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EXHAUST GAS RECIRCULATION

TECHNICAL FIELD

[0001] The present disclosure relates generally to air-exhaust mixers used in exhaust gas

recirculation for engines, and more specifically to a venturi-style, compact air-exhaust mixer.

BACKGROUND

[0002] Exhaust gas recirculation (EGR) is used to reduce pollution generated by engines and
other combustion devices. EGR strategies reduce the oxygen content of the intake air charge by
diluting it with an inert gas, such as exhaust. When the diluted air-exhaust mixture is used in
place of ordinary air to support combustion in the engine, lower combustion and exhaust
temperatures result. EGR also improves fuel economy in gasoline engines by reducing throttling
losses and heat rejection.

[0003] With EGR, a portion of the exhaust gas generated by the engine is mixed into the air
intake. Mixers typically add exhaust gas to the air flow somewhere in the middle of the air
stream and rely on length or geometric features, such as bumps of fins, to induce mixing. These
typical air-exhaust mixer assemblies occupy a large amount of space so as to ensure that the
exhaust gas and intake air are completely mixed. Incomplete mixing of the air and exhaust gases
can lead to an uneven distribution of EGR among the cylinders. To ensure complete mixing of
the gases, typical venturi type mixers have long mixing cavities. An intake throttle may be used
in some cases to increase the pressure differential between the EGR gas and the compressed
fresh air. Other types of mixers have mixing cavities with large lengths, widths and/or heights in
order ensure complete mixing of the gases. These large mixers in turn make retrofitting of air-
exhaust mixers to engines quite expensive, because the plumbing of the engine has to be
extensively modified in order to accommodate the large air-exhaust mixers. Another problem is
that larger mixers significantly reduce the pressure of the mixed gas supplied to the engine.
[0004] Engines and diesel engines in particular, can benefit from EGR mixers which
promote the maximum amount of mixing while causing the least amount of restriction possible
in both the EGR and the air circuits. Mixing is necessary to ensure that there is as little variation

as possible in EGR content from cylinder to cylinder that could cause poor emissions and
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performance results. Efficient mixing often results in increases in gas flow restrictions.
Restrictions in either of the EGR or fresh air passages can result in reduced fuel economy.

[0005] The present device provides a compact venturi mixer, which overcomes the above
disadvantages by providing an enhanced mixing feature. The present device promotes a
maximum amount of mixing between the EGR gases and fresh air, while causing the least

amount of restriction possible in both the EGR exhaust gas flow and fresh air flow.

SUMMARY

[0006] There is disclosed herein an improved venturi air-exhaust mixer unit and method of
mixing intake air and recirculated exhaust gas prior to returning the mixture to the engine, which
avoids disadvantages of prior devices, while affording additional structural and operating
advantages.

[0007] In an embodiment, air-exhaust mixer is disclosed. The mixer comprises a main body,
an air inlet for receiving fresh air fluidly connected to an air intake passage within the main
body, an exhaust gas inlet for receiving exhaust fluidly connected to a exhaust gas passage
within the main body, a bifurcation within the air intake passage for directing the flow of air
through the passage, wherein the bifurcation decreases a cross section of the air intake passage
downstream from the air inlet increasing the air velocity exiting the air intake passage, and a
mixture outlet fluidly connected to air intake passage and the exhaust gas passage for combining
the air with the exhaust gas prior to exiting the mixer.

[0008] In an embodiment, the bifurcation includes a main section connected to a widening
branch section, wherein the branch section narrows the cross section of the downstream air
intake passage creating a vacuum.

[0009] A method for creating a mixture of exhaust gas with intake air for use in an exhaust
gas recirculation device of an engine is disclosed. The method comprises the steps of supplying
fresh air through an air intake to an air passage, supplying exhaust gas through an exhaust intake
to a centralized exhaust passage, providing an air/exhaust mixing outlet having a mixing zone
downstream from the air intake and the exhaust intake, bifurcating the air flow through the air
passage, creating a high velocity air flow through the air passage from the air intake to the

mixing outlet and, mixing the air from the air passage with the exhaust gas from the exhaust
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passage creating an air-exhaust gas mixture within the mixing zone prior to returning the mixture

to the engine.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] FIG. 1 is a perspective view of the present EGR air-exhaust mixer;

[0011] FIG. 2 is a front view of the present EGR air-exhaust mixer;

[0012] FIG. 3 is a side view of the present EGR air-exhaust mixer taken along lines A-A
of FIG. 2;

[0013] FIG. 4 is a side sectional view of the present EGR air-exhaust mixer;

[0014] FIG. 5 is a top sectional view of the present EGR air-exhaust mixer taken along

lines B-B of FIG. 4;
[0015] FIG. 6 is a top view of the present EGR air-exhaust mixer; and,

[0016] FIG. 7 is a front sectional view of the present EGR air-exhaust mixer taken along

lines C-C of FIG. 6.

DETAILED DESCRIPTION

[0017] Referring now to FIGS. 1- 7, there is an air-exhaust mixer 10 of the present
disclosure. Generally, and as know in the art, the air-exhaust mixer 10 of the present disclosure
is used in conjunction with the exhaust gas recirculation (EGR) system of an engine or other
combustion device. In one embodiment, the engine may be a diesel engine. Although not shown
in the present application, an EGR system may also include an EGR valve, EGR valve housing
and EGR connector. The operation of the EGR system is generally well-known to those skilled
in the art.

[0018] As shown in FIG. 1, the present air-exhaust mixer 10 includes a main body 12 with an
air intake or air inlet 14 fluidly connected to an air passage 16, and a separate exhaust gas intake
or exhaust gas inlet 18 fluidly connected to an exhaust passage 20. The air inlet 14 provides
fresh air, filtered or unfiltered to the air passage, while exhaust gas enters the assembly and the
exhaust passage 20 through the exhaust gas inlet 18. The two passages 16, 20 meet at a
downstream an air-EGR mixture outlet 22, where the fresh air from the air passage mixes with
the exhaust gas from the exhaust passage in a mixing zone 23 prior to returning to the engine

(not shown). The mixer 10 may be constructed from a single casting, or as a fabricated
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assembly, depending on system requirements. The mixer and its functions will now be
described in further detail in conjunction with the figures.

[0019] A primary function of the mixer 10 is to encourage superior mixing while creating a
localized vacuum, which permits larger quantities of EGR gas to be delivered to the mixer with
lower restriction of the main fresh air flow through the mixer. Mixers typically add EGR gas to
the air flow somewhere in the middle of the air stream and rely on length or geometrical features,
such as bumps or fins, to induce mixing. In some cases, an intake throttle is used to increase the
pressure differential between the EGR gas and the compressed fresh air to drive more EGR gas,
as needed. Yet restrictions in the EGR circuit regarding fresh air flow and EGR flow may still
occur.

[0020] As shown in FIGS. 2-7, the present mixer 10 includes within the air passage 16 a
bifurcation 24 or air distribution rib. The bifurcation 24 is disposed within the interior air
passage 16 and maintains a uniform flow of air as it curves around the internal air passage. The
bifurcation 24 generally has main section 26 connected to a widening branch section 28, having
at least two branches or legs 28a and 28b. As shown in FIGS. 3 and 5, the branches or legs 28a,
28b of the branch section 28 separate away from one another as the bifurcation 24 develops
downstream within the air passage. As the distance separating the legs 28a, 28b increases, the
cross sectional area 17 of the air passage 16 narrows as it reaches the air-EGR mixture outlet 22.
[0021] It should be understood that the bifurcation 24 can have any geometry suitable to
meet the requirements of a particular system, including but not limited to a curved or straight
geometry. In addition, the amount of reduction of the cross section 17 likewise can vary
depending on a particular system, since changes in the cross section will vary the velocity of the
resulting air stream. It is believed that the reduced cross section 17 causes an increase in air
velocity creating a vacuum, or venturi effect, that pulls EGR exhaust gas out while encouraging
mixing at the mixing zone 23 of the air-EGR mixture outlet 22.

[0022] As shown in FIGS. 5 and 7, in addition to the bifurcated air flow passage, the present
mixer 10 also includes a centrally located exhaust passage 20. After entering the mixer 10
through the exhaust gas inlet 18, exhaust gases travel through the mixer by the exhaust passage.
The exhaust passage 20 maintains a relatively consistent diameter throughout the mixer.
Centralized delivery of EGR gases creates sufficient initial distribution into the air stream, and

subsequently enhances mixing of the exhaust gases with the fresh air stream leaving the
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narrowed crossed section 17 of the air passage 16. As noted, the venturi effect created by the
fresh air stream passing through the narrowed cross section 17 encourages a greater volume of
EGR gases to be pulled through the assembly by increasing the restriction of the fresh air stream
to create the vacuum to pull the EGR gases through the mixer. Increasing the restriction of main
air flow reduces the pressure ahead of the entering EGR, which either increases EGR flow or
reduces the AP (pressure differential) required to drive EGR flow.

[0023] The present disclosure also provides a method for creating a mixture of exhaust gas
with intake air for use in an exhaust gas recirculation device of an engine. Referring to FIGS. 1,
3 and 5, the arrows A represent the flow path of the fresh intake air, the arrows E represent the
flow path of the exhaust gas, and the arrows AE represent the resulting mixture of air and
exhaust exiting the mixer 10. The method comprises the steps of supplying fresh air through an
air intake 14 to an air passage 16, supplying exhaust gas through an exhaust intake 18 to a
centralized exhaust passage 20. The fresh air passage 16 includes a bifurcation 24, which

divides the air flow through the air passage, creating a high velocity air flow through the air
passage from the air intake to the mixing outlet 22.

[0024] In the present method, the step of bifurcating the air flow includes narrowing a cross
section 17 of the air passage 16 from the air intake 14, wherein the narrowest section is at the
mixing outlet 22. The step of bifurcating the air flow and narrowing the cross section 17 of the
air passage 16, creates a vacuum at the mixing zone 23, wherein the vacuum accelerates a flow
of exhaust gas through the exhaust passage. The narrowing cross section 17 creates a venturi
effect on the flow of air through the assembly. The method also includes the step of mixing the
air from the air passage 16 with the exhaust gas from the exhaust passage 20 effectively creating

an air-exhaust gas mixture within the mixing zone 23 prior to returning the mixture to the engine.
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CLAIMS

What is claimed is:
1. An air-exhaust mixer comprising:

a main body;

an air inlet for receiving fresh air fluidly connected to an air intake passage within
the main body;

an exhaust gas inlet for receiving exhaust fluidly connected to a exhaust gas
passage within the main body;

a bifurcation within the air intake passage for directing the flow of air through the
passage, wherein the bifurcation decreases a cross section of the air intake passage
downstream from the air inlet increasing the air velocity exiting the air intake passage;
and,

a mixture outlet fluidly connected to air intake passage and the exhaust gas

passage for combining the air with the exhaust gas prior to exiting the mixer.

2. The mixer of claim 1, wherein the air inlet is separately positioned from the exhaust gas

inlet on the main body.

3. The mixer of claim 1, wherein the exhaust gas passage is centrally located within the
main body.
4. The mixer of claim 3, wherein the exhaust gas passage centrally disperses the exhaust gas

through the main body to the mixture outlet.
5. The mixer of claim 1, wherein the bifurcation is a rib structure.

6. The mixer of 5, wherein the bifurcation includes a main section connected to a widening

branch section.
7. The mixer of claim 6, wherein the branch section is widest at the mixture outlet.

8. The mixer of claim 7, wherein the branch section directs the air flow around the central

gas passage.
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9. The mixer of claim 8, wherein the branch section narrows the cross section of the

downstream air intake passage creating a vacuum.

10.  The mixer of claim 9, wherein the vacuum increases an outward flow of the gases from

the exhaust gas passage.

11. A method for creating a mixture of exhaust gas with intake air for use in an exhaust gas

recirculation device of an engine, the method comprising the steps of:

providing a main body having an air intake and a separate exhaust intake;

supplying fresh air through the air intake fluidly connected to an air passage;

supplying exhaust gas through the exhaust intake fluidly connected to a
centralized exhaust passage;

providing an air/exhaust mixing outlet having a mixing zone downstream from
the air intake and the exhaust intake;

bifurcating the air flow through the air passage, creating a high velocity air flow
through the air passage from the air intake to the mixing outlet; and,

mixing the air from the air passage with the exhaust gas from the exhaust passage
creating an air-exhaust gas mixture within the mixing zone prior to returning the mixture

to the engine.

12.  The method of claim 11, wherein the step of bifurcating the air flow includes narrowing a

cross section of the air passage from the air intake to the mixing outlet.

13.  The method of claim 12, wherein the step of bifurcating the air flow includes creating a

vacuum at the mixing zone.

14.  The method of claim 13, wherein the vacuum accelerates a flow of exhaust gas through

the exhaust passage.

15.  The method of claim 13, wherein the step of bifurcating the air flow creates a venturi

effect.
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