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(54) HEAT EXCHANGER TUBE

(67)  The invention deals with a heat exchanger tube
(1) for use in a heat exchanger of a motor vehicle, the
heat exchanger tube (1) comprising a first plate (3) and
a second plate (4) elongating along a longitudinal plane
(P), joined to each other to form an inner volume (5) ded-
icated to refrigerant fluid (700) circulation, the inner vol-
ume (5) communicating with at least one tank section (7)
created from one first opening (80) arranged in the first
plate (3) to one second opening (81) arranged in the sec-
ond plate (4). In a heat exchanger tube (1) according to
the invention, the tank section (7) comprises at least one
reinforcement element (9) extending from the first plate
(3) to the second plate (4).
For motor vehicle.
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Description

[0001] The presentinvention relates to heat exchang-
ers adapted to vehicle air conditioning systems. More
specifically, the present invention deals with heat ex-
changer tubes used for such heat exchangers and heat
exchangers using such heat exchanger tubes.

[0002] Heat exchangers adapted to vehicle air condi-
tioning systems are commonly used as evaporators.
They are adapted to cool down an air flow, and this air
flow is then transferred to a passenger compartment of
the vehicle or any component of the vehicle that needs
to be thermally controlled. For this purpose, heat ex-
changers are conventionally arranged in a Heating, Ven-
tilation and Air-Conditioning (HVAC) device of the vehi-
cle.

[0003] To cool down the air flow passing through it, a
heat exchanger comprises a refrigerant fluid circulation
circuit. This refrigerant fluid circulation circuit generates
heat exchange between said refrigerant fluid and the air
flow.

[0004] In conventional heat exchangers, heat ex-
changer tubes are stacked one another with heat dissi-
pating elements arranged in-between. The refrigerant
fluid circulates inside the tubes, racking up calories of air
flow passing through the dissipating elements of the heat
exchanger.

[0005] Heatexchangertubes can adopt various struc-
tures. According to US 6,241,011 document, heat ex-
changer tubes are defined by two different plates joined
together by contact. Thanks to this contact, a pair of
plates delimits an elementary refrigerant fluid circulation
volume part of the refrigerant fluid circulation circuit. The
junction of both plates is obtained by brazing, sealing the
elementary refrigerant fluid circulation volume. Side
plates are arranged at each end of the stacked heat ex-
changer tubes to connect the heat exchanger tubes to a
refrigerant fluid circuit of the vehicle.

[0006] Eachelementaryrefrigerantfluid circulation vol-
ume communicates with a tank section created from
openings arranged in the plates. When the heat exchang-
er tubes are assembled to form the heat exchanger, the
tank sections form together a refrigerant fluid circulation
tube extending throughout the heat exchanger tubes and
connected to an entry point and to an exit point of the
heat exchanger to allow the circulation of the refrigerant
fluid in the whole refrigerant fluid circulation circuit.
[0007] When refrigerant fluid circulates through the
tank sections and the elementary refrigerant fluid circu-
lation volumes, the internal pressure of the refrigerant
fluid can lead to mechanical deformation of the heat ex-
changer tubes, especially in the region of the tank sec-
tions, resulting in potential non-conformities in the ex-
changer dimensions and/or in mechanical resistance
degradation and early failures from fatigue.

[0008] Theinvention aims to provide a solution atleast
to this issue, while also providing a heat exchanger tube
easy to manufacture, at low cost, and achieving the best
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possible results in terms of heat exchange.

[0009] Forthis purpose, the presentinvention provides
a heat exchanger tube for use in a heat exchanger of a
motor vehicle, the heat exchanger tube comprising a first
plate and a second plate elongating along a longitudinal
plane, joined to each other to form an inner volume ded-
icated to refrigerant fluid circulation, the inner volume
communicating with at least one tank section created
from a first opening arranged in the first plate to a second
opening arranged in the second plate, wherein the tank
section comprises at least one reinforcement element
extending from the first plate to the second plate.
[0010] Advantageously, the reinforcement element
may extend from the first plate to the second plate per-
pendicularly to said longitudinal plane.

[0011] In an aspect of the invention, the first opening
and the second opening are aligned perpendicularly to
said longitudinal plane.

[0012] In an example, the reinforcement element may
extend from one of the plates, at an edge of the plate that
surrounds respective opening, first opening or second
opening, said opening being the one that defined the tank
section.

[0013] The plates of a heat exchanger tube according
to the invention comprise a main part elongating along
the longitudinal plane and protruding brackets extending
from edges of the main part slightly perpendicularly to
the longitudinal plane. In an embodiment, the main part
of the heat exchanger plates is slightly rectangular. To
form the heat exchanger tube according to the invention,
the first plate is placed so that its protruding brackets
extend towards the second plate, and the second plate
is placed so that its protruding brackets extend towards
the first plate. When joined to each other, for example by
brazing, the first and second plates and their protruding
brackets define an inner volume dedicated to refrigerant
fluid circulation. When the first and second plates are
joined to each other, the longitudinal planes of the first
and second plates are parallel and define the direction
of a longitudinal plane of the heat exchanger tube ac-
cording to the invention.

[0014] In this document, "inner" will refer to the parts
and sides of the first and/or second plates and/or heat
exchanger tube according to the invention located inside
of said inner volume, and "outer" will refer to the parts
and sides of the first and/or second plates and/or heat
exchanger tube located outside of said inner volume.
[0015] In the heat exchanger tube according to the in-
vention, the first and second plates have at least one
opening arranged in their main part: the atleastone open-
ing arranged in the first plate will be hereafter referred to
as first opening, and the at least one opening arranged
inthe second plate will be hereafter referred to as second
opening. In an embodiment, the at least one opening
arranged in each plate is circular or ellipsoidal.

[0016] Each opening is delimited by a thick collar com-
ing with and protruding at the outer side of the main part
of the considered plate, slightly perpendicularly to it. In



3 EP 3 598 047 A1 4

other words, a thick collar is formed along the perimeter
of each opening. In a heat exchanger tube according to
the invention, the thick collar of the at least one first open-
ing arranged in the first plate forms a protruding bead
extending slightly perpendicularly to the main part of the
first plate and directed away from the second plate, and
the thick collar of the at least one second opening ar-
ranged in the second plate forms a protruding bead ex-
tending slightly perpendicularly to the main part of the
second plate and directed away from the first plate. At
the inner side of the first and second plates, the thick
collars form recessed parts corresponding to the above-
mentioned protruding beads.

[0017] When the first and second plates are joined to
each other to form the heat exchanger tube according to
the invention, the openings arranged in each plate are
facing each other and are aligned perpendicularly to the
main parts of the plates, and their thick collars protrude
away from the previously-described inner volume. The
openings and their thick collars define a tank section com-
municating with the inner volume and allowing refrigerant
fluid circulation along with others heat exchanger tubes
when the heat exchanger tube is associated with other
similar heat exchanger tubes to form a heat exchanger
for a motor vehicle.

[0018] More precisely, the tank section is formed by
the facing openings arranged in the first and second
plates and the recessed parts of the thick collars of these
openings. It has to be noticed that when the first and
second plates are joined to each other to form the heat
exchanger tube according to the invention, the inner sur-
faces of the main parts of these plates are pressed
against each other, especially in the region of the tank
section, so that no refrigerant fluid leakage can occur.
[0019] According to the invention, the tank section
comprises at least one reinforcement element extending
from the first plate to the second plate, perpendicularly
to the longitudinal plane of each plate. The reinforcement
element comes with the first and second plates and ex-
tends from one of them to the other one. In other words,
the reinforcement element links the first and the second
plates together in the region of the tank section. It must
be understood here that the reinforcement element is
arranged in the region of the previously-described open-
ings, more precisely in the region of the thick collars of
said openings.

[0020] The reinforcement element extends perpendic-
ularly to the previously-described longitudinal plane of
the heat exchanger tube, so that it allows refrigerant fluid
circulation within the inner volume and the tank section
without any loss in the refrigerant fluid flowrate. This re-
inforcement element reduces the mechanical deforma-
tion resulting from the internal pressure of the refrigerant
fluid. Especially, the reinforcement element prevents the
first and second plates to move away from each other
under mechanical deformation resulting of said internal
pressure.

[0021] According to the invention, the reinforcement
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element comprises a first female reinforcement portion
extending from a thick collar of a first opening towards
the previously-described inner volume and a second
male reinforcement portion extending from a thick collar
of a first opening towards said inner volume. More pre-
cisely, the first female reinforcement comes with and ex-
tends from a thick collar of the at least one first opening
arranged in the first plate, and the second male reinforce-
ment portion comes with and extends from a thick collar
ofthe atleast one second opening arranged in the second
plate.

[0022] When the first and second plates are joined to
each other, the second male reinforcement portion co-
operates with the first female reinforcement portion so
they can be joined to each other, for example by brazing,
their assembly creating the reinforcement element.
[0023] In an embodiment, the length of the joined part
of the first female and second male reinforcement por-
tions is approximately two times the thickness of the first
and second plates. The length of the joined part of the
first female and second mal reinforcement portions is de-
fined as the dimension of the cooperating part of these
two portions, that is, the dimension, measured perpen-
dicularly to the above-described longitudinal plane of the
heat exchanger tube, on which the male second rein-
forcement portion cooperates with the female first rein-
forcement portion to form the reinforcement element. The
thickness of the plates is defined as the dimension of
these plates measured perpendicularly to the longitudi-
nal plane along which these plates extend.

[0024] According to a first example of an embodiment
in which the main parts of the first and second plates are
slightly rectangular, the reinforcement element extends
slightly parallel to the width of the first and second plates,
thatis, slightly parallel to the short side of their rectangular
shape. According to this example, and considering the
previously-described circular or ellipsoidal shape of the
openings defining the tank section, the first female rein-
forcement portion and the second male reinforcement
portion of the reinforcement element extend on approx-
imately a quarter of the perimeter of the thick collars of
these openings. Preferentially, each reinforcement por-
tion is located in the region of the opening perimeter near-
est of a width edge of the main part of the considered
plate. According to an example, the first female reinforce-
ment portion and the second male reinforcement portions
show a slightly conical profile, in order to make the co-
operation of these two parts easier.

[0025] According to another example of the same em-
bodiment, the reinforcement element extends slightly
parallel to a longitudinal edge of the first and second
plates, that is, slightly parallel to the longest side of their
rectangular shape. According to this example, the rein-
forcement element is made of reinforcement wings sym-
metrically arranged with respect to a longitudinal axis of
the above-described openings. Referring to a circular
openings shape, diametrically opposite reinforcement
wings are arranged in the tank section. Referring to an
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ellipsoidal openings shape, reinforcement wings are
symmetrically arranged along the axis, major or minor,
of the ellipsoidal shape that is parallel to the width of the
plates.

[0026] In an embodiment, at least two openings are
arranged at a first distal extremity of each plate, the two
openings being identical, circular or ellipsoidal, these at
least two openings are aligned parallel to the width of the
rectangular main part of the first and second plates, and
at least two openings are arranged at a second distal
extremity of each plate, the two openings being identical
and aligned parallel to the width of the rectangular main
part of the first and second plates. The result is that such
a heat exchanger tube has at least four tank sections.
According to the invention, each of these tank sections
has a reinforcement element as previously described.
Generally speaking, a heat exchanger tube according to
the invention counts as many reinforcement elements as
it counts tank sections.

[0027] The invention extends to a heat exchanger for
a motor vehicle, the heat exchanger comprising a plural-
ity of heat exchanger tubes as described above, stacked
parallel to each other along a direction perpendicular to
their longitudinal plane. Preferentially, side plates are ar-
ranged at each end of the plate stack, the side plates
having an entry point and an exit point to connect the
tank tube formed by the assembly of the tank sections
of each heat exchanger tube to a refrigerant fluid circuit
of a motor vehicle.

[0028] The invention also extends to a process for
manufacturing a heat exchanger tube as described
above. In an embodiment, the heat exchanger tube is
made from aluminium plates of thickness in the range of
190 to 270 micrometres. According to an example, the
plates of each heat exchanger tube, including the open-
ings and their thick collars, are made for example by
stamping an aluminium sheet in a press, the edges and
protruding brackets of these plates, for example, cut and,
then, folded, from the stamped sheet.

[0029] According to the invention, during this forming
process, the material necessary to create the reinforce-
ment portions of the reinforcement elements is kept, and
the reinforcement portions are then folded towards the
inner surface of the main part of the considered plate in
afurther step ofthe forming process. According to various
examples, the shape of the reinforcement portions can
be stamped from the aluminium foil when forming the
tank section and its thick collar, or it can be cut from the
foil, before or after stamping the tank section and its thick
collar.

[0030] As described above, the invention reduces the
risk of mechanical deformation of the heat exchanger
tube, especially in the region of the tank section, in which
constraints resulting from the refrigerant fluid pressure
are high. This way, the invention achieves his goal.
[0031] Other specificities, details and characteristics
of the present invention will be highlighted thanks to the
following description, given for general guidance, in re-
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lation with the following figures :

- figure 1is a general view of a heat exchanger includ-
ing heat exchanger tubes according to the present
invention,

- figures 2a and 2b respectively show a general view
and a cross-section view of a detail of a heat ex-
changer tube illustrated on figure 1,

- figures 3a and 3b are close-up perspective views of
a detail of a plate of a heat exchanger tube according
to a first example of the invention,

- figure 4 is a general perspective view of a detail of
a heat exchanger tube according to the first example
of the invention illustrated by figures 3a and 3b,

- figure 5is a general view of an embodiment of a heat
exchanger tube according to the first example illus-
trated by figure 3a, figure 3b, and figure 4,

- figures 6a and 6b are close-up perspective views of
a detail of a plate of a heat exchanger tube according
to a second example of the invention,

- figure 7 is a general perspective view of a detail of
a heat exchanger tube according to the second ex-
ample of the invention illustrated by figures 6a and
6b,

- and figure 8 illustrates an example of a plate of a
heat exchanger tube according to the invention dur-
ing its forming process.

[0032] Note that features and different embodiments
of the invention may be combined with one another in
various combinations, as well as they are not incompat-
ible or exclusive to one another. More particularly, it is
possible to imagine variants of the invention comprising
only a selection of the features described hereinafter,
without the other characteristics described, if said selec-
tion of features provides a technical advantage or if it
allows to distinguish the invention over the prior art.
[0033] Especially, the embodiments described hereaf-
ter are combinable if said combination is functional from
a technical point of view.

[0034] In the following figures, features common to
several figures have the same reference.

[0035] Starting from figure 1, a plurality of heat ex-
changer tubes 1 of the invention are stacked in-between
a plurality of dissipation devices 2. Both heat exchanger
tubes 1 and dissipation devices 2 are oriented parallel to
each other, according to a longitudinal plane P of one of
the heat exchanger tubes 1.

[0036] Heatexchangertubes 1 and dissipationdevices
2 are integrated inside a heat exchanger 500 and alter-
nately stacked between two side mounting flanges 50,
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51. The side mounting flanges 50, 51 also extend along
a plane parallel to the longitudinal plane P of one of the
heat exchanger tubes 1. Heat exchanger tubes 1 and
dissipation devices 2 form a core 550 of the heat ex-
changer 500, said core 550 being the part which is
crossed by an air flow 600 and where the refrigerant fluid
700 flows.

[0037] Afirstside mounting flange 50 is blind. A second
side mounting flange 51, opposed to the first side mount-
ing flange 50 versus the core 550, comprises a first mouth
52 and a second mouth 53 at a same distal extremity 54
of the second side mounting flange 51. The first mouth
52 receives an input plug 55, the second mouth 53 re-
ceives anoutputplug 56. Theinput plug 55 and the output
plug 56 are intended to join the heat exchanger tubes 1
to a refrigerant circuit. The refrigerant fluid 700 enters
the heat exchanger 500 under a liquid form thanks to the
input plug 55, then it is progressively vaporized inside
the heat exchanger tubes 1, and it finally exits the heat
exchanger 500 under a gaseous form thanks to the output
plug 56. Thus, the diameter of the input plug 55 is required
to be smaller than the diameter of the output plug 56.
[0038] Each heat exchanger tube 1 has a globally flat
shape. This shape optimizes the heat exchange between
the heat exchanger tubes 1 and dissipation devices 2.
Indeed, itensures agood contact between heat exchang-
ertubes 1 and dissipation devices 2, since heatexchang-
er tubes 1 also supports the corrugated dissipation de-
vices 2.

[0039] In the heat exchanger 500, heat exchange is
made between the refrigerant fluid 700 and the air flow
600 crossing along the dissipation devices 2. The air flow
600 licks heat exchanger tubes 1 and dissipation devices
2. The corrugated shape of dissipation devices 2 opti-
mizes the heat transfer from the air flow 600 to the re-
frigerant fluid 700, since it considerably increases heat
exchange surfaces comparing to a non-corrugated de-
vice.

[0040] While circulating through the heat exchanger
tubes 1 of the heat exchanger 500 operating as an evap-
orator, the refrigerant fluid 700 collects calories from the
air flow 600, and consequently cools this air flow 600
down.

[0041] Figure 2a shows a general view of a heat ex-
changer tube 1 according to a first example of embodi-
ment of the present invention, and two adjacent dissipa-
tion devices 2. Figure 2b shows a cross-section of the
heat exchanger tube 1 illustrated by figure 2a.

[0042] Referring to figure 2a and figure 2b, the heat
exchanger tube 1 comprises a first plate 3 and a second
plate 4, adapted to be joined and brazed.

[0043] According to the example shown in the figures,
the first plate 3 has a main part 30 extending along a
longitudinal plane P, and the second plate 4 has a main
part 40 extending along a longitudinal plane parallel to
the above-mentioned longitudinal plane P. According to
this example, the main parts 30, 40, of plates 3, 4, have
a slightly rectangular shape, taking the manufacturing
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tolerances into account. Based on the above, the main
parts 30, 40, of the first plate 3 and second plate 4 are
parallel in the heat exchanger tube 1.

[0044] The first and second plates 3, 4, also have a
group of protruding brackets 31, 41, extending from the
edges of the above-mentioned main parts 30, 40. The
protruding brackets 31, 41, extend perpendicularly to the
longitudinal plane P. More precisely, the protruding
brackets 31 of the first plate 3 are oriented towards the
second plate 4, and the protruding brackets 41 of the
second plate 4 are oriented towards the first plate 3, so
that, when assembled and joined to each other, for ex-
ample by brazing, the first and the second plates 3, 4,
delimit an inner volume 5 between their main parts 30,
40 and protruding brackets 31, 41. The inner volume 5
is shown on figure 2b, which illustrates a cross section
of the heat exchanger tube 1 shown in figure 2a along a
transversal plane P1 perpendicular to the above-de-
scribed longitudinal plane P.

[0045] Each plate 3, 4 is veined with ridges 32, 42 that
extend along a longitudinal axis X of the considered plate,
the longitudinal axis X is included in the longitudinal plane
P. The ridges 32, 42 are continuous and straight lines.
When the first plate 3 and the second plate 4 are joined
to each other to form the heat exchanger tube 1, each
ridge 32 of the first plate 3 is pressed against a ridge 42
of the second plate 4, so that they divide the inner volume
5 in channels 6 dedicated to refrigerant fluid circulation
within the heat exchanger tube 1. This is shown on figure
2b. Channels 6 split the inner volume 5 and so, spread
out the circulating refrigerant fluid 700 inside the heat
exchanger tube 1. This homogeneous splitting results in
a better heat exchange.

[0046] According to the example shown in the figures,
the first plate 3 has two first openings 80 located at a
same first distal extremity 35 of the heat exchanger tube
1, and the second plate 4 has two second openings 81
located at the same first distal extremity 35 of the heat
exchanger tube 1. According to the example shown in
figure 2a and figure 2b, the first and second openings
80, 81, are slightly circular, and they are placed so that
their centres are slightly aligned parallel to the first distal
extremity 35 of the heat exchanger tube 1, that s, to the
width of the rectangular main part 30, 40, of the first and
second plates 3, 4.

[0047] In a heat exchanger tube 1 according to the in-
vention, first openings 80 and second openings 81 are
facing one another, that is, a first opening 80 is aligned
with a second opening 81 perpendicularly to the above-
mentioned longitudinal plane P and longitudinal axis X.
[0048] Each first opening 80 is surrounded by a first
thick collar 82 and each second opening 81 is surrounded
by a second thick collar 83, in the manner of an eyelet,
both the first thick collar 82 and the second thick collar
83 protruding from the longitudinal plane P of the heat
exchanger tube 1. More precisely, the first thick collar 82
comes with the main part 30 of the first plate 3 and forms
a protruding bead at the outer side of the main part 30
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of the first plate 3, that is, on the side of this plate opposite
to the above-described inner volume 5. The same way,
the second thick collar 83 comes with the main part 40
of the second plate 4 and forms a protruding bead at the
outer side of said main part 40, that is, on the side of the
second plate 4 opposite to said inner volume 5.

[0049] On the inner side of both the first plate 3 and
the second plate 4, that is, within the inner volume 5, the
first thick collar 82 and the second thick collar 83 form a
recessed part, respectively 84, 85. The recessed parts
84, 85 formed by the first and second thick collars 82,
83, define a volume 7 communicating with the inner vol-
ume 5 and hereafter referred to as tank section 7. The
tank section 7 is designed to connect different heat ex-
changer tubes 1 for allowing refrigerant fluid circulation
along a heat exchanger 500 as illustrated by figure 1.
[0050] For this purpose, the protruding bead of a first
thick collar 82 and the protruding bead of a second thick
collar 83 of a heat exchanger tube 1 match with the im-
mediate adjacent protruding beads of first and second
thick collars 82, 83, of an immediate adjacent heat ex-
changer tube 1. Then, both first thick collars 82 and sec-
ond thick collars 83 are in contact and joined to each
other, for example by brazing, to seal an inner volume
dedicated to refrigerant fluid 700 circulation, called a col-
lector. In the heat exchanger 500 as illustrated by figure
1, the tank sections 7 of each heat exchanger tube 1 and
the collectors between each heat exchanger tube 1 form
together a refrigerant fluid circulation tube, not visible on
the figures, dedicated to the distribution of the refrigerant
fluid 700 along the heat exchanger 500. In the heat ex-
changer 500, the refrigerant fluid circulation tube is con-
nected to both the previously-described input plug 55 and
output plug 56, so that the input plug 55 forms an entry
point for the refrigerant fluid 700 and the output plug 56
forms an exit point for the refrigerant fluid 700.

[0051] As shown on figure 2a, a dissipation device 2
extends in a plane parallel to the longitudinal plane P of
the heat exchanger tube 1. Two dissipation devices 2 are
distributed one both sides of the heat exchanger tube 1,
in order to have a contact area between the plates 3, 4,
and the dissipation devices 2. This contact area covers
almost the entire plates 3, 4, except at the first distal
extremity 35 of the heat exchanger tube 1, in order to
have the first openings 80, the second openings 81, the
first thick collars 82 and a second thick collars 83 free to
face other first openings 80, second openings 81, first
thick collars 82 and second thick collars 83 of an imme-
diate adjacent heat exchanger tube 1.

[0052] The dissipation device 2 has periodic corruga-
tion crests 20, 21 and a defined pitch 25. The pitch 25 is
the distance between two adjacent corrugation crests 20,
21. In other words, the pitch 25 is the half of a distance
between two adjacent corrugation crests 20 or crests 21,
crests 20 or crests 21 considered on the same side of
the plane of the dissipation device 2. The pitch 25 is
measured according to the longitudinal axis X of plates
3,4, between two adjacent corrugation crests 20 or crests
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21.Crests 20, 21, are organized so that each group faces
a heat exchanger tube 1 or an immediate adjacent heat
exchanger tube 1 in a heat exchanger 500. The periodic
corrugation crests 20, 21, are symmetrically arranged
regarding the plane of the dissipation device 2.

[0053] Figure 3a and figure 3b are close-up perspec-
tive views of the above-defined first distal extremity 35
of a plate 3, 4, of a heat exchanger tube 1 according to
afirstexample of the invention. Figure 3a shows the inner
face of a plate 3, 4, and figure 3b shows the outer face
of a plate 3, 4, according to the previously-defined orien-
tations "inner" and "outer" regarding the inner volume 5.
Note that the details and characteristics exposed here
generically apply to either a first or second plate 3, 4, of
a heat exchanger tube 1 according to the first example
of the invention.

[0054] Referringto figure 3aandfigure 3b, athick collar
82, 83 surrounding an opening 80, 81, comes with the
main part 30, 40 of a plate 3, 4, and forms a protruding
bead at the outer face of the considered plate 3, 4. This
protruding bead defines the above-mentioned recessed
parts 84, 85, at the inner side of plates 3, 4. According
to the invention, a reinforcement portion 90, 91, of a re-
inforcement element 9 comes with and extends from the
protruding bead formed by the thick collar 82, 83. The
reinforcement portion 90, 91, extends towards the inner
volume 5. Referring to the example illustrated by figure
3a and figure 3b, the reinforcement portion 90, 91, ex-
tends on approximately one quarter to one half of the
inner perimeter of the thick collar 82, 83. More precisely,
the reinforcement portion 90, 91, extends slightly parallel
to the above-described first distal extremity 35 of the heat
exchanger tube 1, that is, to the width of the rectangular
main part 30, 40, of the considered plate 3, 4. According
to an example, the reinforcement portion 90, 91, extends
on a portion of a slightly conical surface centred on the
centre of the first opening 80, 81, and narrowing from the
above-mentioned protruding bead to the inner volume 5.
[0055] In an embodiment visible in figure 3a or 6a, the
length L of a soldering area 96 of the reinforcement por-
tion 90, 91, measured perpendicularly to the longitudinal
plane P of plate 3, 4, is approximately two times the thick-
ness T of the corresponding plate 3, 4, measured per-
pendicularly to the longitudinal plane P. More particularly,
the plate 3, 4 comprises a peripheral edge 95 that extends
into a plane R which is parallel to the longitudinal plane
P, the length L of the soldering area 96 of the reinforce-
ment portion 90, 91 being measured perpendicularly to
the longitudinal plane P between a limit define by the
plane R and a free end of the reinforcement portion 90,
91. The soldering area 96 of one reinforcement portion
90 is configured to superpose the soldering area 96 of
the other soldering area 96 coming with the reinforce-
ment portion 91 of the other plate. The peripheral edge
of each plate 3, 4 is the location where the two plates are
brazed together to delimit externally the inner volume 5
of the channel.

[0056] Figure 4 shows an assembled heat exchanger
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tube 1 according to the first example of the invention il-
lustrated by figure 3a and figure 3b.

[0057] It appears from this figure that when a first plate
3 and a second plate 4 are joined to create a heat ex-
changer tube 1, the reinforcement portions 90, 91, coop-
eratetoform areinforcement element9 extending across
the above-described tank section 7. It comes from the
above that the reinforcement element 9 extends from the
first plate 3 to the second plate 4 and links these two
plates together.

[0058] To make the cooperation between them possi-
ble, the reinforcement portions 90, 91, comprise a first
female reinforcement portion 90 and a second male re-
inforcement portion 91. The respective dimensions of the
first female reinforcement portion 90 and the second
male reinforcement portion 91 are defined so that, when
assembling the first plate 3 and second plate 4 to form
the heat exchanger tube 1, the second male reinforce-
ment portion 91 inserts in the first female reinforcement
portion 90. The two reinforcement portions 90, 91, can
then be joined to each other, for example by brazing.
[0059] According to an example, the diameters of the
conical shape of the first female reinforcement portion
90 can be slightly greater than the diameters of the con-
ical shape of the second male reinforcement portion 91.
According to other examples, the first female reinforce-
ment portion 90 can have a general cylindrical shape and
the second male reinforcement portion 91 can have a
conical shape designed so that it can lock within the cy-
lindrical shape of the first female reinforcement portion
90.

[0060] Whatever the various shapes of the reinforce-
ment portions 90, 91, it results from their design that the
reinforcement element 9 links the first plate 3 and the
first plate 4 of the heat exchanger tube 1 across the tank
section 7. The reinforcement element 9 so prevents me-
chanical deformation of the heat exchanger tube 1 re-
sulting from internal pressure of the refrigerant fluid 700
in the tank section 7.

[0061] Figure 5 shows a whole plate 3, 4, of a heat
exchanger tube 1 according to the first example of the
invention illustrated by figures 3a, 3b and 4. According
to this example, plates 3, 4, of the heat exchanger tube
1, also have openings 80’, 81’, arranged at a second
distal extremity 36 of the heat exchangertube 1, opposed
to the first distal extremity 35 with respect to the previ-
ously-described ridges 32, 42. The openings 80’, 81’, ar-
ranged at the second distal extremity 36 are identical and
disposed parallel to those arranged at the first distal ex-
tremity 35 of the heat exchanger tube 1. As shown by
figure 5, each opening 80’, 81’, arranged at the second
distal extremity 36, has a reinforcement portion 90’, 91°.
This means that a reinforcement element 9 is arranged
in each tank section 7’ defined by the openings 80’, 81,
at the second distal extremity 36. Generally speaking,
the invention provides that the heat exchanger tube 1
has as many reinforcement elements 9, 9’ as it has tank
sections 7, 7’.
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[0062] Referring to figure 5, it has to be noticed that
the reinforcement portions 90, 91, at the first distal ex-
tremity 35 and the reinforcement portions 90°, 91, at the
second distal extremity 36 are symmetrically arranged
with respect to a median plane P2 of plate 3, 4, the median
plane P2 being perpendicular to the above-described lon-
gitudinal axis X. In other words, according to this exam-
ple, whatever the distal extremity 35, 36, where the re-
inforcement portions 90, 91, 90’, 91’, are located, they
extend along the part of the perimeter of the openings
80, 81, 80’, 81°, the nearest of the edge of the main part
30, 40, of the considered plate 3, 4.

[0063] Figure 6a and figure 6b are close-up perspec-
tive views of one of the distal extremities 35, 36, arbitrarily
designed as the first distal extremity 35, of a plate 3, 4,
of a heat exchanger tube 1 according to a second exam-
ple of the invention. Figure 6a shows the inner face of a
plate 3, 4, and figure 6b shows the outer face of a plate
3, 4. Note that the details and characteristics exposed
here generically apply to either a first or second plate 3,
4, of a heat exchanger tube 1 according to the first ex-
ample of the invention.

[0064] Thick collars 82, 83, of openings 80, 81, are
shown on figure 6a and figure 6b, together with the pro-
truding beads these thick collars 82, 83, form at the outer
side of the considered plate 3, 4. The corresponding re-
cessed parts 84, 85, the thick collars 82, 83, define at
the inner side of the considered plate 3, 4, are also shown
on figure 6a and figure 6b. As previously described, a
reinforcement portion 90, 91, of a reinforcement element
9 comes with and extends from the protruding bead
formed by each thick collar 82, 83. The reinforcement
element extends towards the inner volume 5.

[0065] According to this second example of the inven-
tion, the reinforcement portions 90, 91, extend parallel
to the above-described longitudinal axis X of the heat
exchanger tube 1. Moreover, according to this second
example, each reinforcement portion 90, 91, is made of
two wings 90a, 91a, 90b, 91b, symmetrically arranged
regarding a longitudinal axis 800, 810, of the correspond-
ing opening 80, 81, said longitudinal axis 800, 810, being
parallel to said longitudinal axis X and running through
the centre of the corresponding opening 80, 81. It has to
be noticed thatlongitudinal axis 800, 810, of the openings
80, 81, arranged in plates 3, 4, are longitudinal axis for
the corresponding tank sections 7.

[0066] Referring to figure 6a and figure 6b, the wings
90a, 91a, 90b, 91b, are slightly plane, they elongate par-
allel to a plane P3 slightly perpendicular to the longitudi-
nal plane P and parallel to the longitudinal axis X of plate
3, 4. Referring to figure 6a and figure 6b, the wings 90a,
91a, are the nearest of a longitudinal edge 33, 43, of the
plate 3, 4, and the wings 90b, 91b, are the nearest of the
above-mentioned longitudinal axis X.

[0067] Figure 7 shows an assembled heat exchanger
tube 1 according to the second example of the invention
illustrated by figure 6a and figure 6b.

[0068] It appears from this figure that when a first plate
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3 and a second plate 4 are joined to each other to form
a heat exchanger tube 1, the wings 90a, 91a, 90b, 91b,
of the reinforcement portions 90, 91, cooperate to form
a reinforcement element 9 extending across the above-
described tank section 7, from the first plate 3 to the sec-
ond plate 4. More precisely, the wings 90a of the first
plate 3 cooperate with the wings 91a of the second plate
4, and the wings 90b of the first plate 3 cooperate with
the wings 91b of the second plate 4. As for the previously-
described first example, in this second example, to make
this cooperation possible, each reinforcement wing 90a,
90b constitutes a first female reinforcement portion re-
garding to the male reinforcement wing 91a, 91b, with
which it cooperates. The wings can then be joined to
each other, for example by brazing.

[0069] According to an example, the male reinforce-
ment wings 91a, 91b, can be arranged nearer to the lon-
gitudinal axis 800, 810, of the openings 80, 81, than the
female reinforcement wings 90a, 91a, with which they
cooperate. According to other examples, the male rein-
forcement wings 91a can be slightly oriented towards the
longitudinal edges 43 of the second plate 4 and the male
reinforcementwings 91b can be slightly oriented towards
the longitudinal axis X of the second plate 4, so that,
when the first and second plates 3, 4, are joined to each
other to form the heat exchanger tube 1, the male rein-
forcement wings 91a, 91b, create a pressing constraint
against the female reinforcement wings 90a, 90b.
[0070] As described previously for the first example of
the invention, it results from the configuration of the re-
inforcement portions 90, 91, that the reinforcement ele-
ment 9 links the first plate 3 and the first plate 4 of the
heat exchanger tube 1 across the tank section 7. More
precisely, according to this second example of the inven-
tion, two reinforcement elements 9 are arranged in each
tank section 7, symmetrically disposed regarding the pre-
viously-defined longitudinal axis 800, 810, of each tank
section 7. This results in higher reinforcement perform-
ance for the heat exchanger tube 1 according to this sec-
ond example of the invention.

[0071] Figure 8 shows an example of a plate 3, 4, of a
heat exchanger tube 1 during its forming process, ac-
cording to the second example illustrated by figures 6a,
6b, and 7.

[0072] According to the invention, first and second
plates 3, 4, of a heat exchanger tube 1 are formed from
aluminium foils of thickness ranging from approximately
190 to 270 micrometres.

[0073] As shown by figure 8, the main part 30, 40, of
a plate 3, 4, the openings 80, 81, and the thick collars
82, 83, previously described, are first formed from the
aluminium foil, for example by stamping in a mould and
cutting of the above-mentioned openings 80, 81.
[0074] According to the invention, the material neces-
sary to create the reinforcement wings 90a, 90b, 91a,
91b, and, generally speaking, the reinforcement portions
90, 91, is kept during this first step of plates forming. This
is shown by figure 8 where it can be seen that the wings

10

15

20

25

30

35

40

45

50

55

90a, 90b, 91a, 91b, are elongating parallel to the main
part 30, 40, of the corresponding plate 3, 4.

[0075] In a further step of plates forming, the wings
90a, 90b, 91a, 91b, and, generally speaking, the rein-
forcement portions 90, 91, are folded towards the previ-
ously-described recessed parts 84, 85, defined by the
protruding beads formed by the thick collars 82, 83. This
folding direction is illustrated by the arrow F on figure 8.
[0076] Theinvention so provides a simple and low-cost
means for manufacturing the plates of a heat exchanger
tube according to the above-described characteristics.
[0077] Weunderstand thanks to the above description,
that the present invention proposes a simple design of
heat exchanger tube resistant at working pressure and
burst pressure thanks to the reinforcement elements, for
a long term sustainability. This heat exchanger tube is
easily manufactured, atalow cost. It allows good thermal
exchange performance. This heat exchanger tubeis ded-
icated to heat exchanger and can be found in a Heating,
Ventilation and Air-Conditioning device of a motor vehi-
cle. This kind of heat exchanger can be easily integrated
into vehicle air conditioning systems in order to optimize
the heat exchange between the air flow dedicated to the
passenger compartment cool down and the refrigerant
fluid circulating inside heat exchanger tubes of the inven-
tion.

[0078] However, the invention is not limited to resourc-
es and patterns described and illustrated here. It also
include all equivalent resources or patterns and every
technical associations including such resources. More
particularly, the shape of the heat exchanger tube do not
affect the invention, insofar as the heat exchanger tube
for use in a motor vehicle, in fine, has the same function-
ality as describes in this document.

Claims

1. Aheatexchangertube (1) for use in a heat exchang-
er of a motor vehicle, the heat exchanger tube (1)
comprising a first plate (3) and a second plate (4)
elongating along a longitudinal plane (P), joined to
each other to form an inner volume (5) dedicated to
refrigerant fluid (700) circulation, the inner volume
(5) communicating with at least one tank section (7)
created from one first opening (80) arranged in the
first plate (3) to one second opening (81) arranged
in the second plate (4), wherein the tank section (7)
comprises at least one reinforcement element (9)
extending from the first plate (3) to the second plate

(4).

2. The heat exchanger tube (1) according to the previ-
ous claim, wherein the reinforcement element (9)
comprises a first female reinforcement portion (90)
extending from a thick collar (82) of a first opening
(80) towards said inner volume (5) and a second
male reinforcement portion (91) extending from a
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thick collar (83) of a second opening (81) towards
said inner volume (5).

3. The heat exchanger tube (1) according to the previ-
ous claim, wherein the first male reinforcement por- %
tion (90) and the second female reinforcement por-
tion (91) are joined to each other and the length (L)
ofthejoined partis approximately two times the thick-
ness (T) of the plates (3, 4).

10
4. The heat exchanger tube (1) according to any of the
previous claims, in which the plates (3, 4) have a
rectangular shape, wherein the reinforcement ele-
ment (9) extends slightly parallel to a width of the
plates (3, 4). 15

5. The heat exchanger tube (1) according to the previ-
ous claim, wherein the first female reinforcement
portion (90) extends on approximately a quarter of
the perimeter of the primary opening (80) and the 20
second male reinforcement portion (91) extends on
approximately a quarter of the perimeter of the sec-
ondary opening (81).

6. The heat exchanger tube (1) according to any of 25
claims 1 to 3, in which the plates (3, 4) have a rec-
tangular shape, wherein the reinforcement element
(9) extends slightly parallel to a longitudinal edge
(33, 43) of the plates (3, 4).

30

7. The heat exchanger tube (1) according to the previ-
ous claim, wherein the reinforcement element (9) is
made of reinforcement wings (90a, 90b, 91a, 91b)
symmetrically arranged with respect a longitudinal
axis (800, 810) of the openings (80, 81). 35

8. The heat exchanger tube (1) according to any of the
previous claims, wherein the thickness (T) of the
plates(3,4)is inthe range of 190 to 270 micrometres.

40

9. Process for manufacturing a heat exchanger tube
(1) according to any of the previous claims, in which
the reinforcement portions (90, 91) of the reinforce-
ment element (9) are folded from the stamped thick
collars (82, 83) of the openings (80, 81). 45

10. Aheatexchanger (500) comprising a plurality of heat
exchanger tubes (1) according to at least one of the
previous claims and having an input plug (55) and
an output plug (56) for connecting the plurality of 50
heat exchanger tubes (1) to a refrigerant fluid circuit
of a motor vehicle.

55
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