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Method of producing a heat exchanger and a heat exchanger.

The invention is related to a method of producing a heat exchanger such as a plate and fin
heat exchanger where one fluid is cooled by another fluid. For example a radiator for a
combustion engine where the coolant (e.g. a mixture of water and glycol) is cooled down

by the surrounding air passing the radiator.

Background of the invention

A known heat exchanger is the radiator in a car, in which the heat source, being a hot
enginc—cooling fluid such as water, transfers heat to air flowing through the radiator. Heat
exchangers of metal have good heat transfer efficiency, a large heat transfer area, and can

withstand high pressures.

A special heat exchanger is a plate and fin heat exchanger, which is particularly suited for
systems operating with low temperatures. Nowadays plate and fin heat exchangers may be
preferred for cooling motor engineé. However, there is a pfoblem with pressure loss and/or
clogging in the plate and fin heat exchanger as the pathways are very narrow and therefore

difficult to keep free for paésage of the heat exchange fluid.

A known plate and fin heat exchanger which has been illustrated in fig. 1, comprises at
least one heat exchanger core 3, at least one inlet manifold 1 with at least one inlet 4 and at
least one outlet manifold 2 with at least one outlet 5. The heat exchanger core comprises a
row of alternately heat exchanger elements 6 and air fins 7, which are assembled and
joined together e.g. by brazing or soldering. Each of the heat exchanger elements 6 is an
element with at least one internal channel capable of transporting a fluid from at least one
inlet 4a to at least one outlet 5a of the channel, where the fluid exchanges heat with another
fluid surrounding the heat exchanger element and the air fins 7 adjacent to the heat
exchanger element. The heat exchanger element is often composed of tubes or tube plates
8, which are separated by tube bars and joined by a suitable joining technique e.g. brazing
or soldering. The heat exchanger core 3 and the manifolds 1, 2 are joined by a suitable
joining technique e.g. welding. The inlet manifold 1 is connected to an inlet pipe for
providing fluid, such as anti-freeze, to the heat exchanger elements 6, and the outlet

manifold 2 is connected to an outlet pipe for transporting fluid away from the heat

CONFIRMATION COPY
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exchanger elements 6 to the heat source e.g. the hot engine and back to the heat exchanger
via the inlet pipe. This circulation of the fluid between the heat exchanger and the heat
source is performed in a repeated cycle. Two types of known plate and fin heat exchangers
are the “cup” principle heat exchangers with tube-formed or “cup”-formed heat exchanger

elements and the plate and bar heat exchangers

'EP0943884 describes a heat exchanger with pairs of plates having through holes at both
ends and a channel extending between the through holes. In order to make room for the
outer fins between the pairs of plates it is necessary to insert header forming members
between each pair of plates. The header forming members are primarily provided with a
flat portion adapted to overlap corresponding flat portions on the edges of the through
holes of the plates, and secondly with recessed portions adapted to fit to convex surfaces at
the ends of the channel portions. Inlet and outlet manifolds are primarily made up from the
header forming members extending in the longitudinal direction of the heat exchanger, and
secondly from the area around the through holes. Four different types of header forming
members are needed; the ones with only one recessed portion at either the upper or lower
end surface are located at each end of the manifolds, and either may have a socket
communication bore; the ones along the manifolds have recessed portions at both the upper
and the lower end surfacé, and either may have a socket communication bore. The bores of
two adjacent header forming members in combination make it possible for an annular
piping socket to be welded to the bores. It is a disadvantage that different types of header
forming members have to be kept on stock and assembled in the correct order for specific
applications, and that only one kind of header forming member can be connected to a

socket pipe of a specific size.

Heat exchangers comprising a number of tube-formed heat exchanger elements arranga
row are known from US patent applicétion no. 10/330,467, where a number of
elements/tubes having cup portions are combined into a stack. The cup portions define
inlet and outlet manifolds, which are connected to an inlet and outlet pipe, respectively.
The connections to the inlet and outlet pipes are provided by replacing two common tubes
with two special tubes having an integrated manifold portion, which is especially adapted

to provide a connection between the manifolds and the inlet pipe or outlet pipe. The
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manifold portions are provided with burr portions for connection to the cup portions of the
adjacent common tubes. In order to avoid leakage the burr portions and cup portions have

to match each other very precisely and be carefully assembled.

US patent no. 4,258,785 describes a cup-formed heat exchanger with pairs of plates
provided with raised portions of bubbles, which are combined to provide header tank
portions. To allow an insertion of a fitting for connection to an inlet or an outlet pipe into
the row of pairs of plates, the adjacent plates have been modified by omitting the bubble
portion and used in combination with an additional dish formed member. Each fitting has a
bubble with an opening defining a flange extending into the opening of the adjacent
additional dish formed member. The assembling is particular troublesome as the additional
dish formed member have to be inserted between the fitting and the plate, and the bubble
of the fitting have to fit exactly to the additional dish formed member, and only one type

of fitting can be connected to an inlet or an outlet pipe of a specific size.

As indicated above, the heat exchanger using the “cup” principle has some design
limitations and there is also a need for a heat exchanger with a more simple structure with
a lower risk of leakage. Another disadvantage with heat exchangers using the “cup”
principle is that the cup height also defines the height of the air fin. As the tool for
providing the cup, determines the height of the cup, the cup principle is inflexible in terms
of choice of air fin and configuration possibilities. Another disadvantage is the internal

pressure drop caused by the design of the cups in the in- and outlet manifolds. .

A of plate and bar heat exchangers provides a higher degree of flexibility due to a wider
range of configuration possibilities. The plate and bar heat exchanger is composed of plates
and bars and air fins and is also known as the “plate and bar” heat exchanger. When
assembling the plate and bar heat exchanger only the heat exchanger core is assembled.
The manifold has to be secured to the heat exchanger core after the assembling and brazing
process. In the manifolds all the in- and outlets has to be integrated as well as drain,
connections for air bleeding, bypass, sensors of any kind etc. The manifold can for inst. be
composed of an extruded profile, casted or punched, but because the manifolds are
attached after the brazing process it allows the design to focus on the internal pressure drop

and offers a wide range of configuration possibilities.The manifolds are normally secured
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to the heat exchanger core by welding. In order to weld the two parts together it is
important that some material of a sufficient thickness is available on both parts in order not

to burn through.

The plate and bar heat exchanger offers a more flexible solution in terms of choice of
height of air fin, height of internal tube as no special tooling is required. However, a large
number of parts are needed for assembling of the heat exchanger core, which results in

higher production costs for the final heat exchanger.

US patent application No. 2011/0012303 describes a heat exchanger consisting of a stack
of thin metal walled hollow platelets. The ends of the platelets are triangular with an angle
of 120 degrees and are welded with a bead in the edges and the ends of a slot in form of a
120 degrees arc made in the connecting shell of an external manifold. This connection to a

manifold is rather complicated and strenuous.

Summery of the invention

The object of the invention to provide a more simple heat exchanger which is easier to

produce than previously known.

This is obtained by processing at least a portion of the edges of the plates into a thickness
allowing a welding, and joining the edges of said plates to provide channels between each
pair of said plates, after which manifolds for delivering liquid to and from the channels are
secured by welding to the processed portions of the edges. As a result it is possible to
combine the heat exchanger core made from the “cup” principle using only a low number
of parts with the manifold principles known from heat exchangers such as the plate and bar
heat exchanger. In this way the benefits from the flexibility in the plate and bar heat
exchanger, the lower pressure drop from the separate manifolds and the fewer parts from
the “cup” principle all adds up to a new simplified and cheaper \;vay of manufacturing plate

and fin heat exchangers.

The method may according to the invention further be characterized by the metal plates

being composed of aluminum.
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In a special embodiment according to the invention the plates are being pressed to provide
a predetermined flow of liquid, preferably in a predetermined pattern, so as to provide an
efficient heat transmission to the surrounding air flowing through the spaces between the

channels.

In another embodiment according to the invention the edges of the plates are processed
into a thickness, which is sufficient for joining the heat exchanger elements to endplates
with a row of holes of substantially the same size as the inlets and outlets from the heat

exchanger elements.

Finally according to the invention the edges of the plates may also be processed into a
thickness which is sufficient for joining the heat exchanger elements to inlet and outlet
manifolds with a row of holes of the same size as the inlets and outlets from the heat

exchanger-elements.

Brief Description of the Drawings

Figure 1 shows a known plate and fin heét exchanger with inlet and outlet manifolds
Figure 2 shows a heat exchanger core of the known plate and bar heat exchanger

Figure 3 shows the structure of the heat exchanger core of the known plate and bar heat

exchanger
Figure 4 shows an embodiment of the heat exchanger core according to the invention

Figure S shows a the structure of the heat exchanger core of a heat exchanger according to

the invention

Figure 6 shows a tube plate for a heat exchanger element according to the invention before

the edges have been processed to allow a welding

Figure 7 shows the profile of a tube plate for a heat exchanger element according to the

invention before the edges have been processed to allow a welding

Figure 8 shows a tube plate for a heat exchanger element according to the invention after

the edges have been processed at the corners to allow a welding at the corners
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Figure 9 shows two tube plates forming a heat exchanger element according to the

invention

Figure 10 shows an alternative embodiment of the tube plate, where the plate has been cut

in a broader width to achieve a constant width along the whole plate after the processing

Figure 11 shows an alternative embodiment of the tube plate, where a small amount of
material has been cut away at the end of the plate to allow the plate to be processed from

the inside

Figure 12 shows an alternative embodiment of the invention using a solid metal plate
instead of a row of end-blocks to create the distance between the heat exchanger elements

and

Figure 13 shows an alternative embodiment of the invention using a manifold instead of a

row of end-blocks to create the distance between the heat exchanger elements
DETAILED DESCRIPTION OF THE INVENTION

A known heat exchanger illustrated in figure 1, is a plate and fin heat exchanger with a
heat exchanger core 3, where the heat transmission takes place, an inlet manifold 1 and an
outlet manifold 2 which are welded to the heat exchanger core 3. The heat source flows
through the heat exchanger from the inlet connection 4 to the outlet connection 5, while it
transfers heat to the air 17 flowing through the heat exchanger. The manifolds 1, 2 can be
casted elements including connections or extruded profiles with connections welded to the
manifold. Inlet connections 4 are in this example placed at the end of the inlet manifold 1.
In many cases there will only be one inlet connection 4 and additional inlets will be used
for e.g. a temperature sensor or a pressure sensor. The outlet connection 5 is in this

example placed at the end of the outlet manifold 2.

The heat exchanger core 3 in figure 2 is an example of a heat exchanger core 3 of the plate
and bar type comprising of a row of heat exchanger elements 6 and a row of air fins 7. The
heat source flows through the channels or cavities in the heat exchanger elements 6 from
the inlets 4a to the outlets 5a of each heat exchanger element 6, while it transfers heat to air

fins 7 and the air 17 flows through the air fins 7 in the heat exchanger core 3. The height
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EH of the heat exchanger core may vary. The heat exchanger width EB, and thickness ET,
may also vary stepwise depending on choice of configuration. In an example of the heat
exchanger core the dimensions are EH = 2200 mm, EB = 500 mm and ET = 94 mm. The

air fins 7 can have many different forms (shapes and sizes) depending on the application in

~ which the heat exchanger core 3 is to be used. The heat exchanger core 3 has an edge 18

along each side of the inlets and outlets, which allows the manifolds to be welded to the

heat exchanger core.

Figure 3 is a detailed illustration of the core of the plate and bar heat exchanger comprising
a row of heat exchanger elements 6, each being composed of tube plates 8 and tube bars 9.
Air fins 7 and end-blocks 11 separate adjacent heat exchanger elements. A turbulator 10 is
placed between the tube plates 8 to increase the turbulence and heat transfer of the heat
source, while it flows through the heat exchanger element from the inlet 4a to the outlet.
The air fins 7 can have many different forms (shapes and sizes) depending on the
application in which the heat exchanger is to be used. The end block 11 has the same
height as the air fin and provides the correct distance in relation to the air fin and creates a
solid surface between the heat exchanger elements in order to avoid any leakages once the
manifold has been mounted e.g. by welding. The distance DEL between each row of air
fins can also be varied. An example is DEL = 15 mm. The tube bars 9 should have a
sufficient dimension in order to make them suitable for welding when joining the
manifolds to the heat exchanger core. In each corner of the plate and bar heat exchanger
core there is a comer block 12 to ensure a smooth finish with the side plate 13, and
reinforce the heat exchanger core. The parts in the heat exchanger core are joined by a

suitable joining technique e.g. brazing, soldering, adhesive bonding, etc.

Figure 4 shows an embodiment of the heat exchanger core 3 according to the invention
comprising of a row of heat exchanger elements 6 and a row of air fins 7. The heat source
flows through the channels in the heat exchanger elements 6 from the inlets 4a to the
outlets 5a in each heat exchanger element 6, while it transfers heat to air fins 7 and the air
17 flows through and passes the air fins 7 in the heat exchanger core 3. The air fins 7 can

be formed in many ways (shapes and sizes) depending on the application in which the heat
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exchanger is to be placed. The heat exchanger core has an edge 18 along each side of the

inlets and outlets, which allows the manifolds to be welded to the heat exchanger core.

Figure 5 shows the details of the heat exchanger core according to the invention. The heat
exchanger core comprises a row of heat exchanger elements 6 reinforced by side plates 13.
The heat source passes through the heat exchanger clements 6 from the inlet 4a to the
outlet at the other end of the heat exchanger core. Between the side plate 13 and the
adjacent heat exchanger element and between each adjacent set of heat exchanger element
there is an air fin 7 and an end block 11. The end block 11 has the same height as the air
fin 7 and creates the correct distance in relation to the air fin and provides a solid surface
between the heat exchanger elements in order to avoid leakages once the manifold is
mounted e.g. by w'elding‘ The heat exchanger element 6 comprises two tube plates 8. Each
tube plate is processed in both ends in such a way that it together with the end-blocks
creates a solid edge 18 along each side of the inlets and outlets with a thickness, which
allows the manifolds to be welded to the heat exchangerl core. The parts in the heat
exchanger core 3 are joined by a suitable joining technique e.g. Brazing, soldering,

adhesive bonding, etc.

Figure 6 shows a piece of a tube plate 8 for a heat exchanger element according to the
invention before the end of the edges 15 has been processed to allow a welding. The edges
of the plates can be processed into a thickness, which is sufficient for a welding, by
processing the edges in the corners 15 of the plates from the side. The edge 14 of the tube
plate 8 is deformed in such a way, that when two tube plates 8 are stacked on top of each
other they create a closed tube i.e. the heat exchanger elefnent. Pressings 10 are provided in
the tube plate 8. These pressings 10 have the same height as the edges 14 and will act as
internal reinforcement to the heat exchanger element and at the same time improve heat

transmission efficiency by forcing the internal fluid to flow in predetermined patterns.

Figure 7 is a sectional view of the profile of a tube plate 8 for a heat exchanger element
according to the invention before the ends of the edges 15 have been processed to allow a
welding. Pressings 10 are provided in the tube plate 8. These pressings 10 have the same

height as the edges 14 and will act as an internal reinforcement to the heat exchanger



10

15

20

25

WO 2012/110036 PCT/DK2012/000004

element and at the same time improve heat transmission efficiency by forcing the internal

fluid to flow in predetermined patterns.

Figure 8 shows a tube plate 8 for a heat exchanger element according to the invention after
the comers of the edges 16 have been processed to allow a welding. When stacking two
tube plates 8 on top of each other they will create the heat exchanger element. After
stacking there will be a contact surface at each pressing 10, along the edges and at the end
of the edges 16. These contact surfaces which may be soldered to each other, provides a
strong and leakage free heat exchanger element. The comers of the edges will together
with the end-blocks create a solid edge 18 along each side of the heat exchanger core inlets
and outlets with a thickness allowing the manifolds to be welded to the heat exchanger

core.

Figure 9 shows two tube plates 8 forming a heat exchanger element according to the
invention. The tube plates 8 may £. inst. be composed of aluminum. The plates are shown
after the corners of the edges 16 have been processed to allow a welding. The rest of the
edges will be soldered together. The heat exchanger element is provided by stacking the
two tube plates 8 on top of each other. After the stacking there will be contact surfaces at
each pressing 10, along the edges and at the end of the edges 16. These contact surfaces in
connection with the joining process provide a strong and leakage free heat exchanger
element. The corners of the edges will together with the end-blocks provide a solid edge 18
along each side of the heat exchanger core inlets and outlets with a thickness allowing the

manifolds to be welded to the heat exchanger core.

Figure 10 shows an alternative embodiment of the tube plate 8 for a heat exchanger
element according to the invention where the plates of each heat exchanger element has
been cut into a broader width in the comers 22 so that the plate will have a constant width
after the corners 22 have been processed from the side to allow a welding. The edges 14 of
the tube plate 8 has been deformed in such a way, that when two tube plates 8 are stacked
on top of each other they create a closed tube i.e. the heat exchanger element. Pressings 10
are provided in the tube plate 8. These pressings 10 have the same height as the edges 14

and will act as an internal reinforcement to the heat exchanger element and at the same
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time improve the heat transmission efficiency by forcing the internal fluid to flow in

predetermined patterns.

Figure 11 shows an alternative embodiment of the tube plate 8 for a heat exchanger
clement according to the invention where a small amount of material in the end of the plate
has been removed so that the comers of the plate 21 can be processed from the inside and
out. The edges 14 of the tube plate 8 has been deformed in such a way, that when two tube
plates 8 are stacked on top of each other they will provide a closed tube i.e. the heat
exchanger element. Pressings 10 are provided in the tube plate 8. These pressings 10 have
the same height as the edges 14 and will act as an internal reinforcement to the heat
exchanger element and at the same time improve the heat transmission efficiency by

forcing the internal fluid to flow in predetermined patterns.

Figure 12 shows an alternative embodiment of the heat exchanger according to the
invention. The heat exchanger comprises a heat exchanger core with a row of heat
exchanger elements 6 reinforced by side plates 13. Between each side plate 13 and the -
adjacent heat exchanger element and between each adjacent set of heat exchanger elements
6 there is an air fin 7, buf no end block. Instead of muitiple end-blocks, a solid metal plate
19 with a row of holes of the same size as the inlets and outlets from the heat exchanger
elements is placed over the inlets of the heat exchanger elements at the inlet end and a
similar plate is placed over the outlets of the heat exchanger elements at the outlet end. The
plate 19 in the figure is shown with a burr. However, plates without a bur can also be used.
The row of holes in the solid plates are placed with the same distance as the height of the
air fins 7 and provides the correct distance in relation to the air fins. The heat exchanger
element 6 is composed of two tube plates 8. Each tube plate is processed in both ends in
such a way that it together with the solid metal plate 19 in each end provides a water tight
connection after the joining process. The burr or the solid edges 18 along each side allows
the manifolds to be welded on to the heat exchanger core. The parts including the solid end
plates 19 in the heat exchanger core 3 are joined by a suitable joining technique e.g.

brazing, soldering, adhesive bonding, etc.

Figure 13 shows, a yet another alternative embodiment of the heat exchanger according to

the invention. The heat exchanger comprises a heat exchanger core with a row of heat
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exchanger elements 6 reinforced by side plates 13. Between each side plate 13 and the
adjacent heat exchanger element and between each adjacent set of heat exchanger elements
6 there is an air fin 7, but no end block. Instead of multiple end-blocks, a manifold 20 with
a row of holes of the same size as the inlets and outlets from the heat exchanger elements is
placed over the inlets of the heat exchanger elements at the inlet end and a manifold with
similar holes is placed over the outlets of the heat exchanger elements at the outlet end.
The row of holes in the manifolds are placed with the same distance as the height of the air
fins 7 and pfovides the correct distance in relation to the air fins. Each heat exchanger
element 6 is composed of two tube plates 8. Each tube plate is processed in both ends in
such a way that it together with the manifolds 20 in each end provides a water tight
connection after the joining process. The parts including the manifold in the heat
exchanger core 3 are joined by a suitable joining technique e.g. brazing, soldering,

adhesive bonding, etc.

The scope of the invention is not to be limited to the forms specifically disclosed and it
will be apparent to a person skilled in the art that modifications and improvements may be

made without deviating from the scope of the invention

The edges of the tube plate in the heat exchanger element may for inst. be processed with

different techniques such as rolling, folding, punching, etc and they may be processed

~ along the full edge instead or only in the corners, processed at the ends or from the inside

instead in the sides, etc.

The heat exchanger may be used for cooling of a combustion engine. Alternatively it may
be used in connection with a wind turbine generator for cooling of the mechanical and/or

electrical components.
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CLAIMS

What is claimed is:

1.

Method of producing a heat exchanger comprising a number of thin metal plates by
processing at least a portion of the edges of said plates at the ends by folding into a
thickness allowing a welding, and joining of the edges of said plates by welding to
provide channels between each pair of said plates, whereafter manifolds for delivering
liquid to and from the channels are secured by welding to the processed portions of the

edges of the plates.

Method according to claims 1 characterized by the metal plates being composed of

aluminum.

Method according to one of the claims 1-2 characterized by the processing being

performed by rolling the plates into a thickness allowing a welding.

Method according to one of the claims 1-3 characterized by the plates further being
pressed to provide a predetermined flow of liquid, preferably in a predetermined
pattern, so as to provide an efficient heat transmission to the surrounding air flowing

through the spaces between the channels..

Method according to one of the preceding claims characterized by the edges of the
plates being processed into a thickness, which is sufficient for joining the heat
exchanger elements to endplates with a row of holes of substantially the same size as

the inlets and outlets from the heat exchanger elements.

Method according to one of the claims 1-5 characterized by the edges of the plates
being processed into a thickness which is sufficient for joining the heat exchanger
elements to inlet and outlet manifolds with a row of holes of the same size as the inlets

and outlets from the heat exchanger elements..
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