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

Another object of the present invention will be to provide a modular system and an
30 open element for heat exchange between fluids that are maintenance-friendly.

These objects are achieved by means of a modular system for heat exchange be-
tween fluids and a plurality of open elements in the modular system as disclosed in
the following independent claims, with additional features of the invention set forth
in the dependent claims and the description below.

35 The present invention relates to a modular system for heat exchange between fluids,
the system comprising two end plates configured with an inlet and outlet for each of
the fluids that are to be heat exchanged, between which two end plates a plurality of
open elements are arranged, where two open clements adjacent to one another are so
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plates, at least one elongate element is used. The end plates will 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 are coincident to allow the

elongate element to be passed through them so as to assemble the end plates and the
25 intermediate open elements.

The at least one elongate element may be welded to one of the end plates and con-
nected 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,
30 nuts, rapid couplers etc.

When assembling the modular system for heat exchange between fluids according to

the present invention, a desired number of open elements will be arranged one after

the other between the two end plates. The énd plates will then be brought towards

each other, whereafter one or more elongate elements are used to assemble the end
35 plates and the intermediate open elements.

The elongate elements may, for example, be constituted of a bolt, bar or the like.

Preferably the modular system for heat exchange between fluids also comprises at
least an inlet filter, which filter'is suitably connected to the inlet for one of the flu= -
ids. The inlet filter will then reduce the danger of blockages in the modular system.
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It should however be understood that the stiffening of the folded sheet material can

also be obtained in other ways, for example, by the provision of spacers between the
slits of the folded sheet material.

The aforementioned stiffening means will result in the folded sheet material obtain-

30 ing a desired stiffness over the whole or parts of the surface of the folded sheet ma-
terial. '

Although the slits in the folded sheet material are preferably configured as planar

faces, it should be understood that they can also be configured as part circles, arcs

or the like. A preferred embodiment is a structure consisting of forming one or more
35  open areas that permit an efficient high-pressure washing in the slits.

The sheet material in the open element is constituted preferably of titanium or other
suitable materials, the sheet material preferably having a thickness of 0.4mm-

0.6mm. The distance between each slit in the folded sheet material will furthermore =~ -
preferably be 2.5mm - 3.5mm.
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20 The present invention will now be described in more detail with reference to the fol-
lowing figures, wherein

Figures 1 A-B show a modular system for heat exchange between fluids according to
the present invention, which is in the process of being assembled and is fully as-
sembled;

25 Figures 2A-B show an open element for heat exchange between fluids in the modu-
lar system shown in Figure 1;

Figures 3A-B show a sheet material in the open element for heat exchange between
fluids, where the sheet material is shown prior to the folding and as fully folded;

Figure 4 shows the fully folded sheet material with sealed end faces.

30 Figure 1 shows a system 1 for heat exchange between fluids according to the pre-
sent invention, where the system 1 is in the process of being assembled (or taken
apart) in Figure 1A and where the system 1 is shown fully assembled in Figure 1B.

The system 1 for heat exchange between fluids according to the present invention is
constituted of two end plates 2, between which end plates 2 are arranged four open
35 elements 3 for heat exchange between fluids according to the illustrated embodi-
ment. It should however be understood that a greater or smaller number of open
elements 3 can be 'a‘rrange'(‘i- between the end platés 2, this number deperiding on the
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t he end poéfathesnd,pladeixxh inlet filter 7 will reduce the danger of physical

bl ockages_in the system 1l for heat exchange between fluids, as a result of
cont am nahB&inlet &ier the figst fluidfwilltbeh baiadsinged Hiagbaally xsdaeadsdhe inlet  One

of the enth fdrahesecdnidsfldidl MESinGRRTy BH QA tehy AR ﬁﬁgi AhidARfl B Ll 9
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out I%t 8, c{lgg(?rga?&go;ﬁorsgg?l%t{ {)Jlifplé%sll for .e secopd %1 .aﬂ%s, {hev%]ulds that are to be

heat exchanged will flow in the opposite direction to each other when the system 1

for heat exchange between fluids is used, so as to achieve optimal heat transfer be-
tween the fluids.

How the pipes (not shown) for supply of the fluids to be heat exchanged are to be
30 connected to the modular system 1 for heat exchange between fluids is not de-

scribed in any detail here, as a person of skill in the art will know how this is to be
done.

As disclosed above, the modular system 1 for heat exchange between fluids com-
prises a plurality of open elements 3, which open elements 3 will be described in
35 more detail with reference to Figures 2 and 3. The open elements 3 are so arranged
between the end plates 2 that two sides facing each other in two adjacent open ele-
ments 3 will carry the same fluid, which will mean, with reference to Figure 1, that
a first and a second open element 3 in the sides facing each other will carry the first

fluid, whilst sides in the second and a third open element 3 will then carry the sec- -
40 ond fluid.



id and the inlet and outlet 10, 11 for a second fluid are arranged o_nII
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In the frame 17, out towards each of the two ends of the frame 17, through holes 20,

21 are formed, where the through holes 20 constitute inlets for each of the fluids,
whilst the through holes 21 constitute the outlets for each fluid. Each end of the

30 frame 17 will thus be configured with one inlet and one outlet. The inlet and outlet
for one of the fluids will then be on one side of the open element 3, whilst the inlet
and outlet for the other fluid will be arranged on the opposite side of the open ele-
ment 3. The first fluid will then be passed into the open element 3 on one side, flow
through the slits 14 in the folded sheet material 13 and then be passed out of the

35 open element 3 on the same side. The other fluid will be passed into the open ele-
ment 3 on an opposite side and end to the first fluid, flow over the folded sheet ma-
terial 13 on the opposite side of the folded sheet material 13 and opposite the first
fluid, whereafter the second fluid is passed out of the open element 3 at an opposite

end to the inlet thereof. This arrangement will give optimum heat exchange between
40  'the two fluids. - S




20The frame 17 wll further conprise one or nore service gaskets 18, these
being ar- ranged in the outer sides of the top and bottom franes 17a, 17b.
In this WHQ201¥E#14 plurality of open elements 3 are ar P&RGERIIIHNHE system
1 for heat exchange between fluids, a segpled connection will be forned
between the open elenents 3. The frame 17 will also conprise a carrying
handl e 19, n.that the oI%en | enent 25can easily be handl ed during the
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f1 ovwg hr opgbudth&hidhl difs 19 attj‘ﬂﬁdqp?dqﬂgjw.eﬁ@tnol?i;stamped portions 24 will then

form the “folding points™ for the sheet material 13. See also Figure 4, where a fully

folded sheet material 13 is shown. The stamping of the stamped portions 23 will

provide necessary strength in the open element 3 to prevent the open element 3 from

collapsing if the differential pressure across the open element 3 becomes t00 great,

30 and will provide a turbulent flow in the fluids that are run through the open element
3.

The stamping here is shown as a “V-shape”, but a person of skill in the art will un-
derstand that the stamping may also have other “patterns”.

The stamping may, for example, be done in a press (not shown) or the like, where

35 the sheet material 13 is fed through the press, a portion 23 is stamped, the press is
lifted and a new length of the sheet material 13 is advanced in the press, whereafter
the press stamps a new portion 23. This process is repeated until the desired number
of stamped portions 23 has been obtained.



An open element 3 is thus provided where the effective heat transfer Ftr ea t

exceeds the external area of the open element. Furthermore, an open el emen

3 will beVpr28l¥Hétdlwnhere the slits 14 in the fol ded she&CTR2BHI@P2383 are
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frame 17b, containing the folded sheet material 13 and the permanent gaskets 16,
whereafter the top and bottom frames 17a, 17b are by means of suitable devices (not

shown), for example, screws, bolts or the like, connected to each other so as to form
30 an open element 3.

A plurality of open elements 3 will then be placed between end plates 2, whereafter
the end plates 2 are by means of the elongate elements 4 and nuts 6 connected so as
to form a system 1 for heat exchange between fluids.

The invention has now been explained with reference to a non-limiting exemplary

35 embodiment. A person of skill in the art will understand however that a number of
variations and modifications can be made to the system for heat exchange between
fluids and the open element as described within the scope of the invention, as de-
fined in the appended claims.



When the sheet material 13 is folded as shown in Figure 3B, the folded
sheet material 13 will be arranged in a nould 25 and a nass that is to
consti t utWOPZRR/BAt1seal 15 of the fol ded sheet material PEI/NOROHWA23Edded to
the nould 25. This is shown in 20 Figuri®® 4, where it can be seen that one
end of the folded sheet material 13 already has an end seal 15 applied
thereto, whilst the other end of the folded sheet naterial 13 has been put
into the nould 25 for sealing of the end. Wen the other end of the fol ded
sheet material 13 al so has an end seal 15 applied thereto and this has

hardened, PhaHENTdgdaphget material 13, with end seals 15, will 25be
equi pped with the permanent gaskets 16, whereafter these are arranged in

the bottom fra /a wWll subseguently be arranged over
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The invention hiasaméyénbeane ¢xp), al o t e t non-limting
exengpary 35 e‘;mﬂq&gélﬂ#du éj{)?r s}ﬂﬁgﬁ%ﬁpfj?gwﬁﬁgﬁ%&%% GRYLe¥eand
however that a punber o O3S TORRInE W5 7 i andh quslets @D forearhdd the t he
system f or heat ‘é‘féé-hange between fluids and the open el enent as descri bed

within the sgopg of the ijnvention, as defined in the appended clains. WO
2012/ 033411P /‘ﬁfbﬁ%ﬂ?@é&?ﬁ?oi N A ENMAL AhRcterisad i e thd greenmatedal f or

heat exchange HéBhsenadd of dpiwonprising a sheet material (13) folded to
which slits (14) consti- 5tute the fl uids'

forma pIura‘l’A’in'é(%/ o{?slit (14) .. . )

f1 ow_pat hs, BF ”Wi‘é(%)l agcarding feplaim 13 phaweterised irtst the gamenofurites

wi dt B> and | engtcmipsisby anteastonefgaskétf(floni fig1glgvi ces stiffened, and wherein
the ends of {he fol ded sheet material (13) are sealed by neans of an end
seal (15), chardtelsmeatPiasconding tchelaimldebiarebieisedrat it te slit Fiditsioar r anged
in an open framsbt ddpth rattadhless tHah®. pnds of the frame (17) being configured
10w th two through holes formng inlets (20) and outlets (21) for each of
the fluids. 2. Hhclemenetd) acegrdingtor atiynone af theairesellingcfianas tBhisesise t hat
the sheet nat ein eat (Hedyvalls aret@ifRurdd 4 LHAR faces, &art cirches, ks olégﬂreﬁgk%( 3)

e
according to claiml1, characterised in that the enent furth nprises
at |€ast oné-gadkalemenis(3) rgcordig to dainel pelemictéBYediHABACHhAGrdnR & &M 1,
characterised btitutdipdf 4 tvp &ld 4 b%&hrfra{rﬂe,%ﬁikhqgﬁ)gﬁd balkid frésmése('i%at F’?br} 0.15.

are connected to each other by fastening devices.

7. An element according to claim 6, characterised in that the frame in at least

one side is configured with at least one through hole, extending into the at
25 least one gasket (16, 18).

8. A modular system (1) for heat exchange between fluids, comprising two end
plates (2) wherein at least one end plate (2) is configured with inlets (8, 10)
and outlets (9, 11) for fluids, characterised in that the modular system (1)
comprises a plurality of elements (3) according to claim 1, which elements

30 (3) are so arranged that two adjacent elements (3) on sides facing each other
carry the same fluid.

9. A modular system (1) according to claim 8, characterised in that at least one
elongate element (4) is arranged in an area out towards the edge of each of
the ends of one of the end plates (2), and where the other end plate (2) is

35 configured with at least one through hole (5) in an area out towards the edge

of each of the ends of the end plate (2), so as to be able to assemble the end
plates (2).



An element (3) according to any one of the preceding clains, characterised
inthat the walls are configured as planar faces, part circles, arcs or the
li ke. An ¥P2AEM33413) according to claim1, characteri se@CIANQ2HHYPRE frame
is con- stituted of a top and a bottom fllane, which top and bottom framnes
(17a, 17b) are connected to each other by fastening devices. An el enent
according to terised in that the frane in at | east one side
is configur edfdvvl tﬁbﬁ?la?gg{t S5eoding, ‘P]n%gégalné&?@nah@fgcﬁemsgd ihthagthd east
one gasket (16, Pf“AYﬁﬁ@UﬂéﬁogyEmemaKEﬁﬁﬁm&fﬁ&ﬁq7;xchange bet ween fl uids,
conprising two end plates (2) wherein at |east one end plate (2) is
configured with inlets (8, 10) and outlets (9, 11) for fluids,
characterised in that the nodul ar system (1) conprises a plurality of

el ements (3) according to claim1, which elements (3) are so arranged t hat
two adj acent elenments (3) on sides facing each other carry the same fl uid.
A nodul ar system (1) according to claim8, characterised in that at |east
one elongate elenent (4) is arranged in an area out towards the edge of
each of the ends of one of the end plates (2), and where the other end
plate (2) is 35configured with at |east one through hole (5) in an area out
towards the edge of each of the ends of the end plate (2), so as to be able
to assenble the end plates (2). 11 10. A nodul ar system according to one
of clainms 8-9, characterised in that the nodul ar system (1) conprises at

| east one filter (7).



