Device suitable for treating a fluid, as well as a method suitable for manufacturing such a device

An embodiment of the invention relates to a device suitable for treating a fluid, which device comprises
an elongated foil formed of a plurality of foil layers arranged in zigzag fashion, a first foil layer being
connected to a second foil layer at a first end, and said second foil layer being connected to a third foll
layer at a second eR@Migtdiditesia Said Hietldra, avilisdspag enelir@aranyethostwatalbigioféwil layers.
An emb%’é’i‘?@@c@tﬁ#ﬂ% nysntionfygber relates to a method suitable for manufacturing such a device.
Such devices are suitable for transferring heat from a first fluid to a second fluid, with the device
functioning as a heat exchanger. The foil is a heat-conducting foil in that case. Such devices are

furthermore Suitab'ﬁﬁoéﬁ'\ﬁ%cﬁﬁq@'ﬁ?réf_FP\E‘;‘VmGBrﬁBH e {g _It_{fe&?(ﬁ&@g&ffggl % FHFttl?e“%ﬂﬁat a second

fluid. It is also possible to use the device as an air humidifier. oil is a membrane foil in“that case.
In such Huidvivdismiaviskrramprisns Eopleas pae ol fororedof - plugatino Soibéarershaped
spacer elamentsidisprseg reatitie Sratandy iass959nd 8B éB%%&é&%‘ﬁ%ﬂ%@%fgﬂ'Aayefs
apart. Such beam-shaped spacer elements are also disposed between the ends. rawback of

such sphfsh @nsmants saithsegund b levafieingaeyppested & shthisdrfatdayer wildaserantere fluid
flowing Q¥R oM IRR SaiarAdica, SiatiRapacis adreLitIhGiARSIBLahenl fb g Lpsfer of the

material to be filtered is not optimal. An embodiment of the invention seeks to provide a device
in which a turbulenflontpriieeahpictreviavsntistaiughpthe@ttisctarearopthedotiuigblestons to
optimise{he (rapgighgfdmatier anmler heat. According to an embodiment of the device of the
invention, said spacer comprises a mesh-like layer, through which fluid can flow in the plane of the
mesh-like layer as }fhasBdR8SersElyIeildRIDI Sk Baiarbwh-ealaffom a firgelaigkdmfahe

presenceaiihe mAsh ik meradin LU sHFRPA. AR SOl RcerAeAAT DG TgLigver in

use, whilst a good contact with the foil layers of the elongated foil disposed on either side of the
mesh-liORAS8G{eM dn Shad erseme ensured.

Such devices are furthermore suitable for use as filiers, in which a
substance is transferred from é first fluid to a second fluid. It is also possible to use
the device as an air humidifier. The foil is a membrane foil in that case.

In such a device, which is known from European patent application
EP-A1 -0.040.890, beam-shaped spacer elements disposed near the first end, the
second end and the next ends keep the foil layers apart. Such beam-shaped spacer
elements are also disposed between the ends.

A drawback of such spacer elements is that there are relatively many
places on the surface of a foil layer where fluid flowing over the foil layer is practically
stationary. As a result, the transfer of heat or the transfer of the material to be filtered
is not optimal.

An embodiment of the invention seeks fo provide a device in which a
turbulent flow can be realised over substantially the entire area of the foil layer so as
to optimise the transfer of matter and/or heat.

According to an embodiment of the device of the invention, said spacer
comprises a mesh-like layer, through which fluid can flow in the plane of the mesh-
like layer as well as transversely to the plane of the mesh-like layer.

Because of the presence of the mesh-like layer, the fluid will spread over
the entire surface area of the foil layer in use, whilst a good contact with the foil

layers of the elongated foil disposed on either side of the mesh-like layer is at the



One embodiment of the device according to the invention is characterised in that longitudinal sides of
the first foil layer and the second foil layer are interconnected by means of a cement along at least part
of the length. The cement provides a proper adhesive bond between the foil layers. In
addition, becH{s&@H¥tHd Hse of the cement the connection is flexible and?édtetePikihg up
expansions of the foil layers. The cement is a silicone paste, a silicone hot melt or an epoxy resin, for
example. The cement interconnects the foil layers and seals the space present between the foil layers.
In case of a pressure 10 buildup in the space pré’sent between the foil layers on account of the fluid
present theg%'iqé ﬁﬂg Qlesgyre buildup can readily be taken up by the cement. Besides silicone paste, it
is also possible to use other types of cement capable of providing a proper adhesjve bond with the foil

layers, taking up expansidiréf SEPRAIMER r o6 88 AR IFR AT XA Rt CP U FRYLE A between the
foil layers fohdhaictqriembint et Kok kBipatsides of the fikhih@Eyendrodimarscondeiteyite according to

the inventiopdsbEariesisedy Mt g sidesokine fisatdoiklayagand the second foil layer are
interconnected up to a point spaced a predetermined distapce. from the first end, Jeaying open a
pass%%e, whilst Iongituc!i[1|];.}'E§‘,i(§:5”sn %?tt écgé%)sn(? fgﬁqg?/%ra %a‘rj%e the Ba'ﬁg?rael%ﬁ?%?yé%‘%r\g)?nterconnected
up to a poird¥packuasdiagchertine ey 3t dhe FRINGEE SR ERaCRRDIRy IeApdssage.

Via said passpge of fiuidoCan dxednsions o this toitheyspadepresentt e tvdignthesiklayers in a simple

manner. Preferahly, SUEDPASSRAUBSATR e AedRsAIDe O JongiidinAl sidesssedhal a fluid can be

introduced Into or be 25discharged from the space between the foil layers frgm two sides. In this way
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cement, thé&ﬂﬂﬁ&f’t‘i@ﬁi%ﬂﬁ@%H’%ﬁé%if%}%\‘%"ﬁnéfﬁ@ RregreResien ah the ol BYETa A same time
upon applicadisuefdcedimetite Siacs prékedtirasernbbtvicblatbes foil fiaykpseadint in said

15 space.

Another embodiment of the device according to the invention is
characterised in that longitudinal sides of the first foil layer and the second foil iayer
are interconnected up to a point spaced a predetermined distance from the first end,
leaving open a passage, whilst longitudinai sides of the second foil layer and the

20 third foil layer are interconnected up to a point spaced a predetermined distance
from the second end, leaving open a passage.

Via said passages, a fiuid can be introduced into the space present
between the foil layers in a simple manner. Preferably, such passages are iocated
near the two longitudinal sides, so that a fluid can be introduced into or be

25 discharged from the space between the foil layers from two sides. In this way an
adeguate flow distribution through the mesh-like layer is obtained.

Yet another embodiment of the device according fo the invention is
characterised in that longitudinal sides of the foil layers arranged in zigzag fashion
are connected to the mesh-like jayer.

30 By i'nterconnecting the foil layers and the mesh-like layer, a proper
seal of the longitudinal sides is obtained in a simple manner. When the foil layers
and the mesh-like layers are being interconnected by means of a cement, the
connection between the foit layers and the mesh-like layer is realised at the same
time upon application of the cement. Thus, a fiuid present between the foil layers will



3 have to flow through the mesh-like layer at all times. Yet another embodiment of the device
according to the invention is characterised in that the mesh-like layer extends over substantially the
entire area of a foil layer. Because the meslglike layer extends over substantially the entire area
of the foil layer, a relatively large turbulent flow is created over the entire area of the layer. Yet
another eavedgiffttbrangritheceesedidingyertabahingsn is characterised in that a passage

extending transvergely (@ {iRcrnaistiaahai® & Ritseab e g lictand e saaanghiol laver

near the second end. This passage has been automatically obtal as a result oI the toil layer
being arthatreteni st iy thastion mMesbiille fayepastengs avkidehsidetialyotheediretasendhe layers
over the gntire width of the elongated foil, after which the fluid can be discharged via the passages
located near thé first end and at the longitudinal sides, or vice versa. As a result, a good flow
distribution over thBepivsateg oresbHiieldgreisdandsdover sulygtiaatistiyethensdrditenanatzobthe

distrbution over thBersslba o i . hendstiiammeotine
contang o Sl ity e e R AP B e

spiral faBeh from the first end located near the central axis of the cylindrical container to the second

end spaced some gigfanee fam éﬁjg&ﬁ% r XI5 the d e‘gf&%c%&%pgﬁlgcqgt?{}qgr m# pgssible to

ensure and control a good pressure and/or flow distribution of the fluids flowing through the cylindrical
containd@rREIqBRaM 4y High presssrseamxigmsting trangyesabotintést inpéudialtisidalso relates

to @ meshiek i MaaRIHInArSH SRR MBUERond o ke HaEtha Biettiod ghéhe invention,
ng a first foil

mesh-like layer is positioned on a part of an elongated toil formi ayer, after which a part

forming a second folNiRRaAsEAgSshh b¢n ddlamakialikeipned astamesahofithicickelayed foil layer
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fashion.between the layers over the e?ntireu\!vidvglh Igf tilnsecglgﬁgaetgd chj)r;]I? after \?vhich the ﬂuit.}i/ can

be discharged via the passages located near the first end and at the longitudinal

sides, or vice versa. As a result, a good flow distribution over the entire area of the

foil layer is realised.

Yet another embodiment of the device according to the invention is
characterised in that the foil layers are disposed within a cylindrical container, with
the first and the second end extending in axial direction, whilst the foil layers extend
in spiral fashion from the first end located near the central axis of the cylindrical
container to the second end spaced some distance from said central axis.

The cylindrical container makes it possible to ensure and control a good
pressure and/or flow distribution of the fluids flowing through the cylindrical container
when relatively high pressures are used.

An embodiment of the invention also relates to a method for manufacturing
such a device.

According to a method of the invention, a mesh-like layer is positioned on
a part of an elongated foil forming a first foil layer, after which a part forming a second
foil layer is positioned on said mesh-like layer, which first and which second foil tayer
are interconnected with a first end.

Using such a method, it is possible in a relatively simple manner to realise
a device for treating a fluid which is capable of functioning in an entirely automated

fashion.



3a According to an aspect of the present invention, there is provided a device suitable for
treating a fluid, which device comprises an elongated foil formed of a plurality of foil layers arranged in
zigzag fashion, a first foil layer being connected t@¢a second foil layer at a first end, and said second
foil layer being connected to a third foil layer at a second end remote from said first end, whilst spacers
are arranged betwéeswsintolbl@ayeaspebicH Spacsesenipnsestiomdbarike riywidetaugavidsich fluid

o onEae M At e MRS BAES SIBIRESEY SDIERAHRTRAEYT i oo

characterised in that longitlidinal sides of the first foll layer and the se ayer are interconnected

up to a poinekipaekclyh predeteranrgsdsziacedriashins fadsiwh doiidayergbeinm copassterd favhilst
longitudinal sides pihe s f%“ﬂé?ilem,eﬁﬁé‘%éﬂ? é@%ﬂrﬁqi%ﬂm PBBFH%CBBHRSE%“PJ%A%%‘N

spaced a predetermined distance from the second end, leaving open a’passage. ccording to
another @dplasesfahe presentdimrshtismattefeoim praiddéstaengihot itslimbie s menaiaengid a
device g5 gefinadahe 81‘%&1%%” \%leg-' layerd ﬁgﬁé@ti n ] rt.of.a Q[gg? Joil forming
a first foil layer, af?erw iE:h a part forming %gﬂs%coﬁg@ﬂén aye?lisﬁ%ogsﬁ]ti@(nge?1 gzr%r’sglhgbm shkﬁliﬂgpl]ayer,

which fifd¢igreriviiiew dedbraileinfagéileenrsidienioedasitvelifiest tomas chselpttrited Mahat
longitudiaksides - e isstioltiayatand the seqa %ﬁ%iﬂ?&’.ﬁ%ﬁ&%@%‘%@ﬂﬁ‘é%ﬁ?%”f?ﬂj&?éwgfa a point

spaced a predetermined distance from the first end to [eave open a passage, whilst longitudinal sides
of the sdBenagenndy&ibriavee #ipdirdanegrresiedeiry tntedchniricragsdoa poreipaoitd

predeteripst g HBRC MEAErRAqRANRI lPavB aRe8 PRRTE0RBNiudinal sidde dFYREION Wil

now be explained in more detail with reference to the drawings, in w Figure 1 Is a perspective

view of &efsicelatdaitngis theeirtbisatitl, ByrRiuase istamnatiealiyshpws Farantepaseiteshown in
figure 1 grigiderifiiad diasmee sisnahu sucahine RIIGIVING RdR%hauaga floure 2; Figure 38 is a
sectional view in the direction indicated by the arrows B-B in‘figure 3A,
According o another aspect of the present invention, there is provided a

method suitable for manufacturing a device as defined above, wherein a mesh-like

layer is positioned on a part of an elongated foil forming a first foil layer, after which a

part forming a second foil layer is positioned on said mesh-like layer, which first and

which second foil layer are interconnected with a first end, characterised in that

longitudinal sides of the first foil layer and the second foil layer are being

interconnected up to a point spaced a predetermined distance from the first end to

leave open a passage, whilst longitudinal sides of the second foil layer and the third

foil layer are being interconnected up to a point spaced a predetermined distance

from the second end to leave open a passage.



10Figure 3C is a sectional view in the direction indicated by the arrows C-C in figure 3A;

Figure 4 is a perspective view of an elongated foil formed in a plurality of foil layers arranged in zigzag
fashion, which foil comprises a membrane; Figure 5 is a perspective view of an elongated foil formed
in a 15pluraliwyiidibiayasrs arranged in zigzag fashion, which foil comprigegM.egibaarducting
material; Figures 6A and 6B show a top plan view and a cross-sectional view, respectively, of
a mesh-like layer of the device shown in figure 1; Figures 7A-7H show various steps of the method
according to the 20invention; Figures 8108 show various views of a second embodiment of
the device according to the inventign; rt)Pures 11 and 12 are cross-sectional views in the

directions indicated D-D .ﬁ%w%&%%&%@sﬁ aingrbinmeredstah it it eicedRiing to 25the

invention; the drawingigineditB and 14 show a top plan view and two cross-sectional views,
respectively, of a device aGgaéling # e EvesHing. view of a device according to the
invention;
5 Figure 2 schematically shows part of the device shown in figure 1;
Figure 3A is a cross-sectional view of the part of the device shown
infigure 2;
’ Figure 3B is a sectional view in the direction indicated by the arrows
B-B in figure 3A;
10 Figure 3C is a sectional view in the direction indicated by the arrows
C-Cin figure 3A;
Figure 4 is a perspective view of an elongated foil formed in a
pluratity of foil layers arranged in zigzag fashion, which foil comprises a membrane;
Figure 5 is a perspeclive view of an elengated foil formed in a2
15 plurality of foil layers arranged in zigzag fashion, which foil comprises a heat
conducting material;
Figures 6A and 6B show a top plan view and a cross-sectionat view,
respectively, of a mesh-like layer of the device shown in figure 1;
Figures TA-7H show various sieps of the method according to the
20 invention;
Figures 8-10B show various views of a second embodiment of the
device accarding to the invention;
Figures 11 and 12 are cross-sectional views in the directions
indicated D-D in figure 3A of two different embodiments of the device according to
25 the invention;
Figures 13 and 14 show a top plan view and two cross-sectional
views, raspectively, of a device according to the invention.
Like parts are provided with the same numerals in the figures.
Figure 1 shows a device 1 according to the invention, which
30 comprises a number of spaced-apart plates 2, whiist an elongated foil is present
between two opposite plates 2, which foil is formed in a plurality of foil layers
arranged in zigzag fashion. Spacers are disposed between the foil layers. The foil
and the spacers will be explained in more detail with reference to figures 3A-6B.
Sealing plates 3 are arranged around the elongated foil and the



Like parts are provided with the same numerals in the figures. Figure 1 shows a device 1 according to
the invention, which 30 comprises a number of spaced-apart plates 2, whilst an elongated foil is
present between two opposite plates 2, which foil is formed in a plurality of foil layers arranged in
zigzag fashioNO3pHEBEE3Bre disposed between the foil layers. The foil aRgTHE-2§sa68¥464vill be
explained in more detail with reference to figures 3A-66. Sealing plates 3 are arranged around the
elongated foil and the 5 spacer. The plates 2 and the foils and spacers present therebetween are
joined together by means of stud bolts 4 and nut® 5 screwed onto ends thereof. The plates 2 are

provided with fwstq.n qu %rglgto eg;}n sgch,sas Weell §1WIth f{rséeangrsecon fluid outlet
openings 8, @)a,&flrs ?IL? iftroc uced SERWEEN The elong ated ?oeftiayers Vi3 THe first fluid inlet

opening 6 é?ﬁ?ﬂlﬂﬁ%d‘ﬁé?ﬂﬁ/%&ﬁé’p@?i@d‘h ﬁ"tﬁ@ﬁﬁré&?‘éﬁ“lﬂ@h@é‘l‘ééw fherapfol P Piedefhe first fluid
outlet openinge @rovivetwitie fftyidisl Beatoird MisfDiniad opdhiagdig Cljcrswatligateth Bysthmarrows P2, P3,

after which Joudldgud oM NG UhALE @LtlehRPANIAGS fiubha:saLEAAR R eRead fluid s

introduced between other ayers of the foil in the direction indicated yt e arrow P4 10 via the second

fluid imlet ofBhiAYeF ¥ fRenaiss ikifdnRE WRAMY B AN BHRARAREY WRBFBHE N Td b fbws from the
second fluidicasiondpdcatert ly therasrawdtibnthefiidted pytietopenings Povimge the fivid  Figure 2

shows a mwma aensﬁamw@wwwmemmm@@m oy res Laard wRige@r@ipresent between
said 'ayers %”%r&'?‘ﬂ %‘% 1o g‘«ee%W@' gsiing ﬁf?rW:Sl’ %%MQF of L'%‘éof#d'%g‘%cated by the

arrows P1- It is also pOSSI course, to reverse the flow directions P1-P3 and/or P4-P6 and

realise a colHRAMRSH BebERRR W&’ﬁ%’l’f’eﬁlﬁﬁ fribla e fiyection indicgipd by BR 3 AW Fidss-sectional
viewiof the vizothelecb@rshibridhintefigpeeiflg ih andithrtsmoashigdiedstaibid an@thpenigaadfoil layers 121,

122,123 . i URERINIIRUROUEN Bblend il Sl lerga & rotReaiRsttiadbe second foil
layer 122 ne: d 131, w II_:) t&gecond foil layer is connected to the third foil layer 122 on a side

[a first
remote from' ds%naefgfwéac foil layer 121 is thus connected to a next foil layer 12," at one end
13, and to a precedlng foilFiayes 3 Zhavebinedua d0 Wil PHerrdirReFBE Seiveritdhe #etted over a
distance L at gFiqigisspacddsimeriheesent between said layers (schematically indicated), as

15 well as the flow directions of the fluids indicated by the arrows P1-P6. It is also
possible, of course, to reverse the flow directions P1-P3 and/or P4-P6 and realise a
counterftow module or a paralie] flow module 10,

Figure 3A is a cross-sectional view of the module 10 shown in figure
2, in which the elongated foil 11 and the zigzag foil layers 12,, 12,, 12, ... 12, are

20 clearly distinguishable. The first foif layer 12, is connected to the second feil layer
12, near a first end 13,, which second foil layer is connected to the third foil layer 12,
on a side remote from the first end 13,. Each foil layer 12, is thus connecied to a
next foil layer 12,,, at one end 13, and to a preceding foil layer 12,, at another end
13,,. The foil layers are interconnected over a distance L at points spaced from the

25 ends 13, ....13,, which distance L is smaller than the distance A between two
opposite ends 13,, 13,. Passages 14, 15 are formed by the foil layers 12, .... 12,
which are not connected near the ends 13,13, via which passages the second fluid
and the first fluid, respectively, can flow from the module 10.

Present between the foil layers 12, .... 12, are mesh-like layers 16

30 ' (see also figures 6A-6B), which extend over the entire area of a foil layer 12, .... 12,
The mesh-like layer 16 is formed by two sets of synthetic yarns 17, 18, which each
include an angle of preferably 15° - 45° with the longitudinal direction of the foil
layers. The mesh-like layer 16 forms a so-called spacer.

The yarns 17, 18 are preferably 0.5-2.5 mm thick. The mesh-like



25 ends 131 ....13,, which distance L. is smaller than the distance A between two opposite ends 131,
132. Passages 14, 15 are formed by the foil layers 12 .... 12,, which are not connected near the ends
13,-13,, via which passages the second fluid and the first fluid, respectively, can flow from the module
10. Present bEtasaeHvthesdoil layers 12,12, are mesh-like layers 16 30 (seeTalgaKigusesHA-6B), which
extend over the entire area of a foil layer 12, .... 12. The mesh-like layer 16 is formed by two sets of
synthetic yarns 17, 18, which each include an angle of preferably 15 - 45 with the longitudinal direction
of the foil layers. The mesh-like layer 16 forms afso-called spacer. The yarns 17, 18 are preferably

0.5-25m thch}W mes Jlke 6 Ia er. th S, sathlckness fa outéle mm, in partlcular at

h
locations w gre o] ar Tﬁtersab Y eshrWe pnerﬁ aﬁ(? %c 83&%’% %Neen the yarns 17,
18, with a rﬁ%@%é?wé%ﬁ@fé@?eﬁ@ﬂtﬂ@cﬂi@ﬁiﬁ@% 2harernesrn ketweer g vafeYat®s 17, 18 of about
80% to 20 Uit\éhafidliuiehWidew shihspe bithe mmstinbiker ek kiioth & Stengiduojiftaw yarssbstantially the

same at all 4905}3%%@9& BBQ/I‘%U% Yowg v 'ﬁéﬁs%ééﬁﬁeu‘{’é‘?ﬁésﬂ‘?;w&‘%?“l% the The

mesh-like Izlsg[sar 16 is disposed between two o%eeosne foil layers 1 with the foil layers 121 .... 1;

and the me'Si9iRe5 oK BesHbsiaT At o fRNfPb ! chﬁﬁ’ﬂ% ?”%Brgfﬁﬁ%ﬂgvﬁ the nuts 5 in
such a manaspusdarestiute digpsigongtrocryn. the mesh-like layer 16 can only take place through the

openings 20 and over andru@@ﬁrsmwaa@sr% |l&|@6§@@§@%ﬁ%0bﬁo§&3& igjatively thin, contact
between th?élaf gzan‘gnt,p foqoﬁa\ 1, _}%l;%% 66,0\ %r ‘Hg gn% ti}ﬁ WIJJ layer 121 ..
I I'layer 1

12g. The fluid'flow/'over the surfa & of t%e foi 1; takes place |n atur ufent manner caused by

the yarns 1Pee8eAdnthadites 215‘?{1‘1‘%@?’%&)@/&*%%‘%%&&?% ﬁw’ﬁ&%’i‘%{ﬁa?&“ﬁ@éﬁ between the
fluidi8nd thédweitheyeris the mesitjike dytirédavitinly telatipebe ithwopgbdbarepdrimaessdihe mesh-like

layer 16.  gver and under the yarns 17, 18. Because the varns 17, 18 are relatively thin,
contact between the fluid and the foil layer 12, .... 12, takes place over the entire

area of the foil layer 12, .... 12,. The fuid flow over the surface of the foil layer 12,

.. 12, takes place in a turbuient manner caused by the yams 17, 18. As a result, a

15 further improved fransmission of matter and/or heat between the fluid and the foil
layers 12, .... 12, is obtained with a relatively low pressure drop across the mesh-like
tayer 186,

Figure 4 shows an embodiment of a foil 21 comprising a plurality of
foil layers arranged in zigzag fashion, which foil is made of a membrane foil which is

20 permeabile to specific desired substances.

Figure 5 shows another embodiment of a foil 22 comprising a
plurality of foil layers arranged in zigzag fashion, which foil is made of a heat
conducting foil or of a combination of a membrane foil and a heat conducting foil
{see figures 13 and 14).

25 The membrane foil may for example be a hydrophobic PFFE
membrane foil having a thickness of 30-500 um and a pore size of 8.1-0.45 ym or
another hydrophobic or hydrophilic membrane foil. The heat conducting foil 22 may
be a tri-laminate foil, for example, made up of a metal foil coated with plastic on two
sides, said plastic comprising PET and said metal foil comprising aluminium. The

30 thickness of the PET foil layer may be 12 pm, for exampie, whilst the aluminium foil
may be 37 um thick.

Figures 7TA-7H show seven steps of the method according to the
invention, which is sultable for manufacturing the module 10 shown in figure 2 of the
device 1. in the step shown in figure 7A, a first foil layer 12 is positioned on a



Figure 4 shows an embodiment of a foil 21 comprising a plurality of foil layers arranged in zigzag
fashion, which foil is made of a membrane foil which is 20permeable to specific desired substances.
Figure 5 shows another embodiment of a foil 22 comprising a plurality of foil layers arranged in zigzag
fashion, which@g#i&/tHdéle of a heat conducting foil or of a combination #Ca/MatbiEietfoil and a heat
conducting foil (see figures 13 and 14). 25The membrane foil may for example be a hydrophobic PFFE
membrane foil having a thickness of 30-500 pm and a pore size of 0.1-0.45 pm or another hydrophobic
or hydrophilic membrane foil. The heat conductirfg foil 22 may be a tri-laminate foil, for example, made

up of a metal foil cqated with plastic on two si aid plastic.comprising PET and said metal foil
comprising %‘fﬁﬁﬁ'ﬁ%%ﬁ%@é@i%%l&?eg '\é\{f t?]gg E’E ‘foW$§9§rcrrn%” e’t'l?%rr‘]’feftl)?y&a%aﬁe, whilst the
aluminium fessitieneeen opf thi ol layer 12,. Fijipwing ity an SdbasbevEm A8 s amiifd method
according taithg ismentegioamshsisutailehtosmancdactusin gigbeesnsBlube | Byshwamsinfigure 2 of the

device 1. In n,fi LA, aufi i ; ' Sjtio . oxt 25 from a roll
26 on Whicrﬁg (gi‘?lli %%%%v\gcl)%n B g%‘%ﬁﬁ%éﬁ%&% ﬁ%a%?%?gégg%gsit%nﬁqoﬁ%é th(%:fil layer 12,.
d ,

Following tR5edatPupinedids wre B dppifitst 807 J b athitsniiti drlbEeRie Lovle it drdtance L (see
figures 3B, 31 ihasdanisyel apntisesiveapptibatioth whichilicthesiastilm i enedmisng to a point
sgaced a |5W@ﬂ%ﬁ}i'?@Qrp.'iSbi‘lBGﬁw&Qﬁ%tthﬂéiE’%K_il_ﬁﬂmdisl%@iébenﬁ[@ taiklaysy ibdicHigungy 7C). The
adhesive layer compgises a.cem ¢ COr t e poxy resin.
Following tké?, ?}ﬂrg‘fnﬁ%é s nggﬁrﬁgﬁggit%ﬁ %%%Z?g(ﬁ B?‘t’ﬂﬂgarrow %%ngﬁr?ré g\?v ich movement

the foil 27 iPFUIRSEAPT R Midvomesnike RYeridReR 8rF ' EMME FREANNKETRLRY B¥Dn a side remote
from1he firstFpilskoey Ep @<l 2D(sHE fifoue sheDsetbnd Thiidatlee $8cbnsl boinafpemed2Thas Been formed.
Then a meshdikeilay i i6 KBResiiersrendpndg tiersecerddeirlayvayd224figuerd ryvhereupon an
adhesive film 28 is a pYiedd ver a istagce Lrg;ggn& @V%;igstg dn%eBL(g%ure( YEGRstréeg t‘lée roll 26 is
moved in th‘ghgﬁf)lbnscf W RLEBH6r N A oW B T6Wards tﬁe firsten ‘§ 8urlng which thovement the
foil 27 is untfieursl Hom e b roll 26 is moved in the opposite direction of the arrow P7

towards the first end 13, during which movement the foil 27 is unwound from said roli
15 26, thus positioning the third foil layer 12, on top of the mesh-like layer 16. At the
same time, the passage 14 is formed (figure 7H). Then the steps shown in figures
7A-7H are repeated a2 number of times until a module 10 comprising a desired
number of layers 12, ... 12, with mesh-like layers 16 present therebetween has
been formed. The module 10 is then placed between two opposite plates 10, and the
20 passages 14, 15 are connecled to the fluid outlet openings 9 and 8, respectively.
L.ocated between the ends 13, .... 13,, near the passages 15, are passages which
are connected to the fluid inlet opening 7. In a similar manner, passages located
between the ends 13, .... 13,, present near the passages 14 are connected fo the
fluid inlet opening 6. The required seals can be realised by means of a silicone
25 paste, for example.
In the device 1 shown in figures 1-7, the foil layers 12, .... 12, and
the mesh-like layers 18 present therebetween extend parallel to each other and to a
flat plane.
in the embodiments shown in figures B-10B of a device 31
30 according to the invention, the foil layers 12, .... 12, and the mesh-like tayers
present therebetween extend from a central axis 32 of the cylindrical container to
the outer side of the cylindrical container 33 to the outer side of the cylindrical
container 33. In these embodiments, relatively high pressures can be used.
Figure 8 shows a perspective, partially cutaway view of the device



15 26, thus positioning the third foil layer 123 on top of the mesh-like layer 16. At the same time, the
passage 14 is formed (figure 7H). Then the steps shown in figures 7A-7H are repeated a number of
times until a module 10 comprising a desired number of layers 12.....12 with mesh-like layers 16
present therde i 1Ads been formed. The module 10 is then placed BEWEEH NS WRhosite plates
10, and the 20 passages 14, 15 are connected to the fluid outlet openings 9 and 8, respectively,
Located between the ends 13, .... 13", near the passages 15, are passages which are connected to
the fluid inlet opening 7. In a similar manner, passages located between the ends 132 .... 13".1 present
near the passages 14 are connected to the fluid inlet opening 6. The required seals can be realised by
means of a'silicone 25paste, for example. In the device 1 shown in figures 1-7, the foil layers 12.,..and

the mesh-like layers 16 pré&@ntfyiiRbainEeRRIEEHdDFUiRITE3baEAERINEF arid: t0" 4Bt plane. In the
embodimenisgitaen acfitesaBriBiéfnidbicel &b Bt datbrehrg e thiisicnsbatien ctiverfoil layers

121.... 12 the MARR-IKS RNRIS RIESERIGrehebygansigRyd from a central axis 32 of the cylindrical
container to the outer side{__of the %ylir% ical contain%r é%_3 to ttJe[ 0 }er side of Qe hc‘ylindrical container
33. Ifthese embodiments’ 15t/ fﬁ/ ﬁ’}?l’%féh?g‘s an %%tuse?f Ef’gﬁ%‘%ﬁs oW §g'{npg‘rspective,
partially cufisnes Sisvwbiaéhadoideygsare interconnggiedden means eblisrse #2E®/Rhifcal container
33, which cgnpRrisessacthadsigiatiivae rhiainieohds, alosedairkotbramitailyyicedinzistoamed cover 35,

which is proyied i, i 1eh>5K VBN SN B35 4o 88 SR RBRKiment 41 of the
introduced into the space present between the foil layers and the mesh-like layers

10 16 present therein via a central inlet opening 42 and discharged via the passages
14. A second fluid is supplied via a space 43 present between the outer side of the
foil layers and the cylindrical tube 34 and discharged via the passages 15. The foil
layers may comprise a non-permeable heat conducting foil, a membrane foil and/or
a combination of a heat conducting foil with a hydrophobic membrane foil, etc.

15 Figures 10A and 10B show another embodiment 51 of the device 31
shown in figure 8, in which foil layers 12 are aiternately interconnected at the short
sides over the entire distance from the centre to the outer side by means of silicone
paste 52, whilst foil layers 12 present therebetween are not connected at all over the
larger part of said distance, so that passages 53 are formed. To obtain a proper

20 seal, the foil layers are interconnected both near the centre and near the outer edge
and both near the upper side and near the bottom side by means of annular silicone
bands 54, 55. The operation of the embodiment 51 is as follows. The foil layers 12
are formed of a membrane foil, and g first fluid is supplied via the passages 53. The
permeate passes through the foil layers 12 and subsequently flows in radial direction

25 to the central passage 56 and/or the passage 57 located near the cylindrical tube
34. The embodiment 51 is in particular suitable for filtration applications which
require a high pressure, such as reverse osmosis (RO}, for example.

Figure 11 shows a cross-sectional view in the direction indicated by
the arrows D-D in figure 3A, in which the foil layers 12 are interconnected over the

30 desired distances by means of a silicone paste 28 on both jongitudinal sides. As the
figure clearly shows, the width of the mesh-like fayer 16 is smaller than the distance
between the bands of silicone paste 28 provided on sither side, so that there is a
small gap 62 between the mesh-like layer 16 and the silicone paste 28. Fiuid flowing
between the foil layers 12 will flow mainly through the mesh-like layer 16. Forces



figure 8, in which the foil layers are interconnected by means of silicone paste at the short sides of the
cylindrical container 33, in a manner practically identical to the manner shown in figure 3A, leaving
open alternating passages 14, 15. A first fluid is introduced into the space present between the foil
layers and th®@?8&HiikEdayers 10 16 present therein via a central inlet SpENIR§92584% discharged
via the passages 14. A second fluid is supplied via a space 43 present between the outer side of the
foil layers and the cylindrical tube 34 and discharged via the passages 15. The foil layers may
comprise a non-permeable heat conducting foil, & membrane foil and/or a combination of a heat
conducting fol i & hydrophobiememiane il e, 45, Eiguies 104 2d 105, shaw another
embodiment b1 of the device 31 8 owr?myflgure , m which foil layers 75 8% ernately

interconne ¢tBRF¥RRRcdiREHeisticatrs by ihe Aerbigisfaw € B anthibe iansiudnRdbettPide by means of
silicone pastetifoivhilsirfoil2laysesdr2asresatid e tolistvieercarendinh comsectes yathatkbver the larger
part of saidaqéqm%ps&%t&m@ges 53 are formed. To obtain a proper 20 seal, the foil layers are
interconnected both near the centre and near the outer edge and Eoth near the ui)‘Per side and near

the bdttom side by meand SF4RnIAdF &I8R% 1R5HAR 4’,‘%”5.“1’??805 B ST AR EmB8diment 51 is as
follows. Thdifettieyérdidstes &che @y oFs Prrifianes 130, imahichrig|widtls &uppleestia the passages
53. The penReritrasBasPUG i iadgley essol thantksrinreaianily dlanescimnagied girection 25 to

the central jasaan 620/ af e BREANS 3 IAGURMISALL0R HinAriGel (s il embodiment

51 is in particular sultable iftratlon apglicatlons which require a high préssure, such as reverse
#

osmosis (REFMBFRBEHRIEIavers 12 apddnraugh et dkssBeE RF P&y ction indicated
by thHé arroimseDaleiinfipardi@ctinrnihittethe byiltheydostl@ arewnfiCotine ertolntthes80 desired
di?;incl?shbé/rénﬁﬁglﬁ 9{1%?”?6%&8!&%%‘?1 aﬁnth b#@ﬁf}bk_@ﬂ@@@h’g@! W@Saﬁ%ﬁ@tﬁﬁﬂ;@yﬁiﬁé”y showsz,éhe
width of the mesh:like laye is smaller than the distange between the hands of sjlicone paste
provided onﬁgﬁeﬂé}}( gic?g?gsoiéﬁnag}% ?éﬁgog% ﬁ.sgea%géarbg‘f\?véﬂgx {ehg | ces‘sstlimlﬁ“lak‘i(]lag!f’f’f'eﬁré ?Lg and the silicone
paste 28. FHlftPfowiigvsEwasAHReti ISR IR ¥ FHANES thfIGH R hEEMIRS HRIIK® layer 16.

Forces 9 exerisiddoythieiedd by entadrarnidoyethd ol thpdod Bleand2haashdirdgyasd 8 in the
trangyerse gieaclio isRiRd P& ALl 258 B AB% Difbpagilginal direction of the foil layers

12. The forces exerted in dirgctior& ex endin%ttransv rsel tthggg&) ar ta(:l;ggsu egi c‘th? plates 2.
5Figure 12 is a cross-sect SRAIGiEN D PR BMRIFERTSS ditet i the ditechSomaics ea%y the arrows

D-D in figurée3s, shownich fissgtd i onghd dndyh mrehairerp e isSischrdfecalsineti§es63 of the
mesh-like |aygis 16.araisoanesiad torthe fedkayeradidyupomapplicasion girébecsiltaerteipaste 28. In

use, fluid flq) ieprg_gaﬂwg@_nag@g;g%*gy%%&(%mﬂetm?m;he mesh-like layers 16 will exert pressure 10

inter_alia in the direction’indicate uble arrow P10. The forces th€t occur areéaken up by the

relatiPely thin foil layers, biiOHES, (5 aA2Fgdf SNt APHRE FEGHREM &< 82 e silicone paste
28. In this waydtdngtstiblinventeridse ahithpke unadechdsqmitentitmeftomerjtiaag éichanger,
filtering devig@ Qr ReRrBRERAHGE: tRarasf yemeanssefdhedeigtiveslivefalblayaienizaneesh-like layers
16 distillation device.
The foil 72 comprises g non-permeabie heat conducting foil 73 and
25 a membrane foil 74. The heat conducting foil 73 and the membrane foil 74 are
interconnected along both longitudinal sides by means of, for example, a 5 mm wide
and 0.1 mm thick a polyurethane solveni-based lacquer 75. Subsequently, a device
as shown in figures 2 and 3A-3C is realised in a similar manner as described above,
with the zigzag foil layers being interconnected by means of silicone pasie 28
30 Following that, recesses 76 extending the entire height of the device 71 are formed
in a number of places in the polyurethane lacquer 75 and the foil 72. The recesses
76 form outlets of a distillate space 77 located between the heat conducting foil 73
and the membrane foil 74. The flow through the device 71 can take place in a simitar

manner as in the device shown in figure 2, except that in addition to that an



15present therebetween and the pastes 28, for example a silicone paste. For the sake of
completeness it is noted that in the cross-sectional views shown in figures 11 and 12, the mesh-like
layer 16 is spaced from the foil layers 12. This is merely for the sake of clarity of the figures. In practice
the foil layerdVIR2fiiii BBut against the mesh-like layer 16. 20Figures 13GHNLRASKTAAANOther
embodiment of a device 71 according to the invention, in which use is made of a combination of a
membrane foil and a heat exchanger foil for the purpose of using the device as a membrane distillation
device. The foil 72 comprises a non-permeable Heat conducting foil 73 and 25 a membrane foil 74.

The heat congducting foil, 73 and the membrane, foil 74 are interconnegcted along hoth. longitudinal sides
by means gfq a‘él'r" 8?(%?’3‘5@ &%ﬁd‘ﬁﬁﬁ?\‘f&f&'é’r%%“ﬁ%fmrﬁ fiiier E ﬁ&%@@&ﬁéﬁ%"&ﬁ) \?g%?-'ﬁg’é%d lacquer 75.
Subsequerfti§tii@aneeedd sirohd MeRIFes Maneb®inst is realised in a similar manner as described
above, with the zigzag foilTiey exsdiginganterc tane clizckbyisneansydigifreandpasterdBe, 30 Following
that, recessgs, 48 £xtaRding the st nei ot 38 dexiee ik are formed in a number of places in the
polyurethane lacquer 75 and the foil 72. The recesses 76 form outlets of a distillate space 77 located
betw&en the heat conducting foil 73 and the membrane foil 74. The flow through the device 71 can
take place in a similar manner as in the device shown in figure 2, except that in addition to that an 10
additional flow in the direction indicated by the arrow P11 of distillate collected in the distillate space 77
via the membrane 74 is obtained. The module 10 may have dimensions varying from, for
example, 20 x 150 x 500 mm to, for example, 500 x 500 x 1500 mm. 11



CLAIMS 1. A device suitable for treating a fluid, which device comprises an elongated foil formed of a
plurality of foil layers arranged in zigzag fashion, a first foil layer 5 being connected to a second foil
layer at a first end, and said second foil layer being connected to a third foil layer at a second end
remote from said first end, whilst spacers are arranged between said foil layers, which spacer
comprises a mesh-like layer, through which fluid can flow in the plane of the mesh-like layer as well as
transversely to the plane of the mesh-like layer, chafacterised in that longitudinal 10 sides of the first
foil layer and th cond foil layer are interconnected up to a point spaced a predetermined distance
from the firstcéﬁ%g/%aving open a passage, whilst longitudinal sides of the second foil layer and the
third foil layer are interconnected up to a point spaced a predetermined distance from the second end,
leaving open a passage. 15 2. A device according to claim 1, characterised in that longitudinal sides
of the first ol layer ané ffvise coHats frry/eratag mdldith naeiEdsy ReaRansisg an MRty at least
part of the 'epﬁqogﬁéd%ﬁ%bj&%ﬁ@% Mg AR 10k & FhARGRHSEUHN et fRgitidipalsides of the
foil layers arranged in zigzag tashion are connected to the mesh-like layer. 4. A device according to
any ong of theiprecadincgelaims, sehamddheitibgainthafitheenéd shaliksaldysecendefuils areer mulEstantially
the entire area of a fail layer, 25 5. A device according to.any one of the preceding claim
characterise§¥R#EES Fa@s%éegﬂ’é :iﬁ}’ﬁé Fah SOEPRS BERERNGi ﬂfﬂaslaé% S eWFsb%ttween the

first and the gpgongd foll layss neabihR38Cad esiliaders, which spacer comprises a mesh-like

layer, through which fluid can flow in the plane of the mesh-like layer as well as

transversely to the plane of the mesh-like layer, characterised in that longitudinal
10 sides of the first foil layer and the second foil layer are interconnected up to a point
spaced a predetermined distance from the first end, leaving open a passage, whilst
longitudinal sides of the second foil layer and the third foil layer are interconnected
up to a point spaced a predetermined distance from the second end, leaving open a
passage.
15
! 2. A device according 1o claim 1, characterised in that longitudinal sides of
the first foil layer and the second foil layer are interconnected by means of a cement

along at least part of the length.

20 3. A device according to claim 1 or 2, characterised in that longitudinal sides

of the foil layers arranged in zigzag fashion are connected to the mesh-like layer.

4. A device according to any one of the preceding claims, characterised in
that the mesh-like layer extends over substantially the entire area of a foil layer.

25
5. A device according to any one of the preceding claims, characterised in
that a passage extending transversely to the longitudinal side is present between the

first and the second foil layer near the second end.



6. A device according to any one of the preceding claims, characterised in that the foil layers are
disposed within a cylindrical container, with the first and the second end extending in axial direction,
whilst the foil layers extend in spiral fashion from the first end located near the central axis of the
cyllndrlcal container to the 5second end spaced some distance from said central axis. 7. A device
according to any one of the preceding claims, characterised in that the foil comprises a membrane foil
and a heat-conducting foil, which are interconnectediZby means of a cement along longitudinal sides
thereof, whilst recesse Oare formedl in said cement r.the disc acg disti ethod

ate
suitable for anufactu P e ER SR N Yo Y gl%flfﬁ%c &Eiatfh@aﬂﬁ]e% '8 mesh-like
layer is positipaeeherf partef a8 glangatedHfeildforpinaaficst doddayer, afierwbishapartferming a

second foil layer is 15 positioned on said mesh-like layer, which first and which second foil layer are

interconnecteeFMithen it endineHa aees MHERF P I Y. bﬁ}wmigm&@ﬂﬁﬁéms&ﬁeﬂllé%ﬁfﬁhd the

second foil | 100 JNkefcenRngcle Io IS a rom the first
end to Ieave?‘g(glér?{gep?gs%gge W%&gtf?ong%lﬁ1 na?éslf%%s 0 g)?s%}%)% l?)%ﬁayer ang Ef\0|l layer
are befng intescamhenteshugrdxan2ddninhspaced mpiedmmmed distance from the second end to

leave open a passage. 9. A method according to claim 8, characterised in that the first foil layer and
the second foil layer are interconnected up to a point spaced a predetermined distance from the first

end, leaving-ppen a pq&m@&&eﬂ%gem%%mda@%e PY-0% O LIBRRICGRAHIGEIAMSS Or 9,
I

characterised in that the longitudinal sides of the first and the second foil layer as well as longitudinal
sides of the theshdikeftdy somirisaereomeathsane1®il and a heat-conducting foil, which are

interconnected by means of a cement along longitudinal sides thereof, whilst recesses

10 are formed in said cement for the discharge of distillate.

8. A method suitable for manufacturing a device according to any one of the
preceding claims, wherein a mesh-like layer is positioned on a part of an elongated

foil forming a first foil layer, after which a part forming a second foil laver is

15 positioned on said mesh-like layer, which first and which second foil layer are
~ interconnected with a first end, characterised in that longitudinal sides of the first foil

layer and the second foil layer are being interconnected up to a point spaced a
predetermined distance from the first end fo jeave open a passage, whilst longitudinal

sides of the second foil layer and the third foil layer are being interconnected up to a

20 point spaced a predetermined distance from the second end to leave open a passage.

9. A method according o claim 8, characterised in that the first foil layer and
the second foil layer are interconnected up to a point spaced a predetermined

distance from the first end, leaving open a passage.

10. A method according to any one of the preceding claims 8 or g,
characterised in that the longitudinal sides of the first and the second foil layer as

well as longitudinal sides of the mesh-like layer are interconnected.



A method according to any one of claims 8-10, characterised in that a number of foil layers with
mesh-like layers abutting tbereagainst are formed. 512.A method according to any one of the
preceding claims 8-11, characterised in that the foil comprises a membrane foil and a heat-conducting
foil, which are interconnected by means of a cement along longitudinal sides thereof, whilst recesses
are formed in said cement for the discharge of distillate.

13

11. A method according to any one of claims 8-10, characterised in that a

number of foil lavers with mesh-like layers abutting thereagainst are formed.

5 12, A method according to any one of the preceding claims 8-11, characterised
in that the foil comprises a membrane foil and a heat-conducting foil, which are
interconnected by means of a cement along longitadinal sides thereof, whilst recesses

are formed in said cement for the discharge of distillate.



