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FLAT TUBE FOR A CHARGE AIR COOLER
AND CORRESPONDING CHARGE AIR
COOLER

[0001] The invention relates to the field of heat exchangers
and more particularly of charge air heat exchangers used in
the automotive field.

[0002] It is a known practice in the field of motor vehicles
to use heat exchangers comprising a stack of identical flat
tubes through which a first fluid circulates. Each flat tube is
generally formed of two sheet-metal plates that are pressed in
order to form a dish in a predefined pattern, and arranged in
such a way that their concavities face one another. The two
plates are then joined together in a fluidtight manner, thus
forming a flat tube through which the first fluid can circulate
from a fluid inlet toward a fluid outlet, each one situated at one
end of the flat tube and more generally each one situated on
opposite sides of the plate.

[0003] The flat tubes are stacked on top of one another, with
the fluid inlets of each flat tube being joined together to form
an inlet riser. Likewise, the fluid outlets of each flat tube are
joined together to form an outlet riser. Between each flat tube
is left a space for the passage of a second fluid. Exchange of
heat between the two fluids then takes place as the first fluid
passes through the flat tubes and the second fluid passes
between said flat tubes.

[0004] Such heat exchangers are commonly used as evapo-
rators in a refrigerant circuit for air conditioning the interior
of'a motor vehicle, this refrigerant constituting the first fluid
and the second fluid being atmospheric air or as a heater in a
heat-transfer fluid circuit for heating the cabin of a motor
vehicle, this heat transfer fluid constituting the first fluid, and
the second fluid being atmospheric air.

[0005] Nevertheless, such exchangers may prove ill-suited
to use in a charge air intake circuit in which the thermal
parameters are quite special. Specifically, before entering the
combustion cylinders, the compressed and heated intake air
needs to be cooled sufficiently by means of a heat exchanger
in order to reduce the risks of self ignition, this being some-
thing that a conventional heat exchanger is unable to achieve
effectively. In general, for greater efficiency, this type of
charge air exchanger uses by way of first fluid a liquid such as
water for example in order to cool the second fluid which is
the charge air.

[0006] Theuse ofaliquid as first fluid has the disadvantage
of'reducing the durability of the exchanger which in particular
is more liable to become damaged through corrosion.
[0007] Thus, one ofthe objects of the invention is to at least
partially remedy the disadvantages of the prior art and pro-
pose an improved charge air heat exchanger.

[0008] The present invention therefore relates to a flat tube
of a charge air heat exchanger, produced from at least one
metal sheet that has been pressed to form an exchange plate,
said pressing allowing a fluid inlet and a fluid outlet to be
connected by a circuit through which a heat-transfer fluid
circulates, said circuit comprising at least one metal insert
placed within it and made from a material that creates a
potential difference of 30 mV or more with the material of the
flat tube.

[0009] According to one aspect of the invention, the flat
tube is formed by the assembly of two heat-exchange plates
which have been produced from a pressed metal sheet and
assembled with one another, the pressed sides of each
exchange plate facing each other.

Nov. 12, 2015

[0010] According to another aspect of the invention, the
insert is made of a metal alloy containing proportionately 0.7
to 1.5% zinc.

[0011] According to another aspect of the invention, the at
least one exchange plate is made of a 3000-series aluminum
alloy and that the insert is made of a 6815 or 6807 aluminum
alloy.

[0012] The invention also relates to a charge air heat
exchanger comprising at least one flat tube as described here-
inabove.

[0013] Further features and advantages of the invention
will become more clearly apparent from reading the follow-
ing description given by way of illustrative and non-limiting
example, in which:

[0014] FIG.1isaschematic depiction ofan exchange plate,
[0015] FIG. 2 is a schematic depiction in cross section of a
flat tube according to the invention.

[0016] In the various figures, identical elements bear simi-
lar references.
[0017] The exchange plate 1 for a flat tube 100 of a heat

exchanger, depicted in FIG. 1, can be produced from a
pressed metal sheet. It comprises a fluid inlet 3a and a fluid
outlet 35. The pressing of the exchange plate 1 forms a cavity
with ribs 7 defining a flow circuit for fluid to flow between the
fluid inlet 34 and the fluid outlet 35.

[0018] The ribs 7 give the flow circuit a path for the circu-
lation of a first heat-transfer fluid between the fluid inlet 3a
and the fluid outlet 35. This circulation path comprises at least
two rectilinear passes 5 connected by a curved portion 9. This
circulation path allows an increase in the length of the flow
circuit and therefore increases the time for which the first
heat-transfer fluid flows within it, thereby increasing the
length of time for which there can be a transfer of heat with
respectto a second fluid circulating on the opposite face of the
exchange plate 1. To facilitate this flow of the first heat-
transfer fluid, the ribs 7 may have rounded ends 11.

[0019] In the example set out in FIG. 1, the exchange plate
1 comprises four mutually parallel passes 5 and three curved
portions 9 making the connection between said passes 5.
[0020] As FIG. 1 shows, the at least one curved portion 9
may have projections 91. These projections 91 may be formed
as an integral part of the at least one heat exchange plate 1, for
example being produced by pressing, or they may alterna-
tively be elements attached and fixed inside the at least one
curved portion 9 using any means known to those skilled in
the art.

[0021] The flat tubes 100 are generally made up by assem-
bling two exchange plates 1 with one another, the passes 5 and
curves 9 of the circuits and the ribs 7 of each of the two
exchange plates 1 facing one another, forming the circulation
path of said flat tube 100. The exchange plates 1 are
assembled in a fluidtight manner, for example using brazing,
s0 asto avoid any leaks of heat-transfer fluid passing along the
flat tube 100. Such flat tubes 100 are relatively slender; for
example, the circulation path thereof may have a height from
1 mm to 3 mm.

[0022] Another way of embodying a flat tube 100 may be to
assemble an exchange plate 1 with a flat plate resting on the
periphery of the exchange plate 1 and on the ribs 7, covering
the flow circuit.

[0023] As shown by FIG. 2, inside the flat tube 100, the
circuit comprises at least one insert 51 intended to perturb the
circulation of the first heat-transfer fluid and create turbu-
lence, and to increase the area of contact with the first heat-
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transfer fluid and therefore increase exchanges between said
first fluid and the flat tube 100.

[0024] The at least one insert 51 is made from a metallic
material that creates a potential difference of 30 mV or more
with the material of the flat tube 100. This potential difference
allows said insert to be a sacrificial anode which is corroded
in preference over the material of the flat tube 100, the latter
thereby gaining better ability over time to withstand corro-
sion.

[0025] Inorder for the insert 51 to be an effective sacrificial
anode, said insert may be made from a metallic alloy propor-
tionately containing 0.7 to 1.5% zinc.

[0026] Itisthus possible to conceive of a flat tube 100 made
from exchange plates 1 made of a 3000 series aluminum alloy,
for example 3003 or 3916 aluminum alloy and comprising an
insert made of 6815 or 6807 aluminum alloy, which contain
zine in optimum proportions.

[0027] Theinsert 51 may have a corrugated configuration at
right angles to the direction of flow of the first heat-transfer
fluid, the ends of each corrugation being in contact with the
walls of the flat tube 100. The insert 51 may also, parallel to
the direction in which the heat-transfer fluid circulates along
the flat tube 100, have series of corrugated sections which are
offset from one another at right angles to the direction in
which the heat-transfer fluid circulates. The first heat-transfer
fluid therefore passes between the corrugations of each sec-
tion, increasing the area for contact and exchange between the
fluid and the walls of the flat tube 100, and as it passes from
one corrugated section to another, the first heat-transfer fluid
is perturbed thereby allowing the temperature to be evened
out and ensuring better efficiency of heat exchange with the
flat tube 100.

[0028] Of course, said insert 51 may equally have other
shapings allowing an increase in the area of contact and
allowing the fluid to be evened out, such as a square wave
form, zig zags or even louvers.

[0029] A heat exchanger with flat tube 100 also comprises
a stack of flat tubes 100 joined together at their fluid inlet and
outlet 3a and 35, and each flat tube 100 being spaced away so
as to allow a second fluid to pass between said flat tubes 100.
The flat tubes 100 are joined together at the fluid inlet and
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outlet 3a, 35 to form a fluid inlet riser grouping together all the
fluid inlets of all the flat tubes 100 and a fluid outlet riser
grouping together all the fluid outlets of all the flat tubes 100.
To facilitate the exchange of heat between the first heat-
transfer fluid circulating through the flat tubes 100 and the
second fluid passing between said flat tubes 100 it is also
possible to add, on each side of the flat tube 100 perturbators
102 such as fins in the space between two flat tubes 100.
[0030] Theuseofattached components by way of inserts 51
in the passes 5 of the flat tubes 100 allows the latter to have a
smooth wall which therefore makes attaching perturbators
102, for example by brazing, into the space between two flat
tubes 100 easier.

[0031] Thus, it can be clearly seen that the flat tube 100,
because of the presence of a metallic insert 51 made of a
material that creates a potential difference of 30 mV or more
with the material of the flat tube 100 and acts as a sacrificial
anode, has better resistance to corrosion, notably corrosion by
the first fluid, and therefore has a longer life.

1. A flat tube of a charge air heat exchanger, produced from
at least one metal sheet that has been pressed to form an
exchange plate, said pressing allowing a fluid inlet and a fluid
outlet to be connected by a circuit through which a heat-
transfer fluid circulates, wherein said circuit comprises at
least one metal insert placed within it and made from a mate-
rial that creates a potential difference of 30 mV or more with
the material of the flat tube.

2. The flat tube as claimed in claim 1, Wherein said flat tube
is formed by the assembly of two exchange plates which have
been produced from a pressed metal sheet and assembled
with one another, the pressed sides of each exchange plate
facing each other.

3. The flat tube as claimed in claim 1, wherein the insert is
made of a metal alloy containing proportionately 0.7 to 1.5%
zinc.

4. The flat tube as claimed in claim 3, Wherein the at least
one exchange plate is made of a 3000-series aluminum alloy
and that the insert is made of a 6815 or 6807 aluminum alloy.

5. A charge air heat exchanger comprising at least one flat
tube as claimed in claim 1.
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