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Description

MULTI-NOZZLE DESIGN TO ELIMINATE DOWNSTREAM MIXING
DEVICES

Technical Field

This disclosure relates to exhaust systems for engines, and more

specifically to introducing diesel exhaust fluid into the exhaust stream.

Background

For a diesel engine, a selective catalytic reduction (SCR) system is
used to reduce NOx in the exhaust. This is accomplished by introducing a urea
mixture called diesel exhaust fluid (DEF) into the exhaust stream before the
exhaust stream reaches a catalyst. SCR systems function best when the DEF is

mixed properly into the exhaust stream.

Summary

In an example according to this disclosure, an injection apparatus
includes an injection mixing platform located within an exhaust pipe; wherein the
injection mixing platform includes two or more mixing blades extending radially
from a common central hub, at least one of the mixing blades being coupled to a
DEF inlet to receive DEF from an external tank, wherein each of the two or more
mixing blades includes at least one nozzle to eject the DEF into an exhaust
stream, the two or more mixing blades being statically mounted to an inner
surface of the exhaust pipe.

In an example, a system includes an exhaust pipe having an
exhaust inlet and an exhaust outlet; an external tank holding DEF which is
external to the exhaust pipe; an exhaust treatment system within the exhaust pipe
and located before the exhaust outlet; and an injection mixing platform located
within the exhaust pipe and between the exhaust inlet and before the exhaust
treatment system, wherein the injection mixing platform includes at least two
mixing blades having an airfoil shape extending radially from a common central

hub, at least one of the mixing blades being coupled to a DEF inlet to receive
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DEF from the external tank, wherein each of the at least two mixing blades

includes at least one nozzle to eject the DEF into an exhaust stream, the at least
two blades being statically mounted to an inner surface of the exhaust pipe.

In an example, a method includes injecting DEF into an exhaust
stream flowing through an exhaust pipe; and treating the DEF and exhaust stream
mixture; wherein the DEF is injected into the exhaust stream by two or more
mixing blades located within the exhaust pipe and extending radially from a
common central hub, at least one of the mixing blades being coupled to a DEF
inlet to receive DEF from an external tank, wherein each of the two or more
mixing blades includes at least one nozzle to eject the DEF into the exhaust
stream, the two or more mixing blades being statically mounted to an inner

surface of the exhaust pipe.

Brief Description Of The Drawings

In the drawings, which are not necessarily drawn to scale, like
numerals may describe similar components in different views. Like numerals
having different letter suffixes may represent different instances of similar
components. The drawings illustrate generally, by way of example, but not by
way of limitation, various embodiments discussed in the present document.

FIG. 1 shows a schematic representation of a selective catalytic
reduction system, in accordance with one embodiment.

FIG. 2 shows a perspective view of an injection mixing platform,
in accordance with one embodiment.

FIG. 3 shows a front view of the injection mixing platform of FIG.

Detailed Description

FIG. 1 shows a schematic representation of a selective catalytic
reduction (SCR) system 100, in accordance with one embodiment.

The SCR system 100 generally includes an exhaust pipe 110
having an exhaust inlet 112 and an exhaust outlet 114 through which a diesel

exhaust stream 118 flows. The system 100 can include an external tank 120
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holding diesel exhaust fluid (DEF). An exhaust treatment system 130 can be

located within the exhaust pipe 110 and located before the exhaust outlet 114.
The exhaust treatment system 130 can include one or more components such as
an SCR catalyst, an oxidation catalyst, or other post-exhaust treatments. The
system 100 can include an injection mixing platform 150 located within the
exhaust pipe 110 and located between the exhaust inlet 112 and before the
exhaust treatment system 130.

The injection mixing platform 150 is connected to the external
tank 120 and can include one or more nozzles 152 which inject DEF into the
exhaust stream 118.

FIGs 2 and 3 show details of the injection mixing platform 150
with FIG. 2 showing a perspective view of the injection mixing platform 150 and
FIG. 3 showing a front view of the injection mixing platform 150, in accordance
with one embodiment.

Here, the injection mixing platform 150 is shown inside the
exhaust pipe 110. The injection mixing platform 150 includes two or more
mixing blades 210 extending radially from a common central hub 215. Each
mixing blade 210 extends from the central common hub 215 and is attached at a
second end to the inner surface 230 of the exhaust pipe 110. At least one of the
mixing blades 210 can be coupled to a DEF inlet 310 to receive DEF from the
external tank 120 (FIG. 1). The external tank 120 feeds DEF to an injection
controller 220 which delivers air and DEF to each nozzle 152, as will be further
discussed below.

As noted, each of the two or more mixing blades 210 includes at
least one nozzle 152 to eject the DEF into the exhaust stream. The two or more
mixing blades 210 can be statically mounted to the inner surface 230 of the
exhaust pipe 110. By being stationary relative to the exhaust pipe 110, the
mixing blades 210 impart a swirl to the exhaust stream as the exhaust stream
passes by the mixing blades 210.

In one embodiment, the two or more mixing blades 210 can have

an airfoil shape. Such a shape at the point of injection of the DEF from nozzles
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152 allows the DEF to be mixed into the exhaust at the point of injection. This

prevents a concentration of DEF that cannot disperse into the exhaust stream.
Further, no further downstream mixing of the exhaust and DEF is needed. For
example, past SCR systems can include a downstream baffle to encourage mixing
of the DEF with the exhaust stream. Such a baftle is not needed in the present
system.

In one example, the injection mixing platform 150 includes at least
three mixing blades 210. In one example, the three mixing blades 210 are
equidistant from each other and have approximately a 120-degree angle between
adjacent mixing blades 210. With the nozzles 152 located at the mid-points of
the mixing blades 210, this provides sufficient coverage for the cross-section area
of the exhaust pipe 110. Other embodiments provide more than three mixing
blades 210.

As seen in FIG. 3, each mixing blade 210 includes a first internal
channel 312 to deliver DEF to the nozzles 152 and a second internal channel 314
to deliver air to each of the nozzles 152. The first and second internal channels
312, 314 are independent of each other and the injection controller 220 delivers
the proper amounts of DEF and air to each nozzle as devised by the operator
based on the velocity of the exhaust stream and the diameter of the exhaust pipe
110, for example. The air and DEF mix at the nozzles 152 and are ejected as an
atomized DEF mist into the exhaust stream.

In one embodiment, nozzles 152 can be located approximately
equidistant between the common central hub 215 and the inner surface 230 of the
exhaust pipe 110. Again, this helps provide sufficient coverage across the cross-
sectional area of the exhaust pipe 110. In one example, the nozzles 152 can be
swirling nozzles to impart a swirl to the DEF as the DEF is ejected from the
nozzle. The swirl of the DEF along with the airfoil causing the exhaust to swirl,
and the atomization of the DEF helps provide for the DEF to be properly mixed
with the exhaust at the point of injection.

In one example, the mixing blades 210 and nozzles 152 are

formed as a single piece using 3-D printing. In one example, the parts of the
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mixing blades 210 including the internal channels 312, 314 and the nozzles 152

are 3-D printed. In that embodiment, the ends of the blades can be a separately

manufactured piece that is then attached to the 3-D printed portion.

Industrial Applicability

The present system is applicable to any diesel exhaust system, but
is directed toward large industrial applications, such as large marine, rail, or a
large stationary engine. For example, the exhaust pipe 110 can have a diameter
of about 12 inches to 20 inches. In an example in accordance with this
disclosure, a method of using the system includes injecting DEF into the exhaust
stream flowing through the exhaust pipe 110, and then treating the DEF and
exhaust stream mixture. The DEF is injected into the exhaust stream by two or
more mixing blades 210 located within the exhaust pipe 110 and extending
radially from the common central hub 215, with at least one of the mixing blades
210 being coupled to the DEF inlet 310 to receive DEF from the external tank
120. Each of the two or more mixing blades 210 can include at least one nozzle
152 to eject the DEF into the exhaust stream, with the two or more mixing blades
210 being statically mounted to the inner surface 230 of the exhaust pipe 110.

After the DEF is injected into the exhaust stream, the exhaust
stream enters the exhaust treatment system 130 and is properly treated.

In other examples, the two or more mixing blades 210 can have an
airfoil shape. In some examples, the nozzles 152 are swirling nozzles to impart a
swirl to the DEF. The mixing blades 210 having the airfoil shape and the
swirling nozzles 152 are configured such that the DEF is thoroughly mixed with
the exhaust at the point of injection.

In some past SCR systems, a single point of DEF was added to the
exhaust stream. Such single point mixing can create a concentration of DEF that
cannot disperse fast enough. A downstream baffle is used to help evaporate and
mix the DEF with the exhaust. The present design eliminates the need for a
baffle downstream by providing more mixing at the site of injection. For
example, by providing multiple nozzles and stationary mixing blades that impart

swirl into the exhaust stream at the point of injection.
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Various examples are illustrated in the figures and foregoing

description. One or more features from one or more of these examples may be
combined to form other examples.
The above detailed description is intended to be illustrative, and
5  not restrictive. The scope of the disclosure should, therefore, be determined with
references to the appended claims, along with the full scope of equivalents to

which such claims are entitled.
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Claims

1. An injection apparatus comprising:

an injection mixing platform (150) located within an exhaust pipe
(110);

wherein the injection mixing platform includes two or more
mixing blades (210) extending radially from a common central hub (215), at least
one of the mixing blades being coupled to a DEF inlet (310) to receive DEF from
an external tank (120), wherein each of the two or more mixing blades includes at
least one nozzle (152) to eject the DEF into an exhaust stream, the two or more

mixing blades being statically mounted to an inner surface (230) of the exhaust

pipe.

2. The injection apparatus of claim 1, wherein the two or

more mixing blades have an airfoil shape.

3. The injection apparatus of claim 1, wherein the two or
more mixing blades each have two internal channels (312, 314) to deliver air and

DEF to the nozzle.

4. The injection apparatus of claim 1, wherein the nozzles are
located approximately equidistant between the central hub and the inner surface

of the exhaust pipe.

5. The injection apparatus of claim 1, wherein the nozzles are

swirling nozzles to impart a swirl to the DEF.

6. The injection apparatus of claim 1, wherein the injection
mixing platform includes three mixing blades extending radially from the

common central hub.
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7. The injection apparatus of claim 6, wherein the three

mixing blades are equidistant from each other and have approximately a 120-

degree angle between adjacent mixing blades.

8. The injection apparatus of claim 7, wherein the three

mixing blades have an airfoil shape.

0. The injection apparatus of claim 8, wherein the nozzles are

swirling nozzles to impart a swirl to the DEF.

10. The injection apparatus of claim 9, wherein the mixing
blades having the airfoil shape and the swirling nozzles are configured such that

the DEF is mixed with the exhaust at the point of injection.

11. A method comprising:

injecting DEF into an exhaust stream flowing through an exhaust
pipe (110); and

treating the DEF and exhaust stream mixture;

wherein the DEF is injected into the exhaust stream by two or
more mixing blades (210) located within the exhaust pipe and extending radially
from a common central hub (215), at least one of the mixing blades being
coupled to a DEF inlet (310) to receive DEF from an external tank (120), wherein
each of the two or more mixing blades includes at least one nozzle (152) to eject
the DEF into the exhaust stream, the two or more mixing blades being statically

mounted to an inner surface (230) of the exhaust pipe.

12. The method of claim 11, wherein the two or more mixing

blades have an airfoil shape.

13. The method of claim 12, wherein the nozzles are swirling

nozzles to impart a swirl to the DEF.
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14. The method of claim 13, wherein the mixing blades having

the airfoil shape and the swirling nozzles are configured such that the DEF is

mixed with the exhaust at the point of injection.
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