-1- Method for cooling an airstream Technical field of the invention The
present invention relates to a nethod and an apparatus for cooling an
airstream Prior art Dehum difying systenms are known in donestic
technol ogy. Here it is possible to use an apparatus as disclosed by EP 1
521 040. Froman airstreamflowi ng through a first cavity, humdity is
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WO 03/091632 discloses a dew point condenser, in which two airstreams are guided past a

heat-conducting wall. In the process, water is absorbed from the one airstream in a unilateral
hygroscopic coating of the wall and fed back to the medium by evaporation. This results in

cooling of the other airstream behind the wall.

US 6,434,963 describes a cooling and heating apparatus comprising a central heat exchanger.
At the outlets of the heat exchanger, a closed cooling circuit is provided which further cools
the supply air, the return air being further heated thereby. In the prior art apparatus, water is
added to the spent compartment air so as to cool it upstream of the heat exchanger.
Downstream of the heat exchanger, more water is added to the return air, advantageously by
means of an evaporative pad, before the return air passes through the heating section of the
cooling circuit. On the supply-air side, water condensing on the cooling section of the cooling
circuit is collected and is recycled to the evaporative pad. An external water supply is also

present.

US 2005/056042 describes a similar apparatus as US 6,434,963, in which water is injected
into the return air above the heat exchanger, thus causing the walls of the heat exchanger to be
wetted. Collecting the water below the heat exchanger permits a partial water cycle, with the

exception of the water vapour remaining in the return air.




exception of the water vapour remaining in the return air. 2 - Description
of the invention Based on this prior art, the object of the inventionis to
i nprove an apparatus of the type nentioned at the outset in such a way
that wholly or partially self-sufficiepnt_operation of. the apparatus is

t hereby enabl ed. This object is achieved by a nethod and an apparat us
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dehumidifying free ambient air.

An apparatus for cooling a first airstream according to the present invention comprises an air
dehumidifying apparatus for at least one second airstream having a water-permeable and/or
water vapour-permeable structure which via pumping means is connected to a condensate
separator, a cooling system through which the dehumidified second airstream can be passed,
and a heat exchanger through which the two airstreams can be passed so as to cool the first
airstream. The water recovered from the condensate separator is passed into the cooling

system for the purpose of injecting it (evaporation).

In a further air dehumidifying apparatus, of the apparatus according to the invention, further

condensate can be recovered from the cooled first airstream.

An additional air dehumidifying apparatus can be used to recover further condensate from the

ambient air.

The additional apparatus can be arranged on a vehicle. In this arrangement, the airstream

along the additional air dehumidifying apparatus is generated by moving the vehicle.

The vehicle 1s preferably a motor vehicle or a trailer of a motor vehicle, particularly

preferably a dormobile, a caravan, a lorry, a trailer, a ship or an aircraft.




The vehicle is preferably a notor vehicle or a trailer of a nmotor vehicle,
particularly preferably a dornobile, a caravan, a lorry, a trailer, a ship
or an aircraft. 3 Brief description of the drawing The invention is
expl ai ned below in nore detail with reference to the drawing, in which:
Figure 1 shows a schematic depiction of an enbodi nent of the present

i nvention. Description of an enbodinment Figure 1, in a schenmatic
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from the cooled airstream 50' which now, compared with the warmer outside air 50, has a

higher relative atmospheric humidity, and the cooled airstream 50' leaves the air
dehumidifying apparatus T as a cooled and dehumidified airstream 50", By means of a fan 41,
the cooled and dehumidified airstream 50" 1s supplied as supply air 51 to an advantageously
closed compartment 60 in which the desired climatic conditions are achieved. Accordingly,
the supply air 51 has a lower temperature than the outside air 50.

In an airstream referred to as the second airstream, returmn air 55 from a compartment 60 is
discharged as exhaust air 56 to the environment via various elements to be described
hereinafter. The return air 55, which has an interior temperature, is typically passed from the
closed compartment 60 through a coarse particle filter 38B and/or an electrostatic filter 39B.
The return air 55 enters a second air dehumidifying apparatus 2 and leaves this as a
dehumidified airstream 55'. By means of a fan 41, the dehumidified airstream 55'is fed to a
cooling system 20. In the cooling system, the dehumidified airstream 55' is cooled.
Consequently, a cooled airstream 55" escapes from the cooling system. In the heat exchanger
40, heat exchange takes place between the cooled airstream 55" and the warm outside air 50.

After heat exchange has taken place, the now warmer airstream 55", which previously has




cl osed conmpartnent 60 through a coarse particle filter 38B and/or an

el ectrostatic filter 39B. The return air 55 enters a second air
dehum di fying apparatus 2 and | eaves this as a dehum dified airstream55'.
By mmeans of a fan 41, the dehum difiedjairstream55 is fed to a cooling
system 20. In the cooling system the dehumdified airstream55' is cool ed.
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of air and water vapour to be drawn into the condensation water separator 11. By means of the
condensation water separator 11, the mixture 100 is separated into air 101 and water 102. The
air 101 1s discharged into the environment, and the water 102 is fed via a conduit 12 to a
pressure booster pump 13. Via a further conduit section 14, the pressurized water 103 is

supplied to the cooling system 20.

In the cooling system 20, of a design, for example, in accordance with WO 2004/085946, the
pressurized water 103 is atomized by means of one or more nozzles, increasing the humidity
of the dehumidified airstream 55'. In the process, the relative humidity of the exhaust air
increases, and as a result of the evaporation heat to be absorbed the temperature of the
dehumidified airstream 55' drops, resulting in the cooled airstream 55". Excess water is
discharged to the environment. Alternatively, it can be collected with the intention of

recycling it into the cooling system 20.

Recovering condensation water 102 by dehumidifying an airstream 50' and/or 55' and
subsequently recycling it into the cooling system 20, enables wholly or partially self-sufficient

operation of the apparatus according to the present invention.
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The apparatus according to Figure 1 can be cascaded in a simple manner. The simplest
cascade is achieved by arranging onto the ducts guiding the airstreams 50 and 56 a further
apparatus inclusively comprising the filters 38A, 39B and the heat exchanger 40 as shown in
the depiction on the left-hand side of Figure 1 and up to and including fan 41 and filters 388,
39B as shown on the right-hand side of Figure 1 in such a manner that the duct for the supply
air 51 is connected to the said duct 50 and the duct of the return air 55 s connected to the
exhaust air of the previous apparatus. It 1s thus possible, in a number of steps, to all in all
lower the temperature to a greater extent. Each of the apparatuses can then be self-sufficient
apart from its power supply leads, the ducts 101 for the discharge of the air are
advantageously combined. The advantage of this cascading arrangement is its simplicity,
since apparatuses of identical construction can be used. Should a unit fail, operation of the
apparatus as a whole is not affected per se, since, for example, the fans 41 of the other
apparatuses will continue to maintain air movement and, if a water circuit were to fail, cooling
of the other cascade elements continues to function.

In a simpler cascading arrangement, cascading is limited to the air dehumidifying apparatus 2
together with the injection system 20 and the heat exchanger 40. Fans 41, filters 38A, 39A,
38B, 39B and water separator 11 likewise may be provided as a single item for the entire

apparatus. In that case, the return air 55 then successively passes through the assemblies 2, 20




cascade i s achieved by arranging onto the ducts guiding the airstreans 50
and 56 a further apparatus inclusively conprising the filters 38A, 39B and
t he heat exchanger 40 as shown in the depiction on the |eft-hand side of
Figure 1 and up to and including fan_43 and filters 38B, 39B as shown on
the right-hand side of Figure 1 in such a manner that the duct for the
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were tq failgirseeplidyng of the other cascade el enents continues to function.
In a sigmpler, cascading arrangenent, cascading is limted to the air

dehumi fyiﬁﬁm%%§§?3Wus 2 together with the injection system20 and the
heat exchangdaniidd Fans 41, filters 38A, 39A, 38B, 39B and water separator
11 li kew se ovided as a single itemfor the entire apparatus. In
t hat cggg, Dﬁ%%y%ﬁﬂﬂﬁ air 55 then successively passes through the
assenblliles Xongdenwtionmdteagepagsier eas the outside air 50 in each case is
passed 190! elgyydahftough the second duct of the heat exchanger 40, optionally
al so through the air dehum di fying apparatus 1. List of reference synbols 1
A r deHdni difr§isHE boSpST BB  2° Air dehuni di fyi ng apparatus 3

Wat er - ggr mneadhdnguand/ or wat er vapour - perneabl e nenbrane 4 First cavity 5
Second avi%y 6 Manifold 10 Vacuum punp 11 Condensati on water separator
12 Con & it ooling system

38A  Coarse particle filter
38B  Electrostatic filter
39A  Coarse particle filter
39B  Electrostatic filter
40 Heat exchanger

41 Fan

50 Qutside air

50' Cooled airstream

50"  Dehumidified, cooled airstream

51 Supply air

55 Return air

55 Dehumidified airstream

55" Cooled airstream

56 Exhaust air

60 Compartment

100  Mixture of air and condensation water
101 Air

102 Water

103 Pressurized water




13 Pressure booster punp 14 Conduit 20 Cooling system 38A Coarse particle
filter 38B Electrostatic filter 39A Coarse particle filter 39B

El ectrostatic filter 40 Heat exchanger 41 Fan 50 Qutside air 50" Cool ed
ai rstream 50" Dehum dified, cooled airstreamm 51 Supply air 55 Return air
55' Dehumidified airstream 55" Cool ed’ airstream 56 Exhaust air 60
Conpartnent 100 M xture of air and condensation water 101 Air 102 Water
103 PresgHil zed water Cains 1. Method for cooling and dehum difying a
first arr—stream (50, 50', 50", 51), the nethod conprising the steps of:
A) passing a second air stream (55, 55, 55", 56) through a first coarse
particlle fiMetbed f@gBylingandl dehivmidifyieg e first girfsirearan(5Q,398)50f 06 1) Heamethgd t he
second air streamand through a first cavity (4) of an air-dehum difying
appar at us (cBnprivinizehe stspssefpar at ed by a water vapor perneable structure
froma second cavity (5) of the air-dehum difying apparatus (2), for

dehg m dﬂL)I Yipagsides&chbBARR direSk 09% 581, 5551 5GAMARBH a IR M PRl 112 $38B)
condensat e;

and a first electro-filter (39B) for cleaning the second air stream and through a first

cavity (4) of an air-dehumidifying apparatus (2), which is separated by a water vapor
permeable structure from a second cavity (5) of the air-dehumidifying apparatus (2), for
dehumidifying the cleaned second air stream and obtaining water as condensate;

B) injecting water into the dehumidified second air stream (55°) for cooling the second air
stream,

C)  passing the first air stream (50) through a second coarse particle filter (38A) and a
second electro-filter (39A) for cleaning the ﬁrsf air stream; and

D) passing the first air stream (50) cleaned in step C and the second air stream (55°°)
cleaned, dehumidified and cooled in the steps A and B through a heat exchanger for
cooling the first air stream (50), wherein

water obtained when dehumidifying the second air stream (55) in step A is used in step B for

injecting.

2.  Method according to claim 1, wherein the first air stream (507) cleaned and cooled in
steps C and D is passed through a first cavity (4) of a further air-dehumidifying apparatus (1),
which first cavity is separated by a water vapor permeable structure from a second cavity (5)
of the further air-dehumidifying apparatus (2), for dehumidifying the cleaned and cooled first
air stream and for obtaining water as condensate, and wherein also the water obtained in

doing so is used in step B for injecting.




B) injecting water into the dehum dified second air stream (55 ) for
cooling the second air stream C) passing the first air stream (50)

t hrough a second coarse particle filter (38A) and a second electro-filter
(39A) for cleaning the first air streaym and D) passing the first air
stream (50) cleaned in step C and the second air stream (55") cl eaned,
dehum dified and cooled in the steps A and B through a heat exchanger for
cooling the first air stream (50), wherein water obtai ned when
dehum di fyi ng the second air stream (55) in step Ais used in step B for

i nj ectidng. Methadadvorliag troelginng or 3, wherpim fice aphdentiair is dehumpiddied an prast foeam
(50") cleaned and cooled in steps C and D is passed through a first cavity
(4) of ohtdiwfirther water agledndendhitd for eigpdpparatus (1), which first cavity is
separated by a water vapor perneable structure froma second cavity (5) of
the further air-dehum difying apparatus (2), for dehum difying the cleaned
and coql ed f,rst ir stream and for ohtalnhipg, er as. condensate, and
ther oi 1ol s ARPRBTEPEPQUSER AR Hreeati g Lot s LIeauministbop B f or
injecting. -8- 3. Method according to claiml or 2, wherein free anbient
At s dehumsaramideaarsa Pavtisia ftes OB 2icha fesopd eleciifilier QYA dardrsaRg e or
step B. 4. Apparatus for cooling a first air stream (50, 50', 50", 51),
conpr i dirsigirstsamond coarse particle filter (38A) and a second
electro-filter (39A) for cleaning the first air stream a first coarse
particle fi latfigst do3BBpanitit filtdri(BSB) Mides it cfdcirbalitet BOB) fhotleflimonsdRgnd
second air stream (55, 55, 55", 56), an air-dehumdifying apparatus (2)
for the;Gheangdsseeone aky stream having a first cavity (4) and a second
cavity (5), which are separated from each other by a water vapor perneable
structure (3),.: L Nl i fil hro irst
cavity, a c%%l] gﬁgﬁﬁbﬁf%@%@g&g{?ﬁ d(’{rtﬁ(% %%%{Bd\r}ﬁ%(oéﬁl a?%\én}:e(a)jri]l hg%{ﬁé%gg f% a

mani fold (6), with the seco cavit 5) of the air-dehum difying apparatus
(57" ¢ ot BRbh e <D Pah VBt e RHERE FOT S ey S R 1 o1 d. B
cooling system (20), through which the dehum dified second air stream (55')
may permeable structure (3), wherein the second air stream may flow through the first cavity,

a condensation water separator (11), which is connected via a manifold {6) with the
second cavity (5) of the air-dehumidifying apparatus (2) for the second air stream,

pump means (10} arranged in the manifold,

a cooling system (20), through which the dehumidified second air stream (557) may
flow,

a conduit (12) anfl a pressure booster pump (13) arranged in the conduit for feeding
water obtained in the condensation water separator (11) to the cooling system (20), and

a heat exchanger (40) for exchanging heat between the cleaned first air stream (50)

and the cleaned, dehumidified and cooled second air stream (55°7).

5. Apparatus according to claim 4, further comprising an additional air-dehumidifying
apparatus (1) for the first air stream, having a first cavity (4) and a second cavity (5), which

are separated from each other by a water vapor permeable structure (3), wherein the first air




flow, a conduit (12) and a pressure booster punp (13) arranged in the
conduit for feeding water obtained in the condensation water separator
(11) to the cooling system (20), and a heat exchanger (40) for exchangi ng
heat between the cleaned first air str&an1(50) and the cl eaned,
dehum di fi ed and cool ed second air stream (55"). 5. Apparatus according to
claim4, further conprising an additional air-dehumdifying apparatus (1)
for the first air stream having a first cavity (4) and a second cavity
(5), which are separated fromeach other by a water vapor perneable

st ruct wirearh3nay figve thepwglt the firstreavitygiwhefein g seeorslanav gy ( Darhieeadditiamal 2ihr ough
the first cavity, wherein the second cavity (5) of the additional air-
dehum diehymntiifyeapapataiss (( 1forfies fitshsir biréami isadohn&itddewith tige maifde(®d with the
mani fold (6). 6. Apparatus according to claim4 or 5, further conprising a
further additional air- dehum difying apparatus for obtaining further water

fromanbient, air and s | yi to t cool i ng syste 2Q)... 7.. Appar at us
hccor dithg  t CERTGTAcer AR £ S Bor T drEHE PORBHERY SIS AR

ai r-dehum di fying apparatus for the second air stream having a first

cavi t y dehym %'Ira; appering fenohteipingsirthofvetar e asdyent aread suplyisadéntbét her by
a wat er vapor perneable structure (3), wherein the second air stream nmay
fl ow t ookgghsytsteen €20).st cavity, an additional cooling system (20) for the
second air stream an additional heat exchanger (40) for the exchange of
heat between the first air stream and the second air stream 8. Apparatus

according to,.claim6, further.c risj dditiaonal air-dehum difying
apparaﬁgs féﬁﬁﬂ%?%%?@?”liPaEYPg§%¥n%%Fﬁﬁgﬂ?ﬁ?é?n%%§F$y (4) and a second

cavity (5), which are separated fromeach other by a water vapor. perneable
structure (g)l,ad%ta@%iaﬁ- il T ﬁhensggomf/ YW R AFHDE RLITH 1 st

cavity. 9. Vehicle conprising an apparatus according to claim®6. 10.
Vehi cl €adscdh @nhg seaynd [cayify @3, wikich eicrsepgrated dting pachj odhey biyst witevetppe| e, a
trailer of a notor vehicle, a dornobile, a caravan, a lorry, a trailer, a
shi p ompeanecabia grafire (3), wherein the second air stream may flow through the first cavity,

an additional cooling system (20) for the second air stream,

an additional heat exchanger (40) for the exchange of heat between the first air stream

and the second air stream.

8. Apparatus according to claim 6, further comprising
an additional air-dehumidifying apparatus for the first air stream, with a first cavity (4)
and a second cavity (5), which are separated from each other by a water vapor permeable

structure (3), wherein the first air stream may flow through the first cavity.
9. Vehicle comprising an apparatus according to claim 6.

10.  Vehicle according to claim 9, wherein the vehicle is a motor vehicle, a trailer of a

motor vehicle, a dormobile, a caravan, a lorry, a trailer, a ship or an aircraft.




