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(54) REINFORCED HEAT EXCHANGER COMPRISING A STACK OF PLATES

(57) The heat exchanger (2) comprises a stack of
plates (4) comprising a lower plate (20) onto which the
other plates (22) are stacked.

The heat exchanger (2) also comprises a fixation

plate (6) and a reinforcement plate (8) between the fixa-
tion plate (6) and the lower plate (20). The reinforcement
plate (8) has reinforcing elements (24) obtained from a
cut and fold of the reinforcement plate (8) material.
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Description

[0001] In the field of heat exchangers for automotive
vehicles, it is known to use heat exchangers comprising
stack of plates for the circulation of two fluids alternately
between the adjacent pairs of plates. Such heat exchang-
ers are used for example as oil coolers for the oil of the
engine. The oil and coolant circulate along respective
sides of each intermediate plate of the stack of plates.
[0002] The heat exchanger may also comprise a fixa-
tion plate for fixation of the stack of plates into the auto-
motive vehicle. The stack of plates is for example sol-
dered to the fixation plate which is itself fastened to the
vehicle, for example with screws.
[0003] A reinforcement plate between the fixation plate
and the stack of plates is also known from
US2007084809-A and EP2267390-A.
[0004] However, these designs are costly and may still
be improved in terms of mechanical resistance.
[0005] An aspect of the invention relates to a heat ex-
changer comprising a stack of plates comprising a lower
plate onto which the other plates are stacked, and the
heat exchanger also comprises a fixation plate and a
reinforcement plate between the fixation plate and the
lower plate, wherein the fixation plate has reinforcing el-
ements obtained from a cut and fold of the reinforcement
plate material.
[0006] The reinforcing elements thus obtained bring
reinforcement while still allowing flexibility. Also, the proc-
ess allows controlled position and shape of the reinforc-
ing elements, with a reasonable cost.
[0007] It was also found that having reinforcing ele-
ments around only two corners is optimal.
[0008] In particular embodiments, the heat exchanger
may comprise one, several or any combination of the
following technical features:

- the reinforcing elements are only one or more cor-
ners of the lower plate. Having reinforcing elements
only in one of more of the corners bring reinforcement
to the corners while also providing more elasticity to
the rest of the lower plate. It is thus possible for the
lower plate to follow slight deformations where con-
straints are not critical, thereby relieving constraints
in the interface between the reinforcement plate and
the lower plate.

- the reinforcing elements are only around two corners
of the lower plate;

- for each reinforced corner, there is only one reinforc-
ing element;

- the reinforcing elements are in contact with the lower
plate;

- the reinforcing elements have a shape complemen-
tary to the shape of the lower plate;

- the height h of the reinforcing element, measured
from the top planar surface of the fixation plate is
preferably at least half the height h’ of the peripheral
edge of the lower plate, measured from the top main

planar surface of the reinforcement plate;
- the reinforcing elements have their internal surface

following the external surface of the lower plate;
- the reinforcing elements are continuous around the

respective corners of the lower plate;
- the reinforcement plate has only two reinforcing el-

ements;
- the reinforcement plate is a substantially planar

plate;
- the reinforcement plate is a planar plate, except in

the regions of the reinforcing elements;
- the plate has two holes for the circulation of fluid, the

reinforcing elements being at proximity of the two
holes;

- the two holes are respectively for the inlet and outlet
of a fluid, in particular oil;

- the lower plate has corresponding holes in regards
of the two holes for the circulation of fluid of the re-
inforcement plate, the two holes of the lower plate
being respectively in the two corners of the lower
plate that are reinforced by the reinforcing elements;

- the fixation plate has a planar surface receiving the
fixation plate and a protrusion around the reinforce-
ment plate;

- the protrusion is a peripheral edge of the fixation
plate;

- the peripheral edge is present along at least 50% of
the contour of the reinforcement plate;

- the fixation plate has two holes for the circulation of
fluid in regards of the corresponding holes of the re-
inforcement plate;

- the fixation plate has holes for fixation of the heat
exchanger into an automotive vehicle;

- the reinforcement plate has holes for fixation in re-
gards of the corresponding holes of the reinforce-
ment plate;

- the stack of plates define two circuits for two respec-
tive fluids, the circuits being configured so that the
two fluids circulate alternately between the adjacent
pairs of plates;

- each circuit flows along a respective side of each
intermediate plate of the stack of plates;

- each intermediate plate of the stack of plates has
holes for the circulation of two fluids through each
intermediate plate;

- the lower plate has two holes respectively for the
inlet and outlet of one of the two fluids, in particular oil;

- the end plate opposite to the lower plate has two
holes respectively for the inlet and outlet of the sec-
ond of the two fluids, in particular coolant;

- the heat exchanger is an oil cooler.

[0009] Another aspect of the invention relates to a
process for making a heat exchanger comprising a stack
of plates comprising a lower plate onto which the other
plates are stacked, the heat exchanger also comprising
a fixation plate, and a reinforcement plate between the
fixation plate and the lower plate, the fixation plate having
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reinforcing elements and wherein the process comprises
actions of cutting and folding the reinforcing elements
from the material of the reinforcement plate.
[0010] In particular embodiments, the process may
comprise one, several or any combination of the following
characteristics:

- the cutting and folding of a reinforcing element are
made in a single movement of a tool, in particular a
cutting dye;

- the cutting and folding are made in a single step;
- all reinforcing elements made of the reinforcement

plate made by cutting and folding are made in a sin-
gle step.

[0011] Embodiments of the invention will now be de-
scribed, by way of example, with reference to the follow-
ing drawings, in which:

- Figure 1 is a perspective view of a heat exchanger
according to an embodiment of the invention, com-
prising a stack of plates, a fixation plate and a rein-
forcement plate between the fixation plate and the
stack of plates;

- Figure 2 is a perspective view of the reinforcement
plate present in the heat exchanger of Figure 1;

- Figure 3 is a perspective view showing the fixation
plate, the reinforcement plate and the lower plate of
the stack of plates present in the heat exchanger of
Figure 1, as well as on top of the lower plate, the first
base plate of the stack of base plates;

- Figure 4 is a section view of the fixation plate, rein-
forcement plate and lower plate shown in Figure 3.

[0012] Figure 1 shows a heat exchanger 2 typically
used for oil cooling. The heat exchanger comprises a
stack of plates 4, a fixation plate 6 and a reinforcement
plate 8 between the fixation plate 6 and the stack of plates
4.
[0013] The heat exchanger comprises a coolant inlet
10 and coolant outlet 12 going through the top end plate
14 of the stack of plates. The coolant is for example a
water and glycol based liquid commonly used for engine
cooling. On figures 2 & 3, an oil inlet 16 and an oil outlet
18 can also be seen through the lower plate 20 of the
stack of plates 4, through the reinforcement plate 8 and
through the fixation plate 6. The heat exchanger is thus
intended to be used as an oil cooler, for example for cool-
ing the oil of the engine of the automotive vehicle. How-
ever, the heat exchanger could also be used for heat
exchange between other fluids, such as for example be-
tween water and glycol based liquid and a refrigerant
such as for example 1234yf.
[0014] The stack of plates 4 of the heat exchanger is
designed so that the two fluids circulate alternately be-
tween the adjacent pairs of plates. That is to say, each
fluid circulates along respective sides of each intermedi-
ate plate 22 (also called "base plates") of the stack of

plates 4. The base plates 22 have holes for the circulation
of the two fluids through each plate.
[0015] This type of stack of plates 4 is commonly used
and known to the person skilled in the art.
[0016] The reinforcement plate 8 shown more specif-
ically on Figures 2 a 3, is a substantially planar plate
having two reinforcing elements 24 around two corners
26 of the lower plate 20. These two reinforcing elements
24 shown more closely on Figure 4 are obtained by cut-
ting and folding material from the reinforcement plate.
[0017] As show on Figure 4, the internal surface 28 of
the reinforcing elements 24 contact the external surface
30 of the peripheral edge 32 of the lower plate 20. Pref-
erably, the internal surface 28 of the reinforcing elements
24 have a shape that is complementary of the shape of
the external surface 30 and thus in contact along the
whole corner 26.
[0018] The height h of the reinforcing element 24,
measured from the top planar surface 34 of the fixation
plate 6 is preferably at least half the height h’ of the pe-
ripheral edge 32 of the lower plate 20, measured from
the top main planar surface 36 of the reinforcement plate
8.
[0019] The cutting and folding of a reinforcing element
24 are made preferably in a single movement of a cutting
dye or any other adapted tool. Alternatively though, it is
possible to make it in two steps with two different tools /
apparatus. All reinforcing elements 24 of the reinforce-
ment plate 8 made by cutting and folding are preferably
made in a single step.
[0020] Preferably, there are reinforcing elements 24
around only two corners 26 of the lower plate 20, as can
be seen on the figures. Alternatively, there could be four
reinforcing elements 24 around each corner 26 of the
lower plate 20 but this is a less preferred solution.
[0021] Preferably also, the reinforcing elements 24 are
in one part (or "continuous") around their respective cor-
ners 26. That is to say that each corner 26 is reinforced
by only one reinforcing element. It was found a more
reliable reinforcement compared to having several rein-
forcing elements around a specific corner.
[0022] Preferably again, the reinforced corners are the
one at proximity of the holes for fluid communication 16
and 18 for oil. If the inlet and outlet of water and glycol
based coolant were also designed through the reinforce-
ment plate 8 and fixation plate 6, which is also a possible
alternative, then the reinforcing elements would be at
proximity of the inlet & outlet for oil, and there would be
no reinforcing elements at proximity of the inlet & outlet
for water & glycol based coolant.
[0023] The reinforcement plate 8 has fixation holes 38
in regards of corresponding fixation holes of the fixation
plate 6, in order to receive for example fixation screws
intended to fasten the heat exchanger into the automotive
vehicle. Alternatively, the reinforcement plate has no fix-
ation hole and the fixation plate 6 is fastened to the au-
tomotive by holes that are external to the reinforcement
plate.
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[0024] The reinforcement plate 8 also has positioning
protrusions 42, or more generally positioning elements,
that cooperate with corresponding positioning elements
42 of the lower plate 20. In this specific example, the
positioning elements 42 of the lower plate 20, the rein-
forcement plate 8 and the fixation plate 6, are protruding
plots, the protruding plots of each of the plates 20, 6 and
8 being respectively identical.
[0025] The fixation plate 6 shown on figures 2, 3 & 4
is intended to receive the reinforcement plate and to fas-
ten the heat exchanger 2 to the automotive vehicle thanks
to fixation holes 44 in regards of the fixation holes 38 of
the reinforcement plate 8. Fixation can be done with fix-
ation screws or any other adapted fixation element such
as bolts.
[0026] The fixation plate 6 has a top planar surface 34
(Figure 4) receiving the bottom planar surface 46 of the
reinforcement plate, the two surfaces being in contact
with each other. Alternatively, the fixation plate 6 and
reinforcement plate 8 could have any other adapted ge-
ometry.
[0027] The fixation plate 6 has a peripheral edge 48
around the reinforcement plate 8 for reinforcement of the
fixation plate 6.
[0028] Preferably, the peripheral edge 48 extends
along substantially the whole contour of the reinforce-
ment plate 6. In the figures, there are only two regions
52 where the peripheral edge 48 is not present, but the
peripheral edge 48 is still present around at least 50% of
the contour of the reinforcement plate 6.
[0029] At last, the stack of plates 4 is made of identical
base plates, an upper plate (not shown) and of the top
end plate 14, as commonly known.
[0030] As shown on Figure 3, the lower plate 20, has
two holes 54 & 56. There holes are inactive for the lower
plate 20 because these holes do not have corresponding
holes in the reinforcement plate 8 and in the fixation plate
6.
[0031] The lower plate 20 also has holes 58 & 60 for
the circulation of oil.
[0032] The base plates 22 are all identical. They have
holes 62 for the circulation of oil and holes 64 for the
circulation of coolant.
[0033] Also, each base plate is turned 180 degrees in
respect of the adjacent base plates. In this way, it is not
necessary to make two different kinds of plates, as com-
monly known.
[0034] A first group of base plates are intended for the
circulation of oil above the base plates 22. The holes 62
for the circulation of oil are in the same plane as the main
planar surfaces of these plates and the holes 66 for the
circulation of coolant are elevated so that they make a
tight contact with the bottom planar surface of the base
plate above, which is turned 180 degrees.
[0035] The second half of the base plates 22 of the
stack of plates have holes 64 for coolant in the plane of
the main planar surfaces of these base plates 22 and the
holes for the circulation of oil 62 are elevated so that they

make a tight contact with the bottom surface of the plates
above. Coolant will circulate on the top side of this second
type of base plate.
[0036] Importantly, each base plate 22 of the stack of
plates 4, the lower plate 22 and the upper plate (not
shown) having a peripheral edge 32 of an identical shape.
The peripheral edge 32 of each plate receives the exter-
nal surface of the peripheral edge 32 of the plate above
in a tight manner. This design is also called a "tub" design
wherein each tub plate receives the tub plate above in a
tight manner along the peripheral edges 32.
[0037] The top end plate only has holes 66 & 68 for
receiving the inlet & outlet of coolant. Alternatively, as
explained above, the inlet & outlet of coolant could also
be on the side of the fixation plate 6, in which case, there
would be not circulation holes in the top end plate 14.

Claims

1. Heat exchanger (2) comprising a stack of plates (4)
comprising a lower plate (20) onto which the other
plates (22) are stacked, and the heat exchanger (2)
comprises a fixation plate (6), and a reinforcement
plate (8) between the fixation plate (6) and the lower
plate (20), wherein the reinforcement plate (8) has
reinforcing elements (24) obtained from a cut and
fold of the reinforcement plate (8) material.

2. Heat exchanger (2) according to claim 1, wherein
the reinforcing elements (24)vare only around one
or more corners of the lower plate (20).

3. Heat exchanger (2) according to claim 1 or 2, wherein
the reinforcing elements (24) are only around two
corners of the lower plate (20).

4. Heat exchanger (2) according to any of the preceding
claims, wherein the reinforcing elements (24) are in
contact with the lower plate (20).

5. Heat exchanger (2) according to any of the preceding
claims, wherein the reinforcing elements (24) have
a shape complementary to the shape of the lower
plate(20).

6. Heat exchanger (2) according to any of the preceding
claims, wherein the reinforcement plate (8) is a sub-
stantially planar plate.

7. Heat exchanger (2) according to any of the preceding
claims, wherein the reinforcement plate (8) has two
holes (16, 18) for the circulation of fluid, the reinforc-
ing elements (24) being at proximity of the two holes
(16, 18).

8. Heat exchanger (2) according to the preceding claim,
wherein the lower plate (20) has corresponding holes
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(58, 60) in regards of the two holes (16, 18) for the
circulation of fluid of the reinforcement plate (8), the
two holes (58, 60) of the lower plate (20) being re-
spectively in the two corners (26) of the lower plate
(20) that are reinforced by the reinforcing elements
(24).

9. Heat exchanger (2) according to any of the preceding
claims, wherein the fixation plate (6) has a planar
surface (34) receiving the reinforcement plate (8)
and a protrusion (48) around the reinforcement plate
(8).

10. Heat exchanger (2) according to claim 8 or 9, wherein
the protrusion (48) is a peripheral edge of the fixation
plate (6).

11. Heat exchanger (2) according to any of the preceding
claims, wherein the stack of plates (4) define two
circuits for two respective fluids, the circuits being
configured so that the two fluids circulate alternately
between the adjacent pairs of plates (22).

12. Heat exchanger (2) according to any of the preceding
claims, wherein the heat exchanger (2) is an oil cool-
er.

13. Process for making a heat exchanger (2) comprising
a stack of plates (4) comprising a lower plate (20)
onto which the other plates (22) are stacked, the heat
exchanger (2) also comprising a fixation plate (6),
and a reinforcement plate (8) between the fixation
plate (6) and the lower plate (20), the fixation plate
(6) having reinforcing elements (24) and wherein the
process comprises actions of cutting and folding the
reinforcing elements (24) from the material of the
reinforcement plate (8).

14. Process according to claim 1, wherein the cutting
and folding of a reinforcing element (24) are made
in a single movement of a tool.
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