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Description
Field of invention

[0001] The invention relates to a heat exchanger com-
prising a stack of heat exchanger plates stacked one on
top of the other along a stacking direction. Such a heat
exchanger having the features of the preamble of claim
1 is known from KR 2018 0028704.

Technical Background

[0002] Plate heat exchangers for transferring heat be-
tween different mediums, e.g., different fluids or gases,
are well known in the art. The plate heat exchanger may
comprise a stack of a plurality of heat exchanger plates
stacked one on top of the other between two end plates.
A first set of channels may be formed in every second
interspace between the heat exchanger plates and a sec-
ond set of channels may be formed in the other inter-
spaces between the heat exchanger plates. The compo-
nents of the plate heat exchangers and especially the
heat exchanger plates are typically made of metal but
could be made of any other material as long as it is suf-
ficiently strong and has sufficient heat conduction prop-
erties. The components of the plate heat exchange may
be assembled by being clamped between the end plates,
or by using brazing, bonding, or welding by way of ex-
ample. Since the mediums are in contact with a large
surface area on arespective side of each heat exchanger
plate a plate heat exchanger provides an efficient heat
transfer. Plate heat exchangers may be of a kind often
referred to as plate-fin heat exchanger. A plate-fin heat
exchanger typically comprises a stack of heat exchanger
plates with wave-shaped structures sandwiched be-
tween the heat exchanger plates.

[0003] In order to make efficient use of the available
surface area of the heat exchanger plates, it is typically
desirous to design the heat exchanger such that is dis-
plays an efficient distribution, and typically also an effi-
cient collection, of the flow of medium across the whole
width of the heat exchanger plates. Further, it is typically
desirous to design the heat exchanger such that it is me-
chanically stable in relation to material consumption,
manufacturing costs and/or final weight.

[0004] In an attempt to address this, document CN
207963578 U discloses a plate and fin heat exchanger
with guiding distribution fins and exchanging fins.
[0005] However, as will be explained below, the prior
art document does not disclose a heat exchanger which
adequately addresses the set of design criteria of pro-
viding an efficient distribution, and preferably also an ef-
ficient collection, of the flow of medium across the whole
width of the heat exchanger plates, while preferably also
considering that the heat exchanger should be mechan-
ically stable in relation to material consumption, manu-
facturing costs and/or final weight.
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Summary of invention

[0006] It is an object of the invention to provide a heat
exchanger which adequately addresses the set of design
criteria of providing an efficient distribution, and prefera-
bly also an efficient collection, of the flow of medium
across the whole width of the heat exchanger plates,
while preferably also considering that the heat exchanger
should be mechanically stable in relation to material con-
sumption, manufacturing costs and/or final weight.

[0007] This object has been achieved by a heat ex-
changer comprising a stack of heat exchanger plates
stacked one on top of the other along a stacking direction,

a first set of channels formed in every first second
interspace between the heat exchanger plates,

a second set of channels formed in every second
second interspace between the heat exchanger
plates,

wherein, in each of the channels in the first and sec-
ond set of channels fin structures formed of sheets
being folded back and forth are positioned between
the heat exchanger plates such that the respective
fin structure abuts the heat exchanger plates along
a plurality of contact lines having a main extension
extending in parallel with a longitudinally extending
fin direction thereby defining plurality of fluid chan-
nels forming said first and second set of channels,
wherein each heat exchanger plate comprises four
through-going openings formed at a respective cor-
ner portion of the respective heat exchanger plate
and configured to form a first inlet port extending
through the stack along the stacking direction, a first
outlet port extending through the stack along the
stacking direction, a second inlet port extending
through the stack along the stacking direction, and
a second outlet port extending through the stack
along the stacking direction, the first inlet port and
first outlet port being in fluid connection with each
other via the first set of channels and the second
inlet port and second outlet port being in fluid con-
nection with each other via the second set of chan-
nels,

wherein the heat exchanger further comprises, in
eachinterspace between the heat exchanger plates,
adistribution structure atthe respectiveinlet portand
a collection structure at the respective outlet port,
wherein the respective distribution structure, respec-
tively the respective collection structure is positioned
between the respective port and the respective fin
structure in the respective first and second set of
channels,

wherein a port interface between the respective inlet
portand the respective distribution structure, respec-
tively a port interface between the respective outlet
port and the collection structure is inclined relative
to the fin direction such that a distance between the
port interface and the fin structure, as measured
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along the fin direction, increases with increasing dis-
tance, as seen along a line extending across the fin
direction, from an edge of the respective heat ex-
changer plate which is closest to the respective port
and which extends along the longitudinally extending
fin direction.

[0008] The first and second set of channels are alter-
natingly arranged such that there in every interspace be-
tween the heat exchanger plates is either a channel of
the first set of channels or a channel of the second set
of channels. This may also be expressed as that the first
and second set of channels are alternatingly arranged
such that there is a channel of the first set of channels in
every second interspace and that there is a channel of
the second set of channels in the other interspaces be-
tween the heat exchanger plates, i.e., in the interspaces
not forming part of the first set of channels. In the phrase
"every first second interspace”, the word "first" is mainly
a label within the phrase "every second interspace”. In
the phrase "every second second interspace", the first
instance of the word "second" is mainly a label within the
phrase "every second interspace". It may be noted that
it is conceivable that the repeating pattern of either a
channel of the first set of channels or a channel of the
second set of channels in every interspace between the
heat exchanger plates may after a plurality of repetitions
be interrupted. Similarly, the ports extending through the
stack may extend through all the plates of the heat ex-
changer or may extend through only a sub-set of neigh-
bouring plates forming one stack. This latter configuration
may e.g., be the case where there is a plurality of stacks
brought together to form a combined heat exchanger.
One example where such different configurations may
be usedis e.g., in a so-called multi-pass heat exchanger.
[0009] It may be noted thatin a preferred embodiment,
the fin structure/-s is/are folded such that every fold has
an extension sufficient to bridge the distance between
neighbouring heat exchanger plates such that the re-
spective fin structure abuts the neighbouring heat ex-
changer plates between which it is positioned. In a pre-
ferred embodiment, the respective fin structure abuts the
respective heat exchanger plate along a plurality of con-
tact lines having a main extension extending along the
longitudinally extending fin direction, with the actual abut-
ment forming continuous or semi-continuous line con-
tacts. It may in this context be noted that the fin structure
may be folded along straight lines such that the contact
lines may be straight lines extending along the longitu-
dinally extending fin direction. The fin structure may how-
ever be folded along lines having other shapes, such as
e.g., wavy, or curved lines such that the contact lines
become wavy or curved lines undulating back and forth
along a main extension. Irrespective of the shape of the
fold lines, it is preferred that the main extension extends
in parallel with a longitudinally extending fin direction.

[0010] In a preferred embodiment, the channels in the
first set of channels, preferably each of the channels in
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the first set of channels, comprises a respective first fin
structure positioned between the heat exchanger plates,
and the channels in the second set of channels, prefer-
ably each of the channels in the second set of channels,
comprises a respective second fin structure positioned
between the heat exchanger plates. However, it should
be noted thatitis also conceivable that the heat exchang-
er may be designed such that only the channels in the
first set of channels comprises fin structures. Alternative-
ly, it is also conceivable that the heat exchanger may be
designed such that only the channels in the first set of
channels comprises fin structures.

[0011] The stacking direction is preferably orthogonal
to the longitudinally extending fin direction.

[0012] The fin structure may be said to form part of a
heat transfer area at which heat is transferred to or from
the respective medium from or to the respective heat
exchanger plate. Since the respective fin structure is
formed such that it presents a plurality of folds, or inter-
spaced walls, bridging the height of the respective chan-
nel, the medium in the respective channel is in contact
with not only the respective heat exchanger plate butalso
all the folds or interspaced walls in said channel. Since
the respective fin structure also abuts the heat exchanger
plates, the heat may be transferred from the medium di-
rectly to the respective heat exchanger plate and also
indirectly by being transferred to the fin structure which
in turn transfers it to the respective heat exchanger plate.
[0013] The fin structure may be in the form of a thin
sheet being folded back and forth. The fin structure is
preferably formed of a thin metal sheet being folded back
and forth. This may be referred as that the fin structure
is folded back and forth in an accordion-like design. The
folds back and forth may have different designs. The folds
may e.g., be shaped as a repeating triangular wave, a
repeating square wave, a repeating sinus wave, or com-
binations thereof. The folds may e.g., be a repeating
square wave with a fully rounded top/bottom or rounded
corners on each side of the top/bottom at of each period.
The rounding may e.g., be in the shape of a sinus wave
or aradius. The folds may be in the form of an undulating
pattern, which also may be referred to as a repeating
pattern of interconnected U:s and inverted U:s.

[0014] An advantage with folds based on a square
wave, sinus wave or undulating pattern is that the area
of the fin structure that abuts the heat exchanger plates
is increased compared to e.g., a folding pattern formed
of repeating triangular waves. When this abutment area
is increased, an increased heat transfer may be
achieved. In any case, the fact that the fin structure abuts
the heat exchanger plates, provides for an improved sta-
bility between the fin structure and the heat exchanger
plates. This is further advantageous as it allows for a
mechanically stable heat exchanger with improved struc-
tural support.

[0015] The respective fin structure is positioned, as
seen along the flow direction of the respective medium,
between the respective distribution structure and the re-
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spective collection structure. As mentioned above, the
respective distribution structure is positioned between
the respective inlet port and the respective fin structure
in the respective first and second set of channels. The
respective distribution structure is configured to distribute
a flow from the respective inlet port to the respective fin
structure such that the flow of medium is distributed over
the whole width of the respective channel. The respective
collection structure is configured to collect the flow from
the respective fin structure and to direct the flow to the
respective outlet port. It may in this context be noted that
[0016] The disclosed design is advantageous as it al-
lows for an improved distribution of the medium in the
first set of channels. The disclosed design is further ad-
vantageous as it allows for an improved distribution of
the medium in the second set of channels. The disclosed
design is advantageous as it allows for an improved col-
lection of the medium in the first set of channels. The
disclosed design is further advantageous as it allows for
an improved collection of the medium in the second set
of channels.

[0017] By the portinterface between the respective in-
let port and the respective distribution structure being
inclined relative to the fin direction it is facilitated to pro-
vide an optimized flow such that the distribution of the
medium in the first and/or second set of channels is im-
proved. The inclined port interface allows for a large in-
terface between the respective inlet port and the respec-
tive distribution structure. The inclined port interface al-
lows for the inlet port to be designed in a skewed or ba-
sically triangular, or at least partly triangular, shape such
the interface is comparably large in relation to the ports
total surface area. The inclined port interface also allows
for the provision of a large interface of the distribution
structure in a simple and cost-efficient manner. ltis e.g.,
possible to manufacture the distribution structure from a
basically triangular or truncated triangular sheet being
folded back and forth in a manner similar to the fin struc-
ture discussed above. Thus, the inclined port interface
facilitates the provision of the flow being distributed over
the whole width of the distribution structure thereby in
turn facilitating the provision an optimized the flow over
the width of the heat exchanger.

[0018] By the interface between the respective outlet
port and the respective collection structure being inclined
relative to the fins structure it is facilitated to accomplish
an efficient collection of the medium in the first or second
set of channels and thereby in turn it is facilitated to ac-
complish an optimisation of the flow over the width of the
heat exchanger. The advantages discussed above in re-
lation to the inclined port interface between the inlet port
and the distribution structure is correspondingly applica-
ble for the inclined port interface between the respective
outlet port and the respective collection structure.
[0019] Therespective portinterface may forman angle
o with the fin direction. As mentioned above, the interface
is inclined relative to the fin direction, i.e., the angle a. is
greater than 90°, but smaller than 180°, such that the
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respective interface is inclined. Greater than and smaller
than may in this context refer to at least 5° from 90° re-
spectively 180°. The angle o is measured between on
the one hand a line being centrally positioned as seen in
the transverse direction and extending along the fin di-
rection and on the other hand the side of the interface
facing the distribution or collection structure. Preferably
the angle o is between 110 and 160°, more preferably
between 120 and 150°. This is advantageous as it allows
for optimizing the flow such that the distribution of medi-
um and/or the collection of medium as discussed above
is improved. It may be noted that the port interface of the
distribution structure may, but need not, be inclined the
same angle as the port interface of the collection struc-
ture.

[0020] The respective portinterface may extend along
a substantially straight line. This is advantageous as it
allows for a good distribution of the medium from the
respective inlet port to the fin structure. This is advanta-
geous as it allows for a good collection of the medium
from the fin structure. This is further advantageous as it
allows for fatigue optimizing in the heat exchanger. It is
preferred that the straight line is straight in the sense that
along at least a central portion forming 75% of its length,
any deviation transverse to its extension is less than +-
10% of its length.

[0021] The respective distribution structure, and/or the
respective collection structure, extends from afirst, trans-
versally central, corner of the respective port towards a
second, transversally outer, corner of the respective port
and leaves a transversally extending gap at the longitu-
dinally extending edge being closest to the respective
port.

[0022] The term "transversally central" in the phrase
"a first, transversally central, corner" refers to that the
first corneris positioned centrally as seen along the trans-
verse direction. Correspondingly, "the second, transver-
sally outer, corner" refers to a corner which is positioned
closer to an outer portion as seen along the transverse
direction compared to the position of the first corner.
[0023] It may be noted thatin a preferred embodiment,
the firstcorneris positioned at a distance from the second
corner both in the fin direction and in the transversal di-
rection such that the port interface between the respec-
tive inlet port and the respective distribution structure is
inclined. It may be noted that in a preferred embodiment,
the firstcorneris positioned at a distance from the second
corner both in the fin direction and in the transversal di-
rection such that the port interface between the respec-
tive outlet port and the respective collection structure is
inclined.

[0024] The gap may with reference to the preferred
embodiments with the inclined port interface also be ex-
pressed as that there is a corner piece of the respective
distribution structure, and/or the respective collection
structure missing.

[0025] Providing a gap is e.g., advantages when it
comes to manufacture of the respective distribution struc-
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ture, and/or the respective collection structure. By allow-
ing a gap to be formed it is e.g., possible to allow a re-
spective distribution structure, and/or a respective col-
lection structure being inclined and still ending as seen
along the transversal direction in an end portion being
formed of a piece of material having an extension along
the fin direction also at the transversal outer perimeter
which makes such an end portion significantly stronger
compared to if the respective distribution structure,
and/or the respective collection structure would end in a
sharp corner.

[0026] Anopengap may also aid in distributing the flow
over a couple of the transversally outermost channels
thereby reducing the risk that turbulence or other corner
effects in the flow from the ports to the channels in the
fin structure results in any undesired imbalances in the
flow in the channels closest to the longitudinal edge.
[0027] The gap preferably has a transversal extension
being at least equal to three channels formed of the folds
of the fin shaped structure of the respective distribution
structure, and/or the respective collection structure.
[0028] A major portion of a flow from the respective
inlet port is preferably distributed via the distribution
structure to the fin structure, respectively a major portion
of a flow from the fin structure is preferably collected via
the collection structure to the respective outlet port; and
wherein a minor portion of the flow from the respective
inlet port may be transferred to the fin structure via said
gap, respectively a minor portion of the flow from the fin
structure may be transferred to the respective outlet port
via said gap.

[0029] This is advantageous as it allows to distribute
the flow along the entire width of each heat exchanger
plate seen along the transversal direction, wherein the
major portion of the flow is distributed via the distribution
structure and the minor portion of the flow is distributed
to the fin structure via the gap. This is further advanta-
geous as it allows to collect the flow from the entire width
of each heat exchanger plate seen along the transversal
direction, wherein the major portion of the flow is collected
via the collection structure and the minor portion of the
flow is collected from the fin structure via the gap. The
disclosed design, in which the gap is introduced, is ad-
vantageous as it allows for an improved and efficient flow
distribution and flow collection along the entire width of
the heat exchanger plate. Preferably at least 80%, more
preferably at least 90%, of the flow is distributed and/or
collected via the respective distribution structure, and/or
the respective collection structure.

[0030] A cutinthe respective plate forming the respec-
tive port may be arc-shaped along at least a major portion
of a transversal extension of said gap. The arc-shaped
design of the respective port in the gap may facilitate
provision of smoothly directing the minor portion of the
flow into the fin structure without the need of being dis-
tributed via the distribution structure. This helps to im-
prove the flow distribution throughout the fin structure
hence the flow distribution is optimized. The design of
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the respective port and the distribution structure may co-
operate in order to direct and distribute the medium to
the fin structure in an efficient way. The arc-shaped de-
sign of the respective portin the gap may further facilitate
provision of smoothly collecting the minor portion of the
flow from the fin structure without the need of being col-
lected via the collection structure. The design of the re-
spective port and the collection structure may cooperate
in order to direct and collect the medium from the fin
structure in an efficient way. Moreover, an arc-shaped
portion of this kind will result in reduced local mechanical
stress which is especially beneficial when it comes to the
plates possibility to withstand fatigue.

[0031] The distribution structure may be formed by a
basically triangular or truncated triangular fin structure.
The shape is basically triangular or truncated triangular
with the normal of the triangle surface extending in the
stacking direction. It may be noted that in a preferred
embodiment, the fin structure of the distribution structure,
i.e., the folds back and forth, may have a similar structure
as the fin structure discussed above. In that case, the
distribution structure typically has diagonally extending
fins; diagonally relative to the fin direction. This is advan-
tageous as it allows to distribute the flow from a port po-
sitioned in a corner of the plate over the whole transversal
width and still allowing the respective distribution struc-
ture, and/or the respective collection structure to be man-
ufactured by folding a sheet of material back and forth.
The fin structure of the respective distribution structure,
and/or the respective collection structure aids in keeping
the heat exchanger plates at their intended mutual dis-
tances as seen along the stacking direction. The multiple
contact lines formed by the fin structure at the respective
distribution structure, and/or the respective collection
structure also takes partin the provision of a heat transfer.
It may be noted that in a preferred embodiment, the fin
structure of the respective distribution structure, and/or
the respective collection structure has vertical fins or
folds as seen along the fin direction.

[0032] The collection structure may be formed by a ba-
sically triangular or truncated triangular fin structure. The
shape is basically triangular or truncated triangular with
the normal of the triangle surface extending in the stack-
ing direction. It may be noted that in a preferred embod-
iment, the fin structure of the collection structure, i.e., the
folds back and forth may have a similar structure as the
fin structure discussed above. In that case, the collection
structure typically has diagonally extending fins as seen
relative to the fin direction. The advantages have been
discussed above with reference to the corresponding
structure of the respective distribution structure.

[0033] The respective ports may be formed as sub-
stantially triangular ports. The respective triangular inlet
port helps to match the respective triangular distribution
area in an easy and efficient way. The respective trian-
gular outlet port helps to match the respective triangular
collection area in an easy and efficient way.

[0034] The dimensions of the firstinlet and outlet ports
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may be different from the dimensions of the second inlet
and outlet ports.

[0035] In this context, the term "dimensions" should be
interpreted as a total area of the first ports being different
from a total area of the second ports. The first ports and
the second ports are in one preferred embodiment asym-
metric in relation to each other. This allows for a differ-
ence in total flow of the first medium in relation to total
flow of the second medium.

[0036] However, it may also be noted that in other pre-
ferred embodiments, the first ports and the second ports
have the same size and shape. This is typically the case
if the total flow of the first medium is intended to be about
the same as the total flow of the second medium.
[0037] It may be noted that it is also conceivable to
have asymmetry in dimension in the inlet ports for one
medium in relation to the outlet ports for the same medi-
um. This allows for an efficient flow of said medium even
in cases the medium undergoes significant changes in
properties as it flows through the heat exchanger. Such
a change could for instance involve a phase change of
all or parts of the medium between a liquid and a gaseous
phase.

[0038] An internal interface between the respective
distribution structure and the fin structure and/or an in-
ternal interface between the respective collection struc-
ture and the fin structure in the respective channel of the
first set of channels and/or in the respective channel of
the second set of channels may be inclined relative to
the longitudinally extending fin direction and also relative
to a transversal direction.

[0039] By designing the internal interface between the
respective distribution structure and the fin structure
and/or an internal interface between the respective col-
lection structure and the fin structure in the respective
channel of the first set of channels and/or in the respec-
tive channel of the second set of channels such that it is
inclined relative to the longitudinally extending fin direc-
tion and inclined also relative to a transversal direction,
it is facilitated to design the heat exchanger with different
shapes and sizes of the ports and still make use of dis-
tribution and/or collection structures formed of fin struc-
tures formed of a material being folded back and forth.
Such a distribution or collection fin structure has a plu-
rality of channels extending along its own or local fin di-
rection and it has to have one edge extending along that
local fin direction and one side forming the interface to
the port, and one side forming the interface with the main
fin structure. By allowing the interface between the dis-
tribution or collection structure and the main fin structure
to be inclined, it opens up for a greater variation of the
shape of the interface with the port and still allowing the
distribution or collection structure to be basically triangu-
lar or truncated triangular shaped which in turn facilitates
manufacture and assembly.

[0040] The respective internal interface may form an
angle B with the fin direction, wherein the angle § is be-
tween 95 and 130°, preferably between 95 and 120°, or
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between 50 and 85°, preferably between 60 and 85°.
[0041] It may in this context be noted that the angle
may be angled such that there are two options available
for the designer to use depending upon e.g., the desired
relative shapes and sizes of the ports at the same trans-
versally extending side, i.e., of the ports at the same lon-
gitudinal position, the desired thickness of the pressed
panel portions closing of the ports, the desire size and
shape of the ports in relation to the transversal width of
the heat exchanger.

[0042] It may also be noted that the internal interface
may in some cases, see e.g., figure 6, be inclined in the
same direction on both major surfaces at the same ports.
Forinstance, ifthere is a significant difference in the sizes
of the ports with one large port and one small port ar-
ranged side by side, the internal interface is typically in-
clined such that it is closer to a transversally extending
midline of the heat exchanger at the longitudinal side
closest to the large port on both major surfaces of the
heat exchanger plate and further away from said trans-
versally extending midline of the heat exchanger at the
longitudinal side closest to the small port on both major
surfaces of the heat exchanger plate. The angle B onone
of the major surface may however be sligtly different from
the angle B on the other major surface since the area
available is basically determined by the port size and the
pressed portion selectively closing of one or the other
port. In figure 6, the large port to the left is open to the
channel in front of the plate whereas the small port to the
right is closed off from the channel in front of the plate.
On the other side, the general direction of inclination is
the same but since there is a pressed portion along the
underside of the large port to the left, right if viewed from
the opposite side, closing it off from the channel on the
other side of the plate wherby the left hand side, right
hand side if viewed from the opposite side, of the interface
need to be slightly lower than in figure 6 whereas to the
right hand side, left hand side if viewed from the opposite
side, the interface may extend all the way up to the lower
corner of the smaller port since that port is open to the
channel on the other side of the plate. Thus, the inclina-
tion is slightly larger on the other side of the plate where
the larger port is closed off from the channel on that side
of the plate.

[0043] It may also be noted that the internal interface
may in some cases, see e.g., figure 7, be inclined in op-
posite directions on the two major surfaces at the same
ports. For instance, if there is no significant difference in
the sizes of the ports, the internal interface is typically
inclined such that it on a first major side is closer to a
transversally extending midline of the heat exchanger at
the longitudinal side closest to the port being closed off
from the channel on that major surface and further away
from said transversally extending midline at the longitu-
dinal side closest to the port being open to the channel
on that major surface. Since the ports are of the same or
about the same size, the available area is varied mostly
by the presence or absence of the pressed portion closing



11 EP 4 343 264 B1 12

off said port from the channel at the respective major
surface. The angle 3 on one of the major surface may be
the same or be sligtly different from the angle  on the
other major surface since the area available is basically
determined by the port size and the pressed portion se-
lectively closing of one or the other port. In figure 7, the
port to the left is open to the channel in front of the plate
whereas the portto the right is closed off from the channel
in front of the plate. On the other side of the plate, the
general direction of inclination of the internal interface is
opposite since there is a pressed portion along the un-
derside of the port to the left, to the right if viewed from
the other side, whereas to the right hand side, left hand
side if viewed from the other side, the interface may ex-
tend all the way up to the lower corner of the right hand
port, left hand port if viewed from the opposite side, since
that port is open to the channel on the other side of the
plate. Thus, the inclination is bascially opposite on the
other side of the plate. It may also be noted that one of
the interfaces may be angled an angle 8 between 95 and
130°, preferably between 95 and 120°, or between 50
and 85°, preferably between 60 and 85°, whereas the
interface directly opposite on the other major side of the
plate may be angled 90° to the fin direction. It may also
be noted that it is conceivable that both interfaces on
both major sides of a plate are angled 90° to the fin di-
rection. Similarly, it may also be noted that one of the
interfaces, such as the interface at the distribution struc-
ture or the collection structure may be angled an angle
B between 95 and 130°, preferably between 95 and 120°,
or between 50 and 85°, preferably between 60 and 85°,
whereas the interface at the other one of the distribution
structure or the collection structure may be angled 90°
to the fin direction. It may also be noted that it is conceiv-
able that both interfaces at both the distribution structure
and the collection structure are angled 90° to the fin di-
rection. Thus, there are for each plate four internal inter-
faces that may be selected to be angled differently. The
respective internal interface may extend along a substan-
tially straight line. This is advantageous since it facilitates
production of the distribution and/or collection structure
and of the fin structure while still allowing for different
designs of the ports and while still allowing for a smooth
distribution of the flow of medium across the width of the
heat exchanger. It is preferred that the straight line is
straight in the sense that along at least a central portion
forming 75% of its length, any deviation transverse to its
extension is less than +-10% of its length.

[0044] Theinternalinterface atthe respective inlet port
and the internal interface at the respective outlet port are
preferably inclined in the same general direction relative
to the transverse direction.

[0045] Thus, the internal interface at the first inlet port
and the internal interface at the first outlet port is prefer-
ably inclined in the same general direction, a first direc-
tion, relative to the transverse direction. Furthermore, the
internal interface at the second inlet port and the internal
interface at the second outlet port are preferably inclined
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in the same general direction, a second direction, relative
to the transverse direction. However, as mentioned
above, the general direction of inclination on the opposite
major surfaces may be the same or may be opposite.
Thus, the first general direction may be the same as or
be opposite to the second direction. Being inclined in the
same general direction may be said as that both direc-
tions are within an angular range being less 90° or that
both directions are within an angular range being greater
than 90° relative to the fin direction. Being inclined in
opposite general directions may be said as that one of
the directions is within an angular range being less 90°
and that the other direction is within an angular range
being greater than 90°.Thus, the phrase the internal in-
terface at the respective inlet port and the internal inter-
face at the respective outlet port are preferably inclined
in the same general direction relative to the transverse
direction is intended to refer to the fact that the respective
internal interface of the first set of channels has the same
general direction at the first inlet ports as the internal
interface of the first set of channels has at the first outlet
ports. Similarly, the respective internal interface of the
second set of channels has the same general direction
at the second inlet ports as the internal interface of the
second set of channels has at the second outlet ports. It
may in this context also be noted that the interfaces are
only said to be inclined in the same general direction
relative to the transverse direction, i.e., they are not nec-
essarily at the same angle f3, but only that both have an
angle being greater than 90° or both have an angle being
less than 90° relative to the fin direction. However, pref-
erably the internal interface close to the first inlet port is
inclined an angle B being the same as the angle f of the
inclination of the internal interface close to the first outlet
port. Similarily, the internal interface close to the second
inlet port is inclined an angle B being the same as the
angle f of the inclination of the internal interface close to
the second outlet port. However, as discussed in detail
above, the angle B on the first major side may or may not
be the same as the angle B on the other major side, e.g.,
dependeing upon if the ports are of significalty different
size or if they are of the same or about the same size.
[0046] The first inlet port may be arranged on a first
longitudinally extending side of the stack of heat ex-
changer plates and the first outlet port may be arranged
on a second longitudinally extending side of the stack of
heat exchanger plates, the second longitudinally extend-
ing side being opposite the first longitudinally extending
side.

[0047] The second inlet port may be arranged on the
first longitudinally extending side of the stack of heat ex-
changer plates and the second outlet port may be ar-
ranged on the second longitudinally extending side of the
stack of heat exchanger plates, the first longitudinally ex-
tending side being opposite the second longitudinally ex-
tending side.

[0048] Opposite refers in this context to opposite the
transversal direction. With this arrangement, a diagonally
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extending flow path between the first inlet and outlet and
preferably also between the second inlet and outlet is
formed. With the disclosed design, it is facilitated to pro-
vide an improved distribution and collection of the medi-
um in the heat exchanger. The provision of a diagonally
extending flow may provide a good heat transfer.
[0049] Inanalternative embodiment, theinletports and
the outlet ports of the first medium are both arranged on
the first longitudinally extending side of the stack of heat
exchanger plates and the inlet ports and the outlet ports
of the second medium are both arranged on the second
longitudinally extending side of the stack of heat ex-
changer plates, the second longitudinally extending side
being opposite the first longitudinally extending side.
[0050] In accordance with one embodiment, the inlet
port of the first medium is positioned at the same trans-
versally extending side as the outlet port of the second
medium and outlet port of the first medium is positioned
at the same transversally extending side as the inlet port
of the second medium. Thereby the two mediums flow
in opposite directions as seen along the longitudinally
extending fin direction. This may be referred to as a coun-
ter-flow. Alternatively, the inlet ports of both mediums are
positioned at the same transversally extending side and
the outlet ports of the mediums are positioned at the other
transversally extending. This may be referred to as a par-
allel flow. Both the counter-flow and the parallel flow may
be combined with both the diagonal flow or with the flow
with both the inlet ports and the outlet ports of the first
medium are both arranged on the first longitudinally ex-
tending side of the stack. It may in this context also be
noted that it is conceivable that the heat exchanger is
designed such that it allows the flow direction to be
changed for one or both of the mediums between different
operational states. Itis e.g., conceivable that the first me-
dium flows in a first flow direction in a first operational
state in the opposite direction in a second operational
state. In such a case the port referred to the inlet port will
become the outlet port and vice versa. Similarly, the
structure referred to as the distribution structure will be-
come a collection structure and vice versa.

[0051] Each fin structure of each of the channels of the
first and second set of channels may comprise at least
a first and a second part arranged one after the other
along the fin direction. Normally, there are manufactur-
ability constraints on the maximum length of the fin struc-
ture along the flow direction. Such manufacturability con-
straints are e.g., introduced by the fact that there are
difficulties to in a cost-efficient manner manufacture and
transport sheet metal on sheet metal rolls over a certain
width. Itis also often difficult to in a cost-efficient manner
fold the sheets back and forth if they are larger than a
certain width. A common maximum fin length is 500 mm.
In order to manufacture heat exchangers of dimensions
having channels longer than this, several fin structures
need to be arranged in series on after the other along
the flow direction. Therefore, an advantage with this de-
sign is that the heat exchanger may be provided with
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longer channels without being restricted by the manufac-
turability constraints.

[0052] The interface between the first and second part
of each of the fin structures will be defined by a transver-
sally extending edge of the first part being opposite to
and facing a transversally extending edge of the second
part. In some embodiments the transversally extending
sides of the first and second part being opposite to each
other may abut each other. In some embodiments the
transversally extending sides of the first and second part
being opposite to each other may be separated from each
other by a gap. The interface between the first and sec-
ond part of the first fin structure is positioned at a first
position along the fin direction. If there is a gap present,
the position is defined as the mid-point of the gap. The
interface between the firstand second part of the second
fin structure is positioned at a second position along the
fin direction. The first position respectively the second
position is determined by choosing the dimensions of the
firstand second part in each of the fin structures. In order
to facilitate assembly, the dimensions, or at least the tol-
erances, of the first and second part are typically chosen
such that the actual total length is slightly shorter than
the nominal space available. This often results in that a
small longitudinal gap is formed between the first and
second parts. It may in this context be noted that such a
gap may also be deliberately provided. Independently of
if the gap is unwanted but an unavoidable or deliberately
provided for, itis advantageous to choose the dimensions
of the first and second parts of the first fin structure in
relation to the dimensions of the first and second parts
ofthe second fin structure such thatthe interface between
thefirstand second parts of the first fin structure becomes
separated a longitudinal distance from the interface be-
tween the first and second parts of the second fin struc-
ture. With such a design it is secured that the any gap
between the first and second parts of the first fin structure
does not fully align with any interface between the first
and second parts of the second fin structure. That is, it
is secured that any gap on afirst side of a heat exchanger
plate does not fully align with any gap on a second side
of the same heat exchanger plate.

[0053] It has been found that if there are gaps on both
sides of a heat exchanger plate, there is a risk that the
heat exchanger plate becomes deformed. Such defor-
mation may occur during the manufacture or during use.
[0054] Bytheinterfaces of thefirstand secondfin struc-
ture being positioned at a first position and a second po-
sition, respectively, and which are being separated a lon-
gitudinal distance from each other, the heat exchanger
plates will be subject to minimal amount of deformation.
Deformation of the heat exchanger plates affects the flow
of the medium through the channel in that there is a risk
that the flow in each of the channels will be inconsistent
and not optimized. In worst case, deformation might be
so acute that the flow may risk being completely disrupted
in some channels. Deformation of the plates may also
give rise to turbulence in the flow past or after the defor-
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mation. Thus, deformation of the channels may result in
the heat exchanger not functioning efficiently. The dis-
closed design is advantageous in that it facilitates the
provision of channels that are mechanically strong and
resistant to deformation, hence allowing for an optimized
flow such that the intended efficiency of the heat ex-
changer is achieved. The disclosed design is also ad-
vantageous in that allows for large heat exchangers be-
ing manufactured in a cost-efficient manner. It may in this
context also be noted that the gap may be formed of
parallel edges of the first and the second part, or that the
gap may be formed of the edges of the first and second
part being angled relative to each other and thereby form-
ing a triangular shape, or a trapezoid shape with the par-
allel sides formed of the longitudinal sides of the plates.
It may also be noted that the gap may be formed as a
void or lack or material through-out the complete width
of the plates or alternatively that the gap may be formed
by one or both of the parts having a plurality of protrusions
forming intermittent abutments and a non-continuous
gap between the parts of the fin structure. The protrusions
may be formed as rods, small rectangular pieces, or the
like. Alternatively, the protrusions may be formed by cut-
ting the edge/edges of the part/parts in a non-straight
manner, such as e.g., in a saw tooth pattern, a wave-
shaped pattern, such as a sinus wave or square wave
pattern, such that the ridges of the tooths or waves of
one part abuts the edge of the other part. Intermittent
abutments may be used to provide a controlled size of
any gap.

[0055] The dimensions of the first and second parts of
the first and second fin structure is preferably chosen
such that the distance between the first and second po-
sitions is such that any longitudinal gap at the central
interface between the first and second part in the first
channel of the first set of channels at least does not over-
lap a midline of any longitudinal gap at the central inter-
face between the first and second part in the first channel
of the second set of channels, and vice versa. This may
shortly also be referred to as that any gap between the
first and second part in the first channel of the first set of
channels does not exceed a midline of any gap between
the first and second part in the first channel of the second
set of channels, or vice versa.

[0056] This is advantageous as it provides channels
which are mechanically strong and resistant to deforma-
tion which allows for optimizing the flow in the channels
such that the efficiency of the heat exchanger is im-
proved.

[0057] It has been found that there is an improvement
in the strength of the heat exchanger in case any overlap
of the gaps is limited such that a gap does not exceed a
midline of any gap on the opposing side of the same heat
exchanger plate. Midline refers to an imaginary line or
position positioned at equal distance to the respective
edges of the first and second part facing each other as
measured along the fin direction. Exceed refers to the
extension of the gap along the fin direction.
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[0058] The dimensions of the first and second parts of
the first and second fin structure is preferably chosen
such that the distance between the first and second po-
sitions is such that any longitudinal gap at the central
interface between the first and second part in the first
channel of the first set of channels does not overlap with
any longitudinal gap at the central interface between the
first and second part in the first channel of the second
set of channels, and vice versa.

[0059] It has been found that there is an improvement
in the strength of the heat exchanger by securing that
there is no overlap at all of the gaps on the opposing side
of the same heat exchanger plate.

[0060] Theinterface betweenthefirstand second parts
of the first fin structure may be defined by an edge of the
first part of the first fin structure and an edge of the second
part, wherein the edge of the first part may have an ex-
tension with a transversal component and face the edge
of the second part and the second edge may have an
extension with a transversal component and faces said
edge of the first part, and wherein the edge of the first
part may be arranged in parallel with the edge of the
second part.

[0061] As mentioned above, the edges may abut each
other or may be positioned with a gap therebetween. It
is preferred that the abutment or gap at the interface as
measured along fin direction is constant between any
given point on the transversally extending edge of the
first part to any directly opposing point on the transver-
sally extending edge of the second part. Directly oppos-
ing points refers to points being aligned along the fin di-
rection. This is advantageous as it facilitates manufac-
turing. ltis also advantageous since it facilitates provision
of a balanced flow across the transversal width of the
heat exchanger plates since the parallel edges typically
provides uniform flow properties across the transversal
width of the interface as the medium transitioning from a
respective fluid channel in the first part to a respective
fluid channel in the second part.

[0062] The edges of the first and second parts, respec-
tively, of the first fin structure may extend at an angle y
relative to the fin direction, the angle y preferably being
between 95 and 130°, more preferably between 95 and
120°, or being 90°. Thus, the interface is either oriented
such that the angle yis preferably 90° orinclined an angle
such that the angle y is preferably between 95 and 130°,
more preferably between 95 and 120°.

[0063] It may in this context be noted that the angle y
may be chosen independently from other angles or that
the angle y may be related to an angle g formed by an
interface between a respective part of the fin structure
and a distribution structure or collection structure provid-
ed at the vicinity of the inlet respectively outlet port.
[0064] The angle B may be angled 90° relative to the
fin direction. In such a case, the edges of the first and
second parts may extend at an angle y being 90° relative
to the fin direction thereby allowing each first and second
part be formed of a rectangular piece of material being
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folded back and forth perpendicular to the side edges
thereof. It is however conceivable that even in case the
angle Bis angled 90° relative to the fin direction, the edges
of the edges of the first and second parts, respectively,
of the first fin structure may extend at an angle v relative
to the fin direction being different from 90°. The angle y
is in such a case preferably between 95 and 130°, more
preferably between 95 and 120°. The central interface of
the first fin structure on a first side of the heat exchanger
plate and the central interface of the second fin structure
on the second side of the same heat exchanger plate
may be angled such that they extend in parallel with each
other. In such a case it is advantageous to take into con-
sideration the various discussions concerning separation
of the positions along the fin direction and the impact on
any overlap of any gaps thus formed. In such a case the
various discussions are applicable and are related to a
line which is slightly inclined relative to the transversal
direction; namely said angle y minus 90°. However, it is
also conceivable that the central interface the first fin
structure on a first side of the heat exchanger plate and
the central interface of the second fin structure on the
second side of the same heat exchanger plate are be
angled such that they extend in crossing directions. It
may be noted that the two angles are preferably, butneed
not be, chosen to be the same but in opposite directions.
It may in this context be noted it may be advantageous,
especially if any or both of the gaps have a significant
length along the fin direction, to take into consideration
the various discussions concerning separation of the po-
sitions along the fin direction and the impact on any over-
lap of any gaps thus formed. Significant length along the
fin direction may e.g., be that the along the fin direction
gapis greater a complete repeat of the folds as measured
across the fin direction. However, the central interfaces
extending in crossing directions may alternatively, espe-
cially if at least one or both of the gaps does not have a
significant length along the fin direction, be used to allow
the gaps to actually cross each other since the overlap
in such a case will have a limited transversal extension
compared to if the central interfaces would extend in par-
allel with each other. It may in this context be noted that
a design with the angle y being between 95 and 130°,
more preferably between 95 and 120°, with the central
interfaces crossing each other may alternatively be ex-
pressed as that the angle yis between 95 and 130°, more
preferably between 95 and 120°, on one side of the heat
exchanger plate and between 50 and 85°, preferably be-
tween 60 and 85°, on the other side of the heat exchanger
plate.

[0065] The angle 3 may be between 95 and 130°, more
preferably between 95 and 120°, or between 50 and 85°,
preferably between 60 and 85°. In one embodiment it is
preferred that the angle vy is the same as angle B. In such
a case it is possible to manufacture the fin structure from
a rectangular piece of material extending substantially
transversally at a slight inclination relative to the trans-
versal direction at an angle being the angle f§ minus 90°.
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The leading and trailing edge of the sheet; the edges that
will extend along the longitudinal edges of the heat ex-
changer are in such a case trimmed at said angle being
angle  minus 90° in respective direction. If the angles 3
at the distribution structure and the collection structure
are different the angle y may be selected to be the same
as one of the angles B or in case there are more than two
parts of the fin structure, the respective angle y may be
chosen to be the same as the respective angle  and
then the one or more central interfaces formed of parts
not sharing an interface with the distribution structure of
collection structure having an angle y being chosen e.g.,
as one of the angles B or e.g., being 90° relative to the
fin direction. It may in this context be noted that the dis-
cussion concerning the angle y being chosen to be the
same on both sides such that the interfaces on the dif-
ferent sides are parallel or being chosen to be different
on the different sides such that the interfaces on the dif-
ferents sides cross each other is equally applicable the
cases where the angle B is between 95 and 130°, more
preferably between 95 and 120°, or between 50 and 85°,
preferably between 60 and 85°.

[0066] This design is advantageous since it allows for
a smooth transition of the flow of medium at the interface
since it facilitates manufacture of the fin structure even
for different specific design choices when it comes to
other parts of the heat exchanger and since it results in
a mechanically strong heat exchanger.

[0067] Theinterface betweenthefirstand second parts
of the second fin structure may be defined by an edge of
the first part of the second fin structure and an edge of
the second part, wherein the edge of the first part may
have an extension with a transversal component and face
the edge of the second part and the second edge may
have an extension with a transversal component and face
said edge of the first part, and wherein the edge of the
first part may be arranged in parallel with the edge of the
second part. Advantages and variations of this has been
discussed in relation to the corresponding feature in re-
spect of the first fin structure and that discussion is equal-
ly applicable to the second fin structure.

[0068] The edges of the first and second parts, respec-
tively, of the second fin structure may extend at an angle
y relative to the fin direction, the angle y preferably being
between 95 and 130°, more preferably between 95 and
120°, or being 90°. Thus, the interface is either oriented
such that the angle yis preferably 90° orinclined an angle
such that the angle y is preferably between 95 and 130°,
more preferably between 95 and 120°. Advantages and
variations of this has been discussed in relation to the
corresponding feature in respect of the first fin structure
and that discussion is equally applicable to the second
fin structure.

[0069] Insome embodiments, the geometries, suchas
the height, width, shape and/or thickness, of the folds of
the fin structures of the channels of the respective first
and second set of channels may be different from each
other. Thereby it is possible to exchange heat between
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two different mediums having different properties, such
as different phases, different densities, different flows,
etc.

[0070] However, it may also be noted that the first and
second set of channels may be designed equal to each
other.

[0071] It may be noted that the use of first, second,
third, fourth, fifth, etc. are mainly to be seen as labels
facilitating reading and that it does not necessarily mean
that there need to be all the intervening numbers of por-
tions present. It may e.g., be noted thatitis contemplated
to have a design where there is a first portion, a second
portion, a third portion and a fifth portion, with the fourth
portion being omitted. However, to facilitate reading, we
have consistently used the numbering first, second, third,
fourth, etc., as labels, and in a sense based on an em-
bodiment including all conceivable portions.

[0072] Generally, all terms used in the claims are to be
interpreted according to their ordinary meaning in the
technical field, unless explicitly defined otherwise herein.
All references to "a/an/the [element, device, component,
means, step, etc]" are to be interpreted openly as refer-
ring to at least one instance of said element, device, com-
ponent, means, step, etc., unless explicitly stated other-
wise. The steps of any method disclosed herein do not
have to be performed in the exact order disclosed, unless
explicitly stated.

[0073] The invention may also in short be said to relate
to aheatexchanger comprising a stack of heat exchanger
plates, a first set of channels, and a second set of chan-
nels, in each of the channels in the respective set of chan-
nels fin structures are positioned between the heat ex-
changer plates, each heat exchanger plate comprises a
first inlet port, a first outlet port, a second inlet port and
asecond outlet portformed at a respective corner portion
of the respective heat exchanger plate and extending
through the stack, the heat exchanger further comprises
a distribution structure at the respective inlet port and a
collection structure at the respective outlet port, the dis-
tribution structure, respectively the collection structure is
positioned between the port and the respective fin struc-
ture, a port interface between the inlet port and the dis-
tribution structure, respectively a port interface between
the outlet port and the collection structure is inclined rel-
ative to the fin direction.

Brief description of the drawings

[0074] The above, as well as additional objects, fea-
tures, and advantages of the present disclosure, will be
better understood through the following illustrative and
non-limiting detailed description of preferred embodi-
ments of the present invention, with reference to the ap-
pended drawings, where the same reference numerals
will be used for similar elements, wherein:

Figure 1 discloses a heat exchanger.
Figure 2 discloses a heat exchanger plate of the heat
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exchanger in figure 1.

Figure 3 discloses a heat exchanger plate of figure
2 with a fin structure arranged on the plate.

Figure 4 illustrates a first cross-sectional side view
of a stack of heat exchanger plates of the heat ex-
changer in figure 1.

Figure 5 illustrates a second cross-sectional side
view of a stack of heat exchanger plates of the heat
exchanger in figure 1.

Figure 6 discloses a portion of the plate of figures 2
and 3.

Figure 7 discloses a portion corresponding to figure
6 of a plate according to another embodiment.
Figure 8 discloses a whole plate according to the
embodiment of figure 7.

Detailed description of preferred embodiments

[0075] The present invention will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which currently preferred embodiments
of the invention are shown. This invention may, however,
be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein;
rather, these embodiments are provided for thorough-
ness and completeness, and fully convey the scope of
the invention to the skilled person.

[0076] Figure 1illustrates a heatexchanger 100 by way
of example. The heat exchanger 100 comprises a stack
of heat exchanger plates 105. The stack of heat exchang-
er plates 105 is formed by stacking one heat exchanger
plate 107 on top of another heat exchanger plate 107
along a stacking direction SD. The stack of heat exchang-
er plates 105 is arranged between two end plates 109
(only one of the two end plates is illustrated in the figure).
It may be noted that the different embodiments disclosed
herein are in general terms useful for different combina-
tions of fluids, such as gas-liquid, liquid-gas, gas-gas,
and liquid-liquid in the first respectively the second set
of channels. However, a skilled person will realize that
some of the embodiments are more suitable for some
specific combinations of fluids than other combinations
of fluids.

[0077] The heat exchanger 100 comprises a first inlet
101 along a first longitudinally extending side LES1 and
afirst outlet 111 along a second longitudinally extending
side LES2. The heat exchanger 100 further comprises a
second inlet 102 along the first longitudinally extending
side LES1 and a second outlet 112 along the second
longitudinally extending side LES2. It should however be
noted that the first inlet 101 may be arranged along the
second longitudinally extending side LES2 and the first
outlet 111 may be arranged along the first longitudinally
extending side LES1. It should further be noted that the
second inlet 102 may be arranged along the second lon-
gitudinally extending side LES2 and the second outlet
112 may be arranged along the first longitudinally ex-
tending side LES1. It may however be noted that in a
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preferred embodiment, the first and second inlets 101,
102 are arranged along the same longitudinally extend-
ing side and the first and second outlets 111, 112 are
arranged along the same longitudinally extending side.
Thefirstand second longitudinally extending sides LES1,
LES2 being arranged opposite to each other.

[0078] As bestillustratedin figure 4, the heat exchang-
er 100 further comprises a first set of channels 401 and
a second set of channels 402. The first set of channels
401 is formed in every second interspace between the
heatexchanger plates 107 of the stack of heat exchanger
plates 105. The second set of channels 402 is formed in
every other interspace between the heat exchanger
plates 107 of the stack of heat exchanger plates 105.
[0079] In each channel of the first and second set of
channels 401, 402 fin structures 210 are positioned in
between the heat exchanger plates 107. The respective
fin structure 210 abuts the heat exchanger plates 107
along a plurality of contact lines 415. The fin structure
210 may be folded along straight lines such that the con-
tact lines 415 extends in parallel with a longitudinally ex-
tending fin direction FD. However, as indicated in figure
6, the fin structure 210 may alternatively be folded along
lines having other shapes. In the example of figure 6,
there is shown wavy or curved lines resulting in that the
contact lines becomes wavy or curved lines undulating
back and forth along a main extension. Irrespective of
the shape of the fold lines, it is preferred that the main
extension extends in parallel with a longitudinally extend-
ing fin direction. Thereby, a plurality of fluid channels
forming the first and second set of channels 401, 402 is
defined. The fin structure 210 is preferably formed of
sheets being folded back and forth. As is e.g., shown in
figure 4, the folds of the respective fin structure 210 are
essentially being shaped as a sinus wave with elongated
legs or along the stacking direction SD. The type of struc-
ture of the respective fin structure 210 may differ. For
instance, the folds of the respective fin structure 210 may
be shaped as a square wave, a triangular wave, a saw-
tooth wave, or combinations thereof. The extension of
the fin structure 210 of the first set of channels 401 along
the stacking direction SD is longer than the extension of
the fin structure 210 of the second set of channels 402
along the stacking direction SD. The folds of the fin struc-
ture 210 of the first set of channels 401 are wider, as
measured along the transverse direction TD, than the
folds of the fin structure 210 of the second set of channels
402. It should however be noted that the geometries of
the each of the respective fin structure 210 of each of the
channels may differ. Forinstance, in some embodiments,
the folds of each of the fin structures 210 of each channel
of the respective first set of channels 401 and second set
of channels 402 may be identical. In some embodiments,
the extension of the fin structure 210 of the first set of
channels 401 along the stacking direction may be shorter
than that of the fin structure 210 of the second set of
channels 402. In some embodiments, the folds of the fin
structure 210 of the first set of channels 401 may be nar-
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rower than those of the fin structure 210 of the second
set of channels 402. In some embodiments, the folds of
the fin structures 210 of the first set of channels 401 may
be shaped as a square wave while the folds of the fin
structures 210 of the second set of channels 401 may be
shaped as a sawtooth wave. It should be conceivable
that each individual fin structure 210 of each channel of
the first set of channels 401 may not be identical but may
vary in geometry. It should be conceivable that each in-
dividual fin structure 210 of each channel of the second
set of channels 402 may not be identical but may vary in
geometry.

[0080] With reference to figure 2, a heat exchanger
plate 107 of the stack of heat exchanger plates 105 is
illustrated by way of example. The heat exchanger plate
107 comprises four through-going openings. The
through-going openings are formed at a respective cor-
ner portion of the heatexchanger plate 107. The through-
going openings are configured to form a first inlet port
201, afirst outlet port 211, a second inlet port 202 and a
second outlet port 212 extending through the stack along
the stacking direction SD.

[0081] It should be noted that each heat exchanger
plate 107 of the stack of heat exchanger plates 105 com-
prises the first inlet port 201, the first outlet port 211, the
second inlet port 202 and the second outlet port 212.
Each port 201, 202, 211, 212 extend through the stack
105 along the stacking direction SD. The first inlet port
201 is arranged on the first longitudinally extending side
LES1 of the heat exchanger plate 107. The first outlet
port211is arranged on the second longitudinally extend-
ing side LES2 of the heat exchanger plate 107. The sec-
ond inlet port 202 is arranged on the first longitudinally
extending side LES1 of the heat exchanger plate 107.
The second outlet port 212 is arranged on the second
longitudinally extending side LES2 of the heat exchanger
plate 107. Hence, the first inlet port 201 coincides with
the first inlet 101 and the first outlet port 211 coincides
with the first outlet 111. The first inlet port 201 and first
outlet port 211 being in fluid connection with each other
via the first set of channels 401 formed in every second
interspace. Thereby, the first set of channels 401 form
diagonally extending flow paths by having the first inlet
101, the first outlet 111, the first inlet port 201 and the
first outlet port 211 arranged as discussed above. The
second inlet port 202 coincides with the second inlet 102
and the second outlet port 212 coincides with the second
outlet 112. The second inlet port 202 and second outlet
port 212 being in fluid connection with each other via the
second set of channels 402 formed in the other every
second interspace. The second set of channels 402 form
diagonally extending flow path by having the second inlet
102, the second outlet 112, the second inlet port 202 and
the second outlet port 212 arranged as discussed above.
[0082] The heat exchanger 100 further comprises, in
each space between the heat exchanger plates 107, a
distribution structure 220 at the respective inlet port 201,
202 and a collection structure 230 at the respective outlet
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port 211, 212. The respective distribution structure 220
is positioned between the respective inlet port 201, 202,
and the respective fin structure 210 in the respective first
and second set of channels 401, 402. The respective
collection structure 230 is positioned between the re-
spective outlet port 211, 212, and the respective fin struc-
ture 210 in the respective firstand second set of channels
401, 402.

[0083] An interface 227, also referred to as a port in-
terface 227, between the respective inlet port 201, 202
and the respective distribution structure 220 is inclined
relative to the fin direction FD. Thereby, a distance be-
tween the interface 227 and the fin structure 210, as
measured along the fin direction FD, increases with in-
creasing distance, as seen along an imaginary line ex-
tending across the fin direction FD. The distance along
the fin direction FD increases as one follows the imagi-
nary line from an edge 121 of the respective heat ex-
changer plate 107 which is closest to the respective inlet
port 201, 202 and which extends along the fin direction
FD. An interface 237, also referred to as a port interface
237, between the respective outlet port 211, 212 and the
respective collection structure 230 is inclined relative to
the fin direction FD. Thereby, a distance between the
interface and the fin structure 210, as measured along
the fin direction FD, increases with increasing distance,
as seen along an imaginary line extending across the fin
direction FD. The distance along the fin direction FD in-
creases from as one follows the imaginary line from an
edge 122 of the respective heat exchanger plate 107
which is closest to the respective outlet port 211, 212 and
which extends along the fin direction FD.

[0084] Although figure 2 only illustrates the port inter-
face 227 between the first inlet port 201 and the distribu-
tion structure 220, it should be clearly understood by the
skilled person that in practice, the port interface between
the second inlet port 202 and the distribution structure
220 is designed in a similar way as discussed above.
Further, although figure 2 only illustrates the port inter-
face 237 between the first outlet port 211 and the collec-
tion structure 230, it should be clearly understood by the
skilled person that in practice, the port interface between
the second outlet port 212 and the collection structure
230 is designed in a similar way as discussed above.
[0085] The respective port interface forms an angle o
with thefindirection FD. It may be noted thatin a preferred
embodiment, the angle a is between 110 and 160°, pref-
erably between 120 and 150°.

[0086] The distribution structure 220 is formed as a
triangular or truncated triangular distribution structure. It
should be noted that in the distribution structure, the fins
or folds extends along an internal fin direction being di-
agonally arranged relative to the fin direction FD of the
fin structure 210. Basically, the fins or folds of the distri-
bution structure 220 extends between the respective inlet
port and the fin structure 210 along said internal fin di-
rection. The fins or folds as such may be vertically ar-
ranged as viewed along its diagonal extension. The fins
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or folds of the distribution structure 220 may basically be
of any kind discussed above in relation to the fin structure
210 with the fin direction referring to its diagonally ex-
tending internal fin direction.

[0087] The collection structure 230 is formed as a tri-
angular or truncated triangular collection structure. Pref-
erably, the collection structure 230 is formed by a trian-
gular or truncated triangular fin structure such that the
collection structure 230 has the similar design as the dis-
tribution structure 220. It should be noted that in the col-
lection structure 230 the fins or folds extends along an
internal fin direction being diagonally arranged relative
to the fin direction FD of the fin structure 210. The fins or
folds of the collection structure 230 may basically be of
any kind discussed above in relation to the fin structure
210 with the fin direction referring to its diagonally ex-
tending internal fin direction. Depending upon the posi-
tioning of the different ports, the internal diagonally ex-
tending fin direction of the distribution structure 220 and
the collection structure 230 may be basically in the same
orientation or in crossing directions. The fins or folds as
such may be vertically arranged as viewed along its di-
agonal extension. The fins or folds of the collection struc-
ture 230 may basically be of any kind discussed above
in relation to the fin structure 210 with the fin direction
referring to its diagonally extending internal fin direction.
Depending upon the positioning of the different ports, the
internal diagonally extending fin direction of the distribu-
tion structure 220 and the collection structure 230 may
be basically in the same orientation or in crossing direc-
tions.

[0088] One edge of the distribution structure 220 ex-
tends from a first corner 223 of the first inlet port 201
towards a second corner 224 of the inlet port 201. The
first corner 223 may be referred to as a transversally cen-
tral corner and the second corner 224 may be referred
to as a transversally outer corner. As illustrated e.g., in
figures 3, 5 and 6, the distribution structure 220 extends
towards the second corner 224 but not all the way to the
second corner 223. This leaves a transversally extending
gap 225 at a longitudinally extending edge 121 which is
closest to the first inlet port 201. With such a design, a
major portion of a flow from the first inlet port 201 is dis-
tributed via the distribution structure 220 to the fin struc-
ture 210. Further, with such a design, a minor portion of
the flow from the first inlet port 201 is transferred to the
fin structure 210 via the gap 225. However, it may be
noted that the distribution structure 220 may extend all
the way to the second corner 223.

[0089] One edge of the collection structure 230 ex-
tends form a first corner 233 of the first outlet port 211
towards a second corner 234 of the outlet port 211. The
first corner 233 may be referred to as a transversally cen-
tral corner of the first outlet port 211 and the second cor-
ner 234 may be referred to as a transversally outer corner
of the first outlet port 211. As illustrated, the collection
structure 230 extends towards the second corner 234
but not all the way to the second corner 234. This leaves
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a transversally extending gap 235 at a longitudinally ex-
tending edge 122 which is closest to the first outlet port
211. With such a design, a major portion of a flow is col-
lected via the collection structure 230 to the first outlet
port 211. Further, with such a design, a minor portion of
the flow from the fin structure 210 is transferred to the
first outlet port 211 via the gap 235. However, it may be
noted that the collection structure 230 may extend all the
way to the second corner 234.

[0090] Thesecondinletport202 ispreferably designed
in a similar way as the first inlet port 201 as discussed
above and the second outlet port 212 is preferably de-
signed in a similar way as the first outlet port 202 as
discussed above.

[0091] As further depicted in figure 2, the respective
inlet ports 201, 202 are designed as asymmetric inlet
ports i.e., the dimensions of the first respective second
inlet port 201, 202 is different. This is because the re-
spective inlet port 201, 202 is designed to supply different
flows of medium to its respective distribution structure
220 and toits respective fin structure 210. It may be noted
that in a preferred embodiment, and as illustrated in the
figure, the first inlet port 201 and the second inlet port
202 have a triangular shape. This is to match the inlet
ports 201, 202 with the respective distribution structure
in an easy and efficient way. The respective outlet ports
211, 212 are designed as asymmetric outlet ports i.e.,
the dimensions of the first respective second outlet port
211, 212isdifferent. This is because the respective outlet
port 211, 212 is designed to receive different flows of
medium from its respective collection structure 230. It
may be noted that in a preferred embodiment, and as
illustrated in the figure, the first outlet port 211 and the
second outlet port 212 have a triangular shape. This is
to match the outlet ports 211, 212 with the respective
distribution structure in an easy and efficient way. It may
be noted that in a preferred embodiment, and as illus-
trated, the respective port 201, 202, 211, 212 is arc-
shaped along at least a major portion of a transversal
extension of the gap.

[0092] As is shown in figure 3 and also in figures 6-8,
an internal interface 228 between the respective distri-
bution structure 220 and the fin structure 210 in the re-
spective channel of the first set of channels 401 isinclined
relative to the longitudinally extending fin direction FD
and is inclined also relative to a transversal direction TD.
The internal interface 228 forms an angle B with the fin
direction FD. The angle B is between 95 and 130°, pref-
erably between 95 and 120°, or between 50 and 85°,
preferably between 60 and 85°. In figures 3 and 6, there
is disclosed a design where the angle B is between 95
and 130°, preferably between 95 and 120°. In figures 7
and 8, there is disclosed a design where the angle (3 is
between 50 and 85°, preferably between 60 and 85°.
[0093] Asshowninfigures3and 8, aninternalinterface
238 between the respective collection structure 230 and
the fin structure 210 in the respective channel of the first
setofchannels 401 is inclined relative to the longitudinally
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extending fin direction FD and is inclined also relative to
a transversal direction TD. The internal interface 238
forms an angle B with the fin direction FD. The angle B
is between 95 and 130°, preferably between 95 and 120°,
or between 50 and 85°, preferably between 60 and 85°.
In figures 3 and 6, there is disclosed a design where the
angle B is between 95 and 130°, preferably between 95
and 120°. In figure 8, there is disclosed a design where
the angle B is between 50 and 85°, preferably between
60 and 85°.

[0094] Onthe opposite side ofthe plate 107, aninternal
interface 228 between the respective distribution struc-
ture 220 and the fin structure 210 in the respective chan-
nel of the second set of channels 402 is inclined relative
to the longitudinally extending fin direction FD and is in-
clined also relative to a transversal direction TD. The in-
ternal interface 228 forms an angle  with the fin direction
FD. The angle j is between 95 and 130°, preferably be-
tween 95 and 120°, or between 50 and 85°, preferably
between 60 and 85°.

[0095] In figures 3 and 6, there is disclosed a design
where the angle 3 on said opposite side is also between
95 and 130°, preferably between 95 and 120°. That is,
in the design of figures 3 and 6, the internal interface 228
on the side shown in the figures and the internal interface
on the opposite side have a similar inclination. In figures
7 and 8, there is disclosed a design where the angle B is
between 50 and 85°, preferably between 60 and 85° on
the side visible in said figures and where the angle f is
between 95 and 130°, preferably between 95 and 120°.
That is, in the design of figures 7 and 8, the internal in-
terface 228 on the side shown in the figures and the in-
ternal interface 228 on the opposite side have a opposite
inclinations.

[0096] The above discussion concerning the directions
of the internal interfaces 228 on the opposite sides is
equally applicable in respect of the internal interfaces
238 on the opposite sides.

[0097] Asisshowninfigures 3, and 6-8, the respective
internal interface 228, 238 preferably extends along a
substantially straight line.

[0098] Inthe embodiments showninfigures 3, and 6-8,
the internal interface 228 at the first inlet port 201 and
the internal interface 238 at the first outlet port 211 are
inclined in the same direction relative to the transverse
direction TD. In the preferred embodiment, also the angle
B is the same for the two internal interfaces 228, 238 of
the first channel 401. In the preferred embodiment also
the internal interface 228 at the second inlet port 202 and
the internal interface 238 at the second outlet port 212
are inclined in the same direction relative to the trans-
verse direction TD. As mentioned above, this "same di-
rection" refers to the directions of the internal interfaces
228, 238 of the same channel and that the directions may
be the same or be different on the opposite sides of the
plate 107. In the preferred embodiment, also the angle
B is the same of the two internal interfaces 228, 238 of
the second channel 402.
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[0099] Ase.g., showninfigure 3 and 5, a first fin struc-
ture 210a in a first channel of the first set of channels 401
comprises a first part 210a1 and a second part 210a2.
The firstand second part 210a1-2 are arranged one after
the other along the fin direction FD. Hence, an interface
is formed between the first and second part 210a1-2 by
a transversally extending side or edge of the first part
210a1 being directly opposite to a transversally extend-
ing side or edge of the second part 210a2. This interface
may also be referred to as a central interface. It may in
this context be noted that the word central is a label fa-
cilitating differentiation from other interfaces and that the
word used as a label could also be e.g., a third interface.
The transversally extending sides or edges are arranged
in parallel with each other. The interface extends across
the fin direction. The transversally extending sides of the
respective first and second part 21 0a1-2 extend at an
angle y with respect to the fin direction. In preferred em-
bodiments, the transversally extending sides or edges of
the respective first and second part 210a1-2 extend at
90° with respect to the fin direction. The interface is po-
sitioned at a first position P1 along the fin direction. The
interface is positioned by choosing the dimensions of the
first and second parts 210a1-2. It may be noted that the
edges ofthe firstand second parts 210a1-2, respectively,
of the first fin structure 210a may alternatively extend at
an angle yrelative to the fin direction FD, where the angle
y is between 95 and 130°, preferably between 95 and
120°. Itis conceivable that the interface is formed of the
edges abutting each other and it is conceivable that the
interface includes a gap.

[0100] Ase.g.,showninfigure 5, asecond fin structure
210b in a first channel of the second set of channels 402
comprises a first and a second part 21 0b1-2. The first
and second part210b1-2 are arranged one after the other
along the fin direction. Hence, an interface is formed be-
tween the firstand second part210b1-2 by a transversally
extending side or edge of the first part 210b1 being di-
rectly opposite to a transversally extending side or edge
of the second part 210b2. The transversally extending
sides or edges are arranged in parallel with each other.
The interface extends across the fin direction. The trans-
versally extending sides or edges of the respective first
and second part 21 0b1-2 extend at an angle y with re-
spect to the fin direction FD. In preferred embodiments,
the transversally extending sides of the respective first
and second part 210b1-2 extend at 90° with respect to
the fin direction. The interface is positioned at a second
position P2 along the fin direction. The interface is posi-
tioned by choosing the dimensions of the first and second
parts 210b1-2. It may be noted that the edges of the first
and second parts 210b1-2, respectively, of the second
fin structure 210b may alternatively extend at an angle y
relative to the fin direction FD, where the angle v is be-
tween 95 and 130°, preferably between 95 and 120°. It
is conceivable that the interface is formed of the edges
abutting each otheranditis conceivable that the interface
includes a gap.
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[0101] Figure 5 illustrates a stack of heat exchanger
plates 105 and a stack of a set of first channels 401 and
a second set of channels 402. The first and second po-
sitions P1, P2 of the interfaces are separated a distance
DP from each other along the fin direction. The distance
DP between the first and second positions P1, P2 is such
that any longitudinal gap G1 at the central interface 239a
between the first and second part 210a1-2 in the first
channel of the first set of channels 401 at least does not
overlap a midline of any longitudinal gap G2 at the central
interface 239b between the firstand second part 210b1-2
in the first channel of the second set of channels 402,
and vice versa.

[0102] Itis preferred thatany gap between the firstand
second part 210a1-2 in the first channel of the first set of
channels 401 does not overlap with any gap between the
first and second parts 21 0b1-2 in the first channel of the
second set of channels 402. In figure 4, the dimensions
of the first and second parts 210a1-2 in the first channel
of the first set of channels 401 have been chosen such
that the gap therebetween does not overlap with any gap
between the first and second parts 210b1-2 in the first
channel of the second set of channels 402. It may be
noted that fin structures 210 not being neighbouring fin
structures 210 may comprise parts 210a1-2, 210b1-2
with identical dimensions. That is, there may be gaps
overlapping each other as long as the gaps are not
formed on opposite sides of the same heat exchanger
plate.

[0103] The person skilled in the art realizes that the
present invention by no means is limited to the preferred
embodiments described above. On the contrary, many
modifications and variations are possible within the
scope of the appended claims. Additionally, variations to
the disclosed embodiments may be understood and ef-
fected by the skilled person practicing the claimed inven-
tion, from a study of the drawings, the disclosure, and
the appended claims.

Claims

1. A heat exchanger (100) comprising a stack of heat
exchanger plates (105) stacked one on top of the
other along a stacking direction (SD),

a first set of channels (401) formed in every first
second interspace between the heat exchanger
plates (107),

a second set of channels (402) formed in every
second second interspace between the heat ex-
changer plates (107),

wherein, in each of the channels in the first and
second set of channels (401, 402) fin structures
(210) formed of sheets being folded back and
forth are positioned between the heat exchanger
plates (107) such thatthe respective fin structure
(210) abuts the heat exchanger plates (107)
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along a plurality of contact lines (415) having a
main extension extending in parallel with a lon-
gitudinally extending fin direction (FD) thereby
defining plurality of fluid channels forming said
first and second set of channels (401, 402),
wherein each heat exchanger plate (107) com-
prises four through-going openings (201, 202,
211, 212) formed at a respective corner portion
ofthe respective heat exchanger plate (107) and
configured to form a first inlet port (201) extend-
ing through the stack (105) along the stacking
direction (SD), a first outlet port (211) extending
through the stack (105) along the stacking di-
rection (SD), a second inlet port (202) extending
through the stack (105) along the stacking di-
rection (SD), and a second outlet port (212) ex-
tending through the stack (105) along the stack-
ing direction (SD), the first inlet port (201) and
first outlet port (211) being in fluid connection
with each other via the first set of channels (401)
and the second inlet port (202) and second outlet
port (212) being in fluid connection with each
other via the second set of channels (402),
wherein the heat exchanger (100) further com-
prises, in each interspace between the heat ex-
changer plates (107), a distribution structure
(220) at the respective inlet port (201, 202) and
a collection structure (230) at the respective out-
let port (211, 212),

wherein the respective distribution structure
(220), respectively the respective collection
structure (230) is positioned between the re-
spective port (201, 202, 211, 212) and the re-
spective fin structure (210) in the respective first
and second set of channels (401, 402),
characterized in that

a port interface (227) between the respective
inlet port (201, 202) and the respective distribu-
tion structure (220), respectively a port interface
(237) between the respective outlet port (211,
212) and the collection structure (230) is inclined
relative to the fin direction (FD) such that a dis-
tance between the port interface (227, 235) and
the fin structure (210), as measured along the
fin direction (FD), increases with increasing dis-
tance, as seen along an imaginary line extend-
ing transversally across the fin direction (FD),
from an edge (121, 122) of the respective heat
exchanger plate (107) which is closest to the
respective port (201, 202, 211, 212) and which
extends along the longitudinally extending fin di-
rection (FD).

The heat exchanger (100) according to claim 1,
wherein the respective port interface forms an angle
o with the fin direction (FD), wherein the angle a is
between 110 and 160°, preferably between 120 and
150°.
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3.

10.

30

The heat exchanger (100) according to any one of
the preceding claims, wherein the respective port
interface extends along a substantially straight line.

The heat exchanger (100) according to any one of
the preceding claims, wherein the respective distri-
bution structure (220), and/or the respective collec-
tion structure (230), extends from a first, transver-
sally central, corner (223, 233) of the respective port
(201,202,211, 212) towards a second, transversally
outer, corner (224, 234) of the respective port (201,
202, 211, 212) and leaves a transversally extending
gap (225, 235) at the longitudinally extending edge
(224, 234) being closest to the respective port (201,
202, 211, 212).

The heat exchanger (100) according to claim 4,

wherein a major portion of a flow from the re-
spective inlet port (201, 202) is distributed via
the distribution structure (220) to the fin structure
(210), respectively a major portion of a flow from
the fin structure (210) is collected via the collec-
tion structure (230) to the respective outlet port
(211, 212); and

wherein a minor portion of the flow from the re-
spective inlet port (201, 202) is transferred to
thefin structure (210) via said gap (235), respec-
tively a minor portion of the flow from the fin
structure (210) is transferred to the respective
outlet port (211, 212) via said gap (235).

The heat exchanger (100) according to claim 5 or 6,
wherein a cut in the respective heat exchanger plate
(107) forming respective port (201, 202, 211, 212)
is arc-shaped along at least a major portion of a
transversal extension of said gap (225, 235).

The heat exchanger (100) according to any one of
the preceding claims, wherein the distribution struc-
ture (220) is formed by a basically triangular or trun-
cated triangular fin structure.

The heat exchanger (100) according to any one of
the preceding claims, wherein the collection struc-
ture (230) is formed by a basically triangular or trun-
cated triangular fin structure.

The heat exchanger (100) according to any one of
the preceding claims, wherein the respective ports
(201, 202, 211, 212) are formed as substantially tri-
angular ports.

The heat exchanger (100) according to any one of
the preceding claims, wherein dimensions of the first
inlet and outlet ports (201, 211) are different from
dimensions of the second inlet and outlet ports (202,
212).
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The heat exchanger (100) according to any one of
the preceding claims, wherein an internal interface
(228) between the respective distribution structure
(220) and the fin structure (210) and/or an internal
interface (238) between the respective collection
structure (230) and the fin structure (210) in the re-
spective channel of the first set of channels (401)
and/or in the respective channel of the second set
of channels (402) is inclined relative to the longitu-
dinally extending fin direction (FD) and is inclined
also relative to a transversal direction (TD).

The heat exchanger (100) according to claim 11,
wherein the respective internal interface (228, 238)
forms an angle B with the fin direction (FD), wherein
the angle B is between 95 and 130°, preferably be-
tween 95 and 120°, or between 50 and 85°, prefer-
ably between 60 and 85°.

The heat exchanger (100) according to claim 11 or
12, wherein the respective internal interface (228,
238) extends along a substantially straight line.

The heat exchanger (100) according to any one of
the preceding claims, wherein the firstinlet port (201)
is arranged on a first longitudinally extending side
(LES1) of the stack of heat exchanger plates (105)
and the first outlet port (211) is arranged on a second
longitudinally extending side (LES2) of the stack of
heat exchanger plates (105), the second longitudi-
nally extending side (LES2) being opposite the first
longitudinally extending side (LES1), and

wherein the second inlet port (202) is arranged on
the first longitudinally extending side (LES1) of the
stack of heat exchanger plates (105) and the second
outlet port (212) is arranged on the second longitu-
dinally extending side (LES2) of the stack of heat
exchanger plates (105), the first longitudinally ex-
tending side (LES1) being opposite the second lon-
gitudinally extending side (LES2).

The heat exchanger (100) according to any one of
the preceding claims, wherein, in a first channel of
the first set of channels (401), a first fin structure
(210a) comprises at least a first and a second part
(210a1-2) arranged one after the other along the fin
direction (FD),

wherein, in a first channel of the second set of
channels (402), the first channel of the second
set of channels (402) being a neighbouring
channel to the first channel of the first set of
channels (401), a second fin structure (210b)
comprises at least a first and a second part
(210b1-2) arranged one after the other along the
fin direction (FD),

wherein a central interface (239a) between the
first and second parts (210a1-2) of the first fin
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structure (210a) extends across the longitudinal
fin direction (FD) and is positioned at a first po-
sition (P1) along the fin direction (FD),

wherein a central interface (239b) between the
first and second parts (210b1-2) of the second
fin structure (210b) extends across the fin direc-
tion (FD) and is positioned at a second position
(P2) along the fin direction (FD), and

wherein the first and second positions (P1, P2)
are separated a longitudinal distance (DP) from
each other.

Patentanspriiche

Warmetauscher (100), umfassend einen Stapel von
Warmetauscherplatten (105), die entlang einer Sta-
pelrichtung (SD) aufeinander gestapelt sind,

einen ersten Satz von Kanalen (401), die in je-
dem ersten zweiten Zwischenraum zwischen
den Warmetauscherplatten (107) geformt sind,
einen zweiten Satz von Kanalen (402), die in
jedem zweiten zweiten Zwischenraum zwi-
schen den Warmetauscherplatten (107) ge-
formt sind,

wobei, in jedem der Kanale in dem ersten und
dem zweiten Satz von Kanélen (401, 402), Rip-
penstrukturen (210), die aus Bahnen geformt
sind, die vor- und zurtickgefaltet sind, derart zwi-
schen den Warmetauscherplatten (107) ange-
ordnet sind, dass die jeweilige Rippenstruktur
(210) entlang einer Vielzahl von Kontaktlinien
(415), die eine Hauptausdehnung aufweisen,
die sich parallel zu einerlangs verlaufenden Rip-
penrichtung (FD) erstreckt, an die Warmetau-
scherplatten (107) anstolt, wodurch eine Viel-
zahlvon Fluidkanélen definiert wird, die den ers-
ten und den zweiten Satz von Kanélen (401,
402) bilden,

wobei jede Warmetauscherplatte (107) vier hin-
durchgehende Offnungen (201, 202, 211, 212)
umfasst, die an einem jeweiligen Eckabschnitt
der jeweiligen Warmetauscherplatte (107) ge-
formt und dafur konfiguriert sind, eine erste Ein-
lassoffnung (201), die sich durch den Stapel
(105) entlang der Stapelrichtung (SD) erstreckt,
eine erste Auslassoffnung (211), die sich durch
den Stapel (105) entlang der Stapelrichtung
(SD) erstreckt, eine zweite Einlass6ffnung
(202), die sich durch den Stapel (105) entlang
der Stapelrichtung (SD) erstreckt, und eine
zweite Auslassoffnung (212), die sich durch den
Stapel (105) entlang der Stapelrichtung (SD) er-
streckt, zu bilden, wobei die erste Einlassoff-
nung (201) und die erste Auslassoffnung (211)
Uber den ersten Satz von Kanalen (401) in Flu-
idverbindung miteinander stehen und die zweite
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Einlasso6ffnung (202) und die zweite Auslassoff-
nung (212) Gber den zweiten Satz von Kanalen
(402) in Fluidverbindung miteinander stehen,
wobei der Warmetauscher (100) ferner, in je-
dem Zwischenraum zwischen den Warmetau-
scherplatten (107), eine Verteilungsstruktur
(220) an der jeweiligen Einlassoffnung (201,
202) und eine Sammelstruktur (230) an der je-
weiligen Auslassoffnung (211, 212) umfasst,
wobei die jeweilige Verteilungsstruktur (220) be-
ziehungsweise die jeweilige Sammelstruktur
(230) zwischen der jeweiligen Offnung (201,
202, 211, 212) und der jeweiligen Rippenstruk-
tur (210) in dem jeweiligen ersten beziehungs-
weise zweiten Satz von Kanalen (401, 402) po-
sitioniert ist,

dadurch gekennzeichnet, dass

eine Offnungsanschlussstelle (227) zwischen
derjeweiligen Einlasso6ffnung (201, 202) und der
jeweiligen Verteilungsstruktur (220) bezie-
hungsweise eine  Offnungsanschlussstelle
(237) zwischen der jeweiligen Auslassoffnung
(211, 212) und der Sammelstruktur (230) derart
im Verhaltnis zu der Rippenrichtung (FD) ge-
neigt sind, dass ein Abstand zwischen der Off-
nungsanschlussstelle (227, 235) und der Rip-
penstruktur (210), gemessen entlang der Rip-
penrichtung (FD), mit zunehmendem Abstand
zunimmt, gesehen entlang einer imaginaren Li-
nie, die sich quer Uber die Rippenrichtung (FD)
erstreckt, von einer Kante (121, 122) der jewei-
ligen Warmetauscherplatte (107), die der jewei-
ligen Offnung (201,202, 211, 212) am nachsten
ist und die sich entlang der langs verlaufenden
Rippenrichtung (FD) erstreckt.

Warmetauscher (100) nach Anspruch 1, wobei die
jeweilige Offnungsanschlussstelle einen Winkel a
mit der Rippenrichtung (FD) bildet, wobei der Winkel
o zwischen 110 und 160°, vorzugsweise zwischen
120 und 150°, betragt.

Warmetauscher (100) nach einem der vorhergehen-
den Anspriiche, wobei sich die jeweilige Offnungs-
anschlussstelle entlang einer im Wesentlichen ge-
raden Linie erstreckt.

Warmetauscher (100) nach einem der vorhergehen-
den Anspriiche, wobei sich die jeweilige Verteilungs-
struktur (220) und/oder die jeweilige Sammelstruktur
(230) von einer ersten, in Querrichtung mittigen,
Ecke (223, 233) der jeweiligen Offnung (201, 202,
211, 212) hin zu einer zweiten, in Querrichtung &du-
Reren, Ecke (224, 234) der jeweiligen Offnung (201,
202, 211, 212) erstreckt und eine sich quer erstre-
ckende Licke (225, 235) an der sich langs erstre-
ckenden Kante (224, 234), die der jeweiligen Off-
nung (201, 202, 211, 212) am nachsten ist, Iasst.
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Warmetauscher (100) nach Anspruch 4,

wobei ein gréRerer Anteil eines Stroms von der
jeweiligen Einlasso6ffnung (201, 202) Gber die
Verteilungsstruktur (220) zu der Rippenstruktur
(210) verteilt wird beziehungsweise ein grolRerer
Anteil eines Stroms von der Rippenstruktur
(210) uber die Sammelstruktur (230) zu der je-
weiligen Auslassoffnung (211, 212) gesammelt
wird; und

wobei ein kleinerer Anteil des Stroms von der
jeweiligen Einlass6ffnung (201, 202) Gber die
Licke (235) zu der Rippenstruktur (210) weiter-
geleitet wird, beziehungsweise ein kleinerer An-
teil des Stroms von der Rippenstruktur (210)
Uber die Licke (235) zu der jeweiligen Auslas-
s6ffnung (211, 212) weitergeleitet wird.

Warmetauscher (100) nach Anspruch 4 oder 5, wo-
bei ein Schnittin der jeweiligen Warmetauscherplat-
te (107), der eine jeweilige Offnung (201, 202, 211,
212) bildet, entlang mindestens eines gréferen Ab-
schnitts einer Querausdehnung der Liicke (225,
235) bogenformig ist.

Warmetauscher (100) nach einem der vorhergehen-
den Anspriiche, wobei die Verteilungsstruktur (220)
durch eine grundlegend dreieckige oder abge-
stumpfte dreieckige Rippenstruktur gebildet wird.

Warmetauscher (100) nach einem der vorhergehen-
den Anspriiche, wobei die Sammelstruktur (230)
durch eine grundlegend dreieckige oder abge-
stumpfte dreieckige Rippenstruktur gebildet wird.

Warmetauscher (100) nach einem der vorhergehen-
den Anspriiche, wobei die jeweiligen Offnungen
(201, 202, 211, 212) als im Wesentlichen dreieckige
Offnungen geformt sind.

Warmetauscher (100) nach einem der vorhergehen-
den Anspriiche, wobei sich Abmessungen der ers-
ten Einlass- und Auslassoffnungen (201, 211) von
Abmessungen der zweiten Einlass- und Auslassoff-
nungen (202, 212) unterscheiden.

Warmetauscher (100) nach einem der vorhergehen-
den Anspriiche, wobei eine interne Anschlussstelle
(228) zwischen der jeweiligen Verteilungsstruktur
(220) und der Rippenstruktur (210) und/oder eine
interne Anschlussstelle (238) zwischen der jeweili-
gen Sammelstruktur (230) und der Rippenstruktur
(210) in dem jeweiligen Kanal des ersten Satzes von
Kanalen (401) und/oderin dem jeweiligen Kanal des
zweiten Satzes von Kanalen (402) im Verhaltnis zu
derlangs verlaufenden Rippenrichtung (FD) geneigt
ist/sind und ebenfalls im Verhaltnis zu einer Quer-
richtung (TD) geneigt ist/sind.
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Warmetauscher (100) nach Anspruch 11, wobei die
jeweilige interne Anschlussstelle (228, 238) einen
Winkel B mit der Rippenrichtung (FD) bildet, wobei
der Winkel B zwischen 95 und 130°, vorzugsweise
zwischen 95 und 120°, oder zwischen 50 und 85°,
vorzugsweise zwischen 60 und 85°, betragt.

Warmetauscher (100) nach Anspruch 11 oder 12,
wobei sich die jeweilige interne Anschlussstelle
(228, 238) entlang einer im Wesentlichen geraden
Linie erstreckt.

Warmetauscher (100) nach einem der vorhergehen-
den Anspriche, wobei die erste Einlass6ffnung
(201) aufeiner ersten sich langs erstreckenden Seite
(LES1) des Stapels von Warmetauscherplatten
(105) angeordnet ist und die erste Auslassoffnung
(211) auf einer zweiten sich langs erstreckenden
Seite (LES2) des Stapels von Warmetauscherplat-
ten (105) angeordnetist, wobei die zweite sich langs
erstreckende Seite (LES2) der ersten sich langs er-
streckenden Seite (LES1) gegenuberliegt, und
wobei die zweite Einlass6ffnung (202) auf der ersten
sich langs erstreckenden Seite (LES1) des Stapels
von Warmetauscherplatten (105) angeordnetist und
die zweite Auslassoffnung (212) auf der zweiten sich
langs erstreckenden Seite (LES2) des Stapels von
Warmetauscherplatten (105) angeordnet ist, wobei
die erste sich langs erstreckende Seite (LES1) der
zweiten sich langs erstreckenden Seite (LES2) ge-
genberliegt.

Warmetauscher (100) nach einem der vorhergehen-
den Anspriiche, wobei, in einem ersten Kanal des
ersten Satzes von Kanélen (401), eine erste Rippen-
struktur (210a) mindestens einen ersten und einen
zweiten Teil (210a1-2) umfasst, die hintereinander
entlang der Rippenrichtung (FD) angeordnet sind,

wobei, in einem ersten Kanal des zweiten Sat-
zes von Kanalen (402), worin der erste Kanal
des zweiten Satzes von Kanalen (402) ein zu
dem ersten Kanal des ersten Satzes von Kana-
len (401) benachbarter Kanal ist, eine zweite
Rippenstruktur (210b) mindestens einen ersten
und einen zweiten Teil (210b1-2) umfasst, die
hintereinander entlang der Rippenrichtung (FD)
angeordnet sind,

wobei sich eine mittige Anschlussstelle (239a)
zwischen dem ersten und dem zweiten Teil
(210a1-2)derersten Rippenstruktur (210a) tiber
die langsgerichtete Rippenrichtung (FD) er-
strecktund an einer ersten Position (P1) entlang
der Rippenrichtung (FD) angeordnet ist,

wobei sich eine mittige Anschlussstelle (239b)
zwischen dem ersten und dem zweiten Teil
(210b 1-2) der zweiten Rippenstruktur (210b)
Uber die Rippenrichtung (FD) erstreckt und an
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einer zweiten Position (P2) entlang der Rippen-
richtung (FD) angeordnet ist, und

wobei die erste und die zweite Position (P1, P2)
um einen Langsabstand (DP voneinander ge-
trennt sind.

Revendications

Echangeur de chaleur (100) comprenant une pile de
plaques d’échangeur de chaleur (105) empilées les
unes sur les autres suivant une direction d’empile-
ment (SD),

un premier ensemble de canaux (401) formés
dans tous les premiers deuxiémes intervalles
entre les plaques d’échangeur de chaleur (107),
et

un deuxiéme ensemble de canaux (402) formés
dans tous les deuxiemes deuxiemes intervalles
entre les plaques d’échangeur de chaleur (107),
dans lequel, dans chacun des canaux des pre-
mier et deuxieme ensembles de canaux (401,
402), des structures d’ailette (210) formées en
téles repliées vers l'arriere et vers I'avant sont
positionnées entre les plaques d’échangeur de
chaleur (107) de telle sorte que la structure
d’ailette respective (210) vienne en butée contre
les plaques d’échangeur de chaleur (107) sui-
vant une pluralité de lignes de contact (415) pré-
sentant une extension principale s’étendant pa-
rallelement a une direction d’ailette s’étendant
longitudinalement (FD), définissant ainsi une
pluralité de canaux de fluide formant lesdits pre-
mier et deuxieme ensembles de canaux (401,
402),

dans lequel chaque plaque d’échangeur de cha-
leur (107) comprend quatre ouvertures traver-
santes (201, 202, 211, 212) formées au niveau
d’'une partie de coin respective de la plaque
d’échangeur de chaleur respective (107) et con-
figurées pour former un premier orifice d’entrée
(201) s’étendant au travers de la pile (105) sui-
vant la direction d’empilement (SD), un premier
orifice de sortie (211) s’étendant au travers de
la pile (105) suivant la direction d’empilement
(SD), un deuxiéme orifice d’entrée (202) s’éten-
dant au travers de la pile (105) suivant la direc-
tion d’empilement (SD) et un deuxieme orifice
de sortie (212) s’étendant au travers de la pile
(105) suivant la direction d’empilement (SD), le
premierorifice d’entrée (201) etle premier orifice
de sortie (211) étant en connexion fluidique mu-
tuelle via le premier ensemble de canaux (401)
etle deuxieme orifice d’entrée (202) et le deuxie-
me orifice de sortie (212) étant en connexion
fluidique mutuelle via le deuxiéme ensemble de
canaux (402),
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dans lequel I'échangeur de chaleur (100) com-
prend en outre, dans chaque intervalle entre les
plaques d’échangeur de chaleur (107), une
structure de distribution (220) au niveau de I'ori-
fice d’entrée respectif (201, 202) et une structure
de collecte (230) au niveau de I'orifice de sortie
respectif (211, 212),

dans lequel la structure de distribution respec-
tive (220), respectivement la structure de collec-
te respective (230), est positionnée entre I'orifi-
ce respectif (201, 202, 211, 212) et la structure
d’ailette respective (210) dans les premier et
deuxiéeme ensembles de canaux respectifs
(401, 402),

caractérisé en ce que

une interface d’orifice (227) entre I'orifice d’en-
trée respectif (201, 202) et la structure de distri-
bution respective (220), respectivement une in-
terface d’orifice (237) entre I'orifice de sortie res-
pectif (211,212) etla structure de collecte (230),
est inclinée par rapport a la direction d’ailette
(FD) de telle sorte qu’une distance entre I'inter-
face d’orifice (227, 235) et la structure d’ailette
(210), telle que mesurée suivant la direction
d’ailette (FD), augmente en fonction de l'aug-
mentation de la distance, telle que vue suivant
une ligne imaginaire s’étendant transversale-
ment au travers de la direction d’ailette (FD), a
partird’un bord (121, 122) de la plaque d’échan-
geur de chaleur respective (107) qui est le plus
proche de l'orifice respectif (201, 202, 211, 212)
etquis’étend suivant la direction d’ailette s’éten-
dant longitudinalement (FD).

Echangeur de chaleur (100) selon la revendication
1, dans lequel l'interface dorifice respective forme
un angle a avec la direction d’ailette (FD), dans le-
quel I'angle a est compris entre 110 et 160°, de pré-
férence entre 120 et 150°.

Echangeur de chaleur (100) selon I'une quelconque
des revendications précédentes, dans lequel I'inter-
face d’orifice respective s’étend suivant une ligne
sensiblement rectiligne.

Echangeur de chaleur (100) selon I'une quelconque
des revendications précédentes, dans lequel la
structure de distribution respective (220), et/ou la
structure de collecte respective (230), s’étend de-
puis un premier coin central transversalement (223,
233) de lorifice respectif (201, 202, 211, 212) en
direction d’'un deuxieme coin externe transversale-
ment (224, 234) de l'orifice respectif (201, 202, 211,
212) et laisse un espace s’étendant transversale-
ment (225, 235) au niveau du bord s’étendant lon-
gitudinalement (224, 234) qui est le plus proche de
I'orifice respectif (201, 202, 211, 212).
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Echangeur de chaleur (100) selon larevendication 4,

dans lequel une partie majeure d’un écoulement
provenant de l'orifice d’entrée respectif (201,
202) estdistribuée via la structure de distribution
(220) sur la structure d’ailette (210), respective-
ment une partie majeure d’'un écoulement pro-
venant de la structure d’ailette (210) est collec-
tée via la structure de collecte (230) sur l'orifice
de sortie respectif (211, 212) ; et

dans lequel une partie mineure de I'écoulement
provenant de l'orifice d’entrée respectif (201,
202)esttransférée surla structure d’ailette (210)
via ledit espace (235), respectivement une par-
tie mineure de I'écoulement provenant de la
structure d’ailette (210) est transférée sur I'ori-
fice de sortierespectif (211, 212) vialedit espace
(235).

Echangeur de chaleur (100) selon la revendication
4 ou 5, dans lequel une découpe dans la plaque
d’échangeur de chaleur respective (107) formant un
orifice respectif (201, 202, 211, 212) est en forme
d’arc suivant au moins une partie majeure d’une ex-
tension transversale dudit espace (225, 235).

Echangeur de chaleur (100) selon I'une quelconque
des revendications précédentes, dans lequel la
structure de distribution (220) est formée par une
structure d’ailette essentiellement triangulaire ou
triangulaire tronquée.

Echangeur de chaleur (100) selon I'une quelconque
des revendications précédentes, dans lequel la
structure de collecte (230) est formée par une struc-
ture d’ailette essentiellement triangulaire ou triangu-
laire tronquée.

Echangeur de chaleur (100) selon I'une quelconque
des revendications précédentes, dans lequel les ori-
fices respectifs (201, 202, 211, 212) sont formés en
tant qu’orifices sensiblement triangulaires.

Echangeur de chaleur (100) selon I'une quelconque
des revendications précédentes, dans lequel des di-
mensions des premiers orifices d’entrée et de sortie
(201, 211) sont différentes de dimensions des
deuxiemes orifices d’entrée et de sortie (202, 212).

Echangeur de chaleur (100) selon I'une quelconque
des revendications précédentes, dans lequel unein-
terface interne (228) entre la structure de distribution
respective (220) et la structure d’ailette (210) et/ou
une interface interne (238) entre la structure de col-
lecte respective (230) et la structure d’ailette (210)
dans le canal respectif du premier ensemble de ca-
naux (401) et/ou dans le canal respectif du deuxiéme
ensemble de canaux (402) sont/est inclinée(s) par
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rapport a la direction d’ailette s’étendant longitudi-
nalement (FD) et sont/est également inclinée(s) par
rapport a une direction transversale (TD).

Echangeur de chaleur (100) selon la revendication
11, dans lequel l'interface interne respective (228,
238) forme un angle  avecla direction d’ailette (FD),
dans lequel I'angle B est compris entre 95 et 130°,
de préférence entre 95 et 120°, ou entre 50 et 85°,
de préférence entre 60 et 85°.

Echangeur de chaleur (100) selon la revendication
11 ou 12, dans lequel l'interface interne respective
(228, 238) s’étend suivant une ligne sensiblement
rectiligne.

Echangeur de chaleur (100) selon I'une quelconque
des revendications précédentes, dans lequel le pre-
mier orifice d’entrée (201) estagencé sur un premier
cété s’étendant longitudinalement (LES1) de la pile
de plaques d’échangeur de chaleur (105) et le pre-
mier orifice de sortie (211) est agencé sur un deuxie-
me coté s’étendant longitudinalement (LES2) de la
pile de plaques d’échangeur de chaleur (105), le
deuxieéme cbté s’étendant longitudinalement (LES2)
étant opposé au premier coté s’étendant longitudi-
nalement (LES1), et

dans lequel le deuxiéme orifice d’entrée (202) est
agenceé sur le premier coté s’étendant longitudina-
lement (LES1) de la pile de plaques d’échangeur de
chaleur (105) et le deuxiéme orifice de sortie (212)
est agencé sur le deuxieme coté s’étendant longitu-
dinalement(LES2)de la pile de plaques d’échangeur
de chaleur (105), le premier c6té s’étendant longitu-
dinalement (LES1) étant opposé au deuxieme cété
s’étendant longitudinalement (LES2).

Echangeur de chaleur (100) selon I'une quelconque
des revendications précédentes, dans lequel, dans
un premier canal du premier ensemble de canaux
(401), une premiere structure d’ailette (210a) com-
prend au moins une premiere et une deuxiéme partie
(210a1-2) agenceées l'une aprées 'autre ou les unes
apres les autres suivant la direction d’ailette (FD),

dans lequel, dans un premier canal du deuxiéme
ensemble de canaux (402), le premier canal du
deuxiéme ensemble de canaux (402) étant un
canal voisin du premier canal du premier en-
semble de canaux (401), une deuxieme struc-
ture d’ailette (210b) comprend au moins une
premiére et une deuxieme partie (210b1-2)
agenceées l'une apres l'autre ou les unes apres
les autres suivant la direction d’ailette (FD),

dans lequel une interface centrale (239a) entre
les premiére et deuxiéme parties (210a1-2) de
la premiére structure d’ailette (210a) s’étend au
travers de la direction d’ailette longitudinale (FD)
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et est positionnée en une premiere position (P1)
suivant la direction d’ailette (FD),

dans lequel une interface centrale (239b) entre
les premiére et deuxiéme parties (210b1-2) de
la deuxiéme structure d’ailette (210b) s’étend au
travers de la direction d’ailette (FD) et est posi-
tionnée en une deuxiéme position (P2) suivant
la direction d’ailette (FD), et

dans lequel les premiére et deuxiéme positions
(P1, P2) sont séparées I'une de l'autre d'une
distance longitudinale (DP).
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