
Device suitable for treating a fluid, as well as a method suitable for
manufacturing such a device 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 foil layer at a second end remote from
said first end, whilst spacers are arranged between said foil layers. The
invention further 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 heatconducting foil in that case. Such devices are furthermore
suitable for use as filters, in which a substance is transferred from a
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. The object of the invention is to 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. This
object is accomplished with the device according to the invention in that
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 thesame time ensured. 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, because of the use of
the cement the connection is flexible and capable of taking 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
buildup in the space present between the foil layers on account of the
fluid present therein, said pressure 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 adhesive bond with the foil layers,
taking up expansion of the foil layers and adequately sealing the space
present between the foil layers for fluid present in said 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 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. Via
said passages, a fluid can be introduced into the space present between the
foil layers in a simple manner. Preferably, such passages are located near
the two longitudinal sides, so that a fluid can be introduced into or be
discharged from the space between the foil layers from two sides. In this
way an adequate flow distribution through the mesh-like layer is obtained.
Yet another embodiment of the device according to the invention is
characterised in that longitudinal sides of the foil layers arranged in
zigzag fashion 



are connected to the mesh-like layer. By interconnecting 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
foil layers and the mesh-like layer is realised at the same time upon
application of the cement. Thus, a fluid present between the foil layers
willhave 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 mesh-like 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 embodiment of the device
according to the invention is 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. This passage has been automatically
obtained as a result of the foil layer being arranged in zigzag fashion.
Through said passage, a fluid can be introduced between the layers over the
entire width of the elongated foil, after which the fluid 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. The
invention also relates to a method for manufacturing such a 



device. This object is accomplished with the method according to the
invention in that 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. 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.The
invention will now be explained in more detail with reference to the
drawings, in which: Figure 1 is a perspective view of a device according to
the invention; 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 in figure 2; Figure 3B is a sectional view in the direction indicated
by the arrows B-B in figure 3A; Figure 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 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-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 invention;
Figures 8-10B show various views of a second embodiment of the device
according 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 the
invention; Figures 13 and 14 show a top plan view and two cross-sectional
views, respectively, 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 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 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 thespacer. The plates 2 and
the foils and spacers present therebetween are joined together by means of
stud bolts 4 and nuts 5 screwed onto ends thereof. The plates 2 are
provided with first and second fluid inlet openings 6 , 7, as well as with
first and second fluid outlet openings 8, 9. A first fluid is introduced
between the elongated foil layers via the first fluid inlet opening 6 and
subsequently transported in the direction indicated by the arrow P1 to the
first fluid outlet openings 8, where the fluid is first transported in the
directions indicated by the arrows P2, P3, after which it will flow from
the first fluid outlet openings 8. In a similar manner, a second fluid is
introduced between other layers of the foil in the direction indicated by
the arrow P4 via the second fluid inlet opening 7 and transported to the
second outlet openings 9 , where the fluid flows from the second fluid
outlet openings 9 in the directions indicated by the arrows P5, P6. Figure
2 shows a module 10, with layers present between the plates 2 of figure 1
and spacers present between said layers (schematically indicated), as 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 counterflow module or a parallel flow module 10. Figure 3A is
a cross-sectional view of the module 10 shown in figure 2, in which the
elongated foil 1 1 and the zigzag foil layers 12,, 122, 123 ... 12n are 



clearly distinguishable. The first foil layer 12, is connected to the
second foil layer 122 near a first end 131t which second foil layer is
connected to the third foil layer 123 on a side remote from the first end
13,. Each foil layer 12, is thus connected to a next foil layer 12I+1 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
ends 13, ....13m which distance L is smaller than the distance A between
two opposite ends 13,, 132. Passages 14, 15 are formed by the foil layers
12, .... 12n, 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, .... 12n are mesh-like
layers 16 ' (see also figures 6A-6B), which extend over the entire area of
a foil layer 12, .... 12n. 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-likelayer thus has a thickness of about 1-5 mm, in particular at
locations where two yarns 17, 18 intersect. Mesh-like openings 20 are
present between the yarns 17, 18, with a ratio between the area of the
openings 20 in relation to the area of the yarns 17, 18 of about 80% to 20
%. When fluid flows through the mesh-like layer 16, the length of flow is
substantially the same at all locations and preferred flows and various
pressure drops do not occur. The mesh-like layer 16 is disposed between two
opposite foil layers 12,, 122, with the foil layers 12, .... 12n and the
mesh-like layers 16 being drawn together by the plates 2, the stud bolts 4
and the nuts 5 in such a manner that a fluid flow through the mesh-like
layer 16 can only take place through the openings 20 and over and under the
yarns 17, 18. Because the yarns 17, 18 are relatively thin, contact between
the fluid and the foil layer 12 .... 12n takes place over the entire area
of the foil layer 12, .... 12n. The fluid flow over the surface of the foil
layer 12, .... 12n takes place in a turbulent manner caused by the yarns
17, 18. As a result, a further improved transmission of matter and/or heat
between the fluid and the foil layers 12, .... 12n is obtained with a
relatively low pressure drop across the mesh-like 



layer 16. Figure 4 shows an embodiment of a foil 2 1 comprising a plurality
of foil layers arranged in zigzag fashion, which foil is made of a membrane
foil which is permeable 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). The membrane foil may for example be a hydrophobic PFFE
membrane foil having a thickness of 30-500 mm and a pore size of 0.1-0.45
mm or another hydrophobic or hydrophific 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 thickness of the PET foil layer may be
12 mm, for example, whilst the aluminium foil may be 37 mm thick. Figures
7A-7H show seven steps of the method according to the invention, which is
suitable 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
asupport 25 from a roll 26 on which a foil 27 is wound. Then a mesh-like
layer 16 is positioned on top of the foil layer 12,. Following that, an
adhesive film 28 is applied along both longitudinal sides over the distance
L (see figures 3B, 3C) by means of an adhesive applicator, which adhesive
film 28 extends up to a point spaced a predetermined distance from the
first end 13 of the first foil layer 12, (figure 7C). The adhesive layer
comprises a cement, such as a silicone paste, a silicone hot melt or an
epoxy resin. Following that, the roll 26 is moved in the direction
indicated by the arrow P7, during which movement the foil 27 is unwound
from the roll 26 and positioned on top of the mesh-like layer 16 on a side
remote from the first foil layer 12 (see figures 7D, 7E). Thus the second
foil layer 122 has been formed. Then a mesh-like layer 16 is positioned on
top of the second foil layer 122 (figure 7F), whereupon an adhesive film 28
is applied over a distance L from the first end 13 (figure 7G). Then the
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 roll 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, .... 12n with
mesh-like layers 16 present therebetween has been formed. The module 10 is
then placed between two opposite plates 10, and the passages 14, 15 are
connected to the fluid outlet openings 9 and 8, respectively. Located
between the ends 13 .... 13n, 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 .... 13n-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 paste, for example, In the device 1 shown in figures
1-7, the foil layers 12, .... 12n and the mesh-like layers 16 present
therebetween extend parallel to each other and to a flat plane. In the
embodiments shown in figures 8-10B of a device 3 1 according to the
invention, the foil layers 12, .... 12n and the mesh-like layers 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
deviced 31. The device 3 1 comprises a cylindrical container 33, which
comprises a cylindrical tube 34 which is closed at both ends by a
disc-shaped cover 35, which is provided with fluid inlet and outlet
openings. Figures 9A, 9B show an embodiment 4 1 of the device 3 1 shown in
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 the mesh-like layers 



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. Figures 1OA and 10B show
another embodiment 5 1 of the device 3 1 shown in figure 8, in which foil
layers 12 are alternately 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 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
5 1 is as follows. The foil layers 12 are formed of a membrane foil, and a
first fluid is supplied via the passages 53. The permeate passes through
the foil layers 12 and subsequently flows in radial direction to the
central passage 56 and/or the passage 57 located near the cylindrical tube
34. The embodiment 5 1 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 desired distances by means of a silicone paste 28
on both longitudinal sides. As the figure clearly shows, the width of the
mesh-like layer 16 is smaller than the distance between the bands of
silicone paste 28 provided on either side, so that there is a small gap 62
between the mesh-like layer 16 and the silicone paste 28. Fluid flowing
between the foil layers 12 will flow mainly through the mesh-like layer 16.
Forcesexerted by the fluid are taken up by the foil layers 12 and the
silicone paste 28 in the transverse direction indicated by the double arrow
P 10 and the longitudinal direction of the foil layers 12. The forces
exerted in a direction extending transversely thereto are taken up by the
plates 2. Figure 12 is a cross-sectional view of another embodiment in the
direction indicated by the arrows D-D in figure 3A, in which the width of
the meshlike 



layers 16 is such that also edges 63 of the mesh-like layers 16 are
connected to the foil layers 12 upon application of the silicone paste 28.
In use, fluid flowing between the foil layers 12 and through the mesh-like
layers 16 will exert pressure inter alia in the direction indicated by the
double arrow P10. The forces that occur are taken up by the relatively thin
foil layers, but also, to a larger extent, by the mesh-like layers 16 and
the silicone paste 28. In this way it is possible to realise a simple but
very adequately functioning heat exchanger, filtering device or a
combination thereof by means of the relatively thin foil layers 12,
mesh-like layers 16 present 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 layers 12 firmly abut against the
mesh-like layer 16. Figures 13 and 14 show another embodiment of a device 7
1 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 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
solvent-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 paste 28. Following
that, recesses 76 extending the entire height of the device 7 1 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 7
1 can take place in a similar manner as in the device shown in figure 2,
except that in addition to that anadditional flow in the direction
indicated by the arrow P 11 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.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 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, characterised in that 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. 2. A device according to
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. 3. A device according to claim 1 or 2,
characterised in that longitudinal 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. 4. 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. 5. 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. 6. 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. 7. 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 cylindrical 



container to the second end spaced some distance from said central axis. 8.
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 interconnected by means of a cement along longitudinal sides thereof,
whilst recesses are formed in said cement for the discharge of distillate.
9. A method suitable for manufacturing a device according to any one of the
preceding claims, characterised in that 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. 10.
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 open a passage. 11. A
method according to any one of the preceding claims 8 or 9, 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. 12. A
method according to any one of claims 8-10, characterised in that a number
of foil layers with mesh-like layers abutting thereagainst are formed. 13.
A method according to any one of the preceding claims 9-12, 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. 


