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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates in general to ex-
haust gas recirculation (viz., EGR) devices of an internal
combustion engine, which feed part of the exhaust gas
of the engine back to an intake side of the engine to re-
duce nitrogen oxides (NOx) in the exhaust gas, and more
particularly to the EGR devices of a type that has a gas
cooling means for cooling EGR gas.

2. Description of the Rotated Art

[0002] Hitherto, various EGR devices of an internal
combustion engine have been proposed and put into
practical use particularly in the field of wheeled motor
vehicles. Some of them are of a gas cooling type that
has a means for cooling EGR gas to achieve an efficient
feeding of the EGR gas, which has been thermally ex-
panded, to an intake side of the engine. However, in case
just after engine starting wherein the engine temperature
is low and/or under a low load operation of the engine,
such cooling of EGR gas is not preferable. Actually, in
such cases of the engine, the cooling of EGR gas tends
to cause increase of particulates as well as nitrogen ox-
ides (NOx) in the exhaust gas discharged from the en-
gine.
[0003] For solving such drawbacks, measures are pro-
posed by two Japanese Laid-open Patent Applications
which are Tokuhyohei-9-508691 and Tokkai-
2003-328864. In the former measure, a bypass passage
is provided outside of a gas cooling passage. In the latter
measure, a bypass passage is provided inside of a gas
cooling passage like a nest. In both measures, when the
gas cooling is not necessary, the EGR gas is fed back
to the intake side of the engine through the bypass pas-
sage.
[0004] Another example of a bypass passage provided
inside of an EGR Cooling device is given in document
WO 03/098626.

SUMMARY OF THE INVENTION

[0005] However, even the measures of the published
applications have the following new drawbacks due to
their inherent constructions. That is, in the former meas-
ure, the EGR device has a bulky construction causing a
difficulty with which the EGR device is mounted to the
engine, and in the latter measure, the EGR device fails
to exhibit a satisfied ability for cooling EGR gas fed back
to the engine.
[0006] It is therefore an object of the present invention
to provide an exhaust gas recirculation device of an in-
ternal combustion engine, which is free of the
above-mentioned drawbacks.

[0007] That is, according to the present invention, there
is provided an exhaust gas recirculation device of an in-
ternal combustion engine, which can suitably control the
temperature of EGR gas without enlarging the size of the
device and sacrificing the gas cooling ability.
[0008] More specifically, according to the present in-
vention, there is provided an exhaust gas recirculation
device of an internal combustion engine, which can con-
trol the temperature of EGR gas in accordance with an
operation condition of the engine.
[0009] In accordance with a first aspect of the present
invention, there is provided an exhaust gas recirculation
device of an internal combustion engine, which compris-
es a first elongate casing having gas inlet and outlet ports
at axially opposed ends; a second elongate casing re-
ceived in the first elongate casing to define therebetween
an axially extending space, the second elongate casing
including a first gas flow passage and a water flow pas-
sage that surrounds the first gas flow passage, the first
gas flow passage having an inlet part exposed to the gas
inlet port and an outlet part exposed to the gas outlet
port; a third elongate casing received in the axially ex-
tending space to define between the first elongate casing
and the third elongate casing a bypass passage and be-
tween the third elongate casing and the second elongate
casing a second gas flow passage, the bypass passage
and the second gas flow passage having each an inlet
part exposed to the gas inlet port and an outlet part ex-
posed to the gas outlet port; and a gas flow rate controller
installed in either one of the gas inlet and outlet ports of
the first elongate casing to control a gas flow rate among
the bypass passage, the first gas flow passage and the
second gas flow passage.
[0010] In accordance with a second aspect of the
present invention, there is provided an exhaust gas re-
circulation device of an internal combustion engine, com-
prising a first elongate casing having gas inlet and outlet
ports at axially opposed ends; a second elongate casing
received in the first elongate casing to define therebe-
tween an axially extending space, the second elongate
casing including a first gas flow passage and a water flow
passage that surrounds the first gas flow passage, the
first gas flow passage having an inlet part exposed to the
gas inlet port and an outlet part exposed to the gas outlet
port; a third elongate casing received in the axially ex-
tending space to define between the first elongate casing
and the third elongate casing a bypass passage and be-
tween the third elongate casing and the second elongate
casing a second gas flow passage, the bypass passage
and the second gas flow passage having each an inlet
part exposed to the gas inlet port and an outlet part ex-
posed to the gas outlet port; and a gas flow rate controller
installed in the gas inlet port of the first elongate casing
to control a rate between the amount of gas flowing in
both the first and second gas flow passages and the
amount of gas flowing in the bypass passage.
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BRIEF DESCRIPTION OF THE DRAWIGNS

[0011] Other objects and advantages of the present
invention will become apparent from the following de-
scription when taken in conjunction with the accompany-
ing drawings, in which:

Fig. 1 is a sectional view of an exhaust gas recircu-
lation device which is a first embodiment of the
present invention;
Fig. 2 is a view taken from the direction of the arrow
"A" of Fig. 1;
Fig. 3 is a side view of the exhaust gas recirculation
device of the first embodiment;
Fig. 4 is a view similar to Fig. 1, but showing an ex-
haust gas recirculation device of a second embodi-
ment of the present invention;
Fig. 5 is a view taken from the direction of the arrow
"B" of Fig. 4; and
Fig. 6 is a view similar to Fig. 1, but showing an ex-
haust gas recirculation device of a third embodiment
of the present invention.

DETAILED DESCRIPTION OF THE EMBODIMETS

[0012] In the following, three embodiments 100, 200
and 300 of the present invention will be described in detail
with reference to the accompanying drawings.
[0013] For ease of understanding, various directional
terms, such as, right, left, upper, lower, rightward and the
like are used in the following description. However, such
terms are to be understood with respect to only a drawing
or drawings on which a corresponding part or portion is
shown.
[0014] Referring to Figs. 1 to 3 of the drawings, there
is shown an exhaust gas recirculation (EGR) device 100
which is a first embodiment of the present invention.
[0015] Although not shown in the drawings, the EGR
device 100 is arranged in an EGR piping that has an EGR
gas inlet exposed to an interior of an exhaust passage
of an associated internal combustion engine and an EGR
gas outlet exposed to an interior of an air intake passage
of the engine.
[0016] As is well seen from Fig. 1, the EGR device 100
comprises a cylindrical housing (or first elongate casing)
1 that has inlet and outlet ports 2 and 3 at axially opposed
ends thereof. To the inlet and outlet ports 2 and 3 of the
housing 1, there are connected respective flanges 4A
and 4B. Upon assembly in the EGR piping, the flanges
4A and 4B are connected through bolts (not shown) to
their counterparts (viz., flanges) of the piping. Of course,
in place of the bolts, soldering, welding, blazing and the
like may be used for connecting the device 100 to the
piping.
[0017] Within the cylindrical housing 1, there is coaxi-
ally disposed a cylindrical casing (or second elongate
casing) 5. As will become apparent hereinafter, the cy-
lindrical casing 5 serves as a means for cooling EGR gas

directed to the air intake passage of the engine.
[0018] The cylindrical casing 5 is of a double tube type
including coaxially arranged inner and outer tubes 5a and
5b which have respective axial ends hermetically sol-
dered to form therebetween a cylindrical water passage
6. Preferably, the inner and outer tubes 5a and 5b are
constructed of a thin metal plate such as a stainless steel
or the like.
[0019] As shown in Fig. 1, the outer tube 5b has at
axially opposed portions thereof respective openings (no
numerals) to which water inlet and outlet pipes 7 and 8
are connected through soldering or the like. These water
inlet and outlet pipes 7 and 8 are connected through re-
spective tubes (not shown) to outlet and inlet portions of
a source of a cooling water, such as a source of engine
cooling water. As shown, the cylindrical housing 1 has
depressed apertures (no numerals) through which the
water inlet and outlet pipes 7 and 8 extend radially out-
ward. Under operation of the associated engine, the cool-
ing water is led into the cylindrical water passage 6
through the water inlet pipe 7 and returned back to the
source of the cooling water through the water outlet pipe
8. As will be described in detail hereinafter, during flowing
of the cooling water in the cylindrical water passage 6, a
heat exchanging is carried out between the cooling water
and EGR gas flowing in and outside of the cylindrical
casing 5.
[0020] As shown, between the cylindrical housing 1
and the cylindrical casing 5, there is coaxially arranged
a cylindrical partition tube (or third elongate casing) 9.
The partition tube 9 has portions (no numerals) secured
to the water inlet and outlet pipes 7 and 8, so that the
tube 9 is stably held in the housing 1. Due to provision
of the cylindrical partition tube 9, there is defined a cylin-
drical bypass passage 10 between an inner surface of
the cylindrical housing 1 and an outer surface of the cy-
lindrical partition tube 9.
[0021] In the cylindrical casing 5, there is defined a first
gas cooling passage 11 that is cylindrical in shape, and
between an inner surface of the cylindrical partition tube
9 and an outer surface of the cylindrical casing 5 (more
specifically, the outer tube 5b), there is defined a second
gas cooling passage 12 that is cylindrical in shape.
[0022] As shown in Fig. 1, the bypass passage 10, the
first gas cooling passage 11 and the second gas cooling
passage 12 have respective inlet portions exposed to the
inlet port 2 of the cylindrical housing 1 and respective
outlet portions exposed to the outlet port 3 of the cylin-
drical housing 1. Thus, each of the passages 10, 11 and
12 permits EGR gas to flow therein from the inlet port 2
toward the outlet port 3.
[0023] As is understood from the drawing, only EGR
gas flowing in the first and second gas cooling passages
11 and 12 is permitted to carry out a heat exchanging
with the cooling water flowing in the water passage 6 of
the cylindrical casing 5. That is, the EGR gas flowing in
the bypass passage 10 is not permitted to carry out such
heat exchanging with the cooling water in the water pas-
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sage 6.
[0024] For improving the heat exchanging between
EGR gas in the first gas cooling passage 11 and the
cooling water in the water passage 6, the inner tube 5a
of the cylindrical case 5 has at its inner surface a plurality
of heat exchanging fins 13 soldered thereto, and for the
same reason between EGR gas in the second gas cool-
ing passage 12 and the cooling water in the water pas-
sage 6, the outer tube 5b of the cylindrical case 5 is
formed with a bellows or corrugated portion 14.
[0025] As shown, the respective apertured portions of
the cylindrical housing 1, the cylindrical partition tube 9
and the outer tube 5b to which the water inlet or outlet
pipe 7 or 8 is secured are intimately pressed and coupled
to one another, so that the cylindrical casing 5 and the
cylindrical partition tube 9 are tightly and stably held in
the cylindrical housing 1.
[0026] In the cylindrical housing 1 near the inlet port 2,
there is arranged a gas flow rate controller 15 that adjusts
a gas flow rate among the bypass passage 10, the first
gas cooling passage 11 and the second gas cooling pas-
sage 12.
[0027] As is understood from Figs. 1, 2 and 3, the gas
flow rate controller 15 is installed in the flange 4A con-
nected to the inlet port 2 of the cylindrical housing 1.
[0028] As is seen from Figs. 1 and 2, the gas flow rate
controller 15 comprises a pair of butterfly valves which
are arranged in a parallel manner. Each butterfly valve
includes a pivot shaft 16a that extends perpendicular to
an axis of the cylindrical housing 1, and a valve plate 16
that is secured to the pivot shaft 16a to pivot therewith.
As is seen from the drawings, the two pivot shafts 16a
and 16a are symmetrically arranged with respect to the
axis of the first gas cooling passage 11.
[0029] As is understood from Figs. 1 and 2, each valve
plate 16 has a semicircular shape whose rounded outer
periphery becomes in coincidence with the cylindrical in-
ner surface of an inlet of the second gas cooling passage
12 when the valve plate 16 takes an inclined position
(viz., the position shown by the dot-dash line) that will be
described in the following.
[0030] As is seen from Fig. 1, when the valve plates
16 and 16 are in their flat positions as shown by the solid
line, the EGR gas is led into all the bypass passage 10
and the first and second gas cooling passages 11 and
12 freely, more specifically, without being obstructed by
the valve plates 16 and 16, while, when the valve plates
16 and 16 are in their inclined positions as shown by the
dot-dash line, the amount of EGR gas led to the first and
second gas cooling passages 11 and 12 is greatly re-
duced as compared with the amount of EGR gas led to
the bypass passage 10. As is seen from the drawing,
when the valve plates 16 and 16 take the inclined posi-
tions, shorter base parts of the valve plates 16 and 16
become close to each other thereby limiting the passage
defined between the valve plates 16 and 16.
[0031] Referring to Figs. 2 and 3, there is shown an
actuating mechanism for the gas flow rate controller 15.

That is, the angular position of the valve plates 16 and
16 of the gas flow rate controller 15 is controlled by the
actuating mechanism that is powered by a negative pres-
sure produced in the intake passage of the engine.
[0032] As is seen from Fig. 2, the two pivot shafts 16a
have extending portions that are exposed to the outside
of the cylindrical housing 1.
[0033] As is seen from Fig. 3, the exposed extending
portions of the pivot shafts 16a are actuated by a dia-
phragm type actuator 17 through respective link mech-
anisms 19 and 19.
[0034] That is, each link mechanism 19 comprises a
first link 19a having one end fixed to the pivot shaft 16a,
and a second link 19b having one end pivotally connected
to the other end of first link 19a through a pivot pin 19c.
The other ends of the second links 19b and 19b of the
two link mechanisms 19 and 19 are pivotally connected
through a pivot pin 19d to a plunger 18 of the actuator
17. The actuator 17 is mounted to the outer surface of
the cylindrical housing 1 and powered by a negative pres-
sure produced in a throttle zone of the intake passage of
the associated internal combustion engine.
[0035] Although not well shown in the drawings, the
diaphragm type actuator 17 comprises generally a casing
and a diaphragm installed in the casing to define therein
a work chamber. The diaphragm has the other end of the
plunger 18 fixed thereto, and the work chamber is con-
nected through a tube to the throttle zone of the intake
passage of the engine. Although not shown in the draw-
ing, a pressure controller is arranged in the tube so that
the negative pressure applied to the actuator 17 is con-
trolled in accordance with an operation condition of the
engine.
[0036] In place of the diaphragm type actuator 17, an
electric type actuator or a hydraulic type actuator may be
used.
[0037] Referring back to Fig. 1, the actual inlet of the
bypass passage 10 is positioned much closer to the inlet
port 2 of the cylindrical housing 1 than that of the cylin-
drical casing 5 is positioned. As is seen from this drawing,
each valve plate 16 of the gas flow rate controller 15 is
positioned and arranged to pivotally move the rounded
outer periphery thereof in a limited zone that is defined
in the inlet portion of the cylindrical housing 1 between
the actual inlet of the bypass passage 10 and that of the
cylindrical casing 5.
[0038] When the associated engine is in operation
keeping its temperature relatively high, the pressure con-
troller controls the negative pressure applied to the ac-
tuator 17 in such a manner that the valve plates 16 and
16 take their flat positions as shown by the solid line. In
this condition, the EGR gas is led freely to all the bypass
passage 10 and the first and second gas cooling pas-
sages 11 and 12. During the flow of EGR gas in the first
and second gas cooling passages 11 and 12, heat ex-
changing is carried out between EGR gas and the cooling
water in the water passage 6, and thus, the EGR gas
directed to the air intake passage of the engine is suitably

5 6 



EP 1 555 421 B1

5

5

10

15

20

25

30

35

40

45

50

55

cooled. As is described hereinabove, this is advanta-
geous for reducing nitrogen oxides (NOx) and particu-
lates in the exhaust gas discharged from the engine.
[0039] While, when, like in case just after engine start-
ing, the engine temperature is relatively low, the pressure
controller controls the negative pressure applied to the
actuator 17 in such a manner that the valve plates 16
and 16 take their inclined positions as shown by the
dot-dash line. Under this condition, almost all EGR gas
is led to the bypass passage 10 bypassing the first and
second gas cooling passages 11 and 12. Thus, the EGR
gas directed to the air intake passage of the engine is
not cooled. It is to be noted that under this condition, the
gas left in the second gas cooling passage 12 serves as
a heat insulating layer and thus the EGR gas flowing in
the bypass passage 10 is not affected or cooled by the
cooling water in the water passage 6. Thus, ironical in-
crease of nitrogen oxides (NOx) and particulates in the
exhaust gas, which would occur when the engine tem-
perature is low, is suppressed or at least minimized.
[0040] As is described hereinabove, the pressure con-
troller arranged between the actuator 17 and the throttle
zone of the intake passage of the engine is so constructed
that the negative pressure applied to the actuator 17 is
controlled in accordance with the operation condition of
the engine. This means that the angular position of the
two valve plates 16 and 16, that is, the rate between the
amount of EGR gas flowing in both the first and second
gas cooling passages 11 and 12 and the amount of EGR
gas flowing in the bypass passage 10 is continuously
controlled in accordance with the operation condition of
the engine. Thus, the temperature of EGR gas fed back
to the intake passage of the engine can be suitably con-
trolled in accordance with the engine operation condition.
[0041] As is mentioned hereinabove, by operating the
gas flow rate controller 15 of the EGR device 100 in ac-
cordance with the engine operation condition, the flow
rate between the amount of EGR gas flowing in both the
first and second gas cooling passages 11 and 12 and
the amount of EGR gas flowing in the bypass passage
10 is optimally controlled.
[0042] In the EGR device 100, the three gas flow pas-
sages 10, 11 and 12 and the cooling water passage 6
are defined by the three cylindrical members 1, 9 and 5
which are coaxially assembled. Thus, the EGR device
100 can have a compact size, which is quite advanta-
geous when mounting the device 100 to a limited space
such as an engine room of current wheeled motor vehi-
cles.
[0043] In the EGR device 100, in case of reducing EGR
gas flow in the first and second gas cooling passages 11
and 12 (that is, in case of increasing EGR gas flow in the
bypass passage 10), the valve plates 16 and 16 of the
gas glow rate controller 15 are pivoted outward with re-
spect to the axis of the cylindrical housing 1. In this case,
the valve plates 16 and 16 can serve as a guide means
through which the EGR gas flow is smoothly guided to-
ward the bypass passage 10. While, in case of increasing

EGR gas flow in the first and second gas cooling pas-
sages 11 and 12 (that is, in case of reducing EGR gas
flow in the bypass passage 10), the valve plates 16 and
16 are pivoted inward to take the flat positions that are
in parallel with the axis of the cylindrical housing 1. In this
case, the valve plates 16 and 16 have substantially no
effect on the flowing of EGR gas in the first and second
gas cooling passages 11 and 12.
[0044] In the foregoing description, the gas flow rate
controller 15 is described to be arranged in the inlet port
2 of EGR device 100. However, if desired, such controller
15 may be arranged in the outlet port 3 of the device 100.
[0045] In the foregoing description, the gas flow rate
controller 15 is described to be constructed to have the
two valve plates 16 and 16. However, if desired, the gas
flow rate controller 15 may have only one valve plate or
more than two valve plates.
[0046] Referring to Figs. 4 and 5, there is shown an
exhaust gas recirculation (EGR) device 200 which is a
second embodiment of the present invention.
[0047] Since the EGR device 200 of this second em-
bodiment is similar in construction to the EGR device 100
of the above-mentioned first embodiment, the following
description on the second embodiment 200 will be direct-
ed to only parts or portions that are different from those
of the first embodiment 100.
[0048] As shown in Fig. 4, in this second embodiment
200, the water inlet and outlet pipes 7 and 8 are arranged
to project radially outward from axially and diametrically
opposite portions of the cylindrical housing 1. As shown,
the measures with which the water inlet or outlet pipe 7
or 8 is integrally connected to the depressed apertures
of the cylindrical housing 1, the cylindrical partition tube
9 and the outer tube 5b of the cylindrical casing 5 are
substantially the same as the measures mentioned in the
first embodiment 100.
[0049] As is seen from Fig. 4, in this second embodi-
ment 200, a slide-rotary type gas flow rate controller 115
is employed.
[0050] That is, the flow rate controller 115 comprises
a conical guide member 20 that is connected at its larger
peripheral edge to an inlet edge of the cylindrical partition
tube 9. Due to provision of a conical wall of the guide
member 20, the EGR gas flow in the inlet port 2 toward
the inlet of the bypass passage 10 is smoothly carried out.
[0051] As is seen from Figs. 4 and 5, particularly Fig.
5, the conical wall of the conical guide member 20 is
formed with four identical sector openings 21 that are
circumferentially arranged at evenly spaced intervals.
Thus, when, as is seen from Fig. 4, these openings 21
are kept open, the EGR gas in the inlet port 2 is permitted
to flow toward the first and second gas cooling passages
11 and 12 through the openings 21.
[0052] Referring back to Fig. 4, a conical valve member
22 is coaxially and rotatably received in the conical guide
member 20.
[0053] As is seen from Figs. 4 and 5, particularly Fig.
5, a conical wall of the conical valve member 22 is formed
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with four identical sector openings 23 that are circumfer-
entially arranged at evenly spaced intervals and identical
in shape and size to the four openings 21 of the
above-mentioned conical guide member 20.
[0054] As is seen from Fig. 4, the conical valve member
22 has a center portion from which a control rod 24 ex-
tends axially outward (viz., leftward in the drawing)
through a center opening (no numeral) of the conical
guide member 20. Although not shown in the drawing, a
leading end of the control rod 24 is connected to an ac-
tuator so that the control rod 24 is rotated about its axis
in accordance with an operation condition of the associ-
ated internal combustion engine.
[0055] When, due to turning of the conical valve mem-
ber 22 to a first given angular position, the sector open-
ings 23 of the conical valve member 22 become in coin-
cidence with the sector openings 21 of the conical guide
member 20, the gas flow rate controller 115 assumes a
full-open position. While, when, due to turning of the con-
ical valve member 22 to a second given angular position,
the sector openings 23 of the conical valve member 22
are fully closed by a solid portion of the conical wall of
the conical guide member 20, the gas flow rate controller
115 assumes a full-close position. Thus, when, due to
turning of the control rod 24, the conical valve member
22 is turned between the first and second given angular
positions, an open degree of the sector openings 21 of
the conical guide member 20 is varied.
[0056] In the EGR device 200 of this second embodi-
ment, due to provision of the conical guide member 20,
the EGR gas in the inlet port 2 can be smoothly led to
the inlet of the bypass passage 10. When the flow rate
controller 115 takes the full-close position, the sector
openings 23 of the conical valve member 22 are fully and
intimately closed by the solid part of the conical guide
member 20. Thus, in this condition, almost all of EGR
gas in the inlet port 2 can be led to the bypass passage
10. Due to the nature of the flow rate controller 115 of
this slide - rotary type, undesired play, which would cause
a noise in operation, is suppressed or at least minimized.
[0057] Referring to Fig. 6, there is shown an exhaust
gas circulation (EGR) device 300 which is a third embod-
iment of the present invention.
[0058] Since, like the above-mentioned second em-
bodiment 200, the EGR device 300 of this third embod-
iment is similar in construction to the EGR device 100 of
the first embodiment, the following description on the
third embodiment 300 will be directed to only parts or
portions that are different from those of the first embod-
iment 100.
[0059] As is seen from Fig. 6, in this third embodiment
300, the water inlet and outlet pipes 7 and 8 are arranged
to project radially outward from axially opposite and dia-
metrically opposite portions of the cylindrical housing 1,
like the above-mentioned second embodiment 200. Fur-
thermore, the measures with which the water inlet or out-
let pipe 7 or 8 is integrally connected to the depressed
apertures of the cylindrical housing 1, the cylindrical par-

tition tube 9 and the outer tube 5b of the cylindrical casing
5 are substantially the same as the measures mentioned
in the first embodiment 100.
[0060] As is understood from the drawing, in the EGR
device 300 of the third embodiment, the inner tube 5a of
the cylindrical case 5 is entirely formed with a bellows or
corrugated portion 25 in place of the heat exchanging
fins (13, see Fig. 1) of the first embodiment 100. The
outer tube 5b of the cylindrical case 5 is formed with the
bellows or corrugated portion 14, like in the first and sec-
ond embodiments 100 and 200.
[0061] As is seen from the drawing, in this third em-
bodiment 300, a bimetal type gas flow rate controller 215
is used.
[0062] That is, the flow rate controller 215 comprises
a circular frame 31 that is fitted in the inlet port 2 of the
cylindrical housing 1, and a pair of temperature sensitive
valve plates 30 and 30 that are made of a bimetal material
and have base ends held by the circular frame 31. Pref-
erably, the valve plates 30 and 30 are made of a shape
memory alloy.
[0063] Each valve plate 30 has a semicircular shape
whose rounded outer periphery becomes in coincidence
with the cylindrical inner surface of the inlet of the second
gas cooling passage 12 when the valve plate 30 takes a
largely bent position. Denoted by numeral 32 is a conical
gas inlet member that is fixed to the inlet port 2 of the
cylindrical housing 1 for smoothing the flow of EGR gas
toward the inlet port 2.
[0064] As is seen from the drawing, when the valve
plates 30 and 30 are in their generally flat positions as
shown by the broken line, the EGR gas is led into all the
bypass passage 10 and the first and second gas cooling
passages 11 and 12 freely, more specifically, without be-
ing obstructed by the valve plates 30 and 30, while, when
the valve plates 30 and 30 are in their largely bent posi-
tions as shown by the solid line, the amount of EGR gas
led to the first and second gas cooling passages 11 and
12 is greatly reduced as compared with the amount of
EGR gas led to the bypass passage 10.
[0065] When the associated engine is in operation
keeping its temperature relatively high, the temperature
of the exhaust gas discharged from the engine is rela-
tively high, and thus, the temperature of EGR gas direct-
ed toward the EGR device 300 is relatively high. Under
this condition, the temperature sensitive valve plates 30
and 30 take the generally flat positions as shown by the
broken line. In this condition, the EGR gas is led to all
the bypass passage 10 and the first and second gas cool-
ing passages 11 and 12 as is described hereinabove.
During the flow of EGR gas in the first and second gas
cooling passages 11 and 12, heat exchanging is carried
out between EGR gas and the cooling water in the water
passage 6, and thus, the EGR gas directed to the air
intake passage of the engine is suitable cooled.
[0066] While, when, like in case just after engine start-
ing, the engine temperature is relatively low, the temper-
ature of the exhaust gas discharged from the engine is
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relatively low and thus, the temperature of EGR gas di-
rected toward the EGR device 300 is relatively low. Under
this condition, the temperature sensitive valve plates 30
and 30 take the largely bent positions as shown by the
solid line. In this condition, almost all EGR gas is led to
the bypass passage 10 bypassing the first and second
gas cooling passages 11 and 12. Thus, the EGR gas
directed to the air intake passage of the engine is not
cooled.
[0067] In the EGR device of this third embodiment 300,
the temperature sensitive valve plates 30 and 30 per se
serve as an actuator. In other words, in this third embod-
iment 300, there is no need of using a separate actuator
such as one that is actually used in the above-mentioned
first and second embodiments 100 and 200. Thus, much
compact, simple and light weight construction is expect-
ed in the EGR device 300 of this third embodiment.
[0068] In the foregoing explanation, the housing 1, the
partition tube 9 and the casing 5 are described to have
a cylindrical shape. However, if desired, such members
1, 9 and 5 may be of a type that has a rectangular, pen-
tagonal or other polygonal cross section.
[0069] The entire contents of Japanese Patent Appli-
cation 2004-009960 filed January 19, 2004 are incorpo-
rated herein by reference.
[0070] Although the invention has been described
above with reference to the embodiments of the inven-
tion, the invention is not limited to such embodiments as
described above. Various modifications and variations
of such embodiments may be carried out by those skilled
in the art, in light of the above description.

Claims

1. An exhaust gas recirculation device of an internal
combustion engine, comprising:

a first elongate casing having gas inlet and outlet
ports at axially opposed ends;
a second elongate casing received in the first
elongate casing to define therebetween an axi-
ally extending space, the second elongate cas-
ing including a first gas flow passage and a water
flow passage that surrounds the first gas flow
passage, the first gas flow passage having an
inlet part exposed to the gas inlet port and an
outlet part exposed to the gas outlet port;
a third elongate casing received in the axially
extending space to define between the first elon-
gate casing and the third elongate casing a by-
pass passage and between the third elongate
casing and the second elongate casing a second
gas flow passage, the bypass passage and the
second gas flow passage having each an inlet
part exposed to the gas inlet port and an outlet
part exposed to the gas outlet port; and
a gas flow rate controller installed in either one

of the gas inlet and outlet ports of the first elon-
gate casing to control a gas flow rate among the
bypass passage, the first gas flow passage and
the second gas flow passage.

2. An exhaust gas recirculation device as claimed in
Claim 1, in which the gas flow rate controller is con-
structed to control the rate between the amount of
gas flowing in both the first and second gas flow pas-
sages and the amount of gas flowing in the bypass
passage.

3. An exhaust gas recirculation device as claimed in
Claim 1, in which the gas flow rate controller is in-
stalled in the gas inlet port of the first elongate casing
and comprises:

a valve member that is movable between a first
position wherein the gas flow from the inlet port
toward the bypass passage, the first gas flow
passage and the second gas flow passage is
freely carried out without being obstructed by
the valve plate and a second position wherein
the gas flow from the inlet port toward the first
and second gas flow passages is reduced as
compared with the gas flow from the inlet port
toward the bypass passage.

4. An exhaust gas recirculation device as claimed in
Claim 3, further comprising an actuating mechanism
that continuously moves the valve member between
the first and second positions.

5. An exhaust gas recirculation device as claimed in
Claim 4, in which the valve member comprises:

a pair of pivot shafts arranged in the inlet port in
a parallel manner; and
a pair of valve plates secured respectively to the
pivot shafts to pivot therewith,
wherein the pivot shafts being actuated to rotate
about respective axes thereof by the actuating
mechanism.

6. An exhaust gas recirculation device as claimed in
Claim 5, in which the actuating mechanism compris-
es:

an actuator mounted to the first elongate casing;
and
a pair of link mechanisms, each being opera-
tively interposed between the actuator and cor-
responding one of the pivot shafts.

7. An exhaust gas recirculation device as claimed in
Claim 6, in which the actuator is a diaphragm type
actuator powered by a negative pressure produced
in a throttle zone of an intake passage of the engine.

11 12 



EP 1 555 421 B1

8

5

10

15

20

25

30

35

40

45

50

55

8. An exhaust gas recirculation device as claimed in
Claim 6, in which each of the link mechanisms com-
prises:

a first link having one end fixed to corresponding
one of the pivot shafts;
a second link having one end pivotally connect-
ed to the other end of the first link and the other
end pivotally connected to a plunger of the ac-
tuator.

9. An exhaust gas recirculation device as claimed in
Claim 1, in which the second elongate casing is of a
double tube type comprising coaxially arranged in-
ner and outer tubes which have respective axial ends
to form therebetween the water flow passage, the
inner tube defining therein the first gas flow passage.

10. An exhaust gas recirculation device as claimed in
Claim 9, in which the inner tube is formed with heat
exchanging means, and in which the outer tube is
formed with a bellows or corrugated portion.

11. An exhaust gas recirculation device as claimed in
Claim 10, in which the heat exchanging means is
one of a plurality of fins soldered to an inner surface
of the inner tube and a bellows or corrugated portion
formed on the inner tube.

12. An exhaust gas recirculation device as claimed in
Claim 1, further comprising water inlet and outlet
pipes each having an inner end exposed to the water
flow passage of the second elongate casing.

13. An exhaust gas recirculation device as claimed in
Claim 12, in which the water inlet and outlet pipes
are arranged at axially opposed and diametrically
same positions of the first elongate casing.

14. An exhaust gas recirculation device as claimed in
Claim 12, in which the water inlet and outlet pipes
are arranged at axially opposed and diametrically
opposed positions of the first elongate casing.

15. An exhaust gas recirculation device as claimed in
Claim 4, in which the gas flow rate controller com-
prises:

a conical guide member secured to the third
elongate casing, the conical guide member be-
ing formed at a conical wall thereof with a plu-
rality of first openings;
a conical valve member coaxially and rotatably
received in the conical guide member, the con-
ical valve member being formed at a conical wall
thereof with a plurality of second openings, the
conical valve member being turned between an
open position wherein the first and second open-

ings are mated and a close position wherein the
first and second openings are not mated; and
a control rod having one end that passes through
a center opening of the conical guide member
to be secured to a center portion of the conical
valve member, the control rod having the other
end connected to the actuator.

16. An exhaust gas recirculation device as claimed in
Claim 15, in which the conical wall of the conical
guide member is arranged to smooth EGR gas flow
from the gas inlet port of the first elongate casing
toward an inlet of the bypass passage.

17. An exhaust gas recirculation device as claimed in
Claim 4, in which gas flow rate controller comprises:

a frame member fitted in the gas inlet port of the
first elongate casing; and
a pair of thermally sensitive valve plates, each
having a base end that is held by the frame mem-
ber and a free portion that shows a deformation
when applied with a heat, the free portion being
flexed by the heat between a first position where-
in the gas flow from the gas inlet port toward the
bypass passage, the first gas flow passage and
the second gas flow passage is freely carried
out without being obstructed by the valve plates
and a second position wherein the gas flow from
the gas inlet port toward the first and second gas
flow passages is reduced as compared with the
gas flow from the gas inlet port toward the by-
pass passage,
wherein the thermally sensitive valve plates are
so arranged that the free portion of each valve
plate takes the second position when the gas
led into the gas inlet port of the first elongate
casing is relatively low.

18. An exhaust gas recirculation device as claimed in
Claim 17, in which the thermally sensitive valves
plates are constructed of a bimetal or a shape mem-
ory alloy.

19. An exhaust gas recirculation device as claimed in
Claim 18, further comprising a conical gas inlet mem-
ber that is fixed to the gas inlet port of the first elon-
gate casing to smooth the gas flow toward the gas
inlet port.

20. An exhaust gas recirculation device of an internal
combustion engine, comprising:

a first elongate casing having gas inlet and outlet
ports at axially opposed ends;
a second elongate casing received in the first
elongate casing to define therebetween an axi-
ally extending space, the second elongate cas-
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ing including a first gas flow passage and a water
flow passage that surrounds the first gas flow
passage, the first gas flow passage having an
inlet part exposed to the gas inlet port and an
outlet part exposed to the gas outlet port;
a third elongate casing received in the axially
extending space to define between the first elon-
gate casing and the third elongate casing a by-
pass passage and between the third elongate
casing and the second elongate casing a second
gas flow passage, the bypass passage and the
second gas flow passage having each an inlet
part exposed to the gas inlet port and an outlet
part exposed to the gas outlet port; and
a gas flow rate controller installed in the gas inlet
port of the first elongate casing to control a rate
between the amount of gas flowing in both the
first and second gas flow passages and the
amount of gas flowing in the bypass passage.

Patentansprüche

1. Abgasrückführungsvorrichtung einer Brennkraftma-
schine, aufweisend:

ein erstes langgestrecktes Gehäuse mit Gasein-
lass- und Gassauslass-Öffnungen an axial ge-
genüberliegenden Enden;
ein zweites langgestrecktes Gehäuse, aufge-
nommen in dem ersten langgestreckten Gehäu-
se, um dazwischen einen sich axial erstrecken-
den Raum zu bilden, wobei das zweite langge-
streckte Gehäuse einen ersten Gasströmungs-
kanal und einen Wasserströmungskanal, der
den ersten Gasströmungskanal umgibt, enthält,
der erste Gasströmungskanal ein Einlassteil,
freigelegt zu der Gaseinlassöffnung, und ein
Auslassteil, freigelegt zu der Gasauslassöff-
nung, hat;
ein drittes langgestrecktes Gehäuse, aufge-
nommen in dem sich axial erstreckenden Raum,
um zwischen dem ersten langgestreckten Ge-
häuse und dem dritten langgestreckten Gehäu-
se einen Bypasskanal, und zwischen dem drit-
ten langgestreckten Gehäuse und dem zweiten
langgestreckten Gehäuse einen zweiten Gas-
strömungskanal zu bilden, wobei der Bypasska-
nal und der zweite Gasströmungskanal jeweils
ein Einlassteil, freigelegt zu der Gaseinlassöff-
nung, und ein Auslassteil, freigelegt zu der Gas-
auslassöffnung, hat; und
eine Gasströmungsraten- Steuerungseinrich-
tung, installiert in einer von der Gaseinlassöff-
nung oder Gasauslassöffnung des ersten lang-
gestreckten Gehäuses, um eine Gasströ-
mungsrate zwischen dem Bypasskanal, dem er-
sten Gasströmungskanal und dem zweiten Gas-

strömungskanal, zu steuern.

2. Abgasrückführungsvorrichtung nach Anspruch 1, in
der die Gasströmungsraten- Steuerungseinrichtung
gebildet ist, um die Rate zwischen der Gasmenge,
die in sowohl dem ersten, als auch dem zweiten Gas-
strömungskanal strömt, und die Gasmenge, die in
dem Bypasskanal strömt, zu steuern.

3. Abgasrückführungsvorrichtung nach Anspruch 1, in
der die Gasströmungsraten- Steuerungseinrichtung
in der Gaseinlassöffnung des ersten langgestreck-
ten Gehäuses installiert ist und aufweist:

ein Ventilteil, das bewegbar ist zwischen einer
ersten Position, in der die Gasströmung von der
Einlassöffnung in Richtung zu dem Bypasska-
nal, dem ersten Gasströmungskanal und dem
zweiten Gasströmungskanal frei erfolgt, ohne
durch die Ventilplatte behindert zu werden, und
einer zweiten Position, in der der Gasstrom von
der Gaseinlassöffnung in Richtung zu dem er-
sten und zweiten Gasströmungskanal reduziert
ist, im Vergleich mit dem ersten Gasstrom von
der Gaseinlassöffnung in Richtung zu dem By-
passkanal.

4. Abgasrückführungsvorrichtung nach Anspruch 3,
außerdem aufweisend eine Betätigungsvorrichtung,
die fortlaufend das Ventilteil zwischen der ersten und
zweiten Position bewegt.

5. Abgasrückführungsvorrichtung nach Anspruch 4, in
der das Ventilteil aufweist:

ein Paar von Drehwellen, parallel angeordnet in
der Einlassöffnung; und
ein Paar von Ventilplatten, jeweils an den Dreh-
wellen befestigt, um sich mit ihnen zu drehen,
wobei die Drehwellen betätigt werden, um deren
jeweilige Achsen durch die Betätigungsvorrich-
tung zu drehen.

6. Abgasrückführungsvorrichtung nach Anspruch 5, in
der die Betätigungsvorrichtung aufweist:

einen Betätiger, montiert an dem langgestreck-
ten Gehäuse; und
ein Paar von Verbindungsvorrichtungen, jede
betrieblich zwischen den Betätiger und die ent-
sprechende eine der Drehwellen eingesetzt.

7. Abgasrückführungsvorrichtung nach Anspruch 6, in
der der Betätiger ein Betätiger vom Diaphragma- Typ
ist, angetrieben durch einen Unterdruck, erzeugt in
der Drosselzone eines Einlasskanales der Brenn-
kraftmaschine.
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8. Abgasrückführungsvorrichtung nach Anspruch 6, in
der jede der Verbindungsvorrichtungen aufweist:

eine erste Verbindung, die ein Ende hat, befe-
stigt an der entsprechenden einen der Drehwel-
len;
eine zweite Verbindung, die ein Ende hat,
schwenkbar verbunden mit dem anderen Ende
der ersten Verbindung und das andere Ende
schwenkbar verbunden mit einem Kolben des
Betätigers.

9. Abgasrückführungsvorrichtung nach Anspruch 1, in
der das zweite langgestreckte Gehäuse von einem
Doppelrohr- Typ ist, aufweisend koaxial angeordnet
ein Innen- und ein Außen- Rohr, die jeweils axiale
Enden haben, um dazwischen den Wasserströ-
mungskanal zu bilden, wobei das Innenrohr darin
den ersten Gasströmungskanal bildet.

10. Abgasrückführungsvorrichtung nach Anspruch 9, in
der das Innenrohr mit einer Wärmeaustauschein-
richtung gebildet ist und in der das Außenrohr mit
einem faltenbalgartigen oder gewellten Abschnitt
gebildet ist.

11. Abgasrückführungsvorrichtung nach Anspruch 10,
in der die Wärmeaustauscheinrichtung eine von ei-
ner Mehrzahl von Rippen ist, gelötet an eine innere
Oberfläche des Innenrohres, und ein faltenbalgarti-
gen oder gewellter Abschnitt, gebildet an dem In-
nenrohr.

12. Abgasrückführungsvorrichtung nach Anspruch 1,
außerdem aufweisend Wassereinlass- und Wasser-
auslass- Rohre, wobei jedes ein inneres Ende hat,
freigelegt zu dem Wasserströmungskanal des zwei-
ten langgestreckten Gehäuses.

13. Abgasrückführungsvorrichtung nach Anspruch 12,
in der die Wassereinlass- und -auslassrohre an axial
gegenüberliegenden und in Umfangsrichtung den-
selben Abschnitten des ersten langgestreckten Ge-
häuses angeordnet sind.

14. Abgasrückführungsvorrichtung nach Anspruch 12,
in der die Wassereinlass- und -auslassrohre an axial
gegenüberliegenden und diametral gegenüberlie-
genden Abschnitten des ersten langgestreckten Ge-
häuses angeordnet sind.

15. Abgasrückführungsvorrichtung nach Anspruch 4, in
der die Gasströmungsraten- Steuerungseinrichtung
aufweist:

ein konisches Führungsteil, befestigt an dem
dritten langgestreckten Gehäuse,
wobei das konische Führungsteil an einer koni-

schen Wand desselben mit einer Mehrzahl von
ersten Öffnungen gebildet ist;
ein konisches Ventilteil koaxial und drehbar in
dem konischen Führungsteil aufgenommen ist,
wobei das konische Ventilteil an einer konischen
Wand desselben mit einer Mehrzahl von zwei-
ten Öffnungen gebildet ist, das konische Ventil-
teil gedreht wird zwischen einer offenen Positi-
on, in der die ersten und zweiten Öffnungen zu-
einander passend sind, und einer geschlosse-
nen Position, in der die ersten und zweiten Öff-
nungen zueinander nicht passend sind; und
einen Steuerstab, der ein Ende hat, das durch
eine mittlere Öffnung des konischen Führungs-
teils hindurchgeht, um an einem Mittelabschnitt
des konischen Ventilteiles befestigt zu werden,
wobei das andere Ende des Steuerstabes, mit
dem Betätiger verbunden ist.

16. Abgasrückführungsvorrichtung nach Anspruch 15,
in der die konische Wand des konischen Führungs-
teiles angeordnet ist, die EGR- Gasströmung von
der Gaseinlassöffnung des ersten langgestreckten
Gehäuses in Richtung zu einem Einlass des Bypass-
Kanales zu glätten.

17. Abgasrückführungsvorrichtung nach Anspruch 4, in
der die Gasströmungsraten-Steuerungseinrichtung
aufweist:

ein Rahmenteil, eingesetzt in die Gaseinlassöff-
nung des ersten langgestreckten Gehäuses;
und
ein Paar von thermisch empfindsamen Ventil-
platten, wobei jede ein Basisende hat, das durch
das Rahmenteil gehalten wird, und einen freien
Abschnitt, der eine Verformung zeigt, wenn mit
einer Wärme beauflagt wird, wobei der freie Ab-
schnitt durch die Wärme zwischen einer ersten
Position, in der der Gasstrom aus der Gasein-
lassöffnung in Richtung zu dem Bypasskanal,
dem ersten Gasströmungskanal und dem zwei-
ten Gasströmungskanal frei ausgeführt wird,
ohne durch die Ventilplatten behindert zu wer-
den, und einer zweiten Position, in der der Gas-
strom von der ersten Gaseinlassöffnung in Rich-
tung zu dem ersten und zweiten Gasströmungs-
kanal im Vergleich mit dem ersten Gasstrom von
der Gaseinlassöffnung in Richtung zu dem By-
passkanal reduziert ist, gebogen wird,
wobei die thermisch empfindsamen Ventilplat-
ten so angeordnet sind, dass der freie Abschnitt
von jeder Ventilplatte die zweite Position ein-
nimmt, wenn das Gas, geführt in die Gaseinlas-
söffnung des ersten langgestreckten Gehäu-
ses, relativ gering ist.

18. Abgasrückführungsvorrichtung nach Anspruch 17,
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in der die thermisch empfindsamen Ventilplatten aus
einem Bimetall oder einer Formgedächtnislegierung
gebildet sind.

19. Abgasrückführungsvorrichtung nach Anspruch 18,
außerdem aufweisend ein konisches Gaseinlei-
tungsteil, das an der Gaseinlassöffnung des ersten
langgestreckten Gehäuses befestigt ist, um den
Gasstrom in Richtung zu der Gaseinlassöffnung zu
glätten.

20. Abgasrückführungsvorrichtung einer Brennkraftma-
schine, aufweisend:

ein erstes langgestrecktes Gehäuse mit Gasein-
lass- und Gassauslass- Öffnungen an axial ge-
genüberliegenden Enden;
ein zweites langgestrecktes Gehäuse, aufge-
nommen in dem ersten langgestreckten Gehäu-
se, um dazwischen einen sich axial erstrecken-
den Raum zu bilden, wobei das zweite langge-
streckte Gehäuse einen ersten Gasströmungs-
kanal und einen Wasserströmungskanal, der
den ersten Gasströmungskanal umgibt, enthält,
der erste Gasströmungskanal ein Einlassteil,
freigelegt zu der Gaseinlassöffnung, und ein
Auslassteil, freigelegt zu der Gasauslassöff-
nung, hat;
ein drittes langgestrecktes Gehäuse, aufge-
nommen in dem sich axial erstreckenden Raum,
um zwischen dem ersten langgestreckten Ge-
häuse und dem dritten langgestreckten Gehäu-
se einen Bypasskanal, und zwischen dem drit-
ten langgestreckten Gehäuse und dem zweiten
langgestreckten Gehäuse einen zweiten Gas-
strömungskanal zu bilden, wobei der Bypasska-
nal und der zweite Gasströmungskanal jeweils
ein Einlassteil, freigelegt zu der Gaseinlassöff-
nung, und ein Auslassteil, freigelegt zu der Gas-
auslassöffnung, hat; und
eine Gasströmungsraten- Steuerungseinrich-
tung, installiert in der Gaseinlassöffnung des er-
sten langgestreckten Gehäuses, um eine Rate
zu steuern zwischen der Gasmenge, die in so-
wohl dem ersten, als auch in dem zweiten Gas-
strömungskanal strömt, und der Gasmenge, die
in dem Bypasskanal strömt.

Revendications

1. Dispositif de recirculation des gaz d’échappement
EGR, soit Exhaust Gas Recirculation, d’un moteur
à combustion interne, comprenant :

un premier boîtier allongé comportant des orifi-
ces d’entrée et de sortie de gaz à des extrémités
axialement opposées ;

un deuxième boîtier allongé logé dans le premier
boîtier allongé pour définir entre eux un espace
qui s’étend axialement, le deuxième boîtier al-
longé comprenant un premier passage d’écou-
lement de gaz et un passage d’écoulement
d’eau qui entoure le premier passage d’écoule-
ment de gaz, le premier passage d’écoulement
de gaz comportant une partie d’entrée exposée
à l’orifice d’entrée de gaz et une partie de sortie
exposée à l’orifice de sortie de gaz ;
un troisième boîtier allongé logé dans l’espace
qui s’étend axialement pour définir un passage
de dérivation entre le premier boîtier allongé et
le troisième boîtier allongé et pour définir un
deuxième passage d’écoulement de gaz entre
le troisième boîtier allongé et le deuxième boîtier
allongé, le passage de dérivation et le deuxième
passage d’écoulement de gaz comportant cha-
cun une partie d’entrée exposée à l’orifice d’en-
trée de gaz et une partie de sortie exposée à
l’orifice de sortie de gaz ; et
un contrôleur de débit de gaz installé dans un
orifice parmi les orifices d’entrée et de sortie de
gaz du premier boîtier allongé pour contrôler un
débit de gaz entre le passage de dérivation, le
premier passage d’écoulement de gaz et le
deuxième passage d’écoulement de gaz.

2. Dispositif de recirculation des gaz d’échappement
selon la revendication 1, dans lequel le contrôleur
de débit de gaz est construit pour contrôler le rapport
entre la quantité de gaz qui s’écoule dans les premier
et deuxième passages d’écoulement de gaz et la
quantité de gaz qui s’écoule dans le passage de dé-
rivation.

3. Dispositif de recirculation des gaz d’échappement
selon la revendication 1, dans lequel le contrôleur
du débit de gaz est installé dans l’orifice d’entrée de
gaz du premier boîtier allongé et comprend :

un élément de vanne qui peut être déplacé entre
une première position dans laquelle l’écoule-
ment de gaz depuis l’orifice d’entrée vers le pas-
sage de dérivation, le premier passage d’écou-
lement de gaz et le deuxième passage d’écou-
lement de gaz s’effectue librement sans être
obstrué par la plaque de vanne, et une deuxième
position dans laquelle l’écoulement de gaz de-
puis l’orifice d’entrée vers les premier et deuxiè-
me passages d’écoulement de gaz est réduit
par rapport à l’écoulement de gaz depuis l’orifice
d’entrée vers le passage de dérivation.

4. Dispositif de recirculation des gaz d’échappement
selon la revendication 3, comprenant en outre un
mécanisme d’actionnement qui déplace continuel-
lement l’élément de vanne entre les première et
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deuxième positions.

5. Dispositif de recirculation des gaz d’échappement
selon la revendication 4, dans lequel l’élément de
vanne comprend :

une paire d’axes de pivotement agencés paral-
lèlement dans l’orifice d’entrée ; et
une paire de plaques de vanne fixées respecti-
vement aux axes de pivotement pour y pivoter,
dans lequel les axes de pivotement sont action-
nés par le mécanisme d’actionnement pour tour-
ner autour d’axes respectifs correspondants.

6. Dispositif de recirculation des gaz d’échappement
selon la revendication 5, dans lequel le mécanisme
d’actionnement comprend :

un actionneur monté sur le premier boîtier
allongé ; et
une paire de mécanismes de liaison chacun in-
terposé de manière opérationnelle entre l’ac-
tionneur et un des axes de pivotement corres-
pondant.

7. Dispositif de recirculation des gaz d’échappement
selon la revendication 6, dans lequel l’actionneur est
un actionneur de type diaphragme alimenté par une
pression négative produite dans une zone d’étran-
glement d’un passage d’admission du moteur.

8. Dispositif de recirculation des gaz d’échappement
selon la revendication 6, dans lequel chacun des mé-
canismes de liaison comprend :

une première liaison dont une extrémité est fixée
à un des axes de pivotement correspondant ;
une deuxième liaison dont une extrémité est
connectée de façon pivotante à l’autre extrémité
de la première liaison et l’autre extrémité est
connectée de façon pivotante à un piston de l’ac-
tionneur.

9. Dispositif de recirculation des gaz d’échappement
selon la revendication 1, dans lequel le deuxième
boîtier allongé est du type à double tube, comprenant
des tubes interne et externe agencés coaxialement
et ayant des extrémités axiales respectives, qui for-
ment entre eux le passage d’écoulement d’eau, le
tube interne définissant en son intérieur le premier
passage d’écoulement de gaz.

10. Dispositif de recirculation des gaz d’échappement
selon la revendication 9, dans lequel le tube interne
est formé avec un moyen d’échange de chaleur, et
dans lequel le tube externe est formé avec un soufflet
ou une partie ondulée.

11. Dispositif de recirculation des gaz d’échappement
selon la revendication 10, dans lequel le moyen
d’échange de chaleur est un moyen parmi une plu-
ralité d’ailettes soudées à une surface interne du tu-
be interne et un soufflet ou une partie ondulée formée
sur le tube interne.

12. Dispositif de recirculation des gaz d’échappement
selon la revendication 1, comprenant en outre des
tubes d’entrée et de sortie d’eau ayant chacun une
extrémité interne exposée au passage d’écoulement
d’eau du deuxième boîtier allongé.

13. Dispositif de recirculation des gaz d’échappement
selon la revendication 12, dans lequel les tubes d’en-
trée et de sortie d’eau sont agencés à des positions
axialement opposées et diamétralement identiques
du premier boîtier allongé.

14. Dispositif de recirculation des gaz d’échappement
selon la revendication 12, dans lequel les tubes d’en-
trée et de sortie d’eau sont agencés à des positions
axialement opposées et diamétralement opposées
du premier boîtier allongé.

15. Dispositif de recirculation des gaz d’échappement
selon la revendication 4, dans lequel le contrôleur
de débit de gaz comprend :

un élément de guidage conique fixé au troisième
boîtier allongé, l’élément de guidage conique
étant formé sur une paroi conique correspon-
dante avec une pluralité de premières
ouvertures ;
un élément de vanne conique logé coaxialement
et de manière rotative dans l’élément de guidage
conique, l’élément de vanne conique étant for-
mé sur une paroi conique correspondante avec
une pluralité de deuxièmes ouvertures, l’élé-
ment de vanne conique étant tourné entre une
position ouverte dans laquelle les première et
deuxième ouvertures sont accouplées et une
position fermée dans laquelle les première et
deuxième ouvertures ne sont pas accouplées ;
et
une tige de contrôle ayant une extrémité qui tra-
verse une ouverture centrale de l’élément de
guidage conique pour être fixée à une partie
centrale de l’élément de vanne conique, la tige
de contrôle ayant l’autre extrémité connectée à
l’actionneur.

16. Dispositif de recirculation des gaz d’échappement
selon la revendication 15, dans lequel la paroi coni-
que de l’élément de guidage conique est agencée
pour lisser l’écoulement des gaz EGR depuis l’orifice
d’entrée de gaz du premier boîtier allongé vers une
entrée du passage de dérivation.
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17. Dispositif de recirculation des gaz d’échappement
selon la revendication 4, dans lequel le contrôleur
de débit de gaz comprend :

un élément d’encadrement agencé dans l’orifice
d’entrée de gaz du premier boîtier allongé ; et
une paire de plaques de vanne thermosensibles
qui ont chacune une extrémité de base mainte-
nue par l’élément d’encadrement et une partie
libre qui présente une déformation lorsque de la
chaleur lui est appliquée, la partie libre étant flé-
chie par la chaleur entre une première position
dans laquelle l’écoulement de gaz depuis l’ori-
fice d’entrée de gaz vers le passage de dériva-
tion, le premier passage d’écoulement de gaz
et le deuxième passage d’écoulement de gaz
s’effectue librement sans être obstrué par les
plaques de vanne, et une deuxième position
dans laquelle l’écoulement de gaz depuis l’ori-
fice d’entrée de gaz vers les premier et deuxiè-
me passages d’écoulement de gaz est réduit
par rapport à l’écoulement de gaz depuis l’orifice
d’entrée de gaz vers le passage de dérivation,
dans lequel les plaques de vanne thermosensi-
bles sont agencées de telle sorte que la partie
libre de chaque plaque de vanne prend la
deuxième position lorsque le débit de gaz mené
dans l’orifice d’entrée de gaz du premier boîtier
allongé est relativement faible.

18. Dispositif de recirculation des gaz d’échappement
selon la revendication 17, dans lequel les plaques
de vanne thermosensibles sont construites à partir
d’un bimétal ou d’un alliage à mémoire de forme.

19. Dispositif de recirculation des gaz d’échappement
selon la revendication 18, comprenant en outre un
élément d’entrée de gaz conique qui est fixé à l’orifice
d’entrée de gaz du premier boîtier allongé pour lisser
l’écoulement de gaz vers l’orifice d’entrée de gaz.

20. Dispositif de recirculation des gaz d’échappement
d’un moteur à combustion interne, comprenant :

un premier boîtier allongé comportant des orifi-
ces d’entrée et de sortie de gaz à des extrémités
axialement opposées ;
un deuxième boîtier allongé logé dans le premier
boîtier allongé pour définir entre eux un espace
qui s’étend axialement, le deuxième boîtier al-
longé comprenant un premier passage d’écou-
lement de gaz et un passage d’écoulement
d’eau qui entoure le premier passage d’écoule-
ment de gaz, le premier passage d’écoulement
de gaz comportant une partie d’entrée exposée
à l’orifice d’entrée de gaz et une partie de sortie
exposée à l’orifice de sortie de gaz ;
un troisième boîtier allongé logé dans l’espace

qui s’étend axialement pour définir un passage
de dérivation entre le premier boîtier allongé et
le troisième boîtier allongé et pour définir un
deuxième passage d’écoulement de gaz entre
le troisième boîtier allongé et le deuxième boîtier
allongé, le passage de dérivation et le deuxième
passage d’écoulement de gaz comportant cha-
cun une partie d’entrée exposée à l’orifice d’en-
trée de gaz et une partie de sortie exposée à
l’orifice de sortie de gaz ; et
un contrôleur de débit de gaz installé dans l’ori-
fice d’entrée de gaz du premier boîtier allongé
pour contrôler un rapport entre la quantité de
gaz qui s’écoule dans les premier et deuxième
passages d’écoulement de gaz et la quantité de
gaz qui s’écoule dans le passage de dérivation.
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