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Description
Technical Field

[0001] This invention relates to an EGR cooler at-
tached to an EGR apparatus, which recirculates ex-
haust gas from an engine to suppress generation of ni-
trogen oxides, so as to cool the exhaust gas for recircu-
lation.

Background Art

[0002] Fig. 1 is a sectional view showing a conven-
tional EGR cooler in which reference numeral 1 denotes
a cylindrical shell with axial opposite ends to which
plates 2 are respectively fixed so as to close the ends
of the shell 1. Penetratingly fixed to the respective plates
2 are opposite ends of a number of tubes 3 which extend
in parallel with axial extension x of the shell 1. The tubes
3 extend axially within the shell 1.

[0003] The shell 1 is provided with cooling water inlet
4 in the vicinity of one end of the shell 1 and with cooling
water outlet 5 in the vicinity of the other end of the shell
1 so that cooling water 9 is supplied via the cooling water
inlet 4 into the shell 1, flows outside of the tubes 3 and
is discharged via the cooling water outlet 5 out of the
shell 1.

[0004] The respective plates 2 have, on their sides
away from the shell 1, hoods 6A and 6B fixed to the
plates 2 so as to enclose end faces of the plates 2. The
one and the other hoods 6A and 6B provide central ex-
haust gas inlet and outlet 7 and 8, respectively, so that
the exhaust gas 10 from the engine enters via the ex-
haust gas inlet 7 into the one hood 6A, is cooled, during
passage through the tubes 3, by means of heat ex-
change with the cooling water 9 flowing outside of the
tubes 3 and is discharged to the other hood 6B to be
recirculated via the exhaust gas outlet 8 to the engine.
[0005] However, such conventional EGR cooler has
a drawback of poor heat exchange efficiency since the
exhaust gas 10 flows straight in the tubes 3 and is in-
sufficiently contacted with inner peripheries of the tubes
3.

[0006] Moreover, as shown in Fig. 2 in an enlarged
scale, the one hood 6A is composed of a tapered portion
6x divergent in a linear contour from the exhaust gas
inlet 7 toward the shell 1 and a cylindrical portion 6y with
substantially the same diameter as that of the shell 1.
With such construction, the flow of the exhaust gas 10
introduced via the exhaust gas inlet 7 tends to come off
from the inner periphery of the tapered portion 6x to gen-
erate turbulence inside from the tapered portion 6x to
the cylindrical portion 6y, leading to difficulty in introduc-
tion of the exhaust gas 10 into the tubes 3 arranged on
the circumferential side of the plate 2. Such non-uniform
distribution of the exhaust gas 10 to the respective tubes
3 also adversely affects on heat exchange efficiency and
causes a fear that the tubes 3 on the central side may
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have higher temperature than that of the tubes 3 on the
circumferential side, leading to local thermal deforma-
tion.

[0007] On the other hand, as shown in Fig. 3 in an
enlarged scale, the other hood 6B is formed in the same
manner as the one hood 6A described above, so that
the exhaust gas 10 discharged out of the tubes 3 on the
circumferential side collides against the tapered portion
6x of the hood 6A and is abruptly changed in direction
of flow, which causes pressure increase of outlet por-
tions of the tubes 3 on the circumferential side, which in
turn provides ventilation resistance to the exhaust gas
10 in the tubes 3 on the circumferential side, resulting
in much more difficulty in introducing the exhaust gas
10 to the tubes 3 on the circumferential side. This cause
also results in non-uniform distribution of the exhaust
gas 10 to the respective tubes 3 to thereby deteriorate
the heat exchange efficiency and results in a fear that
the temperature of the tubes 3 on the central side may
be increased more than that of the tubes 3 on the cir-
cumferential side, leading to local thermal deformation.
[0008] Moreover, as shown in Fig. 4, the conventional
arrangement of the tubes 3 is such that tubes 3 are ar-
ranged in staggered layout based on triangle as shown
by two-dot chain line in the figure, which provides a rel-
atively large clearance between the cylindrical shell 1
and the tubes 3 on the circumferential side. As a result,
the cooling water 9 introduced via the cooling water inlet
4 tends to flow preferentially on the circumferential side
where the flow resistance is low whereas the cooling wa-
ter 9 flows insufficiently on the central side where the
tubes 3 are arranged closely. Also due to this cause, the
heat exchange efficiency in the tubes 3 on the central
side is deteriorated than that in the tubes 3 on the cir-
cumferential side, causing a fear that the temperature
of the tubes 3 on the central side may be increased more
than that of the tubes 3 on the circumferential side to
thereby cause local thermal deformation.

[0009] Furthermore, in the conventional EGR cooler
described above, there is also a disadvantage that the
cooling water 9 supplied via the cooling water inlet 4 to
the shell 1 flows toward the cooling water outlet 5 non-
uniformly with respect to cross section of the shell 1. As
shown by a route 12 in Fig. 1, prevailing is the flow
which, after flowing into the shell 1 via the cooling water
inlet 4, crooks catercorner toward the cooling water out-
let 5 to thereby result in stagnation of the cooling water
9 in the vicinity of corners in the shell 1 opposed to the
cooling water inlet and outlet 4 and 5, respectively, thus
providing cooling water stagnant areas 13; as a result,
arises a problem that the heat exchange efficiency in
these areas decreases. In particular, at a position dia-
metrically opposed to the cooling water inlet 4 where the
hot exhaust gas 10 is introduced, there is a fear that the
tubes 3 may locally have high temperature in the vicinity
of the cooling water stagnant area 13, causing thermal
deformation.

[0010] Figs. 5 and 6 show a further conventional EGR
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cooler. With the EGR cooler shown here, a shell 1 is
formed in a box shape flattened longitudinally (perpen-
dicular to the axial extension x of the shell 1) due to is-
sues raised in mounting it on a vehicle. The respective
hoods 6A and 6B are diverged outwardly of the longer
sides of the end faces of the shell 1 (vertically in the
example shown in the figure) from the exhaust gas inlet
and outlet 7 and 8, respectively, to the shell 1 so as to
wholly enclose the end faces of the respective plates 2.
[0011] Inthe EGR cooler formed in such flattened box
shape, the exhaust gas 10 introduced via the exhaust
gas inlet 7 into the hood 6A tends to flow straight in the
flow direction at the time of being introduced and is hard-
ly diffused outwardly of the longer sides of the end face
of the shell 1; also arises a disadvantage that the gas
flow tends to come off in the hood 6A in the vicinity of
the exhaust gas inlet 7 to readily cause turbulence. As
aresult, there is a fear that the exhaust gas 10 may flow
one-sidedly into the tubes 3 centrally of the longer side
of the end face of the shell 1 so that the temperature of
the tubes 3 in question may increase mainly on the inlet
side of the exhaust gas 10, thereby causing local ther-
mal deformation, whereas the amount of the exhaust
gas 10 distributed to the tubes 3 outwardly of the longer
sides of the end face of the shell 1 is insufficient, causing
a problem that the heat exchange efficiency in this area
decreases.

[0012] Fig. 7 shows a still further conventional EGR
cooler. With this EGR cooler shown here, the hoods are
omitted due to issues raised in mounting it on a vehicle,
and gas pipings 11 extending substantially perpendicu-
lar to the axial extension x of the shell 1 are bent or
turned by about 90 degrees to and directly connected
with opposite ends of the shell 1. Ends of the respective
gas pipings 11 on the sides connected to the shell 1 are
shaped in the form of bowls imitating the conventional
hoods 6A and 6B (see Fig. 1) in the prior art shown in
Figs. 1 to 4.

[0013] In such type of EGR cooler, which has the gas
pipings 11 bent or turned substantially perpendicular to
and connected with the opposite ends of the shell 1, the
gas flow comes off from inside of the turn to readily
cause turbulence particularly on the inlet side of the ex-
haust gas 10 due to the abrupt bent or turn of the gas
piping 11; therefore, there is a fear that the exhaust gas
10 may tend to flow one-sidedly into the tubes 3 which
confront outside of the turn and the tubes 3 in question
increases in temperature on the inlet side of the exhaust
gas 10 to cause local thermal deformation whereas the
amount of the exhaust gas 10 distributed to the tubes 3
which confront inside of the turn is insufficient, causing
a problem that the heat exchange efficiency in this area
decreases.

[0014] In view of the above facts, the present inven-
tion was made to provide an EGR cooler which can im-
prove the heat exchange efficiency of the exhaust gas
with the cooling water more than before and which, par-
ticularly in a case where local thermal deformation may
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occur, can prevent such thermal deformation from oc-
curring.

Summary of The Invention

[0015] An EGR cooler according to claim 1 of the in-
vention comprises tubes and a shell enclosing said
tubes, cooling water being supplied into and discharged
from said shell, exhaust gas being passed through said
tubes for thermal exchange of said exhaust gas with
said cooling water, and is characterized in that the tube
is formed, on an inner periphery thereof, with a plurality
of streaks of spiral protrusions.

[0016] Such formation of the plurality of streaks of spi-
ral protrusions on the inner periphery of the tube causes
the exhaust gas passing through the tube to be whirled
along the spiral protrusions into turbulence and increas-
es contact frequency and contact distance thereof to the
inner periphery of the tube. As a result, the exhaust gas
is contacted with the inner periphery of the tube evenly
and sufficiently, substantially improving the heat ex-
change efficiency of the EGR cooler.

[0017] Suppose that only one streak of spiral protru-
sion is formed on the inner periphery of the tube and its
pitch is made closer; then, the inclination angle of the
spiral protrusion to the exhaust flow 10 increases and
approaches a right angle, resulting in increase of the
pressure loss. However, according to the invention
which is formed with especially a plurality of streaks of
spiral protrusions, even if pitch between the spiral pro-
trusions is made closer, the inclination angle of the spiral
protrusions to the flow of the exhaust gas can be sup-
pressed, whereby whirl force can be increased without
increase of the pressure loss.

[0018] An EGR cooler according to claim 2 of the in-
vention comprises tubes and a shell enclosing said
tubes, cooling water being supplied into and discharged
from said shell, exhaust gas being passed through said
tubes for thermal exchange of said exhaust gas with
said cooling water, and is characterized in that a spiral
wire rod is fitted into the tube.

[0019] Such fitting of the spiral wire rod into the tube
causes the exhaust gas passing through the tube to be
whirled along the spiral wire rod into turbulence, and in-
creases contact frequency and contact distance thereof
to the inner periphery of the tube. As a result, the ex-
haust gas is contacted with the inner periphery of the
tube evenly and sufficiently, substantially improving the
heat exchange efficiency of the EGR cooler.

[0020] An EGR cooler according to claim 3 of the in-
vention comprises a cylindrical shell, plates fixed to axial
opposite ends of said shell so as to close the ends of
the shell, hoods fixed to sides of the plates away from
said shell so as to enclose end faces of the plates, tubes
extending axially within the shell and having opposite
ends penetratingly fixed to the respective plates, cooling
water being supplied into and discharged from said
shell, exhaust gas being passed through said tubes from
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one of the hoods to the other hood for thermal exchange
of said exhaust gas with said cooling water, and is char-
acterized in that the hood on an inlet side of the exhaust
gas is formed in a bellmouth shape with a concave face
facing outward so as to gradually increase the diameter
in the flow direction of the exhaust gas.

[0021] This enhances the tendency of the exhaust
gas flowing in laminar flow along the inner periphery of
the hood without coming off; and hence turbulence hard-
ly occurs in the circumferential portion in the hood, mak-
ing it easy to introduce the exhaust gas to the tubes ar-
ranged on the circumferential side just as the tubes on
the central side. As aresult, the exhaust gas is uniformly
distributed to the respective tubes to thereby substan-
tially increase the heat exchange efficiency; moreover,
the tubes on the central side and the tubes on the cir-
cumferential side can be uniformly heated to thereby
avoid thermal deformation due to local high tempera-
ture.

[0022] An EGR cooler according to claim 4 of the in-
vention comprises a cylindrical shell, plates fixed to axial
opposite ends of said shell so as to close the ends of
the shell, hoods fixed to sides of the plates away from
said shell so as to enclose end faces of the plates, tubes
extending axially within the shell and having opposite
ends penetratingly fixed to the respective plates, cooling
water being supplied into and discharged from said
shell, exhaust gas being passed through said tubes from
one of the hoods to the other hood for thermal exchange
of said exhaust gas with said cooling water, and is char-
acterized in that the hood on an outlet side of the ex-
haust gas is formed in a bowl shape with a convex face
facing outward so as to gradually decrease the diameter
in the flow direction of the exhaust gas.

[0023] This causes the exhaust gas, which is dis-
charged out of the tubes on the circumferential side, to
form laminar flow along the inner periphery of the hood
and smoothly change the direction of the flow. Hence,
pressure increase hardly occurs at the outlet portion of
the tubes on the circumferential side, which decreases
ventilation resistance of the exhaust gas in the tubes on
the circumferential side, making it easy to introduce the
exhaust gas to the tubes arranged on the circumferential
side just as the tubes on the central side. As a result,
the exhaust gas is uniformly distributed to the respective
tubes to thereby substantially increase the heat ex-
change efficiency; moreover, the tubes on the central
side and the tubes on the circumferential side can be
uniformly heated so that thermal deformation due to lo-
cal high temperature is avoided.

[0024] An EGR cooler according to claim 5 of the in-
vention comprises a cylindrical shell, plates fixed to axial
opposite ends of said shell so as to close the ends of
the shell, hoods fixed to sides of the plates away from
said shell so as to enclose end faces of the plates, tubes
extending axially within the shell and having opposite
ends penetratingly fixed to the respective plates, cooling
water being supplied into and discharged from said
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shell, exhaust gas being passed through said tubes from
one of the hoods to the other hood for thermal exchange
of said exhaust gas with said cooling water, and is char-
acterized in that the respective tubes are arranged in
multi-concentric circles about the axis of the shell.
[0025] This enables the tubes on the circumferential
side to be arranged along the cylindrical shell, thereby
substantially reducing the clearance between them and
substantially suppressing a tendency that the cooling
water introduced into the shell preferentially flows on the
circumferential side. In addition, upon arrangement of
the same number of tubes having the same diameter as
the conventional case, the gap between the respective
tubes can be secured wider than before and the cooling
water can be sufficiently supplied even into the tubes on
the central side. Hence, the tubes on the central side
and the tubes on the circumferential side can be uni-
formly cooled to thereby avoid local high temperature,
substantially improving the heat exchange efficiency of
the exhaust gas with the cooling water.

[0026] An EGR cooler according to claim 6 of the in-
vention comprises a cylindrical shell, plates fixed to axial
opposite ends of said shell so as to close the ends of
the shell, hoods fixed to sides of the plates away from
said shell so as to enclose end faces of the plates, tubes
extending axially within the shell and having opposite
ends penetratingly fixed to the respective plates, cooling
water being supplied into and discharged from said
shell, exhaust gas being passed through said tubes from
one of the hoods to the other hood for thermal exchange
of said exhaust gas with said cooling water, and is char-
acterized in that the shell is provided, at one of axial
ends thereof, with a cooling water inlet for introduction
of cooling water into said shell and, at the other axial
end of the shell, with a cooling water outlet for discharge
of the cooling water out of said shell, there being pro-
vided a bypass outlet for pulling out part of the cooling
water introduced via the cooling water inlet, at a position
diametrically opposed to the cooling water inlet at the
one axial end of the shell.

[0027] Thus, when part of the introduced cooling wa-
ter is pulled out via the bypass outlet while introducing
the cooling water via the cooling water inletinto the shell,
no cooling water stagnates at a position diametrically
opposed to the cooling water inlet at the one axial end
of the shell and no cooling water stagnant are is formed
here. As a result, local high temperature in the tubes on
the one axial end of the shell is averted to substantially
improve the heat exchange efficiency of the exhaust gas
with the cooling water.

[0028] An EGR cooler according to claim 7 of the in-
vention comprises a cylindrical shell, plates fixed to axial
opposite ends of said shell so as to close the ends of
the shell, hoods fixed to sides of the plates away from
said shell so as to enclose end faces of the plates, tubes
extending axially within the shell and having opposite
ends penetratingly fixed to the respective plates, cooling
water being supplied into and discharged from said
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shell, exhaust gas being passed through said tubes from
one of the hoods to the other hood for thermal exchange
of said exhaust gas with said cooling water, and is char-
acterized in that the hood on an inlet side of the exhaust
gasis formed in a bellmouth shape in section with abrupt
divergency from the exhaust gas inlet opened on the ax-
ial extension of the shell toward the shell in the direction
of the longer sides of the end face of the shell, to thereby
wholly enclose the end face of the plate, and having a
curved portion adjacent to the exhaust gas inlet curved
in a concave face facing outward, that a pair of guide
plates arcuately curved from a direction along the axial
extension of the shell to outward of the longer sides of
the end face of the shell are arranged in the form of fig-
ure A (eight) in Chinese character, in the hood on the
inlet side of the exhaust gas at a position facing to the
exhaust gas inlet, and that arranged at an intermediate
position between the respective guide plates is a round
bar extending in the direction of the shorter sides of the
end face of the shell for dividing a main stream of the
exhaust gas.

[0029] This smoothly changes the direction of the flow
by means of the respective guide plates and favorably
scatters the exhaust gas, introduced via the exhaust gas
inlet, outward of the longer sides of the end face of the
shell. Moreover, the flow of the exhaust gas having
passed through between the respective guide plates
collides against the round bar and divided to be favora-
bly scattered. Furthermore, the gas flow does not come
off along the curved surface, to increase the tendency
of forming laminar flow in the vicinity of the exhaust gas
inlet in the hood, and hence turbulence of the gas flow
hardly occurs in the hood on the inlet side of the exhaust
gas, making it easy to introduce the exhaust gas also to
the tubes arranged outwardly in the direction of the long-
er sides of the end face of the shell. As a result, the ex-
haust gas is introduced and distributed to all the tubes
substantially uniformly, to avoid local high temperature
of the tubes, thereby substantially improving the heat
exchange efficiency of the exhaust gas with the cooling
water.

[0030] An EGR cooler according to claim 8 of the in-
vention comprises a cylindrical shell, plates fixed to axial
opposite ends of said shell so as to close the ends of
the shell, hoods fixed to sides of the plates away from
said shell so as to enclose end faces of the plates, tubes
extending axially within the shell and having opposite
ends penetratingly fixed to the respective plates, cooling
water being supplied into and discharged from said
shell, exhaust gas being passed through said tubes from
one of the hood to the other hood for thermal exchange
of said exhaust gas with said cooling water, and is char-
acterized in that gas pipings extending substantially per-
pendicular to axial extension of the shell are gradually
increased in diameter and gradually bent or turned to
the axial opposite ends of the shell such that the gas
flow does not come off, and is connected to the shell
such that the axial extension x of the shell 1 and the axial
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line of each gas piping cross each other with a prede-
termined angle.

[0031] This smoothly changes the direction of the flow
of the exhaust gas, which is guided toward the axial one
end of the shell, such that the exhaust gas forms laminar
flow along an inner periphery of the gas piping and that
the direction of the flow after being changed is not com-
pletely aligned with the axial direction of the shell, re-
sulting in collision of the gas flow with uniform flow rate
distribution against the plate on the axial one end of the
shell, whereby the exhaust gas can be introduced and
distributed substantially uniformly with no bias to all the
tubes while turbulence of the gas flow on the side of the
axial one end of the shell is suppressed. On the other
hand, the exhaust gas coming out through each tube to
the side of the axial other end of the shell is also smooth-
ly changed in direction of flow to form laminar flow along
the inner periphery of the gas piping and is smoothly
discharged at the outlet portion of each tube, without
being subjected to local ventilation resistance. As a re-
sult, local high temperature of the tubes is averted and
heat exchange efficiency of the exhaust gas with the
cooling water is substantially improved.

Brief Description of Drawings
[0032]

Fig. 1 is a sectional view showing a conventional
EGR cooler;

Fig. 2 is a sectional view showing details of a hood
on an inlet side of exhaust gas in Fig. 1;

Fig. 3 is a sectional view showing details of a hood
on an outlet side of the exhaust gas in Fig. 1;

Fig. 4 is a sectional view looking in the direction of
arrows IV in Fig. 2;

Fig. 5 is a sectional view showing a further conven-
tional EGR cooler;

Fig. 6 is a sectional view looking in the direction of
arrows VI in Fig. 5;

Fig. 7 is a sectional view showing a still further con-
ventional EGR cooler;

Fig. 8 is an enlarged sectional view showing an em-
bodiment of the invention as set forth in claim 1;
Fig. 9 is a schematic illustration showing a case
where the spiral protrusion in Fig. 8 is in one streak;
Fig. 10 is a schematic illustration showing a case
where the pitch of the spiral protrusion in Fig. 9 is
made closer;

Fig. 11 is a schematic illustration showing a case
where the spiral protrusions in Fig. 8 are in two
streaks;

Fig. 12 is an enlarged sectional view showing an
embodiment of the invention as set forth in claim 2;
Fig. 13 is a sectional view showing an embodiment
of the invention as set forth in claim 3;

Fig. 14 is a sectional view showing an embodiment
of the invention as set forth in claim 4;
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Fig. 15 is a sectional view showing an embodiment
of the invention as set forth in claim 5;

Fig. 16 is a sectional view showing an embodiment
of the invention as set forth in claim 6;

Fig. 17 is a sectional view showing an embodiment
of the invention as set forth in claim 7; and

Fig. 18 is a sectional view showing an embodiment
of the invention as set forth in claim 8.

Best Mode for Carrying Out the Invention

[0033] Now, embodiments of the invention will be de-
scribed in conjunction with illustrated examples.
[0034] Fig. 8 is an enlarged sectional view showing
an embodiment of the invention as set forth in claim 1
in which the same parts as those in Fig. 1 are denoted
by the same reference numerals.

[0035] In this embodiment, with respect to an EGR
cooler constructed substantially in the same manner as
that described above with reference to Fig. 1, each tube
3 extend through plates 2 and has a plurality of streaks
(two streaks in the embodiment shown in Fig. 8) of spiral
protrusions 14 and 15 on an inner periphery of the tube
3.

[0036] Inacase where the tube 3 has a thin wall thick-
ness, the plurality of streaks of spiral protrusions 14 and
15 are formed by spirally indenting the tube 3 from out-
side by means of a roll or the like having spiral convex
streaks so that pressed portions from outside provide
the plurality of streaks of spiral protrusions 14 and 15
on the inner periphery of the tube 3.

[0037] When, as shown in Fig. 8, for example, two
steaks of spiral protrusions 14 and 15 mutually different
in phase by 180 degrees in the circumferential direction
coexist on the inner periphery of the tube 3, the spiral
protrusions 14 and 15 diametrically opposed to each
other are counter-crossed with each other at each po-
sition in the longitudinal direction, which increases
strength against the bending stress of the tube 3.
[0038] Inthe case of a tube 3 having a thick wall thick-
ness, however, the plurality of streaks of spiral protru-
sions 14 and 15 may be formed by cutting the inner pe-
riphery of the tube 3 so as to leave the plurality of streaks
of spiral protrusions 14 and 15.

[0039] Such formation of the plurality of streaks of spi-
ral protrusions 14 and 15 on the inner periphery of the
tube 3 causes the exhaust gas 10 passing through the
tube 3 to be whirled along the spiral protrusions 14, 15
into turbulence, and increases contact frequency and
contact distance thereof to the inner periphery of the
tube 3. As a result, the exhaust gas 10 is contacted with
the inner periphery of the tube 3 evenly and sufficiently,
enabling substantial improvement in the heat exchange
efficiency of the EGR cooler.

[0040] Suppose that, for example, as schematically
shown in Fig. 9, only one streak of spiral protrusion 14
is formed on the inner periphery of the tube 3 at an in-
clination angle o to the flow of the exhaust gas 10; then,

10

15

20

25

30

35

40

45

50

55

pitch P of the spiral protrusion 14 is made closer as
shown in Fig. 10, the inclination angle of the spiral pro-
trusion 14 increases into § and approaches a right an-
gle, resulting in increase of the pressure loss. However,
in this embodiment where the plurality of streaks of spi-
ral protrusions 14 and 15 are formed, even if pitch P be-
tween the spiral protrusions 14 and 15 is made closer
as shown in Fig. 11, the inclination angle vy of the spiral
protrusions 14 and 15 to the flow of the exhaust gas 10
can be suppressed, whereby whirl force can be in-
creased without increase of the pressure loss.

[0041] Fig. 12 is an enlarged sectional view showing
an embodiment of the invention as set forth in claim 2.
Adopted in this embodiment is a structure with a shell 1
formed as a cylindrical container, opposite ends of each
tube 3 passing through and being fixed to axial opposite
ends of the shell 1, respectively. The tube 3 is of in-
creased diameter and of increased wall thickness so
that the flow cross sectional area and strength are en-
hanced to reduce the required number of tubes 3 to the
minimum.

[0042] Fitted over a tip of the tube 3 projected outside
of the shell 1 is a gas flange 16 to which line for recircu-
lation of the exhaust gas 10 is directly connected in
branched manner.

[0043] With respectto the EGR cooler thus construct-
ed, a spiral wire rod 17 in a form of a coiled spring is
fitted in the tube 3 substantially over the whole length
thereof; opposite ends of this spiral wire rod 17 are fixed
to the inner periphery of the tube 3 by welding 18.
[0044] That is to say, the embodiment shown in Fig.
12 is suitable for a case where the diameter and the wall
thickness of the tube 3 are large, and has an advantage
that machining is easier than the case where the above-
mentioned spiral protrusions 14 and 15 as shown in Fig.
8 are formed.

[0045] The exhaust gas 10 passing through the tube
3 is whirled along the spiral wire rod 17 into turbulence,
and its contact frequency and contact distance to the
inner periphery of the tube 3 increase. As a result, the
exhaust gas 10 is contacted with the inner periphery of
the tube 3 evenly and sufficiently, enabling substantial
improvementin the heat exchange efficiency of the EGR
cooler.

[0046] Fig. 13 shows an embodiment of the invention
as set forth in claim 3. In this embodiment, with respect
to an EGR cooler constructed substantially in the same
manner as that described above with reference to Fig.
1, a hood 6A on the inlet side of the exhaust gas 10 is
formed in a bellmouth shape with a concave face facing
outward so as to gradually increase the diameter in the
flow direction of the exhaust gas 10.

[0047] This enhances the tendency of the exhaust
gas 10, which is introduced via the exhaust gas inlet 7,
forming laminar flow along the inner periphery of the
hood 6A without coming-off, and hence turbulence hard-
ly occurs in the circumferential portion in the hood 6A,
making it easy to introduce the exhaust gas 10 to the
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tubes 3 arranged on the circumferential side just as the
tubes 3 on the central side. As a result, the exhaust gas
10 is uniformly distributed to the respective tubes 3 to
thereby substantially increase the heat exchange effi-
ciency; moreover, the tubes 3 on the central side and
the tubes 3 on the circumferential side can be uniformly
heated to thereby avoid a thermal deformation due to
local high temperature.

[0048] Fig 14 shows an embodiment of the invention
as set forth in claim 4. In this embodiment, with respect
to an EGR cooler constructed substantially in the same
manner as the EGR cooler described above with refer-
ence to Fig. 1, a hood 6B on the outlet side of the ex-
haust gas 10 is formed in a bowl shape with a convex
face facing outward so as to gradually decrease the di-
ameter in the flow direction of the exhaust gas 10.
[0049] This enables the exhaust gas 10, which is dis-
charged out of the tubes 3 on the circumferential side,
to form laminar flow along the inner periphery of the
hood 6B and to smoothly change the direction of the
flow. Hence, pressure increase hardly occurs at the out-
let portion of the tubes 3 on the circumferential side,
which decreases ventilation resistance of the exhaust
gas 10in the tubes 3 on the circumferential side, making
it easy to introduce the exhaust gas 10 to the tubes 3
arranged on the circumferential side just as the tubes 3
on the central side. As a result, the exhaust gas 10 is
uniformly distributed to the respective tubes 3 to thereby
substantially increase the heat exchange efficiency;
moreover, the tubes 3 on the central side and the tubes
3 on the circumferential side can be uniformly heated to
thereby avoid thermal deformation due to local high tem-
perature.

[0050] Fig. 15 shows an embodiment of the invention
as set forth in claim 5. In this embodiment, with regard
to an EGR cooler constructed substantially in the same
manner as that described above with reference to Fig.
1, the respective tubes 3 are arranged in multi-concen-
tric circles about the axis O of the shell 1. In the illustra-
tion in Fig. 15, the same number of tubes 3 having the
same diameter as in Fig. 4 are arranged.

[0051] This enables the tubes 3 on the circumferential
side to be arranged along the cylindrical shell 1, to there-
by substantially reduce the clearance between them
and suppress a tendency that the cooling water 9 intro-
duced into the shell 1 via the cooling water inlet 4 pref-
erentially flows on the circumferential side. In addition,
upon arrangement of the same number of tubes 3 hav-
ing the same diameter as the conventional case, the gap
between the respective tubes 3 can be secured wider
than before and the cooling water 9 can be sufficiently
supplied even into the tubes 3 on the central side.
Hence, the tubes 3 on the central side and the tubes 3
on the circumferential side can be uniformly cooled to
thereby avoid local high temperature, enabling substan-
tial improvement in the heat exchange efficiency be-
tween the exhaust gas 10 and the cooling water 9.
[0052] Fig. 16 shows an embodiment of the invention
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as set forth in claim 6. In this embodiment, with respect
to an EGR cooler constructed substantially in the same
manner as that described above with reference to Fig.
8, there is provided a bypass outlet 19 for pulling out
part of the cooling water 9 introduced via the cooling
water inlet 4, at a position diametrically opposed to the
cooling water inlet 4 at one axial end of the shell 1.
[0053] Thus, the exhaust gas 10 of the engine enters
via the exhaust gas inlet 7, passing through the one
hood 6A, scatters and passes through the plurality of
tubes 3, enters into the other hood 6B and is recirculated
to the engine via the exhaust gas outlet 8; on the other
hand, the cooling water 9 is supplied via the cooling wa-
ter inlet 4 into the shell 1 and flows towards the cooling
water outlet 5. At this time, if part of the introduced cool-
ing water 9 is pulled out via the bypass outlet 19 while
introducing the cooling water 9 via the cooling water inlet
4 into the shell 1, no cooling water 9 stagnates at a po-
sition diametrically opposed to the cooling water inlet 4
at the one axial end of the shell 1, and hence no cooling
water stagnant area is formed here. As a result, local
high temperature in the tubes 3 on the one axial end of
the shell 1 is averted, thereby substantial improving the
heat exchange efficiency of the exhaust gas 10 with the
cooling water 9.

[0054] Fig. 17 shows an embodiment of the invention
as set forth in claim 7. In this embodiment, with respect
to an EGR cooler constructed substantially in the same
manner as that described above with reference to Figs.
5 and 6, a hood 6A on the inlet side of the exhaust gas
10 is formed in a bellmouth shape in section with abrupt
divergency from the exhaust gas inlet 7 opened on the
axial extension x of the shell 1 toward the shell 1 in the
direction of the longer sides (in vertical direction in the
example shown in the figure) of the end face of the shell
1 to thereby wholly enclose the end face of the plate 2,
and having a curved portion 20 adjacent to the exhaust
gas inlet 7 curved in a concave face facing outward so
that the gas flow does not come off. A pair of guide plates
21 arcuately curved from a direction along the axial ex-
tension x of the shell 1 to outward of the direction of the
longer side of the end face of the shell 1 are arranged
in the form of figure A (eight) in Chinese character, in
the hood 6A on the inlet side of the exhaust gas at a
position facing to the exhaust gas inlet 7. Arranged at
an intermediate position between the respective guide
plates 21 is a round bar 22 extending in the direction of
the shorter sides (corresponding to the right and left di-
rection in Fig. 6) of the end face of the shell 1 for dividing
the main stream of the exhaust gas 10.

[0055] This smoothly changes the direction of the flow
by means of the respective guide plates to favorably
scatter the exhaust gas 10, introduced via the exhaust
gas inlet 7 into the hood 6A, outward of the longer sides
of the end face of the shell 1. Also, the flow of the ex-
haust gas 10 having passed through between the re-
spective guide plates 21 collides against the round bar
22 and divided to be favorably scattered. Moreover, the
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gas flow does not come off along the curved surface 20,
to increase the tendency of flowing in laminar flow in the
vicinity of the exhaust gas inlet 7 in the hood 6A, and
hence turbulence of the gas flow hardly occurs in the
hood 6A on the inlet side of the exhaust gas 10, making
it easy to introduce the exhaust gas 10 also to the tubes
3 arranged outwardly of the longer sides of the end face
of the shell 1. As a result, the exhaust gas 10 is intro-
duced and distributed to all the tubes 3 substantially uni-
formly to avoid local high temperature of the tubes 3,
thereby substantially improving the heat exchange effi-
ciency between the exhaust gas 10 and the cooling wa-
ter 9.

[0056] Fig. 18 shows an embodiment of the invention
as set forth in claim 8. In this embodiment, with respect
to an EGR cooler constructed substantially in the same
manner as that described above with reference to Fig.
7, gas pipings 11 extending substantially perpendicular
to the axial extension x of the shell 1 are gradually in-
creased in diameter and gradually bent or turned to the
axial opposite ends of the shell 1 such that the gas flow
does not come off, and is connected to the shell 1 such
that the axial extension x of the shell 1 and the axial line
y of each gas piping 11 cross each other with a prede-
termined angle 6.

[0057] This smoothly changes the direction of the flow
of the exhaust gas 10, which is guided toward the axial
one end of the shell 1, such that the exhaust gas forms
laminar flow along an inner periphery of the gas piping
11 and that the direction of the flow after being changed
is not completely aligned with the axial direction of the
shell 1, resulting in collision of the gas flow with uniform
flow rate distribution against the plate 2 on the axial one
end of the shell 1, whereby the exhaust gas 10 can be
introduced arid distributed substantially uniformly with
no bias to all the tubes 3 while turbulence of the gas flow
on the side of the axial one end of the shell 1 is sup-
pressed. On the other hand, the exhaust gas 10 coming
out through each tube 3 to the side of the axial other end
of the shell 1 is also smoothly changed in direction of
flow to form laminar flow along the inner periphery of the
gas piping 11 and is smoothly discharged at the outlet
portion of each tube 3, without being subjected to local
ventilation resistance. As a result, the exhaust gas 10
flows substantially uniformly to all the tubes 3, which
averts local high temperature of the tubes 3 and sub-
stantially improves the heat exchange efficiency of the
exhaust gas 10 with the cooling water 9.

[0058] Itis to be understood that the EGR cooler ac-
cording to the invention is not limited to the above-de-
scribed embodiments and that various modifications
and changes may be made without departing from the
scope of the invention. For example, though the con-
structions shown in the respective drawings may be ap-
plied individually, any combination thereof may attain
synergic effect of improving the heat exchange efficien-
cy of the exhaust gas with the cooling water. Shown in
the illustrated examples is a case where the cooling wa-
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teris in parallel flow to the exhaust gas so as to perform
heat exchange; however, heat exchange may be per-
formed in counterflow.

Industrial Applicability

[0059] Asdescribed above, the EGR cooler according
to the invention is suitable for used in attachment to an
EGR apparatus which recirculates exhaust gas from an
engine to reduce generation of nitrogen oxides.

Claims

1. AnEGR cooler comprising tubes and a shell enclos-
ing said tubes, cooling water being supplied into
and discharged from said shell, exhaust gas being
passed through said tubes for thermal exchange of
said exhaust gas with said cooling water, charac-
terized in that the tube is formed, on an inner pe-
riphery thereof, with a plurality of streaks of spiral
protrusions.

2. AnEGR cooler comprising tubes and a shell enclos-
ing said tubes, cooling water being supplied into
and discharged from said shell, exhaust gas being
passed through said tubes for thermal exchange of
said exhaust gas with said cooling water, charac-
terized in that a spiral wire rod is fitted into the tube.

3. AnEGR cooler comprising a cylindrical shell, plates
fixed to axial opposite ends of said shell so as to
close the ends of the shell, hoods fixed to sides of
the plates away from said shell so as to enclose end
faces of the plates, tubes extending axially within
the shell and having opposite ends penetratingly
fixed to the respective plates, cooling water being
supplied into and discharged from said shell, ex-
haust gas being passed through said tubes from
one of the hoods to the other hood for thermal ex-
change of said exhaust gas with said cooling water,
characterized in that the hood on an inlet side of
the exhaust gas is formed in a bellmouth shape with
a concave face facing outward so as to gradually
increase the diameter in the flow direction of the ex-
haust gas.

4. An EGR cooler comprising a cylindrical shell, plates
fixed to axial opposite ends of said shell so as to
close the ends of the shell, hoods fixed to sides of
the plates away from said shell so as to enclose end
faces of the plates, tubes extending axially within
the shell and having opposite ends penetratingly
fixed to the respective plates, cooling water being
supplied into and discharged from said shell, ex-
haust gas being passed through said tubes from
one of the hoods to the other hood for thermal ex-
change of said exhaust gas with said cooling water,
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characterized in that the hood on an outlet side of
the exhaust gas is formed in a bowl shape with a
convex face facing outward so as to gradually de-
crease the diameter in the flow direction of the ex-
haust gas.

An EGR cooler comprising a cylindrical shell, plates
fixed to axial opposite ends of said shell so as to
close the ends of the shell, hoods fixed to sides of
the plates away from said shell so as to enclose end
faces of the plates, tubes extending axially within
the shell and having opposite ends penetratingly
fixed to the respective plates, cooling water being
supplied into and discharged from said shell, ex-
haust gas being passed through said tubes from
one of the hoods to the other hood for thermal ex-
change of said exhaust gas with said cooling water,
characterized in that the respective tubes are ar-
ranged in multi-concentric circles about the axis of
the shell.

An EGR cooler comprising a cylindrical shell, plates
fixed to axial opposite ends of said shell so as to
close the ends of the shell, hoods fixed to sides of
the plates away from said shell so as to enclose end
faces of the plates, tubes extending axially within
the shell and having opposite ends penetratingly
fixed to the respective plates, cooling water being
supplied into and discharged from said shell, ex-
haust gas being passed through said tubes from
one of the hoods to the other hood for thermal ex-
change of said exhaust gas with said cooling water,
characterized in that the shell is provided, at one
of axial ends thereof, with a cooling water inlet for
introduction of cooling water into said shell and, at
the other axial end of the shell, with a cooling water
outlet for discharge of the cooling water out of said
shell, there being provided a bypass outlet for pull-
ing out part of the cooling water introduced via the
cooling water inlet, at a position diametrically op-
posed to the cooling water inlet at the one axial end
of the shell.

An EGR cooler comprising a cylindrical shell, plates
fixed to axial opposite ends of said shell so as to
close the ends of the shell, hoods fixed to sides of
the plates away from said shell so as to enclose end
faces of the plates, tubes extending axially within
the shell and having opposite ends penetratingly
fixed to the respective plates, cooling water being
supplied into and discharged from said shell, ex-
haust gas being passed through said tubes from
one of the hoods to the other hood for thermal ex-
change of said exhaust gas with said cooling water,
characterized in that the hood on an inlet side of
the exhaust gas is formed in a bellmouth shape in
section with abrupt divergency from the exhaust
gas inlet opened on the axial extension of the shell
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toward the shell in the direction of the longer sides
of the end face of the shell, to thereby wholly en-
close the end face of the plate, and having a curved
portion adjacent to the exhaust gas inlet curved in
a concave face facing outward, that a pair of guide
plates arcuately curved from a direction along the
axial extension of the shell to outward of the longer
sides of the end face of the shell are arranged in the
form of figure /A (eight) in Chinese character, in the
hood on the inlet side of the exhaust gas at a posi-
tion facing to the exhaust gas inlet, and that ar-
ranged at an intermediate position between the re-
spective guide plates is a round bar extending in the
direction of the shorter sides of the end face of the
shell for dividing a main stream of the exhaust gas.

An EGR cooler comprising a cylindrical shell, plates
fixed to axial opposite ends of said shell so as to
close the ends of the shell, hoods fixed to sides of
the plates away from said shell so as to enclose end
faces of the plates, tubes extending axially within
the shell and having opposite ends penetratingly
fixed to the respective plates, cooling water being
supplied into and discharged from said shell, ex-
haust gas being passed through said tubes from
one of the hoods to the other hood for thermal ex-
change of said exhaust gas with said cooling water,
characterized in that gas pipings extending sub-
stantially perpendicular to axial extension of the
shell are gradually increased in diameter and grad-
ually bent or turned to the axial opposite ends of the
shell such that the gas flow does not come off, and
is connected to the shell such that the axial exten-
sion x of the shell 1 and the axial line of each gas
piping cross each other with a predetermined angle.
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