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(57) ABSTRACT

The invention concerns a fin of a heat exchanger, notably for
a motor vehicle, comprising at least one orifice (22) of
substantially longitudinal shape, intended to have passing
through it a tube of the heat exchanger, said at least one
orifice (22) being bordered by a flange (32) formed as an
integral part of the fin.

According to the invention, the flange (32) is produced with
a shape substantially curved with respect to the general
plane defined by the fin, such that it has a radius of curvature
(R1, R2) between the general plane defined by the fin (20)
and the top of the flange (32) and the top of the flange (32)
projecting from the general plane defined by the fin (20), the
radius of curvature of the flange being at a minimum (R1) at
the ends of the associated orifice (22) and at a maximum
(R2) in a substantially central region along the longitudinal
axis of the associated orifice (22).
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FIN OF A HEAT EXCHANGER, NOTABLY
FOR A MOTOR VEHICLE, AND
CORRESPONDING HEAT EXCHANGER

[0001] The invention concerns the field of heat exchangers
for motor vehicles, and more specifically concerns a fin for
such a heat exchanger.

[0002] Heat exchangers for motor vehicles comprising, in
particular, a bundle of tubes arranged parallel to each other
in one or more rows, said tubes being intended to allow a
heat-transfer fluid to flow through the heat exchanger, are
already known. The tubes in question are, in particular, tubes
known as “flat tubes” designed to be arranged in a heat
exchanger that has a small space requirement.

[0003] The function of such a heat exchanger is to allow
heat exchange between the heat-transfer fluid flowing inside
the row or rows of aligned tubes and an external fluid, such
as a flow of air, passing through the row or rows of tubes, for
example in a direction transverse to the longitudinal axis of
the tubes.

[0004] In order to increase the heat exchanges between the
fluids, heat exchangers are commonly provided with a
plurality of heat-exchange elements arranged between the
tubes. The heat-exchange elements are advantageously par-
allel fins, each being perforated by at least one orifice,
advantageously by a plurality of orifices intended to receive
the tubes of the heat exchanger. These orifices are arranged
in one or more rows, depending on whether the bundle of
tubes comprises one or more rows of tubes, for example
parallel to a longitudinal direction, corresponding to the
large dimension of the fin.

[0005] The tubes and the orifices in the fins can be oblong
in shape. A heat exchanger comprising a plurality of fins and
tubes, the tubes having, respectively, before being shaped in
the heat exchanger, an oblong cross section substantially
corresponding to that of an orifice in a fin, is already known
from document FR 2 722 563. In particular, a tube comprises
two opposing longitudinal flanks, which are curved, each
having at least one concave portion (i.e. a portion with a
convexity turned towards the inside of the tube), giving the
tube, in particular, a smaller external width in a region where
its longitudinal flanks are closest together.

[0006] The entire perimeter of each orifice of a fin is also
bordered by a flange.

[0007] The assembly formed by a fin and the tubes that
pass through it is then held together mechanically by
deforming the walls of the tubes, in particular by expanding
the tubes, in such a way as to press-fit the tubes against the
flanges around the orifices provided in the fins.

[0008] In order to further improve the heat exchanges,
deflecting or disturbing the flow of external fluid passing
between the fins is known. For this purpose, the fins can be
provided, in particular, with louvred deflectors, arranged
between two successive orifices in the same row.

[0009] However, when the tubes are shaped in the heat
exchanger, the deformations of each tube are transmitted to
the louvres. The louvres can therefore be deformed in turn,
which degrades the performance of the heat exchanger. The
shaping of the tubes in the heat exchanger is therefore
limited by the risk of deforming the louvres.

[0010] Therefore, in the solutions of the prior art, each
orifice is provided with a flange with a constant radius of
curvature that is relatively small, i.e. of the order of 0 to 0.05
mm. This results in a very rigid flange.
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[0011] However, the rigidity of the flange transmits the
expansion forces from the tube to the louvres, which can
cause the louvres to become deformed after expansion, in
particular when the tubes have maximum dimensions within
their tolerances. Moreover, if the radius of curvature of the
flange is increased, there is a risk of the flange being
deformed.

[0012] The aim of the invention is therefore to at least
partially address these problems of the prior art by proposing
a fin for a heat exchanger that has good mechanical strength
while reducing the risk of the expansion forces being
transmitted from the tube or tubes to the fin and to the
elements of the fin, such as louvres.

[0013] To this end, the invention concerns a fin of a heat
exchanger, notably for a motor vehicle, comprising at least
one orifice of substantially longitudinal shape, intended to
have passing through it a tube of the heat exchanger, said at
least one orifice being bordered by a flange formed as an
integral part of the fin, characterized in that:

[0014] the flange is produced with a shape substantially
curved with respect to the general plane defined by the
fin, such that it has a radius of curvature between the
general plane defined by the fin and the top of the flange
projecting from the general plane defined by the fin,
and in that

[0015] the radius of curvature of the flange is at a
minimum at the ends of the associated orifice and at a
maximum in a substantially central region along the
longitudinal axis of the associated orifice.

[0016] Each flange is produced, for example, by deform-
ing the edge of an associated orifice of the fin.

[0017] The flange has a progressive radius of curvature,
such that the radius of curvature of the flange changes along
the perimeter of the orifice.

[0018] Therefore, the radius of curvature of the flange is
small in certain locations, which provides a certain rigidity
and contributes to the mechanical strength of the fin. Con-
versely, substantially in the middle of the largest length of
the orifice, the radius of curvature of the flange is larger,
making the flange more flexible and contributing less to the
mechanical strength of the fin.

[0019] This design flexibility, in the middle of the orifice
intended to receive, in particular, a wider portion of a tube
of the heat exchanger, makes it possible, in particular when
the tube is thicker than the nominal thickness, to reduce the
risk deformations being transmitted from the tube, for
example by expansion, to the fin, and in particular to louvres
provided on the fin.

[0020] Said fin can moreover comprise one or more of the
following features, taken separately or in combination.
[0021] According to one aspect of the invention, the
minimum radius of curvature is less than or equal to 0.05
mm and the maximum radius of curvature is greater than or
equal to 0.15 mm.

[0022] Preferably, the maximum radius of curvature of the
flange is of the order of 0.22 mm.

[0023] Advantageously, the maximum radius of curvature
of the flange is less than the height of the flange.

[0024] According to one embodiment, the height of the
flange is of the order of 0.3 mm.

[0025] This configuration allows at least one area of the
flange, i.e. the top of the flange, to conform to the shape of
a tube passing through the orifice.
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[0026] According to another aspect of the invention, the
shape of each orifice is variable in width, and the flange
bordering an associated orifice has a minimum radius of
curvature in the region or regions of the orifice with a
smaller width. This or each region with a smaller width
forms a region useful to the mechanical strength of the fin
and requires a more rigid flange at this location.

[0027] According to one embodiment, each orifice is
substantially oblong in shape, comprising two opposing
longitudinal edges, each longitudinal edge having at least
two convex portions, as viewed from inside the orifice, and
the flange bordering an associated orifice has a minimum
radius of curvature at the convex portions of each longitu-
dinal edge of the orifice.

[0028] The two longitudinal edges of an orifice can be
connected by two substantially circular end portions, and the
flange bordering an associated orifice has a minimum radius
of curvature at the two end portions.

[0029] According to another aspect of the invention, each
orifice is wider in the middle of the largest length of the
orifice than in the remaining region of the orifice.

[0030] The flange bordering an associated orifice therefore
has a maximum radius of curvature in the central region of
the orifice with a larger width. This central region is
intended, in particular, to receive a wider and more flexible
portion of the tube, and contributes less to the mechanical
strength of the fin-and-tube assembly. By using a flange that
is less rigid at this location, the deformations of the tube at
assembly are not transmitted to the fin and, for example, to
louvres provided on the fin.

[0031] According to one embodiment, each longitudinal
edge has a concave portion, as viewed from inside the
orifice, separating the two convex portions, and the flange
bordering an associated orifice has a maximum radius of
curvature at the concave portion of each longitudinal edge of
the orifice.

[0032] The invention also concerns a heat exchanger,
notably for a motor vehicle, comprising at least one tube and
at least one fin as previously defined, intended to have
passing through it said at least one tube.

[0033] In particular, it concerns a mechanically assembled
heat exchanger.
[0034] Thus, during mechanical assembly, the tube is

inserted through an orifice of a fin, or indeed through several
aligned orifices of a plurality of fins, and is then deformed,
in particular by expansion, and comes to press against the
flange of each orifice through which it passes. The rigidity
of the flange in certain locations, in particular at the ends of
the orifice, provide the mechanical strength of the tube-and-
fin assembly, while this flange has a certain flexibility in the
central region, this flexibility preventing the expansion
forces from being transmitted from the tube to the fin, and
in particular to louvres that can be provided on the fin.
[0035] Said heat exchanger can moreover comprise one or
more of the following features, taken separately or in
combination.

[0036] According to one aspect of the invention, said at
least one fin has at least one orifice, the shape of which
matches the shape of said at least one tube and the dimen-
sions of which are larger than the dimensions of the cross
section of the tube passing through it, in order to allow the
tube to be inserted through the associated orifice of the fin.
[0037] Advantageously, the tube has, prior to shaping in
the orifice, in particular by expansion, a shape substantially
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identical to the shape of the associated orifice of the fin. This
similarity of the shapes prior to assembly help reduce, in
particular, constriction forces during the expansion of the
tube.
[0038] According to another aspect of the invention, the
tube has a cross section of variable width, and the flange
bordering an associated orifice of the fin has a minimum
radius of curvature in an area of the orifice receiving a
narrower portion of the tube and has a maximum radius of
curvature in an area of the orifice receiving a wider portion
of the tube.
[0039] Therefore, the radius of curvature changes gradu-
ally from the minimum radius of curvature where the tube is
at its narrowest, in particular in the end regions of the tube,
s0 as to ensure proper tightening, to the maximum radius of
curvature where the tube is at its widest, for a more flexible
assembly, such that deformations of the tube at assembly are
not transmitted to the fin and to the elements it carries, such
as louvres.

[0040] According to one embodiment:

[0041] each tube has a cross section comprising two
opposing longitudinal flanks, each longitudinal flank hav-
ing at least two concave portions, as viewed from outside
the tube,

[0042] each orifice of a fin is substantially oblong in shape,
each longitudinal edge of an orifice having at least two
convex portions, as viewed from inside the orifice, match-
ing the two concave portions of the tube passing through
the associated orifice and

[0043] the flange bordering an associated orifice has a
minimum radius of curvature at the convex portions of
each longitudinal edge of the orifice.

[0044] In particular, in the end regions of a tube passing
through an orifice of the fin and where the longitudinal
flanks of the tube are closest to each other, the radius of
curvature is at a minimum so as to provide the fin with good
mechanical strength and in particular prevent the fins from
sliding off the tubes during vibration tests, for example.

[0045] According to one particular embodiment,

[0046] each longitudinal flank of a tube has a convex
portion, as viewed from outside the tube, separating two
concave portions,

[0047] each longitudinal edge of an orifice has a concave
portion, as viewed from inside the orifice, separating two
convex portions, and matching the convex portion of the
tube passing through the orifice, and

[0048] the flange bordering an associated orifice has a
maximum radius of curvature at the concave portion of
each longitudinal edge of the orifice.

[0049] In particular, in the region where the longitudinal
flanks of a tube passing through an orifice of the fin are the
furthest away from each other, the tube is more flexible and
the radius of curvature of the flange is at a maximum, so as
to give the flange a certain flexibility, reducing the risk of
deformations being transmitted from the tube to the fin.

[0050] Other features and advantages of the invention will

become clearer on reading the description that follows,

provided as an illustrative and non-limiting example, and
viewing the appended drawings in which:

[0051] FIG. 1 is a general schematic view of a heat

exchanger comprising fins and tubes passing through the

fins,

[0052] FIG. 2 is a cross section view of a tube of the heat

exchanger of FIG. 1 according to one embodiment,
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[0053] FIG. 3 is a view of a portion of a fin of the heat
exchanger of FIG. 1 intended to receive a row of tubes of
FIG. 2,

[0054] FIG. 4 is a partial cross section view substantially
in the middle of a tube passing through a plurality of parallel
fins of the heat exchanger of FIG. 1,

[0055] FIG. 5 is a view of a flange surrounding an orifice
of the fin of FIG. 3,

[0056] FIG. 6 is a cross section view along the axis [-I of
FIG. 5, and

[0057] FIG. 7 is a cross section view along the axis II-II
of FIG. 5.

[0058] Inthese figures, the elements that are identical have
been given the same reference numbers.

[0059] The following embodiments are examples.
Although the description refers to one or more embodi-
ments, this does not necessarily mean that each reference
concerns the same embodiment, or that the features apply
only to a single embodiment. Single features of different
embodiments may also be combined to provide other
embodiments.

[0060] The invention concerns the field of a heat
exchanger 1, notably for a motor vehicle, as shown sche-
matically in FIG. 1.

[0061] In particular, it concerns a heat exchanger 1
referred to as a mechanically assembled heat exchanger, i.e.
the components of which are connected together only by
mechanical assembly, for example by shape engagement
followed by deformation, unlike a brazed exchanger that
requires thermal action on the heat exchanger 1.

[0062] The heat exchanger of FIG. 1 comprises, as is
usually the case, two collection boxes 2 brought into com-
munication by means of a series of tubes 10 in which a
heat-transfer fluid flows. The tubes 10 are arranged substan-
tially parallel to each other. The tubes 10 are, in the case
described here, flat tubes, but could also be tubes with a
cross section that is circular, oval or in any other shape
known to a person skilled in the art. The heat exchanger 1
further comprises fins 20 arranged parallel to each other,
between the collection boxes 2, substantially transverse to
the longitudinal axis of the tubes 10. Heat exchange takes
place between the heat-transfer fluid flowing inside the tubes
10, and an external fluid, such as a flow of air, by conduction
between the fins 20 and the tubes 10, and by convection of
the flow of air flowing between the fins 20.

[0063] In reference to FIG. 2, an embodiment of a tube 10
is shown prior to its shaping by deformation.

[0064] The tube 10 is advantageously produced from a
metal alloy capable of being easily deformed.

[0065] According to the embodiment shown, the tube 10
has a substantially oblong cross section comprising two
opposing longitudinal flanks 12. The two longitudinal flanks
12 are connected to each other by two substantially circular
end portions 16. The two longitudinal flanks 12 and the two
end portions 16 are formed by a wall of the tube 10 that has
a substantially constant thickness e.

[0066] According to the cross section, the tube 10 has a
length L, designating the largest distance separating the
two substantially circular end portions 16, on the outside of
the tube 10, and a width 1,  designating the smallest
distance between the two longitudinal flanks 12 of the tube,
on the outside of the tube 10.
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[0067] Moreover, in this example, the tube 10 has a cross
section of which the width 1, varies between a minimum
width 1, ., and a maximum width 1
[0068] More specifically, according to this example, each
longitudinal flank 12 has at least two concave portions 14,
as viewed from outside the tube 10. A concave portion 14 of
a longitudinal flank 12 of the tube 10 should be taken to
mean a portion with a convexity turned towards the inside of
the tube 10. In other words, as viewed from outside the tube
10, the tube 10 comprises two substantially curved recessed
shapes 14.

[0069] Moreover, a convex portion 18 can be arranged
between the two concave portions 14 of each longitudinal
flank 12, as viewed from outside the tube 10. A convex
portion 18 of a longitudinal flank 12 of the tube 10 should
be taken to mean a portion with a convexity turned towards
the outside of the tube 10. Therefore, as viewed from outside
the tube 10, each longitudinal flank 12 of the tube 10 has a
projecting portion 18 arranged between the two recessed
shapes 14.

[0070] The concave portions 14 are in this case provided
at the two ends of each longitudinal flank 12 of the tube 10,
while the convex portion 18 separating them is in this case
arranged substantially in the middle of the longitudinal flank
12.

[0071] Therefore, according to this example, the tube 10 is
narrower in the areas where the two opposing longitudinal
flanks 12 are closest together, i.e. at two facing concave
portions 14. The tube 10 is wider in the area where the two
opposing longitudinal flanks 12 are furthest apart from each
other, i.e. in this example, at two facing convex portions 18.
In other words, the external width 1, of the tube 10 is
smaller at the facing concave portions 14 than at the facing
convex portions 18.

[0072] This gives the tube 10, in this case, a particular
shape that helps prevent the elastic return of the longitudinal
flanks 12 of the tube 10 after it has been shaped.

[0073] FIG. 3 shows a portion of one of the fins 20 of FIG.
1. The fin 20 is in the form of a thin sheet metal strip also
referred to as a strip, for example made from aluminum
alloy, perforated with a plurality of orifices 22. The orifices
22 of a fin 20 can be separated, two by two, by deflectors,
in this case in the faun of rows of louvres 24, the function
of which is to increase the heat exchange of the fins 20 by
deflecting and/or disturbing the flow of an external fluid
passing through the heat exchanger 1.

[0074] The shape of the fin 20 in this example is substan-
tially rectangular.

[0075] The louvres 24 in this example are arranged
aligned in the width direction of the fin 20 between two
orifices 22 of a given row. The louvres 24 are produced, for
example, in such a way as to project obliquely from the
surface of the fin 20.

[0076] The orifices 22 are arranged in a row of axis N. The
axis N is, for example, substantially parallel to the longitu-
dinal direction of the fin 20.

[0077] The orifices 22 allow the tubes 10 to pass through
the fin 20. The shape of the orifices 22 is therefore adapted
to the cross section of the tubes 10.

[0078] In the case of flat tubes 10, the orifices 22 are
advantageously longitudinal in shape.

[0079] More specifically, in the case of tubes 10 with a
cross section of variable width 14, each orifice 22 has a

Tube max*
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substantially longitudinal shape, the width 1 of which varies
between a minimum width 1., and a maximum width 1
[0080] According to the embodiment shown, each orifice
22 has two regions, in this case end regions, with a smaller
width 1,,, and a substantially central region along the
longitudinal axis of the orifice 22 that has a larger width 1, ..
[0081] More specifically, each orifice 22 (see FIG. 3) has
a substantially oblong cross section comprising two oppos-
ing longitudinal edges 26, matching the shape of a tube 10
as described in reference to the example of FIG. 2. The two
longitudinal edges 26 are connected by two substantially
circular end portions 27. Moreover, according to the
embodiment shown, each longitudinal edge 26 of an orifice
22 has at least two convex portions 28, as viewed from
inside the orifice 22. A convex portion 28 of a longitudinal
edge 26 of an orifice 22 of the fin 20, should be taken to
mean a portion with a convexity turned towards the inside of
the orifice 22. The convex portions 28 of a longitudinal edge
26 of an orifice 22 match the concave portions 14 of an
associated tube 10 intended to pass through this orifice 22.
[0082] In this example, the two convex portions 28 of a
longitudinal edge 26 of the orifice 22 are separated by a
concave portion 30, as viewed from inside the orifice 22 of
the fin 20. A concave portion 30 of a longitudinal edge 26 of
an orifice 22 of the fin 20, should be taken to mean a portion
with a convexity turned towards the outside of the orifice 22.
Therefore, as viewed from inside the orifice 22, each lon-
gitudinal edge 26 has one recess 30 and two projecting
portions 28. Each concave portion 30 of an orifice 22
matches a convex portion 18 of an associated tube 10
intended to pass through this orifice 22.

[0083] The convex portions 28 are in this case provided at
the two ends of each longitudinal edge 26 of the orifice 22,
while the concave portion 30 separating them is in this case
arranged substantially in the middle of the longitudinal edge
26.

[0084] Therefore, according to this example, the orifice 22
is narrower in the areas where the two opposing longitudinal
edges 26 are closest together, i.e. at two facing convex
portions 28. The orifice 22 is wider in the area where the two
opposing longitudinal edges 26 are furthest apart from each
other, i.e. in this example, at two facing concave portions 30.
[0085] Naturally, any other shape of the orifice 22 can be
provided, as long as this shape is suitable for an associated
tube 10 of the heat exchanger 1 to pass through it.

[0086] Each orifice 22 of a fin 20 therefore has a shape
substantially identical to that of a tube 10 before the tube 10
is shaped, and the shape of each orifice 22 is larger than the
cross-sectional shape of a matching tube 10, so as to allow
the tube 10 to be inserted through the orifice 22. A tube 10
received in an orifice 22 of the fin 20 is shown schematically
by the dashes in FIG. 3.

[0087] More specifically, each orifice 22 is configured to
accommodate a tube 10 as described above, such that an
assembly formed by an orifice 22 provided with a tube 10
has a clearance J between the tube 10 and the corresponding
orifice 22 that receives it. The clearance J is advantageously
present between the tube 10 and the orifice 22, around the
entire periphery of the tube 10. Thus, during assembly, the
tube 10 is positioned in an orifice 22 of at least one fin 20
in such a way that the tube 10 is placed forming a clearance
J between the tube 10 and the orifice 22. The tube 10 can
subsequently be deformed, for example by expanding its
walls inside the orifice 22 of the fin 20.

max*
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[0088] Moreover, each tube 10 can be intended to be
inserted through aligned orifices 22 of a plurality of fins 10

arranged parallel to each other, as shown schematically in
FIG. 4.

[0089] Each orifice 22 is, moreover, bordered by a flange
32, shown schematically in FIG. 5. The flange 32 is advan-
tageously provided around the entire perimeter of the orifice
22 and formed as an integral part of the fin 20.

[0090] Each flange 32 can be produced by deforming the
edge of the associated orifice 22. The flanges 32 are, for
example, formed by drawing. This results in the flange 32
having a portion that is raised relative to the general plane
of'the fin 20, which therefore projects from the general plane
of the fin 20, this projecting portion being referred to
hereinafter as the top of the flange 32. This projecting
portion can extend substantially perpendicular to the general
plane defined by the fin 20.

[0091] The general shape of each flange 32 substantially
matches the shape of the associated orifice 22.

[0092] Moreover, each flange 32 is produced with a shape
substantially curved with respect to the general plane
defined by the fin 20. In other words, each flange 32 has a
radius of curvature R1, R2 between the general plane
defined by the fin 20 and the top of the flange 32. In
particular, the radius of curvature of the flange 32 is at a
minimum R1, or indeed zero, at the ends of the associated
orifice 22 and at a maximum R2 in a substantially central
region of the associated orifice 22, in the longitudinal
direction.

[0093] The flange 32 therefore has a progressive radius of
curvature. In other words, the radius of curvature of the
flange 32 is not the same along the perimeter of the orifice
22.

[0094] More specifically, the minimum radius of curvature
R1 (FIG. 6) is, for example, of the order of 0 to 0.05 mm,
and the maximum radius of curvature R2 (FIG. 7) is, for
example, greater than or equal to 0.15 mm.

[0095] According to one particular embodiment, the maxi-
mum radius of curvature R2 is preferably of the order 0of 0.22
mm.

[0096] Thus, once a tube 10 has been assembled in an
associated orifice 22 and shaped, the wall of the tube 10
presses tightly against the flange 32 bordering the orifice 22,
in order to keep the tube 10 assembled with the fin 20 and
simultaneously provide a good thermal connection between
them. More specifically, at least one area of the flange 32, in
this case the top of the flange 32, in reference to FIG. 4,
conforms to the shape of the tube 10, after assembling the
latter in the associated orifice 22.

[0097] Advantageously, the maximum radius R2 of the
flange 32 is less than the height h of the flange 32, in order
to allow at least one area of the flange 32 to be substantially
perpendicular to the tube 10 and to conform to the shape of
the tube 10. According to the specific embodiment shown,
the height h of the flange 32 is of the order of 0.3 mm.

[0098] In particular, in reference to FIGS. 5 and 6, a flange
32 bordering an associated orifice 22 has a minimum radius
of curvature R1 in the region of the orifice 22 with a smaller
width 1., i.e. where the two longitudinal edges 26 are
closest together. In other words, according to the specific
embodiment of the orifice 22 of which each longitudinal
edge 26 has at least two convex portions 28, each flange 32
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bordering an associated orifice 22 has a minimum radius of
curvature R1 at the convex portions 28 of each longitudinal
edge 26 of the orifice 22.

[0099] Moreover, the flange 32 according to this example
also has a minimum radius of curvature R1 at the two end
portions 27 of the orifice 22 linking the two longitudinal
edges 26.

[0100] Besides, in reference to FIGS. 5 and 7, the flange
32 has a maximum radius of curvature R2, larger than the
minimum radius of curvature R1, in the region of the orifice
22 where the two longitudinal edges 26 are furthest apart
from each other. In other words, according to the specific
embodiment of the orifice 22 of which each longitudinal
edge 26 has at least two convex portions 28 separated by a
concave portion 30, each flange 32 bordering an associated
orifice 22 has a maximum radius of curvature R2 at the
concave portion 30 of each longitudinal edge 26 of the
orifice 22.

[0101] Therefore, when the tube 10 is assembled in an
associated orifice 22 of the fin 20, the radius of curvature of
the flange 32 is smaller (minimum radius of curvature R1)
in an area of the orifice receiving the ends of the tube 10 and
a narrower portion of the tube 10, and the radius of curvature
is larger (maximum radius of curvature R2), substantially in
the central region of the orifice 22 in the longitudinal
direction, this central region receiving a wider portion of the
tube 10.

[0102] A fin 20 that has one or more orifices 22, each
bordered by a flange 32 according to the invention, con-
forming to the shape of the tube 10 after assembly by
expansion in an orifice 22, therefore has good mechanical
strength provided by the rigidity of the flange 32 in the end
regions with a small radius of curvature R1, without the
expansion forces from the tube 10 being transmitted to the
fin 20 or in particular to louvres 24 provided on the fin 20,
owing to the flexibility of the flange 32 provided by a larger
radius of curvature R2, in particular in a central region of the
orifice.

1. A fin of a heat exchanger for a motor vehicle, com-
prising:

at least one orifice of substantially longitudinal shape,

through which a tube of the heat exchanger passes, said
at least one orifice being bordered by a flange formed
as an integral part of the fin,

wherein:

the flange is produced with a shape substantially curved

with respect to the general plane defined by the fin,
such that the flange has a radius of curvature between
the general plane defined by the fin and the top of the
flange projecting from the general plane defined by the
fin, and

the radius of curvature of the flange is at a minimum at the

ends of the associated orifice and at a maximum in a
substantially central region along the longitudinal axis
of the associated orifice.

2. The fin as claimed in claim 1, in which the minimum
radius of curvature is less than or equal to 0.05 mm and the
maximum radius of curvature is greater than or equal to 0.15
mm.

3. The fin as claimed in claim 2, in which the maximum
radius of curvature of the flange is less than the height of the
flange.

4. The fin as claimed in claim 1, wherein the shape of each
orifice is variable in width, and the flange bordering an
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associated orifice has a minimum radius of curvature in at
least one region of the orifice with a smaller width.

5. The fin as claimed in claim 4, wherein:

each orifice is substantially oblong in shape, comprising

two opposing longitudinal edges, each longitudinal
edge having at least two convex portions, as viewed
from inside the orifice, and

the flange bordering an associated orifice has a minimum

radius of curvature at the convex portions of each
longitudinal edge of the orifice.

6. The fin as claimed in claim 5, wherein each orifice is
wider substantially in the middle of the largest length of the
orifice than in a remaining region of the orifice.

7. The fin as claimed in claim 6, wherein:

each longitudinal edge has a concave portion, as viewed

from inside the orifice, separating the two convex
portions, and

the flange bordering an associated orifice has a maximum

radius of curvature at the concave portion of each
longitudinal edge of the orifice.

8. A mechanically assembled heat exchanger for a motor
vehicle, comprising:

at least one tube; and

at least one fin as claimed in claim 1, wherein said at least

one tube passes through the at least one fin.

9. The heat exchanger as claimed in claim 8, wherein said
at least one fin has at least one orifice, the shape of which
matches the shape of said at least one tube and the dimen-
sions of which are larger than the dimensions of the cross
section of the tube passing through the at least one orifice.

10. The heat exchanger as claimed in claim 8, wherein:

said at least one tube has a cross section of which the

width varies, and

the flange bordering an associated orifice of the fin
through which a tube passes, has a minimum radius of
curvature in an area of the orifice receiving a narrower
portion of the tube and has a maximum radius of
curvature in an area of the orifice receiving a wider
portion of the tube.

11. The heat exchanger as claimed in claim 10, wherein:

each tube has a cross section comprising two opposing
longitudinal flanks, each longitudinal flank having at
least two concave portions, as viewed from outside the
tube,

each orifice of a fin is substantially oblong in shape,
comprising two opposing longitudinal edges, each lon-
gitudinal edge of an orifice having at least two convex
portions, as viewed from inside the orifice, matching
the two concave portions of the tube passing through
the associated orifice, and

the flange bordering an associated orifice has a minimum
radius of curvature at the convex portions of each
longitudinal edge of the orifice.

12. The heat exchanger as claimed in claim 11, wherein:

each longitudinal flank of a tube has a convex portion, as
viewed from outside the tube, separating two concave
portions,

each longitudinal edge of an orifice has a concave portion,
as viewed from inside the orifice, separating two con-
vex portions, and matching the convex portion of the
tube passing through the orifice, and
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the flange bordering an associated orifice has a maximum
radius of curvature at the concave portion of each
longitudinal edge of the orifice.
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