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Description
TECHNICAL FIELD

[0001] The present disclosure relates to the technical
field of heat exchangers, and more particularly to a heat
exchanger module and a method for manufacturing a
heat exchanger module.

TECHNOLOGICAL BACKGROUND

[0002] Good efficiency of heat exchangers is defined
by, among other things, an effective transfer area. The
fluids flowing through the heat exchanger should be ex-
posed to as much material as possible to effectively trans-
fer their heat to the structure of the heat exchanger, and
eventually to the other fluid.

[0003] However, this principle may be difficult to apply
in practice, because it should take account of the nature
of the fluids and the other constraints which the heat ex-
changer is subjected to, such as its mechanical proper-
ties.

[0004] Thus, there is a need for a new type of heat
exchanger module and manufacturing method. A heat
exchanger having the features of the preamble of claim
1 is known from US 2021/0341186.

SUMMARY

[0005] In this respect, the present disclosure relates to
a heat exchanger module comprising at least one first
layer for a first fluid to flow therein between a first inlet
and a first outlet, and at least one second layer for a
second fluid to flow therein between a second inlet and
a second outlet, wherein the at least one first layer and
the at least one second layer are separated by a parting
plate, the first layer comprising a first wall meandering
between opposite sides of the first layer in order to define
first channels extending between the first inlet and the
first outlet, the second layer comprising a second wall
meandering between opposite sides of the second layer
in order to define second channels extending between
the second inlet and the second outlet, wherein a pitch
of the first wall is less than a pitch of the second wall, a
thickness of the first wall is less than a thickness of the
second wall, and a ratio of the pitch to a height of the first
wall is less than a ratio of the pitch to a height of the
second wall.

[0006] The heat exchanger module comprises one or
more first layer and one or more second layer. As used
herein, for conciseness and unless the context indicates
otherwise, "a", "an", and "the" are intended to refer to "at
least one" or "each" and to include plural forms as well.
In addition, an element (e.g. layer, wall, channels, etc.)
mentioned without "first" or "second" may indicate either
one or both of the first element and the second element.
Likewise, although one parting plate has been defined,
the heat exchanger module may comprise a plurality of
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parting plates each separating two consecutive layers of
the heat exchanger module. Conversely, each one of the
first layer and the second layer may be defined between
two parting plates, except possibly for the end layers.
The facing surfaces of the two parting plates may define
the opposite sides of a layer, between which the first wall
and second wall meander respectively.

[0007] In meandering, the wall may create a plurality
ofjunctions between the opposite sides ofthe layer, these
junctions partitioning the layer in channels. That is, the
wall may successively and repeatedly go from one of the
opposite sides of a layer to the other, while advancing in
anotherdirection. The wallmay meanderin a plane trans-
verse to the channels. The wall may meander in a peri-
odical manner.

[0008] The pitch of the wall is defined as the distance
between a point where the wall reaches one of the op-
posite sides of the layer and a corresponding point where
the wall next reaches the same side of the layer. The
pitch may be constant. If the wall meanders periodically,
the pitch of the wall corresponds to a period of the wall.
[0009] The thickness of the wall is defined as the small-
est dimension of the wall. The thickness is generally
measured transversely to the wall. The thickness may
be constant, otherwise an average thickness may be con-
sidered.

[0010] The height of the wall is defined as the height
along which the meandering wall extends, i.e. the dis-
tance between the two opposite sides of the layer. The
height may be constant, otherwise an average height
may be considered.

[0011] When discussing parameters, the terms
"great", "small" and the like should be understood as rel-
ative to each other, even if they are used alone. For in-
stance, the small pitch of the first wall refers to the pitch
of the first wall being relatively small as compared to the
pitch of the second wall.

[0012] Thanks to the small thickness, the small pitch
and the small pitch-to-height ratio of the first wall, the first
layer comprises a great density of channels, which pro-
motes heat exchange, especially when the fluid flowing
in the first channel is gaseous, e.g. air. In addition, the
small pitch-to-height ratio of the first wall makes up for
its small thickness in terms of mechanical resistance of
the heat exchanger module.

[0013] Optionally, the first wall, the second wall and
the parting plate are assembled by diffusion bonding. As
known per se in the art, diffusion bonding is an assem-
bling technical based on the principle of solid-state diffu-
sion. Diffusion bonding is typically carried out under high
temperature and pressure conditions. Thanks to the
above-defined structure, the heat exchanger module is
able to withstand the pressure applied during diffusion
bonding. In addition, diffusion bonding is a technique
which does not require an additional weld material, as
opposed to other welding techniques such as brazing.
Therefore, diffusion bonding the first wall, the second wall
and the parting plate ensures that the heat exchanger
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module does not comprise any brazing weld in the layers,
which may be attacked by potentially corrosive fluids
flowing therein, e.g. molten salts. Optionally, the parting
plate, the first wall and the second wall are metallic. This
encompasses metals as well as alloys and metallic com-
posites.

[0014] Optionally, a thickness of the parting plate is
greater than or equal to the thickness of the second wall.
The thickness, or height, of the parting plate, is the small-
estdimension of the parting plate and corresponds to the
distance between a first layer and a second layer adja-
cent to and on either sides of the parting plate. Thus, the
parting plate contributes to the mechanical strength of
the heat exchanger module while homogenizing the heat
transfer between the first layer and the second layer. In
other embodiments, the thickness of the parting plate
may be less than the thickness of the second wall.
[0015] Optionally, the height of the first wall is greater
than the height of the second wall. In other embodiments,
the height of the first wall may be less than or equal to
the height of the second wall.

[0016] Optionally, a ratio of the height of the first wall
to the thickness of the first wall is greater than or equal
to 8, preferably 10, preferably 12. The meanders of the
first wall may be obtained by folding the first wall. Option-
ally, a ratio of the height of the second wall to the thick-
ness of the second wall is less than or equal to 8, pref-
erably to 6, preferably 5, preferably 4. The meanders of
the second wall may be obtained by pressing the second
wall.

[0017] Optionally, a ratio of the pitch of the first wall to
the height of the first wall is less than or equal to 2, pref-
erably 1, preferably 0.6.

[0018] Optionally, a ratio of the pitch of the second wall
to the height of the second wall is greater than or equal
to 2, preferably 2.2, preferably 2.4. Optionally, a ratio of
the pitch of the second wall to the pitch of the first wall is
greater than 2, preferably 3, preferably 4, preferably 6.
[0019] Optionally, the pitch of the first wall lies in the
range 0.5 to 3 millimeters (mm), preferably 1 to 2 mm.
[0020] Optionally, the pitch of the second wall lies in
the range 3 to 10 mm, preferably 4 to 8 mm.

[0021] Optionally, the height of the first wall lies in the
range 2 to 15 mm, preferably 2 to 5 mm.

[0022] Optionally, the height of the second wall lies in
the range 1 to 10 mm, preferably 1.5 to 4 mm, preferably
2to 3 mm.

[0023] Optionally, the thickness of the first wall lies in
the range 0.05 to 0.5 mm, preferably 0.10 to 0.30 mm.
[0024] Optionally, the thickness of the second wall lies
in the range 0.2 to 1.2 mm, preferably 0.30 to 0.50 mm.
[0025] Optionally, the thickness of the parting plate lies
in the range 0.4 to 1 mm, preferably 0.50 to 0.70 mm.
[0026] Optionally, between opposite sides of the first
layer, the first wall has a maximum angle greater than or
equal to 70° with the opposite sides. That is, a portion of
the first wall joining one opposite side to the other makes
an angle with each one of the opposite sides. This angle

10

15

20

25

30

35

40

45

50

55

reaches a maximum, which is atleast 70°. The maximum
angle may be greater than 80°, and may even reach 90°,
in which case the first wall has portions perpendicular to
the opposite sides of the first layer.

[0027] Optionally, between opposite sides of the sec-
ond layer, the second wall has a maximum angle less
than 70° with the opposite sides. More generally, the
maximum angle of the second wall is less than the max-
imum angle of the first wall.

[0028] Optionally, the heat exchanger module com-
prises a plurality of the second layers, wherein the me-
andering second wall of one of the second layers and
the meandering second wall of an adjacent one of the
second layers are in opposite phase. In other words, the
meandering second wall of one of the second layers is
offset by a half-pitch relative to the meandering second
wall of an adjacent one of the second layers. Thus, a
valley of the second wall of one of the second layers is
register with a peak of the second wall of the adjacent
second layer, and vice versa. This ensures a good trans-
mission of pressure applied to the heat exchanger mod-
ule from one second layer to another, and limits defor-
mation of the layers and the parting plate.

[0029] Optionally, the first channels and the second
channels define counter flows. Alternatively, the first
channels and the second channels could define parallel
flows, or yet cross flows.

[0030] Optionally, the heat exchanger module com-
prises atleast one side strut separating two adjacent part-
ing plates at an end of the first layer and/or second layer,
the at least one side strut supporting the two adjacent
parting plates relative to each other. The side strut may
close the corresponding layer in one direction. For in-
stance, the side strut may extend between two opposite
sides of the corresponding layer, and extend from aninlet
to an outlet of the layer. The side strut, besides providing
fluid containmentin a layer, contributes to the mechanical
strength of the heat exchanger module.

[0031] The present disclosure is further directed to a
method for manufacturing the heat exchanger module
as described above, the method comprising:

- providing a first wall and folding the first wall so as
to make it meander and define first channels extend-
ing between a first inlet and a first outlet;

- providingasecond wall and pressing the second wall
so as to make it meander and define second chan-
nels extending between a second inletand a second
outlet, wherein a pitch of the first wall is less than a
pitch of the second wall, a thickness of the first wall
is less than a thickness of the second wall, and a
ratio of the pitch to a height of the first wall is less
than a ratio of the pitch to a height of the second wall;

- providing a parting plate between the first wall and
the second wall;

- assembling the first wall, the second wall and the
parting plate, whereby the first wall defines a first
layer for a first fluid to flow therein between the first
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inlet and the first outlet, and the second wall defines
second layer for a second fluid to flow therein be-
tween the second inlet and the second outlet.

[0032] The resulting heatexchanger module may have
any of the above-described features, and the manufac-
turing method may be modified accordingly.

[0033] In particular, in the manufacturing method, the
assembling optionally comprises diffusion bonding the
first wall, the second wall and the parting plate.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] The invention and advantages thereof will be
better understood upon reading the detailed description
which follows, of embodiments given as non-limiting ex-
amples. This description refers to the appended draw-
ings, wherein Fig. 1 is a cross-sectional view of a heat
exchanger module according to an embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0035] A heat exchanger module 100 according to an
embodiment is described in reference to Fig. 1, which
shows a cross-section thereof. Although illustrating the
main aspects of the present disclosure, Fig. 1 is not to
scale.

[0036] A stacking direction or a height direction is a
vertical direction in Fig. 1. A width direction is perpendic-
ular to the stacking direction and corresponds, here, to
a horizontal direction in Fig. 1. Alength direction is a main
direction in which at least one the fluids is to flow in the
heat exchanger module 100 and corresponds, in this ex-
ample, to a direction perpendicular to the stacking direc-
tion and the width direction. Here, the length direction is
orthogonal to the plane of Fig. 1.

[0037] The heat exchanger module 100 comprises a
plurality of layers stacked on one another, including at
least one first layer 10 and at least one second layer 20.
The first layer 10 has a first inlet and a first outlet located
respectively in front of and behind the plane of Fig. 1,
and is configured to receive the flow of a first fluid, e.g.
a gas such as air. Likewise, the second layer 20 has a
second inlet and a second outlet located respectively in
front of and behind the plane of Fig. 1 in case of a parallel-
flow heat exchanger, or respectively behind and in front
of the plane of Fig. 1 in case of a counter-flow heat ex-
changer. The second layer is configured to receive the
flow of a second fluid, e.g. a liquid such as molten salts.
[0038] The first layer 10 and the second layer 20 are
separated by a parting plate 30. The parting plate 30
extends over the whole first layer 10 and second layer
20 in order to prevent the fluids of the first layer 10 and
the second layer 20 from mixing.

[0039] Firstlayers 10and second layers 20 are stacked
alternately, with parting plates 30 in-between. A desired
number of first layers 10, parting plates 30 and second
layers 20 may be stacked onto one another in order to
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obtain a heat exchanger module 100 with a desired flow
capacity. At the end of the stack, end plates 33 may be
provided. The end plates 33 may be similar in construc-
tion to the parting plates 30, but may be thicker in order
to provide a strong casing for the heat exchanger module
100. Thus, each layer 10, 20 is closed, in the stacking
direction, by a parting plate 30. In the width direction,
each layer 10, 20 may be closed by respective side struts
34. Thatis, the side struts separate two adjacent parting
plates 30 at the ends of the first layer 10 and the second
layer 20, respectively. The side struts 34 support the two
adjacent parting plates 30 relative to each other.

[0040] The side struts 34 may take the form of solid
bars, which mainly extend in the length direction. The
side struts 34 may be at least as thick as the parting plate
30.

[0041] Inthe length direction, the layers 10, 20 are not
closed but open onto the respective inlets and outlets,
as detailed above.

[0042] Inthis embodiment, the firstlayer 10 is provided
with a channel structure to facilitate circulation of the first
fluid and to enhance heat transfer. Specifically, the first
layer 10 comprises a first wall 12 meandering between
opposite sides 31, 32 of the firstlayer 10 in order to define
first channels 14 extending between the firstinlet and the
first outlet.

[0043] Here, the opposite sides 31, 32 of the first layer
10 are formed by facing surfaces of the respective parting
plates 30 adjacent to the first layer 10.

[0044] The first wall 12 may be a metallic wall. In this
example, the meanders of the first wall 12 form a plurality
of fins 16, which may be substantially rectilinear and/or
oblique as shown in the cross-section of Fig. 1. In this
example, the fins 16 make an angle with the opposite
sides 31, 32. Here, the angle is substantially constant
(e.g. constant besides edge effects) but in general, and
this angle may vary. The angle reaches a maximumangle
A1. The maximum angle A1 may be greater than or equal
to 70°.

[0045] The fins 16 join each other at plateau portions
18 alternately in contact with each one of the opposite
sides 31, 32 of the first layer 10. The space between two
consecutive ones of the fins 16 and the opposite sides
31, 32 forms one of the above-mentioned first channels
14.

[0046] The firstwall 12 has a height h1, a thickness e1
and a pitch p1. The height h1 corresponds to the distance
between the opposite sides 31, 32 of the first layer 10.
In this embodiment, the first wall 12 meanders periodi-
cally, such that the pitch p1 corresponds to a period of
the first wall 12.

[0047] The first wall 12 may be formed, starting from
a substantially planar sheet, by folding so as to make it
meander. Thatis, the first wall 12 may be folded a plurality
oftimes, e.g. onefold atatime on a continuous production
line, to form the fins 16 and the plateau portions 18. In
order to carry out the folding process, the height h1
should be relatively large with respect to the thickness
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e1. In other words, a ratio of the height h1 of the first wall
12 to the thickness e1 of the first wall 12, namely h1/e1,
may be greater than or equal to 8, preferably 10, prefer-
ably 12. Besides, a ratio of the pitch p1 of the first wall
12 to the height h1 of the first wall 12, namely p1/h1, may
be less than or equal to 2, preferably 1, preferably 0.6.
Folding enables to achieve a great density of the fins 16
within the first layer 10.

[0048] In this embodiment, the second layer 20 is pro-
vided with a channel structure to facilitate circulation of
the second fluid and to enhance heat transfer. Specifi-
cally, the second layer 20 comprises a second wall 22
meandering between opposite sides 31, 32 of the second
layer 20 in order to define second channels 24 extending
between the second inlet and the second outlet.

[0049] Like for the first layer 10, the opposite sides 31,
32 of the second layer 20 are formed by facing surfaces
of the respective parting plates 30 adjacent to the second
layer 20.

[0050] The second wall 22 may be a metallic wall. In
this example, the meanders of the second wall 22 form
a plurality of corrugations 26. Each corrugation 26 is in
contact with one of the opposite sides 31, 32 and closed
by the other one of the opposite sides 31, 32. The space
between a corrugation 26 and the closing one of the op-
posite sides 31, 32 forms one of the above-mentioned
second channels 24.

[0051] In this example, the portion of the second wall
22, going from one of the opposite sides 31, 32 to the
other, makes an angle with the opposite sides 31, 32.
Here, the angle is substantially constant (e.g. constant
besides edge effects) but in general, and this angle may
vary. The angle reaches a maximum angle A2. The max-
imum angle A2 may be less than 70°.

[0052] The second wall22 has a height h2, a thickness
e2 and a pitch p2. The height h2 corresponds to the dis-
tance between the opposite sides 31, 32 of the second
layer 20. In this embodiment, the second wall 22 mean-
ders periodically, such that the pitch p2 corresponds to
a period of the second wall 22.

[0053] The second wall 22 may be formed, starting
from a substantially planar sheet, by pressing so as to
make it meander. That is, the second wall 22 may be
inserted into a press and pressed by a stamping die, to
force the sheet to take the form of the die. An appropriate
shape of the die enables to obtain the corrugations 26.
In order to carry out the pressing process, the height h2
should be relatively small with respect to the thickness
e1, to prevent the sheet material from tearing apart. In
other words, a ratio of the height h2 of the second wall
22 to the thickness e2 of the second wall 22, namely
h2/e2, may be less than or equal to 8, preferably to 6,
preferably 5, preferably 4. Besides, a ratio of the pitch p2
of the second wall 22 to the height h2 of the second wall
22, namely p2/h2, may be greater than or equal to 2,
preferably 2.2, preferably 2.4. Pressing enables to
achieve a small density of the corrugations 26, with a
great thickness e2, within the second layer 10.
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[0054] The parameters of the firstwall 12 and the sec-
ond wall 22 are such that a pitch p1 of the first wall 12 is
less than a pitch p2 of the second wall 22 (p1<p2). Be-
sides, a thickness e1 of the first wall 12 is less than a
thickness e2 of the second wall 22 (e1<e2). Besides, a
ratio of the pitch p1 to the height h1 of the first wall 12 is
less than a ratio of the pitch p2 to the height h2 of the
second wall 22 (p1/h 1 < p2/h2).

[0055] Thus, the first wall 12 and the second 22 are
adapted to be manufactured by folding and pressing, re-
spectively. The first wall 12 offers a surface suitable for
efficient heat exchange with the first fluid, e.g. air, where-
as the second wall 22 offers a surface suitable for efficient
heat exchanger with the second fluid, e.g. molten salts.
Besides, a relatively dense structure (governed by the
height h1 and pitch p1) for the first wall 12 makes up for
the small thickness e1, whereas the great thickness e2
of the second wall allows for a less dense structure,
hence different height h2 and pitch p2 values.

[0056] The parting plate 30 may have a thickness h3
greater than the thickness e2 of the second wall 22
(h3>€2). In other embodiments, the thickness h3 of the
parting plate 30 may be equal to or less than the thickness
e2 of the second wall 22.

[0057] Forinstance, aratio of the pitch p2 of the second
wall 22 to the pitch p1 of the first wall 12, namely p2/p1,
is greater than 2, preferably 3, preferably 4, preferably 6.
[0058] In this embodiment, the height, pitch and thick-
ness parameters may have the following values.

[0059] The pitch p1 of the first wall 12 lies in the range
0.5 to 3 mm, preferably 1 to 2 mm.

[0060] The pitch p2 of the second wall 22 lies in the
range 3 to 10 mm, preferably 4 to 8 mm.

[0061] The heighth1 ofthe firstwall 12liesintherange
2 to 15 mm, preferably 2 to 5 mm.

[0062] The height h2 of the second wall 22 lies in the
range 1 to 10 mm, preferably 1.5 to 4 mm, preferably 2
to 3 mm.

[0063] The thickness e1 of the first wall 12 lies in the
range 0.05 to 0.5 mm, preferably 0.10 to 0.30 mm.
[0064] The thickness of the second wall 22 lies in the
range 0.2 to 1.2 mm, preferably 0.30 to 0.50 mm.
[0065] Transverse to the plane of Fig. 1, namely in the
length direction, the first wall 12 and/or the second wall
22 may be rectilinear, oblique, wavy, etc. as desired.
[0066] Once provided, the first walls 10, the second
walls 20 and the parting plates 30, and if applicable the
end plates 33 and side struts 34, may be assembled to
form the heat exchanger module 100. In an embodiment,
the assembling comprises diffusion bonding these com-
ponents together. Namely, after stacking, heat and pres-
sure are applied to trigger solid-state diffusion between
the components in contact with one another.

[0067] In order to further enhance the mechanical
strength of the heat exchanger module 100, especially
during the diffusion bonding, the second wall 22A of one
of the second layers 20 and the second wall 22B of an
adjacent one of the second layers 20 may be in opposite
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phase. As shown in Fig. 1, the corrugations 26 of the
second wall 22A are upside down relative to the facing
corrugations 26 of the second wall 22B, at a given posi-
tion in the width direction. This ensures that the force
exerted by the second wall 22A onto the adjacent parting
plate 30, after being transmitted to the first wall 10 and
the subsequent parting plate 30, is duly supported by the
second wall 22B of the adjacent second layer 20. Al-
though the present disclosure refers to specific exempla-
ry embodiments, modifications may be provided to these
examples without departing from the general scope of
the invention as defined by the claims. In particular, in-
dividual characteristics of the different illustrated/men-
tioned embodiments may be combined in additional em-
bodiments. Therefore, the description and the drawings
should be considered in an illustrative rather than in a
restrictive sense.

Claims

1. A heat exchanger module (100) comprising at least
one first layer (10) for a first fluid to flow therein be-
tween a first inlet and a first outlet, and at least one
second layer (20) for a second fluid to flow therein
between a second inlet and a second outlet, wherein
the at least one first layer (10) and the at least one
second layer (20) are separated by a parting plate
(30), the first layer (10) comprising a first wall (12)
meandering between opposite sides (31, 32) of the
first layer (10) in order to define first channels (14)
extending between the first inlet and the first outlet,
the second layer (20) comprising a second wall (22)
meandering between opposite sides (31, 32) of the
second layer (20) in order to define second channels
(24) extending between the second inletand the sec-
ond outlet, characterized in that a pitch (p1) of the
first wall is less than a pitch (p2) of the second wall,
a thickness (e1) of the first wall is less than a thick-
ness (e2) of the second wall, and a ratio of the pitch
(p1) to a height (h1) of the first wall is less than a
ratio of the pitch (p2) to a height (h2) of the second
wall.

2. The heat exchanger module of claim 1, wherein the
first wall (12), the second wall (22) and the parting
plate (30) are assembled by diffusion bonding.

3. The heat exchanger module of claim 1 or 2, wherein
the height (h1) of the first wall is greater than the
height (h2) of the second wall.

4. The heat exchanger module of any one of claims 1
to 3, wherein a ratio of the height (h1) of the first wall
to the thickness (e1) of the first wall is greater than
or equal to 8; and/or wherein a ratio of the height
(h2) of the second wall to the thickness (e2) of the
second wall is less than or equal to 8.
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10.

1.

12.

The heat exchanger module of any one of claims 1
to 4, wherein a ratio of the pitch (p1) of the first wall
to the height (h1) of the first wall is less than or equal
to 2; and/or wherein a ratio of the pitch (p2) of the
second wall to the height (h2) of the second wall is
greater than or equal to 2.

The heat exchanger module of any one of claims 1
to 5, wherein a ratio of the pitch (p2) of the second
wall to the pitch (p1) of the first wall is greater than 2.

The heat exchanger module of any one of claims 1
to 6, wherein:

- the pitch (p1) of the first wall lies in the range
0.5 to 3 mm; and/or

-the pitch (p2) of the second wall lies inthe range
3 to 10 mm; and/or

- the height (h1) of the first wall lies in the range
2 to 15 mm; and/or

- the height (h2) of the second wall lies in the
range 1 to 10 mm; and/or

- the thickness (e1) of the first wall lies in the
range 0.05 to 0.5 mm, preferably 0.10 to 0.30
mm; and/or

- the thickness (e2) of the second wall lies in the
range 0.2to 1.2 mm, preferably 0.30 t0 0.50 mm.

The heat exchanger module of any one of claims 1
to 7, wherein between opposite sides (31, 32) of the
first layer (10), the first wall (12) has a maximum
angle (A1) greater than or equal to 70° with the op-
posite sides (31, 32); and/or wherein between oppo-
site sides (31, 32) of the second layer (20), the sec-
ond wall (22) has a maximum angle (A2) less than
70° with the opposite sides (31, 32).

The heat exchanger module of any one of claims 1
to 8, comprising a plurality of the second layers (20),
wherein the meandering second wall (22A) of one
of the second layers and the meandering second
wall (22B) of an adjacent one of the second layers
are in opposite phase.

The heat exchanger module of any one of claims 1
to 9, wherein the first channels (14) and the second
channels (24) define counter flows.

The heat exchanger module of any one of claims 1
to 10, comprising at least one side strut (34) sepa-
rating two adjacent parting plates (30) at an end of
the first layer (10) and/or second layer (20), the at
least one side strut (34) supporting the two adjacent
parting plates (30) relative to each other.

A method for manufacturing the heat exchanger
module (100) of any one of claims 1 to 11, the method
comprising:
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- providing a first wall (12) and folding the first
wall (12) so as to make it meander and define
firstchannels (14) extending between afirstinlet
and a first outlet;

- providing a second wall (22) and pressing the
second wall (22) so as to make it meander and
define second channels (24) extending between
a second inlet and a second outlet, wherein a
pitch (p1) of the first wall is less than a pitch (p2)
of the second wall, a thickness (e1) of the first
wall is less than a thickness (e2) of the second
wall, and a ratio of the pitch (p1) to a height (h1)
of the first wall is less than a ratio of the pitch
(p2) to a height (h2) of the second wall;

- providing a parting plate (30) between the first
wall (12) and the second wall (22);

- assembling the first wall (12), the second wall
(22) and the parting plate (30), whereby the first
wall (12) defines a first layer (10) for a first fluid
to flow therein between the first inlet and the first
outlet, and the second wall (22) defines second
layer (20) for a second fluid to flow therein be-
tween the second inlet and the second outlet.

13. The method of claim 12, wherein the assembling

comprises diffusion bonding the first wall (12), the
second wall (22) and the parting plate (30).

Patentanspriiche

1.

Warmetauschermodul (100), das mindestens eine
erste Schicht (10), damit ein erstes Fluid in derselben
zwischen einem ersten Einlass und einem ersten
Auslass stromt, und mindestens eine zweite Schicht
(20), damit ein zweites Fluid in derselben zwischen
einem zweiten Einlass und einem zweiten Auslass
stromt, umfasst, wobei die mindestens eine erste
Schicht (10) und die mindestens eine zweite Schicht
(20) durch eine Trennplatte (30) getrennt sind, wobei
die erste Schicht (10) eine erste Wand (12) umfasst,
die sich zwischen gegenuiberliegenden Seiten (31,
32) der ersten Schicht (10) schlangelt, um erste Ka-
nale (14) zu definieren, die sich zwischen dem ersten
Einlass und dem ersten Auslass erstrecken, wobei
die zweite Schicht (20) eine zweite Wand (22) um-
fasst, die sich zwischen gegentuberliegenden Seiten
(31, 32) der zweiten Schicht (20) schlangelt, um
zweite Kanale (24) zu definieren, die sich zwischen
dem zweiten Einlass und dem zweiten Auslass er-
strecken, dadurch gekennzeichnet, dass

eine Teilung (p1) der ersten Wand geringer ist als
eine Teilung (p2) der zweiten Wand, eine Dicke (e1)
der ersten Wand geringer ist als eine Dicke (e2) der
zweiten Wand und ein Verhaltnis der Teilung (p1)
zu einer Héhe (h1) der ersten Wand geringer ist als
ein Verhaltnis der Teilung (p2) zu einer Héhe (h2)
der zweiten Wand.

10

15

20

25

30

35

40

45

50

55

2,

Warmetauschermodul nach Anspruch 1, wobei die
erste Wand (12), die zweite Wand (22) und die
Trennplatte (30) durch Diffusionsschweil’en zusam-
mengeflgt sind.

Warmetauschermodul nach Anspruch 1 oder 2, wo-
bei die Hohe (h1) der ersten Wand gréRer ist als die
Hoéhe (h2) der zweiten Wand.

Warmetauschermodul nach einem der Anspriiche 1
bis 3, wobei ein Verhaltnis der Hohe (h1) der ersten
Wand zu der Dicke (e1) der ersten Wand gréRer als
oder gleich 8 ist; und/oder wobei ein Verhaltnis der
Hoéhe (h2) der zweiten Wand zu der Dicke (e2) der
zweiten Wand geringer als oder gleich 8 ist.

Warmetauschermodul nach einem der Anspriiche 1
bis 4, wobeiein Verhaltnis der Teilung (p1) der ersten
Wand zu der Hoéhe (h1) der ersten Wand geringer
als oder gleich 2 ist; und/oder wobei ein Verhaltnis
der Teilung (p2) der zweiten Wand zu der Hohe (h2)
der zweiten Wand gréRer als oder gleich 2 ist.

Warmetauschermodul nach einem der Anspriiche 1
bis 5, wobei ein Verhaltnis der Teilung (p2) der zwei-
ten Wand zu der Teilung (p1) der ersten Wand gro-
Rer als 2 ist.

Warmetauschermodul nach einem der Anspriiche 1
bis 6, wobei:

- die Teilung (p1) der ersten Wand in dem Be-
reich von 0,5 bis 3 mm liegt und/oder

- die Teilung (p2) der zweiten Wand in dem Be-
reich von 3 bis 10 mm liegt und/oder

- die Hohe (h1) der ersten Wand in dem Bereich
von 2 bis 15 mm liegt und/oder

-die Héhe (h2) der zweiten Wand indem Bereich
von 1 bis 10 mm liegt und/oder

- die Dicke (e1) der ersten Wand in dem Bereich
von 0,05 bis 0,5 mm, vorzugsweise 0,10 bis 0,30
mm, liegt und/oder

- die Dicke (e2) der zweiten Wand in dem Be-
reich von 0,2 bis 1,2 mm, vorzugsweise 0,30 bis
0,50 mm, liegt.

Warmetauschermodul nach einem der Anspriiche 1
bis 7, wobei zwischen gegeniberliegenden Seiten
(31, 32) der ersten Schicht (10) die erste Wand (12)
einen maximalen Winkel (A1), gréRer als oder gleich
70°, mit den gegenlberliegenden Seiten (31, 32)
aufweist; und/oder wobei zwischen gegentberlie-
genden Seiten (31, 32) der zweiten Schicht (20) die
zweite Wand (22) einen maximalen Winkel (A2), ge-
ringer als oder gleich 70°, mit den gegentiberliegen-
den Seiten (31, 32) aufweist.

Warmetauschermodul nach einem der Anspriiche 1
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bis 8, das eine Vielzahl der zweiten Schichten (20)
umfasst, wobei sich die sich schlangelnde zweite
Wand (22A) einer der zweiten Schichten und die sich
schlangelnde zweite Wand (22B) einer benachbar-
ten der zweiten Schichten in entgegengesetzter
Phase befinden.

Warmetauschermodul nach einem der Anspriiche 1
bis 9, wobei die ersten Kanale (14) und die zweiten
Kanale (24) Gegenstrome definieren.

Warmetauschermodul nach einem der Anspriiche 1
bis 10, das mindestens eine Seitenstrebe (34) um-
fasst, die zwei benachbarte Trennplatten (30) an ei-
nem Ende der ersten Schicht (10) und/oder der zwei-
ten Schicht (20) trennt, wobei die mindestens eine
Seitenstrebe (34) die zwei benachbarten Trennplat-
ten (30) im Verhaltnis zueinander stitzt.

Verfahren zum Herstellen des Warmetauschermo-
duls (100) nach einem der Anspriiche 1 bis 11, wobei
das Verfahren Folgendes umfasst:

- Bereitstellen einerersten Wand (12) und Falten
der ersten Wand (12), um so zu bewirken, dass
sie sich schlangelt und erste Kanale (14) defi-
niert, die sich zwischen einem ersten Einlass
und einem ersten Auslass erstrecken;

- Bereitstellen einer zweiten Wand (22) und
Pressen der zweiten Wand (22), um so zu be-
wirken, dass sie sich schlangelt und zweite Ka-
nale (24) definiert, die sich zwischen einem
zweiten Einlass und einem zweiten Auslass er-
strecken, wobei eine Teilung (p1) der ersten
Wand geringer ist als eine Teilung (p2) der zwei-
ten Wand, eine Dicke (e1) der ersten Wand ge-
ringer ist als eine Dicke (e2) der zweiten Wand,
und ein Verhaltnis der Teilung (p1) zu einer H6-
he (h1) der ersten Wand geringer st als ein Ver-
haltnis der Teilung (p2) zu einer Héhe (h2) der
zweiten Wand;

- Bereitstellen einer Trennplatte (30) zwischen
der ersten Wand (12) und der zweiten Wand
(22);

- Zusammenfliigen der ersten Wand (12), der
zweiten Wand (22) und der Trennplatte (30), wo-
durch die erste Wand (12) eine erste Schicht
(10) definiert, damit ein erstes Fluid in derselben
zwischen dem ersten Einlass und dem ersten
Auslass stromt, und die zweite Wand (22) eine
zweite Schicht (20) definiert, damit ein zweites
Fluid in derselben zwischen dem zweiten Ein-
lass und dem zweiten Auslass stromt.

Verfahren nach Anspruch 12, wobei das Zusam-
menfligen das Diffusionsschweilen der ersten
Wand (12), der zweiten Wand (22) und der Trenn-
platte (30) umfasst.
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Revendications

Module d’échangeur de chaleur (100) comprenant
au moins une premiére couche (10) destinée a
I'’écoulement d’'un premier fluide a l'intérieur de celle-
ci entre une premiére entrée et une premiére sortie,
et au moins une seconde couche (20) destinée a
I’écoulement d’un second fluide a l'intérieur de celle-
ci entre une seconde entrée et une seconde sortie,
dans lequel I'au moins une premiére couche (10) et
I’'au moins une seconde couche (20) sont séparées
par une plaque de partitionnement (30), la premiére
couche (10) comprenant une premiéere paroi (12)
serpentant entre des cotés opposés (31, 32) de la
premiere couche (10) pour définir des premiers ca-
naux (14) s’étendant entre la premiéere entrée et la
premiere sortie, la seconde couche (20) comprenant
une seconde paroi (22) serpentant entre des cotés
opposeés (31, 32) de la seconde couche (20) pour
définir des seconds canaux (24) s’étendant entre la
seconde entrée et la seconde sortie, caractérisé en
ce que

un pas (p1) de la premiére paroi est inférieur a un
pas (p2) de la seconde paroi, une épaisseur (e1) de
la premiére paroi est inférieure a une épaisseur (e2)
de la seconde paroi, et un rapport du pas (p1) sur
une hauteur (h1) de la premiére paroi est inférieur a
un rapport du pas (p2) sur une hauteur (h2) de la
seconde paroi.

Module d’échangeur de chaleur selon la revendica-
tion 1, dans lequel la premiére paroi (12), la seconde
paroi (22) et la plaque de partitionnement (30) sont
assemblées par liaison par diffusion.

Module d’échangeur de chaleur selon la revendica-
tion 1 ou 2, dans lequel la hauteur (h1) de la premiéere
paroi est supérieure a la hauteur (h2) de la seconde
paroi.

Module d’échangeur de chaleur selon 'une quelcon-
que des revendications 1 a 3, dans lequel un rapport
delahauteur (h1)de la premiére paroi surl'épaisseur
(e1) de la premiére paroi est supérieur ou égal a 8 ;
et/ou dans lequel un rapport de la hauteur (h2) de la
seconde paroi sur|'épaisseur (e2) de la seconde pa-
roi est inférieur ou égal a 8.

Module d’échangeur de chaleur selon 'une quelcon-
que des revendications 1 a4, dans lequel un rapport
du pas (p1) de la premiére paroi sur la hauteur (h1)
de la premiére paroi est inférieur ou égal a 2 ; et/ou
dans lequel un rapport du pas (p2) de la seconde
paroi sur la hauteur (h2) de la seconde paroi est su-
périeur ou égal a 2.

Module d’échangeur de chaleur selon 'une quelcon-
que des revendications 1 a 5, dans lequel un rapport
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du pas (p2) de la seconde paroi sur le pas (p1) de
la premiére paroi est supérieur a 2.

Module d’échangeur de chaleur selon I'une quelcon-
que des revendications 1 a 6, dans lequel :

- le pas (p1) de la premiére paroi se situe dans
la plage de 0,5 a 3 mm ; et/ou

- le pas (p2) de la seconde paroi se situe dans
la plage de 3 a 10 mm ; et/ou

- la hauteur (h1) de la premiére paroi se situe
dans la plage de 2 a 15 mm ; et/ou

- la hauteur (h2) de la seconde paroi se situe
dans la plage de 1 a 10 mm ; et/ou

- 'épaisseur (e1) de la premiére paroi se situe
dans la plage de 0,05 a 0,5 mm, de préférence
de 0,10 a 0,30 mm ; et/ou

- I'épaisseur (e2) de la seconde paroi se situe
dans la plage de 0,2 a 1,2 mm, de préférence
de 0,30 a 0,50 mm.

Module d’échangeur de chaleur selon I'une quelcon-
que des revendications 1 a 7, dans lequel entre des
cbtés opposés (31, 32) de la premiere couche (10),
la premiere paroi (12) présente un angle maximum
(A1) supérieur ou égal a 70° avec les cOtés opposés
(31, 32) ; et/ou dans lequel entre des cotés opposés
(31, 32) de la seconde couche (20), la seconde paroi
(22) présente un angle maximum (A2) inférieure a
70° avec les cotés opposés (31, 32).

Module d’échangeur de chaleur selon I’'une quelcon-
que des revendications 1 a 8, comprenant une plu-
ralité des secondes couches (20), dans lequel la se-
conde paroi serpentant (22A) d’'une des secondes
couches et la seconde paroi serpentant (22B) d’'une
couche adjacente des secondes couches sont en
phase opposée.

Module d’échangeur de chaleur selon I'une quelcon-
que des revendications 1 a 9, dans lequel les pre-
miers canaux (14) et les seconds canaux (24) défi-
nissent des écoulements en sens inverse.

Module d’échangeur de chaleur selon I'une quelcon-
quedesrevendications 1a 10, comprenantau moins
une contrefiche latérale (34) séparant deux plaques
de partitionnement (30) adjacentes au niveau d’'une
extrémité de la premiére couche (10) et/ou de la se-
conde couche (20), 'au moins une contrefiche laté-
rale (34) supportant les deux plaques de partition-
nement (30) adjacentes 'une par rapport a I'autre.

Procédé destiné a fabriquer le module d’échangeur
de chaleur (100) selon I'une quelconque des reven-

dications 1 a 11, le procédé comprenant :

- la fourniture d’'une premiere paroi (12) et le
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pliage de la premiére paroi (12) de maniére a la
faire serpenter et définir des premiers canaux
(14) s’étendant entre une premiere entrée etune
premiére sortie ;

- la fourniture d’une seconde paroi (22) et le fait
d’appuyer contre la seconde paroi (22) de fagon
a la faire serpenter et définir des seconds ca-
naux (24) s’étendant entre une seconde entrée
et une seconde sortie, dans lequel un pas (p1)
de la premiére paroi est inférieur a un pas (p2)
de la seconde paroi, une épaisseur (e1) de la
premiére paroi est inférieure a une épaisseur
(e2) de la seconde paroi, et un rapport du pas
(p1) sur une hauteur (h1) de la premiére paroi
est inférieur a un rapport du pas (p2) sur une
hauteur (h2) de la seconde paroi ;

- la fourniture d’une plague de partitionnement
(30) entre la premiére paroi (12) et la seconde
paroi (22) ;

- 'assemblage de la premiére paroi (12), de la
seconde paroi (22) et de la plaque de partition-
nement (30), moyennant quoi la premiére paroi
(12) définit une premiére couche (10) destinée
a I'écoulement d’'un premier fluide a l'intérieur
de celle-ci entre la premiére entrée et la premie-
re sortie, et la seconde paroi (22) définit une
seconde couche (20) destinée a I'écoulement
d’'un second fluide a l'intérieur de celle-ci entre
la seconde entrée et la seconde sortie.

13. Procédé selon la revendication 12, dans lequel I'as-

semblage comprend la liaison par diffusion de la pre-
miere paroi (12), de la seconde paroi (22) et de la
plaque de partitionnement (30).
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