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AN EVAPORATIVE COOLING PAD FOR AN AIR TREATMENT UNIT

TECHNICAL FIELD

The present disclosure relates to an evaporative cooling pad for an air treatment unit,
an air treatment unit and a method for producing the evaporative cooling pad. Fur-
ther, the invention relates to a computer program and to a computer-readable me-

dium according to the appended claims.

BACKGROUND ART

Air treatment units, such as evaporative humidifiers and cooler apparatuses, may be
used to humidify and cool different types of spaces in buildings. The space may be a
space within a building for holding animals. A correct humidity and temperature within

the space is important in order for the animals to feel well and stay healthy.

Electric equipment within a building may generate heat, which increases the temper-
ature within the building. Increased temperature may decrease the performance of
the equipment. Electric equipment may also be sensitive to static electricity. If the hu-
midity in a space within the building falls below a certain level, static electricity may
be generated. A correct humidity and temperature within the space is therefore im-

portant the performance of the electric equipment.

Evaporative humidifiers and cooler apparatuses comprises an organic or inorganic
non-combustible or combustible cooling and humidification media, also known as an
evaporative media, which is a component configured to be exposed to a fluid. The
fluid, such as water, is supplied to the top of the evaporative media via a fluid distri-
bution element. The water flows down the evaporative media, which comprises a
number of corrugated sheets. As warm and dry air passes through the evaporative
media, it evaporates a proportion of the water and thus produces cold, humidified air.

The rest of the water is drained to a fluid tray or water gutter.

The warm and dry air may be directed through the evaporative media by means of a

forced air flow, which is generated by a fan. The air passes through channels or pas-
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sageways in the pads, which passageways are created by the corrugated sheets. Al-
ternatively, the air may pass through the channels or passageways by natural fea-
tures or convection. The corrugations of the sheets are crossing adjacent sheets
wherein said crossed corrugations defining the passageways penetrating from edge
to edge of the pad. The corrugations of the corrugated sheets bearing against one
another so that the sheets touch where the wave peaks and wave troughs of their re-

spective corrugations cross.

The energy that is needed for the evaporation of the fluid is taken from the air itself.
The air that leaves the evaporative humidifier is therefore humidified and cooled sim-
ultaneously without any external energy supply for the evaporation due to an adia-

batic cooling process.

Document US 4732713 A discloses an insertable contact body for heat exchangers,
cooling towers, scrubbers or the like, which body is composed of sheets provided
with corrugations. The body comprises adjacent sheets, which are formed with corru-
gations or folds crossing one another. In one embodiment certain sheets are formed
with greater height than the other folds presented in the sheets in order to produce
an interspace between the crests of the folds of the sheets. The increased folds in
the upper sheet and the lower sheet may at their crossing places be joined together

by means of glueing or welding.

Document US 5143658 A discloses a body for use in a liquid and gas contact appa-
ratus and, in particular, to a contact body formed of alternating corrugated sheets of
material, wherein the corrugations in adjacent sheets are positioned at an angle to

each other. The corrugations of a first set of sheets having a smaller amplitude then
the corrugations of a second set of sheets, which first and second sets of sheets are

arranged adjacent to each other.

Document US 2018318787 A1 discloses a cross-corrugated structured packing ele-
ment, which is provided for use in mass transfer or heat exchange columns. The
packing element has a plurality of packing sheets positioned in an upright, parallel re-

lationship to each other and including corrugations formed of alternating peaks and
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valleys. The packing sheets also includes a plurality of apertures. Each of the struc-
tured packing sheets is constructed from a rigid material, such as metals, plastics, or
ceramics, having sufficient strength and thickness to withstand processing condi-

tions.

SUMMARY OF THE INVENTION

Energy is needed for the fan, which generates the forced air flow through the pas-
sageways in the pads. However, a pressure drop arises when the air flow passes
through the passageways in the pads. The pressure drop results in increased energy
needs for the fan. Further, the passageways restrict the saturation of water in the
pads. Further, when producing the evaporative cooling pad adhesives may be
needed for bounding the corrugated sheets against one another where the wave
peaks and wave troughs of their respective corrugations cross and touch one an-

other.

Thus it would be desirable to develop an evaporative cooling pad for an air treatment
unit, an air treatment unit and a method for producing the evaporative cooling pad,

which overcomes or alleviates at least some of the drawbacks of the prior art.

An objective of the present invention is to achieve an evaporative cooling pad, in
which a reduced pressure drop arises when the air flow passes through the passage-

ways in the pads.

A further objective of the present invention is to achieve an evaporative cooling pad,

in which the saturation of water in the pads is increased.

A further objective of the present invention is to achieve a method for producing the
evaporative cooling pad, wherein the amount of adhesives needed for bounding the

corrugated sheets against one another is reduced.

A further object of the invention is to develop a computer program and a computer-

readable medium for executing the method.
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These objectives are achieved with the above-mentioned an evaporative cooling pad
for an air treatment unit, an air treatment unit and a method for producing the evapo-

rative cooling pad according to the appended claims.

Further, these objectives are achieved with the above-mentioned computer program

and computer-readable medium according to the appended claims.

According to an aspect of the invention, an evaporative cooling pad for an air treat-
ment unit is provided. The evaporative cooling pad comprising: a first set of corru-
gated sheets and a second set of corrugated sheets having corrugations defined in a
direction transversely of the horizontal plane of the pad, the sheets of the first set be-
ing disposed alternatively with the sheets of the second set, with the corrugations of
the sheets of the first set crossing the corrugations of the sheets of the second set;
said crossed corrugations defining passageways penetrating from a first edge to a
second edge of the pad, the corrugations of said corrugated sheets bearing against
one another so that the sheets touch where at least one of the wave peaks and wave
troughs of their respective corrugations cross; at least one wave peak between two
wave peaks of equal amplitude of at least one of the first and second set of corru-
gated sheets has a smaller amplitude than the wave peaks of equal amplitude,
wherein the wave length of the wave troughs on each side of the at least one wave
peak with smaller amplitude is smaller than the wave length of the two wave peaks of

equal amplitude on each side of the wave peak with smaller amplitude.

According to a further aspect of the invention an air treatment unit is provided,
wherein the air treatment unit comprises an evaporative cooling pad disclosed

herein.

An advantage of the invention is that the evaporative cooling pad allows for a stable,
reliable and effective treatment of air, and thereby improves the functionality/perfor-
mance of an air treatment unit. The saturation of water in the evaporative cooling pad
is increased. The saturation efficiency will increase due to an increased wetting of the
surface of the corrugated sheets. The pressure drop of the air flow through the pads

will decrease due to decreased turbulence of the air in the passageways of the pads.
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According to a further aspect of the invention a method, performed by a control de-
vice, for producing an evaporative cooling pad for an air treatment unit is provided.
The method comprising the steps of: controlling a corrugation device for creating cor-
rugated sheets having at least one wave peak between two wave peaks of equal am-
plitude of at least one of the first and second set of corrugated sheets with a smaller
amplitude than the wave peaks of equal amplitude, and wherein the wave length of
the wave troughs on each side of the at least one wave peak with smaller amplitude
is smaller than the wave length of the two wave peaks of equal amplitude on each
side of the wave peak with smaller amplitude; and controlling a connection operation
of first set of corrugated sheets and a second set of corrugated sheets where the cor-

rugations of said corrugated sheets touch one another,

An advantage of the present invention is that the method for producing the evapora-
tive cooling pad facilitates the production of evaporative cooling pad, which allows for
a stable, reliable and effective treatment of air. The amount of adhesives needed for
bounding the corrugated sheets against one another during production is reduced.
Thus, cost reduction for manufacturing the pads is achieved due to less glue or no
glue for connecting the sheets or arranging the sheets adjacent to each other. This

will also result in positive environments effects.

According to an aspect of the invention, a computer program is provided, the com-
puter program comprising instructions which, when the program is executed by a
computer, cause the computer to carry out the method. Also, a computer-readable
medium is provided, the computer-readable medium comprising instructions, which
when executed by a computer, cause the computer to carry out the method. This has
the advantage that the method may be comprised in pre-programmed software,

which may be implemented into the production, suitable for utilizing the method.

Additional objectives, advantages and novel features of the invention will be apparent
to one skilled in the art from the following details, and through exercising the inven-
tion. While the invention is described below, it should be apparent that the invention
may not be limited to the specifically described details. One skilled in the art, having
access to the teachings herein, will recognize additional applications, modifications

and incorporations in other areas, which are within the scope of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

For fuller understanding of the present disclosure and further objects and advantages
of it, the detailed description set out below should be read together with the accom-
panying drawings, in which the same reference notations denote similar items in the

various figures, and in which:

Fig. 1a schematically illustrates a front view of an air treatment unit comprising an

evaporative cooling pad according to an example;

Fig. 1b schematically illustrates a section view along line | - I in Fig. 1a;

Fig. 1c schematically illustrates a section view along line Il — Il in Fig. 1a;

Fig. 2 schematically illustrates a view in perspective of corrugated sheets of a first

and second set according to an example;

Figures 3a — 3c schematically illustrate side views of corrugated sheets of different

configurations according to examples;

Fig. 4 schematically illustrates a view in perspective of a corrugated sheet according

to an example;

Fig. 5 shows a flowchart of a method according to an example;

Fig. 6 schematically illustrates a production line according to an example; and

Fig. 7 schematically illustrates a control device or computer according to an example.
DETAILED DESCRIPTION

The detailed description with reference to the examples depicted are to be viewed as
examples comprising a combination of certain features, which features have been de-

scribed in detail above. It is thus to be understood that additional examples may be

achieved by combining other features into examples not depicted herein. The figures
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are to be viewed as examples and not mutually exclusive combinations. It should also
be noted that all figures shown and described are schematically represented, wherein

generic parts of machinery or similar is not depicted for the sake of simplicity.

According to an aspect of the present disclosure, an evaporative cooling pad for an air
treatment unit is provided. The evaporative cooling pad comprising: a first set of corru-
gated sheets and a second set of corrugated sheets having corrugations defined in a
direction transversely of the horizontal plane of the pad, the sheets of the first set being
disposed alternatively with the sheets of the second set, with the corrugations of the
sheets of the first set crossing the corrugations of the sheets of the second set; said
crossed corrugations defining passageways penetrating from a first edge to a second
edge of the pad, the corrugations of said corrugated sheets bearing against one an-
other so that the sheets touch where at least one of the wave peaks and wave troughs
of their respective corrugations cross; at least one wave peak between two wave peaks
of equal amplitude of at least one of the first and second set of corrugated sheets has
a smaller amplitude than the wave peaks of equal amplitude, wherein the wave length
of the wave troughs on each side of the at least one wave peak with smaller amplitude
is smaller than the wave length of the two wave peaks of equal amplitude on each side

of the wave peak with smaller amplitude.

The air treatment unit may be used to humidify and cool different types of spaces in
buildings. The air treatment unit may be an evaporative humidifier and cooler appa-

ratus.

The air treatment unit comprises an evaporative cooling pad, which may be an evapo-
rative media or a cooling and humidification media. The evaporative cooling pad is

configured to be exposed to a fluid and to evaporate the fluid to which it is exposed.

The evaporative cooling pad may be arranged in cassettes, which are supported by a
rigid frame of the air treatment unit. The air treatment unit comprises a fluid distribution
element, which is configured to distribute the fluid to the evaporative cooling pad. A
tray or water gutter is arranged to collect fluid downstream of the evaporative cooling

pad. The fluid distributed by the fluid distribution element is collected from the tray. A
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fluid pump is connected to the fluid distribution element, wherein the fluid pump is con-
figured to deliver fluid to the fluid distribution element. The fluid pump is arranged at a
fluid pipe arranged between the tray and the fluid distribution element. The fluid pump
may suck the fluid from the tray and deliver the fluid to the fluid distribution element. A
fan is configured to generate an air flow through the evaporative cooling pad. As the
warm and dry air flow passes through the evaporative cooling pad, a proportion of the

water is evaporated and thus produces cold, humidified air.

The evaporative cooling pad is configured to receive and evaporate the fluid. The evap-
orative cooling pad comprises a number of corrugated sheets connected to each other,
so that passageways are formed between the corrugated sheets. The passageways
are penetrating from a first edge to a second edge of the evaporative cooling pad. The
air flow created by the fan is configured to flow in the passageways through the evap-
orative cooling pad. The fan may be arranged on the same side as the second edge
of the evaporative cooling pad and the fan thus sucks the air through the passageways.
Alternatively, the fan may be arranged to push air through the passageways in the
evaporative cooling pad. The first edge of the evaporative cooling pad may be config-
ured as the first surface of the evaporative cooling pad. The second edge of the evap-
orative cooling pad may be configured as the second surface of the evaporative cooling
pad.

The first set of corrugated sheets comprises wave peaks and wave troughs having
specific amplitudes, wave heights and wave lengths. The second set of corrugated
sheets comprises wave peaks and wave troughs having specific amplitudes, wave
heights and wave lengths. The amplitudes, wave heights and wave lengths of the
first set of corrugated sheets may be different from the amplitudes, wave heights and
wave lengths of the second set of corrugated sheets. The largest wave height may
be in the range of 4 mm to 15 mm. According to an example, the largest wave height
may be 7 mm. After a certain compression in the assembled evaporative cooling pad,
the wave height of the largest waves may be in the range of 2 mm to 8 mm. Accord-
ing to an example, after a certain compression in the assembled evaporative cooling

pad, the wave height of the largest waves may be 5 mm.
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At least one wave peak between two wave peaks of equal amplitude of at least one
of the first and second set of corrugated sheets may have a smaller amplitude than
the wave peaks of equal amplitude. Thus, the wave height of the wave with a smaller
amplitude may be smaller than the wave height of the waves of equal amplitude on
either side of the wave with a smaller amplitude. The first and second set of corru-
gated sheets may comprise a large number of waves. Therefore, the each of the first
and second set of corrugated sheets may comprise several waves with smaller am-
plitude and several waves with larger amplitude. The radius of the wave peaks and

wave trough may be equal or may differ from each other.

The first set of corrugated sheets are defined in a direction transversely of the hori-
zontal plane. The second set of corrugated sheets are also defined in a direction
transversely of the horizontal plane. The transversely direction of the corrugations of
the first set of sheets may be different than the transversely direction of the corruga-
tions of the second set of sheets. The sheets of the first set are disposed alternatively
with the sheets of the second set. The sheets of the first set may be directed in the
range of 10° - 45° in relation to the horizontal plane of the pad. The sheets of the sec-
ond set are directed in the range of 30° - 60° in relation to the horizontal plane of the

pad.

According to an example, the sheets may be connected to each other with a sheet of
the first set directed 15° and a sheet of the second set directed 45° in relation to the
horizontal plane of the finished pad. A normal to the first surface and/or to the second

surface of the evaporative cooling pad may extend within the horizontal plane.

Depending on the configuration of the wave peaks and wave troughs of the waves with
smaller amplitude, the corrugations of the first and second set corrugated sheets will
bear against one another when arranging the sheets next to and adjacent to each
other.

The wave peaks of the waves with smaller amplitude may be arranged at the same
level as the wave peaks of the waves with larger amplitude. This will result in that the
wave troughs of the waves with smaller amplitude may be arranged at another level

as the wave troughs of the waves with larger amplitude.
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In the opposite, the wave troughs of the waves with smaller amplitude may be arranged
at the same level as the wave troughs of the waves with larger amplitude. This will
result in that the wave peaks of the waves with smaller amplitude may be arranged at

another level as the wave peaks of the waves with larger amplitude.

This will result in that the first and second set corrugated sheets will touch each other
where at least one of the wave peaks and wave troughs of their respective corrugations
or waves cross. In addition, the first and second set corrugated sheets will touch each
other where at least one of the wave peaks and wave troughs of largest amplitude of

their respective corrugations or waves cross.

An evaporative cooling pad may comprise an assembly of more than 20 sheets of the
first set and more than 20 sheets of the second set, disposed alternatively with the

respective sheets of the first and second set.

Even though the at least one wave peak between two wave peaks of equal amplitude
of at least one of the first and second set of corrugated sheets has a smaller ampli-
tude than the wave peaks of equal amplitude, the evaporative cooling pad may have
the same or an increased surface area comparing to a evaporative cooling pad com-
prising corrugated sheets with equal amplitudes. A variation of the surface area may

also be achieved by alter the pitch or wave length.

The first and second sets of corrugated sheets may comprise paper, non-woven or

plastics.

The wave having a wave peak with smaller amplitude may have a smaller wave length
than the wave having a wave peak with larger amplitude. That s, the distance between
the wave peak of the wave with smaller amplitude and the wave peak of the wave with
larger amplitude may be larger than the distance of two wave troughs of the wave with

smaller amplitude.

The wave troughs on each side of the at least one wave peak with smaller amplitude

may have the same amplitude. Further, the wave troughs on each side of the at least
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one wave peak with smaller amplitude may have the same amplitude as the wave

troughs on each side of the waves with a larger amplitude.

Such configuration of the wave lengths will result in that the wave peaks of the waves
having a smaller amplitude will not contact and will not be connected to an adjacent
sheet with their wave peaks. Thus, a reduced pressure drop arises when the air flow
passes through the passageways in the pads due to increased cross sections of some
of the passageways. This will also result in an increased saturation of water in the
pads. Further, the amount of adhesives needed for bounding the corrugated sheets
against one another is reduced due to a reduced number of contact between waves in

the sheets.

According to an aspect, at least one of the wave troughs on one side of the at least
one wave peak with smaller amplitude has a smaller amplitude than the other wave

trough.

Between the waves with large wave heights the wave with a smaller or reduced wave
height has a wave peak with reduced amplitude and a wave trough with reduced am-
plitude. Such configuration of the amplitudes will result in that the wave peaks and of
the wave troughs will not contact and will not be connected to adjacent sheets with
their wave peaks and wave troughs. Thus, a reduced pressure drop of the air flow that
passes through the passageways will be achieved. Further, the saturation will in-
creased and the amount of adhesives needed for bounding the corrugated sheets

against one another will be reduced.

According to an aspect, at least two consecutive wave peaks between two wave peaks

of equal amplitude, have a smaller amplitude than the wave peaks of equal amplitude.

Between the waves with large wave heights two waves with smaller or reduced wave
height have wave peaks with reduced amplitude. Such configuration of the reduced
amplitude will result in that even more wave peaks of one sheet will not contact and
will not be connected to an adjacent sheet. As a result, a reduced pressure drop of the

air flow that passes through the passageways will be achieved. Further, the saturation
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will increased and the amount of adhesives needed for bounding the corrugated sheets

against one another will be reduced.

According to an aspect, the at least two consecutive waves peaks between two wave
peaks of equal amplitude, have a wave trough there between with an amplitude which
is smaller than the amplitude of the wave peaks of equal amplitude on each side of the

wave peaks with smaller amplitudes.

Thus, the amplitude of the wave trough between the wave peaks with reduced ampli-
tude will result in that some of the wave peaks and of the wave troughs will not contact
and will not be connected to adjacent sheets with their wave peaks and wave troughs.
Thus, a reduced pressure drop of the air flow that passes through the passageways
will be achieved. Further, the saturation will increased and the amount of adhesives

needed for bounding the corrugated sheets against one another will be reduced.

According to an aspect, the wave length of the at least two consecutive waves peaks
between the two wave peaks of equal amplitude having a smaller amplitude than the
wave peaks of equal amplitude is smaller than the wave length of the two wave peaks

of equal amplitude.

The waves with wave peaks with reduced amplitude may have a reduced wave length
than the wave having a wave peak with larger amplitude. That is, the distance between
the wave peaks of the waves with reduced amplitude may be smaller than the distance
between a wave peak of a wave with large amplitude and a wave peak of a wave with

reduced amplitude.

According to an aspect, the first and second sets of corrugated sheets are perforated

by a number of through openings.

The number of perforations may be large. In order to achieve a large number of perfo-
rations, the through openings may be small. The through openings may have a circular

configuration. The diameter of the circular through openings may be small.
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By perforating the corrugated sheets with through openings will decrease the pressure
drop of the air flow through the passageways in the pads and increase the saturation

of water in the pads.

According to an aspect, the first and second sets of corrugated sheets comprise paper.

The paper sheets may be treated with substances that increase the life span of the
pads and also reduces the need of maintenance of the pads. The substances may be
impregnation substances. The paper sheets may increase the saturation of water in

the pads.

According to an aspect, the first and second sets of corrugated sheets comprise non-

woven material.

The sheets of non-woven material may be treated with substances that increase the
life span of the pads and also reduces the need of maintenance of the pads. The sub-
stances may be impregnation substances. The sheets of non-woven material may in-

crease the saturation of water in the pads.

According to an aspect, the first and second sets of corrugated sheets are connected

to each other at contact areas between wave peaks and wave troughs.

The sheets may be connected to each other by welds. The sheets may be connected
to each other by stitches performed by sewing. Alternatively, or in combination, the
sheets may be connected to each other by an adhesive, such as glue. The adhesive
may be an environment friendly adhesive. The amount and volume of adhesive may

be reduced due to reduced contact areas between the sheets.

According to a further aspect of the present disclosure, the air treatment unit may com-
prise the evaporative cooling pad disclosed herein. The evaporative cooling pad may
be arranged in cassettes, which are supported by a rigid frame of the air treatment unit.
The air treatment unit comprises a fluid distribution element, which is configured to
distribute the fluid to the evaporative cooling pad. A tray is arranged to collect fluid

downstream of the evaporative cooling pad. The fluid distributed by the fluid distribution
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element is collected from the tray. A fluid pump is connected to the fluid distribution
element, wherein the fluid pump is configured to deliver fluid to the fluid distribution
element. The fluid pump is arranged at a fluid pipe arranged between the tray and the
fluid distribution element. The fluid pump may suck the fluid from the tray and deliver
the fluid to the fluid distribution element. A fan is configured to generate an air flow
through the cooling and humidification media. As the warm and dry air flow passes
through the evaporative media, a proportion of the water is evaporated and thus pro-

duces cold, humidified air.

According to a further aspect of the present disclosure, a method, performed by a con-
trol device, for producing an evaporative cooling pad for an air treatment unit is pro-
vided. The evaporative cooling pad comprising: a first set of corrugated sheets and
second set of corrugated sheets having corrugations defined in a direction transversely
of the horizontal plane of the pad, the sheets of the first set being disposed alternatively
with the sheets of the second set, with the corrugations of the first set crossing the
corrugations of the second set; said crossed corrugations defining passageways pen-
etrating from edge to edge of the pad, the corrugations of said corrugated sheets bear-
ing against one another so that the sheets touch where at least one of the wave peaks
and wave troughs of their respective corrugations cross. The method comprising the
steps of: controlling a corrugation device for creating corrugated sheets having at least
one wave peak between two wave peaks of equal amplitude of at least one of the first
and second set of corrugated sheets with a smaller amplitude than the wave peaks of
equal amplitude, and wherein the wave length of the wave troughs on each side of the
at least one wave peak with smaller amplitude is smaller than the wave length of the
two wave peaks of equal amplitude on each side of the wave peak with smaller ampli-
tude; and controlling a connection operation of first set of corrugated sheets and a
second set of corrugated sheets where the corrugations of said corrugated sheets

touch one another.

The corrugation device may have a configuration and shape, which creates the corru-
gated sheets having at least one wave peak between two wave peaks of equal ampli-
tude of at least one of the first and second set of corrugated sheets with a smaller
amplitude than the wave peaks of equal amplitude. The corrugation device may be a

corrugation roller configured to feed a paper track or a track of non-woven material
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from a paper roll or a roll of non-woven material. The corrugation device may be a
component in a production machine or a line of production machines for producing
evaporative cooling pads. Thus, the production machine may comprise unwind station
for the paper roll or the roll of non-woven material, an impregnation station, a corruga-
tion station comprising the corrugation device, oven sections for drying the corrugated
paper track or the corrugated track of non-woven material, a cutting and stacking sta-
tion of corrugated sheets. Finally, the first and second sets of corrugated sheets may

be connected at an assembling station.

According to a further aspect, controlling the corrugation device comprises perforating
the first and second sets of corrugated sheets by a number of through openings. in
case the corrugation device is a corrugation roller the penetration elements may be
arranged on the surface of the roller, which penetrates the surface of the paper track
or a track of non-woven material. Alternatively, the production machine may comprise
a separate penetration station for perforating the first and second sets of corrugated
sheets by a number of through openings. In the penetration station the through open-
ings may be performed by water jets, laser beams or by drilling. Alternatively, the

through openings may be performed by punching or embossing techniques.

According to a further aspect the method, controlling a connection operation of first set
of corrugated sheets and a second set of corrugated sheets where the corrugations of
said corrugated sheets touch one another comprising connecting the first and second
sets of corrugated sheets to each other at contact areas between wave peaks and
wave troughs. The sheets may be connected to each other by welding or sewing tech-
nics as a method of binding the sheets to each other. Alternatively, or in combination,
the sheets may be connected to each other by an adhesive, such as glue. The first and
second sets of corrugated sheets may be connected at an assembling station. The
assembling station may comprise a robot for the connection operation of the first set
of corrugated sheets and the second set of corrugated sheets by welding, sewing or
gluing. The glue or adhesive is brought to the contact areas between wave peaks and
wave troughs by the robot. The robot may perform the welding or sewing. The robot

may be the control device or an activator connected to the control device.
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The present disclosure also relates to a computer program comprising instructions
which, when the program is executed by a computer, causes the computer to carry out
the method disclosed above. The invention further relates to a computer-readable me-
dium comprising instructions, which when executed by a computer causes the com-
puter to carry out the method disclosed above. The method may be comprised in pre-
programmed software, which may be implemented into a production unit suitable for
utilizing the method. The pre-programmed software may be stored in the control de-
vice. Alternatively, or in combination, the software may be stored in a memory or in

computer at a distance from the control device.

The evaporative cooling pad, the air treatment unit, the method, the computer program
and the computer-readable medium will now be described together with the appended

drawings.

Fig. 1a schematically illustrates a front view of an air treatment unit 1 comprising an
evaporative cooling pad 2 according to an example. The air treatment unit 1 may be
comprised in a cooling system 3. The evaporative cooling pad 2 is configured to be
exposed to a fluid 4. The evaporative cooling pad 2 is configured to evaporate the fluid
4 to which it is exposed. The evaporative cooling pad 2 is also known as an evaporative
media or a cooling and humidification media 2. The cooling and humidification media

2 may be arranged in cassettes 5 of the air treatment unit 1.

The evaporative cooling pad 2 is configured to receive and evaporate the fluid 4. A
fluid distribution element 6 is configured to distribute the fluid 4 to the evaporative
cooling pad 2. A tray 8 or water gutter is arranged to collect fluid 4 downstream of the
evaporative cooling pad 2. The fluid 4 distributed by the fluid distribution element 6 is
collected from the tray 8. A fluid pump 10 is be connected to the fluid distribution ele-
ment 6, wherein the first fluid pump 10 is configured to deliver fluid 4 to the fluid dis-
tribution element 6. The first fluid pump 10 is arranged at a fluid pipe arranged be-
tween the tray 8 and the fluid distribution element 6. The first fluid pump 10 may suck
the fluid 4 from the tray 8 and deliver the fluid 4 to the fluid distribution element 6.
Vertically directed arrows 12 represent the direction of fluid 4 through the fluid distri-

bution element 6, the evaporative cooling pad 2 and further to the fluid tray 8. A fan
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14 is configured to generate an air flow 16 (fig. 1b) through the evaporative cooling
pad 2.

Fig. 1b schematically illustrates a section view along line | — I in fig. 1a. The evaporative
cooling pad 2 comprising a first set 18 of corrugated sheets 20 and a second set 22 of
corrugated sheets 20 having corrugations defined in a direction transversely of the
horizontal plane 24 of the pad 2. The sheets 20 of the first set 18 being disposed alter-
natively with the sheets 20 of the second set 22 (fig. 1¢), with the corrugations of the
first set 18 crossing the corrugations of the second set 22. The crossed corrugations
defining passageways 26 penetrating from a first edge 28 to a second edge 30 of the
pad 2. In fig. 1b the surface of a sheet 20 of the first set 18 is exposed. In fig. 1b the
sheets 20 of the first set 18 are directed in an angle a in relation to the horizontal plane
24 of the pad 2.

Fig. 1c schematically illustrates a section view along line Il — Il in Fig. 1a. In fig. 1¢ the
surface of a sheet 20 of the second set 22 is exposed. In fig. 1c the sheets 20 of the
second set 22 are directed in an angle 3 in relation to the horizontal plane 24 of the
pad 2.

Fig. 2 schematically illustrates a view in perspective of corrugated sheets 20 of a first
and second set 18, 22 according to an example. The corrugations of said corrugated
sheets 20 bearing against one another so that the sheets 20 touch where at least one
of the wave peaks p1 and wave troughs t1 of their respective corrugations cross. The
sheets 20 of the first set 18 are directed a = 15° in relation to the horizontal plane 24
of the pad 2. The sheets 20 of the second set 22 are directed 8 = 45° in relation to the
horizontal plane 24 of the pad 2. The first and second sets 18, 22 of corrugated sheets
20 are connected to each other at contact areas 34 between wave peaks p1 and wave
troughs t1. The first and second sets 18, 22 of corrugated sheets 20 may be connected
to each other by welding or sewing technics. Alternatively, or in combination, the sheets

may be connected to each other by an adhesive 32, such as glue.

Figures 3a — 3c schematically illustrate side views of corrugated sheets 20 of differ-
ent configurations according to examples. According to fig. 3a one wave peak p2 be-

tween two wave peaks p1 of equal amplitude a1 of the first and second set 18, 22 of
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corrugated sheets 20 has a smaller amplitude a2 than the wave peaks p1 of equal
amplitude a1. The wave length wi2 of the wave troughs t1, t2 on each side of the
wave peak p2 with smaller amplitude a2 is smaller than the wave length wl1 of the
two wave peaks p1 of equal amplitude a1 on each side of the wave peak p2 with
smaller amplitude a2. According to fig. 3b one of the wave troughs t2 on each side of
the wave peak p2 with smaller amplitude a2 has a smaller amplitude a3 than the
other wave trough t1. Between the waves 36 with large wave heights wh1 the wave
38 with a smaller or reduced wave height wh2 has a wave peak p2 with reduced am-
plitude a2 and a wave trough t2 with reduced amplitude a3. According to fig. 3c two
consecutive wave peaks p2 between two wave peaks p1 of equal amplitude a1, have
a smaller amplitude a2 than the wave peaks p1 of equal amplitude a1. Between the
waves 36 with large wave heights wh1 two waves 38 with smaller or reduced wave
height wh2 have wave peaks p2 with reduced amplitude a2. The two consecutive
wave peaks p2 between two waves 36 of equal amplitude a1, have a wave trough t2
there between with an amplitude a3 which is smaller than the amplitude a1 of the
wave peaks p1 of equal amplitude a1 on each side of the wave peaks p2 with smaller
amplitudes a2. The wave length wi3 of the two consecutive wave peaks p2 between
the two waves 36 of equal amplitude a1 having a smaller amplitude a2 than the wave
peaks p1 of equal amplitude a1 is smaller than the wave length wl1 of the two waves

36 of equal amplitude a1.

Fig. 4 schematically illustrates a view in perspective of a corrugated sheet 20 accord-
ing to an example. The corrugated sheet 20 in fig. 4 may represent the first or the

second set 18, 22 of corrugated sheets 20. The corrugated sheet 20 according to this
example is perforated by a number of perforations or through openings 40. The num-

ber of perforations 40 is large. The through openings 40 have a circular configuration.

Fig. 5 shows a flowchart of a method according to an example. The method is per-
formed by a control device 100, for producing an evaporative cooling pad 2 for an air
treatment unit 1. The method relates to the evaporative cooling pad 2 for the air treat-
ment unit 1 disclosed in figures 1-4. The evaporative cooling pad 2 comprising: a first
set 18 of corrugated sheets 20 and second set 22 of corrugated sheets 20 having
corrugations defined in a direction transversely of the horizontal plane 24 of the pad 2.

The sheets 20 of the first set 18 being disposed alternatively with the sheets 20 of the
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second set 22, with the corrugations of the first set 18 crossing the corrugations of the
second set 22. The crossed corrugations defining passageways 26 penetrating from a
first edge 28 to second edge 30 of the pad 2. The corrugations of said corrugated
sheets 20 bearing against one another so that the sheets 20 touch where at least one
of the wave peaks p1 and wave troughs t1 of their respective corrugations cross. The
method comprising the steps of: controlling s101 a corrugation device 42 for creating
corrugated sheets 20 having at least one wave peak p2 between two wave peaks p1
of equal amplitude a1 of at least one of the first and second set 18, 22 of corrugated
sheets 20 with a smaller amplitude a2 than the wave peaks p1 of equal amplitude a1,
and controlling s102 a connection operation of first set 18 of corrugated sheets 20 and
a second set 22 of corrugated sheets 20 where the corrugations of said corrugated
sheets 20 touch one another. Controlling the corrugation device 42 comprises perfo-
rating the first and second sets 18, 22 of corrugated sheets 20 by a number of through

openings 40.

Fig. 6 schematically illustrates a production line 44 according to an example. The cor-
rugation device 42 may be a corrugation roller, which has a configuration and shape,
which creates the corrugated sheets 20 having at least one wave peak p2 (fig. 3a —
3c) between two wave peaks p1 of equal amplitude a1 of at least one of the first and
second set 18, 22 of corrugated sheets 20 with a smaller amplitude a2 than the wave
peaks p1 of equal amplitude a1. The corrugation roller 42 may be configured to feed a
paper track 46 or a track of non-woven material from a paper roll 48 or a roll of non-
woven material. The corrugation roller 42 is a component in line 44 of production ma-
chines for producing evaporative cooling pads 2. Thus, the production line 44 may
comprise an unwind station 50 for the paper roll 48 or the roll of non-woven material,
an impregnation station 52, a corrugation station 54 comprising the corrugation roller
42, oven sections 56 for drying the corrugated paper track 46 or the corrugated track
of non-woven material, a cutting and stacking station 58 of corrugated sheets 20 and
finally an assembling station 60 for the connection operation of first set 18 of corrugated
sheets 20 and a second set 22 of corrugated sheets 20 where the corrugations of said
corrugated sheets 20 touch one another. The assembling station 60 may comprise a
robot 62 for the connection operation of the first set 18 of corrugated sheets 20 and a

second set 22 of corrugated sheets 20 by welding, sewing or gluing.
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Fig. 7 schematically illustrates a diagram of a version of a device 500. The control
device 100 described with reference to figures 2-3 may in a version comprise the de-
vice 500. The device 500 comprises a non-volatile memory 520, a data processing unit
510 and a read/write memory 550. The non-volatile memory 520 has a first memory
element 530 in which a computer programme, e.g. an operating system, is stored for
controlling the function of the device 500. The device 500 further comprises a bus con-
troller, a serial communication port, I/O means, an A/D converter, a time and date input
and transfer unit, an event counter and an interruption controller (not depicted). The

non-volatile memory 520 has also a second memory element 540.

There is provided a computer programme P which comprises instructions for carry out
the above-mentioned method. The programme P may be stored in an executable form
or in a compressed form in a memory 560 and/or in a read/write memory 550.

Where the data processing unit 510 is described as performing a certain function, it
means that the data processing unit 510 effects a certain part of the programme stored
in the memory 560 or a certain part of the programme stored in the read/write memory
550.

The data processing device 510 can communicate with a data port 599 via a data bus
515. The non-volatile memory 520 is intended for communication with the data pro-
cessing unit 510 via a data bus 512. The separate memory 560 is intended to com-
municate with the data processing unit 510 via a data bus 511. The read/write memory

550 is adapted to communicating with the data processing unit 510 via a data bus 514.

When data are received on the data port 599, they are stored temporarily in the second
memory element 540. When input data received have been temporarily stored, the
data processing unit 510 is prepared to effect code execution as described above.

Parts of the methods herein described may be effected by the device 500 by means of
the data processing unit 510 which runs the programme stored in the memory 560 or
the read/write memory 550. When the device 500 runs the programme, methods herein

described are executed.

The foregoing description of the embodiments has been furnished for illustrative and

descriptive purposes. It is not intended to be exhaustive, or to limit the embodiments
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to the variations described. Many modifications and variations will obviously be appar-
ent to one skilled in the art. The embodiments have been chosen and described in
order to best explicate principles and practical applications, and to thereby enable one
skilled in the arts to understand the invention in terms of its various embodiments and
with the various modifications that are applicable to its intended use. The components
and features specified above may, within the frame work of the disclosure, be com-

bined between different embodiments specified.
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CLAIMS

An evaporative cooling pad (2) for an air treatment unit (1), the evaporative cool-
ing pad (2) comprising:

a first set (18) of corrugated sheets (20) and a second set (22) of corru-
gated sheets (20) having corrugations defined in a direction transversely of a hor-
izontal plane (24) of the pad, the sheets (20) of the first set (18) being disposed
alternatively with the sheets (20) of the second set (22), with the corrugations of
the sheets (20) of the first set (18) crossing the corrugations of the sheets (20) of
the second set (22); said crossed corrugations defining passageways (26) pene-
trating from a first edge (28) to a second edge (30) of the pad (2), the corrugations
of said corrugated sheets (20) bearing against one another so that the sheets
(20) touch where at least one of the wave peaks (p1) and wave troughs (t1, t2) of
their respective corrugations cross;

at least one wave peak (p2) between two wave peaks (p1) of equal am-
plitude (a1) of at least one of the first and second set (18, 22) of corrugated sheets
(20) has a smaller amplitude (a2) than the wave peaks (p1) of equal amplitude
(a1), wherein

the wave length (wl2) of the wave troughs (1, t2) on each side of the at
least one wave peak (p2) with smaller amplitude (a2) is smaller than the wave
length (wl1) of the two wave peaks (p1) of equal amplitude (a1) on each side of

the wave peak (p2) with smaller amplitude (a2).

The pad (2) according to claim 1, wherein:
at least one of the wave troughs (t2) on one side of the at least one wave
peak (p2) with smaller amplitude (a2) has a smaller amplitude (a3) than the other

wave trough (t1).

The pad (2) according to any one of claim 1 and 2, wherein:
at least two consecutive wave peaks (p2) between two wave peaks (p1)
of equal amplitude, have a smaller amplitude (a2) than the wave peaks (p1) of

equal amplitude (a1).
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The pad (2) according to claim 3, wherein:

the at least two consecutive waves peaks (p2) between two waves peaks
(p1) of equal amplitude (a1), have a wave trough (t2) there between with an am-
plitude (a3) which is smaller than the amplitude (a1) of the wave peaks (p1) of
equal amplitude (a1) on each side of the wave peaks (p2) with smaller amplitudes
(a2).

The pad (2) according to any one of claim 3 and 4, wherein:

the wave length (wl3) of the at least two consecutive waves peaks (p2)
between the two wave peaks (p1) of equal amplitude (a1) having a smaller am-
plitude (a2) than the wave peaks (p1) of equal amplitude (a1) is smaller than the

wave length (wl1) of the two wave peaks (p1) of equal amplitude (a1).

The pad (2) according to any one of the preceding claims, wherein:
the first and second sets (18, 22) of corrugated sheets (20) are perforated

by a number of through openings (40).

The pad (2) according to any one of the preceding claims, wherein:
the first and second sets (18, 22) of corrugated sheets (20) comprise

paper.

The pad (2) according to any one of the claims 1 - 7, wherein:
the first and second sets (18, 22) of corrugated sheets (20) comprise

non-woven material.

The pad according to any one of the preceding claims, wherein:

at first and second sets (18, 22) of corrugated sheets (20) are connected
to each other at contact areas (34) between wave peaks (p1) and wave troughs
(11, t2).

An air treatment unit (1), comprising an evaporative cooling pad (2) according to

any one of the preceding claims.
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A method, performed by a control device (100), for producing an evaporative
cooling pad (2) for an air treatment unit (1), the evaporative cooling pad (2) com-
prising:

a first set (18) of corrugated sheets (20) and second set (22) of corru-
gated sheets (20) having corrugations defined in a direction transversely of a hor-
izontal plane (24) of the pad (2), the sheets (20) of the first set (18) being disposed
alternatively with the sheets (20) of the second set (22), with the corrugations of
the first set (18) crossing the corrugations of the second set (22); said crossed
corrugations defining passageways (26) penetrating from a first edge (28) to a
second edge (30) of the pad (2), the corrugations of said corrugated sheets (20)
bearing against one another so that the sheets (20) touch where at least one of
the wave peaks (p1) and wave troughs (i1, t2) of their respective corrugations
cross; wherein the method comprising the steps of:

controlling (S101) a corrugation device (42) for creating corrugated
sheets (20) having at least one wave peak (p2) between two wave peaks (p1) of
equal amplitude (a1) of at least one of the first and second set (18, 21) of corru-
gated sheets (20) with a smaller amplitude (a2) than the wave peaks (p1) of equal
amplitude (a1) and wherein the wave length (wl2) of the wave troughs (t1, t2) on
each side of the at least one wave peak (p2) with smaller amplitude (a2) is smaller
than the wave length (wl1) of the two wave peaks (p1) of equal amplitude (a1) on
each side of the wave peak (p2) with smaller amplitude (a2); and

controlling (s102) a connection operation of the first set (18) of corru-
gated sheets (20) and a second set (22) of corrugated sheets (20) where the

corrugations of said corrugated sheets (20) touch one another.

The method according to claim 11, wherein controlling (s101) the corrugation de-
vice (42) comprises perforating the first and second sets (18, 22) of corrugated

sheets (20) by a number of through openings (40).

The method according to any one of claims 11 and 12, wherein controlling (s102)
a connection operation of the first set (18) of corrugated sheets (20) and the sec-
ond set (22) of corrugated sheets (20) where the corrugations of said corrugated

sheets (20) touch one another comprises connecting the first and second sets
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(18, 22) of corrugated sheets (20) to each other at contact areas (34) between

wave peaks (p1) and wave troughs (t1).

A computer program (P) comprising instructions which, when the program is ex-
ecuted by a computer (100; 500), cause the computer (100; 500) to carry out the

method according to any one of claims 11-13.

A computer-readable medium comprising instructions, which when executed by
a computer (100; 500), cause the computer (100; 500) to carry out the method
according to any one of claims 11-13.



