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A heat exchanger and an additive manufacturing method for manufacturing a heat

exchanger

TECHNICAL FIELD

The invention relates {o the field of heat exchangers, for example heat exchanger used for
cooling purposes in a vehicle, such as elg. cooling of the combustion engine in heavy-
duty vehicles, such as trucks, buses and construction equipment, e.g. wheel loaders,
articulated haulers, excavators and backhoe loaders. The heat exchanger may also be
used for heating purposes, by heating of a heat transfer fluid in the heat exchanger. The

invention also relates to the manufacturing of a heat exchanger.

BACKGROUND

A heat exchanger is a device which transfers heat, most often between two heat transfer
fluids, e.g. in such a way that a first fluid transfers heat to a second fluid. The heat transfer
fluids may be gases or liquids. The main purpose of the heat exchanger may be to satisfy
a heating need, i.e. to heat one of the heat transfer fluids, or to satisfy a need for cooaling,

i.e. to cool one of the heat transfer fluids.

In a vehicle, heat exchangers are used, for example, for the engine of the vehicle in order
to cool fresh air charged by means of an exhaust gas turbocharger. The fresh air to be
cooled is introduced into the heat exchanger, where it thermally interacts with a heat
transfer medium (i.e. a coolant). The heat exchanger and the heat transfer medium are
arranged in such a way that heat is transferred from the fresh air to the heat transfer

medium, such that the air is cooled.

Moreover, in a vehicle, the engine, typically a combustion engine, requires cooling and
thus comprises a cooling circuit. The cooling circuit comprises e.g. a so-called high
temperature main circuit used to cool and to regulate the temperature of the combustion
engine. Thus, the main circuit comprises a heat exchanger configured for removing the
heat produced by the engine and to transfer it to the heat transfer medium (i.e. the
coolant). The main circuit may further be equipped with a pump configured to adapt the

rate of flow of the coolant through the circuit.

The cooling circuit may also be used for various other applications and, in particular, to
cool various pieces of equipment in the vehicle, e.g. the condenser of the air-conditioning

circuit, the oil heat éxchanger in the engine cooling oil circuit, the gearbox cooling oil
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circuit, and the circuit that recirculates the exhaust gases, also known as the EGR

(Exhaust Gas Recirculation) circuit.

The heat exchangers of the vehicle may, for example, be designed as a plate heat
exchanger having a plurality of plate pairs stacked one on top of each other to form a
coolant path through which a coolant may be passed. In a distance formed between two
adjacent plate pairs, the medium to be cooled, for example, charged air, or cooling liquid
can be guided in order to transfer heat to the coolant. Other types of heat exchangers are
e.g. tubular heat exchangers or a shell and tube heat exchangers, which consist of a
plurality of tubes. In a shell and tube heat exchanger, a first heat transfer fluid flows in the
plurality of tubes, and a second héat transfer fluid flows over the tubes in order to transfer

heat or receive heat from the first heat transfer medium in the tubes.

The heat exchangers in the vehicle are often relatively small and comprise relatively
complex structures and/or delicate components. There are various ways to manufacture
the heat exchangers, e.g. the separate production of heat exchanger plates or tubes, by
e.g. casting, and the subsequent assembling of the plates and tubes into a complete heat
exchanger. The cost of such manufacturing tends to be high and the manufacturing
typically involves complex assembly and difficult attachment, brazing, soldering, and/or
welding operations of the various parts of the heat exchangers. Lately, additive
manufacturing has been used to manufacture complex, and small details and components

of the heat exchangers, such as descried e.g. in EP 3 062 054.

SUMMARY

In view of the above-mentioned and other drawbacks of the prior art, the object of the
present inventive concept is to provide a heat exchanger which provides an efficient heat
transfer between a first and a second fluid. According to a first aspect of the invention, the

object is achieved by a heat exchanger according to claim 1.

The present invention is based on the insight that suppoft structures, which are used to
support different walls and wall portions of the heat exchanger body during manufacturing
of the heat exchanger, may be used in the respective channels of the heat exchanger in
order to improve the performance of the heat exchanger (i.e. to increase the heat transfer
and/or to reduce pressure drop), and may thus not need to be removed after the heat

exchanger has been manufactured. More specifically, and according to some
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embodiments of the invention, the support structures are designed in a fluid flow desirable

way.

According to the first aspect of the invention, the heat exchanger comprises:

a heat exchanger body comprising at least a first channel wall portion, a second channel
wall portion, and a third channel wall portion,

a first channel defining a first fluid path for a first fluid, said first channel having a first
channel height extending from said first channel wall portion to said second channel wall
portion;

a second channel defining a second fluid path for a second fluid, said second channel
having a second channel height extending from said second channel wall portion to a third
channel wall portion such that heat is allowed to be transferred between the first channel
and the second channel via said second channel wall portion;

a plurality of first support structures arranged in said first channel and extending from said
first channel wall portion to said second channel wall portion, and a plurality of second
support structures arranged in said second channel and extending from said second
channel wall portion to said third channel wall portion,

wherein said plurality of first support structures are configured to support said second wall
portion in said first channel, and that said plurality of second support structures are
configured to support said third channel wall portion in said second channel, during

manufacturing of the heat exchanger.

By the provision of a heat exchanger comprising support structures in the first and second
channels, the means which are used during manufacturing of the heat exchanger, i.e. the
support structures, are used to affect the fluid flow in the first and second channels in a
desirable way. Hence, said plurality of first support structures are configured to support
said second wall portion in said first channel and is configured to affect the fluid flow of the
first fluid in a desirable way, e.g. to increase turbulence and/or to reduce pressure drop in
the first channel. Correspondingly, said plurality of second support structures are
configured to support said third channel wall portion in said second channel and is
configured to affect the fluid flow of the second fluid in a desirable way, e.g. to increase
turbulence and/or to reduce pressure drop in the second channel. Thus, the support
structures in the first and second channels need not to be removed once the heat
exchanger has been manufactured, as they are used to improve the properties of the heat

exchanger. Hence, the drawback of the manufacturing process (i.e. a manufacturing
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process which requires support structures in order to manufacture the different parts and
portions of the heat exchanger, e.g. elongated channels and tubes, in a desirable manner)
is used as an advantage in order to affect the fluid flow in a desirable way. Further, the
support structures may transfer heat between the first channel and the second channel,
i.e. between the first and the second fluids, and thus increase the area available for heat

transfer in the heat exchanger.

It should be noted that the first and the second fluid may be referred to as a first and
second heat transfer fluid, respectively. Typically, one of the first and second fluids
transfers heat to the other one of the first and second fluids. Hence, the first and the
second fluids transfer heat, and may be a liquid such as e.g. oil or water, or may be a gas,
such as e.g. air. According to one embodiment, the second fluid in the second channel is

used for cooling the first fluid in the first channel.

According to one embodiment, the plurality of first support structures are configured to
reduce the pressure drop of the first fluid in the first channel. According to one
embodiment, the plurality of second support structures are configured to reduce the
pressure drop of the second fluid in the second channel. The support structures may thus
be sized and shaped in a fluid dynamically beneficial way, e.g. by that the respective
support structure has a main extension in the same direction of the fluid flow, or at least
within 45° of the direction of the fluid flow or main direction of the respective channel.
Additionally or alternatively, the respective support structure may have a curved or
rounded outer surface which guides and directs the fluid around the support structure in

fluid flow desirable way.

It should be understood that the first chénnel is adjacent the second chanhel. However,
the first and the second channel need not to be straight channels, but may have any
suitable shape desirable for use in a heat exchanger. In other words, the first channel and
the second channel shares the second channel wall portion as a common channel wall
portion, and heat may be transferred through the second channel portion in order to
exchange heat between the first and second channels. In more detail, the second channel
wall portion comprises a first side, or a first channel wall side, facing said first channel,
and comprises a second side, or a second channel wall side, facing said second channel.

The first and the second sides may, but do not need to, be parallel to each other.
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convective heat transfer. Heat may additionally be transferred through the support
structures, e.g. by the procedure of convective heat transfer of the first fluid to the first
support structures, by subsequent conductive heat transfer through the first support
structures to the second wall portion, and subsequently convective heat transfer to the
second fluid from the second wall portion and/or further conductive heat transfer to the
second support structures and subsequent convective heat transfer to the second fluid
from the second support structures. According to one embodiment, the second channel
may provide cooling using a coolant media as the second fluid, adapted to cool the first

fluid in the first channel.

It should be noted that the heat exchanger according to the invention is not limited to two
channels (the first and second channels), but may comprises a plurality of channels and
associated support structures, corresponding to the first and second channels and

associated first and second support structures.

It should further be noted that the terms “plurality of first support structures™ and simply
“first support structures” are used interchangeably throughout the application text.
Correspondingly, the terms “plurality of second support structures” and simply “second
support structures” are used interchangeably throughout the application text. Moreover,
the plurality of first support structures and the plurality of second support structures may

simply be referred to as “the support structures”.

According to one embodiment, the first and the second channels are arranged in a
counter current flow arrangement. That is, the first fluid and the second fluid in the first
and second channels, respectively, flow in opposite directions. Hereby, heat may be
transferred in a desirable way. According to one alternative embodiment, the first and the
second channels are arranged in a co-current flow arrangement. That is, the first fluid and

the second fluid in the first and second channels, respectively, flow in the same direction.
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Hereby, the heat transfer in the heat exchanger may be adapted accordingly. According to
another alternative embodiment, in some portions of the heat exchanger, the first and the
second channels are arranged in a counter current flow arrangement, and in other
portions of the heat exchanger, the first and the second channels are arranged in a co-
current flow arrangement. Moreover,- and according to one embodiment, the heat
exchanger may be a plate heat exchanger in which the respective channel is formed
between two adjacent plates, or the heat exchanger may be a tubular heat exchanger in
which the respective channel is formed in a tube, or a shell and tube heat exchanger in
which e.g. the first channel is comprised in a tube (or a plurality of first channels are
comprised in a plurality of tubes), and the second channel is referred to as the fluid flow
path defined by the outer surface of the tube(s) and the shell of the heat exchanger such

that the second fluid in the second channel flows over the outer surface of the tube(s).

it should be noted that the support structures are arranged in the respective first and
second channel such that a fluid may circumvent the support structures. That is, the
support structures extends over the entire channel height of the respective first and
second channels (the first channel height of the first channel being the distance, such as
the shortest distance, from the first channel wall portion to the first side of the second
channel wall portion, and the second channel height of the second channel being the
distance, such as the shortest distance, from the second side of the second channel wall
portion to the third channel wall portion), but not over the entire width of the respective
first and second channels. According to one embodiment, the first support structures
extend in a fluid flow direction and perpendicularly from said first channel wall portion,
inwardly into said first channel towards said second channel wall portion, and extends to
said second channel wall portion in order to support the same and/or the second support
structures extend in a fluid flow direction and perpendiéularly from said second channel
wall portion, inwardly into said second channel towards said third channel wall portion,

and extends to said third channel wall portion in order to support the same.

According to one embodiment, at least the first channel wall portion, the second channel

wall portion, the third channel wall portion, the plurality of first support structures and the

plurality of second support structures are produced by additive manufacturing.

Hence, complex forms for e.g. the channels and the support structures may relatively

easy be embodied. Moreover, computer based drawings (e.g. CAD drawings) may be
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used to instruct the additive manufacturing equipment directly, which may result in
reduced manufacturing errors and better tolerances. Moreover, as the drawings easily can
be change, corrected and/or improved, validation and verification of the design of the heat

exchanger and its components are facilitated.

According to one embodiment, the additive manufacturing method is chosen from one of
the following techniques: metal sintering or metal melting, such as e.g. selective laser
sintering, direct metal laser sintering, selective laser melting. The material used during the
additive manufacturing method is preferably a metal, e.g. aluminium, titanium, stainless
steel, or steel. An example of titanium is titanium TABV, and an exémple of stainless steel
is 17-4PH.

According to one embodiment, the heat exchanger is manufactured as a single unit. Here,
additive manufacturing is preferably used. According to one embodiment, at least the first
channel wall portion, the second channel wall portion, the third channel wall portion, the
plurality of first support structures and the plurality of second support structures are
produced as a single unit. According to one embodiment, at least the heat exchanger
body is produced as a single unit. It should be understood that a plurality of independent
single heat exchanging units may be manufactured and subsequently attached to each

other to form a larger heat exchanger.

According to one embodiment, at least one support structure in said plurality of first and
second support structures has a length extending along a longitudinal support structure

axis, and has a width extending along a transversal support structure axis being

perpendicular to said longitudinal support structure axis, wherein the width of said at least

one support structure is smaller compared to the length of said at least one support

structure.

Such shape of the at least one support structure affects the fluid flow in a desirable way
compared to a support structure having a length which is larger compared to the width of
the same, e.g. by inducing a lower pressure drop in the respective channel. The at least

one support structure is sometimes simply referred to as “the support structure” for

" increased readability. Thus, the structure has a main extension along its longitudinal

support structure axis, and a transversal extension along its transversal support structure

axis. The transversal support structure axis is preferably extending through the support
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the main extension of the channel in which it is arranged, and the transversal support

structure axis may coincide with the width of the channel in which it is arranged.

According to one embodiment, said at least one support structure has a curved or
rounded outer surface which guides and directs the fluid around the support structure in

fluid flow desirable way, e.g. by inducing a lower pressure drop in the respective channel.

According to one embodiment, said at least one support structure is substantially

symmetrically shaped along at least said longitudinal support structure axis.

Hereby, the support structure may affect the fluid flow in the first and/or second channels
in a desirable way, e.g. by inducing a lower pressure drop in the respective channel.
Moreover, for a symmetrical shape of the support structure the fluid flow behaviour around
the support structure is more easily predicted. Hence, the fluid flow in the heat exchanger,

and the corresponding heat transfer and pressure drop, may be more easily predicted.

According to one embodiment, the length of said at least one support structure is between

3 to 7 times the width of said at least one support structure.

Such' length is preferable from a fluid flow perspective, e.g. by inducing a lower pressure
drop in the respective channel. According to one embodiment, the length of said at least
one support structure is between 4 to 6, or between 4.5 to 5.5 times the width of said at

least one support structure.

According to one embodiment, said longitudinal support structure axis intersects with said
transversal support structure axis to define an axis intersection point, wherein the length
of said at least one support structure can be divided into a first length extending along the
longitudinal support structure axis from said axis intersection point to a first longitudinal
end of said at least one support structure, and divided into a sebond length extending
along the longitudinal support structure axis from said axis intersection point to a second
longitudinal end of said at least one support structure, wherein the first Iength is equal to,

or smaller than the second length.
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That is, for embodiments in which the first length is equal to the second length, the
support structure may be symmetrically shaped along said transversal support structure

axis. For embodiments in which the first length is smaller than the second length, the

~ support structure is asymmetrically shaped along said transversal support structure axis.

By having the first length smaller than the second length, or stated differently, the second

length larger than the first length, the shape of the support structure is preferable from a

fluid flow perspective.

Stated differently, the length of the support structure extends along the longitudinal
support structure axis (i.e. in the longitudinal direction of the support structure), and the
support structure may be geometrically divided into at least two portions, i.e. a first portion
extending from said axis intersection point to said first longitudinal end of said at least one
support structure, and a second portion extending from said axis intersection point to said
second longitudinal end of said at least one support structure. Thus, the length of the first
portion is equal to, or smaller than the length of second portion, i.e. the first portion is

equal to, or shorter compared to said second portion.

It should be noted that the first and second length together forms the length, or the total

length, of said at least one support structure.

According to one embodiment, said first length is between 1 to 4 times the width of said at
least one support structure, and/or said second length is between 2 to 5 times the width of

said at least one support structure.

According to one embodiment, said first length is between 1 to 2 times the width of said at
least one support structure, and/or said second length is between 3 to 4 times the width of

said at least one support structure.

Such relationship between the first length and the width, and the second length and the
width, are preferable from a fluid flow perspective, e.g. by inducing a lower pressure drop
in the respective channel. According to one embodiment, the second length is twice, or

approximately twice the first iength.

According to one embodiment, the height of said at least one support structure is between

5 mm and 35 mm, such as e.g. between 10 mm and 30 mm. According to one
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embodiment, the width of said at least one support structure is between 0.5 mm and 15
mm, such as e.g. between 1 mm and 10 mm, e.g. between 3 mm and 7 mm. The space
between two adjacent support structures (for example in the direction along the
transversal support structure axis, TSA) may e.g. be between 2 mm and 25 mm, e.g.

between 3 mm and 20 mm, e.g. between 5§ mm abnd 15 mm.

According to one embodiment, the height of the first channel and/or the second channel is
between 5 mm and 35 mm, such as e.g. between 10 mm and 30 mm. According to one
embodiment, the height of the first channel is the same as the height of the first support
structures in said plurality of first support structures, an/or the height of the second
channel is the same as the height of the second support structures in said plurality of
second support structures. According to one embodiment, the‘ width of the first channel
and/or the width of the second channel is between 20 mm and 120 mm, such as e.g.
between 25 mm and 100 mm, e.g. between 40 mm and 70 mm. According to one
embodiment, the length of the first channel and/or the length of the second channel is
between 500 mm and 2500 mm, such as e.g. between 600 mm and 2000 mm, e.g.

between 1000 mm and 1500 mm.

According to one embodiment, said at least one support structures has a cross section

which is lens-shaped or is elliptically shaped.

Such length is preferable from a fluid flow perspective. According to one embodiment, the

at least one support structures has a cross section which is shaped as a droplet.

It should be noted that at ieast one of, or some of, or all of, the first support structures in
said plurality of first support structures may be the same, or very similar to said at least
one support structure. Correspondingly, at least one of, or some of, or all of, the second
support structures in said plurality of second support structures may be the same, or very
similar to said at least one support structure. According to one embodiment, each one of
the first support structures in said plurality of first support structures is sized and
dimensioned as said at least one support structure, and/or each one of the second
support structures in said plurality of second support structures is sized and dimensioned

as said at least one support structure.



WO 2019/073277 PCT/IB2017/001434

10

15

20

25

30

11

According to one embodiment, said first channel is arranged such that said first fluid path

‘has main first fluid flow direction, and said second channel is arranged such that said

second fluid path has a main second fluid flow direction, and wherein said at least one
support structure is arranged inside the first channel or the second channel such that the
longitudinal support structure axis coincides with said main first fluid flow direction or said

main second fluid flow direction, respectively.

Hence, the fluid flow in the respective channel flows along the respective first and second

support structures, which is preferred from a desirable fluid flow perspective.

According to one embodiment, said at least one support structure is arranged inside the
first channel or the second channel such that the longitudinal support structure axis is
angled compared to said main first fluid flow direction or said main second fluid flow
direction, respectively. Such angle may e.g. be between 1° and 90°, e.g. between 1° and

45°, such as between 1° and 20°, or between 1° and 10°, e.g. between 1° and 5°.

According to one embodiment, the first support structures in said plurality of first support
structures is sized and dimensioned differently compared to the second support structures

in said plurality of second support structures.

Hereby, the support structures may be adapted to the fluid flow in the first and second
channels, respectively, and/or be adapted to any different fluid properties between the first
and second fluid. That is, it may be advantageous to size and dimension the first support
structure‘s differently to the second support structures. For example, the first support
structures may be sized and dimensioned in order to reduce the pressure drop in the first
channel, while the second support structures may be sized and dimensioned .in order to
increase the turbulence of the second fluid in the second channel. Thus, the first support
structures may e.g. be made thinner, i.e. with é smaller width, compared to the second

support structures.

According to one embodiment, said first channel and said second channel are helically

shaped around a center axis of the heat exchanger.
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In other words, the heat exchanger may be a helically shaped heat exchanger having a
center axis. Such shape of the heat exchanger is advantageous from a heat transfer

perspective.

According to one embodiment, said plurality of first support structures are arranged in a
spiral pattern configured to direct the first fluid in the first channel towards the center axis
and/or wherein said plurality of second support structures are arranged in a spiral pattern

configured to direct the second fluid in the second channel towards the center axis.

Hereby, the centrifugal forces of the first fluid and/or second fluid, which forces the fluid
towards the periphery of the helically shaped first and second channel, respectively, are
counteracted. According to one embodiment, the plurality of first support structures and/or
the plurality of second support structures are arranged inside the first channel and the
second channel respectively, in a helix formation. According to one embodiment, the
spiral pattern, or helix formation, of the first support structures is such that there is a
higher density of first support structures closer to the central axis of the helically shaped
heat exchanger. According to one embodiment, the spiral pattern, or helix formation, of
the second support structures is such that there is a higher density of second support

structures closer to the central axis of the helically shaped heat exchanger.

According to one embodiment, the heat exchénger comprises a plurality of columns, e.g.
at least four columns, of which each column is comprised of a heat exchanging unit such
as the previously described helically shaped heat exchanger having a respeétive center
axis. For example, in the four column case, the heat exchanger units may be arranged in
a 2x2 matrix, having a center tube in which one of the first and second fluids may be
guided. At one longitudinal end of the 2x2 matrix a distribution. device distributing the first
or the second fluid to each one of the four columns may be arranged. Such configuration

may be beneficial from pressure drop and heat transfer perspective.

According to a second aspect of the invention, the object of the invention is achieved by
an additive manufacturing method for manufacturing a heat exchanger according to claim
14.

According to the second aspect of the invention, the additive manufacturing method for

manufacturing a heat exchanger comprises the steps of:
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forming a first channel wall portion;

forming a plurality of first support structures extending from said first channel wall portion;
forming a second channel wall portion distant from said first channel wall portion, and
supported by said plurality of first support structures, such that a first channel defining a
first fluid path for a first fluid is defined by said first and second channel wall portion;
forming a plurality of second support structures extending from said second channel wall
portion;

forming a third channel wall portion distant from said second channel wall portion, and
supported by said plurality of second support structures, such that a second channel
defining a second fluid path for a second fluid is defined by said second and third channel

wall portion.

Effects and features of this second aspect of the present invention are largely analogous
to those described above in connection with the first aspect of the invention.
Embodiments mentioned in relation to the first aspect of the present invention are largely
compatible with- the second aspect of the invention, of which some embodiments are
explicitly disclosed below. Thus, according to at least some émbodiments, at least one
support structure of said plurality of first and second support structures is formed as said
at least one support structure described above with reference to the first aspect of the
invention. That is, for example, an additive manufacturing method wherein at least one
support structure of said first and second support structures is formed having a length
extending along a respective longitudinal support structure axis, and is formed having a
width extending along a respective transversal support structure axis being perpendicular
to said longitudinal support structure axis, such that the width of said at least one support
structure is smaller compared to the length of said at least one support structure, e.g.
wherein said at least one supbort structure is formed to have a length of between 3 to 7

times the width of said at least one support structure.

According to one embodiment the additive manufacturing method comprises the step of
forming said at least one support structure such that said longitudinal support structure
axis intersects with said transversal support structure axié to define an axis intersection
point, and wherein said at least one support structure is formed such that the length of
said at least one support structure can be divided into a first length extending along the
longitudinal support structure axis from said axis intersection point to a first longitudinal

end of said at least one support structure, and divided into a second length extending
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along the longitudinal support structure axis from said axis intersection point to a second
longitudinal end of said at least one support structure, wherein the first length is equal to,
or smaller than the second length, e.g. such that said at least one support structure is
formed such that the first length is between 1 to 2 times the length of said at least one
support structure, and/or wherein said second length is between 3 to 4 times the length of
said at [east one support structure. For example, the step may comprise to form said at
least one support structures such that it has a cross section which is lens-shaped or is
elliptically shaped and/or to form said at least one support structures such that it has a

round or curved outer surface.

It should be noted that in the step of forming a plurality of second support structures

extending from said second channel wall portion, the second support structures are
formed to extend from the second side of the second wall portion. Correspondingly, the

first support structures connect to the first side of the second channel wall portion.

For example, said at least one support structure is formed in said first channel or second
channel, such that the longitudinal support structure axis coincides with the main
extension of the first channel or second channel, respectively. Effects of this embodiment
is largely analogous to those described above in connection with the first aspect of the
invention. According to one embodiment, said at least one support structure is formed in
said first channel or second channel, such that the longitudinal support structure axis is
angled with the main extension of the first channel or second channel, respectively. Such
angle may be formed to be e.g. be between 1° and 90°, e.g. between 1° and 45°, such as
between 1° and 20°, or between 1° and 10° e.g. between 1° and 5°. Effects of this
embodiment is largely analogous to those described above in connection with the first

aspect of the invention.

For example, according to one embodiment, the method comprises the step of forming
the second support structures in said plurality of second support structures differently
compared to the first support structures in said plurality of first support structures. Effects
of this embodiment is largely analogous to those described above in connection with the

first aspect of the invention.

For example, and according to one embodiment, the method comprises the step of

manufacturing the heat exchanger as a single unit. For example, the heat exchanger body
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may be formed as a one-piece heat exchanger body. Effects of this embodiment is largely

analogous to those described above in connection with the first aspect of the invention.

According to one embodiment, the said first channel and said second channel are
helically formed around a center axis of the heat exchanger. Effects of this embodiment is
largely analogous to those described above in connection with the first aspect of the

invention.

According to one embaodiment, the method comprises the step of forming said plurality of
first support structures in a spiral pattern to direct the first fluid in the first channel towards
the center axis and/or forming said plurality of second support structures in a spiral
pattern to direct the second fluid in the second channel towards the center axis. Effects of
this embodiment is largely analogous to those described above in connection with the first

aspect of the invention.

Further ad\/antages and advantageous features of the invention are disclosed in the

following description and in the dependent claims.

BRIEF DESCRIPTION OF THE DRAWINGS »
The above, as well as additional objects, features and advantages of the present
invention, will be better understood through the following illustrative and non-limiting

detailed description of exemplary embodiments of the present invention, wherein:

Fig. 1 is a side view of a vehicle comprising a heat exchanger according to an example

embodiment of the present invention;

Fig. 2 is a schematic side view of a heat exchanger according to an example embodiment

of the present invention;

Fig. 3A is a top view of a first channel in the heat exchanger of Fig. 2, according to an

example embodiment of the present invention;

Fig. 3B is a top view of a second channel in the heat exchanger of Fig. 2, according to an

example embodiment of the present invention;
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Fig. 4 shows a cross section of a support structure comprised in a heat exchanger

according to an example embodiment of the invention;

Fig. 5A is a perspective view of a heat exchanger according to an examplé embodiment of

the present invention;

Fig. 5B shows a top view of a first channel in the heat exchanger of Fig. 5A and its
associated first support structures, and a top view of a second channel in the heat
exchanger of Fig. 5A and its associated second support structures, according to example

embodiments of the present invention;

Fig. 6 is a flow chart describing the steps of an additive manufacturing method for

manufacturing a heat exchanger according to an example embodiment of the invention.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE INVENTION

The present invention will now be described more fully hereinafter with reference to the
accompanying drawings, in which an exemplary embodiment of the invention is shown.
The invention may, however, be embodied in many different forms and should not be
construed as limited to the embodiment set forth herein; rather, the embodiment is
provided for thoroughness and completeness. Like reference character refer to like

elements throughout the description.

With particular reference to Fig. 1, there is provided a vehicle 800 comprising a heat
exchanger 1 according to one example of the present invention, and a combustion engine
100, such as e.g. an internal combustion engine 100. The vehicle 800 depicted in Fig. 1 is
é truck 800 for which the inventive concept may be used with. However, the inventive
concept may as well be used in another vehicle, such as e.g. a working machine such as
e.g. a wheel loader or an excavator, or in another application such as e.g. in the

processing industry or heat distribution industry.

A general concept‘of the heat exchanger 1 of the invention will now be described with
reference to Fig. 2 showing a schematic side view of the heat exchanger 1, together with
Figs. 3A and 3B, showing schematic top views of a first and second channels in the heat

exchanger 1, respectively.
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In the non-limiting example of Fig. 2, the heat exchanger 1 comprises a heat exchanger
body 3 and a first channel 5 and a second channel 7. The heat exchanger body 3
comprises at least a first channel wall portion 10 and a second channel wall portion 20.
The first channel wal! portion 10 is distant from the second channel wall portion 20 and at
least partly defines the first channel 5. The first channel 5 comprises a first channel inlet
BA for receiving a first fluid, and a first channel outlet 6B for discharging the first fluid out
of the first channel 5. The first channel 5 typically has a main extension in the longitudinal
direction of the channel, which in Fig. 2 is from the first channel inlet 6A towards the first
channel outlet 6B, and the first channel 5 having a first channel height which extends from

the first channel wall portion 10 to the second channel wall portion 20.

" The heat exchanger body 3 furiher comprises a third channel wall portion 30 which is

distant from the second channel wall portion 20, and arranged on an opposite side of the
second channel walil portion 20 as compared to the first channel wall portion 10. The
second channel wall portion 20 and the third channel wall portion 30 at least partly define
the second channel 7. Correspondingly to the first channel 5, the second channel 7
comprises a second channel inlet 8A for receiving a second fluid, and a second channel
outlet 8B for discharging the second fluid out of the second channel 7. The second
channel 7 typically has a main extension in the longitudinal direction of the channel, which
in Fig. 2 is from the second channel inlet 8A towards the second channel outlet 8B, and
the second channel 7 having a second channel height which extends from the second

channel wall portion 20 to the third channel wall portion 30.

The second channel wall portion 20 comprises at least a first side 21 facing the first
channel 5, and at least a second side 22 facing the second channel 7. In other words, the
second channel wall portion 20 is shared by the first and second channels 5, 7 and heat
may be transferred through the second channel wall portion 20 in order to exchange heat
between first and second fluids in the first and second channels 5, 7, respectively. The
first side 21 and the second side 22 of the second channel wall portion 20 are arranged to
face in different directions compared to each other, for example an angle between a
surface normal of the first side 21 and a surface normal of the second side 22 may be
between 90° to 270°, or between 130° and 230°, or e.g. approximately 180°. In the latter

case, the first side 21 is directly opposite to the second side 22.
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Moreover, the heat exchanger 1 comprises a plurality of first support structures 50, of

~ which, for illustrative purposes, only three are shown in Fig. 2, and only six are shown in

Fig. 3A. Each of the first support structures 50 extends from the first channel wall portion
10, through the first channel 5, and up to, and connecting to, the second channel wall
portion 20, or rather the first side 21 of the second channel wall portion 20. In other words,
the first support structures 50 are arranged in the first channel 5 and supports the second
channel wall portion 20. As is more clearly shown in Fig. 3A, which schematically
illustrates the first channel 5 from above, the first support structures 50 do not extend over
the entire width of the first channel 5, but are spaced apart from each other in order to

enable the first fluid to flow passed the first support structures 50.

Correspondingly, the heat exchanger 1 comprises a plurality of second support structures
70, of which, for illustrative purposes, only three are shown in Fig. 2, and only six are
shown in Fig. 3B. Each of the second support structures 70 extends from the second
channel wall portion 20, or rather the second side 22 of the second channel wall portion
20, through the second channel 7, and up to, and connecting to, the third channel wall
portion 30. In other words, the second support structures 70 are arranged inside the
second channel 7 and support the third channel wall portion 30. As is more clearly shown
in Fig. 3B, which schematically illustrates the second channel 7 from above, the second
support structures 70 do not extend over the entire width of the second channel 7, but are
spaced apart from each other in order to enable the second fluid to flow passed the

second support structures 70.

"It should be noted that the first and second support structures 50, 70 primarily supports

the second and third channel wall portions 20, 30, respectively, during manufacturing of
the heat exchanger 1, which will be further described below with reference to Fig. 6, but
which is briefly discussed here as well. The plurality of first support structures 50 are
configured to support the second wall portion 20 in the first channel 5 during
manufacturing of the heat exchanger 1. That is, when manufacturing the heat exchanger
1, the second channel wall portion 20 is supported by the plurality of first support
structures 50, and may thus more easily be desirably manufactured. Correspondingly, the
plurality of second support structures 70 are configured to support the third wall portion 30
in the second channel 7 during manufacturing of the heat exchanger 1. That is, when
manufacturing the heat exchanger 1, the third channel wall portion 30 is supported by the

plurality of second support structures 70, and may thus more easily be desirably
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manufactured. Of course, more channels and more associated channel wall portions and
support structures may be provided to increase the size of the heat exchanger 1. As will
be further described below with reference to e.g. Figs. 3A, 3B and Fig. 4, the first and
second support structures 50, 70 are configured to affect the fluid flow in the first and
second channel 5, 7, respectively, such that the heat transfer between the first fluid and
the second fluid of the heat exchanger 1 is increased and/or in that the pressure drop in
the respective first and second channels 5, 7 is reduced. Hence, the first and second
support structures 50, 70 which are used for supporting the second and third channel wall
portions 20, 30, respectively, are formed and designed in a fluid flow desirable way.
Further, the support structures 50, 70 may transfer heat between the first channel 5 and
the second channel 7, i.e. between the first and second fluids, and thus increase the area

available for heat transfer in the heat exchanger 1.

The first channel 5, and the corresponding first and second wall portions 10, 20 as well as
the plurality of first support structures 50, define a first fluid path, indicated with dashed

arrow 5A, for the first fluid. Correspondingly, the second channel 7, and the corresponding

~second and third wall portions 20, 30 as well as the plurality of second support structures

70, define a second fluid path, indicated with dashed arrow 7A, for the second fluid. As
shown in Fig. 2, the first and second channels 5, 7 of the heat exchanger 1 are arranged
in a counter-flow arrangement, that is the main first fluid flow direction of the first fluid in
the first channel 5, i.e. the main direction of the first fiuid path 5A, is opposite, or counter,
to the main second fluid flow direction of the second fluid in the second channel 7, i.e. the
main direction for the second fluid path 7A. Hereby, heat can be exchanged in an efficient
manner, by being transferred from e.g. the first fluid in the first channel 5 to the first side
21 of the second channel wall portion 20, through the second channel wall portion 20, and
further to the second fluid in the second channel 7 via the second side 22 of the second

channel wall portion 20.

In Fig. 3A and 3B example embodiments of the invention in which the plurality of first
support structures 50 are arranged inside the first channel 5 such that the respective
longitudinal support structure axis of the first support structures 50, coincides with the
main fluid flow direction of the first fluid (i.e. the main first fluid flow direction indicated by
dashed arrow 5A), and in which the plurality of second support structures 70 are arranged
inside the second channel 7 such that a respective longitudinal support structure axis of

the second‘ support structures 70, coincides with the main fiuid flow direction of the
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second fluid (i.e. the main second fluid flow direction indicated by dashed arrow 7A), are
shown. Hence, the main fiuid flow direction of the respective first and second fluid will
coincide with the main extension of the respective support structure in the plurality of first

and second support structures 50, 70, in the fluid flow may be affected in a desirable way.

In Fig. 3A, three first support structures 50 form a first row 51, and three other first support
structures 50 form a second row 52 arranged downstream of the first row 51 in the first
channel 5. As shown in Fig. 3A the first énd the second rows 51, 52 in the first channel 5
are not in line, but staggered, or parallel adjusted, to each other. Hereby, the first fluid in
the first channel 5 is better mixed and/or a more preferred turbulence generation of the
first fluid is achieved, as the first fluid path 5A is forced to zig-zag between the first
support structures 50, and thus more often encounter the iongitudinal end of the
respective first support structures 50, compared to if the first and second rows 51, 52

were in line with each other.

Correspondingly, In Fig. 3B, three second support structures 70 form a first row 71, and
three other second support structures 70 form a second row 72 arranged downstream of
the first row 71 in the second channel 7. Similar to Fig. 3A, as shown in Fig. 3B the first
and the second rows 71, 72 in the second channel 7 are not in line, but staggered, or
parallel adjusted, to each other. Hereby, the first fluid in the second channel 7 is better
mixed and/or a more preferred turbulence generation of the second fluid is achieved, as
the second fluid path 7A is forced to zig-zag between the second support structures 70,
and thus more often encounter the longitudinal end of the respective second support

structures 70, compared to if the first and second rows 71, 72 were in line with each other.

As also shown in Fig. 3A and 3B, the first support structures 50 in the first channel 5 are
sized and dimensioned differently comp'ared to the second support structures 70 of the
second channel 7. Hereby, the support structures 50, 70 may be adapted to the fluid flow
in the first and second channels 5, 7, and/or be adapted to any different fluid properties
between the first and second fluid. For example, the first support vstructures 50 may be
sized and dimensioned in order to reduce the pressure drop in the first channel 5, while
the second support structures 70 may be sized and dimensioned in order to increase the
turbulence of the second fluid in the second channel 7. Thus, the first support structures
50 may e.g. be made thinner, i.e. with a smaller width Dh, compared to the second

support structures 70.
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Turning to Fig. 4, showing a cross sectional view of one support structure 90 of the
plurality of first support structure 50 and/or of the plurality of second support structures 70.
The support structure 90 has a length A extending along a longitudinal support structure
axis LSA of the support structure 90, and has a width Dh (which may be referred to as a
hydraulic diameter Dh) extending along a transversal support structure axis TSA of the
support structure 90. The transversal support structure axis TSA is perpendicular to the
longitudinal support structure axis LSA. As shown in Fig. 4, the width Dh of the support
structure 90 is smaller compared to the length A of the support structure 90. According to
one embodiment the length A of the support structure 90 is between 3 to 7 times the width
Dh of the support structure 90. In other words, the support structure 90 has a main
extension in the longitudinal direction. Hereby, the fluid flow 'may be desirably affected.
Furthermore, the support structure 90 may symmetricélly shaped, or substantially

symmetrically shaped, along the longitudinal support structure axis LSA.

Moreover, the support structure 90 comprises an axis intersection point AIP defined by
the intersection of the Iongitudin‘al support structure axis LSA and the transversal support
structure axis TSA. As seen in Fig. 4, the length A of the support structure 90 can be
divided into a first length B extending along the longitudinal support structure axis LSA
from the axis intersection point AIP to a first longitudinal end 92 of the support structure
90, and divided into a second length C extending along the longitudinal support structure
axis LSA from the axis intersection point AIP to a second longitudinal end 94 of the
support structure 90. The first length B may be equal, or substantially equal, to the second
length C, as shown in e.g. Fig. 3A and 3B. However, as shown in Fig. 4, the first length B
may preferably be smaller than the second length C.

According to one embodiment, the first length B is between 1 to 2 times the width Dh of
the support structure 90. According to one embodiment, the second length C is between 3

to 4 times the width the support structure 90.

As shown in Fig. 4, the support structure 90 is lens-shaped or is elliptically shaped, i.e. the
support structure 90 has a cross section which is lens-shaped or which is elliptically
shaped. Hence, a first outer boundary portion 96 from the first longitudinal end 92 to the
second longitudinal end 94 is curved in a predetermined way, and a second outer

boundary portion 98 from the first longitudinal end 92 to the second longitudinal end 94 is
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curved in a predetermined way. It should be noted that the support structure 90 may
comprise the predetermined curved first and second outer boundary portions 96, 98
without being lens-shaped or elliptically shaped. As the support structure 90 in Fig. 4 is
symmetrical along its longitudinal support structure axis LSA, the first and second
boundary portions 96, 98 are equally curved. Thus, the support structure 90 has a

maximum width coinciding with the transversal support structure axis TSA.

It should be noted that each one of the first support structures 50 in the plurality of first
support structures 50 may be sized and dimensioned as the support structure 90 of Fig. 4.
Additionally or alternatively, each one of the second support structures 70 in the plurality
of second support structures 70 may be sized and dimensioned as the support structure
90 of Fig. 4. '

Fig. 5A shows a heat exchanger 1’ according to one example embodiment of the
invention. The features of the heat exchanger 1’, such as the first, second and third
channel wall portions 10, 20, 30 as well as the plurality of first and second support
structures 50, 70, are the same, or very similar, to the schematic examples shown in Fig.
2 and Figs. 3A and 3B, why the same reference numerals are used for corresponding
features in Fig. 5A. However, as is shown in Fig. 5A, the heat exchanger 1’ is helically
shaped. Thus, the first channel 5 and the second channel 7 are helically shaped around a
center axis CA of the heat exchanger 1’. The helical shape provides a beneficial heat
transfer between the first fluid in the first channel 5, and the second fluid in the second
channel 7. As can be seen in Fig. 5A, the first and second channels 5, 7 spiral around the
center axis CA, and thus, a portion of the second channel 7 is, along the center axis CA,
arranged between two portions of the first channel 5 (in other words, in Fig. 5A, the third
channel wall portion 30 will act as support for the first support structures 50 in the portion

of the first channel 5 arranged above the portion of the second channel 7).

Fig. 5B, showing a top view of a portion of the first channel 5 in the lower half of Fig. 5B,
or more specifically half a revelation of the helically shaped first channel 5, and a top view.
of a portion of the second channel 7 in the upper half of Fig. 5B, or mbre specifically half a
revelation of the helically shaped second channel 7. As shown in Fig. 5B, the plurality of
first support structures 50 are arranged in a spiral pattern in the first channel 5. The spiral
pattern of the first support structures 50 provide a higher density of first support structures

50 closer to the central axis CA. By the pattern, the plurality of first support structures 50
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direct the first fluid in the first channel 5 towards the center axis CA of the heat exchanger
1', thus counteracting the centrifugal forces pressing the first fluid to an outer boundary
portion of the helically shaped first channel 5. Moreover, as can be seen for at least some
of the first support structures 50, the respective longitudinal support structure axis LSA
needs not to coincide with the main fluid flow direction of the first fluid, as some of the first
support structures 50 may be directed with its longitudinal support structure axis LSA
closer to the central axis CA, as compared to the main fluid flow direction of the first fluid.
Correspondingly, as also shown in Fig. 5B, the plurality of second support structures 70
are arranged in a spiral pattern in the second channel 7. The spiral pattern of the second
support structures 70 provide a higher density of second support structures 70 closer to
the central axis CA. By the pattern, the plurality of second support structures 70 direct the
second fluid in the second channel 7 towards the center axis CA of the heat exchanger 1’
thus counteracting the centrifugal forces pressing the second fluid to an outer 'boundary
pdrtion of the helically shaped second channel 5. Similar to some of the first support
structures 50, at least some of the second support structures 70, may be directed with its
longitudinal support structure axis LSA closer to the central axis CA, as compared to the
main fluid flow direction of the second fluid, i.e. the respective longitudinal support
structure axis LSA needs not to coincide with the main fluid flow direction of the second
fluid.

The present invention also relates to an additive manufacturing method for manufacturing
a heat exchanger, such as the heat exchanger 1 of Fig. 2, and the heat exchanger 1’ of
Fig. 5A, as well as the example support structure 90 of Fig. 4. Thus, the present invention
will hereafter be described with reference to the above described heat exchangers 1, 1', in
a non-limiting way, with reference to the flow-chart in Fig. 6 (hence, the reference
numerals of Fig. 2, Fig. 4 and Fig. 5A are used below when describing the steps of the
method in the flow-chart of Fig. 6).

In a first step s1 a first channel wall portion 10 is formed by additive manufacturing.

In a second step s2, a plurality of first support structures 50 extending from the first

channel wall portion 10 is formed by additive manufacturing.

In a third step s3, a second channel wall portion 20 is formed by additive manufacturing

distant from the first channel wall portion 10. The formation of the second channel wall
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portion 20 is facilitated and is supported by the plurality of first support structures 50
extending from the first channel wall portion 10. In the third step, a first channel 5 is
formed in the space between the first channel wall portion 10, the first support structures

50 and the second channel wall portion 20, thus defining a first fluid path for a first fluid.

In a fourth step s4, a plurality of second support structures 70 extending from the second
channel wall portion 20 is formed by additive manufacturing. The formation of the second
support structures 70 is carried out from a different side of the second channel wall
portion 20 as compared to a side of the second channel wall portion 20 to which the first
support structures 50 are connected. In other words, the first support structures 50
connects, and extends, to the first side 21 of the second channel wall portion 20, while the
second support structures 70 connects to, and extends from, the second side 22 of the

second channel wall portion 20.

In a fifth step s5, a third channel wall portion 30 is formed by additive manufacturing
distant from the second channel wall portion 20. The formation of the third channel wall
portion 30 is facilitated and is supported by the plurality of second support structures 70
extending from the second side 22 of the second channel wall portion 20. In the fifth step,
a second channel 7 is formed in the space between the second channel wall portion 20,
the second support structures 70 and the third channel wall portion 30, thus defining a

second fluid path for a second fluid.

Thus, at least the first channel wall portion 10, the second channel wall portion 20, the
third channel wall portion 30, the plurality of first support structures 50 and the plurality of
second support structures 70 may be produced by additive manufacturing, and preferably
manufactured as a single unit. According to one embodiment, the heat exchanger 1, 1’ is

manufactured as a single unit.

it should be understood that the above steps s1-s5 may be carried out in such a way that
a helically formed heat exchanger 1’ is manufactured. Hence, the first channel 5 and the
second channel 7 may be helically formed around the center axis CA of the helically
formed heat exchanger 1'. Moreover, in the second step s2 and/or the fourth step s4, the
plurality of first support structures 50 may be formed in a spiral pattern to direct the first
fluid in the first channel towards the center axis CA of the heat exchanger 1’ and/or the

plurality of second support structures 70 may be formed in a spiral pattern to direct the
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second fluid in the second channel towards the center axis CA of the heat exchanger 1,

as described with reference to Fig. 5B.

It should be noted that in the second step s2 and/or the fourth step s4, any one of, or
some of, or all of, the support structures in the plurality of first support structures 50 and/or
in the plurality of second support structures 70, may be formed by additive manufacturing |

to correspond to the support structure 90 described with reference to Fig. 4.

Moreover, in the second step s2 and/or the fourth step s4, any one of, or some of, or all
of, the support structures in the plurality of first support structures 50 and/or in the plurality
of second support structures 70, may be formed such that the respective longitudinal
support structure axis LSA coincides with the main extension of the first channel 5 or

second channel 7, respectively.

According to one embodiment, the second step s2 and the fourth step s4, are adapted
such that the first support structures 50 in the plurality of first support structures 50 are
sized and dimensioned differently to the second support structures 70 in the plurality of

second support structures 70.

It should further be noted that the vehicle 800 if Fig. 1 may comprise the heat exchanger 1
of Fig. 2, or the heat exchanger 1’ of Fig. 5A, and may be manufactured by the method

described in the flow-chart with reference to Fig. 6.

It is to be understood that the present invention is not limited to the embodiments
described above and illustrated in the drawings; rather, the skilled person will recognize
that many changes and modifications may be made within the scope of the appended

claims.
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CLAIMS

1. A heat exchanger (1) comprising:

a heat exchanger body (3) comprising at least a first channel wall portion (10), a second
channel wall portion (20), and a third channel wall portion (30),

a first channel (5) defining a first fluid path (5A) for a first fluid, said first channel having a
first channel height extending from said first channel wall portion to said second channel
wall portion;

a second channel (7) defining a second fluid path (7A) for a second fluid, said second
channel having a second channel height extending from said second channel wall portion
to a third channel wall portion such that heat is allowed to be transferred between the first
channel and the second channel via said second channel wall portion;

a plurality of first support structures (50) arranged in said first channel and extending from
said first channel wall portion to said second channel wall portion, and a plurality of
second support structures (70) arranged in said second channel and extending from said
second channel wall portion to said third channel wall portion,

characterized in that said plurality of first support structures are configured to support said
second wall portion in said first channel, and that said plurality of second support
structures are configured to support said third channel wall portion in said second

channel, during manufacturing of the heat exchanger.

2. A heat exchanger according to claim 1, wherein at [east the first channel wall portion,
the second channel wall portion, the third channel wall portion, the plurality of first support
structures and the plurality of second support structures are produced by additive

manufacturing.

3. A heat exchanger according to any one of claims 1-2, wherein at least one support
structure (90) in said plurality of first and second support structures has a length (A)
extending along a longitudinal support structure axis (LSA), and has a width (Dh)
extending along a transversal support structure axis (TSA) being perpendicular to said
longitudinal support structure axis, wherein the width of said at least one support structure

is smaller compared to the length of said at least one support structure.

4 A heat exchanger according to claim 3, wherein said at least one support structure is

substantially symmetrically shaped along at least said longitudinal support structure axis.
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5. A heat exchanger according to any one of claims 3-4, wherein the length of said at
least one support structure is between 3 to 7 times the width of said at least one support

structure.

6. A heat exchanger according to any one of claims 3-5, wherein said longitudinal support
structure axis intersects with said transversal support structure axis to define an axis
intersection point (AIP), and wherein the length of said at least one support structure can
be divided into-a first length (B) extending along the iongitudinal support structure axis
from said axis intersection point to a first longitudinal end (92) of said at least one support
structure, and divided into a second length (C) extending along the longitudinal support
structure axis from said axis intersection point to a second longitudinal end (94) of said at
least one support structure, wherein the first length is equal to, or smaller than the second

length.

7. A heat exchanger according to claim 6, wherein said first length is between 1 to 2 times
the width of said at least one support structure, and/or wherein said second length is

between 3 to 4 times the width of said at least one support structure.

8. A heat exchanger according to any one of the preceding claims, wherein said at least

one support structures has a cross section which is lens-shaped or is elliptically shaped.

9. A heat exchanger according to any one the preceding claims, wherein said first channel
is arranged such that said first fluid path has main first fluid flow direction, and said
second channel is arranged such that said second fluid path has a main second fluid flow
direction, and wherein said at least one support structure is arranged inside the first
channel or the second channel such that the longitudinal support étructure axis coincides
with said main first fluid flow direction or said main second quird flow direction,

respectively.

10. A heat exchanger according to any one of the preceding cléims, wherein the first
support structures in said plurality. of first support structures is sized and dimensioned
differently compared to the second support structures in said plurality of second support

structures.
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11. A heat exchanger according to any one of the preceding claims, wherein the heat

exchanger is manufactured as a single unit.

12. A heat exchanger according to any one of the preceding claims, wherein said first
channel and said second channel are helically shaped around a center axis (CA) of the

heat exchanger.

13. A heat exchanger according to claim 12, wherein said plurality of first support
structures are arranged in a spiral pattern configured to direct the first fluid in the first
channel towards the center axis and/or wherein said plurality of second support structures
are arranged in a spiral pattern configured to direct the second fluid in the second channel

towards the center axis.

14. An additive manufacturing method for manufacturing a heat exchanger, the method
characterized by the steps of:

forming (s1) a first channel wall portion;

forming (s2) a plurality of first support structures extending from said first channel wall
portion;

forming (s3) a second channel wall portion distant from said first channel wall portion, and
supported by said plurality of first support structures, such that a first channel defining a
first fluid path for a first fluid is defined by said first and second channel wall portion;
forming (s4) a plurality of second support structures extending from said second channel
wall portion;

forming (s5) a third channel wall portion distant from said second channel wall portion,
and supported by said plurality of second support structures, such that a second channel
defining a second fluid path for a second fluid is defined by said second and third channel

wall portion.

15. An additive manufacturing method according-to claim 14, wherein at least one support
structure of said plurality of first and second support structures is formed as said at least

one support structure in any one of claims 3-8.

16. An additive manufacturing method according to claim 15, wherein said at least one

support structure is formed in said first channel or second channel, such that the
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longitudinal support structure axis coincides with the main extension of the first channel or

second channel, respectively.

17. An additive manufacturing method according to any one of claims 14-16, comprising
the step of forming the second support structures in said plurality of second support
structures differently compared to the first support structures in said plurality of first

support structures.

18. An additive manufacturing method according to any one of claims 14-17, wherein said

heat exchanger is manufactured as a single unit.

19. An additive manufacturing method according to any one of claims 14-18, wherein
said first channel and said second channel are helically formed around a center axis of

the heat exchanger.

20. An additive manufacturing method according to claim 19, comprising the step of
forming said plurality of first support structures in a spiral pattern to direct the first fluid in
the first channel towards the center axis and/or forming said plurality of second support
structures in a spiral pattern to direct the second fluid in the second channel towards the

center axis.

21. A vehicle comprising a heat exchanger according to any one of claims 1-13, or a heat

 exchanger manufactured according to any one of claims 14-20.
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