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(54) EXHAUST PURIFICATION DEVICE FOR INTERNAL COMBUSTION ENGINE

(67)  An object is to suppress any deviation of an ad-
dition agent to be supplied into an exhaust gas dis-
charged from an internal combustion engine so that the
addition agent is dispersed more uniformly. For this pur-
pose, there is provided an exhaust gas purification ap-
paratus for an internal combustion engine, comprising
an exhaust gas purification catalyst which is provided for
an exhaust gas passage of the internal combustion en-
gine; a supply unit which supplies an addition agent to
the exhaust gas purification catalyst; and a dispersing

[FIG. 3]

unit (5) which is provided between the exhaust gas pu-
rification catalyst and the supply unit and which disperses
the addition agent; wherein the dispersing unit (5) in-
cludes a first gas flow forming portion (54) and a second
gas flow forming portion (55); and the first gas flow form-
ing portion (54) and the second gas flow forming portion
(55) are formed so that a first gas flow having passed
through the first gas flow forming portion (54) and a sec-
ond gas flow having passed through the second gas flow
forming portion (54) interfere with each other.
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Description
TECHNICAL FIELD

[0001] The presentinventionrelates to an exhaustgas
purification apparatus for an internal combustion engine.

BACKGROUND ART

[0002] A technique is known in relation to an SCR sys-
tem provided with a selective catalytic reduction NOx cat-
alyst and an injection valve for injecting an aqueous urea
solution (urea-water solution), wherein a disperser is pro-
vided between the selective catalytic reduction NOx cat-
alystand the injection valve in order to disperse the aque-
ous urea solution (see, for example, Patent Document
1). The exhaust gas and the aqueous urea solution are
allowed to swirl by means of the disperser. Therefore,
the mixing of the aqueous urea solution and the exhaust
gas and the vaporization are facilitated.

[0003] Another technique is known, wherein the ex-
haust gas is allowed to flow through only an outer cir-
cumferential side of a disperser (see, for example, Patent
Document 2). In this technique, a central portion of the
disperser has a protruding shape directed to the down-
stream side in the flow direction of the exhaust gas, and
the central portion is closed so that the exhaust gas does
not flow therethrough.

[0004] Still another technique is known, wherein a
space is provided between a disperser and an exhaust
tube (see, for example, Patent Document 3).

[0005] Inthe meantime, when the flow direction of the
exhaust gas is changed by the disperser, itis feared that
the reducing agent, which is contained in the exhaust
gas, may be directed to the wall surface of the exhaust
gas passage. For example, when the exhaust gas is al-
lowed to swirl by the disperser, the aqueous urea solu-
tion, which is contained in the exhaust gas, is deviated
or one-sided in the vicinity of the wall surface of the ex-
haust tube on account of the centrifugal force in some
cases. If the aqueous urea solution adheres to the wall
surface of the exhaust tube, it is feared that any deposit
or precipitate originating from urea may be accumulated
or piled up on the wall surface of the exhaust tube. Fur-
ther, the aqueous urea solution, which arrives at the se-
lective catalytic reduction NOx catalyst, is decreased by
the amount of adhesion to the wall surface of the exhaust
tube. Therefore, it is feared that the purification rate of
NOx may be lowered on account of the shortage of the
aqueous urea solution in the selective catalytic reduction
NOx catalyst.

PRECEDING TECHNICAL DOCUMENTS
Patent Documents:

[0006]
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Patent Document 1: JP2008-274941A;
Patent Document 2: JP2008-144644A;
Patent Document 3: JP2008-280999A.

SUMMARY OF THE INVENTION
Task to Be Solved by the Invention:

[0007] An objectofthe presentinventionisto suppress
any deviation of an addition agent to be supplied into an
exhaust gas discharged from an internal combustion en-
gine so that the addition agent is dispersed more uni-
formly. Solution for the Task:

[0008] In order to achieve the object described above,
according to the present invention, there is provided an
exhaust gas purification apparatus for an internal com-
bustion engine, comprising:

an exhaust gas purification catalyst which is provided
for an exhaust gas passage of the internal combus-
tion engine;

a supply unit which is provided for the exhaust gas
passage at a position upstream from the exhaust
gas purification catalyst and which supplies an ad-
dition agent to the exhaust gas purification catalyst;
and

a dispersing unit which is provided between the ex-
haust gas purification catalyst and the supply unit
and which disperses the addition agent, wherein:
the dispersing unit includes a first gas flow forming
portion and a second gas flow forming portion; and
the first gas flow forming portion and the second gas
flow forming portion are formed so that a first gas
flow having passed through the first gas flow forming
portion and a second gas flow having passed
through the second gas flow forming portion interfere
with each other.

[0009] In this construction, when the addition agent is
supplied from the supply unit, the addition agent flows
into the dispersing unit. In the dispersing unit, for exam-
ple, it is also appropriate that the flow direction of the
exhaust gas is changed and/or the disturbance of the
exhaust gas is strengthened. The first gas flow having
passed through the first gas flow forming portion and the
second gas flow having passed through the second gas
flow forming portion interfere with each other on the
downstream side from the dispersing unit. In this way,
the both gas flows interfere with each other, and thus the
deviation of the addition agentis decreased as compared
with a case in which it is assumed that each of the first
gas flow and the second gas flow flows singly. Accord-
ingly, it is possible to suppress the addition agent from
being deviated or one-sided in the vicinity of the wall sur-
face of the exhaust gas passage.

[0010] Inthe presentinvention, itis also preferable that
the first gas flow forming portion is provided at a central
portion of the dispersing unit, and the second gas flow
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forming portion is provided outside the central portion
independently from the first gas flow forming portion.
[0011] The addition agent may be supplied so that the
addition agent passes through only the first gas flow form-
ing portion, or the addition agent may be supplied so that
the addition agent passes through the first gas flow form-
ing portion and the second gas flow forming portion. That
is, the addition agent may be supplied so that the addition
agent is contained in at least the first gas flow. The first
gas flow forming portion is provided on the central axis
side of the exhaust gas passage, and the second gas
flow forming portion is provided on the side of the wall
surface of the exhaust gas passage as compared with
the first gas flow forming portion. The second gas flow
forming portion may be a space disposed between the
first gas flow forming portion and the wall surface of the
exhaust gas passage. The flow direction of the exhaust
gas is changed in the dispersing unit, and thus the swirl-
ing flow, which swirls, for example, about the center of
the central axis of the exhaust gas passage, is generated.
The swirling flow may be generated in only the first gas
flow forming portion. The disturbance of the exhaust gas
may be strengthened by changing the flow direction of
the exhaust gas in the dispersing unit.

[0012] The second gas flow forming portion is provided
outside the first gas flow forming portion, and thus the
second gas flow is formed around the first gas flow. Fur-
ther, the first gas flow having passed through the first gas
flow forming portion and the second gas flow having
passed through the second gas flow forming portion in-
terfere with each other. Thus, the second gas flow pushes
and returns the first gas flow toward the central axis. Ac-
cordingly, it is possible to suppress the first gas flow from
being directed to the wall surface of the exhaust gas pas-
sage. Therefore, it is possible to suppress the addition
agent from being deviated or one-sided in the vicinity of
the wall surface of the exhaust gas passage.

[0013] Inthe presentinvention, itis also preferable that
a passage for the exhaust gas, which is formed in the
first gas flow forming portion, has a cross-sectional area
which is larger than a cross-sectional area of a passage
for the exhaust gas which is formed in the second gas
flow forming portion.

[0014] Accordingly, the resistance of the exhaust gas
is increased in the first gas flow forming portion as com-
pared with the second gas flow forming portion. There-
fore, the velocity of the second gas flow is faster than the
velocity of the first gas flow. Accordingly, the first gas flow
is pushed and returned by the second gas flow toward
the central axis of the exhaust gas passage from the side
of the wall surface of the exhaust gas passage. There-
fore, it is possible to further suppress the first gas flow
from being directed to the wall surface of the exhaust gas
passage. Accordingly, it is possible to further suppress
the addition agent from being deviated in the vicinity of
the wall surface of the exhaust gas passage.

[0015] Inthe presentinvention, itis also preferable that
the second gas flow forming portion is formed so that a

10

15

20

25

30

35

40

45

50

55

flow direction of the exhaust gas allowed to pass through
the second gas flow forming portion is a direction which
is directed toward a central axis of the exhaust gas pas-
sage or parallel to a wall surface of the exhaust gas pas-
sage.

[0016] That s, the second gas flow is prohibited from
being directed to the wall surface of the exhaust gas pas-
sage, and thus the first gas flow can be pushed and re-
turned by the second gas flow in the direction directed
to the central axis of the exhaust gas passage. Therefore,
it is possible to suppress the first gas flow from being
directed to the wall surface of the exhaust gas passage.
Accordingly, itis possible to further suppress the addition
agent from being deviated in the vicinity of the wall sur-
face of the exhaust gas passage.

EFFECT OF THE INVENTION

[0017] According to the presentinvention, itis possible
to suppress any deviation of the addition agent to be sup-
plied into the exhaust gas discharged from the internal
combustion engine so thatthe addition agentis dispersed
more uniformly.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

Fig. 1 shows a schematic arrangement of an exhaust
gas purification apparatus for an internal combustion
engine according to an embodiment.

Fig. 2 shows a disperser as viewed from the up-
stream side in the flow direction of the exhaust gas.
Fig. 3 shows a sectional view as obtained when the
disperser is sectioned in parallel to the flow direction
of the exhaust gas.

MODE FOR CARRYING OUT THE INVENTION

[0019] A specified embodiment of the exhaust gas pu-
rification apparatus for the internal combustion engine
accordingtothe presentinvention willbe explained below
on the basis of the drawings.

First Embodiment

[0020] Fig. 1 shows a schematic arrangement of an
exhaust gas purification apparatus for an internal com-
bustion engine according to an embodiment of the
present invention. The internal combustion engine 1
shownin Fig. 1 may be either adiesel engine or agasoline
engine.

[0021] An exhaust gas passage 2 is connected to the
internal combustion engine 1. An exhaust gas purification
catalyst 3 (hereinafter simply referred to as "catalyst 3")
is provided at an intermediate position of the exhaust gas
passage 2. The catalyst 3 is such a catalyst that the tem-
perature is raided, the exhaust gas is purified, or the pu-
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rification ability is restored by supplying an addition
agent. As for the catalyst 3, it is possible to exemplify,
for example, an absorption reduction type NOx catalyst,
a selective catalytic reduction NOx catalyst, a three way
catalyst, an oxidation catalyst, and a hydrolysis catalyst.
The catalyst 3 may be a catalysthaving an oxidation func-
tion. Further, a particulate filter, which collects the par-
ticulate matter, may be provided, and the particulate filter
may be a carrier for the catalyst 3. The catalyst 3 may
be arranged upstream from the particulate filter.

[0022] An injection valve 4, which injects the addition
agent into the exhaust gas, is provided for the exhaust
gas passage 2 at a position disposed on the upstream
side from the catalyst 3. The addition agent can be, for
example, a reducing agent or an oxidizing agent. For
example, fuel, aqueous urea solution, or ammonia can
be used for the addition agent. What is used for the ad-
dition agent is determined depending on the type of the
catalyst 3. In this embodiment, the injection valve 4 cor-
responds to the supply unit according to the present in-
vention.

[0023] A disperser 5, which disperses the addition
agent into the exhaust gas, is provided for the exhaust
gas passage at a position disposed downstream from
the injection valve 4 and upstream from the catalyst 3.
In this embodiment, the disperser 5 corresponds to the
dispersing unit according to the present invention.
[0024] In this context, Fig. 2 shows the disperser 5 as
viewed from the upstream side in the flow direction of the
exhaust gas. Fig. 3 shows a sectional view as obtained
when the disperser 5 is sectioned in parallel to the flow
direction of the exhaust gas.

[0025] The disperser 5 is provided with a cylinder por-
tion 51 which is formed so that the outer diameter is small-
er than the inner diameter of the exhaust gas passage 2
and the hollow cylindrical shape coaxial with the central
axis of the exhaust gas passage 2 is provided. A plurality
of plates 52 having the same shape extend from the inner
circumferential surface of the cylinder portion 51 toward
the central axis. The plurality of plates 52 are arranged
radially at equal angles about the center of the central
axis of the cylinder portion 51. The central axes of the
respective plates 52, which extend from the inner circum-
ferential surface of the cylinder portion 51 to arrive at the
forward ends of the plates 52, are perpendicular to the
central axis direction of the cylinder portion 51. The
length, which ranges from the inner circumferential sur-
face of the cylinder portion 51 to the forward end of the
plate 52, is smaller than the radius of the cylinder portion
51, and the respective plates 52 are provided so that they
are not brought in contact with each other. Each of the
plates 52 is inclined by a predetermined angle with re-
spect to the central axis of the cylinder portion 51. Further,
a gap is provided between the plate 52 and the plate 52
so that the exhaust gas can flow. The plates 52 are ar-
ranged as described above, and thus the exhaust gas
swirls about the center of the central axis of the cylinder
portion 51.
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[0026] For example, the shape, the number, and the
angle of the plates 52 may be determined, for example,
by an experiment. Any other member, which increases
the disturbance in relation to the exhaust gas or which
swirls the exhaust gas, may be provided in place of the
plates 52. For example, one plate may be provided at a
position disposed on the central axis side as compared
with the cylinder portion 51. A plurality of holes may be
provided through the plate.

[0027] A plurality of fixing portions 53, which connect
the outer wall of the cylinder portion 51 and the inner wall
of the exhaust gas passage 2 and which fix the cylinder
portion 51 in the exhaust gas passage 2, are provided
outside the cylinder portion 51. A space, through which
the exhaust gas can flow, is provided between the cylin-
der portion 51 and the exhaust gas passage 2.

[0028] In the disperser 5 constructed as described
above, the exhaust gas flows inside the cylinder portion
51 and outside the cylinder portion 51 respectively. In
this embodiment, the inner side, which is disposed inside
the cylinder portion 51, is referred to as "first gas flow
forming portion 54", and the outer side, which is disposed
outside the cylinder portion 51, is referred to as "second
gas flow forming portion 55". Further, the gas flow, which
passes through the first gas flow forming portion 54, is
referred to as "first gas flow", and the gas flow, which
passes through the second gas flow forming portion 55,
is referred to as "second gas flow".

[0029] When the exhaust gas passes through the first
gas flow forming portion 54, then the flow direction of the
exhaust gas is changed by the plurality of plates 52, and
the exhaust gas swirls about the center of the central axis
of the exhaust gas passage 2. Accordingly, when the
addition agentis supplied toward the first gas flow forming
portion 54, then the addition agent and the exhaust gas
swirl, and thus the addition agent is dispersed in the first
gas flow. In this context, if it is assumed that the second
gas flow is absent, it is feared that the addition agent
contained in the first gas flow may be deviated by the
centrifugal force on the side of the wall surface of the
exhaust gas passage 2.

[0030] Inrelation thereto, the first gas flow forming por-
tion 54 and the second gas flow forming portion 55 are
formed so that passage for the exhaust gas, which is
formed in the first gas flow forming portion 54, has the
cross-sectional area that is larger than the cross-section-
al area of the passage for the exhaust gas which is formed
in the second gas flow forming portion 55. Accordingly,
the resistance of the exhaust gas is large in the first gas
flow forming portion 54 as compared with the second gas
flow forming portion 55. That is, the first gas flow forming
portion 54 and the second gas flow forming portion 55
are formed so that the resistance, which is brought about
when the exhaust gas passes through the first gas flow
forming portion 54, is larger than the resistance which is
brought about when the exhaust gas passes through the
second gas flow forming portion 55. Therefore, the ve-
locity of the second gas flow is faster than the velocity of
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the first gas flow. Accordingly, the first gas flow is pushed
and returned by the second gas flow from the side of the
wall surface of the exhaust gas passage 2 to the side of
the central axis of the exhaust gas passage 2. Therefore,
it is possible to suppress the addition agent from being
deviated on the side of the wall surface of the exhaust
gas passage 2. The optimum shapes of the first gas flow
forming portion 54 and the second gas flow forming por-
tion 55 can be determined, for example, by an experi-
ment.

[0031] Further, the second gas flow forming portion 55
is formed so that the flow direction of the exhaust gas
allowed to pass through the second gas flow forming por-
tion 55 is separated from the wall surface of the exhaust
gas passage 2 or parallel thereto. That is, the second
gas flow is prohibited from being directed to the wall sur-
face of the exhaust gas passage 2. For example, the
resistance, which is brought about when the exhaust gas
passes through the first gas flow forming portion 54, is
made larger than the resistance which is brought about
when the exhaust gas passes through the second gas
flow forming portion 55, and thus the second gas flow
advances in the central axis direction of the exhaust gas
passage 2. Accordingly, itis possible to suppress the first
gas flow from being directed to the wall surface of the
exhaust gas passage 2.

[0032] In this way, the first gas flow and the second
gas flow interfere with each other on the downstream
side from the disperser 5. Accordingly, it is possible to
suppress the addition agent from being deviated or one-
sided in the vicinity of the wall surface of the exhaust gas
passage 2. Further, the addition agent can be dispersed
in a short distance, and hence it is possible to shorten
the distance between the disperser 5 and the catalyst 3.
Therefore, itis easy to install the disperser 5 as compared
with the conventional technique. Further, an appropriate
amount of the addition agent can be also supplied to the
vicinity of the central axis of the catalyst 3, because it is
possible to suppress the addition agent from being devi-
ated or one-sided in the vicinity of the wall surface of the
exhaust gas passage 2. Accordingly, it is possible to im-
prove the purification performance for purifying the ex-
haust gas.

PARTS LIST

[0033] 1: internal combustion engine, 2: exhaust gas
passage, 3: exhaust gas purification catalyst, 4: injection
valve, 5: disperser, 51: cylinder portion, 52: plate, 53:
fixing portion, 54: first gas flow forming portion, 55: sec-
ond gas flow forming portion.

Claims

1. Anexhaust gas purification apparatus for an internal
combustion engine, comprising:
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an exhaust gas purification catalyst which is pro-
vided for an exhaust gas passage of the internal
combustion engine;

a supply unit which is provided for the exhaust
gas passage at a position upstream from the
exhaust gas purification catalyst and which sup-
plies an addition agent to the exhaust gas puri-
fication catalyst; and

a dispersing unit which is provided between the
exhaust gas purification catalyst and the supply
unit and which disperses the addition agent,
wherein:

the dispersing unit includes a first gas flow
forming portion and a second gas flow form-
ing portion; and

the first gas flow forming portion and the
second gas flow forming portion are formed
so that a first gas flow having passed
through the first gas flow forming portion
and a second gas flow having passed
through the second gas flow forming portion
interfere with each other.

The exhaust gas purification apparatus for the inter-
nal combustion engine according to claim 1, wherein
the first gas flow forming portion is provided at a cen-
tral portion of the dispersing unit, and the second
gas flow forming portion is provided outside the cen-
tral portion independently from the first gas flow form-
ing portion.

The exhaust gas purification apparatus for the inter-
nal combustion engine according to claim 1 or 2,
wherein a passage for the exhaust gas, which is
formed in the first gas flow forming portion, has a
cross-sectional area which is larger than a cross-
sectional area of a passage for the exhaust gas
which is formed in the second gas flow forming por-
tion.

The exhaust gas purification apparatus for the inter-
nal combustion engine according to any one of
claims 1 to 3, wherein the second gas flow forming
portion is formed so that a flow direction of the ex-
haust gas allowed to pass through the second gas
flow forming portion is a direction which is directed
toward a central axis of the exhaust gas passage or
parallel to a wall surface of the exhaust gas passage.
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[FIG. 1]

[FIG. 2]
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