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A method of producing multiple channels for use in a device 

for exchange of solutes or heat between fluid flows 

FIELD OF INVENTION 

The present invention relates generally to exchange of 

solutes or heat between fluid flows, and more specifically 

to a method of producing multiple channels for use in a 

device for exchange of solutes or heat between fluid flows. 

The invention further relates to a device for exchange of 

solutes between at least two fluid flows. 

BACKGROUND 

Today there are many different applications where diffusion 

is used to enrich a fluid flow with solutes from another 

fluid flow, or to remove unwanted solutes or substances from 

the fluid flow. One example is in HVAC 	(Heating, Ventilation 

and Air Conditioning) where water vapour can be removed from 

a gas stream in order to reduce power consumption by reduced 

condensation in a cooler unit or to recycle energy from 

exhaust air in e.g. a building. Another example is reverse 

osmosis for desalinating water. 

Different methods are used when it comes to separating water 

vapour from a fluid; such as rotating wheels with moisture 

capture or plate heat exchangers with semi permeable 

membranes. In gas drying technologies bundles of tubing, 

made of materials like Nafionrn% are used. 

However, these different methods of removing water vapour 

from fluids do have certain disadvantages; rotating 

exchangers are provided with moving parts which cause extra 
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FIEI.D OF IIIVENTION

The present invention rel-ates generally to exchange of
so-lutes or heat between fluid flows, and more specifically
to a method of producing multiple channel-s for use in a

device for exchanqe of solutes or heat between fluid flows.
The invention further relates to a device for exchange of
solutes between at least two fluid flows.
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Today there are many different applications where diffusion
is used to enrich a fl-uid flow with sol-utes from another

fluid flow, or to remove unwanted solutes or substances from

the fluid flow. One example is in HVAC (Heating, Ventilation
and Air Conditioning) where water vapour can be removed from

a gas stream in order to reduce pou/er consumption by reduced

condensation in a cooler unit or to recycle energy from

exhaust air in e.g. a building. Another example is reverse

osmosis for desalinating water.

20 Different methods are used when it comes to separatinq water

vapour from a fluid; such as rotating wheels with moisture
capture or plate heat exchangers with semi permeable

membranes. In qas drying technologies bundles of tubing,
made of materials like Naf ion"'n, are used.

25 However, these different methods of removing'water vapour

from fluids do have certain disadvantaqes; rotating
exchangers are provided with moving part.s whrch cause extra
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costs for maintenance. Further, rotating exchangers 

increases the risk of contamination between airstreams. 

Plate exchangers show low efficiency in regards to enthalpy 

and NafionTM  tubing is expensive. 

5 Producers of these technologies all try to find the most 

cost efficient way of producing these effects, and therefore 

different methods are developed. 	In conventional plate-based 

heat- or moisture exchangers, 	the layers of the exchanger 

are often made up with spacers or distancing members or a 

10 support structure, onto which a membrane is laid. Such 

structures are common but fail to achieve high cost 

efficiencies due to their need for spacers, which can become 

expensive depending on the material used. 

Further, 	the spacers also raise the total weight of the 

15 exchanger. Due to the weight, more supports are needed when 

mounted, 	and increased weight also increases risks due to 

handling during maintenance. Also the costs for 

transportation increase with heavy weight. 

In some gas drying technologies a multitude of small tubes 

20 are used in order to provide a high moisture exchange 

surface area coupled with good flow characteristics through 

the bundles of tubing, while the gas flow characteristics on 

the outside of the bundle are largely neglected, often 

without adequate spacing for flow between the tubes. 

25 Tubes in a bundle are usually used in conjunction with 

another fluid stream that goes in counter- or cross-current 

to the tubes, but on the outside, between the many tubes. 
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In some gas drying technologies a multitude of small tubes

are used in order to provide a high moisture exchange

surface area coupled with good flow characteristics through

the bundles of tubing, while the qas flow characteristics on

the outside of the bundle are larg;ely neglected, often
without adequate spacinq for flow between the tubes.

Tubes in a bundle are usually used in conjunctj-on with
another fluid stream that gioes in counter- or cross-current
to the tubes, but on the outside, between the many tubes.
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When using individually made tubes of very small diameter, 

production cost will become high since small tubes are 

technically complicated to manufacture and refine into a 

product, and, as a consequence, 	the final product will 

5 become expensive. Another drawback is when tubes are packed 

into a bundle; in current contemporary products, no 

satisfactory space allowance is provided for the flow 

characteristics in between the tubes. 

SUMMARY OF THE INVENTION 

10 The present invention relates to a method of producing 

multiple channels for use in a device for exchange of 

solutes between at least two fluid flows overcoming the 

disadvantages and drawbacks mentioned above. A first and a 

second sheet are comprised in the device. The method 

15 comprises the steps of providing at least one of the first 

and second sheets with at least one profiled surface, and 

joining the first and second sheets together. Thereby, 

channels are formed by the shape of the profiled surface. 

The present invention provides a method enabling production 

20 of multiple thin channels to a very low production cost. 

Further, the method provides for an alternative way of 

manufacturing multiple channels of infinite variation using 

favourable flow patterns. 

According to another embodiment, the method may comprise the 

25 further step of providing each of the first and second 

sheets with at least one profiled surface and joining the 

first and second sheets together with the profiled surfaces 

facing against each other, whereby channels are formed by 
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Vühen using índividually made tubes of very small diameter,
production cost wilf become high since smafl tubes are

technically compÌicated to manufacture and refine into a

product, and, as a consequence, the final product will
become expensive. Another drawback is when tubes are packed

into a bundle.' in current contemporary products, no

satisfactory space allowance is provided for the ffow
characteristics in between the tubes.

SUMIIARY OF THE IN\ZENTION

10 The present inventj-on relates to a method of producing

multiple channels for use in a device for exchange of
solutes between at feast two fluid flows overcoming the

disadvantages and drawbacks mentioned above. A first and a

second sheet are comprised in the device. The method

15 comprises the steps of providing at least one of the first
and second sheets with at least one profiled surface, and

joining the first and second sheets together. Thereby,

channel-s are formed by the shape of the profiled surface.

20

The present invention provì-des a method enablinq production
of mul-tiple thin channefs to a very low production cost.
Further, the method provides for an alternative way of
manufacturing multiple channels of infinite variation using
favourable flow patterns.

25

Accordinq to another embodiment, the method may comprise the
further step of providing each of the first and second

sheets with at least one profiled surface and joininq the
first and second sheets toqether with the profiled surfaces
facing aqainst each other, whereby channels are formed by
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the shape of the profiled surfaces. 

According to another embodiment, wherein a plurality of 

sheets are comprised, the method may comprise the further 

step of joining the plurality of sheets together, whereby 

5 channels in multiple layers are formed by the shape of the 

profiled surfaces. 

According to another aspect of the present invention, a 

device for exchange of solutes between at least a first and 

a second fluid flow is provided. The device comprises at 

10 least a first and a second sheet wherein the first sheet 

being provided with at least one profiled surface. The first 

and second sheets are joined together whereby channels are 

formed by the shape of the profiled surface. 

The device according to the present invention is 

15 particularly useful for exchanging a substance from a first 

fluid flow to a second fluid flow, 	in order to remove or 

separate the substance from the first fluid flow. 

According to another embodiment, each of the first and 

second sheet may be provided 	with profiled surfaces, and 

20 the first and second sheet are joined together with the 

profiled surfaces facing against each other. 

According to another embodiment, the sheets may be provided 

with profiled surfaces mirrored to each other. 

According to another embodiment, 	the cross section of the 

25 channels may vary along the length of the device. 

According to another embodiment, the number of the channels 
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the shape of the profiled surfaces.

According to another embodiment, wherein a plurality of
sheets are comprised, the method may comprise the further
step of joiníng the plurality of sheets together, whereby

channels in muftiple layers are formed by the shape of the
profiled surfaces.

l0

According to another aspect of the present invention, a

device for exchange of solutes between at least a first and

a second fluid flow is provided. The device comprises at
least a first and a second sheet wherein the first sheet

beinq provided with at least one profiled surface. The first
and second sheets are joined together whereby channels are

formed by the shape of the profiled surface.

15

The device according to the present invention is
particularly useful- for exchanging a substance from a first
fluid flow to a second fluid flow, j-n order to remove or
separate the substance from the first fluid fLow.

According to another embodiment, each of the first and

second sheet may be provided with profiled surfaces, and

20 the first and second sheet are joined toqether with the
profiled surfaces facinq against each other.

According to another embodiment, the sheets may be provided
with profiled surfaces mirrored to each other.

25

According to another embodiment, the cross section of the

channels may vary along the lenqth of the device.

4
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According to another embodiment, the number of the channels
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along the length of the device may vary. 

According to another embodiment, the device may further 

comprise a plurality of sheets stacked in multiple layers. 

According to another embodiment, the sheet material may have 

5 a high solubility to water. 

According to another embodiment, the sheet material may have 

a pore size between 0.1-50 nanometers. 

According to another embodiment, the sheet material may have 

a pore size of 50-500 nanometers. 

10 According to another embodiment at least one of the sheets 

may be hydrophobic. 

According to another embodiment at least one of the sheets 

may be hydrophilic. 

According to yet another embodiment at least one of the 

15 sheets may be a metal. 

In one embodiment, each of said first and second sheet may 

have a first end portion and a second end portion, said 

first and second end portions having sloping intermediate 

surfaces between each channel, said sloping intermediate 

20 surfaces being inclined in a direction towards a middle 

portion of the respective sheet. 

In one embodiment, each sheet may have a first lateral end 

portion and a second lateral end portion opposite said first 

lateral end portion, said first lateral end portion having a 

25 greater lateral extension than said second lateral end 
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portion. 

The high exchange surface area provided by a multitude of 

channels, coupled with good flow characteristics between 

layers provides an ideal situation for diffusion transfer or 

5 heat transfer between fluid streams. 

The present design allows for any distance between layers 

according to needs. The flow characteristics between layers 

can also be adjusted by increasing the distance between 

layers or staggering the layer layout. 

10 A further advantage is, 	for example in the case that a fluid 

is to be dried, that a larger stream of air may be flowing 

outside the channels, or between layers in the embodiments 

provided with more than one layer, whereby the fluid inside 

the channels is more effectively dried. By suitable design 

15 of the distance between layers, the amount of flow between 

layers may be optimised for the application. 

The present invention provides a device allowing for a 

counter current design with a tight configuration and no 

need for separate spacer material to allow flow across the 

20 sheets. Further, the device provides exceptionally good flow 

characteristics between layers due to its design with 

multiple channels and stacked layer design with adjustable 

distance between layers. Also, the integrated channels 

provide low maintenance and low risk of tear since there is 

25 no wear due to vibrations of the sheets against support 

structures. 

Yet a further advantage is that the device is cheap to 
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portion.

The hiqh exchange surface area provj-ded by a mul-titude of
channels, coupled with good flow characteristics between

layers provides an ideal situation for diffusion transfer or
heat transfer between fluid streams.

The present design alJ-ows for any distance between layers
accordinq to needs. The ffow characteristics betvr'een layers
can also be adjusted by lncreasing the distance between

layers or staggering the layer layout.

10 A further advantage ís, for example j-n the case that a fluid
is to be dried, that a larg'er stream of air may be flowing
outside the channels, or between layers in the embodj-ments

provided with more than one layer, whereby the fluid inside
the channels is more effectively dried. By suitable design

15 of the distance between layers, the amount of flow between

layers may be optimised for the application.

The present invention provides a device allowing for a

counter current desig:n with a tight configuration and no

need for separate spacer material to allow flow across the
20 sheets. Further, the device provides exceptionally gtood flow

characteristics between layers due to its design with
multiple channels and stacked layer design with adjustable
distance between layers. AIso, the integrated channels
provide low maintenance and -Low risk of tear since there is

25 no wear due to vlbrations of the sheets agaì-nst support
structures.
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manufacture with automatic separation of individual channels 

and with good and independently adjustable outside flow 

characteristics. Further, the present invention provides a 

device for solute exchange that eliminates the need for 

5 additional support structures between sheets while at the 

same time providing a means for counter current flow, which 

improves the efficiency significantly compared to 

conventional technology. 

Further preferred embodiments are defined by the dependent 

10 claims. 

BRIEF DESCRIPTION OF DRAWINGS 

The invention is now described, by way of example, with 

reference to the accompanying drawings, 	in which: 

Fig. 1 shows a device for exchange of water vapour according 

15 to prior art. 

Fig. 2 shows a sheet with a profiled surface according to 

one embodiment of the present invention. 

Fig. 3 shows a sheet with a profiled surface according to 

another embodiment. 

20 Fig. 4 shows two sheets with profiled surfaces joined 

together according to one embodiment of the present 

invention. 

Fig. 5 shows a plurality of sheets with profiled surfaces 

joined together. 

25 Fig. 	6 and 7 show sheets with alternative profiled surfaces. 

BRIEF DESCRIPTIOI.I OF DR.AVÍINGS

5
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Fig. 8 shows a plurality of sheets joined together in 

staggered layers. 

Fig. 9 shows two sheets with profiled surfaces joined 

together according to yet another embodiment of the present 

5 invention. 

Fig. 10 shows one sheet with profiled surfaces joined 

together with a sheet with a smooth surface according to one 

embodiment of the present invention. 

Fig. 11 shows a sheet with yet another alternative profiled 

10 surface. 

Fig. 12a shows a perspective view of an example of a sheet 

for use in an exchange device according to the invention. 

Fig. 	12b shows a perspective view of a stack of sheets as 

shown in Fig. 	12a, 	forming part of an exchange device 

15 according to the invention. 

Fig. 13 shows a front view ❑f the sheet in Fig. 12a. 

Fig. 14 shows a perspective view of a stack of sheets 

forming part of an exchanging device according to another 

example of the invention. 

20 Fig. 15 shows a cross-sectional view of a stack of sheets, 

illustrating the flow of a fluid in a direction 

perpendicular to the longitudinal extension of the sheets. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Fig 1 shows a device for exchange of water vapour according 

DETAIÍ,ED DESCRTPTION OF PREFERRED EMBODTMENTS
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to prior art. 	In conventional technology, a corrugated 

material or a flow distribution member is used between plain 

sheets of permeable material to define channels and flow 

direction and to provide a uniform spacer for separating 

5 layers. In some examples the sides of the sheets are turned 

down to provide spacers. This design is always limited to a 

cross flow configuration. 

Fig 2 shows a sheet 3 with a profiled surface 5 according to 

the present invention. To create the shape of the profiled 

10 surface 5 several different methods may be used in 

manufacturing. For example, the sheet can be a corrugated 

plate. As a further example, a sheet of a material can be 

heated to a degree where it is deformable and then cooled 

after shaping it over a mould/body and thereby letting the 

15 shape set. Once deformed permanently, 	the shape will stay. 

Another way is to let a lot of extremely thin threads fall 

randomly over a mould/body e.g. through electro spinning, to 

produce a shape that, once it sets, 	keeps its shape even 

when deformed. Yet another way to create the shape of the 

20 profiled surface 5 is to cut channels with favourable flow 

patterns into one side, 	or both sides, of a sheet of a solid 

or porous material. The material of the sheets 3, 	4 may be 

semi permeable, or permeable to certain substances or 

solutes. The material of the sheets may be either porous or 

25 solid or both. 

The methods described above are especially suitable when the 

dimension of the channels 1 is small. With those methods 

small channels with a cross section of only a few 

millimetres may be produced easily and cost efficiently. 
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The shape of the profiled surface, and thus the cross 

section of the channels formed by the surfaces, may vary, 

depending on desired flow characteristics. The cross section 

of the channels may for example be circular, hexagonal, 

square or triangular. A first and a second fluid may flow 

counter-current to each other, 	inside and outside of the 

channel 1 respectively. 

The fluids in the channels may be a gas or a liquid. 

Fig 3 shows another sheet 3 with a profiled surface 5 

10 according to one embodiment of the invention. The sheet is 

further provided with openings to facilitate flow between 

layers 7 when a plurality of sheets are joined together in 

multiple layers 7. 

Fig. 	4 show two sheets 3, 	4 with profiled surfaces 5 joined 

15 together according to the present invention. By providing a 

sheet of a base material with a profiled surface 5, 	for 

example as shown in Fig. 1, 	and by joining two such sheets 

3, 	4 of opposite and preferably mirrored configured profiled 

surfaces 5 to each other, a multiple of small channels 1 can 

20 be formed by an easily automated process. Joining the sheets 

3, 	4 together may be achieved by for example welding, gluing 

or fusing, or any other suitable adhesive process that would 

join the two profiled plates hermetically together. The 

sheets 3, 	4 are provided with a profiled surface 5 whereby 

25 channels 1 with circular cross-sections are achieved. The 

channels 1 may have any other suitable shape, 	for example 

oval, hexagon or square. 

Fig. 	5 shows a plurality of sheets 3, 	4 joined together. 

5
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The shape of the profiled surface, and thus the cross
section of the channels formed by the surfaces¡ mây vary,
depending on desired flow characteristics. The cross section
of the channels may for example be circular, hexagonal,

square or triangular. A first and a second fluid may flow
counter-current to each other, inside and outside of the
channel 1 respectively.

The fluids an the channels may be a gas or a liquid

Fig 3 shows another sheet 3 with a profiled surface 5

10 according to one embodiment of the invention. The sheet is
further provided with openings to facilitate flow between

layers 7 when a plurality of sheets are joined together in
multiple layers 1.

Fig. 4 show two sheets 3, 4 with profiled surfaces 5 joined
15 together according to the present invention. By providing a

sheet of a base material with a profì-led surface 5, for
example as shown in Fig. 1, and by joining two such sheets
3, 4 of opposite and preferably mirrored configured profiled
surfaces 5 to each other, a multiple of small channels 1 can

20 be formed by an easily automated process. Joiningi the sheets

3, 4 together may be achieved by for example welding, qlurng
or fusing, or any other suitable adhesive process that would
join the two profiled plates hermetically together. The

sheeLs 3, 4 are provided with a profiled surface 5 whereby

25 channels 1 with circular cross-sections are achieved. The

channels 1 may have any other suitable shape, for example

oval, hexag'on or square.

FiS. 5 shows a plurality of sheets 3, 4 joined together.
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When stacked, 	as shown in the figure, 	the sheets 3, 	4 form 

multiple layers 7. Such a configuration results in a low 

pressure drop when fluids flow from one side to the other, 

thereby securing and maintaining the flow characteristics of 

5 the channels and an unobstructed fluid flow between the 

layers 7, 	outside the channels 1. 

Fig. 	6 and 7 show sheets 3 with alternative profiled 

surfaces 5. 

Fig. 	8 shows a plurality of sheets 3, 	4 joined together in 

10 multiple layers 7. The layers 7 are displaced in relation to 

each other whereby a device with plurality of layers 7 with 

a staggered configuration is provided. A staggered formation 

reduces distance between layers 7 and thus increases the 

total surface area per volume unit of the configuration, and 

15 the unit can thus be made more compact while maintaining the 

same surface area. 

Fig. 	9 shows two sheets with profiled surfaces joined 

together. 

Fig. 10 shows one sheet 3 with profiled surfaces 5 joined 

20 together with a sheet with a smooth surface. Thereby, 

channels 1 showing a half-circular cross-section is 

provided. 

Fig. 	11 shows a sheet with an alternative profiled surface 

5. The sheet is also provided with a plurality of openings 6 

25 to facilitate flow between layers 7 when a plurality of 

sheets 3, 	4 are joined together in multiple layers 7. 

In order to separate the entry of flows, openings can be cut 
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When stacked, as shown in the figure, the sheets 3, 4 form

multiple layers '7. Such a configuration results in a low

pressure drop when fluids flow from one side to the other,
thereby securing and maintaining the flow characteristics of

5 the channels and an unobstructed fluid flow between the

Iayers J , outside the channefs 1.

FiS. 6 and 7 show sheets 3 with alternative profiled
surfaces 5.

Fig. B shows a plura-lity of sheets 3, 4 joined together in
10 multiple J-ayers 1 . The layers 'l are displaced in relation to

each other whereby a device with plurality of layers 7 with
a staggered configuration is provided. A stagqered formation

reduces distance between layers 7 and thus j-ncreases the

total surface area per volume unit of the configurati-on, and

15 the unit can thus be made more compact while maintaining the
same surface area.

Eig. 9 shows two sheets with profiled surfaces joined
together.

20

Fig. 10 shows one sheet 3 with profiled surfaces 5;oined
toqether with a sheet with a smooth surface. Thereby,

channels 1 showinq a half-circular cross-section is
provided.

25

Fig. 11 shows a sheet with an alternative profiled surface
5. The sheet is also provided with a plurality of openings 6

to facilitate flow between layers 7 when a plurality of
sheets 3, 4 are joined toqether in multiple layers 1.

In order to separate the entry of flows, openings can be cut
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between the channels. This provides entry channels 

perpendicular to the main direction of the channels, thereby 

separating the flow outside the channels, or, 	in the case of 

multiple layers, between layers, 	from the entry point of the 

5 flow inside the channels. If the configuration of multiple 

layers 7 is staggered, the same method may be used for a 

diagonal channel, perpendicular to the channels to feed the 

flow between layers 7. 

The profiled surfaces 5 may be formed by any suitable 

10 method, 	for example by heating the sheets, deforming them 

whereby the surfaces are profiled, and then cooling them 

whereby the shape of the profiled surfaces stay in their 

deformed shape. Another example is letting a plurality of 

thin threads fall randomly over a body with a profiled 

15 surface, whereby a sheet with a profiled surface 5 is 

created that, 	once set, 	will keep its shape. 	Further 

alternative may be cutting channels into one side, or both 

sides, of a first and a second sheet of a solid or porous 

material. Yet further the profiled surface may be provided 

20 by applying a pattern of a plastic or other suitable 

material on sheets. 

Further, openings 6 can be cut between the channels 1 in 

order to provide an inlet that distributes flow from a 

direction perpendicular to the channels 1, in between layers 

25 7. This provides unobstructed flow perpendicular to the main 

direction of the channels, thereby separating the flow 

between the channels from the entry point of the flow inside 

the channels. 	If the configuration of layers 7 is staggered, 

the same method may be used for a diagonal channel, 
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between the channels. This provides entry channels

perpendicular to the main direction of the channels, thereby
separatinq the flow outside the channels, ort in the case of
multiple layers, between layers, from the entry point of the

5 ffow inside the channels. If the config'uration of multiple
layers 7 is staggered, the same method may be used for a

diagonal channel, perpendicular to the channels to feed the

f-Low between layers 1 .

The profiled surfaces 5 may be formed by any suitable
10 method, for example by heatj-ng the sheets, deforming them

whereby the surfaces are proflled, and then cooling them

whereby the shape of the profiled surfaces stay in their
deformed shape. Another example is lettinq a plurality of
thin threads fall randomly over a body with a profiled

15 surface, whereby a sheet wj-th a profifed surface 5 is
created that, once set, wilt keep its shape. Further
afternative may be cutting channels into one side. or both
sides, of a first and a second sheet of a solid or porous

material - Yet further the profiled surface may be provided

20 by apptyinq a pattern of a plastic or other suitable
material on sheets.

25

Further, openings 6 can be cut between the channels 1 in
order to provide an j-nlet that distributes flow from a

directron perpendicular to the channels I, in between layers
1. This provides unobstructed flow perpendicular to the main

direction of the channels, thereby separating the flow
between the channefs from the entry point of the flow inside
the channels. If the configuration of layers 7 is staggered,

the same method may be used for a diaqonal channeL,
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perpendicular to the channels to feed the flow between 

layers 7. 

In order to distribute flows evenly and easily between 

layers 7, openings 6 can be cut either between the ends of 

5 the channels 	(primarily for flow distribution), or in 

intervals along the whole length of the channels, providing 

a simple means for pressure equalization and easy flow path. 

In order to provide a bundle of channels for cross flow or 

counter current flow, uniformly spaced openings can be cut 

10 between channels to provide for an unobstructed flow between 

channels between channels from two directions 	(top to bottom 

or side to side), both perpendicular to the main direction 

of flow inside the channels. 

Any of the above described embodiments may be utilized in 

15 either moisture exchange applications, 	for exchange of 

solutes or alternatively, 	in heat exchange applications. The 

functionality of an embodiment depends on the material in 

which the sheets are manufactured. 

For heat exchange applications, a material with high heat 

20 conductivity may typically be used. Such materials include 

metals such as aluminium and stainless steel, or 

thermoplastics such as polypropylene or polyethylene 

terephthalate 	(PET). For applications involving exchange of 

solutes, 	typically a permeable or semi-permeable material as 

25 described hereabove may be utilized. 

Fig. 12 a shows a perspective of a sheet 10 according to an 

example of the present invention. The sheet 10 may be 

5
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perpendicular to the channels to feed the flow between

layers 1.

In order to distribute flows evenly and easily between

layers '1, openings 6 can be cut either between the ends of
the channels (primarily for flow distribution), or in
intervals aÌong the whole lenqth of the channels, providingt

a simpJ-e means for pressure equafizat.ion and easy flow path

In order to provide a bundle of channels for cross flow or
counter current flow, uniformly spaced openings can be cut

10 between channels to provide for an unobstructed flow between

channels between channels from two directions (top to bottom

or side to side), both perpendícular to the main direction
of flow inside the channels.

15

Any of the above described embodiments may be utilized in
either moj-sture exchange applications, for exchange of
solutes or alternatively, in heat exchange applications. The

functionality of an embodiment depends on the material in
which the sheets are manufactured.

For heat exchanqe applications, a material with hiqh heat

20 conductivity may typically be used. Such materials include
metals such as aluminium and stainless steel, or
thermoplastics such as polypropylene or polyethylene
terephthalate (PET) For applications involving exchanqe of
solutes, typically a permeable or semi-permeable material as

25 described hereabove may be utilized.

Fig. 72 a shows a perspective of a sheet 10 according
example of the present invention. The sheet 10 may be

to an
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manufactured in any way as already described above. The 

sheet may be used in either moisture exchange applications, 

for exchange of solutes or alternatively, 	in heat exchange 

applications. As mentioned above, the particular application 

5 depends on the material of the sheet 10. 

The sheet 10 has a first end 10-1 and a second end 10-2 

opposite the first end 10-1. The sheet 10 has a plurality of 

channels 12 presenting a profiled surface of the sheet 10. 

The sheet 10 further has a first lateral portion 14-1 and a 

10 second lateral portion 14-1 opposite the first lateral 

portion 14-1. The first lateral portion 14-1 and the second 

lateral portion 14-2 form outer boundaries of the sheet 10 

in the longitudinal direction thereof. 

Sheets 10 may pairwise be joined together with corresponding 

15 channels 12 facing each other, wherein corresponding 

channels 12 thereby form closed channels or tubes. 

Sheets 10 may pairwise be assembled to form a stacked sheet 

assembly 16, 	as shown in Fig. 	12b and schematically shown in 

Fig. 15. The stacked sheet assembly forms multiple channels 

20 12 through which a first fluid may flow. In layers between 

each pair of sheets 10, 	a second fluid may flow. The second 

fluid is typically provided into the stacked sheet assembly 

16 from a side defined by the first lateral portion 14-1. 

The second fluid flow typically exits the stacked sheet 

25 assembly 16 from a side defined by the second lateral 

portion 14-2. While the second fluid is flowing through the 

stacked sheet assembly 16, 	it may flow both parallel with 

the channels 12, and perpendicular to the channels 12. 

wo 2011/06s906 PCT/S82010/051298
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manufactured in any way as already described above. The

sheet may be used in either moisture exchanqe applications,
for exchange of solutes or al-ternatively, in heat exchange

applications. As mentioned above, the particufar application
5 depends on the material of the sheet 10.

The sheet 10 has a first end 10-1 and a second end 10-2

opposite the first end 10-1. The sheet 10 has a plurality of
channels 12 presentinq a profì-led surface of the sheet 10.

The sheet 10 further has a first lateral portion 14-1 and a
l0 second lateral portion 14-1 opposrte the fj-rst lateral-

portion L4-7. The first lateral portion 14-1 and the second

lateral portion 14-2 form outer boundaries of the sheet 10

in the longitudinal- direction thereof.

15

Sheets 10 may pairwise be joined together with corresponding

channels 12 facinq each other, wherein correspondì-ng

channels 12 thereby form cl-osed channels or tubes.

20

Sheets 10 may pairwise be assembled to form a stacked sheet

assembly 16, as shown in Fig. I2b and schematically shown in
Fig. 15. The stacked sheet assembly forms multiple channels

1-2 through which a first fluid may flow. In layers between

each pair of sheets 10, a second fluid may flow. The second

fluid is typically provided lnto the stacked sheet assembly

16 from a side defined by the first lateral portion 74-I.
The second fluid flow typícally exits the stacked sheet

assembly 16 from a side defined by the second lateral
portion 1-4-2. Vùhile the second fluid is flowing through the

stacked sheet assembly 16, it may flow both parallel with
the channels 72, and perpendicular to the channels !2.

25
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In case the stacked sheet assembly is arranged such that it 

allows for fluid flow of the second fluid parallel with the 

channels 12, the flow direction is typically in a direction 

opposite the flow direction of the first fluid which flows 

5 through the channels 12. However, the fluid flow of the 

first and the second fluids may also be in the same 

direction in some applications. 

The first lateral portion 14-1 and the second lateral 

portion 14-2 present substantially planar surfaces. 

10 The first lateral portion 14-1 may have a greater lateral 

extension d1  from an outmost channel 12 from which it 

extends, compared to a lateral extension d2  of the second 

lateral portion 14-1 with respect to the extension of the 

second lateral portion 14-2 from an outmost channel 12 from 

15 which it extends, 	as shown in Fig. 	15. 

By providing a sheet 10 with a configuration where the first 

lateral portion 14-1 has a greater lateral extension cll  from 

an outmost channel than the lateral extension d2 of the 

second lateral portion 14-2, pairs of joined sheets 10 may 

20 be stacked such that the channels 12 for each pair of sheet 

is arranged in an alternating manner. This way, every second 

layer of sheet pairs have their channels in mutual planes. 

Thereby, fluid flow may pass between each pair of sheet 10 

in a direction from the first lateral portion 14-1 to the 

25 second lateral portion 14-2. 

The sheet 10 shown in Fig. 	12a has a first end portion 11-1 

at its first end 10-1. 	The sheet 10 has a second end portion 

11-2 at its second end 10-2. The first end portion 11-1 and 

5
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fn case the stacked sheet assembJ-y is arrang'ed such that it
allows for fluid flow of the second fluid parallel with the
channels 12, the flow direction is typically in a direction
opposite the flow directj-on of the first fluid which flows
througrh the channels 12. However, the fluid flow of the

first and the second fluids may also be in the same

direction in some applications.

The first lateraf portion 14-1 and the second lateral
portion 74-2 present substantially planar surfaces.

l0 The first lateraf portion 14-1 may have a greater lateral
extension dl from an outmost channel 72 from which it
extends, compared to a fateraf extension dz of the second

lateral portion 14-1 with respect to the extensj-on of the

second lateral- portion I4-2 from an outmost channel 72 from

15 which i-t extends, as shown in Fig. 15.

By providing a sheet 10 with a confì-guration where the first
Iateral portion 14-1 has a greater lateral extension dr from

an outmost channel than the lateral extension dz of the

second lateral portion \4-2, pairs of joined sheets 10 may

20 be stacked such that the channels 12 for each pair of sheet

is arranged ín an afternating manner. Thì-s way, every second

layer of sheet pairs have their channels in mutual planes.
Thereby, fluid flow may pass between each pair of sheet 10

ín a direction from the first lateral portion 74-L to the
25 second fateral portion L4-2.

The sheet 10 shown in Eig. 12a has a first end portion 11-1

at its first end 10-1. The sheet 10 has a second end portì-on

II-2 at its second end 10-2. The first end portion 11-1 and
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second end portion 11-2 have a plurality of sloping 

intermediate surfaces 13. A sloping intermediate surface 13 

is provided between each adjacent channel 12. The sloping 

intermediate surfaces 13 are substantially level with an 

5 outer top surface 15 of the channels 12 at the first end 10- 

1 and the second end 10-2. 

The sloping intermediate surfaces 13 have a downwardly 

inclination from the first end 10-1 and the second end 10-2 

in a direction towards a middle portion 17 of the sheet 10. 

10 Between the first end portion 11-1 and the second end 

portion 11-2, 	the intermediate surfaces between the channels 

12 are substantially parallel with the channels 12. 

The sloping intermediate surfaces 13 provide open ends for 

each pair of joined sheet 10 as no channels are formed at 

15 the first end 10-1 and second end 10-2. Thereby, 	the first 

end portion 11-1 and the second end portion 11-2 act as flow 

distribution members, evenly distributing incoming fluid 

flow 18 into the plurality of joined channels 12 at the 

first end 10-1, and collecting the flow from each channel 12 

20 at the second end 10-2. This process is schematically 

illustrated in Fig. 	12a. 

Further, 	the sloping intermediate surfaces which are 

substantially in level with the top surfaces 15 of channels 

12 at the first end 10-1 and the second end 10-2 provide a 

25 distancing element so that stacked pairs of sheets 10 may be 

properly distanced. Thereby fluid flow between each layer of 

joined pair of sheets 10 may be obtained. The distancing 

will appear only at the first end portion 11-1 and the 

second end portion 11-2. Fluid flow may hence be provided 

5
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second end portíon 77-2 have a plurality of sloping
intermediate surfaces 13. A sloping intermediate surface 13

is provided between each adjacent channel f2. The slopinqr
intermedíate surfaces 13 are substantiaì-Iy level with an

outer top surface 15 of the channels 12 aL the first end 10-

1 and the second end 10-2.

The sloping' intermediate surfaces 13 have a downwardly

inclination from the first end 10-1 and the second end 10-2

in a direction towards a middle portion 11 of the sheet 10.

l0 Between the first end portion 11-1 and the second end

portion Il-2, the intermediate surfaces between the channels

72 are substantiafly parallel with the channels 12.

The sloping intermedj-ate surfaces 13 provide open ends for
each pair of joined sheet 10 as no channels are formed at

15 the first end 10-1 and second end 70-2. Thereby, the first
end portion 11-1 and the second end portion 1-I-2 act as flow
distribution members, evenly distributing incoming fluid
flow 18 into the plurality of joined channels 72 at the
first end 10-1, and collecting the ffow from each channel 12

20 at the second end 10-2. This process is schematically
illustrated in Fig. L2a.

25

Further, the slopinq ì-ntermediate surfaces which are

substantially in level with the top surfaces 15 of channels

72 at the first end 10-1 and the second end 10-2 provide a

distancinq element so that stacked pairs of sheets 10 may be

properly distanced. Thereby fluid flow between each layer of
joined pair of sheets 10 may be obtained. The distancing
will appear only at the first end portion 11-1 and the
second end portion 7I-2. Fluid flow may hence be provided
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unobstructed in the area between the first end portion 11-1 

and the second end portion 11-2. However, 	it is envisaged 

that other separating means may be provided along the axial 

extension of the sheet, if the sheet are very long, in order 

5 to separate pairs of sheet from each other. 

Fig. 	13 shows a front view of the sheet 10. A flat surface 

19 allows the stacking of multiple pairs of sheet 10 while 

distancing each pair properly from its two adjacent pairs of 

sheet l0.Fig. 	14 shows a stacked sheet assembly 16', which 

10 is a variation of the stacked sheet assembly 16. 	Generally, 

the stacked sheet assembly 16' has similar design as that of 

stacked sheet assembly 16. However, sheet 10' utilizes other 

techniques than the above-described sloping intermediate 

surfaces for distancing each pair of joined sheet 10'. 	In 

15 particular, each pair of joined sheets 10' may be stacked 

with other joined pair of sheets 10' by e.g. providing a 

string of hot-melt adhesive transversally across an outer 

surface 15' 	of a first and a second end of each sheet 10'. 

Another alternative is to provide distancing members at each 

20 end. 

Fig. 15 illustrates how fluid flows transversally across a 

part of the stacked sheet assembly 16. A fluid flow F 

between only two pairs of joined sheet 10 is shown for 

illustrative purposes. 

25 As the fluid flow F enters the stacked sheet assembly 16, 

laminar flow becomes turbulent. This effect is partly due to 

the downwardly protruding channel portions 12-1 which direct 

the fluid flow F towards the upwardly protruding channel 

portions 12-2. The fluid flow will thereby have a more even 

5
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unobstructed in the area between the first end portion 11-1

and the second end portion L7-2. However, it is envisaged
that other separatinq means may be provided along the axial
extension of the sheet, if the sheet are very long, in order
to separate pairs of sheet from each other.

Fig. 13 shows a front view of the sheet 10. A flat surface
19 allows the stacking of multiple paírs of sheet 10 while
distancinq each palr properly from its two adjacent pairs of
sheet 10.Fiq. 14 shows a stacked sheet assembly 16', which

10 is a variation of the stacked sheet assembly 16. Generally,
the stacked sheet assembly 16' has similar design as that of
stacked sheet assembly 16. However, sheet 10' utilizes other
techniques than the above-described sloping intermedíate
surfaces for distancing each pair of joined sheet 10/. In

15 particular, each pair of joined sheets 10' may be stacked
with other joined pair of sheets 10' by e.g. providing a

strinq of hot-melt adhesive transversally across an outer
surface 15' of a first and a second end of each sheet 10'.
Another alternati-ve is to provide distancing; members at each

20 end.

Fig. 15 illustrates how fluid flows transversally across a

part of the stacked sheet assembly 16. A fl-uid flow F

between only two pairs of joined sheet 10 is shown for
illustrative purposes .

25 As the fluid flow F enters the stacked sheet assembLy 76,

laminar flow becomes turbulent. This effect is partly due to
the downwardly protrudì-ng channel portions 12-1 which dj-rect
the fluid flow E towards the upwardly protruding channel
portions 12-2. The fluid flow will thereby have a more even
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velocity gradient, resulting in turbulent flow and a low 

pressure fall across the stacked sheet assembly 16. Hence, 

the flow speed may substantially be maintained throughout 

the stacked sheet assembly 16. Further, due to the nature of 

5 resulting turbulent flow, the reduced boundary layer 

resistance result in more efficient exchange with the first 

fluid flowing in the channel 12. Thereby very efficient 

cooling or heating may be provided. 

It is to be noted that words such as "upwardly" and 

10 "downwardly" only reflect the geometrical layout of the 

stacked sheet assembly in Fig. 	15 and is not to be construed 

as limiting said features in this manner. 	In reality, 	the 

directions in which the channels protrude depend on the 

orientation of the stacked sheet assembly. 

15 The fluids flowing through the stacked sheet assembly 16 may 

be any gas, or any liquid suitable for applications 

exchanging solutes and/or heat. The sheet may be constructed 

from any suitable material, depending on the application, 

e.g. 	for exchanging solutes, 	or for cooling or heating 

20 purposes. 

The invention has mainly been described above with reference 

to a few embodiments. However, as is readily appreciated by 

a person skilled in the art, other embodiments than the ones 

disclosed above are equally possible within the scope of the 

25 invention, as defined by the appended patent claims. For 

instance, a sheet may have a first end and a second end 

which are not opposite each other; the sheet may have other 

shapes than being rectangular. For instance, the sheet may 

have a rhomboid shape, or being formed as a 'U'. 

5
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velocity gradient/ resulting in turbulent flow and a fow

pressure fall across the stacked sheet assembly 16. Hence,

the flow speed may substantially be maintained throughout
the stacked sheet assembly 16. Eurther, due to the nature of
resulting turbulent flow, the reduced boundary layer
resistance result in more efficient exchange with the first
fluid flowing in the channel 1-2. Thereby very efficient
cool-ing or heating may be provided.

It is to be noted that words such as "upwardly" and

"downwardly" only reflect the geometrical layout of the

stacked sheet assembly in Fig. 15 and is not to be construed

as limiting said features in this manner. In realì-ty, the

directions in which the channels protrude depend on the

orientation of the stacked sheet assembly.

The fluids flowing through the stacked sheet assembly 16 may

be any gas, or any liquid suitable for applications
exchanging solutes and/or heat. The sheet may be constructed
from any suitable material, depending on the application,
e.g. for exchanging solutes, or for cooling or heatingt

purposes.

The invention has mainly been described above with reference
to a few embodiments. However, as is readily appreciated by

a person skilled in the art, other embodiments than the ones

disclosed above are equally possible within the scope of the
invention, as defined by the appended patent claims. For

instance, a sheet may have a first end and a second end

which are not opposite each other; the sheet may have other
shapes than being' rectangular. For j-nstance, the sheet may

have a rhomboid shape, or belng formed as a 'U'.

10
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CLAIMS 

1.  Method 	of 	producing 	multiple 	channels 	for 	use 	in 	a 

device 	for 	exchange 	of 	solutes 	or 	heat 	between 	at 

5 least a first and a second fluid flow, wherein at least 

a first and a second sheet comprised, 

comprising the steps of: 

- 	providing 	each 	of 	said 	first 	and 	second 	sheets 

10 with at least one profiled surface, 

- 	joining said first and second sheets together with 

said 	profiled 	surfaces 	facing 	against 	each 	other, 

whereby 	channels 	are 	formed 	by 	the 	shape 	of 	the 

profiled 	surfaces, 	wherein 	each 	of 	said 	first 	and 

15 second sheet has a first end portion and a second end 

portion, 	said 	first 	and 	second 	end 	portions 	having 

sloping 	intermediate 	surfaces 	between 	each 	channel, 

said sloping intermediate surfaces being inclined in a 

direction 	towards 	a middle 	portion 	of 	the 	respective 

20 sheet, 	wherein 	the 	sloping 	intermediate 	surfaces 	are 

substantially 	level 	with 	an 	outer 	top 	surface 	of 	the 

channels 	at 	the 	first 	end 	and 	the 	second 	end, 	and 

wherein each sheet has a first lateral end portion and 

a 	second 	lateral 	end 	portion 	opposite 	said 	first 

25 lateral 	end 	portion, 	said 	first 	lateral 	end 	portion 

having 	a 	greater 	lateral 	extension 	than 	said 	second 

lateral end portion. 

2.  Method 	according 	to 	claim 	1, 	wherein 	a 	plurality 	of 

30 sheets are comprised, comprising the further step of 

- 	joining 	said 	plurality 	of 	sheets 	together, 	whereby 

channels in multiple layers are formed by the shape 

of the profiled surfaces. 

CI,AIMS

I9

Method of producing multiple channels for use in a

device for exchange of sofutes or heat between at
ì-east a first and a second ftuid flow, wherein at least
a first and a second sheet comprised,

comprising the steps of:
- providing each of sald first and second sheets

with at least one profiled surface,
- joining said first and second sheets together with
said profiled surfaces facing against each other,
whereby channels are formed by the shape of the
profiled surfaces, wherein each of said first and

second sheet has a first end portion and a second end

porti-on, said first and second end portions having

sloping intermediate surfaces between each channel,

said sloping intermediate surfaces being inclined in a

direction towards a middle portion of the respective
sheet, wherein the sloping intermediate surfaces are

substantiatly level with an outer top surface of the
channefs at the first end and the second end, and

wherein each sheet has a first lateral end portion and

a second lateral end portion opposite said first
lateral end portion, said first fateral end portion
having a greater lateral extension than said second

lateral end portion.

Method according to claim L, wherein a plurallty of
sheets are comprised, comprising the further step of
- joining said plurality of sheets together, whereby

channels in multiple layers are formed by the shape

of the profiled surfaces.

L
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3.  Device for exchange of solutes or heat between at least 

a first and a second fluid flow, the device comprising: 

5 at 	least 	a 	first 	and 	a 	second 	sheet, 	each 	of 	said 

first and second sheet being provided with profiled 

surfaces, 

said first and second sheets 	are 	joined together with 

10 said 	profiled 	surfaces 	facing 	against 	each 	other, 

whereby 	channels 	are 	formed 	by 	the 	shape 	of 	the 

profiled surface, wherein each of said first and second 

sheet has a first end portion and a second end portion, 

said 	first 	and 	second 	end 	portions 	having 	sloping 

15 intermediate 	surfaces 	between 	each 	channel, 	said 

sloping 	intermediate 	surfaces 	being 	inclined 	in 	a 

direction 	towards 	a middle 	portion 	of 	the 	respective 

sheet, 	wherein 	the 	sloping 	intermediate 	surfaces 	are 

substantially 	level with 	an 	outer 	top 	surface 	of 	the 

20 channels 	at 	the 	first 	end 	and 	the 	second 	end, 	and 

wherein each sheet has a first lateral end portion and 

a 	second 	lateral 	end 	portion 	opposite 	said 	first 

lateral 	end 	portion, 	said 	first 	lateral 	end 	portion 

having 	a 	greater 	lateral 	extension 	than 	said 	second 

25 lateral end portion. 

4.  Device 	according to 	claim 3 wherein said sheets 	with 

profiled surfaces are mirrored to each other. 

30 	5. Device according to any of the claims 3-4 wherein the 

cross 	sections 	of said channels vary along the 	length 

of the device. 

3 Device for exchange

a first and a second

ZU

of solutes or heat between at least
fluid flow, the device comPrising:

5 at least a first and a second sheet,

first and second sheet being provided
surfaces,

each of said
with profiled

1_0
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said first and second sheets are ioined together with
said profiled surfaces facing against each other,
whereby channels are formed by the shape of the
profited surface, wherein each of said first and second

sheet has a first end portion and a second end portion,
said first and second end portions having sloping
intermediate surfaces between each channel, said
sloping intermediate surfaces being inclined in a

direction towards a middte portion of the respective
sheet, wherein the sloping intermediate surfaces are

substantiatly level with an outer top surface of the
channels at the first end and the second end, and

wherein each sheet has a first lateral end portion and

a second fateral end portion opposite said first
lateral end portion, said first lateral end portion
having a greater lateral extension than said second

lateral end portion.

Device according to claim 3 wherein said sheets with
profíled surfaces are mirrored to each other.

Device according to any of the claims 3-4 whereín the
cross sections of said channels vary along the length
of the device.
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6.  Device according to any of the claims 3-5 wherein the 

number of said channels varies along the length of the 

device. 

5 7.  Device 	according 	to 	any 	of 	the 	claims 	3-6, 	further 

comprising 	a 	plurality 	of 	sheets 	stacked 	in 	multiple 

layers. 

8.  Device 	according 	to 	any 	of 	claims 	3-7, 	wherein 	the 

10 sheet 	material 	has 	a 	pore 	size 	between 	0.1-50 

nanometers. 

9.  Device according to any of the claims 3-8, 	wherein the 

sheet material has a pore size of 50-500 nanometers. 

15 
10.  Device according to any of the claims 3-9, 	wherein at 

least one of said sheets is hydrophobic. 

11.  Device according to any of the claims 3-10, 	wherein at 

20 least one of said sheets is hydrophilic. 

12.  Device according to any of the claims 3-11, 	wherein at 

least one ❑f said sheets is a metal. 
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