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REDUCTANT DELIVERY DEVICE

BACKGROUND
Regulatory air-pollution limits for diesel engines have caused some manufacturers to adopt selective
catalytic reduction (SCR) technology for reducing nitrogen oxides (NOX) in engine exhaust. The SCR
process introduces an NOx reducing compound (e.g., a urea-water solution) into the hot exhaust gas,
which chemically reduces NOxX into non-pollutant compounds in conjunction with a catalyst. However,
during typical operation of an engine, the conditions for the SCR process are not optimal (e.g., exhaust is
too hot or cold) and either too much, or too little, urea solution is introduced into the exhaust. When urea
solution is introduced that does not undergo the SCR process (e.g., too much urea solution for the exhaust
temperature), urea crystals will accumulate within the exhaust system, both on the interior surface of the
exhaust pipe and at the port that introduces the solution into the exhaust. Build up of urea crystals in the
exhaust system detrimentally affects the performance of the exhaust system, and also is indicative of
inefficiency in the SCR process: urea crystals represent both wasted urea solution and reduced SCR
efficiency.
During injection of urea into the diesel exhaust stream during SCR there is a significant amount of the
total urea injected that contacts the walls of the exhaust pipe and becomes a liquid wall film. While this
process occurs, the urea that is wetting the pipe walls does not reach the catalyst for its intended use and
the intended quantity of reactant is not available in the catalyst.
In order to provide the minimum required urea amount, during normal engine operation, the urea injector
cycles on and off. While in operation, the aqueous urea solution is injected as a stream of small droplets.
Effective management of these droplets requires injector geometries specifically intended to transport the
droplets away from the injector and into the main pipe flow with minimal wall wetting.
Known methods for reducing wall wetting during urea injection include utilizing a urea "doser port"
having a urea injector and a chamber that opens at the side of the main exhaust pipe, such as urea dosers
manufactured by Bosch. A diagrammatic illustration of an exemplary prior art doser port 704 is
illustrated in FIGURE 7, wherein the doser port 704 comprises a urea doser 708 and a chamber 710
shaped to provide passage for injected urea 712 into an exhaust pipe 720. However, such doser designs
do not eliminate the wall-wetting effect, particularly because exhaust flow 724 and 726 sometimes works
against the doser port 704 by pushing the injected urea 712 into the walls of the doser port 704 (thus

promoting wall wetting), as illustrated by exhaust flow 726.
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For example, the main exhaust gas flow 724 and 726 cause the gas in the doser port 704 to move at high
velocities. In turn, these high gas velocities push the urea droplets into the walls that define the

chamber 710 (see, e.g., exhaust gas flow 726). A droplet that sticks to the wall forms a liquid film.
Under certain temperature conditions, the wall film will then form undesirable urea crystals.
Additionally, this configuration causes problems with the last droplets injected in an injection cycle. In
that regard, at the end of an injection cycle, the last droplets are injected with decreasing velocity. As the
injection velocity approaches zero, it is increasingly difficult for the droplets to reach the main exhaust
pipe 720. Therefore, the last drops typically fall into the chamber 710 wall and form a film.

So as to at least reduce the above-described inefficiencies with regard to urea injection during an SCR
process, a system not heretofore developed is needed, among others, to facilitate injection of liquid urea

solution into an exhaust system while reducing wall-wetting effects.

SUMMARY

This summary is provided to introduce a selection of concepts, in a simplified form, that are further
described below in the Detailed Description. This summary is not intended to identify key features of the
claimed subject matter, nor is it intended to be used as an aid in determining the scope of the claimed
subject matter.

The invention provides a diffusion apparatus configured to provide liquid communication between an
injection port for injecting a reductant solution and an exhaust pipe connected to an engine that produces
an exhaust flow, the diffusion apparatus comprising: (a) a diffusion chamber configured to pass the
reductant solution from the injection port to the exhaust pipe, the diffusion chamber having an inlet and
an outlet, wherein the inlet is an opening configured to be in fluid communication with the injection port,
and wherein the outlet is an opening configured to be in fluid communication with an interior of the
exhaust pipe; (b) a conduit configured to direct a portion of the exhaust flow from the exhaust pipe to the
inlet of the diffusion chamber, the conduit comprising a conduit chamber partially surrounding the
diffusion chamber; and (c) a baffle structure defining a baffle chamber intermediate the inlet of the
diffusion chamber and the conduit, the baffle chamber receiving the portion of the exhaust flow from the
conduit and discharging the portion of the exhaust flow to the diffusion chamber, the baffle structure
comprising at least one aperture, the aperture being configured so that the exhaust flow moves from the
conduit chamber to the baffle chamber through the at least one aperture.

In an embodiment described herein there is a method is provided for providing a diffuse spray of a

reductant solution for reducing nitrogen oxides in an exhaust flow, comprising: injecting a reductant
2
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solution into an opening and through an inlet of a diffusion chamber; and introducing a portion of the

exhaust flow to the opening adjacent the inlet of the diffusion chamber.

DESCRIPTION OF THE DRAWINGS
The foregoing aspects and many of the attendant advantages of the claimed subject matter will become
more readily appreciated by reference to the following detailed description, when taken in conjunction
with the accompanying drawings, wherein:
FIGURE 1 is a perspective view of one example of a diffusion apparatus formed in accordance with
aspects of the present disclosure, the diffusion apparatus shown integrated with a portion of an exhaust
system comprising a portion of a selective catalytic reduction system;
FIGURE 2 is a partial cut-away view of the diffusion apparatus and exhaust pipe portion of FIGURE 1;
FIGURE 3 is a longitudinal cross-sectional view of the diffusion apparatus and exhaust pipe of
FIGURE 2 with an upper baffle of the diffusion apparatus removed;
FIGURE 4 is an exploded perspective view of the diffusion apparatus of FIGURES 2 and 3;
FIGURES 5A and 5B are end views of the diffusion apparatus shown in FIGURE 2;
FIGURE 6 is a diagrammatic representation of a urea doser port in accordance with embodiments of the
present disclosure, the urea doser port mounted onto an exhaust pipe; and
FIGURE 7 is a diagrammatic representation of a prior art urea doser port mounted onto an exhaust pipe.

DETAILED DESCRIPTION

The detailed description set forth below in connection with the appended drawings is intended as a
description of various embodiments of the disclosed subject matter and is not intended to represent the
only embodiments. Each embodiment described in this disclosure is provided merely as an example or
illustration and should not be construed as preferred or advantageous over other embodiments. The
illustrative examples provided herein are not intended to be exhaustive or to limit the invention to the
precise forms disclosed. Similarly, any steps described herein may be interchangeable with other steps,
or combinations of steps, in order to achieve the same or substantially similar result.
Embodiments of the present disclosure are directed to diffusion apparatuses for facilitating the injection
of a nitrogen-oxides reductant solution, such as urea, into exhaust gas as part of a selective catalytic
reduction system. Embodiments of the diffusion apparatus direct exhaust gas from an exhaust pipe,
through a conduit, and into a diffusion chamber where urea is injected. The exhaust gas that flows

through the conduit and is introduced to the injected urea provides improved transport of injected
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reductant solution into the exhaust pipe, and adhesion of the reductant solution to the walls of the
diffusion chamber is reduced.

While urea is presently a preferred reductant used in the automotive industry for reducing nitrogen oxides
in exhaust, the present disclosure is not limited to apparatus for use in injecting a urea solution. Other
nitrogen-oxides reductant solutions (e.g. ammonia) will benefit from injection using the provided
examples of the diffusion apparatus. Furthermore, the provided examples are not limited to the injection
of a nitrogen-oxides reductant solution, but are useful for providing passage between any liquid injector
and a gaseous flow.

Although exemplary embodiments of the present disclosure will be described hereinafter with reference
to over-the-road vehicles, particularly diesel-powered, heavy-duty trucks, it will be appreciated that
aspects of the present disclosure have wide application, and therefore, may be suitable for use with many
other types of vehicles that include a urea or other nitrogen-oxides reductant injection system for treating
nitrogen oxides emissions in an exhaust stream, such as automobiles, recreational vehicles, boats, etc.
Examples of the subject matter of the present disclosure may find other applications, such as the
treatment of exhaust streams of stationary or portable generators, diesel powered pumps, etc.
Accordingly, the following descriptions and illustrations herein should be considered illustrative in
nature, and thus, not limiting the scope of the claimed subject matter.

In the following description, numerous specific details are set forth in order to provide a thorough
understanding of exemplary embodiments of the present disclosure. It will be apparent to one skilled in
the art, however, that many embodiments of the present disclosure may be practiced without some or all
of the specific details. In some instances, well-known aspects have not been described in detail in order
to not unnecessarily obscure various aspects of the present disclosure. Further, it will be appreciated that
embodiments of the present disclosure may employ any combination of features described herein.
Turning now to FIGURE 6, there is shown a schematic diagram of a diffusion apparatus, generally
designated 602, associated with an exhaust pipe section 604 for providing improved injection of urea
from a urea doser or injector 606 to an exhaust pipe. The diffusion apparatus includes a diffusion
chamber 610 that introduces urea released from the injector 608 into the exhaust stream, generally
designated 618. The diffusion apparatus 602 further includes a conduit defining a conduit chamber 622
connecting the interior of the exhaust pipe 604 to the diffusion chamber 610 such that exhaust gas 628
flows from the exhaust pipe 604 and into the entrance of the diffusion chamber 610 to aid in the
transportation of injected urea 632 from the injector 608, through the diffusion chamber 610, and into the

exhaust pipe 604. In some embodiments, the conduit chamber 622 can be specifically designed (e.g.,
4
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changing the size, shape, and direction of flow), so that the redirected exhaust gas 628 can be controlled,
for example, in direction and/or speed so as to optimize injection of urea through the diffusion

chamber 610. Exemplary embodiments of such a conduit chamber 622 and related structures are
described below with reference to FIGURES 1-5.

Referring now to FIGURES 1-5, an exemplary embodiment of a diffuser apparatus, generally

designated 110, formed in accordance with aspects of the present disclosure will be described. As best
shown in FIGURE 1, the diffuser apparatus 110 is attached to a section of exhaust piping 112. The
diffuser apparatus 110 is associated with a urea doser 114 to form a doser port that functions to inject a
urea solution (or other nitrogen oxides reductant) into an exhaust stream 116 generated by an NOx
producing engine (not pictured) and flowing through the exhaust pipe 112. During operation of the
engine, the urea doser 114 injects urea, in liquid (droplet) form, through the diffusion apparatus 110 and
into the exhaust stream passing through the exhaust pipe 112 to facilitate reduction of nitrogen oxides in
the exhaust stream. The reduction occurs at a catalyst (not pictured) downstream from the exhaust pipe
section 112.

Referring now to FIGURES 1 and 2, the urea doser 114 injects urea through the diffusion apparatus 110,
which is disposed in-between the urea doser 114 and the exhaust pipe 112. Generally described, the
diffusion apparatus 110 includes two chambers: a diffusion chamber 118, through which the urea spray
passes upon injection; and a conduit chamber 120, which can control the direction and/or speed of the
exhaust flow introduced into the diffusion chamber 118, as will be described in more detail below. In
operation, the exhaust stream 116 generated by a nitrogen oxides-producing engine, such as a diesel
engine, traverses the exhaust pipe 112. A portion 180 of the exhaust stream then travels through the
conduit chamber 120 on the upstream side of the diffusion apparatus 110 from the diffusion chamber 118.
The exhaust gas is then introduced to an inlet 132 of the diffusion chamber 118, which is in proximity of
the urea injection location. By transporting exhaust gas from the exhaust pipe 112 to the diffusion
chamber 118, the conduit chamber 120 performs a function analogous to that of the conduit chamber 622
of FIGURE 6, as is described elsewhere herein.

The improved urea injection provided by the embodiments of the present disclosure may be better
understood with reference to FIGURES 2-5. As best shown in FIGURES 2 and 4, the diffuser

apparatus 100 comprises a housing 140, a diffuser 144, an upper baffle 148, and an optional lower baffle
structure 150. As best shown in FIGURE 2 the diffuser 144 is suspended within the housing 140, thereby

forming the conduit chamber 120 therebetween. The upper baffle 148 is disposed at one end of the
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housing 140. The optional lower baffle 150 is spaced apart from the upper baffle 148 and surrounds an
upper section of the diffuser 144.

Referring now to FIGURE 3, the diffuser 144 defines the diffusion chamber 118. In the embodiment
shown, the diffusion chamber 118 is frustoconical in shape and expands in diameter between an inlet 132
and an outlet 134. While the diffusion chamber 118 is conical as illustrated, this is an exemplary
embodiment and not limiting. Any shaped chamber 118 is useful in the disclosed embodiments. In the
illustrated embodiments, the diffusion chamber inlet 132 is positioned to receive injected urea from the
urea doser (not pictured in FIGURES 2-5 for purposes of clarity). The injected urea then passes through
the inlet 132, into the diffusion chamber 118, and out of the outlet 134 in a manner that reduces wall
wetting.

It will be appreciated that the inlet 132 may be sized and positioned to optimize injection of urea received
from the urea doser. In one embodiment, the inlet 132 is positioned adjacent, but not abutting, the urea
doser 114 (FIGURE 1). As will be described further below, a gap between the inlet 132 and the urea
doser allows for the exhaust flow 180 to move past the urea doser and carry the injected urea into the
inlet 132. It will be appreciated that in some embodiments the size of the inlet 132 can be suitably
matched to the size of the urea doser and the related shape of urea spray injected by the doser so that the
inlet 132 receives as much as the injected urea volume as possible. Similarly, in some embodiments, the
diffusion chamber 118 can be sized and shaped to suitably match the shape of the injected urea spray
such that the chances of urea impacting and wetting the walls of the diffusion chamber 118 is reduced or
eliminated. In one embodiment, the geometry of the diffuser 144 can be tailored to closely match the
spray characteristics of the urea doser such that the angle of the spread of the urea spray ("spray cone
angle") is substantially mirrored by the diverging angle of the diffuser 144 to reduce the likelihood that
the urea spray will impinge on the walls of the diffuser 130. In one embodiment, the diverging angle of
the diffuser 144 is equal to or greater than the spray cone angle.

Turning now to FIGURES 5A and 5B, the outlet 134 of the diffusion chamber 118 may extend into the
exhaust pipe 112. For example, in one embodiment, the outlet 134 of the diffusion chamber 118 extends
beyond a line (not pictured) defined by the surface of the exhaust pipe 112. In that regard, the outlet 134
extends into the exhaust pipe 112 so as to project injected urea through the diffusion apparatus 110 and
away from the walls of the exhaust pipe 112, thus reducing wall wetting. If the outlet 134 extends into
the exhaust pipe 112, a localized region of high pressure is created, a process that is optionally facilitated
by the fins 176, described further below. Such local high pressure prevents disruptions in exhaust gas

flow through the diffuser 144 from the outlet 134 toward the inlet 132.
6
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In some embodiments, the diffusion apparatus 110 may also include a baffle chamber 160 for controlling
the flow of exhaust gas intermediate the conduit chamber 120 and the diffusion chamber 118, as shown in
FIGURE 2. The baffle chamber 160 is shown as being formed by the upper baffle structure 148 and the
lower baffle structure 150. In an embodiment shown, the lower baffle structure 150 may be integrally
formed or otherwise coupled to the diffuser 144. The lower baffle structure 150 extends radially
outwardly and into sealing engagement with the housing140. As such, the lower baffle structure 150
delimits the conduit chamber 120 between the housing 140 and the diffuser 144 on one side, and the
baffle chamber 160 on the other side. The lower baffle structure 150 may further include holes 164 or
other structure, such as slots or the like, for allowing exhaust gas, such as gas 180, to pass into the baffle
chamber 160 from the conduit chamber 120.

The upper baffle structure 148 abuts against the end surface of the housing 140 and includes a urea doser
opening 154. The urea doser opening 154 allows for a urea doser to be placed adjacent the inlet 132 of
the diffusion chamber 118. The upper baffle structure 148 also includes a flange 156 surrounding the
opening 154 and spaced radially outwardly from the end of the diffuser 144, thereby forming a gap 152.
The end of the flange is spaced from the baffle 150, thereby forming a passageway that connects the
baffle chambers 160 in fluid communication with the inlet 132. It will be appreciated that the positioning
of the inlet 132 with respect to the doser allows exhaust gas to pass through the gap 152, past the urea
doser injection point, and into the diffusion chamber 118. In some embodiments, the upper baffle
structure 148 and the lower baffle structure 150 provide structural support for the diffuser 144 to be
positioned for receiving urea from the urea doser and for extending the outlet 134 of the diffuser

cone 144 into the exhaust pipe 112.

By directing exhaust gas flow 180 from the exhaust pipe 112 through the conduit chamber 120 and on to
the diffusion chamber 118 via the baffle chamber 160, at least two events may occur that improve the
spray of urea from the urea doser to the exhaust pipe 112. First, the exhaust flow 180 is directed such
that the flow is in the direction of urea injection. Second, the exhaust flow provides an additional force in
the direction of injection, which effectively transports even the slowly injected "last drops” of an
injection cycle through the diffusion apparatus 110 and into the exhaust pipe 112.

The configuration of the diffusion apparatus 110 and/or baffle chamber 160 may also limit the volume
and/or speed of exhaust flow 180 across the face of the urea doser. In the illustrated embodiments, the
baffle chamber 160 directs exhaust flow 180 from the exhaust pipe 112 to the diffusion chamber 118 in a
nonlinear path. In other embodiments, the exhaust flow 180 is directed to the chamber 118 in a manner

that controls the speed of the exhaust flow. For example, exhaust gas from the conduit chamber 120 in
7
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the form of flow 180 flows into the baffle chamber 160 through one or more of metering holes 164, slots,
or other perforations. In the illustrated embodiments, the plurality of holes 164 control the flow of
exhaust gas into the baffle chamber 160. Both the size of the holes 164 and the number of holes 164
control the volume and/or speed of gas flowing into the baffle chamber 160, and may be selectively
adjusted according to the particular application.

In some embodiments, the speed of the exhaust flow as it approaches the inlet 132 of the diffusion
chamber 118 (and the injection site of the urea doser) may be also partially controlled by the shape of the
baffle chamber 160. For example, the chamber 160 can be configured such that the exhaust flow 180
undergoes a series of turns in the baffle chamber 160 before passing through the urea doser opening 154
in the upper baffle structure 148, past the urea doser (not pictured in FIGURE 2), and into the inlet 132 of
the diffusion chamber 118. This non-linear path of the flow 180 directs and slows the exhaust gas prior
to introduction into the inlet 132.

Limiting exhaust flow across the face of the urea doser can be important for at least two reasons. First,
the urea doser has stringent temperature limitations. Subjecting the urea doser to excessive hot exhaust
gas creates the risk of overheating the urea doser and compromising its operability. Accordingly,
embodiments provided herein limit heat transfer from the hot exhaust gas to the injector 114. Second,
excessive exhaust gas flow is less effective in clearing out the last drops of urea injected by the urea doser
because high exhaust gas flow is less likely to produce an even flow into the inlet 132 of the diffusion
chamber 118.

In the embodiment shown, the baffle chamber 160 is configured to reduce the likelihood of an uneven
exhaust flow into the diffusion chamber 118 with regard to volume and direction. An uneven exhaust
flow may result in the exhaust flow causing injected urea to miss the inlet 132 of the diffusion

chamber 118 completely, or may alter the flight of injected urea such that the droplets impact the interior
walls of the diffuser cone 144 and do not reach the exhaust pipe 112, as intended.

While the illustrated embodiments in FIGURES 1-5 include a baffle chamber 160 and a conduit
chamber 120, the present disclosure is not limited to diffusion apparatus including such structures. For
example, in FIGURE 6, the conduit 622 directs exhaust flow 628 from the exhaust pipe 604 to the
diffusion chamber 610, and no baffle chamber is included. The use of a baffle chamber 160 is included
herein as one possible example that addresses one or more issues that may arise when introducing hot
exhaust gas across the urea doser (e.g., damaging temperatures and excessive flow speed).

Referring now to FIGURES 2-4, embodiments of the diffuser apparatus 110 may additionally include one

or more fins 176 disposed around the diffuser chamber 144. The fins 176 create a local region of high
8
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pressure in the exhaust flow during operation of the exhaust system and are employed to aid in preventing
disruptions in the exhaust gas motion (e.g., flow in the diffuser 144 from the outlet 134 toward the

inlet 132) and to promote the flow of "clean" (i.e., no urea) exhaust gas into the conduit chamber 120. In
the illustrated embodiments, the fins 176 are mounted externally near the outlet 134 of the diffuser

cone 144 so as to project into the exhaust pipe 112. Additionally, the fins 176 help to center and support
the cone 144 in the exhaust pipe 112 during operation.

The illustrated embodiments include a diffuser 144 that extends into the exhaust pipe 112, as has been
described above. Extending the diffuser 144 into the exhaust pipe 112 keeps the exhaust gas velocity
within the diffusion chamber 118 quiet. However, extending the diffuser 144 into the exhaust pipe 112
may create a potential problem: formation of a recirculation "bubble" (e.g., in the downstream portion of
the diffusion chamber 118) that may direct a flow of exhaust toward the inlet 132 of the diffusion
chamber 118, thus impeding the spray of urea solution into the exhaust pipe 112. To mitigate this effect,
an anti-recirculation port 190 can be added at the outlet 134 of the diffusion chamber 118. The anti-
recirculation port 190 is a cut-away portion of the diffuser 144 that operates to bleed off some exhaust
gas flow and reintroduces it into the exhaust pipe 112 downstream from the diffusion chamber 118. This
"down-wash" of urea-free exhaust gas effectively mitigates the recirculation effect. In the illustrated
embodiments of FIGURES 1-5 the recirculation port 190 is parabolic, although other shapes may be used
to carry out the one or more desired functions, such as a circular or elliptical cutout or the like.

Referring now to FIGURE 3, the diffusion apparatus 110 is mounted at an angle 0, relative to the
direction of the exhaust flow 116. The angle 0, can be varied based on one or more design parameters:
the angle at which the urea is injected (0,; based on the injection axis 194 compared to the direction of
exhaust flow 116), the shape of the diffusion chamber 118, and the shape of the conduit chamber 120. In
one embodiment, angle 0, is equal to 8. In other embodiments, angle 6; may be in the range of between
20° and 90°. In another embodiment, 0, is from 10-50°. In one embodiment, 0, is grater than ¥2 the spray
cone angle.

The diffusion apparatus 110 can be manufactured using materials and methods known to those of skill in
the art. In a representative embodiment, the materials used to manufacture the various components of the
diffusion apparatus 110 are metals, so as to withstand the high temperatures experienced by the diffusion
apparatus 110 resulting from the hot exhaust gas. However, it will be appreciated that
temperature-resistant polymers, ceramics, or other such materials known to those of skill in the art, can
also be used for diffusion apparatus construction. The diffusion apparatus 110 may be manufactured in a

monolithic fashion, wherein the diffuser 144 and the housing 140 are a unitary piece of material.
9
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However, the exemplary embodiments illustrated herein are manufactured in three separate pieces: a
housing 140; a diffuser 144, and an upper baffle structure 148. The three separate pieces of the diffusion
apparatus 110 may be suitable joined by any appropriate technique, such as welding, mechanical
fasteners, etc.

The principles, representative embodiments, and modes of operation of the present disclosure have been
described in the foregoing description. However, aspects of the present disclosure which are intended to
be protected are not to be construed as limited to the particular embodiments disclosed. Further, the
embodiments described herein are to be regarded as illustrative rather than restrictive. It will be
appreciated that variations and changes may be made by others, and equivalents employed, without
departing from the spirit of the present disclosure. Accordingly, it is expressly intended that all such
variations, changes, and equivalents fall within the spirit and scope of the present disclosure, as claimed.
It is to be understood that, if any prior art publication is referred to herein, such reference does not
constitute an admission that the publication forms a part of the common general knowledge in the art, in
Australia or any other country.

In the claims which follow and in the preceding description of the invention, except where the context
requires otherwise due to express language or necessary implication, the word “comprise” or variations
such as “comprises” or “comprising” is used in an inclusive sense, i.e. to specify the presence of the
stated features but not to preclude the presence or addition of further features in various embodiments of

the invention.

10
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35

CLAIMS

1. A diffusion apparatus configured to provide liquid communication between an injection port
for injecting a reductant solution and an exhaust pipe connected to an engine that produces an exhaust
flow, the diffusion apparatus comprising:

(a) a diffusion chamber configured to pass the reductant solution from the injection port to the
exhaust pipe, the diffusion chamber having an inlet and an outlet, wherein the inlet is an opening
configured to be in fluid communication with the injection port, and wherein the outlet is an opening
configured to be in fluid communication with an interior of the exhaust pipe;

(b) a conduit configured to direct a portion of the exhaust flow from the exhaust pipe to the inlet
of the diffusion chamber, the conduit comprising a conduit chamber partially surrounding the diffusion
chamber; and

(c) a baffle structure defining a baffle chamber intermediate the inlet of the diffusion chamber
and the conduit, the baffle chamber receiving the portion of the exhaust flow from the conduit and
discharging the portion of the exhaust flow to the diffusion chamber, the baffle structure comprising at
least one aperture, the aperture being configured so that the exhaust flow moves from the conduit

chamber to the baffle chamber through the at least one aperture.

2. The diffusion apparatus of claim 1, wherein the diffusion chamber outlet is positioned within

the interior of the exhaust pipe.

3. The diffusion apparatus of claim 1 or claim 2, wherein the diffusion chamber is substantially

frustoconical, diverging in diameter from the inlet to the outlet.

4. The diffusion apparatus of any one of the preceding claims, wherein the diffusion chamber is

oriented at a first angle relative to the exhaust pipe.

5. The diffusion apparatus of any one of the preceding claims, wherein the conduit chamber is

cylindrical.

6. The diffusion apparatus of any one of the preceding claims, wherein the conduit chamber
comprises an opening configured to allow for liquid communication between the injection port and the

inlet of the diffusion chamber.

7. The diffusion apparatus of any one of the preceding claims, wherein the baffle structure
restricts the exhaust flow from the exhaust pipe, through the conduit chamber, and into the inlet of the
diffusion chamber, wherein restricting the exhaust flow comprises one of the effects consisting of
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reducing the heat transferred from the exhaust flow to the injection port, reducing the speed of the

exhaust flow, and combinations thereof.

8. The diffusion apparatus of any one of the preceding claims, wherein the baffle structure
comprises a plurality of openings that restrict the exhaust flow from the exhaust pipe to the inlet of the

diffusion chamber.

9. The diffusion apparatus of any one of the preceding claims, wherein the baffle structure
comprises a non-linear path to restrict the exhaust flow from the exhaust pipe to the inlet of the diffusion

chamber.

10. The diffusion apparatus of any one of the preceding claims, wherein the baffle structure is

configured to direct the exhaust flow past the injection port and into the inlet of the diffusion chamber.

11. The diffusion apparatus of any one of the preceding claims further comprising a protrusion
extending from the outlet of the diffusion chamber into the exhaust pipe, wherein the protrusion is
configured to produce a localized area of elevated exhaust gas pressure adjacent to the protrusion during

operation of the engine.

12. The diffusion apparatus of Claim 11, wherein the protrusion comprises one or more fins.

13. The diffusion apparatus of Claim 12, wherein the one or more fins protrude longitudinally

into the exhaust pipe against the exhaust flow.

14. The diffusion apparatus of any one of the preceding claims further comprising an anti-

recirculation port.
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