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Description

[0001] The present invention relates to a heat ex-
changer according to the preamble of independent claim
1 and to a method of producing a heat exchanger. Such
a heat exchanger can be taken from the prior art docu-
ment DE 35 15 830 A1. Said prior art document relates
to a method and a device for suppressing the escape of
gas from fuel at higher temperatures in the fuel system
of a motor vehicle, heat being extracted from the fuel
once a certain temperature is exceeded. In particular an
opening is formed at the middle tube. Said opening is
inserted into the opening of the outer tube and the inlet
or outlet pipe receives an end portion of the opening of
the middle tube. The inlet pipe and the outlet pipe are
welded or brazed to the outer tube at the opening thereof.
[0002] In order to clarify the task of the present inven-
tion, brief explanation will be directed to a triple-tube type
oil cooler that is shown in Laid-open Japanese Patent
Application (Tokkaihei) 9-113155.

[0003] Figs. 8 and 9 of the accompanying drawings
show two triple-tube type oil coolers described in the pub-
lished Japanese patent application.

[0004] The oil cooler of Fig. 8 comprises generally an
outer tube 101, a double-tube type oil passage unit 102
installedin the outertube 101, an oil inlet pipe (not shown)
connected to one axial end of the oil passage unit 102
and an oil outlet pipe 103 connected to the other axial
end of the oil passage unit 102. The double-tube type oil
passage unit 102 has a cylindrical space 108 through
which a heated oil from the engine flows. The oil passage
unit 102 has a cylindrical bore 110 defined therein and a
cylindrical space 112 defined between the oil passage
unit 102 and the outer tube 101. Under operation, the
engine cooling water is forced to flow through both the
cylindrical bore 110 and cylindrical space 112 and a heat-
ed oil from the engine is forced to flow through the cylin-
drical space 108 to be cooled by the engine cooling water
flowing in the cylindrical bore 110 and cylindrical space
112.

[0005] In order to connect the inlet and outlet pipes
103 to the oil passage unit 102, the following assembling
process has been carried out. First, the inlet and output
pipes 103 (only one is shown) are prepared, each having
a pressed enlarged leading end 104. The pressed en-
larged leading end 104 has two opposed flat surfaces
105 and 106 which are shown to be spaced by a distance
"H". The enlarged leading end 104 is put into a space
defined between a raised flat part 101A of the outer tube
101 and a raised flat part 102A of the oil passage unit
102 in such a manner that the flat surfaces 105 and 106
of the enlarged leading end 104 of the pipe 103 intimately
contact the raised flat parts 101A and 102A respectively,
as shown. With this intimate contact of the enlarged lead-
ing end 104 to the two raised flat parts 101A and 102A,
relative positioning between the outer tube 101 and the
oil passage unit 102 is assuredly and stably made. Then,
brazing is applied to such intimately contacting portions
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between the enlarged leading end 104 and the raised flat
parts 101A and 102A.

[0006] Similar to the oil cooler of Fig. 8, the oil cooler
of Fig. 9 comprises an outer tube 101, a double-tube type
oil passage unit 102 installed in the outer tube 101, and
oil inlet and outlet pipes 113 (only one is shown) respec-
tively connected to axial ends of the oil passage unit 102.
The pipe 113 is provided at a leading end 114 thereof
with mutually spaced outer and inner annular projections
115 and 116. For connecting the pipe 113 to the oil pas-
sage unit 102, the leading end 114 is put into a space
defined between araised aperture part 101A’ of the outer
tube 101 and a raised aperture part 102A’ of the oil pas-
sage unit 102 in such a manner that the outer and inner
annular projections 115 and 116 of the leading end 114
of the pipe 113 intimately contact the raised aperture
parts 101A’ and 102A’ respectively, as shown. The braz-
ing is applied to such intimately contacting portions be-
tween the leading end 114 and the raised aperture parts
101A’ and 102A’.

[0007] Because of the nature of brazing, the intimate
contact of the leading end 104 (or 114) to the two raised
parts 101Aand 102A (or 101A’and 102A’) is continuously
needed until the time when the brazing is completed.
Accordingly, during the brazing operation, certain tools
have to be used for retaining the outer tube 101 and the
oil passage unit 102. As is known, usage of such tools
causes increase in the assembling steps as well as low-
ering in the assembling facility. Particularly in case of the
oil cooler of Fig. 8, the inlet and outlet pipes 103 should
be inserted through openings of the raised flat part 101A
from inside the same before the oil passage unit 102 is
installed into the outer tube 101, and furthermore, the
relative positioning between the outer tube 101 and the
oil passage unit 102 should be made having the inlet and
outlet pipes 103 in contact with the outer tube 101, which
however bring about further lowering in the assembling
facility.

[0008] Furthermore, in case of the oil coolers of Figs.
8 and 9, there are two mutually independent brazing por-
tions. Thatis in the oil cooler of Fig. 8, one brazing portion
is the portion where the flat surface 105 of the leading
end 104 of the pipe 103 and the raised flat part 101A of
the outer tube 101 contact, and the other brazing portion
is the portion where the flat surface 106 of the leading
end 104 of the pipe 103 and the raised flat part 102A of
the oil passage unit 102 contact, and in the oil cooler of
Fig. 9, one brazing portion is the portion where the outer
annular projection 115 of the pipe 113 and the raised
aperture part 101A’ of the outer tube 101 contact, and
the other brazing portion is the portion where the inner
annular projection 116 of the pipe 113 and the raised
aperture part 102A’ contact. As is known, providing the
two mutually independent brazing portions causes a dif-
ficult or at least troublesome brazing work.

[0009] Prior art document JP 02 301515 A teaches a
method for mounting an oil cooler to a radiator tank. With
said method a pipe is fixed to an external cylinder of an
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oil cooler through expanding or calking of one end of the
pipe. Said pipe is inserted into a through hole formed on
an external cylinder. The end of the pipe is fixed to the
through hole by expanding or calking of the end. Next,
an inner fin and an inner cylinder are put in the external
cylinder of an oil cooler, and then the inner cylinder of
the oil cooler is fixed to the external cylinder of the oil
cooler. Furthermore, the oil cooler is mounted by insert-
ing the pipe into a through hole formed on a radiator tank.
Said opening of the radiator tank is constituted by araised
part. Between the pipe and the raised part a space is
provided. In this way, the radiator tank and the oil cooler
are putin inside a brazing furnace, and the pipe is brazed
monolithically to the through holes. Consequently, the
required portions call be securely brazed.

[0010] Accordingly, an object of the present invention
is to provide a heat exchanger as indicated above and a
method of producing a heat exchanger which ensures a
high operation performance and can be easily produced
with low costs.

[0011] According to the present invention said object
is solved by a heat exchanger having the features of in-
dependentclaim 1. Preferred embodiments are laid down
in the dependent claims.

[0012] Furthermore, said object is also solved by a
method of producing a heat exchanger having the fea-
tures of independent claim 10. A preferred embodiment
is laid down in the dependent claim.

[0013] Accordingly, there is provided a triple-tube type
heat exchanger in which inlet and outlet pipes are tightly
connected to a water passage unit through a minimum
amount of brazed part.

[0014] Accordingly, there is provided a method of pro-
ducing a triple-tube type heat exchanger, which is simple
in the manufacturing steps.

[0015] Accordingly, thereis provided a heatexchanger
which comprises an outer tube; a middle tube received
in the outer tube in a manner to define therebetween a
firstcylindrical space; aninner tube received in the middle
tube in a manner to define therebetween a second cylin-
drical space, the inner tube having a third cylindrical
space defined therein; first and second diametrically re-
duced portions possessed by axially spaced end portions
of the middle tube, the diametrically reduced portions in-
timately contacting and holding axially spaced end por-
tions of the inner tube thereby to permit the second cy-
lindrical space to have an isolated part between the first
and second diametrically reduced portions; first and sec-
ond radially depressed end portions possessed by the
outer tube, each radially depressed end portion having
an outer tube opening formed therethrough; firstand sec-
ond radially raised end portions possessed by the middle
tube, each radially raised end portion having a middle
tube opening formed therethrough, the first and second
radially raised end portions intimately putting thereon the
first and second radially depressed end portions respec-
tively in such a manner that the middle tube openings
are merged with the outer tube openings respectively;
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an inlet pipe passing through the merged openings of the
first radially raised and depressed end portions to con-
nect with the isolated part of the second cylindrical space,
theinlet pipe having a portion caulked to peripheral edges
of the merged openings of the first radially raised and
depressed end portions; and an outlet pipe passing
through the merged openings of the second radially
raised and depressed end portions to connect with the
isolated part of the second cylindrical space, the outlet
pipe having a portion caulked to peripheral edges of the
merged openings of the second radially raised and de-
pressed end portions.

[0016] Accordingly, there is provided a gas cooler for
cooling gas by using water, which comprises an outer
tube; a middle tube received in the outer tube in a manner
to define therebetween a first cylindrical space; an inner
tube received in the middle tube in a manner to define
therebetween a second cylindrical space, the inner tube
having a third cylindrical space defined therein; first and
second diametrically reduced portions possessed by ax-
ially spaced end portions of the middle tube, the diamet-
rically reduced portions intimately contacting and holding
axially spaced end portions of the inner tube thereby to
permit the second cylindrical space to have an isolated
part between the first and second diametrically reduced
portions; firstand second radially depressed end portions
possessed by the outer tube, each radially depressed
end portion having an outer tube opening formed there-
through; firstand second radially raised end portions pos-
sessed by the middle tube, each radially raised end por-
tion having a middle tube opening formed therethrough,
the firstand second radially raised end portions intimately
putting thereon the first and second radially depressed
end portions respectively in such a manner that the mid-
dle tube openings are merged with the outer tube open-
ings respectively; an inlet pipe passing through the
merged openings of the first radially raised and de-
pressed end portions to connect with the isolated part of
the second cylindrical space, the inlet pipe having a por-
tion caulked to peripheral edges of the merged openings
of the first radially raised and depressed end portions;
and an outlet pipe passing through the merged openings
of the second radially raised and depressed end portions
to connect with the isolated part of the second cylindrical
space, the outlet pipe having a portion caulked to periph-
eral edges of the merged openings of the second radially
raised and depressed end portions, wherein the gas to
be cooled is forced to flow through the first and third cy-
lindrical spaces, and the water is led into the isolated part
of the second cylindrical space through the inlet pipe and
discharged from the isolated part through the outlet pipe.
[0017] Accordingly, there is provided a method of pro-
ducing heat exchanger, which comprises (a) preparing
outer, middle and inner tubes and inlet and outlet pipes,
the outer tube having first and second radially depressed
end portions each having an outer tube opening, the mid-
dle tube having first and second radially raised end por-
tions each having a middle tube opening, the middle tube
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further having first and second diametrically reduced end
portions, and each of the inlet and outlet pipes having a
bead portion at a base end thereof; (b) placing the middle
tube in the outer tube in such a manner that the first and
second radially raised end portions of the middle tube
put thereon the first and second radially depressed end
portions of the outer tube respectively having the middle
tube openings merged with the outer tube openings re-
spectively; (c) inserting the base ends of the inlet and
outlet pipes into the merged middle and outer tube open-
ings respectively; (d) caulking the base ends of the inlet
and outlet pipes with the aid of the bead portions, so that
the caulked parts of the base ends of the inlet and outlet
pipes grip peripheral edges of the merged middle and
outer tube openings respectively; (e) placing the inner
tube in the middle tube in such a manner that the first
and second diametrically reduced end portions of the
middle tube contact and hold axially spaced end portions
ofthe inner tube, so that the outer, middle and inner tubes
and the inlet and outlet pipes constitute a pre-assembled
unit; and (f) putting the pre-assembled unit into a furnace
to braze mutually contacting portions possessed by the
pre-assembled unit.

[0018] Hereinafter, the present invention is illustrated
and explained by means of a preferred embodiment in
conjunction with the accompanying drawings, in which:

Fig. 1 is a sectional view of a triple-tube type heat
exchanger which is a firstembodiment of the present
invention;

Fig. 2 is a sectional view taken along the line II-1l of
Fig. 1;

Fig. 3 is an enlarged sectional view of an inner ele-
ment of the heat exchanger of the first embodiment;
Fig. 4 is a perspective view of a fin plate that is in-
stalled in the heat exchanger of the firstembodiment;
Fig. 5 is a view showing the step for inserting the fin
plates into an inner tube;

Fig. 6 is a view similar to Fig. 1, but showing a flow
of engine cooling water and that of EGR gas;

Fig. 7A to 7F are drawings showing steps for assem-
bling the heat exchanger of the first embodiment;
Fig. 8 is a sectional view of a conventional triple-tube
type oil cooler; and

Fig. 9 is a sectional view of another conventional
triple-tube type oil cooler.

[0019] 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.

[0020] Referring to Figs. 1 to 7F, particularly Figs. 1
and 2, there is shown a triple-tube type heat exchanger
100 which is a first embodiment of the present invention.
[0021] The heat exchanger 100 described herein is
used, for example, as an EGR gas cooler that cools an

10

15

20

25

30

35

40

45

50

55

EGR gas by using an engine cooling water. As is known,
the EGR gas is an exhaust gas fed back to an intake
system of an internal combustion engine from an exhaust
system of the same to reduce the combustion tempera-
ture in combustion chambers thereby to reduce emis-
sions of nitrogen oxides (NOx) and particulates.

[0022] As shown in Figs. 1 and 2, the triple-tube type
heat exchanger 100 comprises an inner tube 2, a middle
tube 3 and an outer tube 4 which are concentrically ar-
ranged. These tubes 2, 3 and 4 are constructed of a met-
al, such as stainless steel or the like. With the concentric
arrangement of the three tubes 2, 3 and 4, there are de-
fined a cylindrical inner passage (or third cylindrical
space) 12 within the inner tube 2, a cylindrical middle
space (or second cylindrical space) 11 between the inner
tube 2 and the middle tube 3 and a cylindrical outer space
(or first cylindrical space) 20 between the middle tube 3
and the outer tube 4.

[0023] As willbecome apparent as the description pro-
ceeds, the cylindrical middle space 11 serves as a pas-
sage for a cooling water, the cylindrical inner passage
12 serves an inner gas flow passage for an EGR gas and
the cylindrical outer space 20 serves an outer gas flow
passage for the EGR gas.

[0024] Inlet and outlet pipes 5 and 6 of stainless steel
are connected at their based ends to axially opposed end
portions of the middle tube 3 respectively, so that an en-
gine cooling water is led into the cylindrical middle space
11 from the inlet pipe 5 and discharged from the outlet
pipe 6.

[0025] Mounting flanges 7 are secured through braz-
ing to opposed ends of the outer tube 4 respectively.
[0026] As is seen from the drawings, the inner tube 2
has a simpler cylindrical shape. However, the middle tube
3 has a complicated cylindrical shape. That is, the middle
tube 3 comprises a corrugated middle portion 9 that forms
a major part of the middle tube 3, radially raised end
portions 8 that have openings to which the inlet and outlet
pipes 5 and 6 are connected and diametrically reduced
ends 10 that are concentrically and intimately put on ax-
ially ends of the inner tube 2. Brazing is applied to the
reduced ends 10 to tightly couple the inner and middle
tubes 2 and 3. With this brazing, the cylindrical middle
space 11 forms an isolated part communicated with only
the inlet and outlet pipes 5 and 6.

[0027] Asisbestseenfrom Fig. 2, within the inner tube
2, there is installed an inner fin unit 13 of generally H-
shaped cross section for promoting a heat transferring
of the inner tube 2 and promoting a turbulent flow of EGR
gas that flows in the cylindrical inner passage 12.
[0028] As is seen from Figs. 3, 4 and 5, the inner fin
unit 13 comprises two identical channel-shaped fin plates
14 that are coupled in a back-to-back connection manner.
The fin plates 14 are constructed of stainless steel. How-
ever, if desired, the fin plates 14 may be constructed of
other metals that have a good heat transfer. As is seen
from Fig. 4, each fin plate 14 is formed with flanged ends
15 and as is seen from fig. 2, the flanged ends 15 are



7 EP 1 388 720 B1 8

brazed to a cylindrical inner surface of the inner tube 2.
As will be described in detail hereinafter, the two fin plates
14 are brazed to each other at their mutually contacting
back portions.

[0029] Furthermore, as is seen from Fig. 4, each fin
plate 14 is formed with a plurality of slits 16 each extend-
ing in the direction of the width of the fin plate 14. Each
slit 16 is formed at both end portions thereof with small
slanted fins 17. More specifically, the small slanted fins
17 possessed by each fin plate 14 comprise a first group
of fins 17 that project inward from one side wall of the fin
plate 14 and a second group of fins 17 that project out-
ward from the other side wall of the fin plate 14, as will
be understood from Fig. 4. With the slits 16, a thermal
distortion of the inner fin unit 13 is suppressed or at least
minimized. Furthermore, with the small slanted fins 17,
the heat transfer area of the inner fin unit 13 is increased.
[0030] Referring back to Fig. 1, the outer tube 4 com-
prises a cylindrical middle portion and radially depressed
end portions 18 that have openings to which the inlet and
outlet pipes 5 and 6 are connected. More specifically, the
radially raised end portions 8 of the middle tube 3 and
the radially depressed end portions 18 of the outer tube
4 are put on one another to mate the openings thereof
to constitute pipe fixing openings 19, to which the base
ends of the inlet and outlet pipes 5 and 6 are fixed. A
hydraulic bulging method may be used for forming the
radially raised and depressed portions 8 and 18. For con-
necting the base ends of the inlet and outlet pipes 5 and
6 to the pipe fixing openings 19, a caulking technique is
employed. Then, brazing is applied to such caulked por-
tions to assure a tight connection as well as a hermetic
sealing between the base ends of the pipes 5 and 6 and
the pipe fixing openings 19.

[0031] Thatis, as will be described in detail hereinafter,
for connecting the inlet and outlet pipes 5 and 6 to the
pipe fixing openings 19, the following steps are em-
ployed. Previously, the base end of each pipe 5 or 6 has
a bead portion 21 with a cylindrical leading end 22. First,
the cylindrical leading end 22 of the pipe 5 or 6 is inserted
into the pipe fixing opening 19, and then, with the bead
portion 21 kept pressed against an upper peripheral edge
of the opening 19, the cylindrical leading end 22 is
pressed radially outward by using a suitable caulking tool.
With this, the base end of each pipe 5 or 6 is caulked to
the peripheral edge of the pipe fixing opening 19, as
shown.

[0032] As is seen from Fig. 2, due to provision of the
radially depressed end portions 18 of the outer tube 4,
the caulked base end of each pipe 6 or 5is neatly received
within animaginary circle thatis possessed by the section
of the outer tube 4. That is, irrespective of the inlet and
outlet pipes 5 and 6, the outer tube 4 is suppressed from
having unsightly projected portions. Furthermore, due to
the intimate contact between the radially raised end por-
tion 8 of the middle tube 3 and the radially depressed
end portion 18 of the outer tube 4, a durable and tight
connection between the pipe 5 or 6 and the middle tube
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3 is achieved without usage of additional parts between
the middle and outer tubes 3 and 4.

[0033] Aswillbe describedin detail hereinafter, for pro-
duction of the triple-tube type heat exchanger 100, the
inner tube 2, the middle tube 3, the outer tube 4, the
mounting flanges 7, the inlet and outlet pipes 5 and 6 are
preliminarily united to constitute a so-called pre-assem-
bled unit in such an arrangement as is shown in Fig. 1,
and then this pre-assembled unit is put in a furnace, for
example, vacuum furnace or the like, for a given time. In
the furnace, brazing is carried out at the mutually con-
tacting portions, viz., the portions between the mounting
flanges 7 and the outer tube 4, the portions between the
diametrically reduced ends 10 of the middle tube 3 and
the inner tube 2, the portions between the caulked base
ends of the inlet and outlet pipes 5 and 6 and the periph-
eral ends of the pipe fixing openings 19 of the outer and
middle tubes 4 and 3, the portion between backs of the
fin plates 14. For the brazing, Nickel brazing, Cupper
brazing and the like are usable. That is, for such brazing,
a suitable brazing filler metal plate or paste like filler metal
material is previously set at or applied to the portions
which are to be brazed. If desired, a clad metal lined with
a brazing filler metal or a metal plated with a cupper may
be used as a material of the members which are brazed.
[0034] In Fig. 6, there is shown a finished product of
the triple-tube type heat exchanger 100 of the first em-
bodiment of the present invention. When it is in use, the
inlet pipe 5 is connected to an outlet pipe of a radiator
(not shown) and the outlet pipe 6 is connected to an inlet
pipe of the radiator, and a left inlet end 100A of the outer
tube 4 is connected to an exhaust system of an associ-
ated internal combustion engine and the right outlet end
100B of the tube 4 is connected to an intake system of
the engine. Under operation of the engine, cooling water
(viz., engine cooling water) is led into the engine cooling
water passage 11 from the inlet pipe 5 and discharged
from the outlet pipe 6 as is indicated by the hatched ar-
rows, and the EGR gas from the exhaust system of the
engine is led into both the inner and outer gas flow pas-
sages 12 and 20 from the inlet end 100A of the outer
tube 4 and discharged from the outlet end 100B of the
same and introduced into the intake system of the engine,
as is indicated by the blank arrows. Thus, during the flow,
the EGR gas is cooled by the cooling water. Because the
outer tube 4 is exposed to the open air, the EGR gas
flowing in the outer gas flow passage 20 is much effec-
tively cooled as compared with that flowing in the inner
gas flow passage 12.

[0035] As has been mentioned hereinabove, due to
provision of the radially depressed end portions 18 of the
outer tube 4, the caulked base ends of the inlet and outlet
pipes 5 and 6 are neatly received in the circle that is
possessed by the section of the outer tube 4, as shown
in Fig. 2. Thus, the EGR gas flowing in the outer gas flow
passage 20 is permitted to have a smoothed flow therein
and thus the amount of particles collected around the
caulked base ends of the pipes 5 and 6 can be minimized
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[0036] In the following, steps for assembling the triple-
tube type heat exchanger 100 of the first embodiment
will be described with the aid of Figs. 7A to 7F. It is how-
ever to be noted that for clarification of the drawings, the
corrugations 9 of the middle tube 3 are omitted from the
drawings.

[0037] First,asis seenfrom Fig. 7A, by using a suitable
jig (not shown), the inlet and outlet pipes 5 and 6 are
stably positioned with their base ends projected upward.
Each pipe 5 or 6 has the bead portion 21 previously.
[0038] Then, as is seen from Fig. 7B, the outer tube 4
with the radially depressed end portions 18 is put on the
pipes 5 and 6 having the peripheral edges of the pipe
fixing openings 19 respectively seated on the bead por-
tions 21 of the inlet and outlet pipes 5 and 6.

[0039] Then, as is seen from Fig. 7C, the middle tube
3 with the radially raised end portions 8 is inserted into
the outer tube 4 and put on the pipes 5 and 6 having the
peripheral edges of the pipe fixing openings 19 thereof
respectively seated on the peripheral edges of the pipe
fixing openings 19 of the outer tube 4. Under this condi-
tion, the radially raised end portions 8 of the middle tube
3 intimately contact with the radially depressed end por-
tions 18 of the outer tube 4 due to the positioning effect
given by the base ends of the pipes 5 and 6, and at the
same time, due to the positioning effect of the pipes 5
and 6, the middle and outer tubes 3 and 4 are concen-
trically arranged. It is to be noted that the middle tube 3
has the diametrically reduced ends 10 previously formed.
[0040] Then, asis seen from Fig. 7D, a suitable caulk-
ing tool (not shown) is inserted into the middle tube 3 to
make a caulking to the cylindrical leading ends 22 of the
pipes 5 and 6. With this, the peripheral edges of the pipe
fixing openings 19 of the middle and outer tubes 3 and
4 are tightly secured to the base ends of the inlet and
outlet pipes 5 and 6, as is understood from Fig. 2. With
this, the inlet and outlet pipes 5 and 6, the outer tube 4
and the middle tube 3 are united to constitute a first pre-
assembled unit which has a so-called "self-holding struc-
ture".

[0041] Then, as is seen from Fig. 7E, the inner tube 2
is inserted into the middle tube 3 and as is seen from Fig.
7F, the two fin plates 14 are inserted into the inner tube
2 in such a manner as is seen from Fig. 5. Under this
condition, the both ends of the inner tube 2 is intimately
held by the diametrically reduced ends 10 of the middle
tube 3 and the flanged ends 15 of the two fin plates 14
are intimately held by the inner tube 2 having the backs
of the same intimately contacting each other, so that a
second pre-assembled unit is constituted. As is men-
tioned hereinabove, at the mutually contacting portions
of the pre-assembled unit, there have been previously
set or provided suitable brazing filler metal plates or paste
like filler metal material.

[0042] Then, the second pre-assembled unit is put in
a furnace (viz., vacuum furnace or the like) for a given
time to achieve brazing of the mutually contacting portion
of the pre-assembled unit. With these steps, the triple-
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tube type heat exchanger 100 of the first embodiment is
produced.

[0043] Itis to be noted that since the second pre-as-
sembled unit has also "self-holding structure" due to the
caulked connection of the pipes 5 and 6 to the middle
and outer tubes 3 and 4, the intimate thrust connection
ofthe inner tube 2 with the middle tube 3, and the intimate
thrust connection of the two fin plates 14 with the inner
tube 2. Thus, the brazing of the pre-assembled unit in
the furnace can be carried out without usage of any po-
sitioning jigs.

Claims
1. A heat exchanger comprising:

an outer tube (4);

a middle tube (3) received in the outer tube (4)
in a manner to define therebetween a first cylin-
drical space (20);

an inner tube (2) received in the middle tube (3)
in a manner to define therebetween a second
cylindrical space (11), the inner tube (2) having
a third cylindrical space (12) defined therein;
first and second diametrically reduced end por-
tions (10) possessed by axially spaced end por-
tions of the middle tube (3), the diametrically re-
duced end portions (10) intimately contacting
and holding axially spaced end portions of the
inner tube (2) thereby to permit the second cy-
lindrical space (11) to have an isolated part be-
tween the firstand second diametrically reduced
portions (10);

firstand second radially depressed end portions
(18) possessed by the outer tube (4), each ra-
dially depressed end portion (18) having an out-
er tube opening formed therethrough;

first and second radially raised end portions (8)
possessed by the middle tube (3), each radially
raised end portion (8) having a middle tube
opening formed therethrough, the first and sec-
ond radially raised end portions (8) intimately
putting thereon the first and second radially de-
pressed end portions (18) respectively in such
a manner that the middle tube openings are
merged with the outer tube openings respective-
ly;

first brazed portions through which the first and
second diametrically reduced end portions (10)
of the middle tube (3) and the axially spaced end
portions of the inner tube (2) are secured to each
other respectively; and

second brazed portions through which the first
and second radially raised end portions (8) of
the middle tube (3) and the first and second ra-
dially depressed end portions of the outer tube
(4) (18) are secured to each other respectively;



11 EP 1 388 720 B1 12

an inlet pipe (5) connected to the merged open-
ings of the first radially raised and depressed
end portions (8,18) to connect with the isolated
part of the second cylindrical space (11); and
anoutlet pipe (6) connected to the merged open-
ings of the second radially raised and depressed
end portions (8,18) to connect with the isolated
part of the second cylindrical space (11), char-
acterized in that

the inlet pipe (5) is passing through the merged
openings of the first radially raised and de-
pressed end portions (8,18), and said inlet pipe
(5) has a portion caulked to peripheral edges of
the merged openings of the first radially raised
and depressed end portions (8,18); and

the outlet pipe (6) is passing through the merged
openings of the second radially raised and de-
pressed end portions (8,18), and said outlet pipe
(6) has a portion caulked to peripheral edges of
the merged openings of the second radially
raised and depressed end portions (8,18),
wherein an inner fin unit (13) is installed in and
secured to the inner tube (2) for promoting a
heat transferring of the inner tube (2) and pro-
moting a turbulence flow of a fluid flowing in the
third cylindrical space (12), the inner fin unit (13)
has a generally H-shaped cross section and has
four wall portions whose leading ends (15) are
brazed to the inner surface of the inner tube (2),
said inner fin unit (13) comprises two fin plates
(14,141,142) each having a generally channel
shape, the two fin plates (14,141,142) being
coupled through a brazing in a back-to-back
connecting manner, each of the fin plates (14)
is further formed with a plurality of fins (17), and
each of the fin plates (14,142) is formed with a
plurality of slits (16).

A heat exchanger according to claim 1, character-
ized in that at least one of the outer, middle and
inner tubes (4,2) is constructed to have a plurality of
corrugations (9).

A heat exchanger according to claim 2, character-
ized in that the middle tube (3) is formed with a
plurality of corrugations (9) which have inner surfac-
es exposed to the isolated part of the second cylin-
drical space (11) and outer surfaces exposed to the
first cylindrical space (20).

A heat exchanger according to one of the claims 1
to 3, characterized in that, the outer tube (4), the
middle tube (3) and the inner tube (2) are concentri-
cally arranged.

A heat exchanger according to one of the claims 1
to 4, characterized in that the inlet and outlet pipes
(5,6) are provided on diametrically same and axially
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spaced portions of the outer and middie tubes (4,3).

A heat exchanger according to one of the claims 1
to 4, characterized in that the inlet and outlet pipes
(5,6) are provided on diametrically opposed and ax-
ially spaced portions of the outer and middle tubes
(4,3).

A gas cooler for cooling gas by using water, com-
prising a heat exchanger according to at least one
of the claims 1 to 6, characterized in that the gas
to be cooled is forced to flow through the first and
third cylindrical spaces (20,12), and the water is led
into the isolated part of the second cylindrical space
(11) through the inlet pipe (5) and discharged from
the isolated part through the outlet pipe (6).

A method of producing a heat exchanger, compris-
ing:

(a) preparing outer, middle and inner tubes
(4,3,2) and inlet and outlet pipes (5,6), the outer
tube (4) having first and second radially de-
pressed end portions (18) each having an outer
tube opening, the middle tube (3) having first
and second radially raised end portions (8) each
having a middle tube opening, the middle tube
(3) further having first and second diametrically
reduced end portions (10), and each of the inlet
and outlet pipes (5,6) having a bead portion (21)
at a base end thereof;

(b) placing the middle tube (3) in the outer tube
(4) in such a manner that the first and second
radially raised end portions (8) of the middle tube
(3) put thereon the first and second radially de-
pressed end portions (18) of the outer tube (4)
respectively having the middle tube openings
merged with the outer tube openings respective-
ly;

(c) inserting the base ends (22) of the inlet and
outlet pipes (5,6) into the merged middle and
outer tube openings respectively;

(d) caulking the base ends (22) of the inlet and
outlet pipes (5,6) with the aid of the bead portions
(21), so that the caulked parts of the base ends
(22) of the inlet and outlet pipes (5,6) grip pe-
ripheral edges of the merged middle and outer
tube openings respectively;

(e) placing the inner tube (2) in the middle tube
(3) in such a manner that the first and second
diametrically reduced end portions (10) of the
middle tube (3) contact and hold axially spaced
end portions of the inner tube (2), so that the
outer, middle and inner tubes (4,3,2) and the
inlet and outlet pipes (5,6) constitute a pre-as-
sembled unit; and

(f) placing an inner fin unit (13) into the inner
tube (2) in such a manner that given portions of
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the inner fin unit (13) contact with an inner sur-
face of the inner tube (2), the inner fin unit (13)
has a generally H-shaped cross section and has
four wall portions whose leading ends (15) to be
brazed to the inner surface of the inner tube (2),
said inner fin unit (13) comprises two fin plates
(14,141,142) each having a generally channel
shape, the two fin plates (14,141,142) being
placed in a back-to-back connecting manner,
wherein each of the fin plates (14) is further
formed with a plurality of fins (17), and each of
the fin plates (14,142) is formed with a plurality
of slits (16),

(9) putting the pre-assembled unitinto a furnace
to braze mutually contacting portions possessed
by the pre-assembled unit.

9. A method according to claim 8, characterized in
that before the step (f), further comprising (h) dis-
posing two mounting flanges (7) on axially opposed
ends of the outer tube (4).

Patentanspriiche
1. Warmetauscher, aufweisend:

ein Aul3enrohr (4);

ein Mittelrohr (3), aufgenommen in dem Aul3en-
rohr (4) in einer Weise, um dazwischen einen
ersten zylindrischen Raum (20) zu bilden;

ein Innenrohr (2), aufgenommen in dem Mittel-
rohr (3) in einer Weise, um dazwischen einen
zweiten zylindrischen Raum (11) zu bilden, wo-
bei das Innenrohr (2) einen darin gebildeten drit-
ten zylindrischen Raum (12) hat;

erste und zweite diametral reduzierte Endab-
schnitte (10) an axial beabstandeten Endab-
schnitten des Mittelrohres (3), wobei die diame-
tral reduzierten Endabschnitte (10) axial beab-
standete Endabschnitte des Innenrohres (2) da-
durch eng bertihren und halten, um dem zweiten
zylindrischen Raum (11) zu gestatten, eineniso-
lierten Teil zwischen dem ersten und zweiten
diametral reduzierten Endabschnitt (10) zu ha-
ben;

erste und zweite radial vertiefte Endabschnitte
(18) an dem Aulenrohr (4), wobei jeder radial
vertiefte Endabschnitt (18) eine dadurch gebil-
dete AuRenrohréffnung hat;

erste und zweite radial erhdhte Endabschnitte
(8) an dem Mittelrohr (3), wobei jeder radial er-
héhte Endabschnitt (8) eine dadurch gebildete
Mittelrohréffnung hat, die ersten und zweiten ra-
dial erhéhten Endabschnitte (8) jeweils eng dar-
auf die ersten und zweiten radial vertieften End-
abschnitte (18) in solch einer Weise aufnehmen,
dass jeweils die Mittelrohréffnungen mit den Au-
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Renrohréffnungen verschmelzen;

erste hartgelttete Abschnitte, durch die die er-
sten und zweiten diametral reduzierten Endab-
schnitte (10) des Mittelrohres (3) und die axial
beabstandeten Endabschnitte des Innenrohres
(2) jeweils miteinander befestigt sind; und
zweite hartgelttete Abschnitte, durch die die er-
sten und zweiten radial erhéhte Endabschnitte
(8) des AuBenrohres (4) und die ersten und
zweiten radial vertieften Endabschnitte (18) des
Mittelrohres (3) jeweils miteinander befestigt
sind;

ein Einlassrohr (5), verbunden mit den zusam-
mengefilhrten Offnungen der ersten radial er-
hoéhten und vertieften Endabschnitte (8, 18), um
mitdem isolierten Teil des zweiten zylindrischen
Raums (11) zu verbinden; und

ein AuRenrohr (6), verbunden mit den zusam-
mengefiihrten Offnungen der zweiten radial er-
hoéhten und vertieften Endabschnitte (8, 18), um
mit dem zweiten isolierten Teil des zweiten zy-
lindrischen Raums (11) zu verbinden, dadurch
gekennzeichnet, dass

das Einlassrohr (5) durch die zusammengefiihr-
ten Offnungen der ersten radial erhéhten und
vertieften Endabschnitte (8, 18) geht, und das
Einlassrohr (5) einen Abschnitt hat, verstemmt
mit den Umfangskanten der zusammengefiihr-
ten Offnungen der ersten radial erhéhten und
vertieften Endabschnitte (8, 18); und

das Auslassrohr (6) durch die zusammenge-
fihrten Offnungen der zweiten radial erhéhten
und vertieften Endabschnitte (8, 18) hindurch-
geht und das Auslassrohr (6) einen Abschnitt
hat, verstemmt mit den Umfangskanten der zu-
sammengefiihrten Offnungen der zweiten radial
erhbhten und vertieften Endabschnitte (8, 18),
wobei eine innere Rippeneinheit (13) installiert
in und befestigt ist an dem Innenrohr (2) zum
Unterstitzen eines Warmetbergangs des In-
nenrohres (2) und zum Unterstiitzen einer tur-
bulenten Stromung eines Fluids, das in dem drit-
ten zylindrischen Raum (12) strémt, wobei die
innere Rippeneinheit (13) einen im Wesentli-
chen H- férmigen Querschnitt hat und vier
Wandabschnitte hat, deren vorauslaufenden
Enden (15) an der inneren Oberflache des In-
nenrohres (2) hartgel6tet sind, wobei die innere
Rippeneinheit (13) zwei Rippenplatten (14, 141,
142) aufweist, wobei jede eine im Wesentlichen
Kanalform hat, die zwei Rippenplatten (14, 141,
142) durch ein Hartléten in einer Riicken- zu-
Rucken- Verbindungsweise gekuppelt ist, wo-
bei jede der Rippenplatten (14) auflerdem mit
einer Mehrzahlvon Rippen (17) versehenistund
jede der Rippenplatten (14, 142) mit einer Mehr-
zahl von Schlitzen (16) versehen ist.
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Warmetauscher nach Anspruch 1, dadurch ge-
kennzeichnet, dass zumindest eines von dem Au-
Ren-, Mittel- oder Innenrohr (4, 3, 2) aufgebaut ist,
eine Mehrzahl von Wellen (9) zu haben.

Warmetauscher nach Anspruch 2, dadurch ge-
kennzeichnet, dass das Mittelrohr (3) mit einer
Mehrzahl von Wellen (9) gebildet ist, die innere
Oberflachen haben, freigelegt zu dem isolierten Teil
des zweiten zylindrischen Raums (11), und dulere
Oberflachen, freigelegt zu dem ersten zylindrischen
Raum (20).

Warmetauscher nach einem der Anspriche 1 bis 3,
dadurch gekennzeichnet, dass das Auflenrohr
(4), das Mittelrohr (3) und das Innenrohr (2) konzen-
trisch angeordnet sind.

Warmetauscher nach einem der Anspriiche 1 bis 4,
dadurch gekennzeichnet, dass das Einlass- und
Auslassrohr (5, 6) an diametral gleichen und axial
beabstandeten Abschnitten des Auf3en- und Mittel-
rohres (4, 3) vorgesehen sind.

Warmetauscher nach einem der Anspriiche 1 bis 4,
dadurch gekennzeichnet, dass das Einlass- und
Auslassrohr (5, 8) an diametral entgegengesetzten
und axial beabstandeten Abschnitten des AulRen-
und Mittelrohres (4, 3) vorgesehen sind.

Gaskuhler zum Gaskiihlen unter Verwendung von
Wasser, aufweisend einen Warmetauscher nach zu-
mindest einem der Anspriiche 1 bis 6, dadurch ge-
kennzeichnet, dass das zu kiihlende Gas gezwun-
gen wird, um durch den ersten und dritten zylindri-
schen Raum (20, 12) zu strémen, und das Wasser
in den isolierten Teil des zweiten zylindrischen
Raums (11) durch das Einlassrohr (5) gefiihrt und
aus dem isolierten Teil durch das Auslassrohr (6)
abgegeben wird.

Verfahren zum Herstellen eines Warmetauschers,
aufweisend:

(a) Vorbereiten des AuRen-, Mittel- und Innen-
rohres (4, 3, 2)und Einlass- und Auslassrohre
(5, 6), wobei das AulRenrohr (4) erste und zweite
vertiefte Endabschnitte (18) hat, jeder mit einer
AuBenrohréffnung, wobei das Mittelrohr (3) er-
ste und zweite radial erhéhte Endabschnitte (8)
hat, jeder eine Mittelrohr6ffnung hat, das Mittel-
rohr (3) aulerdem erste und zweite diametral
reduzierte Endabschnitte (10) hat und jedes der
Einlass- und Auslassrohre (5, 6) einen Wulstab-
schnitt (21) an einem Basisendabschnitt dersel-
ben hat,

(b) Platzieren des Mittelrohres (3) in dem Au-
Renrohr (4) in solch einer Weise, dass die ersten
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und zweiten radial erhéhten Endabschnitte (8)
des Mittelrohres (3) daran angebracht die ersten
und zweiten radial vertieften Endabschnitte (18)
des AulRenrohres (4), die jeweils die Mittelrohr-
offnungen, zusammengefuhrt mit den jeweili-
gen AuBenrohréffnungen, haben;

(c) Einsetzen der Basisenden (22) der Einlass-
und Auslassrohre (5, 6) in die jeweiligen zusam-
mengeflhrten Mittel- und AufRenrohréffnungen;
(d) Verstemmen der Basisenden (22) der Ein-
lass- und Auslassrohre (5, 6) mit Hilfe der Wul-
stabschnitte (21), so dass die verstemmten Tei-
le des Basisenden (22) der Einlass- und Aus-
lassrohre (5, 6) jeweils Umfangskanten der zu-
sammengefiihrten Mittel- Auenrohréffnungen
greifen;

(e) Platzieren des Innenrohres (2) in dem Mit-
telrohr (3) in solch einer Weise, dass die ersten
und zweiten diametral reduzierte Endabschnitte
(10) des Mittelrohres (3) axial beabstandete
Endabschnitte des Innenrohres (2) beriihren
und halten, so dass die Auf3en-, Mittel- oder In-
nenrohre (4, 3, 2) und die Einlass- und Auslass-
rohre (5, 6) eine vormontierte Einheit bilden; und
(f) Platzieren einer inneren Rippeneinheit (13)
in dem Innenrohr (2) in solch einer Weise, dass
gegebene Abschnitte derinneren Rippeneinheit
(13) sich mit einer inneren Oberflache des In-
nenrohres (2) berthren, wobei die innere Rip-
peneinheit (13) einen im Wesentlichen H- formi-
gen Querschnitt hat und vier Wandabschnitte
hat, deren vorauslaufende Enden (15) an der
inneren Oberflache des Innenrohres (2) hartge-
I6tet werden, wobei die innere Rippeneinheit
(13) zwei Rippenplatten (14, 141, 142) aufweist,
wobei jede eine im Wesentlichen eine Kanal-
form hat, die zwei Rippenplatten (14, 141, 142)
in einer Rukken- zu- Ricken- Verbindungswei-
se platziert sind, wobei jede der Rippenplatten
(14) auRerdem mit einer Mehrzahl von Rippen
(17) gebildet ist und jede der Rippenplatten (14,
142) mit einer Mehrzahl von Schlitzen (16) ge-
bildet ist,

(g) Einbringen der vormontierten Einheit in ei-
nen Brennofen, um zueinander beriihrende Ab-
schnitte, die die vormontierte Einheit besitzt,
hartzuverléten.

Verfahren nach Anspruch 8, dadurch gekenn-
zeichnet, dass vor dem Schritt (f), auBerdem (h)
das Anordnen zweier Montageflansche (7) an axial
gegenliberliegenden Enden des AuRenrohres (4)
aufweist.

Revendications

1.

Echangeur de chaleur, comprenant :
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un tube externe (4) ;

un tube médian (3) agencé dans le tube externe
(4) de maniere a définir entre eux un premier
espace cylindrique (20) ;

un tube interne (2) agencé dans le tube médian
(3) de maniere a définir entre eux un deuxieme
espace cylindrique (11), untroisi€me espace cy-
lindrique (12) étant défini dans le tube interne
(2);

des premiére et deuxieéme extrémités a diametre
réduit (10) étant incluses dans des extrémités
espacées axialement du tube médian (3), les
extrémités a diamétre réduit (10) saisissant des
extrémités espacées axialementdu tube interne
(2) et établissant avec celles-ci un contact inti-
me, permettant ainsi au deuxieme espace cy-
lindrique (11) de comporter une partie isolée en-
tre les premiére et deuxiéme parties a diametre
réduit (10) ; des premiére et deuxiéme extrémi-
tés a dépression radiale (18) faisant partie du
tube externe (4), chaque extrémité a dépression
radiale (18) comportant une ouverture de tube
externe qui la traverse ;

des premiére et deuxiéme extrémités a saillie
radiale (8) faisant partie du tube médian (3), cha-
que extrémité a saillie radiale (8) comportant
une ouverture de tube médian qui la traverse,
les premiéere et deuxiéme extrémités a saillie ra-
diale (8) y joignant de maniére intime respecti-
vement les premiére et deuxieme extrémités a
dépression radiale (18) de telle sorte que les
ouvertures du tube médian sont fusionnées res-
pectivement avec les ouvertures du tube
externe ;

des premiéres parties brasées atravers lesquel-
les les premiére et deuxiéme extrémités a dia-
métre réduit (10) du tube médian (3) et les ex-
trémités espacées axialement du tube interne
(2) sont fixées respectivement entre elles ; et
des deuxiémes parties brasées a travers les-
quelles les premiére et deuxiéme extrémités a
saillie radiale (8) du tube médian (3) et les pre-
miére et deuxiéme extrémités a dépression ra-
diale (18) du tube externe (4) sont fixées res-
pectivement entre elles ;

un tube d’entrée (5) connecté aux ouvertures
fusionnées des premiéres extrémités a saillie ra-
diale et a dépression radiale (8, 18) pour se con-
necter avec la partie isolée du deuxieme espace
cylindrique (11) ; et

un tube de sortie (6) connecté aux ouvertures
fusionnées des deuxiémes extrémités a saillie
radiale et a dépression radiale (8, 18) pour se
connecter avec la partie isolée du deuxiéme es-
pace cylindrique (11), caractérisé en ce que
le tube d’entrée (5) traverse les ouvertures fu-
sionnées des premiéres extrémités a saillie ra-
diale et a dépression radiale (8, 18), et ledit tube
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d’entrée (5) comporte une partie jointe de fagon
étanche a des bords périphériques des ouver-
tures fusionnées des premiéres extrémités a
saillie radiale et a dépression radiale (8, 18) ; et
le tube de sortie (6) traverse les ouvertures fu-
sionnées des deuxiemes extrémités a saillie ra-
diale et a dépression radiale (8, 18), et ledit tube
de sortie (6) comporte une partie jointe de fagon
étanche a des bords périphériques des ouver-
tures fusionnées des deuxiémes extrémités a
saillie radiale et a dépression radiale (8, 18),
dans lequel une unité a ailettes interne (13) est
installée dans le tube interne (2) et fixée a celui-
ci pour promouvoir le transfert de chaleur du tu-
be interne (2) et promouvoir un écoulement tur-
bulent d’un fluide qui s’écoule dans le troisieme
espace cylindrique (12), l'unité a ailettes interne
(13) présente une section transversale généra-
lement en forme de H et comporte quatre parties
de paroi dont les extrémités (15) sont brasées
a la surface interne du tube interne (2), ladite
unité a ailettes interne (13) comprend deux pla-
ques a ailettes (14, 141, 142) conformées cha-
cune généralement sous forme d’un canal, les
deux plaques a ailettes (14, 141, 142) étant as-
semblées par brasage pour réaliser une con-
nexion de type dos a dos, chacune des plaques
a ailettes (14) étant en outre formée par une
pluralité d’ailettes (17), et chacune des plaques
a ailettes (14, 142) étant formée avec une plu-
ralité de fentes (16).

Echangeur de chaleur selon la revendication 1, ca-
ractérisé en ce qu’au moins un des tubes externe,
médian et interne (4, 2) est constitué de maniére a
comporter une pluralité d’ondulations (9).

Echangeur de chaleur selon la revendication 2, ca-
ractérisé en ce que le tube médian (3) est formeé
avec une pluralité d’ondulations (9) qui ont des sur-
faces internes exposées a la partie isolée du deuxie-
me espace cylindrique (11) et des surfaces externes
exposées au premier espace cylindrique (20).

Echangeur de chaleur selon 'une des revendica-
tions 1 a 3, caractérisé en ce que le tube externe
(4), le tube médian (3) et le tube interne (2) sont
agencés de maniére concentrique.

Echangeur de chaleur selon 'une des revendica-
tions 1 a4, caractérisé en ce que les tubes d’entrée
et de sortie (5, 6) sont agencés sur des parties a
méme position diamétrale et espacées axialement
des tubes externe et médian (4, 3).

Echangeur de chaleur selon I'une des revendica-
tions 1 a4, caractérisé en ce que les tubes d’entrée
et de sortie (5, 6) sont agencés sur des parties a
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positions diamétrales opposées et espacées axiale-
ment des tubes externe et médian (4, 3).

Refroidisseur de gaz pour refroidir un gaz avec de
'eau, comprenant un échangeur de chaleur selon
au moins 'une des revendications 1 a 6, caractérisé
en ce que le gaz a refroidir est forcé a s’écouler a
travers les premier et troisieme espaces cylindriques
(20, 12), et I'eau est conduite dans la partie isolée
du deuxieme espace cylindrique (11) a travers le tu-
be d’entrée (5) et sort de la partie isolée a travers le
tube de sortie (6).

Procédé de production d’'un échangeur de chaleur,
comprenant :

(a) la préparation de tubes externe, médian et
interne (4, 3, 2) et de tubes d’entrée et de sortie
(5, 6), le tube externe (4) comportant des pre-
miére et deuxiéme extrémités a dépression ra-
diale (18) ayant chacune une ouverture de tube
externe, le tube médian (3) comportant des pre-
miére et deuxieme extrémités a saillie radiale
(8) ayant chacune une ouverture de tube mé-
dian, le tube médian (3) comportant de plus des
premiére et deuxiéme extrémités a diamétre ré-
duit (10), et chacun des tubes d’entrée et de
sortie (5, 6) comportant une partie de cordon
(21) a sa base;

(b) le placement du tube médian (3) dans le tube
externe (4) de telle maniére que les premiere et
deuxieme extrémités a saillie radiale (8) du tube
médian (3) y placent les premiere et deuxieme
extrémités a dépression radiale (18) du tube ex-
terne (4), les ouvertures du tube médian étant
ainsifusionnées respectivement avec les ouver-
tures du tube externe ;

(c) l'insertion des extrémités de base (22) des
tubes d’entrée et de sortie (5, 6) respectivement
dans les ouvertures fusionnées des tubes mé-
dian et externe ;

(d) 'étanchéisation des extrémités de base (22)
des tubes d’entrée et de sortie (5, 6) a I'aide des
parties de cordon (21), de maniére a ce que les
parties étanchéisées des extrémités de base
(22) des tubes d’entrée et de sortie (5, 6) saisis-
sent respectivement des bords périphériques
des ouvertures fusionnées des tubes médian et
externe ;

(e) le placement du tube interne (2) dans le tube
médian (3) de telle maniére que les premiére et
deuxieme extrémités a diamétre réduit (10) du
tube médian (3) entrent en contact et saisissent
des extrémités espacées axialement du tube in-
terne (2), de fagcon a ce que les tubes externe,
médian et interne (4, 3, 2) et les tubes d’entrée
et de sortie (5, 6) constituent une unité
préassemblée ; et
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(f)le placement d’une unité a ailettes interne (13)
dans le tube interne (2) de telle maniéere que des
parties données de I'unité a ailettes interne (13)
entent en contact avec une surface interne du
tubeinterne (2), 'unité a ailettes interne (13) pré-
sentant une section transversale généralement
en forme de H et comportant quatre parties de
paroi dont les extrémités (15) doivent étre bra-
sées a la surface interne du tube interne (2),
ladite unité a ailettes interne (13) comprenant
deux plaques a ailettes (14, 141, 142) confor-
mées chacune généralement sous forme d'un
canal, les deux plaques a ailettes (14, 141, 142)
étant agencées de maniére a réaliser une con-
nexion de type dos a dos, dans lequel chacune
des plaques a ailettes (14) est en outre formée
avecune pluralité d’ailettes (17), et chacune des
plaques a ailettes (14, 142) est formée avec une
pluralité de fentes (16),

(g) la mise de I'unité préassemblée dans un four
pour braser les parties en contact mutuel de
I'unité préassemblée.

Procédé selon la revendication 8, caractérisé en
ce qu’avant I'étape (f), il comprend en outre (h)
I'agencement de deux brides de montage (7) surdes
extrémités axialement opposées du tube externe (4).
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