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fluid outlet, and the sides of the heat exchanger plates are
welded together, so that a fully functional heat exchanger 1s
manufactured with plastic sheets as the only raw material.
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METHOD FOR MANUFACTURING A HEAT
EXCHANGER

[0001] This application 1s entitled to the benefit of, and
incorporates by reference essential subject matter disclosed
in PCT Application No. PCT/DK2007/000387 filed on Aug.
28, 2007, which claims priority to Denmark Application No.

PA 2006 01113 filed Aug. 28, 2006.

BACKGROUND OF THE INVENTION

[0002] 1. Technical Field

[0003] The present invention relates to a method for manu-
facturing a heat exchanger from a plastic material, said
method comprising the steps of:

[0004] {feeding of at least two sheet elements made from
said plastic material,

[0005] by means of shaping means, shaping of said sheet
clements to form a number of heat exchanger plates, whereby
said shaping means are adapted to also undertake joining the
sheet elements partly along edges so that a fluid inlet and a
fluid outlet are created, whereby the sheet elements are
pressed together, and

[0006] two or more heat exchanger plates are stacked on top
of one another.

[0007] 2. Background Information

[0008] Heat exchanging equipment i1s widely used {for

changing or maintaining the temperatures of machinery,
buildings, components and the like. Basically, such equip-
ment operate by conveying heat energy from one place to
another, either by removing heat from an object to be cooled
down or by transierring heat to an object to be warmed up.
[0009] Examples of heat exchanging equipment from
everyday life are radiators and refrigerators, which transfer
heat energy by circulating one or more fluids through an
arrangement ol pipes.

[0010] The basic principle of most heat exchangers 1s to
transier heat between two or more fluid flows. One of the
fluids can be atmospheric air. The heat transfer first of all
happens due to the temperature gradient, as the respective
fluids are moving towards thermal equilibrium. The magni-
tude of the heat transter 1s proportional to the contact surface
between the fluid and the surroundings, meaning that a heat
exchanger becomes more ellicient 11 this contact surface 1s
maximised. Secondly, heat can move faster to and from the
contact surface 11 the heat convection 1n the tluid 1s increased.
A way to increase the convection within the fluids 1s to design
the heat exchanger so that the fluid flows are turbulent, as the
convection 1s highly dependent on a turbulent flow.

[0011] A turbulent flow increases the pressure loss 1n the
heat exchanger, which increases the amount of energy needed
to circulate the fluid. Hence, in order to keep the cost of the
heat exchangers low, the design must balance the need for
turbulence with the need to keep the pressure loss low. In the
current art this balance 1s sought by rather complex designs of
heat exchangers.

[0012] It 1s a further requirement to the manufacturing of
heat exchangers that they are as tight as possible 1 order to
ensure an eflicient heat transfer. Furthermore, for some appli-
cations 1t 1s relevant to prevent leakage of dangerous fluids
such as refrigerants to the surroundings, which could result in
hazardous contamination and system malfunctions.

[0013] The manufacturing method must ensure that the
heat exchangers possess a certain strength to be able to sustain
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the pressure from the fluid flows. The higher the pressure a
heat exchanger can sustain, the more versatile 1t 1s 1n appli-
cation. Thus it 1s a requirement to be able to manufacture the
heat exchanger to be as strong as possible.

[0014] Heat exchangers are often required to convey two or
more fluids. With two or more fluid flow types, the manufac-
turing method must enable production of heat exchangers
with two or more sets of fluid inlets and outlets. Furthermore,
these inlets and outlets should be positioned and designed to
make for easy and tight coupling to other components.
[0015] Heat exchangers must be manufactured from a
material that enables a high degree of heat transter. Also the
material must be resistant to chemical reactions with the
fluids 1t 1s to convey, it must be adequately strong and tight,
and 1t must not be too expensive.

[0016] To sum up, a competitive heat exchanger design
must ensure a low pressure loss, a high contact surface
between the fluids, and a high rate of convection 1n the fluids
in order to provide an efficient heat exchange. Furthermore,
the heat exchanger should preferably be as tight as possible
and be able to sustain as high pressure as possible. To comply
with all these requirements, most current heat exchanger
designs are complex constructions, for example comprising
several ducts, grooves, and layers. In some cases, current heat
exchangers are furthermore manufactured from a material
that 1s expensive 1n 1itself or impacts the cost of manufacturing,
considerably.

[0017] The complex design needed to give the heat
exchangers the required set of properties poses certain
demands to the manufacturing method, since the key product
properties such as low pressure loss, large contact surface,
high convection, tightness, strength, etc. can not be compro-
mised 11 the heat exchanger 1s to remain efficient.

[0018] As the heat exchangers disclosed by the current art
are complex constructions, the manufacturing of them tends
to be quite complex with several steps and manual interven-
tions. The many steps and manual interventions entail several
hazards to personnel security and impact the manufacturing
costs considerably.

[0019] Most current heat exchangers are mass-produced
components applied 1n products manufactured 1n high series.
The heat exchangers’ costs can easily amount to a consider-
able share of the total product cost. Hence, the ability to
manufacture heat exchangers at a low cost while not compro-
mising the characterising properties of the heat exchanger
itsell 1s imperative for any supplier of heat exchangers. Also,
even small savings per produced heat exchanger can amount
to considerable accumulated savings for the heat exchanger
supplier as the heat exchangers are usually mass-produced.
The cost of manufacturing 1s impacted by factors such as the
machinery investment needed, the man-hours per product, the
process time per product, the amount of scrap per product,
ctc. IT the design of the 1tem to be produced 1s highly complex,
the manufacturing cost 1s considerable as the complex design
necessitates high machinery investment, high tool invest-
ments, long process times, high scrap rates, etc. Furthermore,
the manufacturing cost of the product which the heat
exchanger 1s to become a component in, can be highly
impacted on how suitable the heat exchanger 1s for mounting
in assemblies.

[0020] The current art discloses heat exchangers with the
disadvantage that the cost of manufacturing them is consid-
erable due to one or more cost-impacting factors being sub
optimal. Also, the current art discloses several manufacturing




US 2009/0194268 Al

methods, which 11 applied to manufacturing of heat exchang-
ers, would require considerable compromises in the charac-
terising properties of the heat exchanger design. One of these
compromises 1s that the manufactured heat exchangers are
complicated to mount in assemblies.

[0021] Hence, there 1s a need for providing a method for
low-cost manufacturing of an efficient heat exchanger that
casily can be mounted 1n assemblies.

[0022] WO 02/27257 Al (Dantherm HMS A/S) describes a
heat exchanger comprising a stack of plate elements, each
plate element being composed by an upper and a lower part
forming longitudinally extending grooves there between. The
lower and upper parts may be joined, e.g. by welding or
gluing. The heat exchanger 1s encapsulated and sealed as
other heat exchangers known 1n the art.

[0023] WO 98/31529 describes a heat exchange element
for a film heat exchanger. The element may be made up of two
heat exchange films stretched by means of heat and a pressure
differential between the ditferent sides of the film, the films
being bonded directly to each other.

[0024] U.S. Pat. No. 6,336,987 Bl discloses a heat
exchange device composed by flexible mats. A production
line may include two reels of mat material, and means may be
provided for advancing the mats 1n between opposed mould
dies 1n a mat embossing position, whereby a counterdie 1s
positioned between the mats, and for moving the embossed
mats 1nto position between mat-joiming tools.

[0025] The object of the present invention 1s to provide a
more efficient method for producing a heat exchanger from a
plastic materal.

SUMMARY OF THE INVENTION

[0026] Inview ofthis object, the method 1s characterized by
that the stacked heat exchanger plates are joined in order to
assemble them 1nto a heat exchanger, whereby the stack of
heat exchanger plates 1s welded so that the fluid inlets and
fluid outlets of the respective heat exchanger plates are com-
bined to form a common fluid 1inlet and a common fluid outlet,
and whereby the sides of the heat exchanger plates are welded
together, so that a tully functional heat exchanger 1s manu-
factured with plastic sheets as the only raw matenal.

[0027] Thereby, an efficient heat exchanger can quickly be
assembled from the heat exchanger plates. The joining opera-
tion does not require any additional parts, and the joined stack
ol heat exchanger plates 1s a stable construction. Also, the
stacking and joining steps enable easy modification of the
heat exchanger’s size and thus capacity, as it 1s simply a
matter of changing the number of heat exchanger plates in
cach stack. In contrast to known heat exchangers, there 1s no
encapsulation around the heat exchanger plate that has to be
adapted to the number of heat exchanger plates employed 1n
the heat exchanger. If very large modifications are needed this
can also be achieved by the method by changing the thickness
of the sheets, the material of the sheets or the type of mould
used 1n the shaping step. Hence, the mvention discloses a
method for producing heat exchangers in a cheap, fast and
versatile way.

[0028] In an embodiment, during shaping of said sheet
clements, a predetermined configuration 1s shaped by the
sheets being placed in a mould, a vacuum being created
between the mould and the individual sheets to establish a

firm contact between the mould and the sheets, and subse-
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quently pressure 1s applied against the surfaces of the sheets
opposite the mould, whereby the predetermined configura-
tion 1s shaped on the sheets.

[0029] In an embodiment, during shaping of said sheet
clements, two sheet elements are positioned between two
opposed vacuum forming moulds, and whereby the vacuum
forming moulds are pressed against each other, whereby the
two sheet elements are vacuum formed simultaneously and at
the same time joined together at least along part of the edges
of the heat exchanger plate being formed, as a result of the
sheet elements being pressed together by the vacuum forming
moulds. By vacuum forming the sheet elements simulta-
neously and at the same time joining them together along
edges of the heat exchanger makes for a very strong sealing
between the sheet elements. Thereby, in operation of the
produced heat exchanger, 1t 1s possible to ensure that a first
fluid flowing between the sheets of the respective heat
exchanger plates 1s securely sealed from a second fluid tlow-
ing between sheets of adjacent heat exchanger plates.

[0030] In an embodiment, the two sheet elements are fur-
thermore joined together between longitudinal channels
being formed 1n the heat exchanger plate being formed, as a
result of the sheet elements being pressed together by the
vacuum forming moulds. Thereby, the direction of the fluid
flow 1n the heat exchanger may be better controlled.

[0031] In an embodiment, before bringing the edges of the
respective two sheet elements 1nto contact with each other, at
least one nozzle 1s introduced between edges of the respective
two sheet elements, and, aiter bringing the edges 1nto contact
with each other, compressed gas 1s introduced between the
sheet elements via the nozzle. Thereby, the sheet elements are
formed more effectively.

[0032] In an embodiment, the sheet elements are joined by
the shaping means, along part of the edges of the heat
exchanger plate being formed, 1n such a way that a flange of
sheet material extends beyond the joint, and the stacked heat
exchanger plates are joined by welding the edges of sheet
material together. The extending flanges greatly facilitate the
welding procedure along the joints, because the outer rim of
the tlanges may be brought together and heated without
alfecting the already formed joint of the heat exchanger plate.

[0033] Inan embodiment, the heat exchanger plates are cut
free from the sheet material before stacking the heat
exchanger plates, and the edges of sheet material possibly
sticking together along part of their length as a consequence
of the cutting procedure are separated from each other by
mechanical separation elements, before welding the edges of
sheet material together. Thereby, the heat exchanger plates
may be shaped still forming part of a sheet element, for
instance a continuous length of material, whereby heat
exchanger plates may be advanced along the production line
by means of advancing the sheet elements. The employment
of mechanical separation elements provides for a less critical
cutting operation, whereby a simple knife edge may cut
directly through the flanges of sheet maternial. By this cutting
operation, the flanges of sheet material may cling together,
but will subsequently be separated by means of the mechani-
cal separation elements.

[0034] In an advantageous embodiment, the mechanical
separation elements comprise at least one mat-like element
large enough to cover the corresponding length of edges of
sheet material to be separated, and the heat exchanger plates
are displaced 1n a direction normal to their general plane 1n
relation to the mat-like element, so that the edges of sheet
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material are rubbed over the surface of the mat-like element,
thereby causing the edges of sheet material to separate at least
partially from each other. Thereby, the edges may be appro-
priately prepared for a final and entire separation by subse-
quent means.

[0035] In an advantageous embodiment, the mechanical
separation elements comprise at least one shider that 1s dis-
placed along at least part of an edge of the heat exchanger
plate, thereby causing the edges of sheet material to separate
at least partly from each other.

[0036] In an advantageous embodiment, the slider com-
prises a brush-like element that rubs along the edges of sheet
material.

[0037] In an embodiment, during shaping of said sheet
clements, corners of the heat exchanger plate being formed
are formed so that edges of sheet material sticking together at
the corners, as a consequence of the cutting procedure, are
preloaded such that they automatically separate again just
alter the cutting procedure. Thereby, openings between edges
of sheet material clinging together may be provided at the
corners, thereby facilitating subsequent separation along the
entire length of the edges by means of separation means that
may get access to the area between the edges at said corner
openings.

[0038] In an embodiment, during shaping of said sheet
clements, welds with a zigzag or wave-like form are being
formed along the edges of the heat exchanger plate, so that
flanges of sheet material sticking together along said edges, as
a consequence of the cutting procedure, are preloaded such
that they automatically separate at least partly again just after
the cutting procedure. Thereby, similarly to the case
explained above, openings between flanges of sheet material
clinging together may be provided along said edges, thereby
facilitating subsequent separation along the entire length of
the flanges by means of separation means that may get access
to the area between the flanges at said openings.

[0039] In an embodiment, each sheet element made from
plastic material 1s fed from a coil as a continuous length of
sheet material, whereby, after shaping of said sheet elements,
they are cut at the circumierence of the heat exchanger plate
formed except from a number of hinges maintaining the heat
exchanger plate carried by the continuous length of sheet
material, whereby the continuous lengths of sheet material
are subsequently advanced so that the heat exchanger plate 1s
positioned above the mechanical separation elements, and
whereby the heat exchanger plate 1s subsequently displaced
in downward direction, thereby punching 1t out from the
continuous lengths of sheet material, whereby the hinges are
broken, and thereby passing it along the mechanical separa-
tion elements. Thereby, the positioning of the heat exchanger
plate above the mechanical separation elements may be facili-
tated. Only a limited force 1s necessary to finally separate the
heat exchanger plates from the continuous length of sheet
material by breaking the hinges, so the positioning may be
performed accurately.

[0040] In an embodiment, the heat exchanger plates are
stacked one after each other 1n a stack by positioning a first
heat exchanger plate in the stack and subsequently position-
ing cach following heat exchanger plate beneath the previ-
ously positioned heat exchanger plate 1n the stack, whereby
the stack 1s carried by first support arms during positioning of
a heat exchanger plate, and whereby a heat exchanger plate
alter positioning beneath the stack is lifted up by means of a
second support arm, and the first support arms are retracted
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laterally from the stack, so that the second support arm carries
the stack itself. Thereby, when the second support arm carries
the entire stack of heat exchanger plates, the lowermost
recently mtroduced heat exchanger plate 1s in close contact
with the adjacent heat exchanger plate above, and therefore

welding together of these two heat exchanger plates 1n the
correct mutual position 1s greatly facilitated.

[0041] In an embodiment, the first support arms have the
form of tlaps supported 1n a horizontal position and hinged
about a longitudinal axis, so that they are swung 1n upward
direction and away from each other as a consequence of the
stack passing between them during lifting of the stack by
means of the second support arm. Thereby, the first support
arms work automatically without any actuator.

[0042] In an embodiment, the edges of sheet material of
adjacent heat exchanger plates in the stack, along the fluid
inlets and fluid outlets of the heat exchanger plates, are
welded together by means of heated jaws pinching the flanges
against each other. Thereby, a smooth weld may be produced
without burrs that could otherwise compromise the tlow of
fluid through the fluid outlets and fluid inlets of the heat
exchanger plates 1n the finally produced heat exchanger.

[0043] In an embodiment, said edges are welded 1n two
subsequent steps, whereby, in the first step, the edges are
heated by means of jaws, and whereby, 1n the second step, the
edges are welded together by means of jaws. Thereby, the
edges of sheet material may be heated more carefully,
whereby the risk that the edges deteriorate by melting during
welding may be reduced.

[0044] In an embodiment, said edges of two adjacent heat
exchanger plates 1n the stack are welded after the first support
arms have been retracted laterally from the upper one of said
two adjacent heat exchanger plates in the stack, so that the
second support arm carries the stack during welding.
Thereby, the two adjacent heat exchanger plates are pressed
together during welding by the weight of the stack, thereby
ensuring good contact during welding.

[0045] In an embodiment, the heat exchanger plates are
welded together partly along their edges so that fluid inlets
and fluid outlets are created for fluid passages between the
heat exchanger plates, whereby the stacked heat exchanger
plates, along edges not forming inlets nor outlets, are joined
by welding the flanges of sheet material together by means of
bringing sides of the stack of heat exchanger plates into
contact with a heated plate, thereby welding all heat
exchanger plates 1n the stack together simultaneously.
Thereby, the welding operation may be performed very etfi-
ciently, because all heat exchanger plates 1n the stack are
welded simultaneously.

[0046] The present invention furthermore relates to a heat
exchanger produced as described above.

[0047] Advantageously, said method comprises that said
plastic material 1s fed from a coil or as sheets. The plastic
material can be any plastic material, such as polystyrene,
polypropylene, polyvinyl chloride, polyethylene, acrylic
plastic, rubber, polyamide, polycarbonate, or the like. The
application area usually defines which plastic type that i1s
most suitable. For heat exchangers said plastic material 1s
preferably polypropylene with a fire inlubiting additive, in
order to provide a fire-resistant material with a relatively high
strength. Furthermore, the use of polypropylene makes the
heat exchanger capable of absorbing moisture and provides a
high degree of chemical resistance.
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[0048] Preferably, said method further comprises a step of
discharging said heat exchanger plates from said sheet ele-
ments. Said discharging step 1s preferably carried out by
punching or cutting.

[0049] Advantageously, said method further comprises the
steps of heating of said sheet elements to a forming tempera-
ture, placing said sheet elements 1n contact with a mould,
applying vacuum between said sheet elements and said
mould, applying pressure to the surfaces of the sheet elements
opposite to the vacuum, thus shaping the sheet elements
according to a configuration determined by said mould, and
finally the sheet elements are joined together.

[0050] Heating the sheets prior to shaping them decreases
the force needed to carry out the shaping, which enables a
cheaper and faster shaping. Using the combination of vacuum
and pressure to fasten and shape pre-heated sheets 1n a mould
1s a shaping process that 1s versatile enough to shape a heat
exchanger plate with competitive heat exchange capabilities,
while at the same time being cheap and fast enough to enable
low-cost mass-production. The vacuum applied 1s preferably
as close to a perfect vacuum as possible, even though the
principle can also work at a partial vacuum. The speed of
manufacturing that can be achieved with this method 1s well
below 5 seconds per heat exchanger plate.

[0051] The invention will now be explained 1n more detail
below by means of examples of embodiments with reference
to the very schematic drawing, 1n which

DESCRIPTION OF THE DRAWINGS

[0052] FIG. 1 1s a cross-section along the line I-I1 1n FIG. 2
through a heat exchanger plate manutfactured according to the
imnvention,

[0053] FIG. 2 1s a side view of the heat exchanger plate 1n
FIG. 1, seen 1n the direction of the arrow II,

[0054] FIG. 3 1s an end view of the heat exchanger plate 1n
FIG. 1, seen 1n the direction of the arrow 111,

[0055] FIG.41sacross-section along the line IV-IV 1n FIG.
10a through a stack of heat exchanger plates welded together,
[0056] FIG. 5 15 a side view of part of the stack of heat
exchanger plates 1n FIG. 10a, seen 1n the direction of the
arrow V 1n FIG. 4,

[0057] FIG. 6 1s an end view of part of the stack of heat
exchanger plates 1n FIG. 10a, seen 1n the direction of the
arrow VI 1n FIG. 4,

[0058] FIG. 7 1s a side view of a production line for manu-
facturing of heat exchanger plates, including the procedure of
preliminary edge separation of the heat exchanger plates,
[0059] FIG. 8 1s a side view of the preliminary edge sepa-
ration station 1n FIG. 7, at another stage of the procedure of
preliminary edge separation,

[0060] FIG. 9 1s a top view of the procedure of final edge
separation of a heat exchanger plate,

[0061] FIG. 10a to 10e show different stages of the proce-
dure of stacking and jaw-welding of the heat exchanger
plates,

[0062] FIG. 11 shows a cross-section along the line XI-XI
in FIG. 104 of the procedure of jaw-welding of the heat
exchanger plates,

[0063] FIG. 12 shows an end view of the procedure of
plate-welding of the stack of heat exchanger plates,

[0064] FIG. 13 shows a cross-section along the line XIII-
XIII mm FIG. 12 of the procedure of plate-welding,

[0065] FIG. 14 shows a different embodiment of the heat

exchanger plate, and
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[0066] FIG. 15 to 17 show the fluud flow of different
embodiments of a heat exchanger plate.

DETAILED DESCRIPTION OF THE INVENTION

[0067] FIG. 7 shows a production line 1 for manufacturing
of a heat exchanger plate 7 from plastic material according to
the mvention. An upper and a lower sheet element 3, 4 of
plastic material are fed to the production line. The plastic
material 1s fed from two coils 2 to make for a simple but
automated feeding. The feeding can also be done as single
sheets. Furthermore, the sheets can advantageously be fed 1n
two layers to a not shown conveyor belt to prepare i an
advantageous way for succeeding shaping. A further advan-
tage of feeding two layers of sheets from two coils 1s that 1t
can happen automatically. Additionally, feeding the material
this way can be done at very high speed.

[0068] The fed sheet elements 3, 4 are subsequently heated
to a forming temperature 1n a heating station 5 of the produc-
tion line 1. The heating 1s preferably done in a heating means
through which the sheets are moved by a not shown conveyor
belt. Heating the sheets elements can also be done by rolling
the sheet with warm rollers or by other kinds of contact with
hot objects. The heating can advantageously be done 1n com-
bination with the succeeding shaping step to minimise the
heat loss 1n between the two steps and to decrease the time
consumed. Preferably, the sheets elements are heated to a
temperature close to their melting point in order to minimise
the force needed to shape them. The heating step can be left
out, but then the force required 1n the succeeding shaping step
1s much higher.

[0069] Following the heating station 5, shaping of a prede-
termined configuration in the plastic sheets 3, 4 1s performed
in a shaping station 6. This predetermined configuration
highly impacts the properties of the heat exchanger plate 7.
The predetermined configuration 1s shaped by the sheets 3, 4
being placed in a mould 8, a vacuum being created between
the mould 8 and the individual sheets 3, 4 to establish a firm
contact between the mould and the sheets, and subsequently
pressure 1s applied against the surfaces of the sheets opposite
the mould, whereby the predetermined configuration 1s
shaped on the sheets. Preferably, the mould 1s also adapted to
cool down the sheets to a setting temperature to enable as fast
shaping as possible.

[0070] The mould 8 comprises an upper mould part 9 con-
figured to form the upper sheet element 3 and a lower mould
part 10 configured to form the lower sheet element 4. In order
to form a heat exchanger plate 7, the mould parts 9, 10 are
pressed against each other as indicated by the arrows,
whereby the sheets elements 3, 4 are sandwiched between the
mould parts 9, 10. When vacuum 1s provided 1n the mould
cavities, the heated sheets adopt the configuration predeter-
mined by said cavities. During the forming or shaping of the
sheet elements 3, 4, as a result of the mould parts 9, 10 being,
pressed together, the sheet elements are also joined partly
along edges 11 of the heat exchanger plate 7 to be formed, so
that a fluid inlet 12 and a fluid outlet 13 are created, see FIG.
1. The sheet elements may also be joined along longitudinal
lines 14, 1n order to provide channels 13 for guiding the heat
exchange fluid during operation of the heat exchanger. The
joming 1s preferably done by pressing the sheet elements 3, 4
together to an extent where the stress created 1s beyond the
yield strength of the sheet material, whereby a permanent
connection 1s created. The pressure can advantageously be
exerted by a mechanical or hydraulic press, or any other type
of pressing means, whereby a welding or the like 1s obtained.
Before bringing the edges of the respective two sheet ele-
ments 3, 4 into contact with each other, a number of nozzles
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45, of which only one 1s shown 1n the figure, may be 1ntro-
duced between the edges of the respective two sheet elements,
so that, after bringing the edges 1nto contact with each other,
compressed gas may be introduced between the sheet ele-
ments via the nozzle, in order to supplement the vacuum
elfect 1n forming or shaping the sheet elements.

[0071] After leaving the shaping station 6, the heat
exchanger plates 7 are still attached to the sheet elements 3, 4
along their edges 11. An advantageous way to discharge the
heat exchanger plates from the sheet elements 1s to punch
them out with a mechanical or hydraulic punching means. In
an embodiment, a cutting means in a cutting station 16 will
cut the circumfterence of the heat exchanger plates 7 except
from a number of hinges, and afterwards a punching means 1n
a punching station 17 will finally punch the heat exchanger
plates 7 out of the sheet elements 3, 4. The cutting means may
simply be a knife 18 reciprocating 1n a direction normal to the
sheet elements, or 1t may be any other kind of suitable means
for cutting plastic sheet material. The punching means may
similarly be a kind of knife or punch or 1t may simply be a
piston 19 reciprocating i a direction normal to the sheet
clements. This combination of a cutting means and punching
means ensures a better control of the positions of the dis-
charged plate. This 1s due to the fact that when a heat
exchanger plate 7 1s still attached to the sheet elements by
means of the hinges, 1t may be moved with the sheet elements
to a precise position and there be carefully punched out at this
position, because the force necessary to cut over the hinges
will be limited.

[0072] FIG. 1 shows a cross-section between the two sheet
clements 3, 4 forming a heat exchanger plate 7, as it looks
alter having been punched out in the punching station 17. At
the lower end of the heat exchanger plate 7, the sheet elements
3, 4 are not connected, and thereby the above-mentioned nlet
12 1s formed. Similarly, at the upper part of 1ts right side, the
outlet 13 1s formed. Of course, the location of the inlet and
outlet may bereversed, if desired. The sheet elements 3, 4 are
connected by welds, which 1n the following will be referred to
as mould welds, because they were formed 1n the moulds of
the shaping station 6. At the lower part of the left side of the
heat exchanger plate 7 1s seen a broad mould weld 20, and at
the upper part of the left side 1s seen a narrow mould weld 21
at a distance from the edge 11 of the heat exchanger plate 7.
Similarly, at the top 1s seen a broad mould weld 22, and at the
lower right side 1s seen a narrow mould weld 23 at a distance
from the edge 1. Along the narrow mould welds 21, 23,
flanges 24, 25 of sheet matenial are formed; these flanges 24,
25 are mtended to be welded together with corresponding
flanges of adjacent heat exchanger plates 7 1n a stack of heat
exchanger plates, as will be explained below. Similarly, the
free edges 11 of sheet material at the inlet 12 and at the outlet
13 are intended to be welded together with corresponding free
edges of adjacent heat exchanger plates 7 1n said stack of heat
exchanger plates. However, when cutting out a heat
exchanger plate 7 from the sheet elements 3, 4 1n the cutting
station 16, the flanges 24, 25 as well as the free edges 11 of
sheet material at the inlet 12 and at the outlet 13 may tend to

stick together, as indicated in FI1G. 7, at the punching station
17.

[0073] In order to ensure that the flanges 24, 25 or the free
edges 11 of sheet material do not stick together, when the heat
exchanger plates 7 1n said stack are to be welded together, the
heat exchanger plates 7 are passed through a preliminary edge
separation station 26, see FIGS. 7 and 8, and a final edge
separation station 27, see FIG. 9. The preliminary edge sepa-
ration station 26 comprises a number of vertically arranged
mats 28 positioned at such a distance that the flanges 24, 25
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and free edges 11 of a heat exchanger plate 7 may rub against
them, as the heat exchanger plate 7 1s displaced 1n a down-
ward direction. In the punching station 17, when a heat
exchanger plate 7 1s positioned below the piston 19 and 1s still
hanging 1n the sheet elements 3, 4, the piston 19 1s displaced
downwards and attaches to the heat exchanger plate 7 by

means of a vacuum 1njector or suction cup 29 arranged on the
lower side of the piston 19. The heat exchanger plate 7 1s
thereby punched out from the sheet elements 3, 4, and, carried
by the suction cup 29, it 1s displaced down through the mats
28 of the preliminary edge separation station 26, see FIG. 8.

Thereby, the flanges 24, 25 and the free edges 11 of sheet
material are at least partly separated.

[0074] In order to ensure totally separation of the flanges
24, 25 and the free edges 11 of sheet material, the heat
exchanger plate 7 1s, by means of a not shown conveyor,
transierred from the preliminary edge separation station 26 to
the final edge separation station 27 shown from above 1n FIG.
9. The final edge separation station 27 comprises three sliders
30 provided with brushes 31. The sliders 30 are displaceable
along rails 32 arranged parallel with sides of the heat
exchanger plate 7, so that the brushes may rub the flanges 24,
25 and the free edges 11 of sheet material of the heat
exchanger plate 7, thereby ensuring total separation of said
flanges and edges.

[0075] Inorderto facilitate the separation of the flanges 24,
25 and the free edges 11 of sheet material, the sheet elements
3, 4 forming a heat exchanger plate 7 may be welded together
in a way urging said flanges and free edges away from each
other, so that they may tend to separate automatically, after
they possibly stick together as a result of the cutting proce-
dure 1n the cutting station 16. This may be done, for instance,
by designing the mould welded areas with a rather large
cross-section 1n the direction normal to the heat exchanger
plate 7, so that the free edges will have to bend much in order
to stick together. Alternatively, the narrow mould welds 21,
23, see FIG. 1, may be designed with a zigzag or wave-like
form, thereby urging the tflanges 24, 25 away from each other.
If the flanges or free edges separate automatically at a few
positions, the separation procedure 1n the separation stations
26, 27 1s facilitated, because the mats 28 and/or the brushes 31
may easier get grip between the flanges or free edges and
thereby separate the remaining part of these.

[0076] By means of a not shown conveyor, the heat
exchanger plates 7 are transferred one by one from the final
edge separation station 27 to a stacking and welding station
33 shown 1in FIGS. 10aq to 10e. In FIG. 10a, a stack 34 of three
heat exchanger plates 7 1s carried at 1ts edges by first support
arms 1n the form of two flaps 35 that are hinged about a
horizontal axis 36 extending longitudinally 1n relation to the
heat exchanger plates 7 and that are supported by an abutment
37 1n a horizontal position. In FIG. 105, a further heat
exchanger plate 7 1s introduced laterally beneath the stack 34
and positioned on a second support arm in the form of a
vertically displaceable piston 38. In FIG. 10c¢, the piston 38
carrying the recently introduced heat exchanger plate 7 1s
displaced 1n upward direction, whereby the two tlaps 35 are
lifted by the edges of heat exchanger plate 7 and swung
upwardly, and the stack 34 1s displaced upward accordingly.
In FIG. 10d, the piston 38 has been displaced even further 1n
upward direction, so that the two flaps 35 have lost their
engagement with the stack 34 and returned to their horizontal
position by means of gravity or spring force, and the three
heat exchanger plates 7 first forming part of the stack 34 are
carried by the recently introduced heat exchanger plate 7,
which 1n turn 1s carried by the piston 38. Thereby, the upper
edges 11 of the recently introduced heat exchanger plate 7 are




US 2009/0194268 Al

in good contact to be welded to the corresponding lower
edges of the lowermost heat exchanger plate 7 of the three
heat exchanger plates 7 first forming part of the stack 34.
However, at the beginning, when there are only few heat
exchanger plates 7 in the stack 34, a retaining element may be
pressed against the upper side of the stack in order to press the

edges to be welded together. Firstly, the edges 11 at the inlet
12 and at the outlet 13 are now welded by means of heated
1aws 39 pinching the tlanges against each other, see also FIG.
11. The heated jaws 39 are introduced laterally from the left
side 1n the figure, as indicated by the arrow. After welding, the
1aws 39 are retracted from the stack 34, and the piston 38 1s
lowered again, so that the flaps 33 carry the stack 34, as it may
be seen 1n FI1G. 10e. The jaw-welding procedure may be split
up 1nto two steps, whereby 1n the first step, the flanges are
only heated by the jaws, and 1n the first step, the flanges are
eventually welded. This may provide for a more careful pro-
cedure, whereby the risk of damaging the tlanges by the heat
may be reduced. The stacking and jaw-welding procedure
from FIG. 105 to 10e 1s repeated until the stack 34 contains

the desired number of heat exchanger plates 7. The amount of

heat exchanger plates 1n each stack depends on the applica-
tion of the heat exchanger. The stacking means can preferably
be able to create stacks with varying amounts of heat
exchanger plates. The stacking can also be done manually.
The si1ze and thus capacity of the heat exchanger assembled
from the manufactured heat exchanger plates can be modified
by changing the number of heat exchanger plates 1n each
stack.

[0077] Subsequently to the stacking and jaw-welding pro-
cedure, the stack 34 1s, by means of the piston 38, lifted even
turther than before, up and away from the stacking and weld-
ing station 33 to a plate-welding station 42, also called a hot
mirror welding station, 1n which it 1s positioned between to
opposed, vertically arranged heated welding plates 40, 41;
see F1G. 12. The lifting procedure may be assisted by means
of laterally arranged conveyor belts or the like. When the
stack 34 1s 1n position between the heated welding plates 40,
41, these are displaced laterally 1n the direction of the arrows
into contact with the flanges 24, 25 of all the heat exchanger
plates 7 that are thereby welded together side by side; see also
FIG. 13. After the plate-welding procedure, the heated weld-
ing plates 40, 41 are retracted, and the finished heat exchanger
in the form of the stack 34 1s discharged from the production
line.

[0078] FIG. 4 shows a cross-section between two adjacent
heat exchanger plates 7 of the fimished heat exchanger. The
heat exchanger plates 7 are welded together partly along their
edges 11 so that fluid inlets 43 and fluid outlets 44 are created
for fluid passages between the heat exchanger plates 7. The
flanges 24, 25 are, as described above, plate-welded, and the
edges 11 are jaw-welded at the inlets 12 and at the outlets 13
ol the heat exchanger plates 7.

[0079] Although the method according to the invention has
been explained above with reference to a heat exchanger
composed by a stack 34 of heat exchanger plates 7 designed
as shown 1 FIGS. 1 to 6, 1t 1s evident to the person skilled 1n
the art that, according to the invention, a heat exchanger may
similarly be composed by heat exchanger plates having other
designs. An example of a heat exchanger plate with a different
design 1s shown 1n FIG. 14. The heat exchanger plate shown
comprises ducts 46 with helical spirals 47 providing an eifi-
cient relation between laminar and turbulent fluid flow, guide
ribs 48 for directing the fluid flow, a fluid inlet 49 and a fluid
outlet 50. FIG. 15 shows the primary and secondary fluid flow
directions 1n a heat exchanger composed by heat exchanger
plates of the design shown in FIG. 14. Similarly, FIG. 16
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shows the primary and secondary fluid flow directions 1n a
heat exchanger composed by heat exchanger plates of the
design shown in FIGS. 1 to 6. FIG. 17 shows the primary and
secondary tluid tlow directions 1n a heat exchanger composed
by heat exchanger plates of yet another design. The skilled
person will understand that the production line 1 for manu-
facturing of heat exchanger plates 7 as well as the separation
stations 26, 27, the stacking and welding station 33 and the
plate-welding station 42 may be modified by simple adapta-
tions 1 order to manufacture different designs of heat
exchangers, for instance heat exchangers composed by heat
exchanger plates as shown i FIG. 14 to 17.

[0080] Although the invention above has been described 1n
connection with embodiments of the invention, 1t will be
evident for a person skilled 1n the art that several modifica-
tions are concervable without departing from the invention as
defined by the following claims.

What 1s claimed 1s:

1. A method for manufacturing a heat exchanger from a
plastic matenal, said method comprising the steps of:

feeding at least two sheet elements made from said plastic

material,

by means of shaping means, shaping of said sheet elements

to form a number of heat exchanger plates, whereby said
shaping means are adapted to also undertake joining the
sheet elements partly along edges so that a fluid inlet and
a fluid outlet are created, whereby the sheet elements are
pressed together, and

two or more heat exchanger plates are stacked on top of one

another, characterized by that the stacked heat
exchanger plates are joined 1n order to assemble them
into a heat exchanger, whereby the stack of heat
exchanger plates 1s welded so that the flid nlets and
fluad outlets of the respective heat exchanger plates are
combined to form a common fluid inlet and a common
fluid outlet, and whereby the sides of the heat exchanger
plates are welded together, so that a fully functional heat
exchanger 1s manufactured with plastic sheets as the
only raw material.

2. A method for manufacturing a heat exchanger according,
to claim 1, whereby, during shaping of said sheet elements, a
predetermined configuration i1s shaped by the sheets being
placed 1n a mould, a vacuum being created between the mould
and the individual sheets to establish a firm contact between
the mould and the sheets, and subsequently pressure 1s
applied against the surfaces of the sheets opposite the mould,
whereby the predetermined configuration 1s shaped on the
sheets.

3. A method for manufacturing a heat exchanger according,
to claim 1, whereby, during shaping of said sheet elements,
two sheet elements are positioned between two opposed
vacuum forming moulds, and whereby the vacuum forming
moulds are pressed against each other, whereby the two sheet
clements are vacuum formed simultaneously and at the same
time joined together at least along part of the edges of the heat
exchanger plate being formed, as a result of the sheet ele-
ments being pressed together by the vacuum forming moulds.

4. A method for manufacturing a heat exchanger according,
to claim 3, whereby the two sheet elements are furthermore
joined together between longitudinal channels being formed
in the heat exchanger plate being formed, as a result of the
sheet elements being pressed together by the vacuum forming,
moulds.

5. A method for manufacturing a heat exchanger according,
claim 1, whereby, before bringing the edges of the respective
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two sheet elements into contact with each other, at least one
nozzle 1s introduced between edges of the respective two
sheet elements, and, after bringing the edges into contact with
cach other, compressed gas 1s introduced between the sheet
clements via the nozzle.

6. A method for manufacturing a heat exchanger according
to claim 1, whereby the sheet elements are joimned by the
shaping means, along part of the edges of the heat exchanger
plate being formed, 1in such a way that a flange of sheet
material extends beyond the joint, and whereby the stacked
heat exchanger plates are joined by welding the edges of sheet
material together.

7. A method for manufacturing a heat exchanger according,
to claim 6, whereby the heat exchanger plates are cut free
from the sheet material before stacking the heat exchanger
plates, and whereby the edges of sheet material possibly
sticking together along part of their length as a consequence
of the cutting procedure are separated from each other by
mechanical separation elements, before welding the edges of
sheet material together.

8. A method for manufacturing a heat exchanger according,
to claim 7, whereby the mechanical separation elements com-
prise least one mat-like element large enough to cover the
corresponding length of edges of sheet material to be sepa-
rated, and whereby the heat exchanger plates are displaced in
a direction normal to their general plane in relation to the
mat-like element, so that the edges of sheet material are
rubbed over the surface of the mat-like element, thereby
causing the edges of sheet material to separate at least par-
tially from each other.

9. A method for manufacturing a heat exchanger according
to claim 7, whereby the mechanical separation elements com-
prise at least one slider that 1s displaced along at least part of
an edge ol the heat exchanger plate, thereby causing the edges
ol sheet matenal to separate at least partly from each other.

10. A method for manufacturing a heat exchanger accord-
ing to claim 9, whereby the slider comprises a brush-like
clement that rubs along the edges of sheet material.

11. A method for manufacturing a heat exchanger accord-
ing to claim 7, whereby, during shaping of said sheet ele-
ments, corners of the heat exchanger plate being formed are
formed so that edges of sheet material sticking together at the
corners, as a consequence ol the cutting procedure, are pre-
loaded such that they automatically separate again just after
the cutting procedure.

12. A method for manufacturing a heat exchanger accord-
ing to claim 7, whereby, during shaping of said sheet ele-
ments, welds with a zigzag or wave-like form are being
formed along the edges of the heat exchanger plate, so that
flanges of sheet material sticking together along said edges, as
a consequence of the cutting procedure, are preloaded such
that they automatically separate at least partly again just after
the cutting procedure.

13. A method for manufacturing a heat exchanger accord-
ing to claim 7, whereby each sheet element made from plastic
material 1s fed from a coil as a continuous length of sheet
material, whereby, after shaping of said sheet elements, they
are cut at the circumierence of the heat exchanger plate
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formed except from a number of hinges maintaining the heat
exchanger plate carried by the continuous length of sheet
maternial, whereby the continuous lengths of sheet material
are subsequently advanced so that the heat exchanger plate 1s
positioned above the mechanical separation elements, and
whereby the heat exchanger plate 1s subsequently displaced
in downward direction, thereby punching it out from the
continuous lengths of sheet material, whereby the hinges are
broken, and thereby passing it along the mechanical separa-
tion elements.

14. A method for manufacturing a heat exchanger accord-
ing to claim 1, whereby the heat exchanger plates are stacked
one alter each other 1n a stack by positioming a first heat
exchanger plate in the stack and subsequently positioning
cach following heat exchanger plate beneath the previously
positioned heat exchanger plate in the stack, whereby the
stack 1s carried by first support arms during positioning of a
heat exchanger plate, and whereby a heat exchanger plate
alter positioning beneath the stack 1s lifted up by means of a
second support arm, and the first support arms are retracted
laterally from the stack, so that the second support arm carries
the stack 1tself.

15. A method for manufacturing a heat exchanger accord-
ing to claim 14, whereby the first support arms have the form
of flaps supported 1n a horizontal position and hinged about a
longitudinal axis, so that they are swung 1n upward direction
and away from each other as a consequence of the stack
passing between them during lifting of the stack by means of
the second support arm.

16. A method for manufacturing a heat exchanger accord-
ing to claim 1, whereby the edges of sheet material of adjacent
heat exchanger plates 1n the stack, along the fluid inlets and
fluid outlets of the heat exchanger plates, are welded together
by means of heated jaws pinching the flanges against each
other.

17. A method for manufacturing a heat exchanger accord-
ing to claim 16, whereby said edges are welded 1n two sub-
sequent steps, whereby, 1n the first step, the edges are heated
by means of jaws, and whereby, 1n the second step, the edges
are welded together by means of jaws.

18. A method for manufacturing a heat exchanger accord-
ing to claim 16, whereby said edges of two adjacent heat
exchanger plates 1n the stack are welded after the first support
arms have been retracted laterally from the upper one of said
two adjacent heat exchanger plates in the stack, so that the
second support arm carries the stack during welding.

19. A method for manufacturing a heat exchanger accord-
ing to claim 1, whereby the heat exchanger plates are welded
together partly along their edges so that fluid inlets and fluid
outlets are created for fluid passages between the heat
exchanger plates, whereby the stacked heat exchanger plates,
along edges not forming inlets nor outlets, are joined by
welding the flanges of sheet material together by means of
bringing sides of the stack of heat exchanger plates into
contact with a heated plate (40, 41), thereby welding all heat
exchanger plates 1n the stack together simultaneously.

20. A heat exchanger produced according to claim 1.
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