angle that causes the exhaust gases and the reactants to swirl
about a longitudinal axis of the exhaust conduit, wherein the exhaust redirection
angle is about 45 degrees to about 135 degrees.

30. A flow device for an exhaust treatment system comprising:

a base
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a plurality of flow deflectors disposed on the base, wherein the flow
deflectors define an exhaust redirection angle as measured between an exhaust inlet
and an exhaust outlet of the flow device that is less than or equal to about 135
degrees.

31. A flow device for an exhaust treatment system as claimed in claim 30,
wherein the base includes a center section and an outer ring disposed about the
center section, wherein the center section and the outer ring cooperatively define a

pathway.

32. A flow device for an exhaust treatment system as claimed in claim 31,
wherein each flow deflector includes a first end connectedly engaged with the center

section and the outer ring and a second end that extends outwardly from the base.

33. A flow device for an exhaust treatment system as claimed in claim 30,
wherein the flow deflectors include an inner surface having a first side and a second

side, wherein the inner surface is concave.

34 A flow device for an exhaust treatment system as claimed in claim 30,

wherein the flow deflectors are arcuate in shape.

35. A flow device for an exhaust treatment system as claimed in claim 30,

wherein each flow deflector is a tube defining a passageway through the tube.

36. A flow device for an exhaust treatment system as claimed in claim 30,
wherein the base defines a plurality of holes disposed adjacent to the flow deflectors.

37. A housing assembly for an exhaust treatment system comprising;:

a main body defining an inner cavity;

an aftertreatment device disposed in the inner cavity;

a flow device adapted to direct exhaust flow circumferentially about a
longitudinal axis of the main body such that the exhaust flow exits the flow device at
a swirl angle in the range of about 45 degrees to about 135 degrees.
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38. A housing assembly for an exhaust treatment system as claimed in claim 37,
wherein the flow device is an inlet tube, the inlet tube being generally tangent to an
outer surface of the main body such that a generally tangential interface between the
inlet tube and the outer surface directs the exhaust flow circumfex;entially about the
longitudinal axis.

39.  Ahousing assembly for an exhaust treatment system as claimed in claim 37,
wherein the flow device is an inlet tube, the inlet tube including an end disposed in
the inner cavity that directs the exhaust flow circumferentially about the longitudinal

axis of the main body.

40. A housing assembly for an exhaust treatment system as claimed in claim 37,
further comprising a baffle disposed in the main body upstream of the aftertreatment
device, wherein the baffle includes a body defining a passage having an inner

diameter that is less than the diameter of the housing assembly.

41.  An exhaust treatment system comprising:

an exhaust conduit adapted to convey exhaust gases from an engine;

a doser adapted for injecting reactants into the exhaust gases;

a flow device defining an exhaust redirection angle that causes the exhaust
gases and the reactants to swirl about a longitudinal axis of the exhaust conduit;

an aftertreatment device disposed downstream of the flow device

a diameter restriction disposed between the flow device and the
aftertreatment device, wherein the diameter restriction is adapted to reduce the
amount of unvaporized or unhydrolyzed reactants at the aftertreatment device.

42.  An exhaust treatment system as claimed in claim 41, wherein the doser is

disposed upstream of a mixing plane defined by the flow device.
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