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perpendicular to the flow direction of EGR gas and sec-
ond wings (111c¢) projecting in a second direction per-
pendicular to the flow direction of the EGR gas and dif-
ferent from the first direction are provided on an inner fin
(111). From a macroscopic viewpoint, the EGR gas col-
lides with the wings (111c) and passes through the ex-
haust gas passage (110a) while meandering in the di-
rection (D1) perpendicular to a longitudinal direction (D0)
of the exhaust gas passage. Accordingly, the tendency

that the EGR gas passes only along the portion that has
no projection (111c) and that has a small flow resistance
does not occur. Therefore, from the viewpoint of the en-
tirety of the exhaust gas passage (110a), it can be con-
sidered that the EGR gas substantially uniformly collides
with the projections (111c) to thereby enhance the heat
transmissibility and prevent the deposition of particulate
matters.
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Description
Technical Field

[0001] The presentinvention relates to an exhaust gas
heat exchanging device for carrying out a heat exchange
between an exhaust gas discharged from an internal
combustion engine and a cooling fluid, and can be effec-
tively applied to an EGR gas heat exchanging device
(EGR gas cooler) for cooling the exhaust gas for EGR
(Exhaust Gas Recirculation).

Background Art

[0002] Fig. 11 shows a prototype inner fin for an EGR
gas cooler manufactured by way of trial and study. The
inner fin is disposed in a tube through which the EGR
gas passes, to promote a heat exchange between the
EGR gas and cooling water.

[0003] Inthe prototypicinnerfin, the innerfinis partially
cut and bent to provide triangular projections, i.e., wing
projections 111c¢ which disturb the flow of the EGR gas
passing in the tube to thereby swirl the EGR gas. Thus,
not only can the heat transmissibility between the inner
fin and the EGR gas be enhanced, but also the velocity
of the flow of the gas can be increased in the vicinity of
the inner fin, so that unburned matter such as particulate
matter (soot) or the like that could stick to the inner fin
are blown off to thereby prevent the particulate matters
from being deposited on the inner fins.

[0004] However, because the prototype inner fin has
a corrugated cross sectional shape when viewed in the
direction of the EGR gas, the gas passage in the tube
110 is divided into a plurality of passage sections by the
innerfins 111, as shownin Fig. 12. Also, because a series
of projections 111c are provided on only one side of each
of the passages sections divided by the inner fin 111, a
large part of the EGR gas introduced in the tube 110
passes along the side (upper side in Fig. 13) of each
passage section separated by the innerfin 111, that does
not have a projection and, hence, has a small flow resist-
ance.

[0005] Therefore, insufficient disturbance of the flow
of the EGR gas occurs, thus leading to a lack of swirling
of the gas, because the amount of the EGR gas that
collides with the projections 111c is decreased. Thus,
sufficient effects, i.e., enhancement of heat transmissi-
bility and prevention of deposition of particulate matters,
cannot be obtained.

Disclosure of the Invention

[0006] In view of the above problem, the object of the
present invention is to enhance the heat transmissibility
and to prevent a deposition of particulate matters in an
exhaust gas heat exchanging device.

[0007] In orderto achieve the above object, according
to a first embodiment of the present invention, there is

10

15

20

25

30

35

40

45

50

55

provided an exhaust gas heat exchanging device for car-
rying out a heat exchange between an exhaust gas dis-
charged from an internal combustion engine and a cool-
ing fluid, comprising an exhaust gas passage (110a)
through which the exhaust gas passes; and a fin (111)
that is disposed in the exhaust gas passage (110a) and
that has a corrugated cross sectional shape as viewed
in an exhaust gas flowing direction, wherein a plurality
of projections (111c) that project in directions intersecting
the exhaust gas flowing direction, are provided on the fin
(111), along the flow of exhaust gas; and the projections
(111c) are arranged so that the exhaust gas flows in the
exhaust gas passage (110a) while meandering in a di-
rection (D1) perpendicular to the longitudinal direction of
the exhaust gas passage (110a), due to collision of the
exhaust gas with the projections (111c).

[0008] Thus,thetendency thatthe exhaustgas passes
only along the portion of the exhaust gas passage (110a)
that has no projection (111c) and that has a small flow
resistance does not occur, and the exhaust gas collides
with the projections (111c) and flows along a meandering
passage. Accordingly, from the viewpoint of the entirety
of the exhaust gas passage (110a), it can be considered
that the exhaust gas substantially uniformly collides with
the projections (111c).

[0009] Therefore, because the swirl can be reliably
generated by disturbing the flow of the exhaust gas, the
heat transmissibility between the fin (111) and the ex-
haust gas can be enhanced, and the velocity of the flow
of the gas in the vicinity of wall surfaces of the fin (111)
and the exhaust gas passage (110a) can be increased
to blow off unburned matters such as particulate matters
or the like that stick to the wall surfaces of the fin (111)
and the exhaust gas passage (110a) so as to prevent
particulate matters from being deposited on the wall sur-
faces of the fin (111) and the exhaust gas passage
(110a).

[0010] According to a second embodiment of the
present invention, there is provided an exhaust gas heat
exchanging device for carrying out a heat exchange be-
tween an exhaust gas discharged from an internal com-
bustion engine and a cooling fluid, comprising an exhaust
gas passage (110a) through which the exhaust gas pass-
es; and a fin (111) that is disposed in the exhaust gas
passage (110a) and that has a corrugated cross sectional
shape as viewed in an exhaust gas flowing direction,
wherein first projections (111c) that project in a first di-
rection intersecting the exhaust gas flowing direction and
second projections (111c) that project in a direction in-
tersecting the exhaust gas flowing direction and different
from the first direction, are provided along the flow of
exhaust gas.

[0011] Thus, similar to the first embodiment of the
present invention, the swirl can be reliably generated by
disturbing the flow of the exhaust gas because the ex-
haust gas collides with the projections (111c) to thereby
meander, in a direction intersecting the longitudinal di-
rection of the exhaust gas passage (110a), in the exhaust
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gas passage (110a). Therefore, the heat transmissibility
between the fin (111) and the exhaust gas can be en-
hanced and the velocity of the flow of the gas in the vicinity
of the fin (111) can be increased to blow off unburned
matters such as particulate matters or the like that stick
to the fin (111) so as to prevent particulate matters from
being deposited on the fin (111).

[0012] According to a third embodiment of the present
invention, there is provided an exhaust gas heat ex-
changing device for carrying out a heat exchange be-
tween an exhaust gas discharged from an internal com-
bustion engine and a cooling fluid, comprising an exhaust
gas passage (110a) through which the exhaust gas pass-
es; and a fin (111) that is disposed in the exhaust gas
passage (110a) and thathas a corrugated cross sectional
shape as viewed in an exhaust gas flowing direction,
wherein wings (111c) that have surfaces (S) that are in-
clined with respect to the flow of exhaust gas so that the
amount of protrusion thereof from an inner wall of the
exhaust gas passage (110a) increases toward the down-
stream side of the flow of exhaust gas, and that are ar-
ranged in a zigzag fashion, along the flow of exhaust gas,
are provided on the inner wall; and a plurality of projec-
tions (110c) that are inclined with respect to the flow of
exhaust gas and that are arranged in a zigzag fashion
along the flow of exhaust gas, are provided on the wall
surface, of the exhaust gas passage (110a), opposite to
the wings (111c).

[0013] Thus, similar to the first embodiment of the
present invention, the swirl can be reliably generated by
disturbing the flow of the exhaust gas because the ex-
haust gas collides with the projections (111c) to thereby
meander, in a direction intersecting the longitudinal di-
rection of the exhaust gas passage (110a), in the exhaust
gas passage (110a). Therefore, the heat transmissibility
between the fin (111) and the exhaust gas can be en-
hanced, and the velocity of the flow of the gas in the
vicinity of the fin (111) can be increased to blow off un-
burned matters such as particulate matters or the like
that stick to the fin (111) so as to prevent particulate mat-
ters from being deposited on the fin (111).

[0014] Also, the fin (111) can be prevented from being
clogged, and the heat exchanging efficiency in the ex-
haust gas heat exchanging device can be enhanced be-
cause the heat transmissibility between the fin (111) and
the exhaust gas can be enhanced, and particulate mat-
ters that adhere to the surface of the fin (111) can be
blown off.

[0015] Reference numeralinside the parenthesis cor-
responding to each means described above shows a re-
lationship between the above-described means and con-
crete means described below in embodiments.

[0016] The presentinvention can be more fully under-
stood from the accompanying drawings and descriptions
in the following preferred embodiments of the present
invention.
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Brief Description of the Drawings
[0017]

Fig. 1 is a schematic view of an EGR gas cooling
device using a gas cooler according to a first em-
bodiment of the present invention;

Fig. 2 is an external view of a gas cooler according
to a first embodiment of the present invention;

Fig. 3 is a sectional view of a tube of a gas cooler
according to a first embodiment of the present inven-
tion;

Fig. 4 is a perspective view of an inner fin of a gas
cooler according to a first embodiment of the present
invention;

Fig. 5is a half sectional view of a tube of a gas cooler
according to a first embodiment of the present inven-
tion;

Fig. 6 is an explanatory view of characteristics of a
gas cooler according to a first embodiment of the
present invention;

Fig. 7 is a perspective view of an inner fin of a gas
cooler according to a second embodiment of the
present invention;

Fig. 8 is a sectional view of a tube of a gas cooler
according to a third embodiment of the present in-
vention;

Fig. 9A is an explanatory view of characteristics of
a gas cooler according to a third embodiment of the
presentinvention, and Fig. 9B is a top view of Fig. 9A;
Fig. 10 is an external two-view drawing of a tube 110
according to a third embodiment of the present in-
vention;

Fig. 11 is a perspective view of a prototypic inner fin
of a gas cooler manufactured by way of trial and
study;

Fig. 12 is a sectional view of a prototypic tube of a
gas cooler manufactured by way of trial and study;
and

Fig. 13 is an explanatory view of characteristics of a
prototypic gas cooler manufactured by way of trial
and study.

Best Mode for Carrying Out the Invention
(First Embodiment)

[0018] In the present embodiment, an exhaust gas
heat exchanging device according to the present inven-
tion is applied to an EGR gas cooling device for a diesel
engine. Fig. 1 is a schematic view of an EGR (Exhaust
Gas Recirculation device) using an EGR gas cooling de-
vice (hereinafter called "gas cooler") 100 according to
the present embodiment.

[0019] An exhaust gas recirculation pipe 210 recircu-
lates a part of the exhaust gas discharged from an engine
200 to an intake port of the engine 200.

[0020] An EGR valve 220 is a known valve that is dis-
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posed at some midpoint in the flow of the exhaust gas in
the exhaust gas recirculation pipe 210 and that adjusts
the amount of the EGR gas in accordance with an oper-
ating status of the engine 200. The gas cooler 100 is
disposed between an exhaust port of the engine 200 and
the EGR valve 220, and carries out a heat exchange
between the EGR gas and the cooling water of the en-
gine, to thereby cool the EGR gas.

[0021] The structure of the gas cooler 100 will be de-
scribed below.
[0022] Fig. 2 is an external view (partially sectional

view) of the gas cooler. Tubes 110 are flat tubes each
defining an exhaust gas passage 110a through which
the EGR gas passes. The tubes 110 are formed by weld-
ing two plates 110b each formed into a predetermined
shape by punching, as shown in Fig. 3.

[0023] Inner fins 111 to promote a heat exchange be-
tween the EGR gas and the cooling water are disposed
in the tubes 110, i.e., in the exhaust gas passages 110a.
As shown in Fig. 4, the inner fins 111 have two kinds of
planar portions 111a, 111b that extend in a flowing di-
rection of the EGR gas and that intersect each other, and
each have a corrugated cross sectional shape when
viewed in the flowing direction of the EGR gas.

[0024] Projections i.e., wings 111c each having a tri-
angular surface S that is inclined with respect to the flow
of EGR gas so that the amount of protrusion thereof from
the planar portions 111a of the inner fin 111 increases
toward the downstream side of the flow of exhaust gas,
are provided on the planar portions 111a of the inner fin
111 that are in contact with the tube 110, i.e., the inner
wall of the plate 110b, by partially cutting and bending
the planar portions 111a.

[0025] The wings 111c are provided with first wings
111c projecting in a first direction (a direction from the
lower side toward the upper side in Fig. 4) perpendicular
to the flow direction of the EGR gas and second wings
111c projecting in a second direction (a direction from
the upper side toward the lower side in Fig. 4) perpen-
dicular to the flow direction of the EGR gas. To this end,
the triangular surfaces S are arranged in a zigzag fashion,
along each of the exhaust gas passages 110a divided
by the inner fins 111.

[0026] Concretely, two wings 111c whose surfaces S
are inclined with respect to the flow of the EGR gas, in
different directions, are arranged along the flow of the
EGR gas. Also, a plurality of inner fins 111 each having
only two wings 111c are arranged along the flow of the
EGR gas, in the tube 110, with the placement direction
(up-and-down directions) being alternately inverted.
Thus, the arrangement of the wings 111c mentioned
above can be realized.

[0027] Theinnerfins 111 andthe tubes 110 are formed
by punching a metal (stainless steel in the present em-
bodiment) having a high corrosion resistance. The inner
fins 111 and the tubes 110 are integrally connected by
welding.

[0028] In Fig. 2, a casing 120 accommodates a heat
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exchanging core 113 composed of a plurality of tubes
110 laminated in a minor diameter direction thereof (up-
and-down directions in the drawing) and connected to
one another, and is formed into a rectangular pipe defin-
ing a cooling water passage 121 around the heat ex-
changing core 113. The casing 120 is made of a metal
(stainless in the present embodiment) having a high cor-
rosion resistance.

[0029] A tank 122a for distributing and supplying the
EGR gas to the tubes 110 is formed at an opening pro-
vided at one end in the longitudinal direction (right side
in the drawing) of the casing 120. Also, a joint 122 for
connecting to an EGR gas piping (not shown) is welded
to the opening. On the other hand, a tank 123a for col-
lecting and receiving the EGR gas that has been subject
to a heat exchange from the tubes 110 is formed at an
opening provided at the other end in the longitudinal di-
rection (left side in the drawing) of the casing 120. Also,
a join 123 for connecting to an EGR gas piping (not
shown) is welded to the opening.

[0030] Core plates 124 hold the tubes 110 and sepa-
rates the cooling water passage 121 from the tanks 1223,
123a. The core plates 124 and the joints 122, 123 are
made of a metal (stainless steel in the present embodi-
ment) having a high corrosion resistance.

[0031] In the casing 120, an inlet port 125, through
which a cooling water is introduced to the cooling water
passage 121 in the major diameter direction of the tube
110, is provided at the inflow side of the EGR gas, and
an outlet port 126, through which the cooling water that
has been subjected to a heat exchange is discharged in
the minor diameter direction of the tube 110, is provided
at the outflow side of the EGR gas.

[0032] In the present embodiment, the flowing direc-
tion of the EGR gas is identical to that of the cooling water
in the casing 120. As shown in Fig. 2, projections 110d
extending in the major diameter direction of the tubes
110 are provided, on the outer walls of the tubes 110, to
divide the portion of the cooling water passage 121 ad-
jacent to the inlet port 125 into relatively small spaces to
thereby constitute a velocity increasing means to in-
crease the velocity of the flow of the cooling water in the
vicinity of the EGR gas inlet port and a positioning means
to provide a size of clearance between the tubes 110.
[0033] In Fig. 5, projections 110e are provided to pro-
vide a size of clearance between the tubes 110 so as to
reliably weld the tubes 110 to the inner fins 111. In Fig.
2, strengthening ribs 120e are provided to strengthen the
casing 120.

[0034] Features of the present embodiment will be de-
scribed below.

[0035] Fig. 6 is a schematic view showing the flow of
the EGR gas in the passage 110a separated by the inner
fins 111, in the gas cooler 100 according to the present
embodiment. As is clear from Fig. 6, the present embod-
iment has the first wings 111c projecting in the first di-
rection perpendicular to the flowing direction of the EGR
gas and the second wings 111c projecting in the second
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direction perpendicular to the flowing direction of the
EGR gas and different from the first direction. From a
macroscopic viewpoint, the EGR gas collides with the
wings 111cand passes through the exhaust gas passage
110a while meandering in the direction D1 perpendicular
to a longitudinal direction DO of the exhaust gas passage
110a.

[0036] Therefore, the tendency that the exhaust gas
passes only along the portion of the exhaust gas passage
110a that has no projection 111c and that has a small
flow resistance does not occur. As described above, the
EGR gas collides with the projections 111c and flows
along the meandering passage. Accordingly, from the
viewpoint of the entirety of the exhaust gas passage
110a, it can be considered that the EGR gas substantially
uniformly collides with the projections 111c.

[0037] Therefore, because the swirl can be reliably
generated by disturbing the flow of the exhaust gas, the
heat transmissibility between the inner fins 111 and the
EGR gas can be enhanced and the velocity of the flow
of the gas in the vicinity of wall surfaces of the inner fins
111 and the tubes 110 can be increased, to blow off un-
burned matters such as particulate matters or the like
that stick to the wall surfaces of the inner fins 111 and
the tubes 110, so as to prevent particulate matters from
being deposited on the wall surfaces of the inner fins 111
and the tubes 110.

(Second Embodiment)

[0038] In the first embodiment, a plurality of inner fins
111 each having only two wings 111c are arranged along
the flow of the EGR gas, in the tube 110, with the place-
ment direction (up-and-down directions) being alternate-
ly inverted, to thereby realize the arrangement of the
wings 111c. However, in the present embodiment, as
shown in Fig. 7, the first wings 111c projecting in the first
direction perpendicular to the flowing direction of the
EGR gas and the second wings 111c projecting in the
second direction perpendicular to the flowing direction of
the EGR gas and different from the first direction are pro-
vided on an offset type inner fin in which the planar por-
tions 111b, i.e., portions of the inner fin 111 that are in
substantially parallel with the minor diameter direction of
the tube 110 are arranged in a zigzag fashion.

[0039] In the present embodiment, the single inner fin
111 can constitute an inner fin. Therefore, the man-hours
needed to produce the gas cooler 100 can be reduced.

(Third Embodiment)

[0040] Inthe present embodiment, as shown in Fig. 8,
projections 110c are formed, by partially punching the
plates 110b toward the inside of the exhaust gas passage
110a, on the plates 110b that separate the exhaust gas
passage 110a from the cooling water passage 121 to
define the exhaust gas passage 110a.

[0041] Asshown in Fig. 9(a), the projections 110c that
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are inclined with respect to the flow of exhaust gas and
that are arranged in a zigzag fashion along the flow of
exhaust gas, are provided on the wall surface, of the ex-
haust gas passage 110a, opposite to the wings 111c.
Also, as shown in Fig. 9(b), the wings 111c and the pro-
jections 110c are alternately positioned when viewed in
a direction perpendicular to the longitudinal direction of
the exhaust gas passage 110a. Fig. 10 is an external
two-view drawing of the tube 110 according to the present
embodiment.

[0042] Accordingly, similar to the first embodiment, the
EGR gas collides with the wings 111¢c and passes
through the exhaust gas passage 110a while meandering
in the direction perpendicular to the longitudinal direction
of the exhaust gas passage 110a.

[0043] Therefore, the tendency that the exhaust gas
passes only along the portion of the exhaust gas passage
110a that has no wing 111¢c and that has a small flow
resistance does not occur, and the EGR gas collides with
the projections 111c and flows along the meandering
passage. Accordingly, from the viewpoint of the entirety
of the exhaust gas passage 110a, it can be considered
that the EGR gas substantially uniformly collides with the
wings 111c.

[0044] Thus, because the swirl can be reliably gener-
ated by disturbing the flow of the exhaust gas, the heat
transmissibility between the inner fin 111 and the EGR
gas can be enhanced, and the velocity of the flow of the
gas in the vicinity of wall surfaces of the inner fin 111 and
the tubes 110 can be increased to blow off unburned
matters such as particulate matters or the like that stick
to the wall surfaces of the inner fin 111 and the tubes 110
so as to prevent particulate matters from being deposited
onthe wall surfaces of the innerfin 111 and the tubes 110.
[0045] In the present embodiment, an angle 1 which
the wing 111c¢ forms with a streamline of the EGR gas is
identical to an angle 2 which the projection 110c forms
with the streamline of the EGR gas. However, the present
embodiment is not limited thereto.

[0046] In the present embodiment, the amount of pro-
trusion of the projection 110c is smaller than that of the
wing 111c. However, the present embodiment is not lim-
ited thereto.

(Another Embodiment)

[0047] Inthe above-described embodiments, the wing
111c is substantially in the form of a triangle. However,
the present invention is not limited thereto. Another
shape such as a rectangle or a hemisphere (dome) may
be adopted.

[0048] In the above-described embodiments, the ex-
haust gas heat exchanging device according to the
present invention is applied to the gas cooler 100. How-
ever, another heat exchanger such as a heat exchanger
disposed in a muffler to collect the thermal energy of the
exhaust gas may be applied to the gas cooler 100.
[0049] Inthe above-described embodiments, the wing
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111c is formed by partially cutting and bending the inner
fin 111. However, the present invention is not limited
thereto. The wing 111¢ may be formed on a planar mem-
ber independent of the inner fin 111c, and the planar
member on which the wing 111c is formed may be con-
nected to the inner fin 111 by connecting means such as
welding.

[0050] Although the present invention has been de-
scribed in detail with embodiments thereof, it should be
understood by those skilled in the art that various other
changes and modifications may be made therein and
thereto without departing from the spirit and the scope
of the invention.

Claims

1. Anexhaust gas heat exchanger in which an exhaust
gas is heat-exchanged with cooling fluid comprising;

an exhaust gas passage (110a) through which
an exhaust gas discharged from an internal
combustion engine passes, and outside which
the cooling fluid flows; and

an offset-type fin (111) that is disposed in the
exhaust gas passage (110a) and that has a rec-
tangular corrugated cross sectional shape as
viewed in an exhaust gas flowing direction, and
wherein a plurality of side surface portions of the
rectangular corrugated cross sectional shape
are offset in the direction perpendicular to the
flowing direction so as to form a plurality of seg-
ments, and

projections (111c), which project inwardly of the
fin (111), are formed in the planar portion (111a)
of the rectangular corrugated cross sectional
shape of the fin (111), and

each projection (111c) of an upper-stream-side
one of upper-stream-side and lower-stream-
side segments adjacentto each otherin the flow-
ing direction is opposed to an upper-stream end
of the side surface portion of the lower-stream-
side segment.

2. An exhaust gas heat exchanger according to claim
wherein
each of the projections (111c) is formed by partially
cutting and bending the planar portions (111a).

3. An exhaust gas heat exchanger according to claim
2, wherein
the segments are arranged in a zig-zag fashion along
the flow of exhaust gas,
the projections (111c¢) are triangular,
the surface of the projections (111c) is inclined with
respect to the flow of exhaust gas, so that the amount
of the protrusion thereof from the planar portion
(111a) increases toward the downstream side of the

10

15

20

25

30

35

40

45

50

55

flow of exhaust gas, and

the projecting direction of each of projection (111c)
is different from that of the adjacent projection (111c)
along the flow of exhaust gas.

An exhaust gas heat exchanger according to any
one of claims 1 to 3, wherein

the exhaust gas is an EGR gas which is supplied to
an intake port, and

the cooling fluid is a cooling fluid for cooling an in-
ternal combustion engine.
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