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(57) Abstract: A radial-mixing exhaust gas recirculation mixer is disclosed having an air supply passage having a convergent por-
tion. An exhaust gas recirculation passage within the convergent portion includes a nozzle having a terminal end. A mixing tube is
arranged downstream from the air supply passage and at least a portion of the exhaust gas recirculation passage. A mixing element
is disposed in the mixing tube. In one example, a divergent portion is arranged downstream adjoining the mixing tube to increase
the pressure of the mixture after the mixing tube. In one example, the exhaust gas recirculation mixer is arranged within an engine
such that the air supply passage is in tluid communication with an intake manifold. The exhaust gas recirculation passage is in flu-
id communication with an exhaust manifold to recirculate a portion of exhaust gas to the intake manifold.
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EJECTOR TYPE EGR MIXER

[0001] This application claims priority to U.S. Provisional Application No.

61/144,241, which was filed on January 13, 2009.

BACKGROUND

[0002] This disclosure relates to an ejector-type exhaust gas recirculation (EGR)
mixer for use with a diesel engine, for example.

[0003] EGR has been demonstrated to be an effective method for reducing NOx
emissions from diesel and gasoline engines. For the turbo-charge direct injection gasoline
engine, EGR 1is also often needed for controlling the engine knocking. EGR and air are mixed in
an EGR mixer before the charge enters the engine cylinders.

[0004] The conventional EGR mixers are axial mixers, where the EGR introduced
into the mixer is in co-flow with air along the axis of the mixer and the mixing is based on
diffusion and/or dispersion. Venturi-type EGR mixers and multi-hole co-flow EGR mixers are
all axial mixers. For these type mixers, the required mixing length L is generally longer than ten
times of the mixing section diameter d (i.e., L/d > 10) to achieve an acceptable mixing quality.

Long mixing lengths are difficult to package for most applications.

SUMMARY

[0005] A radial-mixing exhaust gas recirculation mixer is disclosed having an air
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supply passage having a convergent portion. An exhaust gas recirculation passage within the
convergent portion includes a nozzle having a terminal end. A mixing tube is arranged
downstream from the air supply passage and at least a portion of the exhaust gas recirculation
passage. A mixing element is disposed in the mixing tube. In one example, a divergent portion
is arranged downstream adjoining the mixing tube to increase the pressure of the mixture after
the mixing tube. In one example, the exhaust gas recirculation mixer is arranged within an
engine such that the air supply passage is in fluid communication with an air compressor. The
exhaust gas recirculation passage is in fluid communication with an exhaust manifold to

recirculate a portion of exhaust gas to the intake manifold.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The disclosure can be further understood by reference to the following
detailed description when considered in connection with the accompanying drawings wherein:

[0007] Figure 1 is a highly schematic view of an engine.

[0008] Figure 2 is a cross-sectional view of an example EGR mixer.

[0009] Figure 3 is an enlarged cross-sectional view of a portion of the EGR mixer of
Figure 2 illustrating flow through a mixing element.

[0010] Figures 4A-4C are cross-sectional views taken along lines 4A-4A, 4B-4B and
4C-4C respectively of Figure 3.

[0011] Figure 5 is a partially broken perspective view of another example EGR
mixer.

[0012] Figure 6 is a schematic end view of the EGR mixer shown in Figure 5.
2
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[0013] Figure 7 is a cross-sectional view of the mixing element shown in Figure 5.

[0014] Figure 8 is a plan view of a tab used in the mixing element illustrated in
Figure 5.

[0015] Figure 9 is a cross-sectional view illustrating an orientation of the tab relative

to a mixing tube.

DETAILED DESCRIPTION

[0016] An engine 10 is illustrated in Figure 1 in a highly schematic fashion. The
engine 10 typically includes many other components that are not illustrated, which contribute to
the overall efficiency of the engine. In one example, the engine is a diesel engine with a
turbocharger. It should be understood that the disclosed embodiments can apply to other
configurations and other engines, such as gasoline engines.

[0017] The engine 10 includes cylinders 12 are supplied air through an intake
manifold 14. Exhaust gases are expelled from the cylinders 12 through an exhaust manifold 16.
An EGR passage 18 circulates a portion of exhaust gases from the exhaust manifold 16 to the air
supply passage where it is intermixed in a mixing region 20. In one example, a compressor 19 is
arranged between and inlet 22 and the intake manifold 14 to pressurize air entering the cylinders
12. The compressor 19 is driven by a turbine 17 rotated by exhaust gases from the exhaust
manifold 16, for example.

[0018] To reduce undesired emissions of the engine 10, it is desirable to mix the EGR
thoroughly with the air before entering the combustion chambers of the engine 10. An example

EGR mixer 24 is illustrated in Figure 2 and is arranged in the mixing region 20 of Figure 1. The
3
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EGR mixer 24 includes an air passage 26 that receives air from the compressor 19 and an EGR
passage 28 that receives the EGR from the exhaust manifold 16 via the EGR passage 18. The air
and EGR flow F intermix with one another and exit through a mixed gas passage 30, which
supplies the mixture of air and EGR to the cylinders 12. In the example shown, the air passage
26 includes a convergent portion 32 adjoining a mixing tube 34. In one example, the convergent
portion 32 is tapered at an angle 70 approximately 30° - 40°. The EGR passage 28 is disposed
within the air passage 26 and includes a nozzle 40 with a terminal end 38. In one example, the
nozzle 40 is tapered at an angle 72 approximately 3° - 5°. In the example, the nozzle 40 is
concentric with the convergent portion 32, thus providing an annulus 36 about the EGR passage
28. In the example, the terminal end 38 is approximately axially aligned with where the
convergent portion 32 joins the mixing tube 34. A divergent portion 44 is arranged downstream
from and adjoining the mixing tube 34 to recover the pressure losses created by the mixing tube
34. The divergent portion 44 may have an angle 78 of approximately 10° - 15°.

[0019] The mixing tube 34 has a length 46 and a diameter 48. In one example, the
convergent portion 32 has a length 74 approximately 1.5 times the diameter 48, and the divergent
portion 44 has a length 76 approximately 3 to 4 times the diameter 48. The divergent portion 44
increases the pressure of mixture after the mixing tube 34 like an ejector. In one example, the
diameter 48 is less than approximately 1/3 the length 46 and, for example, 2 times the length 46.
A mixing element 42 is arranged within the mixing tube 34 to encourage homogeneous mixing
of the EGR with the air in the relatively short distance of the mixing tube 34. In the example
illustrated in Figures 2 and 3, the mixing element 42 is at least one helical member that is

configured to induce vortices V, as shown in Figure 4A — 4C. In one example, first and second
4
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helical members 50, 52 are arranged adjacent to one another. Each of the first and second helical
members provide one 180° twist between their first and second ends 54, 56. The first end 54 of
the second helical member 52 is rotationally offset from the second end 56 of the first helical
member 50, as best illustrated in Figures 3 and 4B. The offset first and second helical members
50, 52 introduce vortices V that homogeneously mix the EGR and the air within a relatively
short distance.

[0020] Referring to Figures 5 and 6, another example mixing element 142 for another
mixing tube 134 is illustrated. The mixing tube 134 may be used in place of the mixing tube 34
shown in Figure 2. The mixing element 142 is provided by multiple tabs 58 extending from an
inner surface 64 at a base 60 and tapering to an end 62. The tabs 58 may be arranged in axial
columns 66 that are spaced circumferentially from one another about the inner surface 64.
Although four columns of two rows are illustrated in Figure 5, it should be understood that other
numbers and configurations of the tabs 58 may be used. The tabs 58 produce vortices V, as
illustrated in Figure 6, with substantially less of a pressure loss than the mixing element 42
illustrated in Figure 3, for example, only 25 — 50% of the pressure loss produced by an
equivalent sized mixing tube 34.

[0021] Referring to Figure 7, in one example, the tabs 58 are spaced distances 80, 84
approximately %2 the diameter 48 from the terminal ends of the mixing tube 134. The bases 60 of
tabs 58 within a second row are spaced a distance 82 that is approximately the length of the
diameter 48.

[0022] Referring to Figure 8, the base 60 has a length 90 that is approximately 1/10 to

¥ multiplied by = multiplied by the diameter 48. The end 62 is approximately 0.75 multiplied by
5
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the length 90 of the base 60, for example. The angle 88 of the sides of the tab 58 is
approximately 10° - 12°. The axial length 86 of the sides is approximately 1-1.1 multiplied by
the length 90 of the base 60. Referring to Figure 9, the tabs 58 are canted at an angle 94 relative
to the inner surface 64 by approximately 20° - 25°. It should be understood that the dimensions
and configuration of the tabs 58 may be different than shown, if desired for a given application.
[0023] Although an example embodiment has been disclosed, a worker of ordinary
skill in this art would recognize that certain modifications would come within the scope of the
claims. For that reason, the following claims should be studied to determine their true scope and

content.
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CLAIMS

What is claimed is:

1. An exhaust gas recirculation mixer comprising:

an air supply passage having a convergent portion;

an exhaust gas recirculation passage within the convergent portion and including a nozzle
having a terminal end;

a mixing tube downstream from the air supply passage and at least a portion of the
exhaust gas recirculation passage; and

a mixing element disposed in the mixing tube.

2. The exhaust gas recirculation mixer according to claim 1, wherein the nozzle is
arranged within the convergent portion, the convergent portion and nozzle tapering toward the

mixing tube.

3. The exhaust gas recirculation mixer according to claim 2, wherein the exhaust gas

recirculation passage penetrates the air supply passage upstream from the convergent portion.

4. The exhaust gas recirculation mixer according to claim 2, wherein the nozzle and

the convergent portion are frustoconical and concentric with one another forming an annulus.

5. The exhaust gas recirculation mixer according to claim 2, wherein the terminal

end and an end of the convergent portion are approximately axially aligned with one another.
7
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6. The exhaust gas recirculation mixer according to claim 1, wherein the mixing

element is disposed downstream from the terminal end.

7. The exhaust gas recirculation mixer according to claim 6, wherein the mixing

element is secured to the mixing tube.

8. The exhaust gas recirculation mixer according to claim 6, wherein the mixing

element includes a helical member extending axially within the mixing tube.

9. The exhaust gas recirculation mixer according to claim 7, wherein the mixing

element includes multiple tabs extending radially inwardly from the mixing tube.

10. The exhaust gas recirculation mixer according to claim 9, wherein the tabs are

generally trapezoidal in shape and secured to the mixing tube by a base and tapered to an end.

11. The exhaust gas recirculation mixer according to claim 1, wherein the mixing
tube includes a length and a diameter, the length less than approximately three times the

diameter.

12. The exhaust gas recirculation mixer according to claim 11, comprising a divergent

portion adjoining the mixing tube opposite the air supply passage providing a mixed gas passage.
8
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13. An engine comprising:

at least one cylinder;

an intake manifold and an exhaust manifold fluidly connected to the cylinder;

an air supply passage having a convergent portion upstream from the intake manifold;

an exhaust gas recirculation passage within the convergent portion and in fluid
communication with the exhaust manifold, the exhaust gas recirculation passage including a
nozzle having a terminal end; and

a mixing element disposed downstream from the terminal end.

14. The engine according to claim 13, wherein the air supply passage includes a

compressor, the mixing element fluidly arranged between the compressor and the cylinder.

15. The engine according to claim 14, comprising a turbine coupled to the

compressor, the turbine disposed within a portion of the exhaust.

16. The engine according to claim 13, wherein the mixing element includes multiple
tabs extending radially inwardly from the mixing tube, the mixing tube including a length and a

diameter, the length less than approximately three times the diameter.

17. The engine according to claim 16, comprising a divergent portion adjoining the

mixing tube opposite the air supply passage providing a mixed gas passage.

EJECTOR TYPE EGR MIXER
9
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