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(57) ABSTRACT

Systems, methods and techniques for exhaust gas recircula-
tion are provided. The system includes mixing exhaust flow
from at least one cylinder of an engine with air 1n an air intake
system prior to combustion. The exhaust tlow from the at least
one cylinder 1s accumulated prior to mixing and distributed

(22) Filed: Jul. 23, 2012 into the intake air system 1n a controlled manner.
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MIXER FOR DEDICATED EXHAUST GAS
RECIRCULATION SYSTEMS

FIELD OF THE INVENTION

[0001] The present ivention relates generally to exhaust
gas recirculation in internal combustion engines, and more
particularly 1s concerned with systems, methods, and devices
for exhaust gas recirculation mixing with intake air flow
during the operation of an 1nternal combustion engine.

BACKGROUND

[0002] The production of noxious nitrogen oxides (NO_) by
internal combustion engines which pollute the atmosphere
are undesirable and 1n many cases are controlled by regula-
tions established by governmental enfities. Furthermore,
spark 1gnited engines exhibit abnormal combustion phenom-
ena called “knock”, which occurs when combustion reactions
in the unburned zone 1nitiate rapid uncontrolled combustion
prior to the arrival of the propagating tlame front of a homog-
enous combustion process. One method for controlling knock
includes increasing the flame propagation rate by, for
example, improving the mixture homogeneity or by increas-
ing the turbulence level induced by organized charge motion.
[0003] One method for limiting or controlling the combus-
tion temperature of the engine and thus reduce NO,_ emissions
has been to recirculate a portion of the exhaust gas back to the
engine air intake to lower the oxygen content in the intake air.
This reduces the combustion temperature of the intake charge
and 1n turn reduces the amount of NO_ formation during
combustion due to lower flame temperatures. In order to
recirculate exhaust gas, an exhaust gas recirculation (EGR)
line that connects the exhaust mamifold to the intake air sup-
ply line 1s provided. One EGR method to increase the flame
propagation rate 1s to have one or more cylinders dedicated to
providing EGR flow to the engine intake. When the EGR line
1s connected with one or more dedicated cylinders, the engine
acts as a positive displacement pump to drive the EGR tlow,
climinating pumping losses 1n transporting exhaust to the
intake system and allowing a wide range of engine out nitrous
ox1ide emissions to be achieved. Also, since the exhaust {from
the dedicated cylinder does not escape the engine, 1t 1s pos-
sible to have alternative combustion processes with the dedi-
cated cylinder(s), such as running the dedicated cylinder(s) in
a rich combustion condition to generate a favorable species
like hydrogen. In addition, a varniable geometry turbocharger
1s not required to drive EGR flow, facilitating meeting of
target air-fuel ratios.

[0004] However, problems remain 1n obtaining a proper
mix of the EGR flow with the intake air flow and achieving
distribution of the EGR flow among the engine cylinders.
Therefore, systems, methods and devices are needed to
improve mixing of EGR flow from one or more engine cyl-
inders that are dedicated to providing EGR flow.

SUMMARY

[0005] FEmbodiments include unique methods for mixing
EGR flow with intake air for an internal combustion engine.
Additional embodiments include unique systems for mixing,
EGR flow with intake air for an internal combustion engine.
Other embodiments 1nclude unique devices for mixing EGR
flow with intake air for an internal combustion engine. In one
aspect, the methods, systems and devices are employed 1n
EGR systems having EGR flow obtained from one or more
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cylinders dedicated to exhaust gas recirculation. Further
embodiments, forms, objects, features, advantages, aspects,
and benefits shall become apparent from the following
description and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] FIG. 1 1s a schematic illustration of a system for
mixing EGR tlow with an intake flow for an internal combus-
tion engine.

[0007] FIG. 2 1s a schematic 1llustration of an accumulator
in the system of FIG. 1 that connects an EGR system to an
intake system.

[0008] FIG. 3 1saschematic illustration of another embodi-
ment accumulator connecting an EGR system to an intake
system.

DETAILED DESCRIPTION

[0009] For the purposes of promoting an understanding of
the principles of the invention, reference will now be made to
the embodiment illustrated 1n the drawings and specific lan-
guage will be used to describe the same. It will nevertheless
be understood that no limitation of the scope of the invention
1s thereby intended, such alterations and further modifica-
tions 1n the illustrated device, and such further applications of
the principles of the mvention 1llustrated therein being con-
templated as would normally occur to one skilled 1n the art to
which the invention relates.

[0010] Withreferenceto FIG. 1, a system 20 for controlling
EGR flow 1s illustrated in schematic form. System 20
includes an 1intake system with an inlet air supply conduit 22,
a mixer 24, an intake manifold supply conduit 26, and an
engine intake manifold 28 connected to an engine 30. System
20 1ncludes an exhaust system that includes an engine exhaust
manifold 32, an exhaust conduit 34, a turbocharger 46, and an
altertreatment system (not shown.) System 20 also includes
an EGR system with a recirculating exhaust gas supply con-
duit 40 that extends from and 1s 1n flow communication with
at least one of the combustion chambers 30a-30f of engine 30
that 1s dedicated to EGR flow from a conduit that 1s separate
from exhaust flow conduit 34. The EGR system also includes
an EGR cooler 38 and an EGR flow valve 36 allows the tlow
of exhaust from the dedicated cylinder/combustion chamber
to EGR cooler 38 to be varied. EGR flow continues from EGR
cooler 38 through an EGR conduit 44 to accumulator 24
where EGR flow 1s temporarily stored and then released for
distribution and mixing with charge flow 1n air supply conduait
22 at a mixing location 42. Accumulator 24 1includes at least
one 1nlet to receive EGR flow from EGR conduit 44 and a
plurality of outlets that connector accumulator 24 with mix-
ing location 42.

[0011] EGR condwit 44 1s flow coupled to mixing location
42 through accumulator 24 and the inlet air supply 1s flow
coupled to mixing location 42 through inlet air supply conduait
22. A charge flow 1s created by combining inlet air and recir-
culated exhaust gas at mixing location 42. The charge flow
created at mixing location 42 1s flow coupled to engine intake
manifold 28 through intake manifold supply conduit 26. At
least one of the cylinders 30a of engine 30 1s flow coupled to
EGR cooler 38 through recirculating exhaust gas supply con-

duit 40 and EGR valve 36, and EGR cooler 38 1s flow coupled
to accumulator 24 through EGR conduit 44. EGR cooler 38
may further be connected to a radiator system 54 including a
low temperature radiator 56 and a high temperature radiator
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58. A coolant return line 60 extends from EGR cooler 38 to
radiator system 354 and a coolant supply line 62 supplies
coolant from radiator system 354 to EGR cooler 38. Coolant
supply line 62 may include a pump 64 to provide circulation
of coolant tlow. In another embodiment, the coolant system
may utilize only one radiator, such as radiator 38.

[0012] In one embodiment, exhaust conduit 34 1s flowed
coupled to exhaust manifold 32, and may also include one or
more intermediate tlow passages, conduits or other struc-
tures. Exhaust conduit 34 extends to a turbine 48 of turbo-
charger 46. Turbocharger 46 may be any suitable turbo-
charger known in the art, including variable-geometry turbine
turbochargers and waste-gated turbochargers. Turbocharger
46 may also include multiple turbochargers. Turbine 48 is
connected via a shait 49 to a compressor 50 flow coupled to
inlet air supply conduit 22. Inlet air supply conduit 22 may
include a charge air cooler 52 downstream from compressor
50 and upstream from mixing location 42. In another embodi-
ment, mlet air supply conduit 22 may include a charge air
cooler 52 downstream from mixing location 42. The compo-
nents illustrated 1n FIG. 1 are not exclusive of all components
and/or arrangements that may be included 1n system 20. Fur-
thermore, one or more of the 1llustrated components 1n system
20 may be omitted.

[0013] In operation of system 20, fresh air 1s supplied
through 1nlet air supply conduit 22. The supplied air can be
filtered, unfiltered, and/or conditioned 1n any known manner.
The air supply system may include components configured to
introduce charged air into engine 30, and may include an
induction valve (not shown), one or more compressors 50,
and charge air cooler 52. The imnduction valve may be con-
nected upstream or downstream of compressor 50 via a fluid
passage and configured to regulate a flow of atmospheric air
to engine 30. Compressor 50 may be a fixed or variable
geometry compressor configured to receirve air from the
induction valve and compress the air to a predetermined pres-
sure level before the air enters engine 30. Charge air cooler 52
may be disposed within inlet air supply conduit 22 between
engine 30 and compressor 50, and embody, for example, an
air-to-air heat exchanger, an air-to-liquid heat exchanger, or a
combination of both to facilitate the transfer of thermal
energy to or from the compressed air directed into engine 30.

[0014] In one embodiment, ambient air 1s pressurized with
compressor 50 and sent through charge air cooler 52 before
delivery to mixing location 42. EGR valve 36 1s operable to
proportionally control recirculation of all or a portion of
exhaust gas from at least one of the cylinders 30a-30f of
engine 30 to accumulator 24. EGR valve 36 may be actuatable
to control the proportion of exhaust gas that 1s recirculated, or
may simply be an on/off type valve with proportion control
provided exclusively by accumulator 24. In embodiments 1n
which only a portion of exhaust gas 1s recirculated, an EGR
flow measurement sensor or intake oxygen measurement sen-
sor may be provided to estimate the amount of EGR flow that
1s inducted into cylinders 30a-307. In still other embodiments,
there 1s no EGR valve 36 and EGR tlow 1s provided continu-
ously during engine operation. The EGR flow through accu-
mulator 24 1s distributed and mixed with 1nlet air received
from 1nlet air supply conduit 22 at mixing location 42. The
air-exhaust gas mixture 1s then supplied to engine 30 through

engine intake manifold 28 and intake manifold supply con-
duit 26.

[0015] Exhaust gas which 1s not recirculated through EGR
valve 36 continues through an exhaust conduit 66 to an outlet
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conduit 68 downstream of turbine 44 and then, along with
exhaust gas from exhaust conduit 34, is outlet through an
altertreatment system (not shown) to a tail pipe or other
structure to the atmosphere. The exhaust system along outlet
conduit 68 may include components configured to direct
exhaust from engine 30 to the atmosphere. Specifically, the
exhaust system may include, for example, oxidation devices
(DOC), particulate removing devices (DPE, CDPF), constitu-
ent absorbers or reducers (SCR, AMOX, LNT), three-way
catalysts for stoichiometric spark 1gnited engines, attenuation
devices (mulillers), controllers, etc., 11 desired.

[0016] In operation, engine 30 produces a non-EGR
exhaust stream 1nto exhaust conduit 34 and receives a charge
flow from 1ntake manifold supply conduit 26 comprising an
intake air stream from inlet air supply conduit 22 mixed with
an EGR stream from EGR conduit44. The engine 30 1s fluidly
coupled to imntake manifold 28 and exhaust manifold 32, and
the EGR stream passes from the one or more dedicated cyl-
inder(s) through EGR valve 36. The recirculating exhaust gas
supply conduit 40 1s illustrated as exiting the dedicated cyl-
inder 30q, but may include one or more branch lines to recerve
exhaust from one or more of the other cylinders 3056-30f
dedicated to providing recirculating exhaust gas flow.

[0017] In one embodiment, engine 30 1s a turbocharged
diesel engine. In still other embodiments, engine 30 1s a
spark-1gnited engine. It should be understood that a varniety of
other types of engines and combustion devices are contem-
plated by additional embodiments including non-turbo-
charged diesel engines as well as engines which combust
fuels other than diesel. Engine 30 may include an engine
block 70 that at least partially defines a plurality of cylinders
30a-30/. A piston (not shown) may be slidably disposed
within each cylinder 304-30/ to reciprocate between a top-
dead-center position and a bottom-dead-center position, and
a cylinder head (not shown) may be associated with each
cylinder 30a-307. Cylinder 30a-30f, the piston, and the cyl-
inder head form a combustion chamber. In the i1llustrated
embodiment, engine 30 includes six such combustion cham-
bers. However, 1t 1s contemplated that engine 30 may include
a greater or lesser number of cylinders and combustion cham-
bers and that cylinders and combustion chambers may be
disposed 1n an “in-line” configuration, a “V”’ configuration, or
in any other suitable configuration.

[0018] In one embodiment, engine 30 1s a four stroke
engine. That 1s, for each complete engine cycle (1.e., for every
two full crankshait rotations), each piston of each cylinder
30a-30/ moves through an intake stroke, a compression
stroke, a combustion or power stroke, and an exhaust stroke.
Thus, during each complete cycle for the depicted six cylin-
der engine, there are six strokes during which air 1s drawn 1nto
individual combustion chambers from 1ntake manifold sup-
ply conduit 26, five strokes during which exhaust 1s expelled
from individual cylinders 305-30f to exhaust conduit 34, and
one exhaust stroke during which exhaust gas 1s expelled from
cylinder 30a to recirculating exhaust gas supply conduit 40.
These strokes correspond with pulsations of air and exhaust
within the respective systems.

[0019] As can be seen 1n FIG. 2, one embodiment of accu-
mulator 24 1s shown. Accumulator 24 includes a housing that
defines a storage volume 70 having an inlet 72 fluidly con-
nected to EGR cooler 38 with EGR conduit 44 to receive EGR
flow 80. Accumulator 24 also includes a plurality of outlets
74, 76, 78 fluid fluidly connected to mixing location 42,
which also receives an inlet air flow 82 from 1nlet air conduit
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22. Outlets 74, 76, 78 each include an orifice 86, 88, 90,
respectively, to admit a controlled amount of EGR tlow 80
into mixing location 42 at spaced locations along the length of
mixing portion 42. EGR flow 80 mixes with inlet air flow 82
to provide a charge tlow 84 1n which EGR flow 1s combined
with inlet air flow and provided to intake manifold 28 from
intake manifold supply conduit 26.

[0020] Outlets 74,76, 78 cach include arespective length of
pipe or conduit that connects storage volume 70 to mixing
location 42. Each pipe includes a first internal diameter D1
and an internal orifice 86, 88, 90, respectively, having a sec-
ond diameter D2 less than first diameter D1. The length of
pipe, along with the first and second diameters, are sized to
provide a desired flow rate of EGR flow 80 from storage
volume 70 1nto mixing location 42. Outlets 74, 76, 78 and the
EGR flow therethrough are arranged in perpendicular orien-
tation to the direction of inlet air flow 82 and parallel to the
direction of EGR flow 80 such that the pressures and the flow
rates of exhaust passing through orifices 86, 88, 90 may be
maintained substantially equal. Each of outlets 74,76, 78 may
direct parallel flows of EGR flow 80 into a mixing chamber 92
defined by mixing location 42 i a direction substantially
orthogonal to or, 1n other embodiments, the same, opposing,
or different direction as the inlet air flow 82 through fluid
mixing chamber 92.

[0021] As can also be seen 1n FIG., outlets 74, 76, 78 may

be separated from each other along a length direction of
mixing location 42 such that EGR flow 80 is substantially
evenly distributed within the charge flow to each cylinder
304a-30/ during operation of engine 30. As described above
with respect to a six cylinder engine, during a full engine
cycle, six pulses of air may be drawn from intake manifold
supply conduit 26 by cylinders 30a-30f, and five pulses of
exhaust may be directed from cylinders 305-30f 1nto exhaust
conduit 34 and one pulse of exhaust may be directed into EGR
conduit 44 from cylinder 30q. Volume 70 accumulates EGR
flow 80 therein so that a continuous supply of exhaust gas 1s
available for admission into mixing chamber 92 at mixing
location 42 through outlets 74, 76, 78. To provide substan-
tially equal distribution of the EGR flow 80 relative to inlet air
flow 82, the pulses of recirculated exhaust gas should be
substantially equally interspersed within the pulses of arr.

[0022] In the embodiment of FIG. 2, the volume 70 1s sized

as a portion or fraction of the engine total displacement,
which 1s dependent on the number of cylinders acting as
dedicated cylinders to EGR tlow 80. In the example of FI1G. 2,
the total number of cylinders 305-30/1ncluded within engine
30 contributing to engine displacement 1s five, the number of
cylinders 30a contributing exhaust to EGR flow 80 1s one, and
the number of outlets 1s three. Thus, the volume 70 1s s1zed to
accumulate suflicient recirculated exhaust gas from cylinder
30a to provide a continuous supply of EGR flow for the air
pulses of the six cylinders 30a-30/. In this example, each
pulse of exhaust from the single contributing cylinder 30a 1s
accumulated 1n volume 70 and subsequently divided by ori-
fices 86, 88, 90 of outlets 74, 76, 78 into three smaller pulses
that are dispersed between or within each pulse of air drawn
into cylinders 30a-30f. Since the storage volume 70 provides
a constant source of recirculated exhaust gas, EGR flow 80 1s
contributed to each pulse of air drawn 1nto the respective
cylinders 30a-30/ even 11 dedicated cylinder 30a 1s not gen-
erating an exhaust pulse.

[0023] FIG. 3 1llustrates another embodiment accumulator
124 connected at an outlet of EGR conduit 44 and at an 1nlet
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to mixing chamber 92 of mixing portion 42. Accumulator 124
includes a storage volume that 1s comprised of a porous
media, such as the media used 1n typical catalyst systems. In
another embodiment, an EGR accumulator and storage vol-
ume can be provided upstream of the porous media in EGR
conduit 44. The porous media of accumulator 124 disperses
EGR flow 80 through the media to provide a spatial flow
distribution through the small holes of the porous media and
into the inlet of mixing chamber 92 along the length of mixing
location 42, 1.e. along the direction of inlet air flow 82. The
use of the porous media to outlet EGR flow mnto mixing
portion 42 allows the orifices of accumulator 124 to be elimi-
nated, reducing pressure drop losses. Furthermore, the cata-
lyst of accumulator 124 increases the hydrogen content of the
EGR tlow 80 by utilizing the water gas shift reaction which
produces hydrogen from the water in the recirculated exhaust
gas. Since the small pore size of the porous media restricts
EGR flow to resolve the pulsed flow characteristics of the
EGR flow from the dedicated cylinders 30a, a constant supply
of recirculated exhaust gas 1s provided to mixing chamber 92
upon the air pulse of the respective cylinder 30a-30/.

[0024] The disclosed EGR systems may be implemented
into any engine or power system application where EGR 1s
utilized. The disclosed EGR system provides improved dis-
tribution of recirculated exhaust gas in applications where
fewer than all of the engine system’s cylinders contribute
exhaust for recirculation. Specifically, the disclosed EGR
system 1n one embodiment stores EGR flow from each
exhaust pulse of the engine’s contributing cylinder(s) to pro-
vide a constant supply of EGR flow that 1s divided into mul-
tiple EGR flows that are substantially equally distributed
within intake air that 1s subsequently drawn into the engine
and combusted. The disclosed EGR system 1n another
embodiment distributes EGR tlow from each exhaust pulse of
the engine’s contributing cylinder(s) through a porous
medium to provide an EGR flow that 1s distributed along a
length of a mixing chamber for mixing with combustion air
that 1s subsequently drawn into the engine and combusted.

[0025] As 1s evident from the figures and text presented
above, a variety of aspects are contemplated. According to
one aspect, a method comprises: operating an engine having
a plurality of cylinders; directing air into the plurality of
cylinders from an air intake system; combusting a mixture of
air and fuel within the plurality of cylinders to generate a
power output and a tlow of exhaust; directing a first portion of
the flow of the exhaust to an aftertreatment system; directing
a second portion of the flow of the exhaust to an exhaust gas
recirculation system to mix with the air in the air intake
system prior to combustion, wherein the second portion of the
flow of exhaust 1s created by combustion 1n at least one of the
plurality of cylinders dedicated to providing the second por-
tion of the flow of the exhaust; and prior to mixing with the air
in the air intake system, storing the second portion of the flow
of the exhaust 1n an accumulator 1n the exhaust gas recircu-
lation system, the accumulator extending between an 1nlet to
the accumulator and a plurality of outlets from the accumu-
lator into the air intake system, wherein the accumulator
provides a stored supply of recirculated exhaust gas to the air
intake system 1n response to air pulsation by the plurality of
cylinders during operation of the engine.

[0026] In one embodiment, the method includes providing
a plurality of tlows of the second portion of the exhaust from
the plurality of outlets of the accumulator 1nto the air intake
system. In one refinement of this embodiment, the method
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includes spacing the plurality of flows of the second portion
of the exhaust at locations spaced apart from each other along
the air intake system. In another refinement of this embodi-
ment, the plurality of flows of the second portion of the
exhaust extend from the accumulator substantially orthogo-
nally to a flow of the air 1n the air intake system.

[0027] In another embodiment of the method, the accumu-
lator 1includes a storage volume between the inlet and the
plurality of outlets, and the storage volume 1s sized as a
function of a total number of the plurality of cylinders con-
tributing to the second portion of the flow of exhaust to mix
with air. In a further embodiment, the method comprises
directing the first portion of the flow of the exhaust to a
turbocharger and directing the second portion of the tlow of
the exhaust from the at least one of the plurality of cylinders
only to the accumulator. In another embodiment, the accu-
mulator 1s comprised of a porous media defining the plurality
of outlets that are spaced along a mixing chamber of the
intake system where the outlets are connected to the intake
system.

[0028] According to another aspect, a system comprises an
engine including a plurality of cylinders, an intake passage
configured to direct combustion air to all of the plurality of
cylinders, an exhaust passage configured to receive exhaust
from a first portion of the plurality of cylinders and direct the
exhaust from the first portion to an aftertreatment system, and
an exhaust gas recirculation system configured to receive
exhaust from a second portion of the plurality of cylinders and
direct the exhaust from the second portion to the intake pas-
sage. The exhaust gas recirculation system includes an accu-
mulator having an inlet for receiving the exhaust gas from the
second portion of the plurality of cylinders, a plurality of
outlets along the intake passage that directly connect the
accumulator to the intake passage, and a storage volume
between the 1nlet and the plurality of outlets that 1s s1zed as a
function of the number of cylinders comprising the second
portion of the plurality of cylinders.

[0029] According to one embodiment, the second portion
of the plurality of cylinders are dedicated to providing
exhaust to the exhaust gas recirculation system. In one refine-
ment of this embodiment, the first portion of the plurality of
cylinders are dedicated to providing exhaust to a turbocharger
system. In another embodiment of the system, each of the
plurality of outlets 1s fluidly connected with a mixing cham-
ber of the intake passage. In one refinement of this embodi-
ment, each of the plurality of outlets includes a length of
conduit extending from the storage volume to the mixing
chamber, and each of the conduits defines an inner dimension
and 1ncludes an orifice having an opening dimension that 1s
less than the inner dimension. In another embodiment of the
system, the accumulator receives exhaust from a cooler 1n the
exhaust gas recirculation system.

[0030] According to another embodiment, the second por-
tion of the plurality of cylinders consists of one cylinder. In
one refinement of this embodiment, the first portion of the
plurality of cylinders includes at least two cylinders. In
another embodiment, the system 1ncludes an exhaust mani-
fold fluidly communicating the first group of the plurality of
cylinders with a turbocharger. In another embodiment, the
system 1ncludes a cooler located within the exhaust gas recir-
culation system and a valve located upstream of the cooler to
regulate exhaust flow from the second portion of the plurality
of cylinders through the exhaust gas recirculation system. In
one refinement of this embodiment, the valve 1s connected to
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the exhaust passage downstream of a turbocharger in the
exhaust passage. In a further embodiment, the system com-
prises a porous media configured to spatially distribute the
exhaust flow from the second portion of the plurality of cyl-
inders, and the porous media defines the plurality of outlets
along the intake passage. In one refinement of this embodi-

ment, the storage volume 1s upstream of the porous media in
the EGR conduit.

[0031] According to another aspect, a system comprises a
combustion engine having a first group of cylinders and at
least one second group of at least one cylinder, an exhaust
manifold configured to recerve exhaust from the first group of
cylinders, a turbocharger configured to receive exhaust only
from the exhaust manifold, an intake system configured to
direct combustion air to the first and second groups of cylin-
ders, an exhaust gas recirculation system configured to
receive exhaust from only the second group of cylinders, and
an accumulator connecting the exhaust gas recirculation sys-
tem to the intake system. The accumulator includes an nlet
and a plurality of separate exhaust outlets 1n flow communi-
cation with the intake system. The accumulator 1s configured
to accumulate exhaust 1n the exhaust gas recirculation system
and provide a constant supply of recirculated exhaust gas to
the intake system in response to air pulsation of the first and
second groups of cylinders during operation of the combus-
tion engine.

[0032] In one embodiment of the system, the accumulator
defines a storage volume between the inlet and the plurality of
outlets, and the storage volume 1s a function of a total number
of cylinders in the second group. In another embodiment, the
second group of cylinders consists of a single cylinder. In one
refinement of this embodiment, the first group of cylinders
includes at least five cylinders. In other refinements, the first
group of cylinders includes at least two cylinders, and the
second group of cylinders includes at least one cylinder. In
still other refinements, the first group of cylinders includes at
least two cylinders and the second group of cylinders includes
at least two cylinders. In another embodiment, the storage
volume 1s comprised of a porous media and the porous media
defines the plurality of outlets opening into a mixing chamber
of the intake system. In a further embodiment, the system
turther includes a cooler situated to cool exhaust flowing
through the exhaust gas recirculation system and a valve
located upstream of the cooler to regulate the tlow of exhaust
through the exhaust gas recirculation system, wherein the
accumulator 1s downstream of and receives exhaust from the
cooler. In one refinement of this embodiment, the system
includes an outlet conduit extending from the turbocharger to
an altertreatment system and the valve 1s connected to the
outlet conduit downstream of the turbocharger.

[0033] While the mvention has been illustrated and
described 1n detail 1in the drawings and foregoing description,
the same 1s to be considered as illustrative and not restrictive
in character, 1t being understood that only the preferred
embodiments have been shown and described and that all
changes and modifications that come within the spirit of the
inventions are desired to be protected. It should be understood
that while the use of words such as preferable, preferably,
preferred or more preferred utilized 1n the description above
indicate that the feature so described may be more desirable,
it nonetheless may not be necessary and embodiments lack-
ing the same may be contemplated as within the scope of the
invention, the scope being defined by the claims that follow.
In reading the claims, 1t 1s intended that when words such as
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a,” “an,” “at least one,” or “at least one portion” are used
there 1s no 1ntention to limit the claim to only one item unless
specifically stated to the contrary in the claim. When the
language “at least a portion” and/or “a portion” 1s used the
item can include a portion and/or the entire item unless spe-
cifically stated to the contrary.

What 1s claimed 1s:

1. A method, comprising;:

operating an engine having a plurality of cylinders;

directing air into the plurality of cylinders from an air
intake system;

combusting a mixture of air and fuel within the plurality of
cylinders to generate a power output and a flow of
exhaust;

directing a first portion of the flow of the exhaust to an
altertreatment system;

directing a second portion of the tlow of the exhaust to an
exhaust gas recirculation system to mix with the air 1n
the air intake system prior to combustion, wherein the
second portion of the flow of exhaust 1s created by com-
bustion 1n at least one of the plurality of cylinders dedi-
cated to providing the second portion of the flow of the
exhaust; and

prior to mixing with the air 1n the air intake system, storing
the second portion of the flow of the exhaust 1n an
accumulator in the exhaust gas recirculation system, the
accumulator extending between an 1nlet to the accumu-
lator and a plurality of outlets from the accumulator 1nto
the air intake system, wherein the accumulator provides
a stored supply of recirculated exhaust gas to the air
intake system in response to air pulsation by the plurality
of cylinders during operation of the engine.

2. The method of claim 1, further comprising providing a
plurality of flows of the second portion of the exhaust from the
plurality of outlets of the accumulator into the air intake
system.

3. The method of claim 2, further comprising spacing the
plurality of flows of the second portion of the exhaust at
locations spaced apart from each other along the air intake
system.

4. The method of claim 2, wherein the plurality of flows of
the second portion of the exhaust extend from the accumula-
tor substantially orthogonally to a flow of the air 1in the air
intake system.

5. The method of claim 1, wherein the accumulator
includes a storage volume between the inlet and the plurality
of outlets, and the storage volume 1s sized as a function of a
total number of the plurality of cylinders contributing to the
second portion of the flow of exhaust to mix with air.

6. The method of claim 1, further comprising:

directing the first portion of the flow of the exhaust to a
turbocharger; and

directing the second portion of the flow of the exhaust from
the at least one of the plurality of cylinders only to the
accumulator.

7. The method of claim 1, further comprising a porous
media defining the plurality of outlets that are spaced along a
mixing chamber of the intake system where the outlets are
connected to the intake system.

8. The method of claim 7, wherein the accumulator 1s
upstream of the porous media.
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9. A system, comprising:

an engine including a plurality of cylinders;

an 1ntake passage configured to direct combustion air to all

of the plurality of cylinders;

an exhaust passage configured to receive exhaust from a

first portion of the plurality of cylinders and direct the
exhaust from the first portion to an aftertreatment sys-
tem; and

an exhaust gas recirculation system configured to receive

exhaust from a second portion of the plurality of cylin-
ders and direct the exhaust from the second portion to the
intake passage, wherein the exhaust gas recirculation
system 1ncludes an accumulator having an inlet for
receiving the exhaust gas from the second portion of the
plurality of cylinders, a plurality of outlets along the
intake passage that directly connect the accumulator to
the intake passage, and a storage volume between the
inlet and the plurality of outlets, the storage volume
being sized as a function of the number of cylinders
comprising the second portion of the plurality of cylin-
ders.

10. The system of claim 9, wherein the second portion of
the plurality of cylinders are dedicated to providing exhaust to
the exhaust gas recirculation system.

11. The system of claim 10, wherein the first portion of the
plurality of cylinders are dedicated to providing exhaust to a
turbocharger system.

12. The system of claim 9, wherein each of the plurality of
outlets 1s fluidly connected with a mixing chamber of the
intake passage.

13. The system of claim 12, wherein each of the plurality of
outlets includes a length of conduit extending from the stor-
age volume to the mixing chamber, each of the conduits
defining an mner dimension and including an orifice having
an opening dimension that is less than the mnner dimension.

14. The system of claim 9, wherein the accumulator
receives exhaust from a cooler 1n the exhaust gas recirculation
system.

15. The system of claim 9, wherein the second portion of
the plurality of cylinders consists of one cylinder.

16. The system of claim 15, wherein the first portion of the
plurality of cylinders includes at least two cylinders.

17. The system of claim 9, further including an exhaust
manifold fluidly communicating the first group of the plural-
ity of cylinders with a turbocharger.

18. The system of claim 9, further including:

a cooler located within the exhaust gas recirculation sys-

tem; and

a valve located upstream of the cooler to regulate exhaust

flow from the second portion of the plurality of cylinders
through the exhaust gas recirculation system.

19. The system of claim 18, wherein the valve 1s connected
to the exhaust passage downstream of a turbocharger in the
exhaust passage.

20. The system of claim 9, wherein the storage volume
comprises a porous media configured to spatially distribute
the exhaust flow from the second portion of the plurality of
cylinders, the porous media defimng the plurality of outlets
along the intake passage.

21. A system, comprising;:

a combustion engine having a first group of cylinders and at

least one second group of at least one cylinder;

an exhaust manifold configured to receive exhaust from the

first group of cylinders;

a turbocharger configured to receive exhaust only from the

exhaust manifold:;




US 2014/0020382 Al

an intake system configured to direct combustion air to the
first and second groups of cylinders;
an exhaust gas recirculation system configured to receive
exhaust from only the second group of cylinders; and
an accumulator connecting the exhaust gas recirculation
system to the intake system, the accumulator including,
an inlet and a plurality of separate exhaust outlets 1n flow
communication with the intake system, wherein the
accumulator 1s configured to accumulate exhaust 1n the
exhaust gas recirculation system and provide a constant
supply of recirculated exhaust gas to the intake system 1n
response to air pulsation of the first and second groups of
cylinders during operation of the combustion engine.
22. The system of claim 21, wherein the accumulator
defines a storage volume between the inlet and the plurality of
outlets, and the storage volume 1s a function of a total number
of cylinders 1n the second group.
23. The system of claim 21, wherein the second group of
cylinders consists of a single cylinder.
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24. The system of claim 23, wherein the first group of
cylinders includes at least two cylinders.

25. The system of claim 21, wherein the storage volume 1s
comprised of a porous media and the porous media defines the
plurality of outlets opening mto a mixing chamber of the
intake system.

26. The system of claim 21, further comprising;

a cooler situated to cool exhaust flowing through the
exhaust gas recirculation system; and

a valve located upstream of the cooler to regulate the tlow
of exhaust through the exhaust gas recirculation system,
wherein the accumulator 1s downstream of and receives
exhaust from the cooler.

277. The system of claim 26, further comprising an outlet
conduit extending from the turbocharger to an aftertreatment
system, wherein the valve 1s connected to the outlet conduit
downstream of the turbocharger.
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