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(57)  Method for cooling air, characterized in that it
consists in the cooling of an air stream (11) on the one
hand by sending it through a primary canalization (3) of
a heat exchanger (2), and by vaporizing fluid (6), in par-
ticular water, in a secondary canalization (4) of this heat

Method and device for cooling air

exchanger (2) on the other hand by means of an auxil-
iary air stream (12) which is tapped off the air stream
(11) leaving the primary canalization (3).
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Description

The present invention concerns a method and
device for cooling air.

Traditionally, use is made of compression cooling
devices for cooling air. Such compression cooling
devices are disadvantageous, however, in that they con-
sume a lot of energy.

Especially when very large rooms such as stables,
workshops, halls, offices and such have to be cooled,
this is not only disadvantageous in that a lot of energy is
consumed, but also in that a costly high-voltage cabin
needs to be installed to supply the required energy.

Also, the invention aims a method and device with
which these disadvantages are excluded, in other words
with which air can be cooled very efficiently in a rela-
tively inexpensive manner with little energy consump-
tion. It is meant in particular for applications in which the
use of compression cooling devices is not economically
feasible, but in fact it can be used for any application
whatsoever.

To this end, the invention concerns a method for
cooling air, characterized in that it consists in the cooling
of an air stream on the one hand by sending it through
a primary canalization of a heat exchanger, and by
vaporizing fluid, in particular water, in a secondary
canalization of this heat exchanger on the other hand by
means of an auxiliary air stream which is tapped off the
air stream leaving the primary canalization. The fluid to
be evaporated is hereby sprayed or atomized on the
walls of the secondary canalization or provided on it in
any other way whatsoever.

As a cooling takes place in the secondary canaliza-
tion due to the evaporation of the water, a cooling effect
is created in this canalization up to practically the wet
point temperature, which offers the advantage that a
significant cooling effect can be created in the heat
exchanger, depending on the humidity of the air in the
secondary canalization.

According to the invention, use is preferably made
of a heat exchanger with plates. This offers the advan-
tage that very large evaporation surfaces are created,
so that the auxiliary air stream can be limited to a mini-
mum and so that there is little loss of energy. The use of
a heat exchanger with plates also offers the advantage
that large surfaces can be easily moistened by means of
one and the same spray device.

Preferably, the moisture is sprayed on the plates,
atomized respectively, with drops having a size in the
order of 100 to 300 micrometre, which produces the
best evaporation effect.

According to a preferred embodiment, the auxiliary
air stream is cooled and/or dried before it can be guided
through the secondary canalization. As a result, the air
of the auxiliary air stream can absorb more moisture,
which promotes the evaporation of the fluid.

Preferably, care will be taken, in any way whatso-
ever, that the air of the auxiliary air stream is supplied to
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the heat exchanger with a relative air humidity which is
lower than 80%. Thus, one can be sure that there is
always evaporation in the secondary canalization and
thus cooling in the primary canalization.

According to a major aspect of the invention, the
auxiliary air stream in the secondary canalization will be
preferably guided in the upward direction through the
heat exchanger. Thus is obtained that the auxiliary air
stream is not counteracted by the chimney effect of the
hot, damp air which occurs in the secondary canaliza-
tion, so that the auxiliary air stream is made more effi-
cient.

According to another major preferred embodiment,
measures are taken which make sure that the air of the
auxiliary air stream is evenly distributed through the
secondary canalization of the heat exchanger. In partic-
ular, these measures make sure that no parts are cre-
ated in the secondary canalization in which the air
stands practically still.

In the case of a heat exchanger with plates, the air
supply and/or the air extraction according to the inven-
tion will preferably be realized in a direction which
extends diagonally or almost diagonally on the plates of
the heat exchanger in order to make sure that the auxil-
iary air stream flows evenly distributed through the sec-
ondary canalization.

According to another possibility, which can be
either or not combined with the preceding one, an
obstruction is provided on the inlet of the secondary
canalization, which is provided with passages in the
shape of perforations, holes or such. Thus, a slight
increase of pressure is created on this obstruction, so
that the air is forced to spread over all the passages.

According to a preferred embodiment, with which a
significant extra improvement can be made, the walls of
the secondary canalization are provided with means
which retain the fluid on the one hand, but which also
distribute it over the surface concerned on the other
hand. Preferably, these are means which provide for a
hygroscopic surface. According to a practical embodi-
ment, these means will consist of a hygroscopic coat-
ing, preferably in the shape of a hygroscopic membrane,
cloth or such. The use of such means offers the advan-
tage that the moisture is optimally distributed over the
surface and is retained on the surface. This in turn offers
the advantage that the walls of the secondary canaliza-
tion will be moistened with great certainty over their
entire surface, so that an evaporation and cooling takes
place over the entire surface. This also offers the advan-
tage that fluctuations in the supply of moisture do not
immediately result in excess fluid running out of the
canalization, so that a receptacle can possibly be omit-
ted.

According to another special characteristic of the
invention, the fluid to be evaporated will preferably be
supplied in the secondary canalization counterflow in
relation to the auxiliary air stream. This optimally pre-
vents moisture pollution in the dry parts of the device.
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Moreover, all the supplied fluid will be evaporated with
great certainty, and it is practically excluded that an
excess of unevaporated fluid is created on the inlet of
the secondary canalization.

According to a preferred embodiment of the inven-
tion, canalizations are used both for the main air stream
and for the auxiliary air stream which do not have any
open receptacles and/or leak-off ladles. Thus is
obtained that the air, both of the main air stream and of
the auxiliary air stream, is never guided over a liquid
mass, so that this air cannot absorb any moisture in
undesired places and in an unpredictable way.

In particular, all the supplied fluid will preferably be
evaporated according to the invention, so that collecting
means such as a receptacle or leak-off ladle are no
longer necessary.

The invention also concerns a device for cooling air
which makes it possible to realize the above-mentioned
method. This invention consists of a heat exchanger
having a primary canalization and a secondary canali-
zation; means which put fluid on the walls of the sec-
ondary canalization so as to create a cooling effect due
to evaporation; pipes which provide for a main circuit
through the primary canalization and an auxiliary circuit
through the secondary canalization, whereby the auxil-
iary circuit forms a branch on the main circuit, down-
stream of the primary canalization; and means to create
the above-mentioned air stream and auxiliary air
stream.

In order to better explain the characteristics of the
invention, the following preferred embodiments are
described as an example only without being limitative in
any way, with reference to the accompanying drawings,
in which:

figure 1 schematically represents a device accord-
ing to the invention;

figure 2 shows the heat exchanger of the device
from figure 1 in perspective, also in a schematic
way;

figure 3 illustrates the variation in temperature and
humidity in a diagram for the device of figure 1;
figure 4 schematically represents a variant of the
device in figure 1;

figure 5 illustrates the variation in temperature and
humidity in a diagram for the device of figure 4;
figure 6 schematically represents yet ancther vari-
ant of the device in figure 1;

figure 7 illustrates the variation in temperature and
humidity in a diagram for the device of figure 6;
figure 8 shows a variant of the heat exchanger in
figure 2;

figure 9 shows a schematic section according to
line IX-IX in figure 8;

figure 10 shows a section according to line X-X in
figure 9 to a larger scale, for another embodiment;
figures 11 and 12 show views according to arrows
F11 and F12 in figure 10 to a smaller scale;
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figure 13 schematically represents a variant of the
device according to the invention;

figure 14 schematically represents a section
according to line XIV-X1V in figure 13;

figure 15 shows a section according to line XV-XV
in figure 14 to a smaller scale;

figure 16 schematically represents another device;
figure 17 shows a practical embodiment of the part
which is indicated with F17 in figure 14 to a larger
scale;

figure 18 schematically represents another device
according to the invention;

figure 19 shows a practical variant of the part which
is indicated in figure 17;

figure 20 shows the part which is indicated with F20
in figure 19 to a larger scale.

As is represented in figures 1 and 2, the device 1
according to the invention mainly consists of a heat
exchanger 2, in this case a heat exchanger with plates
with a primary canalization 3 and a secondary canaliza-
tion 4; spray means 5 which can put finely divided fluid
6 on the walls of the secondary canalization 4 so as to
create a cooling effect due to evaporation; pipes which
are not represented, providing in a main circuit 7
through the primary canalization 3 and in an auxiliary
circuit 8 through the secondary canalization 4, whereby
the auxiliary circuit 8 forms a branch on the main circuit
7, whose branching point 9 is situated downstream of
the primary canalization 3; and means 10 to create an
air stream 11 through the primary canalization 3 and an
auxiliary air stream 12 through the secondary canaliza-
tion 4.

The heat exchanger 2 consists of a number of
plates 13-14 situated next to one another, in between
which rooms 15-16 are provided which alternately form
passages for the air stream 11 and the auxiliary air
stream 12. The inlets, outlets respectively of these
rooms 15-16 are situated such that, as represented in
the figures, the air stream 11 and the auxiliary air
stream 12 intersect one another in the heat exchanger
2.

The means 10 to create the air stream 11 and the
auxiliary air stream 12 consist of one common fan 17 in
the example represented, but it is clear that several fans
or such can be incorporated in the main circuit 7 and/or
the auxiliary circuit 8.

The heat exchanger 2 is erected such in this exam-
ple that the secondary canalization 4 extends from top
to bottom. Under the heat exchanger 2 is erected a
receptacle 18 to collect any moisture dripping down.

The above-mentioned spray means 5 in this case
consists of a sprinkler 19 which is fed by means of a
pump 20 or such, tapping fluid 6, in particular water,
from the receptacle 18. The level of the fluid 6 in the
receptacle 18 is maintained thanks to a connection to a
supply net 21, preferably a mains system for water. The
level in the receptacle 18 can hereby be adjusted by
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means of a valve 22 which is controlled by a float 23.

The sprinkler 19, which in reality may have several
sprinkler heads, is situated above the set of plates 13-
14 and is made such that the fluid 6 concerned is
sprayed over the entire surface of the plates 13-14.

The working of the device 1, as well as the accom-
panying method, consists in that an air stream 11 is sent
through the primary canalization 3 by the means 10.
This air stream 11 is split in @ main air stream 24 and an
auxiliary air stream 12. The auxiliary air stream 12
makes sure that the fluid 6 sprayed on the plates 13-14
by means of the spray means 5 evaporates.

The obtained effect is illustrated in the diagram of
figure 3, in which the water level X in the air is repre-
sented in the abscissa, whereas the temperature T is
represented in the ordinate. Further, lines R of relative
humidity are represented, as well as lines H of equal
enthalpy.

The different situations A, B and C which are repre-
sented in the diagram of figure 3, are situations which
may occur in the places which are correspondingly indi-
cated by A, B and C infigure 1. A cooling temperature is
created on the plates 13-14 which is almost equal to the
wet point temperature in point C of the diagram.

Figure 4 represents a variant in which a cooler 25
and a heat source 26, together forming a drier and
which are either or not combined in one appliance, are
incorporated between the above-mentioned branch
point 9 and the secondary canalization 4 of the heat
exchanger 2. This is preferably a conventional cooler 25
providing for a compression cooling.

The heat source is preferably adjusted such that the
relative humidity of the auxiliary air stream remains
below 80% behind the drier.

As explained in the introduction, a better evapora-
tion of the fluid 6 situated on the plates 13-14 is thus
obtained, which results in a better cooling effect.

The different situations A, B and C1, C2 and C3 that
hereby occur are schematically represented in the dia-
gram of figure 5.

Figure 6 represents a variant of the device 1
whereby use is made of a drier 27 in the auxiliary circuit
8 provided with a drying agent which can be regener-
ated, for example silica gel. The air coming from this
drier 27 will normally be cooled before it is used for the
evaporation of the fluid 6 in the secondary canalization
4. To this end, the heat exchanger 2 is provided in an
auxiliary canalization 28 for the cooling of the auxiliary
air stream 12.

According to a variant which is not represented
here, use can be made of a cooler instead of the auxil-
iary canalization 28 which consists of a heat exchanger
provided in the main air stream behind the branching
point 9.

While the device 1 of figure 6 is in use, situations A,
B, C1, C2 and C3 are actually obtained, as is repre-
sented in the diagram of figure 7.

From the diagrams of figures 3, 5 and 7, it is clear
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that lower wet point temperatures, as well as lower tem-
peratures in point B, can be obtained with the embodi-
ments of figures 4 and 6 than with the embodiment of
figure 1, so that the final cooling effect is significantly
better.

It should be noted that the above-mentioned curves
in figures 3, 5 and 7 are theoretical representations and
that, in the practical embodiments, the points C and C3
will rather be situated on the indicated places C4.

Figure 8 schematically represents a variant
whereby the plates 13-14 are erected key-shaped, such
that the secondary canalization 4 narrows according to
the direction of flow. Thus is obtained that the fluid 6
sprayed between the plates 13-14 can efficiently cover
the entire surface of these plates 13-14, even when the
sprinkler 19 is situated above these plates 13-14.

According to figures 8 and 9, the device 1 is also
equipped with an element 29 such as a perforated plate
to distribute the air evenly over the different rooms 16 of
the secondary canalization 4, so that the air is optimally
used for the evaporation and so that the flow rate of the
auxiliary air stream 12 can be limited to a minimum.

Figure 9 further illustrates how the whole can be
provided with pipes or ducts 30, 31 and 32 to guide the
supplied air stream 11, the auxiliary air stream 12 and
the main air stream 24. The main air stream 24 hereby
forms the useful part of cooled air.

Figure 10 shows a section of yet another part of a
practical embodiment, whereby guiding means 33 in the
shape of ribs 34-35-36-37 are provided in the primary
canalization 3 which force the air of the air stream 11 to
the narrowest part 38 of the rooms 15 so as to obtain an
optimal heat transmission. The ribs 34-35 are hereby
provided on the plates 13. The ribs 36-37 are provided
on the plates 14 and end up between the ribs 34-35
when the whole is mounted, as indicated in figures 11
and 12.

According to the embodiments of the figures 10 to
12, guiding means are also provided in the secondary
canalization 4 which promote the intersected circulation
and which consist of ribs 39-40 in this case.

The ribs 34-35-36-37-39-40 also form reinforce-
ments for the plates 13-14.

According to the invention, the plates 13-14 are
preferably clasped together with their edges in this
case. Thus, a large number of difficult connections is
excluded.

The key-shaped rooms 15-16 preferably have an
opening of about 2.5 mm wide on their narrowest side
and an opening of about 7.5 mm wide on their widest
side.

Although, as represented in figures 1, 2, 4, 6, 8 and
9, the auxiliary air stream 12 can be guided from top to
bottom through the heat exchanger 2 and good results
can be obtained, the inventor found that these results
can even be significantly improved by guiding the auxil-
iary air stream 12, according to a preferred characteris-
tic of the invention, in the upward direction through the
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heat exchanger, either vertically, as represented in fig-
ures 13 to 15, or upward in a diagonal direction. As
mentioned in the introduction, this results in that the
auxiliary air stream is not counteracted by the chimney
effect in the secondary canalization. By the chimney
effect is meant the natural phenomenon that hot air has
a tendency to rise by itself.

As is schematically represented in figure 16, a lead-
through of the auxiliary air stream 12 according to the
directions which are represented in this figure, may
have for a result that certain wall parts 41, which are
schematically represented in figure 16 by means of a
hatching, participate little in the evaporation process, as
the flow rate of the air stream moving alongside of them
is too low, due to the fact that the auxiliary air stream 12
tries to find the easiest way.

According to the invention, this can be remedied by
making sure that the air of the auxiliary air stream flows
evenly distributed through the secondary canalization 4
of the heat exchanger 2. As already described in rela-
tion to figure 8, use can be made to this end of an ele-
ment 29 which is provided on the inlet of the secondary
canalization 4, which forms an obstruction and is pro-
vided with perforations or such.

According to another possibility of the invention,
meant to be applied in heat exchangers with plates 2,
the use of such an element 29 or any other obstructive
element can be excluded while an even distribution is
nevertheless obtained by having the air supply 42
and/or air extraction 43 take place right before and right
behind the plates 13-14 according to a direction which
extends diagonally or almost diagonally on the plates
13-14, with the help of suitable ducts 44 and 45, as rep-
resented in figures 13 to 15. This implies in particular
that the direction of flow at the height of the air supply 42
and/or the air extraction 43 in figure 15 forms an angle
E with the direction of the perpendicular line on the sur-
face of the plates 13-14 which is preferably smaller than
20° and better still 0°. Thus, the creation of wall parts 41
alongside which the flow of air is practically zero is
excluded.

According to figure 17, the walls 46 of the second-
ary canalization 4 are provided with a hygroscopic coat-
ing 47, in this case a membrane which is provided
against the walls 46, for example stretched around it.
This coating 47 directly and indirectly offers several
advantages, including the following:

- the application and distribution of the fluid 6 over
the entire surface of the walls 46 is no longer criti-
cal. Thanks to the hygroscopic effect of the coating
47, the fluid will spread automatically once it has
ended up on the coating 47.

- For the same reason, the fluid 6 no longer neces-
sarily has to be sprayed and/or atomized in a finely
distributed manner. It is sufficient that more or less
an equal amount of fluid ends up on each of the
plates 3-14.
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- The sprinklers 19 no longer have to be erected
such that the walls 46 are situated entirely within
their field of vision. For, the hygroscopic coating 47
makes sure that the fluid 6 is distributed over the
entire surface of the walls 46, even over the parts of
these walls 46 which are situated outside the field
of vision of the sprinklers 19.

- As the sprinklers 19 do not necessarily have to
spray between the plates 13-14 anymore, the dis-
tances between these plates can be kept very short
and the sprinklers 19 do no longer necessarily have
to be erected in the direction of the field of the
plates 13-14.

According to the most preferred embodiment, the
plates 13-14 of the above-mentioned heat exchangers 2
will preferably be erected upright, and the air stream 11
will be mainly guided in the horizontal direction through
the heat exchanger 2, whereas the auxiliary air stream
12 will be mainly guided through it in the vertical direc-
tion, whereas the air supply 42, the air extraction 43
respectively, of the auxiliary air stream 12 on the plates
13-14 takes place laterally, as is clearly shown in figure
14. This arrangement makes it possible, on the one
hand, that all the above-described advantages can be
reached, and, on the other hand, that the heat exchang-
ers 2 can be carried out such that they can be easily
built out in a modular manner, as represented in figure
18, by piling several units 48 that are similar in shape on
top of one another and by fitting them on a common inlet
duct 49 and outlet duct 50.

In the figures 13 to 15 and 18, the fluid 6 to be evap-
orated is supplied counterflow as of the outlet of the
secondary canalization 4, which, as explained in the
introduction, offers several extra advantages. The sprin-
kler 19 can hereby make a rotating movement F to and
fro. The figures 13 to 15 and 18 also show that a heat
exchanger 2 can be used according to the invention
which does not have a receptacle, as opposed to for
example the embodiment of figure 1, in which such a
receptacle 18 is used. This offers the advantage that the
air no longer has to be guided over a liquid mass and
consequently cannot arbitrarily absorb any moisture.

However, the amount of supplied fluid 6 must be
dosed such in this case that it can evaporate entirely, in
other words such that there is no dripping moisture.
According to figures 13 and 14, this is realized by
adjusting the supply of the fluid 6 by means of a control-
led regulating valve 51. The regulating valve 51 can be
controlled by means of a control unit 51A and/or a sen-
sor which supplies measured values which are directly
or indirectly representative for the moistening degree in
the secondary canalization or by means of any feed-
back whatsoever.

It should be noted that, when use is made of a fluid-
absorbing and/or hygroscopic coating 47, this offers the
advantage that the adjustment of the fluid supply 6
becomes less critical as said coating 47 functions as a
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buffer, so that fluctuations in the moistening degree
occurring during the adjustment do not cause any prob-
lems.

As is schematically represented in figures 13 to 15,
the heat exchanger 2 is preferably built up of longitudi-
nal plates 13-14 according to a preferred embodiment.

According to a preferred characteristic of the inven-
tion, the distance D1 between the plates of the second-
ary canalization 4 will be smaller than 5 mm. This
relatively small distance offers as an advantage that no
excess air, which produces no evaporation effect, will
flow through the secondary canalization.

According to a practical embodiment, the heat
exchanger 2 will have a flow-through length L1 between
the plates in the primary canalization 3 of 40 to 80 cm.

The flow-through length L2 between the plates in
the secondary canalization 4, i.e. in this case the height
of the plates, preferably amounts to 2 to 12 cm. The
inventor found that larger lengths, i.e. in this case
heights, contribute little more to a greater evaporation
effect. Also, a larger length L2 has little use, and rela-
tively small dimensions of the length L1 moreover offer
the advantage that the units 48 can be made rather
compact.

It should be noted that the number of plates 13-14
can be selected as a function of the flow rate to be
treated. In practical embodiments, this number will be
several times ten and even 100 to 200.

The plates 13-14 themselves can be made of a thin
and good heat-conducting material, for example a thin
metal plate. However, it was found that also other mate-
rials provided good results on condition that the plates
13-14 are maintained relatively thin. According to the
invention, the plates 13-14 will preferably even be made
of synthetic material, which offers the advantage that a
heat exchanger 2 is obtained which is highly corrosion-
resistant and which can be realized in a relatively inex-
pensive manner.

According to the practical embodiment, the plates
13-14 will be made of polycarbonate plate or polypropyl-
ene plate, for example with a thickness D2 of 0.3 mm.

As is represented in figure 17, use can be made for
the primary canalization 3 of double- or multi-walled,
hollow, extruded plates, the outer walls of which then
form the plates 13 and 14. The bridges 52 reinforce the
whole and provide for a larger contact surface in the pri-
mary canalization 3.

Figures 19 and 20 represent a practical embodi-
ment in which the above-mentioned plates 13-14 are
made continuously of a single corrugated plate 53,
whereby the spaces 15-16 provided alternately in
between are used for the formation of the primary canal-
ization 3, the secondary canalization 4 respectively. To
this end, a sealing wall 54 is provided on one side
against said corrugated plate 53. Further, passages 55
are provided which connect the space under this seal-
ing element 54 to the above-mentioned spaces 16.

The use of such a corrugated plate 53 offers the

10

15

20

25

30

35

40

45

50

55

advantage that the whole can be realized in a relatively
simple manner, as no separate plate structure has to be
build up.

The above-mentioned corrugated plate 53 will pref-
erably be formed starting from a flat plate, which plate
will subsequently be heated, and by deforming this
heated plate by sucking it in over a comb-shaped
mould.

It should be noted that an obstruction for the auxil-
iary air stream 12 is also formed in this case near the
inlet, as the air has to flow locally through the passages
55. This results in a slight pressure increase in the
space under the sealing wall 54, so that the air is forced
to spread entirely over this space and to flow through all
the passages 55.

It should also be noted that the space 16 of the sec-
ondary canalization between the plates is freely con-
nected to the outlet ducts 45, so that the air of the
auxiliary air stream 12 can be very easily discharged,
which offers the advantage that the evaporation can
take place in an undisturbed manner at all times. In
order to prevent that saturated air would heap up in the
secondary canalization 4, a forced extraction will prefer-
ably be provided for, by means of for example a fan 56,
which is only represented as an example in figure 18.

It is clear that the means for supplying the fluid 6 do
not necessarily have to be spray means. Especially in
the case where use is made of an absorbent or hygro-
scopic coating 47, a fine atomization is not necessary
and one could for example also use a drip system or
such.

According to the invention, an auxiliary air stream
12 will preferably also be provided with such a flow rate
that the refreshment of the air in the secondary canali-
zation 4 takes one to three volume units per second,
whereby by a volume unit is meant the volume of air
available in the secondary canalization 4, in particular
between the plates 13-14 or other heat transfer ele-
ments of the heat exchanger 2.

It is clear that the different characteristics which
have been illustrated by means of the above-described
embodiments can be combined with one another at ran-
dom, as will also appear from the mutual references of
the claims.

It should be noted that the invention also concerns
embodiments whereby only a part of the auxiliary air
stream is supplied via the branch, and whereby the
other part is for example drawn from the environment
via a separate suction.

The present invention is by no means limited to the
embodiments described as an example and repre-
sented in the accompanying drawings; on the contrary,
such a method and device for cooling air can be made
according to all sorts of variants while still remaining
within the scope of the invention.
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Claims

Method for cooling air, characterized in that it con-
sists in the cooling of an air stream (11) on the one
hand by sending it through a primary canalization
(3) of a heat exchanger (2), and by vaporizing fluid
(6), in particular water, in a secondary canalization
(4) of this heat exchanger (2) on the other hand by
means of an auxiliary air stream (12) which is
tapped off the air stream (11) leaving the primary
canalization (3).

Method according to claim 1, characterized in that a
heat exchanger (2) is used.

Method according to claim 1 or 2, characterized in
that the fluid (6) to be evaporated is hereby
sprayed, atomized respectively, on the walls of the
secondary canalization (4).

Method according to any of the preceding claims,
characterized in that the fluid (6) is sprayed, atom-
ized respectively, in the heat exchanger (2) with
drops having a size in the order of 100 to 300
micrometre.

Method according to any of the preceding claims,
characterized in that use is made of walls (46) for
the secondary canalization (4) which are equipped
with means which retain the moisture, the fluid (6)
respectively on the side where the above-men-
tioned evaporation takes place, but which also dis-
tribute it over the surface concerned on the other
hand, in particular means which provide for a hygro-
scopic surface.

Method according to claim 5, characterized in that
the above-mentioned means consist of a hygro-
scopic coating (47), preferably in the shape of a
hygroscopic membrane, cloth or such.

Method according to any of the preceding claims,
characterized in that the auxiliary air stream (12),
before it is sent through the secondary canalization
(4), is treated in one of the following manners or a
combination thereof:

- cooling and/or drying;

- cooling and/or drying by means of a conven-
tional compression cooling;

- drying by means of a dryer with a drying agent
which can be regenerated, preferably silica gel;

- drying by means of a drying agent which can
be regenerated, followed by a cooling of said
auxiliary air stream (12) before it is guided
through the secondary canalization (4) by guid-
ing it first through an auxiliary canalization (28)
which is also situated in the above-mentioned
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13.

14.

15.

heat exchanger (2).

Method according to any of the preceding claims,
characterized in that the air stream (11) through the
primary canalization (3) and the auxiliary air stream
(12) through the secondary canalization (4) inter-
sect one another in the heat exchanger (2).

Method according to any of the preceding claims,
characterized in that the auxiliary air stream (12) in
the secondary canalization (4) is guided in the
upward direction through the heat exchanger (2).

Method according to any of the preceding claims,
characterized in that measures are taken which
make sure that the air of the auxiliary air stream
(12) is evenly distributed through the secondary
canalization (4), in particular through the heat
exchanger (2).

Method according to claim 10, characterized in that
use is made of a heat exchanger with plates (2) and
in that in order to make the auxiliary air stream (12)
flow evenly distributed through the heat exchanger
(2), the air supply (42) and/or the air extraction (43)
is realized in a direction which extends diagonally or
almost diagonally on the plates (13-14) of the heat
exchanger (2).

Method according to claim 11, characterized in that
the above-mentioned air supply (42) and/or air
extraction (43) is realized according to a direction
forming an angle (E) with the perpendicular bisec-
tor on the plates which is smaller than 20° and pref-
erably 0°.

Method according to claim 10, 11 or 12, character-
ized in that, in order to obtain a good distribution of
the air in the secondary canalization (4), an
obstruction is provided on the inlet thereof which is
provided with passages (55) in the shape of perfo-
rations, holes, or such.

Method according to any of the preceding claims,
characterized in that use is made of a heat
exchanger with plates (2) whose plates (13-14) are
erected upright, and in that the air stream (11) is
mainly guided in the horizontal direction through the
heat exchanger with plates (2), whereas the auxil-
iary air stream (12) is mainly guided through it in the
vertical direction, whereby the air supply (42), the
air extraction (43) respectively, of the auxiliary air
stream (12) takes place laterally.

Method according to claim 14, characterized in that
use is made of a heat exchanger with plates (2)
which is composed of units (48) which are piled
upon one another in a modular manner.



16.

17.

18.

19.

20.

21.

22,

23.

13

Method according to any of the preceding claims,
characterized in that the fluid (6) to be evaporated is
supplied counterflow as of the outlet of the second-
ary canalization (4) of the heat exchanger (2).

Method according to any of the preceding claims,
characterized in that the air of the auxiliary air
stream (12) is supplied to the heat exchanger (2)
with a relative air humidity which is lower than 80%.

Method according to any of the preceding claims,
characterized in that both for the main air stream
(11) and the auxiliary air stream (12) canalizations
are used which do not have any open receptacles
and/or leak-off ladles.

Method according to any of the preceding claims,
characterized in that all the supplied fluid (6) is
evaporated, such that there is no dripping moisture.

Method according to any of the preceding claims,
characterized in that an auxiliary air stream (12) is
provided for with such a flow rate that the refresh-
ment of the air in the secondary canalization (4) of
the heat exchanger (2) takes 1 to 3 volume units per
second, whereby by a volume unit is meant the vol-
ume of air available in the secondary canalization
(4), in particular between the plates (13-14) or other
heat transfer elements of the heat exchanger (2).

Method according to any of the preceding claims,
characterized in that use is made of a heat
exchanger with plates (2) having one of the follow-
ing dimensions, and preferably a combination of
these dimensions:

- adistance (D1) between the plates (13-14) of
the secondary canalization (4) which is smaller
than 5 mm;

- a flow-through length (L2) between the plates
(13-14) in the secondary canalization (4), in
particular a height of the plates in the case of a
heat exchanger with plates, situated between 2
and 12 cm;

- a flow-through length (L1) between the plates
(13-14) in the primary canalization (3) amount-
ing to 40 to 80 cm.

Method according to any of the preceding claims,
characterized in that the air on the outlet of the sec-
ondary canalization (4) is drained off in a forced
manner.

Device for cooling air applying the method accord-
ing to any of the preceding claims, characterized in
that it consists of a heat exchanger (2) having a pri-
mary canalization (3) and a secondary canalization
(4); means (5) which put fluid (6) on the walls of the
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secondary canalization (4) so as to create a cooling
effect due to evaporation; pipes (30-31-32) which
provide for a main circuit (7) through the primary
canalization (3) and an auxiliary circuit (8) through
the secondary canalization (4), whereby the auxil-
iary circuit (8) forms a branch on the main circuit
(7), downstream of the primary canalization (3);
and means (10) to create the above-mentioned air
stream (11) and auxiliary air stream (12).

Device according to claim 23, characterized in that
the heat exchanger (2) is a heat exchanger with
plates.

Device according to claim 23 or 24, characterized in
that the walls (46) of the secondary canalization (4)
are provided with means which retain the fluid (6)
until it is evaporated, and which also make sure that
the fluid (6) is distributed over the surface, such as
an absorbent or hygroscopic coating (47).

Device according to any of claims 23 to 25, charac-
terized in that in that at least one dryer (26) has
been incorporated in the auxiliary circuit (8),
between the branch point (9) and the secondary
canalization (4) of the heat exchanger (2).

Device according to any of claims 23 to 26, charac-
terized in that on the inlet of the secondary canali-
zation (4) is formed an obstruction with passages
(55) which makes sure that the air is evenly distrib-
uted through the secondary canalization (4).

Device according to any of claims 23 to 27, charac-
terized in that the air supply (42) of the secondary
canalization (4) is situated lower than the air extrac-
tion (43) of this canalization (4), so that the auxiliary
air stream (12) flows upward through the secondary
canalization (4).

Device according to any of claims 23 to 28, charac-
terized in that the heat exchanger (2) consists of a
heat exchanger with plates and in that the second-
ary canalization (4) is provided with an air supply
(42) and/or air extraction (43) which extend laterally
in relation to the plates (13-14) according to a direc-
tion which extends diagonally in relation to the
plates (13-14).

Device according to any of claims 23 to 29, charac-
terized in that the means (5) for supplying the fluid
(6) have one or several of the following characteris-
tics:

- a sprinkler (19) which is provided counterflow
in the air extraction (43) of the secondary
canalization (4);

- the supply of fluid (6) which is adjusted by
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means of a controlled regulating valve (51);
the regulated supply of fluid (6) via a feedback,
so that no dripping moisture is created in the
secondary canalization (4).

10

15

20

25

30

35

40

45

50

55

16



EP 0 859 203 A2

N\ \ 8
)
79N (
A ,Z 72
i 7
Za 77_\\ : -
il I Y
JO p 2 k c -
23 EL
AN 2 2“<‘ I,
@ 78 .
20 <z ﬁgl
A il //?
71
8| X
C2
c
Vi
V342451 7

10



EP 0 859 203 A2

7.
\ \ o —E?
RN/ ad
7 \/\ W F crE~72
Al 774 | ) =]
L P
' o
o 7 . a5
23 ;22
A\ o) 27
@ ¢ .\ o e
20 V24 0. £
< il
ARG S
fz)
cZ 4 CcH
c3o
c7 7
. yy
LIOT

11




EP 0 859 203 A2

z23

0

c«4

(o

C7

CZ-

V2704

12



EP 0 859 203 A2

f_, [
O
\\ N
oY
uun |
A 1l ©
T _ Z7
S " _
m E\
M | MM B
»nl L m/Z _;_
m 2

77—

Fig O

13



EP 0 859 203 A2

m I E
1 I i
i il Il
I i I
1
AH HN A

~&/

&' prooy &

ce  FEOUN

~ZZ

/ \ i
1 | /|
1
____ "_ ) f _“
i i i i
M AR H
o ot of

el

' H
\
\

N ’
N M
¢ H
\ H
!
\ i
\ H
\ H
\ !
N H
H H
N H
¥ 1
1

\

\

\

R

R

N

N

N
— N
N
3 H
-1 ¥
Q,,‘
1 N H
N
N K

,
,
,
- £5° NG |
.
3\

\ N
N
N N
N N
N
OLOZx |
N N
N H
4 3 R
\

,
N N
=2l
\

\
\

m:
N H
o jk
51
e’ R

14



EP 0 859 203 A2

i 15

Zig 14

15



EP 0 859 203 A2

B

15

kg

5z

16



EP 0 859 203 A2

B

V7o 777 ] 7

D3 D7

AN

- —— et - ——— —— s = —— e —

r

N\
N
N\
N\
N\
N Vo
N |
/_.
N |
DL

T 777 A

17



	bibliography
	description
	claims
	drawings

