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DESCRIPTION

Description

[0001] The present invention relates to a modular heat exchanger system comprising a larger
or smaller number of guiding elements for heat exchanger elements and heat exchanger
elements for heat exchange between fluids. A modular heat exchanger according to the
preamble of claim 1 is known from US 2019/282059 A1. 11

[0002] The present invention relates also to a method for manufacturing a heat exchanger
element for heat exchange between fluids.

[0003] Heat exchangers are used for the transfer of heat between two fluid flows of different
temperatures, where the heat exchangers, depending on their field of application, are
designed for heating or cooling of a medium, heat recovery from a medium, or also
condensation or evaporation of a medium.

[0004] For efficiency, heat exchangers are designed to maximize the heat transfer surface
area between the two or more fluids, while minimizing resistance to fluid flow through the heat
exchanger. The heat exchanger's performance may also be affected by the addition of fins
and/or corrugations in one or both directions, which will increase the heat transfer surface area
and may channel the fluid flow or induce turbulence.

[0005] Furthermore, the efficiency of the heat exchanger will be highly dependent on how
clean the heat transfer surface area between the two or more fluids is. In many heat
exchanger applications, the fluid that is used, for instance water or seawater, may cause
fouling to occur on the heat transfer surface area. Such fouling occurs when impurities from
the water or seawater deposit on the heat transfer surface area and may be caused by low
wall shear stress, low fluid velocities, high fluid velocities, reaction product solid precipitation
and precipitation of dissolved impurities due to elevated wall temperatures. The fouling will
result in that the heat exchanger after a period of use, and when the heat transfer capacity
approaches a given minimum level, must be dismantled in order to be cleaned.

[0006] In marine applications, heat exchangers are usually used for cooling of the propulsion
system of a vessel, where seawater is used as the cooling fluid. Here, the cleaning of heat
exchangers will be both critical and absolutely essential in order to maintain the vessel's
required propulsive power.

[0007] Today the most common heat exchangers in the marine industry are plate heat
exchangers. This type of heat exchangers is efficient and reliable but are difficult and
complicated to clean. Such plate heat exchangers are comprised of many thin, slightly
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separated plates that have very large heat transfer surface area and small fluid flow passages
for heat transfer. A plate heat exchanger may, for instance, comprise 50-150 plates and a
corresponding number of gasket elements, where the plates and the gasket elements are
assembled to form the plate package of the heat exchanger.

[0008] When a heat exchanger of this type is to be maintained or cleaned, it is usually
necessary to disassemble the entire plate package. Each of the plates must then be cleaned
on both sides, and the gasket elements must also be cleaned or replaced by new gasket
elements.

[0009] Dismantling, cleaning and assembly of the said size of heat exchanger is considered to
be a full day's job for two persons and represents a substantial cost because of time consumed
and use of parts (replacement of gasket elements etc.). The complexity of the cleaning
process will mean that there is greater dependence on both available competence and an
adequate window of time in order to be able to carry out the cleaning. A lack of available
competence and/or window of time will be usual and, as a result, such jobs are increasingly
being put in the hands of external companies, which makes this process even more costly, or
which also means that the vessel has an enforced period out of service with consequential loss
of income.

[0010] The modular system for heat exchange between fluids and the heat exchanger element
for heat exchange between fluids in the modular system according to the present invention
cover the same range of applications as the plate heat exchangers described above but are
provided to simplify the maintenance of the heat exchanger. Requirements as to special
competence and/or a larger window of time are virtually eliminated.

[0011] According to the present invention, the modular system will comprise a plurality of open
elements, for example, 2-7 open elements, and a corresponding number of individual gaskets.
Dismantling, cleaning and assembly are reckoned to be a job of about one hour for one man.
Moreover, time consumed, and replacement of gasket parts are so reduced as to become
insignificant. Furthermore, the actual cleaning process will be so simple that all vessels will
have available competence for carrying out this process and can therefore maintain full control
of the cooling capacity of the heat exchanger and thus also critical propulsive power.

[0012] WO 2012/033411 A1 discloses a modular system for heat exchange between fluids, the
system comprising a plurality of open elements which by means of two end plates are
connected together. An open element is constituted of a folded and sealed sheet material that
is arranged in an open frame.

[0013] WO 2017/053184 A1 discloses a one-piece heat exchanger manufactured using an
additive manufacturing process. The heat exchanger includes a plurality of channels formed
therein. At least some of the plurality of channels may be configured to provide structural
support to the heat exchanger to reduce its weight. Different coolant media may be used in a
first set and a second set of the plurality of channels to provide different types of cooling in an



DK/EP 4045863 T3

integrated one-piece heat exchanger structure.

[0014] WO 97/16691 A1 relates to a plate heat exchanger with a gasket positioned between
the heat exchanger plates. The entry and outlet region from the entry and exit openings of the
heat exchanger plates form a problem area, since, in this region, a gasket exists only in every
second channel. Hereby, leaks may occur in this region. From the prior art solutions for
avoiding or reducing the leaks in the outlet region of the entry and exit openings of the heat
exchanger plates are known. In all these solutions the gaskets are still accommodated in a
gasket groove. The object of the present invention is to avoid the leakiness in this region while
obviating a gasket groove associated with disadvantages. According to the publication, this
object is achieved, in that the corrugation extending from the entry and exit openings of the
heat exchanger plates extends in a substantially radial direction to the heat exchanger
surfaces and thereby uninterrupted traverses the region of the extent of the gasket and
crosses the corresponding corrugations of the adjacent heat exchanger plates, such that the
extent of the gasket is flanked on both sides by the crossing points of the corrugation hills of
one plate with the corrugation troughs of the other plate, the gasket arranged between the
heat exchanger plates varying in cross section to be adapted to the profile of the heat
exchanger plates in this region, such that substantially the same specific gasket pressure is
obtained over the whole extent of the gasket in a compressed condition.

[0015] EP 941.759 A relates to a method for producing a high temperature resistant
exchanger. The exchanger is made from a number of tubes sealingly connected to a pipe plate
which is further connected to an enclosure. The pipe plate is realized by positioning enclosure
and tubes in a mould and pouring a ceramic slurry which is subsequently sintered.

[0016] WO 95/30867 A1 and NO 316475 B1 describe heat exchanger elements and the
manufacture thereof, where it is known that the heat exchanger elements consist of a plate
that is folded to form a plurality of slits, where the plate delimits the fluid to be heat exchanged,
each fluid flowing in slits on either side of the plate.

[0017] US 2004/0094398 A1 discloses a heat exchanger, where the flowing canals for the
fluids consist of slits on either side of a thin, folded sheet material, and where the ratio between
the slit width of the canals and depths in the slits are less than 0,15 times the thickness of the
sheet material.

[0018] US 5968321 A Describes a distillation system having an evaporator/condenser core
with heat transfer plates welded together along their edges to form alternate boiling and
condensing chambers. Feed liquid is supplied to the boiling chambers through a pair of heat
exchangers which preheats the liquid and a steam stripper utilizing ceramic pieces to remove
gasses from the liquid. Vapor from the boiling chambers is compressed and delivered to the
condensing chambers where it is condensed and gives up its heat to the liquid in the boiling
chambers. Pumps positioned between the two heat exchangers draw the condensed product
and unvaporized feed liquid containing dissolved solids from the evaporator/condenser and
circulate them through the heat exchangers to transfer heat to the feed liquid. The level of the
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liquid in the boiling chambers is maintained by means of a sight glass and a photosensor which
monitors the level of liquid in the sight glass and controls the operation of a valve in the feed
line to control the amount of feed liquid delivered to the boiling chambers. The distilled product
is collected in a manifold at the output side of the condensing chamber, and the level of the
product in the manifold is maintained by means of another sight glass and sensor which
controls the operation of a valve in the product line downstream of the two heat exchangers.
Pressure in the boiling chambers is monitored by means of a manometer tube with level
switches which control the application of heat to the chambers and shut the system down in
case the pressure gets too high or too low. The heat exchanger has corrugated plates which
are formed by a rolling process and clamped together, with seals bonded to the plates defining
counter-flow chambers between them for the different liquids.

[0019] The aforementioned documents do not teach a modular system for heat exchange
between fluids where dismantling and assembly, cleaning and/or maintenance of the heat
exchanger packages and or the heat exchanger system has been described and simplified.

[0020] An object of the present invention will therefore be to seek to solve one or more of the
problems or drawbacks mentioned above.

[0021] Another object of the present invention will be to provide a heat exchanger element and
a heat exchanger system for heat exchange between two or more fluids that are maintenance-
friendly.

[0022] These objects are achieved by means of a modular system for heat exchange between
fluids comprising a number of guiding elements and heat exchanger elements in accordance
with the invention with the features of independent claim 1 and by means of a method for
manufacturing of a heat exchanger element for heat exchange between fluids according to
claim 8. Advantageous embodiments of the present invention are indicated in dependent
claims.

[0023] The present invention relates to a method for manufacturing a heat exchanger element
for heat exchange between fluids, where the heat exchanger element comprises a sheet
material and an outer casing, wherein the method comprises the following steps:

+ folding the sheet material into a plurality of slits extending in a longitudinal direction of
the sheet material, thereby providing a folded sheet material having four end surfaces
and two opposite heat transfer surfaces,

¢ placing the folded sheet material into a mould, and

« adding a material into the mould to cast the folded sheet material and an outer casing
for the heat exchanger element in one piece, wherein the central opening of the outer
casing covers an outer circumference of the folded sheet material, thereby exposing
opposite sides of the folded sheet material.
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[0024] In an alternative embodiment the method for manufacturing a heat exchanger element
may comprise the further step of adding a plurality of handles into the mould, whereby the heat
exchanger element will be provided with handles.

[0025] The outer casing of the heat exchanger element will thus integrate with and cover the
folded sheet material around a circumference of the folded sheet material, while the two
opposite heat transfer surfaces will be open and exposed to the surroundings.

[0026] The above method for manufacturing of the heat exchanger element will provide a fluid
tight connection between the outer casing and the folded sheet material, whereby the heat
exchanger element can thus be manufactured without the use of gaskets, seals or the like.

[0027] When the heat exchanger element is to be manufactured with one or more handles, the
one or more handles is/are added in the mould.

[0028] However, a person skilled in the art would know that also other materials could be used
when the heat exchanger element is manufactured, such as an epoxy or the like.

[0029] The heat exchanger element comprises an outer casing and a folded sheet material
comprising a plurality of slits extending in a longitudinal direction of the folded sheet material,
the folded sheet material having four end surfaces and two opposite heat transfer surfaces
(upper and lower heat transfer surfaces or left and right heat transfer surfaces), which
longitudinal extending slits form the fluids flow paths, the folded sheet material and the plurality
of handles being cast in one piece in the outer casing, the outer casing being provided with a
central throughgoing opening, and where two through holes forming the inlets and outlets for
each fluid is provided on opposite sides of the central throughgoing opening of the outer casing
and where the throughgoing central opening exposes the two opposite heat transfer surfaces
of the folded sheet material of the heat exchanger element. The guiding element comprises
two inlets and two outlets for fluids and a bead or edge provided on at least one side, forming
an enclosure around an inlet and outlet for a first fluid. Such a guiding element is arranged on
each side of the heat exchanger element, where the purpose of the guiding element(s) is/are
to direct and force the fluid to flow through the slits provided in the heat exchanger element in
order to obtain a desired flow of the fluids. Furthermore, the guiding elements may contribute
with strength to withstand a fluid pressure inside a modular system for heat exchange between
fluids (both the actual fluid pressure and the differential pressure, i.e. the pressure difference
between the fluids). Furthermore, a height and/or width of a guiding element may be larger
than a height and/or width of a heat exchanger element.

[0030] The present invention relates also to a modular system for heat exchange between
fluids, where the modular system comprises two end plates, at least one of the two end plates
being configured with inlets and outlets for fluids, and where the modular system comprises a
number of guiding elements for heat exchanger elements and a number of heat exchanger
elements. Each heat exchanger element comprises a folded sheet material comprising a
plurality of slits extending in a longitudinal direction of the folded sheet material. The
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longitudinal extending slits form the fluids flow paths and the folded sheet material is cast in
one piece in an outer casing. A central throughgoing opening of the outer casing covers an
outer circumference of the folded sheet material, exposing a front side and a back side of the
folded sheet material where two through holes forming the inlets and outlets for each fluid is
provided on opposite sides of the central throughgoing opening of the outer casing. Each
guiding element comprises two inlets and two outlets for fluids, and a bead or edge, provided
on one side, forming an enclosure around the inlet and outlet for a first fluid, and a bead or
edge on an opposite side, forming an enclosure around the inlet and outlet for a second fluid.
The heat exchanger elements and guiding elements are arranged successively following each
other, and the heat exchanger elements being arranged such that two adjacent heat
exchanger elements on sides facing each other carry the same fluid. The number of guiding
elements and heat exchanger elements are arranged successively following one another.
Furthermore, the heat exchanger elements are arranged such that two adjacent or
consecutive heat exchanger elements (with a guiding element arranged between them) on
sides facing each other carry the same fluid.

[0031] Through the arrangements of inlets and outlets for fluids in one or both of the end
plates, a person skilled in the art would know that the modular system could be arranged in
such a way that both fluids may have inlets and outlets in the same end plate, that one end
plate may have only inlet and outlet for one fluid and the other end plate may have inlet and
outlet for the other fluid, or that one end plate may have inlets and outlets for two fluids, while
the other end plate may have inlet and outlet for another fluid.

[0032] According to one embodiment, the inlets and outlets for fluids provided in the end
plate(s), the guiding elements and the heat exchanger elements are provided such that, when
the modular system is assembled, the inlets and outlets for fluids in each element (heat
exchange element and guiding element) will align with corresponding inlets and outlets in
remaining elements, so that there is no need to seal against fluid in different planes or
heights.A heat exchanger element according to the present invention should be understood to
mean an element which exposes substantially the entire heat transfer surface through a
central opening of the folded sheet material when the folded sheet material is integrated with
the outer casing, the central opening exposing both a front side and a back side (or an upper
and lower side) of the folded sheet material. The heat transfer surface of the heat exchanger
element's folded sheet material is then fully accessible for a simple cleaning process from both
sides of the heat exchanger element.

[0033] The number of heat exchanger elements and guiding elements arranged between the
two end plates of the modular system for heat exchange between fluids may vary. For
example, in one embodiment according to the present invention four guiding elements and
three heat exchanger elements may successively be arranged between the two end plates, but
it will be understood that both greater and smaller numbers of guiding elements and heat
exchanger elements may be used in the modular system for heat exchange between fluids
according to the present invention.
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[0034] For assembly of the end plates, and the number of guiding elements and heat
exchanger elements arranged therebetween, at least one elongate element may be used to
lock and fixate the components or elements of the modular system for heat exchange between
fluids. Each end plate may then be configured with at least one through hole, slot, cut-out or
the like, where the at least one through hole, slot, cut-out or the like in each end plate is
coincident to allow the at least elongate element to be passed through each end plate so as to
assemble and fasten the end plates and the number of intermediate guiding elements and
heat exchanger elements.

[0035] In one embodiment according to the present invention, the at least one elongated
element may be welded to one of the end plates and connected to the other end plate by
means of a threaded connection, nut, rapid coupling etc., but it should be understood that the
at least one elongate element may also be connected to the end plates in other ways, for
example, by a threaded connection, nuts, rapid couplers etc.

[0036] When assembling the modular system for heat exchange between fluids according to
the present invention, a desired number of guiding elements and heat exchanger elements
may be arranged one after another between the two end plates. The guiding elements and the
heat exchanger elements will be successively arranged, and the end plates will then be
brought towards each other, whereafter one or more elongated elements are used to
assemble and fasten the end plates and the number of intermediate guiding elements and
heat exchanger elements.

[0037] The elongated elements may, for example, be constituted of bolts, bars or the like.

[0038] The modular system for heat exchange between fluids may also comprise at least an
inlet filter, which inlet filter is suitably connected to the inlet for one of the fluids. The at least
one inlet filter will then reduce the danger of blockages in the modular system for heat
exchange between fluids. If one of the fluids that are run through the system is, for example,
seawater, the inlet filter will prevent contaminants (sand, loose shells etc.) from penetrating into
the number of guiding elements and heat exchanger elements.

[0039] When the end plates, the number of guiding elements and heat exchanger elements
are assembled to form the modular system for heat exchange between fluids according to the
present invention, the number of heat exchanger elements, with a guiding element arranged
between then, are arranged such that two adjacent or subsequent heat exchanger elements
will carry the same fluid on sides facing each other.

[0040] Each heat exchanger element that is used in the modular system for heat exchange
between fluids according to the present invention comprises a sheet material that is folded to
form a plurality of slits, which slits constitute the fluid flow paths through the heat exchanger
element. Depending on the material of the sheet material, the sheet material may be "soft" or
flexible, whereby the folded sheet material may be stiffened.
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[0041] Such a stiffening of the sheet material may be obtained, for example, in that the sheet
material over at least a part of its length and width is configured with a plurality of stamped
portions, which stamped portions are separated from each other by a non-stamped portion.
The stamped portions will then form the walls of the slits in the folded sheet material, whilst the
non-stamped portions form the fold in the sheet material, the sheet material then being folded
about each of the non-stamped portions.

[0042] A sheet material being stamped according to the present invention should be
understood as meaning that the surface of the sheet material is exposed to an external force
which will change the shape (projection/depression) of the sheet material. The stamping may
be in the form of continuous or discontinuous grooves or channels, dots or also a combination
thereof.

[0043] It should however be understood that the stiffening of the folded sheet material may
also be obtained in other ways, for example, by provision of spacers between the slits of the
folded sheet material.

[0044] The aforementioned stiffening means will result in the folded sheet material obtaining a
desired stiffness over the whole or parts of the surface of the folded sheet materi al.

[0045] Although the slits in the folded sheet material in one exemplary embodiment are
configured as planar faces, it should be understood that the slits may also be configured as
part circles, arcs or the like. An exemplary embodiment is a structure consisting of forming one
or more open areas that permit an efficient high-pressure washing in the slits.

[0046] The sheet material in the heat exchanger element may in one exemplary embodiment
be of titanium or other suitable materials, where the sheet material then may have a thickness
of 0.4mm-0.6mm. The distance between each slit in the folded sheet material may
furthermore, as an example, be 2.5mm - 3.5mm. However, a person skilled in the art would
know that the distance between two adjacent slits also may be more or less.

[0047] According to one aspect, the guiding elements, heat exchanger elements, end plates
etc. are manufactured with flat surfaces, such that the "sealing" between adjacent elements will
remain tight even at different temperature expansions.

[0048] The present invention will now be described in more detail with reference to the
following figures, wherein

Figures 1A-1F show a heat exchanger element for heat exchange between two or more fluids
according to the present invention, where figure 1A shows the components of the heat
exchanger element in an exploded view and from above, figure 1B shows the heat exchanger
element in an assembled or casted state, in a perspective view, figure 1C shows the heat
exchanger element from above, from a side and from an underside and upper side, figures
1D-1F show an alternative exemplary embodiment of the heat exchanger element according to
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figures 1A-1C, where figure 1D show the components of the heat exchanger element in an
exploded view and from above, figure 1E shows the heat exchanger element in an assembled
or casted state, in a perspective view and figure 1F shows the heat exchanger element from
above, from a side and from an underside and upper side,

Figures 2A-2C show a sheet material of the heat exchanger element according to figures 1A-
1F, where figure 2A shows the sheet material prior to a folding of the sheet material, figure 2B
shows an exemplary embodiment of the sheet material when folded, in a perspective view, and
figure 2C shows an alternative exemplary embodiment of the sheet material according to figure
2B,

Figures 3A-3B show an embodiment of a modular heat exchanger system according to the
present invention, where figure 3A shows the modular heat exchanger system in an exploded
view and figure 3B shows an alternative embodiment of the modular heat exchanger system
according to figure 3A,

Figures 4A-4F show alternative embodiments of the modular heat exchanger system
according to figure 3A-3B, seen from above, from a side and from an underside and upper
side, where figures 4A-4B comprise one heat exchanger element, figures 4C-4D comprise two
heat exchanger elements and figures 4E-4F comprise four heat exchanger elements,

Figures 5A-5C show a guiding element according to the present invention, where figure 5A
shows an exemplary embodiment of the guiding element from an underside (or upper side),
figure 5B shows an alternative embodiment of the guiding element according to figure 5A, in an
exploded view, and figure 5C shows the guiding element in an assembled state, and

Figures 6A-6B show a front panel and back panel of the modular heat exchanger system
according to figures 4A-4F.

[0049] Figures 1A-1F show alternative embodiments of a heat exchanger element 1 for heat
exchange between two or more fluids according to the present invention, where figures 1A-1C
show an embodiment of the heat exchanger element 1 comprising a folded sheet material 2
and an outer casing 3.

[0050] A first embodiment of a heat exchanger element 1 is shown in figures 1A-1C, where the
heat exchanger element 1 is manufactured through a method comprising the following steps:
the sheet material 2 is folded to provide a plurality of slits 7 in the sheet material 2, where the
sheet material 2, when folded, will have four end surfaces 2A-2D and two opposite heat
transfer surfaces 2E, 2F (only one is seen), where the slits 7 will extend in a longitudinal
direction L of the folded sheet material 2. Thereafter, the folded sheet material 2 comprising
the plurality of slits 7 is placed in a mould (not shown), whereafter a material, for instance
polyurethane (PU), is poured into the mould (not shown) to cast the folded sheet material 2
into a frame which will form the outer casing 3 in the heat exchanger element 1, the moulding
providing a one-piece heat exchanger element 1 where the outer casing 3 covers only the end
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surfaces 2A-2D of the folded sheet material 2 and leaving the two opposite heat transfer
surfaces 2E-2F exposed through a central opening 4, the moulding further providing two
through holes 5 on opposite sides of the central opening 4 of the outer casing 3, the two
through holes 5 forming the inlets and outlets for each fluid.

[0051] The outer casing 3 will thus cover only an outer circumference of the folded sheet
material 2, thereby providing a central opening 4 in the outer casing 3 such that the central
opening 4 exposes both sides of the folded sheet material 2, i.e. both an upper side and an
underside of the heat exchanger element 1 (or a front side and a backside), each of the two
sides forming the heat transfer surface 2E, 2F of the heat exchanger element 1.

[0052] The finished heat exchanger element 1 according to the first embodiment and
manufactured by the above described method is shown in figure 1B.

[0053] An alternative embodiment of a heat exchanger element 1 is shown in figure 1D, where
this heat exchanger element 1 is manufactured in the same way as the heat exchanger
element 1 according to figure 1A-1C, but where the heat exchanger element 1 in this
embodiment in addition comprises a plurality of handles 6 being integrated in the heat
exchanger element 1; the folded sheet material 2 provided with a plurality of slits 7 and having
four end surfaces 2A-2D and two opposite heat transfer surfaces 2E, 2F is placed, together
with four handles 6, in a mould (not shown), whereafter a material, for instance polyurethane
(PUV), is poured into the mould (not shown) to cast the folded sheet material 2, the plurality of
handles 6 and the outer casing 3 in one piece, where the moulding will provide a heat
exchanger element 1 where the outer casing 3 covers only the end surfaces 2A-2D of the
folded sheet material 2 and leaving the two opposite heat transfer surfaces 2E-2F exposed
through a central opening 4, the moulding further providing two through holes 5 on opposite
sides of the central opening 4 of the outer casing 3, the two through holes 5 forming the inlets
and outlets for each fluid.

[0054] Figure 1E shows the finished heat exchanger element 1 according to the second
embodiment and manufactured by the above described method.

[0055] However, a person skilled in the art would know that also other materials than
polyurethane could be used when manufacturing the heat exchanger element 1, for instance
an epoxy or the like.

[0056] The outer casing 3 of the heat exchanger element 1 will thus integrate with and cover
the folded sheet material 2 around a circumference of the folded sheet material 2 (i.e. the end
surfaces 2A-2D), while the two opposite heat transfer surfaces 2E-2F will be open and
exposed to the surroundings.

[0057] The above method for manufacturing of the heat exchanger element 1 will provide a
fluid tight connection between the outer casing 3 and the folded sheet material 2, whereby the
heat exchanger element 1 may be manufactured without the use of gaskets, seals or the like.
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[0058] In one embodiment the heat exchanger element 1 may be manufactured in that one
end surface, for instance 2A, of the folded sheet material 2 is placed in the mould (not shown)
and a material, for instance polyurethane (PU) is poured into the mould. When this has
solidified, the process is repeated for an opposite end surface 2B of the folded sheet material
2. Thereafter the process is repeated for each of the two remaining end surfaces 2C-2D of the
folded sheet material 2.

[0059] The heat exchanger element 1 may be manufactured with or without the one or more
handles 6. When the heat exchanger element 1 is manufactured with the one or more handles
6, the one or more handles will be added in the mould with the folded sheet material 2.

[0060] Figures 1B-1C show the first embodiment of the heat exchanger element 1 in a
perspective view, from a side view, a front view, a top view and a back view, while figures 1D-
1F show the second embodiment of the heat exchanger element 1 in a perspective view, from
a side view, a front view, a top view and a back view.

[0061] Figures 2A-2C show the sheet material 2 of the heat exchanger element 1, where it can
be seen that the sheet material 2 is configured with a number of subsequent stamped portions
8 and non-stamped portions 9, where the non-stamped portions 9 are arranged between two
adjacent stamped portions 8. The stamped portions 8 will, when the sheet material 2 is folded,
constitute the slits 7 in the heat exchange element 1, through which slits 7 a fluid is to flow. The
non-stamped portions 9 will then form the "folding areas” for the sheet material 2, i.e. the sheet
material 2 is folded at the non-stamped portions 9.

[0062] The stamping of the stamped portions 8 will provide necessary strength in the heat
exchanger element 1 to prevent the heat exchanger element 1 from collapsing if the differential
pressure across the heat exchanger element 1 becomes too large and will provide a turbulent
flow in the fluids that are run through the heat exchanger element 1.

[0063] Although the stamping of the stamped portions 8 in this embodiment is shown to have a
"V-form", a person skilled in the art would know that the stamping may also have other
"patterns” or forms.

[0064] The stamping may, for example, be done in a press (not shown) or the like, where the
sheet material 2 is fed through the press, a portion 8 of the sheet material 2 is stamped, then
the press (not shown) is lifted and a new length of the sheet material 2 is advanced into the
press, whereafter the press stamps a new portion 8 of the sheet material 2. This process is
repeated until the desired number of stamped portions 8 has been obtained.

[0065] The sheet material 2 will then through a "folding process" be folded about the non-
stamped portions 9, such that the sheet material 2 will have a form as shown in figures 2B-2C.
This will provide a folded sheet material 2, where two stamped portions 8 will form a slit 7 in the
heat exchanger element 1, where the first fluid that flows through a slit 7 on one side of the
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folded sheet material 2 will be "surrounded” by two slits 7 on the other side of the folded sheet
material 2, through which two slits 7 the second fluid flows.

[0066] Although the slits 7 in figures 2A-2C are shown as planar faces, it should be understood
that they may be configured as part circles, arcs or the like.

[0067] Furthermore, the non-stamped portions 9 may have a width, as an example, of 2.5 mm
- 3.5 mm, but this width may also be more or less, depending on the specific application of the
heat exchanger element 1.

[0068] The first and the last portion of the sheet material 2 will be configured with an extra
"folding point". The fold 10 is made so that a part of this first and last portion of the sheet
material 2 will be arranged perpendicular to the subsequent stamped portion 8; see also
figures 2B-2C. This folded portion 10, i.e., the portion that projects perpendicularly out from the
folded sheet material 2, will then constitute attachment points to the outer casing 3.

[0069] Figure 2B shows an embodiment where the fold 10 is made to be half a width or height
of the stamped portion 8, while figure 2C shows an embodiment where the fold 10 is made to
be at a "bottom" of the folded sheet material 2.

[0070] Figures 3A-3B show embodiments of a modular system S for heat exchange between
fluids according to the present invention, where figure 3A shows a first embodiment of the
modular system S in an exploded view, and figure 3B shows a second embodiment of the
modular system S in an exploded view.

[0071] The modular system S for heat exchange between fluids in this exemplary embodiment
comprises two end plates 11 (or a front plate and a back plate), where two guiding elements 12
and one heat exchanger element 1 are arranged between the two end plates 11, one guiding
element 12 being arranged on each side of the heat exchanger element 1.

[0072] The heat exchanger element 1 is arranged between the two guiding elements 12, such
that the modular system S for heat exchange between fluids will be assembled in the following
way: a front plate 11, a first guiding element 12, a heat exchanger element 1, a second guiding
element 12 and a back plate 11.

[0073] Each end plate 11 is provided with a plurality of recesses 13 or notches around a
circumference of the end plate 11, such that a corresponding number of locking elements 14
may be used to assemble and fasten the end plates 11, guiding elements 12 and heat
exchanger element 1.

[0074] The locking elements 14 may be rods, bars or the like, where the locking elements 14
are provided with threads so as to be connected with a nut.

[0075] An inlet filter (not shown) is in a suitable way, for example, with the aid of bolts or the
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like, connected to one of the end plates 11, which inlet filter will reduce the danger of physical
blockages in the modular system S for heat exchange between fluids, as a result of
contaminants in one or both of the fluids to be heat exchanged.

[0076] One of the end plates 11 is further configured with an inlet and outlet 15, 16; 17, 18
(see also figure 6A) for each of the fluids to be heat exchanged, where the inlet and outlet 15,
16 for a first fluid and the inlet and outlet 17, 18 for a second fluid are arranged on opposite
edges of the end plate 11.

[0077] The inlet 15 for the first fluid will then be arranged diagonally opposite to the inlet 17 for
the second fluid, and similarly the outlet 16 for the first fluid will be arranged diagonally
opposite the outlet 18 for the second fluid. Thus, the fluids that are to be heat exchanged will
flow in the opposite direction to each other when the system S for heat exchange between
fluids is used, so as to achieve optimal heat transfer between the fluids.

[0078] How the pipes (not shown) for supply of the fluids to be heat exchanged are to be
connected to the modular system S for heat exchange between fluids is not described in any
detail here, as a person of skill in the art will know how this is to be done.

[0079] The heat exchanger elements 1, when the modular system S for heat exchange
between fluids comprises more than one heat exchanger element 1, are so arranged between
the end plates 11 that two sides facing each other in two adjacent heat exchanger elements 1
will carry the same fluid, which mean, that a first and a second heat exchanger element 1 on
the sides facing each other will carry the first fluid, whilst sides in the second and a third heat
exchanger element 1 will then carry the second fluid.

[0080] In the embodiment shown in figure 3A the modular system S for heat exchange
between fluids comprises two guiding elements 12 and one heat exchanger element 2 that are
not manufactured with handles 6, while the modular system S for heat exchange between
fluids shown in figure 3B comprises two guiding elements 12 and one heat exchanger element
2 that are manufactured with handles 6.

[0081] However, a person skilled in the art would understand that a greater or smaller number
of heat exchanger elements 1 and guiding elements 12 may be arranged between the two end
plates 11, where the number of heat exchanger elements 1 and guiding elements 12 depends
on space available, desired capacity, back-up capacity and development potential. The guiding
elements 12 and the heat exchangers elements 1 are then arranged successively following
one another. Furthermore, the heat exchanger elements 2 are arranged such that two
adjacent or consecutive heat exchanger elements 2 (with a guiding element 12 arranged
between them) carry the same fluid between the sides that faces each other.

[0082] When the modular system S for heat exchange between fluids is assembled, the
system S may, in appropriate ways, be connected to a stand 30 or rack in order to hold the
modular system S in a fixed position.
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[0083] The above is shown in figures 4A-4F, where figures 4A-4B show a modular system S
for heat exchange between fluids in an assembled state and comprising one heat exchange
element 1 and two guiding elements 12, where the heat exchange element 1 and the two
guiding elements 12 are shown without handles in figure 4A and provided with handles 6 in
figure 4B; figures 4C-4D show a modular system S for heat exchange between fluids in an
assembled state and comprising two heat exchange elements 1 and three guiding elements
12, where the two heat exchange elements 1 and the three guiding elements 12 are shown
without handles in figure 4C and provided with handles 6 in figure 4D; and figures 4E-4F show
a modular system S for heat exchange between fluids in an assembled state and comprising
four heat exchange elements 1 and five guiding elements 12, where the four heat exchange
elements 1 and the five guiding elements 12 are shown without handles in figure 4E and
provided with handles 6 in figure 4F.

[0084] Figures 5A-5C show a guiding element 12 according to the present invention, where
the guiding element 12 is arranged adjacent to the heat exchanger element 1 in order to direct
and force the fluid to flow through the slits 7 in the heat exchanger element 1.

[0085] Furthermore, each guiding element 12 is configured with inlet and outlet 15, 16; 17, 18
for each of the fluids to be heat exchanged, where the inlet and outlet 15, 16 for a first fluid and
the inlet and outlet 17, 18 for a second fluid are arranged on opposite edges of the guiding
element 12.

[0086] As explained for the end plate 11, the inlet 15 for the first fluid will then be arranged
diagonally opposite to the inlet 17 for the second fluid, and similarly the outlet 16 for the first
fluid will be arranged diagonally opposite the outlet 18 for the second fluid. Thus, the fluids that
are to be heat exchanged will flow in the opposite direction to each other when the system S
for heat exchange between fluids is used, so as to achieve optimal heat transfer between the
fluids.

[0087] Each guiding element 12 is also provided with a filter 19 arranged on one side of the
guiding element 12, and where the guiding element 12 is provided with a bead or edge 20
arranged to form an enclosure around the inlet 15 and outlet 16 for the first fluid.

[0088] Similarly, an opposite side of the guiding element 12 may also be provided with a bead
or edge 21 arranged to form an enclosure around the inlet 17 and outlet 18 for the second
fluid.

[0089] Guiding elements 12 will help leading or forcing the fluid through the inlets and outlets
of the heat exchanger elements 1 and also through the heat exchanger elements 1.

[0090] Each guiding element 12 will also contribute with a strength to withstand a fluid
pressure inside the modular system S for heat exchange between fluids (both the actual fluid
pressure and the differential pressure, i.e. the pressure difference between the fluids.
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[0091] A height and/or width of a guiding element 12 may therefore be larger than a height
and/or width of a heat exchanger element 1.

[0092] Figures 5B-5C show an alternative embodiment of the guiding element 12 according to
figure 5A, where handles 6 are integrated in the guiding element 12 in this embodiment; figure
5B showing the guiding element 12 in an exploded view and figure 5C showing the assembled
guiding element 12.

[0093] Figures 6A-6B show a front plate and a back plate 11 of the modular system S for heat
exchange between fluids, where each end plate 11 is provided with a plurality of recesses 13
or notches around a circumference of the end plate 11, such that a corresponding number of
locking elements 14 may be used to assemble and fasten the end plates 11, guiding elements
12 and heat exchanger element 1.

[0094] The locking elements 14 may be rods or the like, where the locking elements 14 are
provided with threads so as to be connected with a nut.

[0095] The front plate 11 is further configured with an inlet and outlet 15, 16; 17, 18 for each of
the fluids to be heat exchanged, where the inlet and outlet 15, 16 for a first fluid and the inlet
and outlet 17, 18 for a second fluid are arranged on opposite edges of the end plate 11.

[0096] The inlet 15 for the first fluid will then be arranged diagonally opposite to the inlet 17 for
the second fluid, and similarly the outlet 16 for the first fluid will be arranged diagonally
opposite the outlet 18 for the second fluid. Thus, the fluids that are to be heat exchanged will
flow in the opposite direction to each other when the system S for heat exchange between
fluids is used, so as to achieve optimal heat transfer between the fluids.

[0097] Furthermore, the inlets and outlets 15, 16, 17, 18 for fluids provided in the end plate(s)
11, the guiding elements 12 and the heat exchanger elements 1 are provided such that, when
the modular system S for heat exchange between fluids is assembled, the inlets and outlets
15, 16, 17, 18 for fluids in each element 1, 11, 12 will align with corresponding inlets and
outlets 15, 16, 17, 18 in remaining elements, so that there is no need to seal against fluid in
different planes or heights.
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PATENTKRAV

1. Modulaert system (S) til varmeveksling mellem fluida, omfattende to endepla-
der (11), hvorved mindst én endeplade (11) er konfigureret med indlgb (15, 16)
og udlgb (17, 18) for fluida, hvilket moduleere system (S) omfatter et antal varme-
vekslerelementer (1) og et antal ledeelementer (12),

kendetegnet ved, at hvert varmevekslerelement (1) omfatter et foldet pladema-
teriale (2), som omfatter en flerhed af spalter (7), der streekker sig i en leengde-
retning for det foldede plademateriale (2), hvilke langsgéende spalter (7) danner
vaeskestremningsvejene, hvorved det foldede plademateriale (2) er stabt i eet
stykke i et ydre hus (3), hvorved en central, gennemgaende abning (4) i det ydre
hus (3) deekker en ydre omkreds af det foldede plademateriale (2), hvorved der
frileegges en frontside og en bagside af det foldede plademateriale, og hvorved
to gennemgaende huller (5), der danner indlgbene og udlabene for hvert fluid,
er tilvejebragt pa modstaende sider af den centrale, gennemgaende abning (4) i
det ydre hus (3), hvorved hvert ledeelement (12) omfatter to indleb (15, 16) samt
to udleb (17, 18) for fluida, og en vulst eller kant (20), der er tilvejebragt pa den
ene side, danner et indelukke rundt omkring indlgbet (15) og udlgbet (16) for et
ferste fluid, samt en vulst eller kant (21) pa en modstaende side, dannelse af en
omhylling rundt om indlgbet (17) og udlgbet (18) for et andet fluid, hvilke varme-
vekslerelementer (1) og ledeelementer (12) er arrangeret successivt falgende
hinanden, og varmevekslerelementerne (1) er arrangeret saledes, at to tilgraen-
sende varmevekslerelementer (1) pa sider, som vender mod hinanden, leder det

samme fluid.

2. Moduleert system (S) ifglge krav 1,

kendetegnet ved, at pladematerialet (2) er fremstillet af titanium.
3. Moduleert system (S) ifglge krav 1,
kendetegnet ved, at et forhold mellem en spaltebredde og spaltedybde i en

spalte (7) er mindre end 0,15.

4. Moduleert system (S) ifalge et hvilket som helst af de foregaende krav,
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kendetegnet ved, at veeggene i spalterne (7) i det foldede plademateriale (2) er

konfigureret som plane flader, delcirkler eller buer.

5. Moduleert system (S) ifglge krav 1,
kendetegnet ved, at ledeelementet (12) ydermere omfatter i det mindste et filter

(19), som er tilvejebragt pa hver ende af ledeelementet (12).

6. Moduleert system (S) ifglge krav 1,
kendetegnet ved, at mindst én endeplade (11) omfatter et indleb og et udieb

(15, 16; 17, 18) for hvert af de fluida, som skal varmeveksles.

7. Moduleert system (S) ifglge krav 1 eller 6,

kendetegnet ved, at endepladerne (11) er udstyret med en flerhed af udsparin-
ger (13) rundt langs en omkreds af endepladen (11), hvorved et tilsvarende antal
laseelementer (14) virker sammen med flerheden af udsparinger (13) for at sam-
menfgje og fastgere endepladerne (11), feringselementerne (12) og varmeveks-

lerelementerne (1).

8. Fremgangsmade til fremstilling af et varmevekslerelement (1) til varmeveksling
mellem fluida, hvilket varmevekslerelement (1) omfatter et plademateriale (2) og
et ydre hus (3),

kendetegnet ved, at fremgangsmaden omfatter de falgende trin:

- foldning af pladematerialet (2) til en flerhed af spalter (7), som streekker
sig i en leengderetning for pladematerialet (2),

- anbringelse af det foldede plademateriale (2) i en form (ikke vist), og

- tilsaetning af et materiale (ikke vist) i formen med henblik pa at stebe
det foldede plademateriale (2) og det ydre hus (3) i eet stykke, hvorved
den centrale abning (4) i det ydre hus (3) deekker en ydre omkreds af det
foldede plademateriale (2), hvorved modstaende sider af det foldede pla-

demateriale (2) frileegges.
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9. Fremgangsmade ifelge krav 8, hvorved fremgangsmaden omfatter det yderli-

gere trin:

- tilf@jelse af en flerhed af greb (6) i formen.
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