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(54) AIR CONDITIONING DEVICE

(57) The present invention relates to a cooling battery
(1) for conditioning of air in a direction of air flow (FA)
through an air channel (6) in the cooling battery compris-
ing a first and a second air conditioning module (10, 20),
wherein each module comprises a first (70A) and a sec-

ond end plate (70B), a core of one or more heat-exchange
plates (70) arranged between the first and the second
end plate and a channel (16, 26) for conditioning fluid
(30) comprising an inlet (4) and an outlet (5).
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Description

TECHNICAL FIELD

[0001] The present invention relates to a device or sys-
tem for conditioning/attemperating of ventilation air by
means of a cooling/heating battery.

BACKGROUND

[0002] The demand for increased energy efficiency
with respect to treatment of air in dwellings and offices
and industrial buildings is expected to increase in the
future. At the same time there is an increase in demand
for low/lower energy losses for buildings, which means
that the heat requirement in dwellings and offices de-
creases and makes possible combined heating and ven-
tilating systems instead of separate systems. There is
also a cooling requirement in both offices and dwellings,
at least during hot seasons, and future predictions also
indicate a scenario of increasing temperatures locally,
meaning an increased requirement for cooling of venti-
lation air, in particular supply air.
[0003] An example of a known air conditioning device
for the above application is described in US 5 181 392.
This air conditioning device is arranged to blow out hot
air and comprises inter alia two parallel heat exchangers,
which are connected in series and isolated thermally from
one another by for example a gap. The cooling medium
passes the air to be conditioned in countercurrent.

SUMMARY OF THE INVENTION

[0004] One object of the invention is to provide an air
conditioning device in the form of a cooling and/or heating
battery that solves or at least lessens the aforementioned
problem.
[0005] Another object of the invention is to provide an
air conditioning device that cools and/or heats ventilation
air effectively by means of small temperature differences.
[0006] A further object of the invention is to provide an
air conditioning device that cools ventilation air effectively
by utilizing small temperature differences.
Yet another object of the invention is to provide an air
conditioning device that cools and/or heats ventilation air
effectively by means of small temperature differences
with feed of a certain amount of fresh air.
[0007] A further object of the invention is to provide an
air conditioning device in the form of a cooling and/or
heating battery of the countercurrent type with counter-
current coupling over its entire active air receiving sur-
face/volume/width/length, which increases its efficiency
by utilizing small temperature differences during cooling
and/or heating of air.
[0008] Yet another object of the invention is to provide
an air conditioning device in the form of a divided cooling
and/or heating battery of the countercurrent type with
countercurrent coupling over its entire air receiving sur-

face/volume/width, which allows a temperature differ-
ence to develop over its entire air receiving surface/vol-
ume/width/length and therefore along the entire route of
flow of the conditioning medium through the battery,
which increases its efficiency by utilizing small tempera-
ture differences during cooling and/or heating of air.
[0009] Another object of the invention is to provide an
air conditioning device in the form of a cooling and/or
heating battery of the countercurrent type with counter-
current coupling over its entire air receiving surface/vol-
ume/width, whereby a temperature difference is pro-
duced over its entire air receiving surface/vol-
ume/width/length that increases its efficiency by utilizing
small temperature differences during cooling and/or
heating of air.
[0010] A further object of the invention is to provide an
air conditioning device in the form of a cooling and/or
heating battery of the countercurrent type with counter-
current coupling over its entire width with a temperature
difference over its entire air receiving surface/volume
and/or width/length and increased efficiency by utilizing
small temperature differences during cooling and/or
heating of air comprising a configuration with cooling me-
dium channels through plates or laminae for heat ex-
change between the cooling medium and the air where
at least one cooling medium channel through the
plates/laminae is arranged as offset or eccentrically rel-
ative to the other cooling medium channels through the
plates/laminae for better utilization of the surface area of
the plates/laminae and for reducing/optimizing flow loss-
es through the battery for both the air flowing through
and the cooling medium.
[0011] Yet another object of the invention is to provide
an air conditioning device in the form of a cooling and/or
heating battery of the countercurrent type with counter-
current coupling over its entire width with a temperature
difference over its entire air receiving surface and/or vol-
ume and/or width and increased efficiency with small
temperature differences in cooling/heating of air compris-
ing a configuration with cooling medium channels
through laminae for heat exchange between cooling me-
dium and air where at least two cooling medium channels
are arranged serially/are connected in series viewed in
the direction of flow of the air through the battery and
arranged in line with and/or behind and/or in front of one
another so that their projection/envelope surfaces sub-
stantially coincide viewed in the direction of flow of the
air through the battery for reducing and/or at least opti-
mizing air flow losses past these channels and through
the battery.
[0012] Yet another object of the invention is to provide
an air conditioning device in the form of a cooling and/or
heating battery of the countercurrent type with counter-
current coupling over its entire width with a temperature
difference over its entire air receiving surface and/or vol-
ume and/or width and increased efficiency with small
temperature differences in cooling/heating of air. This
battery is obtained by an arrangement with cooling me-
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dium channels through plates or laminae for heat ex-
change between cooling medium and air where the lam-
inae are arranged serially/are connected in series viewed
in the direction of flow of the air through the battery and
with the cooling medium channels arranged with the
plane of their extension substantially across the air flow
with an increasing number of plates/laminae per unit sur-
face area/length/width in the battery in the downstream
direction relative to the direction of air flow through the
battery. This provides even more effective heat exchange
and/or at least optimization of the efficiency of the battery
and efficiency or heat exchange capacity the longer the
air enters the battery and the closer the air is to the air
outlet from the battery and the inlet of cooling medium
into the battery and the longer the air is from the outlet
of the cooling medium from the battery, whereby small
temperature differences in the battery are utilized more
effectively.
[0013] A further object of the invention is to provide an
air conditioning device in the form of a cooling and/or
heating battery of the countercurrent type with counter-
current coupling over its entire width with a temperature
difference over its entire air receiving surface and/or vol-
ume and/or width and increased efficiency with small
temperature differences in cooling/heating of air. This
battery is provided in a configuration with plates/laminae
for heat exchange between cooling medium in cooling
medium channels and air where the laminae are ar-
ranged serially/are connected in series in modules
viewed in the direction of flow of the air through the battery
where the plate/lamina modules are arranged with their
plane of extension substantially parallel to the air flow
with increasing number of plates/laminae per unit surface
area/length/width in the battery in the downstream direc-
tion relative to air flow through the battery. This is
achieved by having a falling or decreasing plate/lamina
width for each set of plates/laminae/modules viewed
along the downstream direction of the air flow. This pro-
vides more effective heat exchange and/or at least opti-
mization of the efficiency of the battery and efficiency or
heat exchange capacity the longer air enters the battery
and the closer the air comes to the air outlet from the
battery and the inlet of cooling medium into the first mod-
ule of the battery and the longer the air is from the outlet
of the cooling medium from the battery. With this config-
uration according to the invention, small temperature dif-
ferences in the battery are utilized more effectively, i.e.
per unit length of the battery, viewed downstream in the
direction of air flow. This configuration of the battery ac-
cording to the invention means that the plate/lamina mod-
ule with cooling medium channel that first encoun-
ters/meets the air flow has plates/laminae of greater
width or length viewed in the direction of air flow and
therefore also larger surface as the air "sweeps past"
than the plates or laminae in the subsequent heat ex-
change modules viewed in the downstream direction of
the air flow through the battery, which means that a great-
er temperature difference over the heat exchange mod-

ule "encountered" first by the air is utilized and that de-
creasing temperature differences over subsequent heat
exchange modules are also utilized, all more effectively.
[0014] A further object of the invention is to provide an
air conditioning device in the form of a cooling and/or
heating battery of the countercurrent type with the cooling
medium channel placed eccentrically downstream in the
direction of the air flow over the plates/laminae in order
to produce greater cooling.
[0015] The aforementioned effective cooling and/or
heating of ventilation air by means of the battery accord-
ing to the invention relates in particular to air supply but
also has other applications. Where appropriate, the me-
dium for heat exchange with the air is called conditioning
fluid in the following and corresponds to a suitable cooling
medium that either cools or heats the air. Moreover, the
aforementioned air conditioning device is called cooling
battery in the following but functions in other applications
as a heating battery or a combined cooling and heating
battery. Furthermore, two or more such batteries accord-
ing to the invention can be used in series and/or parallel
coupling depending on the desired heating and/or cooling
requirement.
[0016] One or more of the above objects are achieved
by means of a cooling battery according to the appended
independent claims, with preferred variants defined in
the dependent claims.
[0017] One aspect of the invention relates to a cooling
battery for conditioning of air in a direction of air flow
through an air channel comprising at least one first and
one second air conditioning module. Each module com-
prises a first and a second end plate, a core of one or
more heat-exchange plates arranged between the first
and the second end plate and a channel for conditioning
fluid comprising inlet and outlet, wherein the respective
heat-exchange plate and end plate have a first, a second,
a third and a fourth end, wherein the first end is arranged
opposite the second end and the third end is arranged
opposite the fourth end, wherein the first plate end and
the second plate end are arranged substantially parallel
to the direction of air flow, wherein the third plate end and
the fourth plate end are arranged substantially perpen-
dicular to the direction of air flow, wherein the fluid chan-
nel extends to and fro between the first and the second
end plate substantially perpendicular to the heat-ex-
change plates in the core and the direction of air flow and
from the first to the second end of the heat-exchange
plates, wherein the first air conditioning module is placed
downstream of the second air conditioning module in the
direction of air flow, and wherein the first plate end and
the second plate end in the first air conditioning module
is shorter than the first plate end and the second plate
end in the second air conditioning module. This results
in a cooling battery with a larger and a smaller air condi-
tioning module, with respect to the width of the modules
in the direction of air flow. The larger air conditioning mod-
ule is the module that is the first to come into contact with
the air flow and therefore affects the air temperature first.
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[0018] According to one aspect, the direction of air flow
through the whole cooling battery is directed substantially
opposite to or is directed opposite to the direction of flow
of the conditioning fluid flowing through the cooling bat-
tery. This results in countercurrent coupling in the cooling
battery between the air flow and the direction of flow of
the conditioning fluid, which is an effective way of affect-
ing the air temperature even with small temperature dif-
ferences.
[0019] According to one aspect, at least the second air
conditioning module further comprises a row of openings
arranged for flow of conditioning fluid that heats the air
through the cooling battery. This results in a cooling bat-
tery that can both cool and heat the air flow without having
to alter the cooling battery, for example by changing the
conditioning fluid.
[0020] According to one aspect, the first and the sec-
ond air conditioning modules are arranged in the air chan-
nel with the first and the third plate end of the first and
the second end plate in a respective air conditioning mod-
ule arranged in the same direction so that the fluid chan-
nel extends to and fro between the first and the second
end plate in a corresponding manner in the first and the
second air conditioning modules. This results in counter-
current coupling over the full width of the air conditioning
module, which means that the cooling battery has good
efficiency even with small temperature differences over
the whole width.
[0021] According to one aspect, the inlet of the fluid
channel is arranged at the first end of the first or the sec-
ond end plate and the outlet of the fluid channel is ar-
ranged at the second end of the first or the second end
plate, wherein the inlet in the first air conditioning module
is arranged to be connected to a flow source in order to
receive a flow of conditioning fluid, and the outlet in the
first air conditioning module is connected fluidically to the
inlet in the second air conditioning module.
[0022] According to one aspect, the cooling battery
comprises a connection side that extends between its
first and second end at least between the first and second
ends of each end plate, said connection side comprising
a main inlet for conditioning fluid corresponding to the
inlet to the first air conditioning module and to the fluid
channel and/or a main outlet for conditioning fluid corre-
sponding to the outlet from the second air conditioning
module and from the fluid channel.
[0023] According to one aspect, each end plate com-
prises at least one opening nearest the first plate end
that forms an inlet for inflow of conditioning fluid to each
module.
[0024] According to one aspect, each end plate com-
prises at least one opening nearest the second plate end
that forms an outlet for outflow of conditioning fluid from
each module.
[0025] According to one aspect, the main inlet of con-
ditioning fluid is arranged nearest the first end of the cool-
ing battery and the main outlet of conditioning fluid is
arranged nearest its other end.

[0026] According to one aspect, each end plate com-
prises openings, each of said openings nearest the first
plate end coinciding with each inlet for inflow of condi-
tioning fluid into each module.
[0027] According to one aspect, each end plate com-
prises openings, each of said openings nearest the sec-
ond plate end coinciding with each outlet for outflow of
conditioning fluid from each module.
[0028] According to one aspect, each plate comprises
openings and each opening in each plate in the first air
conditioning module coincides with each opening in each
plate in the second air conditioning module viewed in the
direction of air flow.
[0029] According to one aspect, the openings in at
least one air conditioning module are arranged for flow
of conditioning fluid that cools the air through the cooling
battery.
[0030] According to one aspect, at least one or more
air conditioning modules are placed between the first air
conditioning module and the second air conditioning
module. This results in a cooling battery that can be
adapted to the volumes that it is to condition by increasing
or reducing the number of air conditioning modules from
2 and upwards.
[0031] According to one aspect, each air conditioning
module comprises two or more stacked plates, wherein
each plate comprises two or more rows of openings,
which are separated by one or more first thermal sepa-
rators, and are connected materially. This results in sev-
eral modules from one and the same plate at the same
time as the various modules are isolated and function as
two separate modules.
[0032] According to one aspect, at least one other ther-
mal separator is arranged between each module opening
and extends substantially perpendicularly or perpendic-
ularly to each first thermal separator. This prevents heat
being propagated in the direction of the module’s width,
resulting in improved efficiency of the cooling battery and
also meaning that it can function with small temperature
differences.
[0033] According to one aspect, each air conditioning
module comprises two or more stacked plates and each
plate comprises at least one row of openings positioned
eccentrically on the plate. The fact that the openings are
positioned eccentrically means that the temperature dif-
ferences between the air flow and the cooling battery
become relatively large even when the air cools down
somewhat. This gives better efficiency for the cooling bat-
tery.
[0034] According to one aspect, the channel for con-
ditioning fluid that cools the air through the cooling battery
in the second air conditioning module is arranged down-
stream in the direction of air flow in relation to the open-
ings that are arranged for flow of conditioning fluid that
heats the air through the cooling battery. The fact that
the channels are arranged eccentrically on the plate
means that the temperature differences between the air
flow and the cooling battery become relatively large even
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when the air cools down somewhat. This gives better
efficiency for the cooling battery both when it cools and
when it heats the air flow.
[0035] According to one aspect, the channel for con-
ditioning fluid that cools the air through the cooling battery
in the second air conditioning module is arranged eccen-
trically in the direction of air flow downstream over the
plates, which gives corresponding effects as above.
[0036] According to one aspect, the cooling battery
comprises several air conditioning modules per unit
length of the cooling battery, longer downstream viewed
in the direction of air flow than the corresponding number
of air conditioning modules upstream per unit length of
the cooling battery. This results in a cooling battery with
higher efficiency when the larger modules are arranged
to come into contact with the air flow first.

DESCRIPTION OF THE FIGURES

[0037] The invention will be described in more detail
below, referring to the appended figures, shown as ex-
amples of existing preferred embodiments of the inven-
tion.

Fig. 1 is a perspective view of an air conditioning
device according to one embodiment of the inven-
tion.

Fig. 2 is an enlarged perspective view of one end of
the air conditioning device according to Fig. 1 ac-
cording to one embodiment of the invention.

Fig. 3 is an enlarged perspective view of the other
end of the air conditioning device in Fig. 1 according
to one embodiment of the invention.

Fig. 4 shows a plan view from the side of the air
conditioning device in Fig. 1 according to one em-
bodiment of the invention.

Fig. 5 shows a plan view from above of the air con-
ditioning device in Figs. 1 and 4 according to one
embodiment of the invention.

Fig. 4A shows a plan view from above of the air con-
ditioning device according to another embodiment
of the invention.

Fig. 5A shows a plan view from above of the air con-
ditioning device according to another embodiment
of the invention.

Fig. 6 shows a plan view from the side of a compo-
nent part of the air conditioning device according to
one embodiment of the invention.

Fig. 7 shows an upper plan view from above of the
component part of the air conditioning device in Fig.

6 and, in an intermediate plan view, a cross-section
along line AA-AA of the same part and, in a bottom
plan view, a cross-section along line Y-Y of the same
part.

Figs. 8, 10, 11 and 11A show plan views of the end
of the air conditioning device in Figs. 1 and 2 in var-
ious embodiments of the invention.

Fig. 9 shows a plan view of the other end of the air
conditioning device according to Figs. 1 and 3 in one
embodiment of the invention.

Figs. 12 to 15 show enlarged plan views from the
side of details of the component part of the air con-
ditioning device in Fig. 6 according to marks AJ, AH,
V and W in Fig. 6.

DESCRIPTION OF EMBODIMENTS

[0038] The present invention shown in Figs. 1- 15 re-
lates to a device for conditioning, i.e. attemperating of
ventilation air 7 by means of a cooling and/or heating
battery 1 (hereinafter described as a cooling battery 1
even if it can both cool and heat the air) as a ventilation
unit of the countercurrent type. The cooling battery 1 com-
prises series-connected pipe coils 16, 26, 46 provided
with laminae/plates for a cooling medium 30 (see Figs.
10, 11 and 11A) that extend through openings 15, 15A,
15B, 25, 25A, 25B, 45, 45A, 45B in the laminae/plates.
The ventilation air 7 is treated, i.e. is cooled or heated,
but is preferably cooled via the cooling battery 1 in at
least two steps, i.e. at least by a first pipe coil 26 placed
upstream in the direction of the air flow FA and then by
at least one second pipe coil 16 placed downstream in
the direction of the air flow FA after the first pipe coil,
before the ventilation air 7 is led out of the battery, see
Figs. 10 and 11.
[0039] The cooling battery 1 is arranged for condition-
ing air 7 in a direction of air flow FA through an air channel
6. The cooling battery comprises at least one first and
one second air conditioning module 10, 20, 40. Each
module 10, 20, 40 comprises a first 70A and a second
end plate 70B, a core of one or more heat-exchange
plates 70 arranged between the first and the second end
plate and a channel 16, 26, 26A, 46 for conditioning fluid
30 comprising an inlet 4 and an outlet 5.
[0040] Heat-exchange plate 70 and end plate 70A, 70B
have a first end 13, 23, a second end 14, 24, a third end
18, 28 and a fourth end 19, 29. The first end is arranged
opposite the second end and the third end is arranged
opposite the fourth end. The first plate end 13, 23 and
the second plate end 14, 24 are arranged substantially
parallel to the direction of air flow FA. The third plate end
18, 28 and the fourth plate end 19, 29 are arranged sub-
stantially perpendicular to the direction of air flow FA.
The fluid channel 16, 26, 26A, 46 extends to and fro be-
tween the first and the second end plate 70A, 70B sub-
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stantially perpendicular to the heat-exchange plates 70
in the core and the direction of air flow FA and from the
first 13, 23 to the second end 14, 24 of the heat-exchange
plates. The first air conditioning module 10 is placed
downstream of the second air conditioning module 20,
40 in the direction of air flow FA. The first plate end 13
and the second plate end 14 in the first air conditioning
module 10 are shorter than the first plate end 23 and the
second plate end 24 in the second air conditioning mod-
ule 20, 40, i.e. the second air conditioning module is wider
than the first air conditioning module. The plates in the
second air conditioning module are wider than the plates
in the first air conditioning module.
[0041] According to one aspect, the direction of air flow
FA through the whole cooling battery 1 is directed sub-
stantially opposite to or is directed opposite to the direc-
tion of flow FM of the flow of conditioning fluid 30 through
the cooling battery 1 in order to produce countercurrent
coupling.
[0042] Fig. 11A shows three pipe coils 16, 26, 46 where
the third pipe coil 46 is a pipe coil located between the
first 26 and the second pipe coil 16 that extends through
openings in the plate 45, 45A, 45B mainly according to
the same principle as in Figs. 10 and 11. The cooling
medium 30 is led or flows in a direction FM (shown with
arrows inside and outside the pipe, in certain cases with
dashed arrows and in certain cases with continuous ar-
rows) via a main/primary inlet 4 into the cooling battery
1 and through the whole cooling battery to a main/primary
outlet 5 out of the cooling battery that is mainly or sub-
stantially opposite the direction of air flow FA. This is
shown inter alia in Figs. 8 and 10-11A in that the main
outlet 5 of the cooling medium out of the cooling battery
1 is placed nearest the air inlet 2 and in that the main
inlet 4 of the cooling medium into the cooling battery 1 is
placed nearest the air outlet 3. In certain aspects the
cooling battery 1 comprises series-connected pipe coils
26A provided with laminae, that extend through openings
in the plate 17, 17A, 17B, 27, 27A, 27B for the cooling
medium 30 for the purpose of heating the ventilation air
7 (see Figs. 1-9 and 12-13) besides the pipe coils 16, 26
and 46, whose preferred purpose is air cooling.
[0043] The flow source for the cooling medium 30 is a
suitable pump/compressor, depending on the properties
of the medium or fluid, which brings about its flow through
the pipe coils of the battery but is not shown in the figures
as such a flow source is elementary knowledge for a per-
son skilled in the art, the same applies to other equip-
ment, e.g. air dampers, valves, measuring devices, con-
trol units, power supply and moreover air channels 6
and/or external pipework and other components, includ-
ing for the cooling medium 30, that are needed for normal
operation of the cooling battery 1 when treating ventila-
tion air 7 and are not explained in more detail.
[0044] The aforementioned pipe coils 16, 26, 26A, 46
are arranged to be run through each of the modules 10,
20, 40 separately and/or integrated with one another
formed by stacked plates 70, 70A, 70B made of sheet

metal that form so-called laminae in this type of cooling
battery. The laminae/plates 70, 70A, 70B are placed side
by side and flat against one another with a space between
them so that the air 7 can flow past them across the plane
of extension of the laminae/plates. The air flows in an air
channel 6 that is formed by the plates 70, 70A, 70B
through the battery.
[0045] Fig. 1 illustrates the cooling battery according
to the invention. The cooling battery 1 is included in ven-
tilation systems of a commonly occurring type in various
properties, which comprises a ventilation channel 6 with
inlet 2 and outlet 3 for the air 7, with a number of ventilation
dampers (not shown) connected to said channel. The
ventilation damper may be arranged in various positions
along the ventilation channel 6 in which an air flow 7
flows. Ventilation channel 6 in Figs. 1, 2 and 3 may have
one or a number of branches to which one or more ven-
tilation dampers and air distributors (not shown) may be
connected. The ventilation system usually comprises a
blower (not shown). The blower is arranged to generate
a pressure in the ventilation system, so that forced ven-
tilation may be obtained. The ventilation system with
cooling battery 1 according to the invention may be in-
stalled in properties, e.g. in dwellings, and the ventilation
channel 6 may extend over several different spaces for
ventilation of these spaces. It may be ingoing air venti-
lation or exhaust air ventilation or used air ventilation, i.
e. air ventilation between different rooms and/or proper-
ties.
[0046] The cooling battery 1 has a main function of
conditioning/attemperating the ventilation air 7 by cooling
and/or heating the air. The cooling battery 1 is a so-called
battery for treating air in a direction of air flow FA through
one or more air channels 6 in and/or through the battery.
The battery 1 is a cooling and/or heating battery 1 divided
functionally and/or thermally and/or physically into at
least two, three or more parts or modules 10, 20, 40 as
a ventilation unit of the countercurrent type.
[0047] The cooling battery 1 comprises at least one
channel 16, 26, 26A, 46 provided with laminae, in the
form of at least one pipe coil for the cooling medium 30.
The channel 16, 26, 26A, 46, i.e. the pipe coil 16, 26,
26A, 46 is formed by one or more channels or pipes that
are connected in series to a continuous, sealed pipe coil
through which the cooling medium 30 flows along the
whole battery 1. The pipe coils 16, 26, 26A, 46 are ar-
ranged above one another in the vertical direction and/or
after/beside one another in the horizontal direction de-
pending on the application/orientation of the battery, e.
g. if it is positioned lying or standing on end or obliquely,
the orientation of the battery in the figures may be con-
sidered to be lying when the battery has a smaller height
than width but may also be placed upright, i.e. with a
greater height than width in the figures but this is irrele-
vant for the invention, the dimensions also depend on
how many modules 10, 20, 40 the battery 1 consists of.
The pipe coils 16, 26, 26A, 46 are connected together
fluidically via pipes 80 between the respective outlet on
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one module 10 and the inlet on the next module 20 or 40
for cooling medium 30.
[0048] Figs. 1 to 5 show an aspect of the cooling battery
1 according to the invention with the pipe coils 16, 26,
26A, 46 connected together fluidically via pipes 80 be-
tween the respective outlet 12 on the first module 10 and
the inlet 21 on the next module 20 or 40 for the cooling
medium 30 with pipes 80 and the main inlet 4 and the
main outlet 5 for the cooling medium 30 on the same side
or end or the connection side 1C of the cooling battery,
i.e. on the left in Figs. 1-3 with the air flow FA and the air
7 flowing in from the top of the cooling battery and on the
right in Figs. 4-5 with the air flow FA and the air 7 flowing
in from the underside of the cooling battery. In Figs. 1-5
there are pipes 80 on end 1D of the cooling battery 1
opposite its connection side 1C.
[0049] Figs. 4A and 5A show an aspect of the cooling
battery 1 according to the invention comprising the pipe
coils 16, 26, 26A, 46 connected together fluidically via
pipes 80 between the respective outlet 12 on the first
module 10 and the inlet 21 on the next module 20 or 40
for the cooling medium 30 but on the opposite side 1D
instead of on the connection side 1C as in Figs. 1-5. Here,
pipes 80 are also on the other side 1D so that the inlet
11 of the first module is on the connection side 1C but
its outlet 12 is on the opposite end 1D and the inlet 21 of
the second module 20 is on the opposite end 1D while
its outlet 22 is on the connection side 1C. Accordingly
the main inlet 4 and the main outlet 5 for the cooling
medium 30 and the pipe 80 that connects the modules
10 and 20 together are arranged on different sides or
ends 1C and 1D of the cooling battery. The pipe 80 that
conveys the cooling medium 30 from the first module 10
to the next module 20, 40 is on the left in Figs. 4A and
5A on the opposite end 1D in relation to the connection
side 1C while the main inlet 4 and the main outlet 5 for
the cooling medium 30 are arranged on the other end of
the cooling battery 1, i.e. on the connection side 1C on
the right in Figs. 4A and 5A just as in Figs. 4 and 5.
[0050] In partial sections nearer the middle of the cool-
ing battery 1 in Figs. 4 and 4A and in the lower parts
thereof in Figs. 5 and 5A, it is shown in which directions
FM the cooling medium 30 flows in the pipe coils 16, 26
and/or 26A (the pipe coils 26A in Figs. 4 and 5 (absent
in Figs. 4A and 5A) are intended for warming the air 7
and are optional, i.e. it is not necessary to equip the bat-
tery with them, but it is beneficial in certain aspects of
the invention). The direction of flow FM for the cooling
medium 30 in the heating coil 26A may flow in either of
two opposite directions shown with a dashed two-way
arrow in Fig. 4. The directions of flow FM for the cooling
medium 30 in the at least two necessary pipe coils 16
and 26 in the cooling battery 1 are the same in Figs. 4
and 5 and are shown with dashed arrows pointing to the
right, i.e. pointing towards the connection side 1C in the
cooling battery 1, i.e. the cooling medium 30 in the pipe
coils 16, 26 of both modules 10 and 20 nearest the lower
part of the cooling battery 1 in Fig. 5, i.e. for the cut-out

part shown, flows in a direction towards the connection
side 1C. The directions of flow FM for the cooling medium
30 in the at least two necessary pipe coils 16 and 26 in
the cooling battery 1 are however in the opposite direction
in Figs. 4A and 5A and are shown with dashed arrows
pointing to the left in the first module 10 with the pipe coil
16, i.e. pointing towards the side 1D opposite the con-
nection side 1C of the cooling battery, so that the cooling
medium 30 flows from right to left in Fig. 4A, i.e. from the
connection side 1C in pipe coil 16 nearest the lower part
of the cooling battery 1 in Fig. 5A, i.e. in the cut-out part
shown, while the flow of cooling medium in the second
module 20 with the pipe coil 26 flows from left to right in
Fig. 4A, i.e. flows towards the connection side 1C in pipe
coil 26 nearest the lower part of the cooling battery 1 in
Fig. 5A, i.e. in the cut-out part shown.
[0051] The laminae that surround the coils are formed
of plates or sheets 70, 70A, 70B. The plates 70, 70A,
70B are either completely separate from one another in
the vertical direction, i.e. separated by an air gap 50, 60
(see Figs. 10-11A for physically completely separate
plates with separator 60 and Figs. 8-9, 12-15 for at least
partially separate plates with grooves/slots 50), or consist
of a common lamina/sheet with openings/holes 15, 15A,
15B, 25, 25A, 25B, 27, 45, 45A, 45B, which reduce the
common plate surface area (Figs. 8, 9, 12-15). The open-
ings 15, 15A, 15B, 25, 25A, 25B, 17, 17A, 17B, 27, 27A,
27B, 45, 45A, 45B may be punched from each plate/sheet
or formed therein in some other way.
[0052] Figs. 12 to 15 show enlargements of some as-
pects of the cooling battery 1 with different configurations
of thermal separators 50, 60 according to marks AJ, AH,
V and W in Fig. 6. In Fig. 15 corresponding marking AJ
in Fig. 6 shows a first thermal separator 50 that extends
substantially parallel to the first 13, 23 and the second
ends 14, 24 of plates 70, 70A, 70B between a row of
openings for distinguishing them with the aim of reducing
heat transfer between openings and associated pipe
coils in a direction in the plane of extension of each mod-
ule and substantially perpendicular to the direction of air
flow FA. In Fig. 15, however, the openings of the plates
are not completely separated purely physically but are
at least partially connected materially. In a further aspect
of the cooling battery 1, each air conditioning module 10,
20, 40 comprises two or more stacked plates 70, 70A,
70B, wherein each plate comprises two or more rows of
openings 15, 15A, 15B, 25, 25A, 25B, 45, 45A, 45B, 17,
27, which are separated by one or more first thermal sep-
arators 50 or 60. However, each opening is at least partly
connected materially with at least one further opening
since the plate is in principle only provided with grooves
or slots that go through its sheet or part material in the
plate with thermal insulating properties that forms the
thermal separators 50, 60. A second separator 60 ex-
tends substantially perpendicularly or perpendicularly to
the first 13, 23 and the second ends 14, 24 of the plates
70, 70A, 70B between a row of openings for distinguish-
ing them with the aim of reducing heat transfer between
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openings and associated pipe coils in a direction sub-
stantially transverse to the plane of extension of each
module and substantially parallel to the direction of air
flow FA. In yet another aspect of the cooling battery 1,
at least one first thermal separator 50 is arranged be-
tween each module opening and extends substantially
perpendicularly or perpendicularly to each second ther-
mal separator 60.
[0053] The air 7 is cooled and/or heated in at least two
steps through the battery 1 before the air is led out
through the battery. The direction of air flow through the
battery 1 is visualized with arrows and the designation
FA in Figs. 1, 2, 3, 4, 4A, 8-11A, among others. The air
7 is cooled or heated first by a pipe coil 26 or 26A placed
upstream in the direction of the air flow FA with plates
70-70B and is then cooled or heated further by a second
pipe coil 16 or 46 placed downstream in the direction of
the air flow FA after the first pipe coil 26 or 26A. In oper-
ation, the battery 1 comprises a cooling medium 30 that
flows into the battery in a mainly/substantially opposite
direction FM to the direction of air flow FA. The cooling
medium 30 flows into a first end 1A of the battery 1 and
out of the battery through its other end 1B that is placed
upstream of the first end 1A of the battery viewed in the
direction of air flow FA.
[0054] The cooling battery 1 comprises at least one
first and one second air conditioning module 10, 20. The
cooling battery 1 comprises at least one first air condi-
tioning module 10, a second air conditioning module 20
and a third air conditioning module 40. The third or more
air conditioning modules 40 may be arranged between
the first air conditioning module 10 and the second air
conditioning module 20. The two- or three- or multi-step
cooling of the cooling battery 1 or alternatively two- or
three- or multi-step cooling and two- or three- or multi-
step heating takes place by means of either the first air
conditioning module 10 or the second air conditioning
module 20 or by the interaction of both modules or by
means of either the first air conditioning module 10 or the
second air conditioning module 20 or the third or more
air conditioning modules 40 or by the interaction of the
three or more air conditioning modules. The first air con-
ditioning module 10 may either heat or cool the air 7. The
second air conditioning module 20 may either heat or
cool the air 7. The further/third air conditioning module
40 may either heat or cool the air 7. The air channel 6
comprises a first end with an inlet 2 for the air 7 and a
second end with an outlet 3 for the air. The air conditioning
modules 10, 20, 40 extend in their plane, usually mainly
perpendicularly/orthogonally/at an angle to the direction
of air flow FA or perpendicularly/orthogonally/at an angle
to the direction of air flow FA.
[0055] Each module 10, 20, 40 comprises at least one
plate 70-70B with a width b, b’, B (defined as extending
mainly/substantially parallel to or parallel to the direction
of air flow FA) comprising at least one row of openings
15-15B, 25-25B, 17, 17A, 17B, 27, 27A, 27B, 45, 45A,
45B, all of which are arranged so as to allow/admit flow

of cooling medium 30 in the direction FM, which is the
same in each module from the same one end in a direc-
tion towards the same second end of the cooling battery
1. Each module 10, 20, 40 comprises at least one plate
70-70B comprising at least one row of openings 15-15B,
25-25B, 17, 17A, 17B, 27, 27A, 27B, 45, 45A, 45B
through which the pipes 16, 26, 26A, 46 are run, said
pipes being in thermal contact with the openings. This
means that the laminae, i.e. the plates 70-70B allow heat
exchange between the cooling medium 30 that flows
through the pipes and between the plates. The flow of
cooling medium 30 in the direction FM through the pipes
16, 26, 26A, 46 may be the same in each module 10, 20,
40 or the flow of cooling medium 30 in the direction FM
through pipe 16 in the first module 10 may be at least
partially directed opposite the flow of cooling medium 30
in the direction FM through pipe 26 in the second module
20 or the flow of cooling medium 30 in the direction FM
through pipe 16 in the first module 10 may be at least
partially directed opposite the flow of cooling medium 30
in the direction FM through pipe 26 in the second module
20 or may be at least partially directed opposite the flow
of cooling medium 30 in the direction FM through pipe
46 in further modules 40 or the third module 40. The basic
principle is that the cooling medium 30 flows through the
whole battery 1 in the direction from its main inlet 4 in the
same end 1C of the cooling battery 1 to its main outlet 5
and out of the same end 1C of the cooling battery.
[0056] Either modules 10 or 20 or 40 are arranged with
a further row of openings 17, 17A, 17B, 27, 27A, 27B in
their plates 70-70B in addition to the first row of openings
15-15B or 25-25B or 45-45B where the cooling medium
30 is arranged so as to flow in another channel 26A with
the aim of heating, i.e. not cooling the air 7. Both modules
10 and 20 may optionally comprise this further row of
openings 17-17B, 27-27B in their plates 70-70B in addi-
tion to their first row of openings 15-15B or 25-25B where
the cooling medium 30 is arranged so as to flow in the
further channel 26A for heating and not cooling the air 7
(see Figs. 6, 7, 12, 13). At least two or more or all the
modules 10, 20 and 40 may comprise a further row of
openings 17-17B, 27-27B in their plates 70-70B in addi-
tion to their first row of openings 15-15B or 25-25B or
45-45B where the cooling medium 30 is arranged so as
to flow in the further channel 26A for heating and not
cooling the air 7. The flow of cooling medium 30 in the
direction FM through pipe 26A for air heating may be the
same in each module 10, 20, 40 or the flow of cooling
medium 30 in the direction FM through pipe 26A in the
first module 10 may be at least partially directed opposite
the flow of cooling medium 30 in the direction FM through
pipe 26A in the second module 20 and/or may be at least
partially directed opposite the flow of cooling medium 30
in the direction FM through pipe 26A in the further or third
module 40 for warming the air 7.
[0057] Each module 10, 20 and 40 has a plate 70A,
70B in each end. Each module 10, 20 and 40 has a plate
70A, 70B in each end and at least one plate 70 between
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its end plates. Each end plate 70A, 70B in the battery 1
according to one embodiment is arranged in such a way
that openings of each said openings 15A, 25A, 45A near-
est the first plate end 13, 23 coincide with each inlet 4,
11, 21, 41 for inflow of conditioning fluid 30 into each
module 10, 20, 40. Each end plate 70A, 70B in the battery
1 according to one embodiment (Figs. 6, 7, 12) is ar-
ranged so that each opening 15A, 25A, 45A nearest the
first plate end 13, 23 has a central axis that coincides
with the central axis for each inlet 4, 11, 21, 41 for inflow
of cooling fluid 30 into each module 10, 20, 40.
[0058] Each end plate 70A, 70B in the battery 1 may
have a form that is the same as the plates 70 between
the end plates 70A, 70B.
[0059] According to one embodiment (Figs. 6, 7, 12,
13), each end plate 70A, 70B in the battery 1 is arranged
so that openings, of which each opening 15B, 25B, 45B
nearest the second plate end 14, 24 coincides with each
outlet 5, 12, 22, 42 for outflow of cooling fluid 30 from
each module 10, 20, 40. According to another embodi-
ment, each end plate 70A, 70B in the battery 1 is arranged
with openings, of which each opening 15B, 25B, 45B
nearest the second plate end 14, 24 has a central axis
that coincides with the central axis for each outlet 5, 12,
22, 42 for outflow of cooling fluid 30 from each module
10, 20, 40.
[0060] Each plate 70, 70A, 70B in the battery 1 accord-
ing to one embodiment (Figs. 6, 7, 12, 13) comprises
each opening 15, 15A, 15B in each plate in the first air
conditioning module 10 coinciding with each opening 25,
25A, 25B in each plate in the second air conditioning
module 20 viewed in the direction of air flow FA and/or
forming a row of openings that runs substantially parallel
to or parallel to each first plate end 13, 23 and/or second
plate end 14, 24 and/or runs substantially perpendicular
to or perpendicular to the third plate end 18, 28 and/or
the fourth plate end 19, 29 of each plate. According to
another aspect (Figs. 6, 7, 12, 13), each plate 70, 70A,
70B in the battery 1 comprises each opening 15, 15A,
15B for cooling medium and each opening 17, 17A, 17B
for heating medium 30 in each plate in the first air con-
ditioning module 10 and each opening 25, 25A, 25B for
cooling medium 30 and each opening 27, 27A, 27B in
each plate in the second air conditioning module 20 co-
inciding and/or forming a row of openings that runs sub-
stantially parallel to or parallel to each first plate end 13,
23 and/or second plate end 14, 24 and/or runs substan-
tially perpendicular to or perpendicular to the third plate
end 18, 28 and/or fourth plate end 19, 29 of each plate.
According to a further embodiment (Figs. 6, 7, 12, 13),
each plate 70, 70A, 70B in the battery 1 comprises each
opening 15, 15A, 15B in each plate in the first air condi-
tioning module 10 and/or each opening 25, 25A, 25B in
each plate in the second air conditioning module 20
viewed in the direction of air flow FA coinciding with each
opening 45, 45A, 45B in the further/third air conditioning
module 40 and/or forming a row of openings that runs
substantially parallel to or parallel to each first plate end

13, 23 and/or second plate end 14, 24 and/or runs sub-
stantially perpendicular to or perpendicular to the third
plate end 18, 28 and/or the fourth plate end 19, 29 of
each plate.
[0061] According to one embodiment (Figs. 6, 7, 12),
each plate 70, 70A, 70B in the battery 1 comprises each
opening 15, 15A, 15B in each plate in the first air condi-
tioning module 10 having a central axis that coincides
with the central axis for each opening 25, 25A, 25B in
each plate in the second air conditioning module 20
viewed in the direction of air flow FA and/or the central
axes of the openings run substantially parallel to or par-
allel to the first 13, 23 and/or second plate end 14, 24 of
each plate and/or runs substantially perpendicular to or
perpendicular to the third 18, 28 and/or fourth plate end
19, 29 of each plate. According to another embodiment,
each plate 70, 70A, 70B in the battery 1 comprises open-
ings and each opening 15, 15A, 15B for cooling medium
30 and/or each opening 17, 17A, 17B for heating medium
30 in each plate in the first air conditioning module 10
has a central axis that coincides with the central axis for
each opening 25, 25A, 25B for the cooling medium 30
and/or each opening 27, 27A, 27B for heating medium
30 in each plate in the second air conditioning module
20 viewed in the direction of air flow FA and/or all the
central axes of the openings run substantially parallel to
or parallel to the first 13, 23 and/or second plate end 14,
24 of each plate and/or run substantially perpendicular
to or perpendicular to the third 18, 28 and/or fourth plate
end 19, 29 of each plate. The same configuration is ap-
plicable for openings 45, 45A, 45B in the third and further
air conditioning modules 40.
[0062] According to one embodiment (Figs. 6, 7, 12,
13), each plate 70, 70A, 70B in the battery 1 is arranged
so that each opening 15, 15A, 15B for cooling medium
30 and/or each opening 17, 17A, 17B for heating medium
30 in each plate in the first air conditioning module 10
coincide with one another along the third 18, 28 and/or
fourth plate end 19, 29 of each plate and/or all the open-
ings in the first air conditioning module 10 form a row
and/or have central axes that run substantially parallel
to or parallel to the third 18, 28 and/or fourth plate end
19, 29 of each plate and/or run substantially perpendic-
ular to or perpendicular to the first 13, 23 and/or second
plate end 14, 24 of each plate. The first 13, 23 and second
plate end 14, 24 of each plate have the width b, b’, B
while the third 18, 28 and fourth plate end 19, 29 of each
plate have a length defined as extending mainly/substan-
tially perpendicular to or perpendicular to the direction of
air flow FA, but this dimension is not stated with any ref-
erence designation.
[0063] According to one embodiment (Figs. 6 and 7),
each plate 70, 70A, 70B in the battery 1 is arranged in
such a way that each opening 25, 25A, 25B for cooling
medium 30 and/or each opening 27, 27A, 27B for heating
medium 30 in each plate in the second air conditioning
module 20 coincide with one another in a direction along
the third 18, 28 and/or fourth plate end 19, 29 of each
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plate and/or all the openings in the second air condition-
ing module 20 form a row and/or have central axes that
run substantially parallel to or parallel to the third 18, 28
and/or fourth plate end 19, 29 of each plate and/or run
substantially perpendicular to or perpendicular to the first
13, 23 and/or second plate end 14, 24 of each plate.
[0064] According to one embodiment, each plate 70,
70A, 70B in the battery 1 is arranged so that each opening
15, 15A, 15B, 17 in each plate in the first air conditioning
module 10 forms a first straight row of openings with cen-
tral axes of the openings that coincide and each opening
25, 25A, 25B in each plate in the second air conditioning
module 20 forms a second straight row of openings with
central axes of the openings that coincide. In a further
embodiment, the first straight row of openings 15, 15A,
15B in each plate in the first air conditioning module 10
extends in a direction substantially parallel to or parallel
to the second straight row of openings 25, 25A, 25B in
each plate in the second air conditioning module 20. This
direction is substantially parallel to or parallel to the third
18, 28 and/or fourth plate end 19, 29 of each plate and/or
is substantially perpendicular to or perpendicular to the
first 13, 23 and/or second plate end 14, 24 of each plate.
[0065] According to one aspect, each air conditioning
module 10, 20, 40 comprises two or more stacked plates
70, 70A, 70B and each plate comprises at least one row
of openings 15, 15A, 15B, 25, 25A, 25B, 45, 45A, 45B
positioned eccentrically on the plate. Here, "eccentrical-
ly" means that the openings are arranged closer to one
side of the plate than the opposite side. According to one
aspect, the eccentrically placed openings 15, 15A, 15B,
25, 25A, 25B, 45, 45A, 45B are placed closer to the edge
on the plate that is directed downstream in the direction
of air flow FA.
[0066] According to one aspect, the channel 16, 26,
26A, 46 for conditioning fluid 30 that cools the air through
the cooling battery 1 in the second air conditioning mod-
ule 20, 40 is arranged downstream in the direction of air
flow FA relative to openings 17, 27 that are arranged for
flow of conditioning fluid 30 that heats the air through the
cooling battery 1.
[0067] According to one aspect, the channel 16, 26,
26A, 46 for conditioning fluid 30 that cools the air through
the cooling battery 1 in the second air conditioning mod-
ule 20, 40 is arranged eccentrically in the direction of air
flow FA downstream over the plates 70, 70A, 70B.
[0068] According to one aspect, the cooling battery 1
comprises several air conditioning modules 10, 40 per
unit length of the cooling battery longer downstream
viewed in the direction of air flow FA than the correspond-
ing number of air conditioning modules 20 upstream per
unit length of the cooling battery.
[0069] According to one aspect, a cooling battery 1 for
conditioning of air 7 in a direction of air flow FA through
an air channel 6 in the cooling battery comprising a first
and a second air conditioning module 10, 20, 40, where
each module comprises a first 70A and a second end
plate 70B, a core of one or more heat-exchange plates

70 arranged between the first and the second end plate
and a channel 16, 26, 26A, 46 for conditioning fluid 30
comprising inlet 4 and outlet 5, wherein the respective
heat-exchange plate 70 and end plate 70A, 70B have a
first 13, 23, a second 14, 24, a third 18, 28 and a fourth
end 19, 29, wherein the first end is arranged opposite
the second end and the third end is arranged opposite
the fourth end, wherein the first plate end 13, 23 and the
second plate end 14, 24 are arranged substantially par-
allel to the direction of air flow FA, wherein the third 18,
28 and fourth plate end 19, 29 are arranged substantially
perpendicular to the direction of air flow FA, wherein the
inlet of the fluid channel 4 is arranged at the first end 13,
23 of the first or the second end plate 70A, 70B and the
outlet of the fluid channel 5 is arranged at the second
end 14, 24 of the first or the second end plate, wherein
the fluid channel 16, 26, 26A, 46 extends to and fro be-
tween the first and the second end plate 70A, 70B is
substantially perpendicular to the heat-exchange plates
70 in the core and the direction of air flow FA and from
the first 13, 23 to the second end 14, 24 of the heat-
exchange plates, wherein the first and the second air
conditioning modules 10, 20, 40 are arranged in the air
channel 6 with the first 13, 23 and the third plate end 18,
28 of the first and the second end plate 70A, 70B in a
respective air conditioning module arranged in the same
direction, wherein the first air conditioning module 10 is
placed downstream of the second air conditioning mod-
ule 20, 40 in the direction of air flow FA, wherein the inlet
4, 11 in the first air conditioning module 10 is arranged
to be connected to a flow source in order to receive a
flow FM of conditioning fluid 30, and the outlet 12 in the
first air conditioning module 10 is connected fluidically to
the inlet 21, 41 in the second air conditioning module 20,
40.
[0070] According to one aspect, the cooling battery 1
is as above, wherein the cooling battery 1 comprises a
connection side 1C that extends between its first 1A and
second end 1B at least between the first 13, 23 and sec-
ond end 14, 24 of each end plate 70A, 70B, said connec-
tion side comprising a main inlet 4 for the conditioning
fluid 30 corresponding to the inlet 11 to the first air con-
ditioning module 10 and to the fluid channel 16, 26, 26A
and/or a main outlet 5 for conditioning fluid corresponding
to the outlet 22 from the second air conditioning module
20 and from the fluid channel 16, 26, 26A.
[0071] According to one aspect, the cooling battery 1
is as above, wherein each end plate 70A, 70B comprises
at least one opening 15A, 25A, 45A nearest the first plate
end 13, 23 that forms inlet 4, 11, 21, 41 for inflow of
conditioning fluid 30 to each module 10, 20, 40. According
to one aspect, the cooling battery 1 is as above, wherein
each end plate 70A, 70B comprises at least one opening
15B, 25B, 45B nearest the second plate end 14, 24 that
forms outlet 5, 12, 22, 42 for outflow of conditioning fluid
30 from each module 10, 20, 40. According to one aspect,
the main inlet of conditioning fluid 4, 11 is arranged near-
est the first end 1A of the cooling battery 1 and the main
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outlet of conditioning fluid 5, 22 is arranged nearest its
other end 1B.
[0072] According to one aspect, the cooling battery 1
is according to some of the preceding aspects, wherein
each end plate 70A, 70B comprises openings, with each
opening 15A, 25A, 45A nearest the first plate end 13, 23
coinciding with each inlet 4, 11, 21, 41 for inflow of con-
ditioning fluid 30 into each module 10, 20, 40. According
to one aspect, each end plate 70A, 70B comprises open-
ings, with each opening 15B, 25B, 45B nearest the sec-
ond plate end 14, 24 coinciding with each outlet 5, 12,
22, 42 for outflow of conditioning fluid 30 from each mod-
ule 10, 20, 40. According to one aspect, the cooling bat-
tery 1 is according to some of the preceding aspects,
wherein each plate 70, 70A, 70B comprises openings
and each opening 15, 15A, 15B in each plate in the first
air conditioning module 10 coincides with each opening
25, 25A, 25B, 45, 45A, 45B in each plate in the second
air conditioning module 20, 40 viewed in the direction of
air flow FA. According to one aspect, the direction of air
flow FA through the whole cooling battery 1 is directed
substantially opposite to or is directed opposite to the
direction of flow FM of the conditioning fluid 30 flowing
through the cooling battery 1. According to one aspect,
the openings 15, 15A, 15B, 25, 25A, 25B, 45, 45A, 45B
in at least one air conditioning module 10, 20, 40 are
arranged for flow of conditioning fluid 30 that cools the
air through the cooling battery 1. According to one aspect,
the cooling battery 1 is according to some of the preced-
ing aspects, wherein at least one air conditioning module
10, 20, 40 further comprises a row of openings 17, 27
arranged for flow of conditioning fluid 30 that heats the
air through the cooling battery 1. According to one aspect,
one or more air conditioning modules 40 are placed be-
tween the first air conditioning module 10 and the second
air conditioning module 20. According to one aspect, the
cooling battery 1 is according to some of the preceding
aspects, wherein each air conditioning module 10, 20,
40 comprises two or more stacked plates 70, 70A, 70B,
wherein each plate comprises two or more rows of open-
ings 15, 15A, 15B, 25, 25A, 25B, 45, 45A, 45B, which
are separated by one or more first thermal separators
50, and are connected materially. According to one as-
pect, the cooling battery 1 is as above, wherein at least
one other thermal separator 60 is arranged between each
module opening 15, 15A, 15B, 25, 25A, 25B, 45, 45A,
45B and extends substantially perpendicularly or perpen-
dicularly to each first thermal separator 50. According to
one aspect, the cooling battery 1 is as above, where each
opening in the further row of openings 17, 27 for thermal
flow of conditioning fluid 30 is smaller in size than the
other openings 15, 15A, 15B, 25, 25A, 25B, 45, 45A, 45B
for air cooling. According to one aspect, the cooling bat-
tery 1 is according to some of the preceding aspects,
wherein each air conditioning module 10, 20, 40 com-
prises two or more stacked plates 70, 70A, 70B and each
plate comprises at least one row of openings 15, 15A,
15B, 25, 25A, 25B, 45, 45A, 45B positioned eccentrically

on the plate. According to one aspect, the cooling battery
1 is according to some of the preceding aspects, wherein
at least one air conditioning module 10 comprises more
stacked plates 70, 70A, 70B than any air conditioning
module 20, 40 that is placed upstream of the at least one
air conditioning module 10 viewed in the direction of air
flow (FA).
[0073] According to one aspect, the channel 16, 26,
26A, 46 for conditioning fluid 30 that cools the air through
the cooling battery 1 in the second air conditioning mod-
ule 20, 40 is arranged downstream in the direction of air
flow FA relative to the openings 17, 27 that are arranged
for flow of conditioning fluid 30 that heats the air through
the cooling battery 1. The channel 16, 26, 26A, 46 for
conditioning fluid 30 is thus located closer to the edge of
the plates 70, 70A, 70B that are located the most down-
stream in the direction of air flow and therefore better
cooling of the air flow is obtained.
[0074] According to one aspect, the channel 16, 26,
26A, 46 for conditioning fluid 30 that cools the air through
the cooling battery 1 in the second air conditioning mod-
ule 20, 40 is arranged eccentrically in the direction of air
flow FA downstream over the plates 70, 70A, 70B. The
channel 16, 26, 26A, 46 for conditioning fluid 30 is thus
located closer to the edge of the plates 70, 70A, 70B that
are located the most downstream in the direction of air
flow and therefore better cooling of the air flow is ob-
tained.

REFERENCE SYMBOLS

[0075]

1: Heating/Cooling device/system/battery for air
treatment/conditioning. 1A: First end of the air con-
ditioning device. 1B: Second end of the air condition-
ing device. 1C: Connection side of the air condition-
ing device. 2: Inlet for air into the heating/cooling
battery. 3: Outlet for air to the heating/cooling battery.
4: Main/primary inlet for conditioning/cooling medi-
um. 5: Main/primary outlet for conditioning/cooling
medium. 6: Air channel. 7: Air.
10: The first conditioning/heating/cooling battery
module. 11: Inlet for cooling medium in the first bat-
tery module. 12: Outlet for cooling medium in the first
battery module.
13: First end in the first air conditioning battery mod-
ule. 14: Second end in the first air conditioning bat-
tery module. 15: Plate opening in the first battery
module for cooling medium. 15A: Plate opening in
the first battery module nearest the first end on the
connection side for inflow of cooling medium. 15B:
Plate opening in the first battery module nearest the
second end on the connection side for outflow of
cooling medium. 16: Channel/Pipe/Pipe Coil in the
first air conditioning battery module.
17: Plate opening in the first battery module for heat-
ing medium. 17A: Plate opening in the first battery
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module nearest the first end on the connection side
for inflow of heating medium. 17B: Plate opening in
the first battery module nearest the second end on
the connection side for outflow of heating medium.
18: Third end in the first air conditioning battery mod-
ule. 19: Fourth end in the first air conditioning battery
module. 20: Second air conditioning/heating/cooling
battery module. 21: inlet for conditioning fluid in the
second air conditioning battery module. 22: Outlet
for conditioning fluid in the second air conditioning
battery module. 23: First end in the second air con-
ditioning battery module. 24: Second end in the sec-
ond air conditioning battery module.
25: Plate opening in the second battery module. 25A:
Plate opening in the second battery module nearest
the first end on the connection side for inflow of con-
ditioning fluid. 25B: Plate opening in the second bat-
tery module nearest the second end on the connec-
tion side for outflow of cooling medium. 26: Chan-
nel/Pipe in the second battery module. 26A: Chan-
nel/Pipe for heating medium. 27: Plate opening in
the second battery module for heating medium. 27A:
Opening in the second battery module nearest the
first end on the connection side for inflow of heating
medium. 27B: Opening in the second battery module
nearest the second end on the connection side for
outflow of heating medium.
28: Third end in the second air conditioning battery
module. 29: Fourth end in the second air conditioning
battery module. 30: Conditioning/Cooling/Heating
medium.
40: Intermediate heating/cooling battery module. 45:
Plate opening in intermediate battery module. 45A:
Plate opening in the intermediate battery module
nearest the first end on the connection side for inflow
of cooling fluid. 45B: Plate opening in the intermedi-
ate battery module nearest the second end on the
connection side for outflow of cooling medium. 46:
Channel/Pipe in intermediate battery module.
50: Thermal separator/separation/isolation perpen-
dicular to the plane of the battery module.
60: Thermal separator/separation/isolation parallel
to the plane of the battery module.
70: Lamina/Plate/Sheet for increased heat ex-
change surface and stack forming each module.
70A: First end lamina/plate/sheet in each module.
70B: Second end lamina/plate/sheet in each mod-
ule.
80: Intermediate pipe for fluidic coupling of cooling
medium from one battery module to another.
FA: Direction of flow for air. FM: Direction of flow for
conditioning fluid/cooling/heating medium. B, b, b’,
B: Width/Length/Depth at the first 13, 23 and second
14, 24 plate ends.

Claims

1. Cooling battery (1) for conditioning of air (7) in a di-
rection of air flow (FA) through an air channel (6)
comprising at least one first and one second air con-
ditioning module (10, 20, 40), where each module
comprises a first (70A) and a second end plate (70B),
a core of one or more heat-exchange plates (70)
arranged between the first and the second end plate
and a channel (16, 26, 26A, 46) for conditioning fluid
(30) comprising inlet (4) and outlet (5),
wherein the respective heat-exchange plate (70) and
end plate (70A, 70B) have a first (13, 23), a second
(14, 24), a third (18, 28) and a fourth end (19, 29),
wherein the first end is arranged opposite the second
end and the third end is arranged opposite the fourth
end,
wherein the first (13, 23) and the second plate end
(14, 24) are arranged substantially parallel to the di-
rection of air flow (FA),
wherein the third (18, 28) and the fourth plate end
(19, 29) are arranged substantially perpendicular to
the direction of air flow (FA),
wherein the fluid channel (16, 26, 26A, 46) extends
to and fro between the first and the second end plate
(70A, 70B) substantially perpendicular to the heat-
exchange plates (70) in the core and the direction of
air flow (FA) and from the first (13, 23) to the second
end (14, 24) of the heat-exchange plates,
wherein the first air conditioning module (10) is
placed downstream of the second air conditioning
module (20, 40) in the direction of air flow (FA), and
wherein the first (13) and the second plate end (14)
in the first air conditioning module (10) are shorter
than the first (23) and the second plate end (24) in
the second air conditioning module (20, 40).

2. Cooling battery (1) according to claim 1, wherein the
direction of air flow (FA) through the whole cooling
battery (1) is substantially directed opposite or di-
rected opposite to the direction of flow (FM) of the
conditioning fluid (30) flowing through the cooling
battery (1).

3. Cooling battery (1) according to claim 1 or 2, wherein
at least the second air conditioning module (20, 40)
further comprises a row of openings (17, 27) ar-
ranged for flow of conditioning fluid (30) that heats
the air through the cooling battery (1).

4. Cooling battery (1) according to any one of the pre-
ceding claims, wherein the first and the second air
conditioning modules (10, 20, 40) are arranged in
the air channel (6) with the first (13, 23) and third
plate end (18, 28) of the first and the second end
plate (70A, 70B) in a respective air conditioning mod-
ule arranged in the same direction so that the fluid
channel (16, 26, 26A, 46) extends to and fro between
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the first and the second end plate (70A, 70B) in a
corresponding manner in the first and the second air
conditioning modules (10, 20, 40).

5. Cooling battery (1) according to any one of the pre-
ceding claims, wherein the inlet of the fluid channel
(4) is arranged at the first end (13, 23) of the first or
the second end plate (70A, 70B) and the outlet of
the fluid channel (5) is arranged at the second end
(14, 24) of the first or the second end plate, wherein
the inlet (4, 11) in the first air conditioning module
(10) is arranged to be connected to a flow source in
order to receive a flow (FM) of conditioning fluid (30),
and the outlet (12) in the first air conditioning module
(10) is connected fluidically to the inlet (21, 41) in the
second air conditioning module (20, 40).

6. Cooling battery (1) according to claim 5, wherein the
cooling battery (1) comprises a connection side (1C)
that extends between its first (1A) and second end
(1B) at least between the first (13, 23) and the second
end (14, 24) of each end plate (70A, 70B), said con-
nection side comprising a main inlet (4) for the con-
ditioning fluid (30) corresponding to the inlet (11) to
the first air conditioning module (10) and to the fluid
channel (16, 26, 26A) and/or a main outlet (5) for
conditioning fluid corresponding to the outlet (22)
from the second air conditioning module (20) and
from the fluid channel (16, 26, 26A).

7. Cooling battery (1) according to claim 6, wherein
each end plate (70A, 70B) comprises at least one
opening (15A, 25A, 45A) nearest the first plate end
(13, 23) that forms inlet (4, 11, 21, 41) for inflow of
conditioning fluid (30) to each module (10, 20, 40).

8. Cooling battery (1) according to claim 6, wherein
each end plate (70A, 70B) comprises at least one
opening (15B, 25B, 45B) nearest the second plate
end (14, 24) that forms outlet (5, 12, 22, 42) for out-
flow of conditioning fluid (30) from each module (10,
20, 40).

9. Cooling battery (1) according to any one of claims 6
to 8, wherein the main inlet of conditioning fluid (4,
11) is arranged nearest the first end (1A) of the cool-
ing battery (1) and the main outlet of conditioning
fluid (5, 22) is arranged nearest its other end (1B).

10. Cooling battery (1) according to any one of the pre-
ceding claims, wherein each end plate (70A, 70B)
comprises openings, with each opening (15A, 25A,
45A) nearest the first plate end (13, 23) coinciding
with each inlet (4, 11, 21, 41) for inflow of conditioning
fluid (30) in each module (10, 20, 40).

11. Cooling battery (1) according to any one of the pre-
ceding claims, wherein each end plate (70A, 70B)

comprises openings, with each opening (15B, 25B,
45B) nearest the second plate end (14, 24) coincid-
ing with each outlet (5, 12, 22, 42) for outflow of con-
ditioning fluid (30) from each module (10, 20, 40).

12. Cooling battery (1) according to any one of the pre-
ceding claims, wherein each plate (70, 70A, 70B)
comprises openings and each opening (15, 15A,
15B) in each plate in the first air conditioning module
(10) coincides with each opening (25, 25A, 25B, 45,
45A, 45B) in each plate in the second air conditioning
module (20, 40) viewed in the direction of air flow
(FA).

13. Cooling battery (1) according to any one of the pre-
ceding claims, wherein the openings (15, 15A, 15B,
25, 25A, 25B, 45, 45A, 45B) in at least one air con-
ditioning module (10, 20, 40) are arranged for flow
of conditioning fluid (30) that cools the air through
the cooling battery (1).

14. Cooling battery (1) according to any one of the pre-
ceding claims, wherein at least one or more air con-
ditioning modules (40) are placed between the first
air conditioning module (10) and the second air con-
ditioning module (20).

15. Cooling battery (1) according to any one of the pre-
ceding claims, wherein each air conditioning module
(10, 20, 40) comprises two or more stacked plates
(70, 70A, 70B), wherein each plate comprises two
or more rows of openings (15, 15A, 15B, 25, 25A,
25B, 45, 45A, 45B), which are separated by one or
more first thermal separators (60), and are connect-
ed materially.

16. Cooling battery (1) according to claim 15, wherein
at least one other thermal separator (50) is arranged
between each module opening (15, 15A, 15B, 25,
25A, 25B, 45, 45A, 45B) and extends substantially
perpendicularly or perpendicularly to each first ther-
mal separator (60).

17. Cooling battery (1) according to any one of the pre-
ceding claims, wherein each air conditioning module
(10, 20, 40) comprises two or more stacked plates
(70, 70A, 70B) and each plate comprises at least
one row of openings (15, 15A, 15B, 25, 25A, 25B,
45, 45A, 45B) positioned eccentrically on the plate.

18. Cooling battery (1) according to any one of claims
3-17, wherein the channel (16, 26, 26A, 46) for con-
ditioning fluid (30) that cools the air through the cool-
ing battery (1) in the second air conditioning module
(20, 40) is arranged downstream in the direction of
air flow (FA) in relation to the openings (17, 27) that
are arranged for flow of conditioning fluid (30) that
heats the air through the cooling battery (1).
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19. Cooling battery (1) according to any one of the pre-
ceding claims, wherein the channel (16, 26, 26A, 46)
for conditioning fluid (30) that cools the air through
the cooling battery (1) in the second air conditioning
module (20, 40) is arranged eccentrically in the di-
rection of air flow (FA) downstream over the plates
(70, 70A, 70B).

20. Cooling battery (1) according to any one of the pre-
ceding claims, which comprises more air condition-
ing modules (10, 40) per unit length of the cooling
battery longer downstream viewed in the direction
of air flow (FA) than the corresponding number of air
conditioning modules (20) upstream per unit length
of the cooling battery.
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