- 1 Device for exchangi ng water-vapor between a first air streamand a
second air stream The invention relates to a device for dehum di fying room
air. Atechnical feature of such processes is the avoi dance of

condensation on the devices and the construction of elenents for

di scharging the water. Such a device is known fromDE 198 16 185 d, in
whi ch indirect absorption is achieved through the use of a water-perneable
and/ or wat er-vapor-perneabl e structure, the water goinhg into a hygroscopic
cool i ng | imptide Fhi SexchghdiRS waber-08gbli BdRleeaOaEiGat £0r GARLERMGard RCUI T .
Since the fir%; hf%f of the twentieth century, the prior art has discl osed

eCo . . . . .
a nunber oEEPEEatnE%EZE exchangers, with which the roomair noisture in

an return air volunme is renoved fromthe return air and fresh supplying
air s SuPRJ eueldides LiUtRs ROSSILECLOcd ABSMLa: L 0E, Niedly, and Mol sture in
the return air directly into the supplying air wt out aving to take a
roundabout way via the condensation of the water or of the water vapor. An
advant ageaus waehhodhif oreprgduchag sueh grdieateexchangge Ahasqheen publ i shed
in EP 0 159 986 éus 4,633,936).. This heat exchanger consi sts of two
surfaces WHTCRM&F B Mo fhd PR ASEHS5aP  n o r d8F HEBC AP M h &L AR “ SexXORanger
rotor. G alipsheftgpassagesate:e duheref oce deorigedndwn tfreml ongi ¢uudimalssaxi s

di rection,..t hese S ternately l.etti t hr h the warm air stream
to be coo]éd§§nghgﬁé%%%?ge%%f%éfr'§h1 3§b%é %gfgdgH%ﬁg%mgP%ru%%ﬁgéFon on
mat er i al s WAtehobtrisghdensadion viase useboiepernchiyde debunvitdicti chitd omtegan be
regul ated JAng certRi B exteM=phRY tha idpum speed, bwts this: has andirect
effect on the noise level. A disadvantage in this case, for exanple, is
that thes@qJeViced!l “CORbtTEEIaInBEr Sof<Hbvabl e parts, which are
accordingly subject to maintenance and wear.

Since the first half of the twentieth century, the prior art has
disclosed a number of rotating heat exchangers, with which the
room-air moisture in an return air volume is removed from the
return air and fresh supplying air is supplied. It is thus
possible to transmit. the heat and meisture in the return air
directly inte the supplying air without having to take a
roundabout way wvia the condensation of the water or of the water
vapor. An advantageous method for producing such a heat exchanger
has been pubkblished in EP 0 159 986 (US 4,633,9836). This heat
exchanger consists of two surfaces which are wound in a spiral in
order to form the heat exchanger rotor. Groups of passages are
therefore formed in the longitudinal axis direction, these
passages alternately letting through the warm air stream to be
cooled and the cold air stream to be heated. The water adhesion on
materials without condensation is used here. The dehumidification
can be regulated to a certain extent using the drum speed, but

this has a direct effect on the noise level.

A disadvantage in this case, for example, is that these devices
comprise a number of movable parts, which are accordingly subject

to maintenance and wear.




- 2 Furthernore, it is disadvantageous, for exanple, in residential
bui | dings that odor substances are also transmtted with the noisture into
the fresh roomair. 5 Based on this prior art, the object of the invention
is to inprove a device of the type nmentdoned at the beginning in such a
way that it can be constructed in a sinpler manner and in a nore favorable
manner in teELms of energy,, and noi.sture transfer proceeds as_far as 10

possi bl e fr e o SIBIES: | ntpar'th cHERIVERE 2953 t RET | R¥BRPILEn i 0t o
speci fy a | ovesvedgniaial | dweinlod seysaterat delwd distiber shekest harvengikati on of

l'iving spac ' 1S defined by.the features of claim1. 15 A
wat er - per me:%fae an %ercg\;\ebfgjt%r?-%/}g%oﬁéf)%fﬁ{é%bf‘gposﬁﬁﬁpgﬁ?éhr ePEfs9td -a
di aphragm foil or porous structure which, when different parti al

id f .t t \ er 20
pressures argysdd 658NtL P ]E)P%oi"‘@r%', €he0 ob{g%%ts c{f;cg}g%glsmﬁ%r%@%\?n wa

“and/ or water vapor to pass through, but essenti al _ I oW ot her
subst ances di° gdSBEXG pdss devirGugRt | fheonByPronBentiahedh eherehés, for

exanpl e, aHdenperaigren ofudh ounda30tdaar ees (g8l st Acpaitial 5
pressure difference in the order of magnitude 25 of 100 mllibar, a
per meabi | ity O 10 tB* 28 hetBf's 'per? T LA¥ChAP L BafaBE CECc HiTe VERITMEUr t her

advant ageousfexenplrgyy emédimEnits: @y e tdahisfed @m@@@d@}ym‘d aicae. 39 -kll_he
i nventi Wi e cricbed, in. no et ai.l _hy of exanple wt
B s e e R R o B BR T oo g orh il chie

exenpl ary en nts and wth "Tererencet
invention is to specify a low-wear and low-noise water

dehumidifier for the ventilation of living spaces.

Such a device is defined by the features of claim 1.
15
A water~permeable and/or water-vapor—-permeable
structure refers to a diaphraagm, foil or porous
structure which, when different partial pressures are
present on the two sides of the structure, allows water
20 and/or water vapor to pass through, but essentially
does not allow other substances or gases to pass
through. In conditions in which there is, for example,
a temperature of around 30 degrees Celsius and a
partial pressure difference in the order of magnitude
25 of 100 millibar, a permeability of 10 to 20 meters per

hour and bar can be achieved.

Further advantageous exemplary embodiments are defined
in the subclaims.

30
The invention will now be described in more detail by
way of example with exemplary embodiments and with

reference to the drawing, in which:

35 Fig. 1 shows a schematic perspective view of a device
according to a first exemplary embodiment of the

invention in the form of a diagrammatic sketch,




35 Fig. 1 shows a schematic perspective view of a device according to a
first exenplary enbodiment of the invention in the formof a diagrammatic
sketch, 3 Fig. 2 shows a schematic perspective view of a device according
to a second exenplary enbodi ment of the i.nvention in the formof a
diagrammatic sketch, and 5 Fig. 3 shows a schematic perspective view of a
device according.,to.a third eﬁenplary enbodi nent of the invention in the

form of a di agt anfratic"sket chC THRLG. PRISHSS S cheftit 0 per SpEeEPve vi ew
of a device accordiogptdingfitrst aexeapbady ee;rdmﬂf ia’rfg,ntheal_fbg_ugal_eﬁtnvggtl on in
the formof a diagr t tch. .The;.device for dehum,difyin oom air
has an el ongat ed gvo un@fﬁﬁ%§%H%Ea§I5pgﬁfhgg%gﬁﬁyogt ?modb%%%§@ﬁé fbut hs.
15 The di agrammati csketamst ramdlon of a section of such a volume is shown in
Fig. 1. aid volume has at |east one first cavity 1 and at |east one
second cavity 2, which are separated by at |east one water-perneable

and/ or  wat éri9rapdr ShEFiFeabl &€ ?@ﬁﬁF&gmeisgﬁﬁﬁkﬁ%uﬂﬁ%@npérfQOd@he@e-I!ke
structure which | etscot@In®r Yok €EhY 2ROk x ki QUG Mo Puidess acharri er
agai nst gases and ot her _ no eculﬁg can be used in principle. Such a

structure may al s BEH 1o otis Tigi B Rt *F i &l d1eF R bl ec §KeS Chmay

.involve in particular kitchen or wet-roomodors in 25 the dOEEStLCZ
S ConEnt I LSO Y ROOL el SRR S R, Lien g e

t hat the cadddaeslingandt® a £first exemplary embodiment of the

inventien in the form of a diagrammatic sketch. The

device for dehumidifying room air has an elongated

volume, which has openings only at two opposite mouths.

15 The diagrammatic illustration of a section of such a

volume is shown in Fig. 1. Said volume has at least one

first cavity 1 and at least one second cavity 2, which

are separated by at least one water-permeable and/or

water-vapor-permeable diaphragm 3. Any diaphragm or

20 sheet-like structure which lets water or water vapor

through but provides a barrier against gases and other

molecules can be used in principle. Such a structure

may also be a porous rigid material. Other molecules

may involve in particular kitchen or wet-room odors in

25 the domestic environment.

In the exemplary embodiment shown, the cavities 1 and 2
are surrounded on four sides 31, 32, 33 and 34 by
“hard” impermeable walls, so that the cavities 1 and 2
30 appear to be a tube. The diaphragm 3 is mounted in
between as a partition wall. It lies in each case in
the direction of fluid flows 11, 12, 13, 14 flowing
through the cavities 1, 2. In this case, a first air
stream 11, 12 to be dehumidified can flow through the
35 first cavity 1. A second air stream 13, 14 can flow
through the second cavity 2. In the process, however,
the air streams advantageously run, but do not need to

run in counterflow as shown in fig. 1.




30 appear to be a tube. The diaphragm 3 is nounted in between as a
partition wall. It lies in each case in the direction of fluid flows 11,
"12, 13, 14 flowing through the cavities 1, 2. In this case, a first air
stream 11, 12 to be dehum dified can flgow_through the 35 first cavity 1. A
second air stream 13, 14 can flow through the second cavity 2. In the
process, however, the air streans advantageously run, but do not need to
run in counterflow as shown in fig. 1. - 4 Sone of the air streanms 11 to

14 are advarscag@oufl yth@OIal’iQCtﬁdréQmat 1easb one puRp WWEhtkeepssibe air
air. 5 The nout hs of the

t an t hus i es and di scharges

ftnggs LgrgP e S des 5 gﬁdpg%a?% Fie BPEEr SFRETR ¢ “G8RTh o fof need
tolie S|deﬂﬁmeamskﬂnAmoEseenandlthast@mpgﬂmaauand|dnﬁdhasg§£ girt he
area spagnedrly fherHiaphkrag 3‘*t1§ L hahe%ge e, ic?e%s f Eﬁ Lé%fdt ¢ and

advant ageously directed in a nea &F 10 e Alr
col um di spd<&d ééﬁ§§§m@ﬁélcdl%bﬁt©@n]CkhaﬂotsIﬁﬁﬁtaVOtmafheﬁgN@ whi’ch

corresponds s it t hen | éﬁgéHtQBlt e edge desianat edlpytﬁé stB,s)é her e hQ 5

centinmeters for exa 't nust not becone too |la in order to enable
the air to rfdach ?Bg&a?ﬁpﬁ’ﬁagﬁqﬁd‘%tﬁ%@@“& t & v‘b’glaé? EREhdnGEe The
dehumi di f i catdeapuerctan, berdi re@hbﬁt@@_}@rﬁ@ﬂyed dl@y:e@%ur Ohhl ng tﬁﬂ@art\(@éf)c' ty

of the 12) or .t he ot he ai.r _str e air streanms in
air- cong?tlon%ﬁb engl hest }%%tnﬁé g% 261 e§¥ﬂﬁgpb %ﬂﬂs &I as2€ out door
air 11 and dﬁﬂﬂﬁ%ﬂqﬁ}eﬂmaﬁ21BoUdmsapohheahdlghtummﬂmn'dbkféspnnd@e r oons

and exhaust g %5%1ﬂéh&%hC%ﬁcﬁﬁégéﬁgéodgg§gn§Qghf%9”%&2 may be 1 to
5 centimeters for example. It must not become too large
in order teo enable the air to reach the diaphragm
15 surface for the water exchange. The dehumidification
can be directly controlled by controlling the wvelocity
of the one (11, 12) c¢r the other (13, 14) air stream.

The air streams in air-conditioning engineering may be
20 designated, for example, as: outdoor air 11 and
supplying air 12 to the rooms and return air 13 from
the rooms and exhaust air 14 to be discharged to the

environment.

25 Moisture recovery by a stationary, selectively
permeable diaphragm is provided for by the device

according to fig. 1.

In an exemplary embodiment not shown in the figures,
30 the walls 31 and 33 are not impermeable walls but
likewise consist of diaphragm material 3. A plate-type
configuration is then obtained by analogy with a plate-
type heat exchanger, a cavity 1 for the air stream 11,
12 always being separated from a cavity 2 for the air
35 stream 13, 14 1in a side-by-side arrangement. This
increases the possibility of increasing the air column
of the edge length 37 disposed across the diaphragm 3.
The return air 13 of high humidity always delivers this




25 Moisture recovery by a stationary, selectively permeable diaphragmis
provided for by the device according to fig. 1. In an exenplary enbodi nent
not shown in the figures, 30 the walls 31 and 33 are not inperneable walls
but |ikew se consist of diaphragmmtersa 3. A plate-type configuration
is then obtained by analogy wth a plate- type heat exchanger, a cavity 1

for the air ream 1 12 al ways being,separated fromag cavity 2 for the
air 35 st rea"?r]glfl%r,/‘ﬁ%%ﬁ a "St&é- by xF deggﬁr an%]eszg?ﬁ&?gI‘l'hi 3 iﬂbt}%as_EQet he
_possi bility sippheieasahg thewhichcobummppofetiheéoedpe kengish 37 di sposed
across the diaphragm 3. The return air 13 of high humdity al ways delivers
this - 5 water/water vapor via the diaphragm3 into the supplying air 12
whi ch i's suppt9ed?t SDmE rdofshemR§ic2 psivsmect isthenbel c oferspeerive view
of a devpce acraedDidi NGt 0aa SECON exeomb Bh ¥y enbRdiaentnef Lhe jovention
in the formof a diagrammtic _sketch. In this “case, the sane features are
al ways provid8FWtH tHe CREnEOFBf 8fefc dinwRarmiat 1o b lsli%ar d50 t Bt e are
still the aidastreahs ldamd2fehBuard dde Whivelysassureidbe same furstions

as describe%éﬁ%ng%fe éhégis exenpl ary enbodi nent, however, the

dehuni di fi cation can be controlied to a great extent. Two exchanger

nodul es 27 and 28 are now constructed 15 separately. Each exchanger nodul e

27 and 2§ hasdg Ao neAY 1ye 15012 fESBECL Il ANd an Add) {1 gngl
exchange cavity 4. The bodies 27 and need not i n particul ar ie
si de- by- si de %as "gHewth Hes@ne | khpapeiteufanctilenss asaldss pogstdl abdor . t he

cavities to ke of tgardW CBxemplary embodiment, however, the
dehumidification can be controlled to a great extent.

Two exchanger modules 27 and 28 are now constructed

15 separately. Each exchanger module 27 and 28 has the one
cavity 1 or 2, respectively, and an additional exchange
cavity 4. The bodies 27 and 28 need not in particular

lie side~by-side as shown here. In particular, it is
alsc possible for the cavities to be of sandwich

20 construction, for example 1-4-1 or 2-4-2, so that an
exchanger cavity 4 lies in each case between two air-
stream cavities. A reduction in volume is also possible

by a meander-shaped construction.

25 It is essential in the exemplary embodiment according
to fig. 2 that a second closed air circuit has been
constructed, this second air circuit consisting of the
alr streams 21, 22, 23 and 24. These are driven by one
Oor more pumps, here two pumps 25 and 26. The

30  circulation rate in the «c¢losed circuit can Dbe
reqgulated, in particular within a range of between 0.5
and 20 times the air-stream velocity of the air streams
11, 12 and 13, 14. Thus high dehumidification can be
achieved at high speed in the exchanger 28, this

35 dehumidification correspondingly delivering the
mcisture in the exchanger 27 into the volume 2.

Likewise, the dehumidifying can also be reduced by




20 construction, for exanple 1-4-1 or 2-4-2, so that an exchanger cavity 4
lies in each case between two air- streamcavities. A reduction in volune
is al so possible by a neander-shaped construction. 25 It is essential in

t he exenpl ary enbodi nent according ta fg§g. 2 that a second closed air
circuit has been constructed, this second air circuit consisting of thﬁ
air streans 21, 22, 23 and 24. These are driven by one or nore punps, here
two punps 25HHFDE FTRE FPGIculhei siidte A tHeCl ad8antageanslEan be

regul ated, idspepestédulmrcadtbépfBorange of between 0.5 and 20 tines the
air-streamvelocity of the air streans 11, 12 and 13, 14. Thus high
dehum dification can be achieved at high speed in the exchanger 28, this
35 dehum di fH catﬁLmtthresipm'ejl're@tyngiel ivesragitde modsturefin thes

exchange ﬁﬂg g$w hum gdi-fyi_ng .can also be
reduced éﬂ$ uci ng ?Egrggéed eggev?gg EEHH S%ba Iégéo tf
_oper ated |n&ﬂﬂuﬂhﬁ¢kcﬂﬁl¢€$u€ hee ﬂﬁtéh@sﬁﬂﬁgsmﬂaaM|2ﬁ)mmﬂebe Thes 5

arrangenent [GCUSSrdLnsUsHEN:o T@@ Ry k%%dg‘-iﬂls%gsgwlera%? jé gLves
close in the air stream 22 and . The _air streamns 21 to 24 are r ought

t oget her vi a?YaSR/eéfivePw%Fg/s%%ﬁueanﬁﬂésdﬁ&ﬁéfeéﬁdté]é%l iafer sTHate Y et ity
from the cavidieav4tinko 4 herexhaust a:,txha&ﬁlst Dug rt Olfihe Chik V%UUmén the

cavitie bot h cavities and _2.are hum di fi e is the sults in the
case, of® interEst £ Eéﬁne?agﬁ ﬁ?gh Sperct it esmﬁe e %fe two
dehum di f i edledivmigtirfdants. i f Thivactbenef frectulitss cnmrespenmdxﬁ@gpr@ﬂuced by

the punp 25, when Ghegk, summer and high temperatures, where there
are two dehumidified air streams if a vacuum effect is
correspondingly produced ‘by the pump 25, when check
15 wvalves are provided in the region of 21 or 23, said
dehumidified air streams permitting the following
procedure. Water can then be delivered into the region
of the exhaust air 14, a factor which, on the one hand,
brings about a cooling effect directly by means of the
20 water itself. On the other hand, and in particular, the
temperature of the air stream 14 1is reduced by
evaporation cooling. The exhaust air 14 thus cools down
through contact and through evaporation, ~“and the
temperature of the outdocr air 11 is reduced via a heat
25 exchanger (exhaust air/outdoor air), this outdoor air
11 thus being directed on hot summer days as cooler air
into the rooms to be ventilated. The temperature can be
reduced again by a further addition of water to the dry
supplying air 12.
30
In other words, it may be noted for a device according
to fig. 2, that the dehumidification can be regulated,
it being possible for the moisture transfer to be
controlled in the same direction by speed control even
35 1if there is only a single ventilator 25 (ventilator 26

would have been omitted).




15 valves are provided in the region of 21 or 23, said dehumdified air
streans permtting the following procedure. Water can then be delivered
into the region of the exhaust air 14, a factor which, on the one hand,
brings about a cooling effect directly By neans of the 20 water itself. On
the other hand, and in particular, the tenperature of the air stream14 is

reduced by aporation cooling The exhaust air 14 thus cools down
t hr ough contlf\tb a(fljdo??ﬁioubﬁt%§56éraFlléﬁM&nd 2tthe tq emier dbe¥elbf t hB

out door ai r gddlrt scukgdticad s&@:ﬁaﬂbﬁﬁi ag e;&@afgg@éeée;s@a;bﬁlaeu%d oy gdgor |
air this t door_air ei i-rected.on hot sumrer days as cool er
a: r) into tﬁcgl? oHEPEY E&r élﬁ‘talstllgt% GﬁHe CHEnférat WWh HRSOFLEALEEd again
by a furtherwidddi then lofviveg esp’aaeBheoﬂry xserptpiyam:goxai &o]l&ti&& | an@t her
words, i fare d?e rhﬁfe%‘f&%ég' ey that the

dehunidi%lcatlon can be reg erng p055|%Pe for the noisture
transfer to be controlled in the sane direction by speed control even 35

if there is Eqnj Y @ shogke ¥enthbaler 25 el a;teorva?@w weuld haye.peen

omtted - The closed internal circuit 21 to 24 permts In partlcular
a separ ;tl ot B4 Shoi K@ %ssBEiLégedeWe@lﬁ’latrﬁe @H\%‘éﬁ“@”ﬂbul%ﬁl orh¢rom t he
air streans iassotiiairedin Wi ﬁcﬂﬁn%f“@gdﬁ@(? gem@fia yeatkhation solution
and 5% us permts very sinple noise insulation. Fig. 3 shows a schematic
" perspective view of a device according to a third exenplary enbodi nent of
t he inventiCortvWardshe fflor mof stdéags abipt lé sket dA. assume the same

functions as described above for the other exemplary
embodiments. However, the dehumidification is
restricted to one branch. There is only one exéhanger
15 module 27. The exchanger module 27'has the cavities 1
and 2, which are again separated by the water-permeable
and/or water-vapor-permeable diaphragm”™ 3. However, the
second cavity 2 is only connected via a line 19 to a
pump 25, which at the same time comprises a
20  condensation-water separator. The suction effect of the
pump 25 therefore produces a vacuum in the cavity 2,
thereby resulting in increased dehumidification. The
corresponding condensation water 29 i1is separated and
the drawn-in air is passed into the exhaust air stream
25 14.

For all the exemplary embodiments, those which are
shown in the figures and also those which are only
mentioned in the text, and also hose exemplary
30 embodiments which result from the attached claims, 1t
is essential that the cavities 1, 2 and/or 4 can be
cleaned during an interruption in operation. In a
simple embodiment, said cavities have individual or
several correspending openings for inflows and
35 outflows, into which, for example, water can be passed,
so that the volume of the cavities fills completely
with water. Then, by means of one or more additicnally

arranged heating elements, the water can be heated, for




10 Qutwards, the air streans 11, 12 and 14 assune the same functions as
descri bed above for the other exenplary enbodi nents. However, the

dehum dification is restricted to one branch. There is only one exchanger
15 nmodul e 27. The exchanger nodule 27 hags the cavities 1 and 2, which are
agai n separated by the water-perneable and/or water-vapor-perneable

di aphragm 3. However, the second cavity 2 is only connected via a |line 19
to a punp ZXaWpien &P the $&ke beablednpmaisds ango ondensatamn- aat er
separator. Tieisuetinpereffueet. ohrtde pupPr28qt haref ere RIQMNCERS asyacuum
in the cavity. 2,- thereby resulti in increased dehum’_dification. The

cor r espondi r{él%%%%%ngé’t [ %n Ritter ggei Y&dar afed Befd KRGO/ i nSBir s
passed i nto it epdvastlas rdsposamed2bnl4heFaralald dme exepplaiyular

enbodi nents,: th i r in_the figures and.also thaose which are
only i oln%doﬁemgﬁggtgegﬁggﬁﬂlﬂgo Ftﬁé*"él&t@%e?ﬁm a‘i"?&zlcéb &lbodivent & whi ch
resul t fromdadimprhuta@ehed Bagi ABsCi be poressentiaate tiwmlteddwsd chwiti esel, 2
and/or 4 canfie &Ll eapededuri fgh@p iderd luBh'doncéﬂ gperaion, Leesa I, sinple

enbodi ment, said cavities have individual or ~ several corresponding
openi ngs f orS 5 oV BRI 355 67 % | st he ndbamhreasam ieraéganpbéainatler can be
passed, so that the volune of the cavities fills conpletely wth water.
Then, byomaalns of .qne or, or e addi %hogal bé' arr anged heatijrnf? el ements, the
wat er can be hédtTd ¥ or - & EXanpFe tp tREPSo AT h P O fedign teh be
kept at thiksiltlenperret udepoditer arpertiodsofuctoreexampheind0 of the

foil with silver compounds is also possible in order to

achieve corresponding sterility of the surfaces.




mnutes to 1 hour, the water is then discharged, so that particles
deposited on the walls and in particular 5 in the water-perneable
structure, which may be a diaphragmor nmay al so be porous, have rel eased
fromthe latter or the other walls and can be drawn off. A sterilization
effect of the diaphragmis also obtaifed. 10 In another cleaning nethod, W
| anps are provided which kill gerns deposited in the structures. Coating
of the foil with silver conpounds is also possible in order to achieve
correspopghpggsterility of the surfaces. 9 - CLAIMS 1. Humi dity exchange
device conprising at least one first cavity and a first internediate

vol unme separated fromsaid at |least one first cavity by a first

wat er - vapor - perneabl e structure, at |east one second cavity and a second
[ nt er e at e VTR K SHATATEF (95 S O HE Fad8t Tne SecorTe ity by a

second wadeftyaped- perieabkl € rifdretiibes Saildmef idegiaranddseeend daiter medi at e
vol ume connected to one another by a closed air-streamcircuit, the at
| east ondt fFReE EBGI iy T8hd GV i f¥t 3 nt &F RedFat 8 vHRRIME RIS ieng

wat er - vaperudaimeen & firsisairostreambhaw pgotbroughqat he  af-dgast one
first cavity and an air streamflowing in said closed air-streamcircuit,

and t he Bt¢Eadiadife WIeWRd sepaviatydand cithsasdc ord Jiansdr ed e une

exchangi gy @ ey, vgpq:reW%Qt@rseggmﬁéfme%l%a%&ewwge,t hrough the at
| east one second cavity and the air streamflowng in said close

ai r-stre&hihrculd . sEcomghi dinpragdhahge deline acwworatitigl t o-ccl ainm 1,
further o GBI SEO MBS P a8 LOULALING A, LLOY, VEHQCTLY hBa881 dpcCl 0sed

air-stream circul
first cavity and the first intermediate volume exchanging

waler-vapor between a first ailr stream flowing through the
at least one first cavity and an air stream flowing in said
closed air-stream circuit, and the at least one second
cavity and the second intermediate volume exchanging water-
vapor between a second air stream f[lowing through the at
least cone second cavity and the air stream flowing in said

closed air-stream circuit.

2. Humidity exchange device according to claim 1, further
comprising means for regulating a flow velocity in said

closed air-stream circuit.

3. Humidity exchange device according to <¢laim 1, wherein
sald at least one first cavity and said at least one second

cavity have a meander shape.

4. Humidity exchange device acccrding to claim 2, wherein
said at least one first cavity and said at least one second

cavity have a meander shape.

5. Humidity exchange device according te claim 1, further

comprising means for adding a liquid to said first and/or




3. Hum dity exchange device according to claim1, wherein said at |east
one first cavity and said at | east one second cavity have a neander shape.
4. Humi dity exchange device according to claim2, wherein said at |east
one first cavity and said at | east one second cavity have a neander shape.
5. Hum dity exchange devi ce accor di_ng to claim1, further conprising nmeans
for adding a liquid to said first an Por - 10 second air streamin order
to reduce a tenperature of the respective first or second air stream said
means for Lng._a_Liquid.arranged downstream of said_at |east gne first
cavity o?e%g?%l g%rl esggtgarélnénseocron§ Cavi F?f%‘u?ees;a)ectteim?gfﬁguﬁe ﬁ%m’tg"ety
exchangerdgvé cel ae conditng it Gecloadmar tutthrer seodphésngraeansiimer addi ng
aliquid tg.sai. first an /% second air streamin order to reduce a

t

t enper at r e "o the* T T EEP BRI 0P fs et &fr St ¥anf €aild-Tidans for

addi ng eatigpisk asaianged 1davnsbreamofngaigyiaty, | easbeenevbiyst cavity or
said at | east one second cavity, respectively. 7. Humdity exchange device
according to claim3, further conprising nmeans for adding a liquid to said

first and/or peRLEnd; alfcriidRAMdv QF dRIcdrRingduee A dienmper atung of the
respective first or second air stream said neans for adding a liquid
ar r angedc RSt rean eIt saf gr afdPéast fonkldiistto cagitly fdrssaiahdtor east one

second cavidyy LESPEELLYR! ¥n %raétfm&itye&%&&a_gg%eﬂs&g@u?&%%di to claim
4, further conprising nmeans for adding a litquid to sard first and/or

second al¢sE¢learn il rotder secradusérastenper atar@ rofanhelon esjpbiowi ve first
or second il Shr e RAI HEA0S. ok agddingy £ LLAWL AT gnged dognst ream

of said at st one fiTst cavity or i | east” one second cavity, y
respectisetiyty or said at least one second cavity, respectively.

7. Humidity exchange device according to claim 3, further
comprising means for adding a liguid to said first and/or
second alr stream in order to reduce a temperature of the
respective first or second air stream, said means for adding
a liquid arranged downstream of said at least one first

cavity or said at least one second cavity, respectively.

8. Humidity exchange device according to claim 4, further
comprising means for adding a liguid to said first and/ocr
second air stream in order to reduce a temperature of the
respective first or second air stream, said means for adding
a liquid arranged downstream of said at least one first

cavity or said at least one second cavity, respectively.

9. Humidity exchange device according to c¢laim 1, further
comprising a heat exchanger for exchanging heat between said
first air stream at an upstream side of said at least one
first cavity and said second air stream at a downstrzam side

of said at least one second cavity.

10. Humidity exchange device according to claim 2, further




9. Hum dity exchange device according to claim1l1, further conprising a
heat exchanger for exchangi ng heat between said first air streamat an
upstream side of said at |least one first cavity and said second air stream
at a downstream side of said at | east one second cavity. 10. Hum dity
exchange device according to claim2,.further - 11 conprising a heat
exchanger for exchangi ng heat between said first air streamat an upstream
side of said at least one first cavity and said second air streamat a

downstream side of said at | east one second cavity. 11. Hum dity exchange
devi ce aceor ding'd & ?Teaaldtmeifcqaﬁlrgteﬁe Orcgﬁﬁ?‘g?ﬁﬁgap{?\%‘ét]b%&“&%eéhgsé%/l or

exchangi Agrieatibetweeamsaitd arf i Wsdt ®idm SéT@aAM At sapdupst neam:sigde: of said
at least _one first cayvj t% _adgd sai d second air stream at a downstream si de

of said ht*feastVdne AP #2T BOATEMt §T e cRAMYRNRAN & %ccor di ng

to clai md,sdid ter caeenphiesksbgonBassvy{©OF. producing a vacuumin the first
and/ or second internediate volune. 13. Hum dity exchange devi ce accordi ng

to claim?2, further conprising neans for producing a vacuumin the first

and/ or - $LCOoNG ik 11 & yTRAL & £, 60l BB cel d o ddul; digt % LxChanges dexi 68 accor di ng
to claim1, wherein said water-vapor-perneable structure is nerely and
essent i afPPHerifEal 993 waRCEaNEsIreéaesxbhenabeg t e ascemsieac agst and/ or

odor subgiances; . 1a¢ bum dict v exghange devi ce aecording.t =1 , Wherein
sai d wat e_r-vapoﬁ per ﬁeabl e st rnuct ure %éﬂ rerglelr% yggnggggésggn?ie%ﬁ%y@ﬁ%r nmeabl e
t o wat erf i tectd ws ouindnote ido sgasndneliecat esamnalf or  dolors sudest ances.  16.

Hum di'ty, exehangg deulsee.aecording Lo, fgim 1, wherein

1Z2. Humidity exchange device according to c¢laim 1, further
comprising means for producing a vacuum in the first and/or

second 1ntermediate volume.

13. Humidity exchange device according to claim 2, further
comprising means for producing a vacuum in the first and/or

gecond intermediate volume.

14. Humidity exchange device according to claim 1, wherein
said water-vapor-permeable structure is merely and
essentially permeable to water molecules but not to gas

molecules and/or odor substances.

15. Humidity exchange device according to claim 2, wherein
said water-vapor-permeable structure is merely and
essentially permeable to water molecules but not to gas

molecules and/or odor substances.

16. Humidity exchange device according to claim 1, wherein
sald water-vapor-permeable structure is coated with silver

ceompounds.,




sai d wat er-vapor-perneabl e structure is coated with silver conpounds. - 12
17. Hum dity exchange device according to claim2, wherein said

wat er - vapor - perneabl e structure is coated with silver conpounds. 18.

Hum dity exchange device according to claim@8, wherein said

wat er - vapor - permeabl e structure is cqated with silver conpounds. 19. The
device of any of clains 1 to 18 wherein said air streamflowing in said
closed air-streamcircuit flows in a direction counter to that of the

first air,str nd fl i n di rection counter t.o.th of. the second
air str eg% ngﬁ&n& h%%c %r%geexcg \angi nabc%ﬁcgrn-gvécﬁ)ordbae mwgée’n PHEE air
stream andid setendvaperspeoamblidiestetdiod-«conpricengd winki ngilasdhird air
stream flow t hrough a first and through a second internedi ate vol une;
dehunidi?@??@ﬁ%é%d first air streamby neking said first air streamflow
through at |least one first cavity which is separated by a first

mater-vafﬁr-perngggle structure fromsaid first internediate volune; and
hum di fyrhg sBPESEConTF A% rE IRy AT "Sai'® SFeddhd -ai T &isidam f | ow

through aiideasteoneasecaidhkailtyy sthichiis sepavated by td second
wat er - vapor - perneabl e structure fromsaid second internediate volune. 21

The net heeRPudsi m 20, the nmethod further conprising regulating a flow
velocity of said third air stream 22. A nethod for cooling a first air

stream the nethod conprising: applying vacuumto a first and a second
i nternediat e Tl daiice of any of claims 1 to 18 wherein said air

stream flowing in said closed air-stream circuit flows in a
direction counter toe that of the first air stream and flows

in a direction counter to that of the seccond air stream.

20. A method for exchanging water-vapor between a first air
stream and a second air stream, the method comprising:

making a third air stream flow through a first and
through a second intermediate veolume;

dehumidifying said first air stream by making said
first air stream flow through at least one first cavity
which is separated by a first water-vapor-permeable
structure from said first Intermediate volume; and

humidifying said second air stream by making said
second air stream flow through at least one second cavity
which is separated by a second water-vapor-permeable

structure from said second intermediate volume.

21. The method of claim 20, the method further comprising

regulating a flow velocity of sald third air stream.

22. A method for coocling a first air stream, the method
comprising:
applying vacuum to a first and a second intermediate

volume;




- 13 making said first air streamflow through a heat exchanger;

dehum difying said first air streamby nmaking said first air streamfl ow
through at |least one first cavity which is separated by a first

wat er - vapor - permeabl e structure fromsaid first intermedi ate vol une;

dehum difying a second air stream by ,making said second air streamflow

t hrough at | east one second cavity which is separated by a second

wat er - vapor - perneabl e structure from said second internediate vol une;
adding a liquid, to the .secqnd air_streamafter..it h been dehum dified
for reducing 1'élta}Lt{leIrlr%erSaatluC{ree%gfrstia'he‘a%Jéco‘eh U r fgto?”eaﬁf‘ﬁﬁu%ap%r 9%n -

cool i ng; eatidam@ki Nng the second air streamafter it has been cooled flow

t hrough said heat exchanger. 23. The nethod of claim 22, the nethod further
conprising: AudTAY WatEF téaééi d ¥5%'st 2dfr SEFeM &M e f P RasSHéken

dehum difie€e air stream flow through at least one first cavity

which is separated by a first water-vapor-permeable
structure from said first intermediate volume;

dehumidifying a second air stream by making said second
air stream flow through at least one second cavity which is
separated by a second water-vapor-permeable siructure from
said second intermediate volume;

adding a liquid to the second air stream after it has
been dehumidified for reducing a temperature of the second
alr stream by evaporation cocling; and

making the second air stream after it has been cooled

flow through said heat exchanger.

23. The methed of claim 22, the method further comprising:
adding water to said first air stream after it has been

dehumidified.




