Apparatus for drying and/or cooling gas 5 The invention relates to an
apparatus for drying and/or cooling gas, in particular air, by neans
of a hygroscopic solution. Such an apparatus can be used, for
exanple, in air conditioning plants or the |ike. Hygroscopic

sol uti ons have the property of binding froi sture fromthe 10

envi ronment. A correspondi ng hygroscopi c solution can conprise, for
exanpl e, an aqueous saline solution of in particular |ithium
chloride, lithiumbrom de, calciumchloride, one of the newy

devel oped, so-called ionic solutions and/or the |ike. The absorption

capability of such a sqlutio creases int alia,as the tenperature
drops. 15 It is the ob]a(? 6? ?&8 cﬁ'yéﬂgi%fﬁ‘b" £PBUINEEAS i nproved
apparatus of the initially named kind which ensures a drying

performance or cooling performance which is as high as possible with
a design which is as sinple and corrpact as possi ble. 20 Thi S obj ect

is satisfjed,in accord evmththel an paratus for,
dryi né ant %ﬂn‘é%_l@lagegaﬁ@s tPr?“béPP?Eﬁ %ifr % éa\%’éﬁfg ‘Eﬁo g gas, In
hygr oscop IR b B Bl BELIE SUER. T élsa%asaéan
| east one gas ow passage as wel S at east one ow pa

conduct i nige tised? forhgxpmptepincasatarditioning elants ohéehé hiker space or

gas space of a respective gas flow passage is bounded at |east partly
by vapor-perneable, liquid tight nenbrane wall and at |east one flow

For g ek MEe by otlddng PRRE R BD UL PRIPR O e 1 g
passd@e ashvcenmertiefetarespandidl hggrmeopic sohitign eait cc&nprisat for

noi sture, in particular water_ vapor 2 transferred fromthe gas
via.the rSfPRie APAYCANS qa@%ggm%srwawm lafrdmui%c #®ed

therein. jithjum bromide, calcium chloride, one of the newly developed, so-called

ionic solutions and/or the like. The absorption capability of such a
solution increases inter alia as the temperature drops.

15
It is the object of the invention to provide an improved apparatus of the
initially named kind which ensures a drying performance or cooling
performance which is as high as possible with a design which is as simple
and compact as possible.

20
This object is satisfied in accordance with the invention by an apparatus
for drying and/or cooling gas, in particular air, by means of a hygroscopic
solution, having an absorption device which comprises at least one gas
flow passage as well as at least one flow passage conducting the

25 hygroscopic solution, wherein the inner space or gas space of a respective
gas flow passage is bounded at least partly by vapor-permeable, liquid
tight membrane wall and at least one flow passage is provided which
conducts the hygroscopic solution and is formed between such a gas flow
passage and a further such gas flow passage adjacent thereto or an

30 adjacent cooling unit so that moisture, in particular water vapor, in



The apparatus can be kept relatively sinple and conpact with a
relatively 5 large drying performance and cooling performance due to
this design. In particular a | arger nunber of gas flow passages can
al so be provided wi thout problem wherepy the performance capability
can be correspondingly further increased. 10 The hygroscopic sol ution
fl ows through the absorption device, preferably in counterflow to the
gas. The absorption device can in particular conprise a plurality of
gas flow passages in parallel with one another as well as a plurality

of flow lErapasaagedrom fias ght eia Whé mandranetwell idrdileongueddoegpic he
hygroscopi ¢ sol uti an. The f| ow passages of the absorption device
conduct i N8P eHds AmabedIthersi®- can, for exanpl e, respectively be
formed between two nutually 20 adjacent gas fl ow passages. Those
enbodi ments are, however, also conceivable in which the flow passages

of the abghe @gjmaﬁﬁyb@ﬁ 16© Reye reRgivele shinplo saardsmpattivit) adiefatively
respectively formed between a gas fl ow passage and an adj acent

cool i By 2Brgpidrying pesfesaiance 26 coplingrperformanice dus pethisplesignabny

conpri ses | 1 ui t partly hounded.by a .
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regenerated. The regenerated hygroscopic solution can then again be
suppl i ed e@TeppoRdEwlytiisheardyicteassl. The regenerat ed hygroscopic
solution can be supplied to the absorption device via a cooler. The
absorption capability of the hygroscopic solution reused in the

absonpt i ohé ¢MigeEsdspitWdlitibni lews A L6 BN thbeat%i&Phbﬁnaévi_ee,gbfaaraﬂlg}
The gas exiting the absorption device iS preferably supplied to a
consuner ImcpanterdloMato e gag. consumer with little gas |oss, the gas
comng fromthe consuner can be supplied to the regeneration device.
It can be of advantage in this respect if the gas comng fromthe

consuner ThHe 3#RRrp&6En device can in particular comprise a plurality of gas flow
passages in parallel with one another as well as a plurality of flow
15 passages in parallel with one another and conducting the hygroscopic

solution.

The flow passages of the absorption device conducting the hygroscopic
solution can, for example, respectively be formed between two mutually

20 adjacent gas flow passages.

Those embodiments are, however, also conceivable in which the flow
passages of the absorption device conducting the hygroscopic solution are
respectively formed between a gas flow passage and an adjacent cooling

25 unit. A respective cooling unit in this respect preferably comprises a
cooling fluid space at least partly bounded by a fluid-tight, heat-

conducting cooling fluid space,

In accordance with a preferred practical embodiment of the apparatus in

30 accordance with the invention, the hygroscopic solution exiting the



15 to the regeneration device via a heat exchanger in which the gas
is preferably heated. Wereas the gas noisture increases again in the
consuner, for exanple, the relative humdity is reduced again by such
a heat exchanger. 20 In specific cases, jhowever, it can al so be of
advantage if the gas com ng fromthe consunmer is |led off as exhaust
gas or exhaust air. In this case, gas not comng fromthe consuner,
for exanple, in particular 25 inflow air such as environnental air,
can be supplied to the regeneration device. The regeneration device
can, howeslesorpgtoredatice islsphleedpe hategenetdtiontdeaioe supplicledt gas. 4
If the regeneration device is flowed through by a gas, it is

igh Dy a g .
advant agecgsteratase Thereseupated BYSroweHic Sakan saghthenpagain be
regener at | i i f o the gas. 5 In accordance with a
pr ef erredélgﬁgggqégﬁhgg%%ﬁ@ %(?W{:%.e apparatus in accordance with

the invention, the regeneration device conprises at |east one gas
fl ow passage as well as at |east one fl ow passage conducting the

hygr o$copf egég@mlz%?dmgmm@piprmémil@gaw&e YarpLgrdée the apsorption
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formed between such a gas fl ow passage and a further such gas flow

passage a®Q@E¥ht thereto or an adjacent heating unit so that
noi sture, in particular water vapor, is transferred into the gas from
t he hygroscopic solution via the nenbrane 15 wall and the hygroscopic

sol utlioon The gaBGEAtihatted athsorphich desiReas prehaabigenppiiciad sdevhsamer.
advant ageously conprises a plurality of gas fl ow passages in parall el
wi th one another as well as a plurality of flow passages in parall el

w th one I 320 iG.solution. Ln thi
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solution are respectively forned between two nutual |y adjacent flow

passages.advantage in this respect if the gas coming from the consumer is supplied
15 to the regeneration device via a heat exchanger in which the gas is

preferably heated.

Whereas the gas moisture increases again in the consumer, for example,
the relative humidity is reduced again by such a heat exchanger.

20
In specific cases, however, it can also be of advantage if the gas coming

from the consumer is led off as exhaust gas or exhaust air.

In this case, gas not coming from the consumer, for example, in particular
25 inflow air such as environmental air, can be supplied to the regeneration
device. The regeneration device can, however, generally also be operated

without any supplied gas.



25 Such enbodi nents are, however, also conceivable in which the flow
passages of the regeneration device conducting the hygroscopic
solution are respectively forned between a gas fl ow passage and an
adj acent heating unit. 5 A further preferred practical enbodi nent of
the apparatus in accordance with the i n%ention i s characterized in
that the regeneration device has at |east one
condensati on/ evaporati on stage which is flowed through by the
hygroscopi ¢ solution exiting the absorption device and which

conpri seslfaheegenstatime dxoisteirsAdived thirbtighrsly atgdsasis afeantageous if
evaporator unit, with a respective condensation unit conprising a
first vape Bpacescepic sghitionfows Hogwsythg regennradiosndedsedal | and

a respect}] L.t conprising a second vapor space at | east
partly bo%dlnlg%%\{@ggé%%%g-g%ér nmeabl e, liquid-tight nmenbrane wall and

with at | east one flow passage 10 bei ng provi ded which conducts the
hygroscopi ¢ solution and is fornmed between such a condensation unit

anfl sbch Bhaeemsianmeoviiing prafiraee prachenkembesiment afttherapparatupiin
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expediently has a heating stage which is flowed through by the
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the fluid-tight, heat-conducting wall and the vaglor_ arising fromthe
hygr oscopiranstiried dntathe gas fromoiliyhhygeoseepic apnkitien via the meembypane
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st age.
In this respect, the regeneration device advantageously comprises a
plurality of gas flow passages in parallel with one another as well as a
plurality of flow passages in parallel with one another and conducting the

20 hygroscopic solution.

In this respect, it can be of advantage in specific cases if the flow passages
of the regeneration device conducting the hygroscopic solution are
respectively formed between two mutually adjacent flow passages.

25
Such embodiments are, however, also conceivable in which the flow
passages of the regeneration device conducting the hygroscopic solution
are respectively formed between a gas flow passage and an adjacent
heating unit.

30



6 The regeneration device preferably conprises a condensati on stage
having at | east one cooling unit and at | east one condensation unit,
wWth a respective cooling unit conprising a cooling fluid space at

| east partly bounded by a fluid-tight, ﬁeat-conducting wal | and a
respective 5 condensation unit conprising a vapor space at |east
partly bounded by a condensation wall and with at |east one cooling
unit being directly adjacent to at |east one condensation unit in the
condensati on stage so that the condensation wall of the respective

condensat Adartindst piefened pehotical ehebsdighéngofithid apbardhisin aseesiance
vapor arising in a preceding 10 condensati on/ evaporation stage is

pr ef er abl ViU EH imsention pechBarydssizeldn daddbe regengratienaleaics han at
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cooling flurd and the heating fluid are preferably at environnental
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descri bedCORPWBING @73 aEABh Yappr spare aideasti parthhbpuaeed by aneapor-
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entering into a respective condensation unit of the

condensat h&vesrapaehts epndengatiennuiiserl auchivg cvaperaar vgrt adjacent

surfaces. i t hs.transferred.tq,the hygroscaopic
sol ution ‘iﬂ%geﬁgo %B%E'z%g%ggggfﬁascoégu?ﬁlels %aotpgaxpﬁgpﬁgcqrhcgegﬁaﬁmrp
passes t hyalighd fiee MRpbr 2Resiff fto@ Bt BERiscOPIPQbRItISN Wittikvel Rhoon sl
vapor space which communi cates with the pressure of the vapor space

of the rcdsertamiranmueikit Lo saaend gaposHasel owi ng
cond ﬁsati on/ evaporation stage in the 5 case of a plurality of
condéensati on stages/evaporation stages.

In this respect, the regeneration device expediently has a heating stage
which is flowed through by the hygroscopic solution exiting the
condensation/evaporation stage and which comprises at least one heating
unit and at least one evaporator unit, with a respective heating unit

20 comprising a heating fluid space at least partly bounded by a fluid-tight,
heat-conducting wall and a respective evaporator unit comprising a vapor
space at least partly bounded by a vapor-permeable, liquid-tight
membrane, with at least one flow passage being provided which conducts
the hygroscopic solution and is formed between a heating unit and an

25 evaporator unit adjacent thereto so that the hygroscopic solution is heated
via the fluid-tight, heat-conducting wall and the vapor arising from the
hygroscopic solution arrives through the membrane wall in the vapor
space and the vapor arising in this vapor space is preferably supplied to a
condensation unit of the condensation/evaporation stage.

30



In accordance with a preferred practical enbodi nent of the apparatus
in accordance with the invention, it is designed as a nodul ar flow
system having a plurality of franme elenents. In this respect, the
different 10 functional units such as ig particul ar a respective gas

- fl ow passage, a respective cooling unit, a respective heating unit, a
respective condensation unit and/or a respective evaporator unit are
each provided in the formof such a franme elenent. 15 The frane

el enents are preferably provided with web structures via which they

can in parheécopatekaioodeeikeasidferablg conppihiess hatorfdurdatprt beage having
absorption device, the regeneration device, a respective
condensat #bleast apsreaqlime sndgandiaidepshongondepsation vait peth a

condensat j : r | t ri ' r
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respective corresponding functional surface, preferably in the form

of a Hi | e@rdersadiomanil somprisings VRpOr sPagp itileast partly beuwmgles by a
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connected to one another can, for exanple, be welded web structures

or 8 bondd ther cpndensation wall ehthe sespegiivectandensatipr ut tedoeled
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el emant WedritdigsiccAsmporatibe stegd isfef@udmpkappliet @oHesshdénidteon
frame el enents. 5 The gas dryi ng apparatus and/ or gas cooling

appar at usS€€8- be designed in a particularly sinple manner and can be
varied in the desired manner using the frame elenents in accordance
with the invention. The franme elenents or the units or stages

obt ai ned Ifithetregeharfich Aettdes! ¢ frizks ahtricRtAidly eh¥nBbiRHsysPEM of
and provide different possibilities of the gas sugpl y or air supfpl Y,
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pressure and the hygroscopic solution is preferably in a vacuum. In the
condensation stage(s)/evaporation stage(s) and in the heating stage, the
hygroscopic solution can in particular be at the boiling temperature

20 corresponding to the absolute pressure in the vapor space of a respective

adjacent evaporator unit over all stages, as is described in WO
2007/054311 which is herewith included in the disclosure content of the

present application.

25  Arespective heating unit of the heating stage can be flowed through by a

heating fluid which is, for example, heated by solar power.

The vapor entering into a respective condensation unit of the
condensation/evaporation stage condenses at the condensation surfaces.

30 The corresponding heat is transferred to the hygroscopic solution via the



15 franme elenents, with franme el enents al so bei ng concei vabl e whi ch
are provided wth a nmenbrane on the one side and with a filmon the
other side. The invention will be explained in nore detail in the
following with 20 reference to enbodi nepts and to the draw ng; there
are shown in this: Fig. la schematic representation of an exenplary
enbodi ment of an apparatus for drying and/or cooling gas in which the
gas exiting the absorption device is supplied to a consuner and 25t he
gas coming therefromis supplied to a regeneration device and both

t he absorms?eatide@mﬁa@d?dfhéeapegaﬁﬁﬁ itherdlavpasesatitoliphl thde at

| east one flow passage conducting the hygroscopic solution and forned
bet ween tWengaEAns ghilhe adiarent emporgtonEniciidadts vapepspaenmdtichn of

an exenpl n i . r.ahl i h .
embod merdRIGARG BT Mt ik 15 380RS B R RABRR'BALE of b iBratrse,
hovever, esaEmsdtion &init 68she doiowiQVCHAEEASLIHAY BREh IRt R EBtetidSthe
5f1 ow passage and a heating unit and conducting the roscopic

‘ . . = Ny
sol ut Pon; caseyof 3plysndhnel eondenealiion @tagﬁs/@wa@ﬁr@u@m%ag%e nbodi ment
of an apparatus for drying and/or cooling gas in which the gas
10com ng fromthe consuner is |led off as exhaust gas or

In accordance with a preferred practical embodiment of the apparatus in

D

accordance with the invention, it is designed as a modular flow system
having a plurality of frame elements. In this respect, the different

10 functional units such as in particular a respective gas flow passage, a
respective cooling unit, a respective heating unit, a respective
condensation unit and/or a respective evaporator unit are each provided

in the form of such a frame element.

15 The frame elements are preferably provided with web structures via which
they can in particular be connected to one another for forming the
absorption device, the regeneration device, a respective
condensation/evaporation stage, the heating stage and/or the
condensation stage.

20
The frame elements can each comprise an inner region which is
surrounded by an outer frame and which is preferably provided with an in
particular grid-like spacer to whose two sides a respective corresponding
functional surface, preferably in the form of a film or membrane, is in

25 particular applied for forming a respective inner space or gas space, a
respective vapor space, a respective heating fluid space or a respective

cooling fluid space.

The web structures via which the individual frame elements can be

30 connected to one another can, for example, be welded web structures or



exhaust air and gas not comng fromthe consuner is supplied to the
regeneration device and the absorption device conprises at | east one
fl ow passage conducting the hygroscopic solution and forned between a
gas fl ow passage 15and a cooling unit apd the regeneration device
agai n conprises at |east one flom1passa§e conducting the hygroscopic
solution and fornmed between a gas fl ow passage and a heating unit; 20
Fig. 4 25 a schematic representation of an exenplary enbodi nent of an
apparatus for drying and/or cooling gas in which the gas com ng from

t he consupBnded stageteirts aga exfiehsthed@anty eRxhenist afd welddie o Bo@idet @n
devi ce again conﬁri ses at | east one flow passage forned between a gas

f1 ow pass@@e amedherdsofhigase pf welded srrlustiusgures siidelder syslding

sol uti on an he_r J evice ¢ ri ses.at.least .one,,.
condensat PBbETapdRaeT Sttt R anie I A YERuRle SRR RCPBispe process
condensat ¢HR belaged, foi:(bxlémple'?@'ors @dﬁ‘l‘i‘ﬁ@i&’dﬁﬁg1 tRRfeseR élbh(éht_@,f an

exenpl ary enbodi nent of a frane el enent Ich can in particul ar be
used Both as a cooli ng unit and as a heating unit as well as a

condensatiQn unit; .5 Fig. 6Ba sch tic representation of an exenpl ary
enbodi ment H6E4R e aebaralS U7k s PTG AbBpddipead b ieiBnta
passage Ofn AhAYRRAAAY Bimifle imadfer Addrtdn béavaseEeMithe desired manner
representation of an exenplary enbodi nent of a frame el ement square
i n cross-yeing Gt frume gldmpents iregpornlanrpwithsthalevartiion.dhee frame
reference. AUNRHA' & AR A0HA Sstidel SREMLE it L& Sl ddt 8L E by &
10 relatively simple form and provide different possibilities of the gas supply
or air supply, cooling fluid supply and heating fluid supply. The respective
drying processes and/or cooling processes as well as the regeneration
processes can, for example, be realized only with membrane frame
elements or with a combination of membrane frame elements and film
15 frame elements, with frame elements also being conceivable which are
provided with a membrane on the one side and with a film on the other

side.

The invention will be explained in more detail in the following with

20 reference to embodiments and to the drawing; there are shown in this:

Fig. 1 a schematic representation of an exemplary embodiment of an
apparatus for drying and/or cooling gas in which the gas
exiting the absorption device is supplied to a consumer and

25 the gas coming therefrom is supplied to a regeneration device
and both the absorption device and the regeneration device
each include at least one flow passage conducting the
hygroscopic solution and formed between two gas flow
passages;

30



15 Figs. 1 to 3 showin a schematic representation a respective
exenpl ary enbodi nent of an apparatus 10 for drying and/or cooling gas
12 by neans of a hygroscopic solution 14, with the gas 12 being able
to be air, for exanple. 20 In this respect, the apparatus 10

conpri ses an absorption device 16 having at | east one gas fl ow
passage 18 as well as at |east one flow passage 20 conducting the
hygroscopi ¢ solution 14. In this respect, the inner space or gas
space 22 of a respective gas flow passage 18 is at |east 25 partly
bounded byiga vapor - pecheabitec rdélbmsieﬁtﬁﬁi@htofrmﬁbxeﬂ@lw embdiffertasst
one flow passage 20 is provided which conducts the hygroscopic
solution (14) and ithe apRAERPE opapasakle withathe e gshBedm g and a

e e g | LS ARRERAR A A0SRk, (RETREER b6l ual Rice: WY,

or an 30 adjacent cool1ng u I"gs.

noi sture, in particgbmprisidgwrtieasveneflow pabsags tamed Hetarei tegdss
12 via the nmenbrane_wall 24 into the hygroscopic solution 18 andis
absor Bed therein. flowpasfageragpacheating uiiiyesstopndussngtthen 14 can

flow through the 5 rpti.o ice 16 in counterflow to the gas 12.
The absorption devi@gé%éghgggﬁ%}?%e a plurality of gas flow
passages 18 in parallel wth one another as well as a plurality of

fl ow passages 20 in parallel with one another and conducting the
hygr oscopFig. sol ut i o schenkginsepeasepéatien wifarpaxengdaryl eamipdimertieof an

hyar oocopt ¢ sol ut | RPHAT LR TPBelidld G Br e SpBREA b Habtf s eas

nut uglpl y adj acent gasmih@®Wwdiassea@nhskner is led off as exhaust gas or
exhaust air and gas not coming {rom the consumer is
supplied to the regeneration device and the absorption device
comprises at least one flow passage conducting the
hygroscopic solution and formed between a gas flow passage

15 and a cooling unit and the regeneration device again

comprises at least one flow passage conducting the
hygroscopic solution and formed between a gas flow passage

and a heating unit;

20 Fig. 4 a schematic representation of an exemplary embodiment of an
apparatus for drying and/or cooling gas in which the gas
coming from the consumer is led off as exhaust gas or
exhaust air, the absorption device again comprises at least
one flow passage formed between a gas flow passage and a

25 cooling unit and conducting the hygroscopic solution and the
regeneration device comprises at least one
condensation/evaporation stage, a hearing stage and

preferably a condensation stage;



15 However, in particular such enbodi nents are al so conceivable in
whi ch the fl ow passages 20 of the absorption device 16 conducting the
hygr oscopi ¢ solution are respectively forned between a gas fl ow
passage 18 and an adj acent cooling unit(§6 (cf. Figs. 3 and 4). In
this respect, a respective cooling uni 196 preferably conprises a
cooling fluid space 54 at 20 | east partly bounded by a fluid-tight,
heat - conducting wall 48. The hygroscopic solution 14 exiting the
absorption device 16 can be supplied to a regeneration device 28 in
which it Fig msegeneratsetlemidite FegenssBon fgirosremiplaspbibcimhti of a
then preferably again sug&lied to 25 the absorption device 16. As can
be seen from Fi gs. fragpiczmenkwhigl fenairenarjenlesdoprsed drathi amals

. cul b . . . . .
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supplied to a consufnit; 32. It is of advantage in specific cases

if the gas 12 comng fromthe consuner 5 32 is supplied to the
regen® ation device 28 (cf. Figs. 1 and 2). In this respect, the gas

12 com ng..f t he caonsuner,.32 can b uppld ed to the regeneratiqQn
devi oo 287 8 a heat SERERELISFSCRtRPE AL egamplSe) Stihdidieantof a
heated. 10 The gas fiZntO8leRgerit /8. fHEm &lg% 3ds£flor AAVBYSagedbSan
be | ed of f as exhaust gas or exhé@ust aiﬁ?g](c ) II):i gs. 3 and 4). Ign this
respect gas 12' notevaparator ot teied consuner 32, in particul ar 15
inflow air such as environnmental air, can be supplied to the
regeneration device 28, for exanple (cf. Fig. 3). Such enbodinents
are, 1povergy .7 al so g£eaRehiAlt eepreseht£hioh T dreee@AMhPENIRAR MBI
not flowed through either by gas com ng fromthe consumer 32 or by
gas not coning fronfrafe elememesqyare irFcyosstsetidonexanpl e). 20

Mutually corresponding parts have the same reference numerals

associated with them in the different Figures.

15
Figs. 1 to 3 show in a schematic representation a respective exemplary
embodiment of an apparatus 10 for drying and/or cooling gas 12 by
means of a hygroscopic solution 14, with the gas 12 being able to be air,
for example.

20

In this respect, the apparatus 10 comprises an absorption device 16
having at least one gas flow passage 18 as well as at least one flow
passage 20 conducting the hygroscopic solution 14. In this respect, the
inner space or gas space 22 of a respective gas flow passage 18 is at least

25  partly bounded by a vapor-permeable, liquid-tight membrane wall 24,

At least one flow passage 20 is provided which conducts the hygroscopic
solution (14) and is formed between such a gas flow passage 18 and a
further such gas flow passage 18 adjacent thereto (cf. Figs. 1 and 2) or an

30 adjacent cooling unit 26 (cf. Figs. 3 and 4} so that moisture, in particular



In the event that the regeneration device 28 is flowed through by
gas, the hygroscopic solution 14 can in particular flow through the
regeneration device 28 in counterflowto the gas 12, 12' (cf. Figs. 1
to 3). 25 As can in particular again b%{seen fromFigs. 1 to 3, the
regeneration device 28 can conprise at least one gas fl ow passage 18
as well as at |east one flow passage 20 conducting the hygroscopic
solution 14, with the inner space or gas space 22 of a respective gas
fl ow passage 18 being at |east partly bounded by a vapor-perneabl e,
l'iquid-ti @Hter@%%ﬁ@ﬁ@ trahsfedde Boandhwidals B vieaisé e brhaw Wals Sa0mto
bei ng provi ded i ch conducts the 13 hygroscopic solution 14 and is
fornmed betlwebygmsswpic gabitiondSanddgebrerand thereina further gas fl ow
passage 18 adjacent thereto (cf. Fig. 1) or an adjacent heating unit
36 (cf. Figs. 2 and 3) so that npisture, in particular water vapor,
i's transfpf tied reRpect, thed@perbécopicldoluftican therrh fieHogaRRigh fheol ution
via the nenbrane wall 24 and the hygroscopic solution 14 1s

concef r aaleshrption Heviceekpéie courierifeyda gasnldevi ce 28 can
conprise a plurality of gas flow passages 18 in parallel with one
another as well as a plurality of flow 10 passages 20 in parallel

Wi th one PROEMBOrBAGN CRALNE 1BNeh1i RBndMEs@aGsIRIralisPbAELS Mok pasbages 18
Figs. 1 to 3). In particular in the l'atter case, ‘the fl ow passagés 20
of the reigeperaltdlonitheiaangthenas vl ag a phiraigy of dloww passages 30 ivan

respectivel f.ormed 15 hetween t fual.ly.adjacent. gas flo
passages H%‘ya(l@? W&l&nﬁﬁo%ha%‘ﬁ%\ﬁ%ﬂrﬁ{%@aﬁ?% hy%tw ¢ 8?%%011\%4'
concgigvabl e in which the fl ow passages 20 of the regeneration device
28 conducting the hygroscopic solution 14 are respectively forned

bet ween aAgaenthorcpadseyeriys. drahdi?, dbedtenpdseages §Ouof theagbsaptidre
ti devy 8 vonf | e, al h t | .

Condensat SOPE ST aATHON B d e SaPel sQuERmey it v by enbe

hygr oscopigeniel Beiveder! fwdthUitng1Ly 2e1jabser géé %“ﬁi?ag@&gé@ gnd whi ch

conprises at |east one condensation unit and at | eaSt one
evaporator 25 unit V (cf. Fig. 4). In this respect, a respective

T i o IR CR I e T M

conpri sesyjR S6&YUSIHRA2G BAERe 4bsBipti8Aevice 16 conducting the
hygroscopic solution are respectively formed between a gas flow passage
18 and an adjacent cooling unit 26 (cf. Figs. 3 and 4). In this respect, a
respective cooling unit 26 preferably comprises a cooling fluid space 54 at

20 least partly bounded by a fluid-tight, heat-conducting wall 48.

The hygroscopic solution 14 exiting the absorption device 16 can be
supplied to a regeneration device 28 in which it is regenerated. The
regenerated hygroscopic solution 14 is then preferably again supplied to

25 the absorption device 16.

As can be seen from Figs. 1 and 2, the regenerated hygroscopic solution
14 can in particular be supplied to the absorption device 16 via a cooler
30.

30



30 partly bounded by a vapor-perneable, liquid-tight nmenbrane wall

24. In 14 this respect, at |east one flow passage 20 whi ch conducts
the hygroscopic solution 14 and is forned between such a condensation
unit K and such an evaporator unit V aﬂjaoent thereto is provided in
a respective condensati on/ evaporation ?%ge 38. The hygroscopic
solution 14 is in this 5 respect heated via the condensation wall 40
and the vapor arising fromthe hygroscopic solution 14 arrives

t hrough the nmenbrane wall 24 in the second vapor space 44. In

addi ti on, ThegakepeRitalg Cihe absbeptidh ddficdaGecan bealupliad g9a ddhsumer
which 10 is flowed through by the hygroscopic solution 14 exiting the
condensat$9n/ evapor ati on stage 38 and which conprises at |east one
heating unit 36 and at | east one evaporator unit V (cf. Fig. 4
again). In this respect, a respective heating unit 36 conprises a

heating fltysdfRiveprage 30 splecifRasdsdpittthy gayndednith@firbhyitle idotitumer
heat - conducting wall 48 and a respective evaporator unit V conprises

a vap® spade syppdicd wathe prgancyationrdrsdce ealofabigs- deand ) e,
l'iquid-tight nmenbrane wall 24. At |east one flow passage 20 which
conducts the hygroscopic solution 14 and is forned between a heating

unit 36 appitiae R%pRet,ahergatild Mridighen tBe doReieher B dirPkhedREbpled
the heating stage 46 so that the hygroscopic solution 14 is heated

via the floithe regpmerationt dedae 28 Yiag Went exghanger B4 immpdiclathsigag 12
fromthe hydrQescopi sc%l tion 14 arrives through the nenbrane wall 24
in the valﬁ eg%rz?@jgyj—fa %‘ﬁ'e vapor arising in this vapor space 44 is
prefqpably supplied to a condensation unit K of the 25

condensati on/ evaporati on stage 38 (cf. Fig. 4 again). As can |ikew se
agai n be Feegasrhrenygngdromhihg egasiener cwvgw@%rcm%b@bed off as

conpri se a.,condensation, stage.52 having, at ,| east one cooling unit 26
and at Ie%fg?a%%eg%%%gﬁ?ﬁﬂsgﬁ%ﬁqftﬁés‘l a{lﬂi@'respect, a respective

cooling 30 unit 26 has a cooling fluid space 54 at |east partly

bounded by a fluid- 15
In this respect gas 12' not coming from the consumer 32, in particular

15 inflow air such as environmental air, can be supplied to the regeneration
device 28, for example (cf. Fig. 3). Such embodiments are, however, also
conceivable in which the regeneration device 28 is not flowed through
either by gas coming from the consumer 32 or by gas not coming from the
consumer (cf. Fig. 4, for example).

20
In the event that the regeneration device 28 is flowed through by gas, the
hygroscopic solution 14 can in particular flow through the regeneration
device 28 in counterflow to the gas 12, 12' (cf. Figs. 1 to 3).

25 As can in particular again be seen from Figs. 1 to 3, the regeneration
device 28 can comprise at least one gas flow passage 18 as well as at least
one flow passage 20 conducting the hygroscopic solution 14, with the
inner space or gas space 22 of a respective gas flow passage 18 being at
least partly bounded by a vapor-permeable, liquid-tight membrane wall 24

30 and with at least one flow passage being provided which conducts the



i ght, heat-conducting wall 48 and a respective condensation unit K
has a vapor space 42 at |east partly bounded by a condensation wall
40. At least one cooling unit 26 is directly adjacent to at |east one
condensation unit Kin the condensatioaéétage 52 so that the
condensation wall 40 of the 5 respecti condensation unit Kis
cooled via the cooling unit 26. Vapor arising in a preceding
condensati on/ evaporation stage 38 is preferably supplied to this
condensation unit K A respective apparatus 10 for drying and/or

cool i ng gla?ngpm pehiticrullarad@ ibfodasd Getdean sudwausad f1b SoHeel®
having a plurality of frame elenents (cf. Figs. 5 to 7). In this
respect, @nd snaly adertherugas flewapassadesl8 achacent thegte (fufig. B or an

respectiv I e . ti i unit 26, .
Feapect | VATREEPE U AACARRSG el TEECPREM HF o8 At s Tile 3R nfiogpes
respect i vigaeseppad, G5 ttahfeVradl Batoatie gusn\xizdﬁdl’znfrbhetﬁ@rrgag%séda;ﬁb a
frame 15 elenent. The frane elenents are preferably provided wth web

st r ucur esolssion gadhemambiarawalh2dand the hygseseepisasivtionol b
anot her for ngﬁg%ggithe absorption device 16, the regeneration device
28 or a r%?ﬂ% i condensati on/ evaporati on stage 38, the heating
stage 46 and/or the condensation stage 38 of the regeneration device
28. The franme 20 el enents can each conprise an inner region 60 which
i s surr oultddisHiespachUherregeassation deyicth28rears conyuiisad | pluprliyi olegas
with an i articul ar. grid-|i spacer 62 whose two sides

Mespect | IoRa s R S ParelfLRER Shr ARcRel BNERLAR 7 PSRy of v
of a1l | passdmEz@Ne pdralleNwiied bheWridthepRid®doh@ucfifshdh@sroscopic
respective inner spaceé or gas space 22, a 25 respective vapor space
42, 44, aseludioacifefl.Hdgsi hgofdui d space 50 or a respective cooling

fluid space 54 etc. In this respect, a respective nenbrane can in
particul ar take over the function of a nenbrane wall 24 and a

respecti Vg phtiRGRR innthRakittUtade, the flakpaR¥abes DO i firirafion
condensation wall 40 or of a fluid-tight, heat-conducting wall 48

The di f f edevice RSeenduetingithedayeroseppisxseipition senwespeetively be formed
adhesivel y 5 bonded to,0 anot her. via-the web str . A e far
cxamPo.  Hemerary R g Sr Py MRSt e S W el i,
a | aser wah®odgmrnes ags, ﬁﬂﬁr’e%r,aalhéMﬁi@mmtwwtﬁwﬂgﬁgﬁﬁﬁﬁmo
be used for connecting the franme el enments, for exanple. 10 Fig.

shows i n ef drhregenieratieprdsidot 26 condiacting e drygrosvopicnenittion &4 are
frame el ement i ch. can sed, for exanpl e 0 as, a coaling, unit
o halRPestER o Rl fetifeeh ol s SR BAS 18 20 Bt fakit
particul ahedng unit 36.

20

The regeneration device 28 can, for example, also have at least one
condensation/evaporation stage 38 which is flowed through by the
hygroscopic solution 14 exiting the absorption device 16 and which
comprises at least one condensation unit K and at least one evaporator

25 unit V (cf. Fig. 4).

In this respect, a respective condensation unit K comprises a first vapor
space 42 at least partly bounded by a condensation wall 40 and a
respective evaporator unit V comprises a second vapor space 44 at least

30 partly bounded by a vapor-permeable, liquid-tight membrane wall 24. In



provided with a respective filmon both sides in the present case.
The heating fluid space or cooling fluid space 50 or 54 respectively
formed 15 between the filnms is flowed through by heating fluid or
cooling fluid, e.g. water. The heating fluid or cooling fluid is
supplied to and again renoved fron1the1ﬁeating fluid space or cooling
fluid space 50 and 54 respectively via passages 64, for exanple water
passages. The passages 64 are connected to | eadthroughs 66 in
particul ar provided in the corner regions 20 of the frame el enent and

in partictHiarebpect, ke 1888t bng fdwipdseage 20l whscH kuhducks @alé hievessorfis
are additionally in particular provided for the hygroscopic Sol ution
14 in par3olodicar 1#mndés fagnen betweps susivamondsinsagien Thit K and such

| dth hs 66, 6 Vi . he | . hand .si f Fiqg. ,5 b
e o BB P B arld 1o B R S 2 SRS o g
inlet or é&ﬁd&%ﬁéﬁ}@fh@dﬁhﬁbm f@e.lm@h@?@%@ié%lﬁﬁoﬁrmmﬁﬂm&

the right hand side of Fig. 5 can be provi déd, exanple, for a
heat i @y fragipgcoiichsed gia thelcongehsationcualletO andridie vapet arisbng from

let. The inl d I f he fl,uid h ' .
Cespect | Vi PRaoRRe Solutian 1 g sl theBrSRbEuR el 24 in the

Paral | el §d Qw1 vapotphcélaans or crossflows can be realized, for
exanpl e, via these | eadt hroughs 66, 68. The frane elenment is, for

exanpl e, rectangular in cross-section in the 5 present case.

Generally, h ver,..a square formis also conceivable, . for ex | e
(cf . Fi g IyAddiion e Felenerabiondimes g Baveh heAbipgstagp i which
respqeti vgl ﬂoxb@d(iﬁkbﬁgﬂt@dtﬁéwg%é it @Bﬁiticﬁﬁ@@ém@ﬁ"@ﬂq@ web
section 70. 10 The franme el ement in accordance with Fig. 5 having
filnms in eaddémsdtion fevapaationt stageB8 avdswhich comprisécat lrasdls® be
provi ded as a cond tigqn. unit, K, with in this, e. a..correspondi ng
Vapor spaRermg gk Feiand 3idenst Phe/RYAPER IR AR (¢ g 4 P6RR. o
shows in a schematic representati on an exenpl ary enbodi ment of a
frame elenent e.g. formng a gas fl ow passage, an air flow passage or
an evaporlt thisugispewt, 4 nespeetivedseating andt 386 caupeisesveheating fluid
vapo er neabl

bot hrl_élpd SPafe gﬂé’i Téggf 'i)!euc"trfi[z b%%nrp e%gycaaﬂuw-tpg%{tf | %lejllt—aérontzﬁlc%{)rpé i;v%‘fl éig
and a respective evaporator unit V comprises a vapor space 44 at least
partly bounded by a vapor-permeable, liquid-tight membrane wall 24. At
least one flow passage 20 which conducts the hygroscopic solution 14 and
is formed between a heating unit 36 and an evaporator unit V adjacent

20 thereto is provided in the heating stage 46 so that the hygroscopic

solution 14 is heated via the fluid-tight, heat-conducting wall 48 and the
vapor arising from the hygroscopic solution 14 arrives through the
membrane wall 24 in the vapor space 44. The vapor arising in this vapor
space 44 is preferably supplied to a condensation unit K of the

25 condensation/evaporation stage 38 (cf. Fig. 4 again).

As can likewise again be seen from Fig. 4, the regeneration device 28 can
also comprise a condensation stage 52 having at least one cooling unit 26
and at least one condensation unit K. In this respect, a respective cooling

30 unit 26 has a cooling fluid space 54 at least partly bounded by a fluid-



20 spacer 62. The franme elenent can in particular be open toward the
inner region 60 e.g. on the two narrow sides for formng a gas flow
passage or an air flow passage. Leadt hroughs 66, 68 as well as
web sections 70 can al so be recogni zed . in 25 the representation in
accordance with Fig. 6. This frane elenment shown in Fig. 6 is also
again rectangular in cross-section. 18 The filns and nenbrane can,
for exanple, be adhesively bonded or welded to the frane el enents. A
different kind of fastening of these filnms and nenbranes is generally
al so concigghglitent-Sokdgetirig stallel8 and = ecdspattive coapteasertiat vent Erhas a
exenpl ary enbodi rent _of a frane el ement square in cross-sectiaon. In
this respéor spagatei aluicast pasdy hayingerd by a eendensalien wyhi4e. #d least
recogni ze D, s

navi ng & 2% 2ebThR sLER AL RURCLAR ad ol f BF et Il SonfeEafbATRAL K

arranged jrotled tondehyasynmease 62 sy th&htlae cohdeheatiby WAl 40 of the
| eadt hr oughs of the same function therefore always come to |ine on
one aRot HESPeRLBE sendeagationaysitchiis cogied Vismthe papling strdhR6a Vapde

desi gned I u . j L o]

ot ati ng Snelt e biRReRlLORiIER aqR idh Gt S B8 PPy
el enent cgmplb]i:ecp@@tthcgjb@ﬁd@g%ﬁjoﬁmﬁeq{_gned such as was descri bed
with reference to Figs. 5 and 6. The different frane el ements can

therefore be arranged relative to one 20 another according to the

el'orent | g go B, EphEFaidn Brtof drERAERbdy bE coB g NS o i P ticutar
par tiloul ahe destRvMNas abinodende Asat spstehh havang aspluraliey of &ene clements

provided in the formof an evaporator unit V can in particular be

spanned bigl-nBigsr &rie. 7)A Inddie cespects the diferafdurationad ustits gucheas in

byt ne. brPRSHEE sutsbetr SR ISR SRR S o s Alhd B 855
condensat fegpedfivé Headitth DhdV8Eed respbcavé cbiidafgafbnauhitarane] Arent
provided in the formof an evaporator unit V and provided with a

menbr ane. YeApsptitecvaparatar unite/ ane eachdpravided in thedopasefagecza. frame
|t 38 i, TRl MR AR R BroWach E RSB s
56 via which they can in particular be connected to one another for
forming the absorption device 16, the regeneration device 28 or a
respective condensation/evaporation stage 38, the heating stage 46
and/or the condensation stage 38 of the régeneration device 28. The frame
20 elements can each comprise an inner region 60 which is surrounded by
an outer frame 58 and which is preferably provided with an in particular
grid-like spacer 62 to whose two sides a respective corresponding
functional surface, preferably in the form of a film or membrane, is in
particular applied for forming a respective inner space or gas space 22, a
25 respective vapor space 42, 44, a respective heating fluid space 50 or a

respective cooling fluid space 54 etc.

In this respect, a respective membrane can in particular take over the

function of a membrane wall 24 and a respective fillm can in particular



19 defined passages for conducting the solution are forned on the
filling of the flow passage 20. As results fromFig. 1, a heat and
mass transfer device can be realized 5 using nenbrane frane el enents,
for exanple. Mist and hot air can, for, _exanple, be sent through the
heat and mass transfer device which is%h air cooler and air dryer in
one. So nmuch concentrated hygroscopic solution can, for exanple, be
10 conducted in counterflow through the fl ow passage bounded by
menbranes and conducting the hygroscopic solution that the air or gas

flowi ng opife 68 TIRIRIAARS bf Al didRtbrathiLe0l Bdf J iR digti, Hedts

in this respect diluted and heated. The cooled and dried air is
suppl i ed eandnpetingvealhdB, for exanple to a ship or the like. In the
consuner the air is 15 heated again by | oads such as el ectrical
consuners and persons and the air humdity is increased by the

CONSUNer Phe RNfféRG tIRATRNElenldift s @ikl Br @kbmpie] B wéldedrdrt &dhasively
al nost corresponds to the inflow air in |arge ships such as cruise

shi ps5 capomdedéatont anothdieda theckehgérusiorenalf, foreexample.veelding web
hum dity dro ﬁ In the dtﬁsorfbe{i or rlg%elgerati on dfvi ce thig air 20
comes i nt I"EB S AN PRSP TETelc FBRETT £ {ARET ISR ProGeT%
I's now exped)efalHaBndeldhbnt a1GRIcUbFess g BEhKedofdri ®dnnecting the
concentrated and i1s cooled by the evaporation of the water. In an
optional ltemsselesagnisoddrexampde.concentrat ed sol uti on can be cool ed

even further and can be supplied to the absorption device again. 25
As can be seen fromFig. 2, for exanple, the heat and mass transfer

devi g@ Orpish® SRGWERAI LICHOVER fHtestRfatfrd R SrerRBldr§ahbotiMehedf a
menbrane franme el enments and the régeneration device can, for exanple,

be real i Zgdmeselegemnwhicle chndpe uskdnéon exampld,i hothf asmecalbnenngt and
The regenerator, 30 or sor is here therefore e up .of nbr.an
(rane. of i APRURRFITE S A 70 FEPErEYEHL LD CVRIAFChALLr AR 1D RAT eofiar De
exanpl e {HFRLEEd WAt bl FBPecAffE FRhEBRMBStH SideBand@ROpR&en® case. The
regenerat’i on apparatus and heats the solution and expels water from

t he sol utheatingHktid\spemeatt coolheafluid spece 9P ovibdertspestivekafmpimacd by
cool i

co0l 180 g bel. Y Bl LIS BESLLADLEIAE L RS Aldud RUASCE
water. The heating fluid or cooling fluid is supplied to and again removed
from the heating fluid space or cooling fluid space 50 and 54 respectively
via passages 64, for example water passages. The passages 64 are
connected to leadthroughs 66 in particular provided in the corner regions
20  of the frame element and in particular for the heating fluid or cooling
fluid. Leadthroughs 68 are additionally in particular provided for the

hygroscopic solution 14 in particular in the region of the leadthroughs 66.

The leadthroughs 66, 68 provided on the left hand side of Fig. 5 can be

25 provided, for example, for a heating fluid inlet or cooling fluid inlet or for a
solution inlet and the leadthroughs 66, 68 provided on the right hand side
of Fig. 5 can be provided, for example, for a heating fluid outlet or cooling
fluid outlet or for a solution outlet. The inlet and outlet for the fluid or the

solution respectively can, however, also generally be otherwise arranged.



solution and can take up noisture. The concentrated solution can be
cool ed via a cool er downstream of the desorber or regeneration
device. As can be seen fromFig. 3, a cool ed absorber or a cool ed
absorption 10 device and a heated desorber or a heated regeneration
devi ce can be provided. Such a conbi natlion is in particul ar of

advant age when outside air is respectively used for the absorber and
the desorber in the respective plant. This is also a suitable process
for a cold storage in a concentrated solution since a | arger water
char ge of pahgld dlotd, dbfdier TRvas bi- e¥eskiiows banlse eetlird, abs exhiiple, R
absorption and desorption can here also take place at separate

| ocat i onsthepedeadHaenighs €6, 81 uti on coul d then be delivered to the
consuner as a cold store. The diluted solution could then be
returned. As can be seen fromFig. 4, a cool ed absorber or a cool ed
absor pt i oThe @r:AAkigenmean iefd REHPIE, irdcefifiilaatih QrobsiRcBon in the
regenerati on device which conprises a systemserving for the

conceft r apresendicashe Geygradyoppweyer, . sgHans fomm s mgsacoheaiyablmdor
condensat i on/ evapor at i tage_a |l as a heating stage and
preferabI?mﬁngﬁﬁgghggiﬁgd%gfgﬁguaFﬁethis respect, the systemwthin
the broken line of Fig. 4 is in a vacuum The cooling 25 fluid and

the heating fluid are at environnental pressure and the solution is
i n a vaculine ledtheoughsdiGrens fer examplei respespivcly bedstinpated tgward

is described. in WD 2007/054311.. Such. a conmbination is in particular
ef fici entt?'fﬁr]’é}{lqor%%gonggta WEba??éfﬂo%?ﬁ' for the desorption of the
sol utjipon. The energy requirenent for the desorption can be

consi derably reduced 30 over the nunber of different stages using a

cor r esporbhedgrammelemenidgn aczordance witlatfignd gravéegdilms iri panticelagf

RS A PSS B S RS 1

seen fromdidsatidNnd K& WieRin ke @ASEE JoArEs nﬁﬁfg}%ﬁéﬂ’éﬁae@@ﬂf
provided in the respective heating fluid circuit of the regeneration

devi ce 28&eing ade tod s tamed betwegn the fdoas.i ng water 74 can, for
exanpLe, be supplied 10 to the condensation stage 52 or to its
cool riig units 26. The healing fluid for the heating units 36 of the

heating sta0® 4RowaAnkesfRakRdidMbpiebahtafehan &mBIaTAbodiment of a
frame element e.g. forming a gas flow passage, an air flow passage or an
evaporator unit V. In the present care, a respective vapor-permeable,
water-tight membrane can in particular be applied to both sides of the

20 spacer 62. The frame element can in particular be open toward the inner
region 60 e.g. on the two narrow sides jor forming a gas flow passage or an

air flow passage.

Leadthroughs 66, 68 as well as web sections 70 can also be recognized in

25 the representation in accordance with Fig. 6.

This frame element shown in Fig. 6 is also again rectangular in cross-

section.



As can be seen fromFigs. 3 and 4, for exanple, a cooler 76 can be 15
associated wth the cooling fluid circuit of the absorption device or
of the cool ed absorber. Instead of air, any desired other gas can
generally al so be provided. In addition, water vapor does not
necessarily have to be renoved in the 18 respective dehum dification
Any desired other mass transfer can al so take place on the

dehum dification. 22 Reference nuneral |ist 10apparatus for drying
and/ or cooling gas 12gas 5 12gas not com ng fromthe consuner

14hygr oscpRé Gils@ 4hH Nedfinbeer din, 0or dvngSle, desAHREivd§asendé®@vr
passage 20fl ow channel conducting the hygroscopic solution 10 22i nner
space or yakleshtrthe freanbrederaends.| A different kind of fastening of these films

and membranes is generally also conceivable.

5 Fig. 7 shows in a schematic representation an exemplary embodiment of a
frame element square in cross-section. In this respect, in particular

leadthroughs 66, 68 can also again be recognized in this representation.

In the case of this frame element having a square cross-section, the

10 leadthroughs 66, 68 are arranged rotationally symmetrically. On a
rotation by 90°, leadthroughs of the same function therefore always come
to line on one another in plan view. Classical crossflow apparatus can also
be designed using such an arrangement. Such a circuit is achieved by
rotating the frame elements by 90°.

15
In another respect, this frame element can in particular again be designed

such as was described with reference to Figs. 5 and 6.

The different frame elements can therefore be arranged relative to one

20 another according to the function to be satisfied. In this respect, for
example, a frame element provided in the form of a condensation unit K
can in particular be spanned by condensation film and a frame element
provided in the form of an evaporator unit V can in particular be spanned
by membrane. A respective flow passage 20 conducting the hygroscopic

25  solution 14 results between the membrane and the film by the bringing
together of a frame element provided in the form of a condensation unit K
and provided with a film and of a frame element provided in the form of an
evaporator unit V and provided with a membrane. A spacer can still be
inserted in this flow passage 20. Instead of such a spacer, the in

30 particular grid-like spacer 46 can also be designed, for example, such that



26cool ing unit 28regeneration device, desorber 30cool er 15 32consuner
34heat exchanger 36heating unit 38condensati on/ evaporation stage
40condensation wall 20 42first vapor space 44second vapor space
46heati ng stage 48fluid-tight, heat-conducting wall 50heating fluid
space 25 52condensati on stage 54coo|in3' | ui d space 56web structure

defined passages for conducting the solution are formed on the filling of

the flow passage 20.

As results from Fig. 1, a heat and mass transfer device can be realized
5 using membrane frame elements, for example. Moist and hot air can, for
example, be sent through the heat and mass transfer device which is an

air cooler and air dryer in one.

So much concentrated hygroscopic solution can, for example, be

10  conducted in counterflow through the flow passage bounded by
membranes and conducting the hygroscopic solution that the air or gas
flowing over the membranes is both dried and cooled. The solution is in
this respect diluted and heated. The cooled and dried air is supplied to the
consumer, for example to a ship or the like. In the consumer the air is

15 heated again by loads such as electrical consumers and persons and the
air humidity is increased by the consumer or by the persons. The return
air, which in particular almost corresponds to the inflow air in large ships
such as cruise ships, can be heated in a heat exchanger so that the
relative humidity drops. In the desorber or regeneration device, this air

20 comes into contact with the diluted solution via the membrane. Water is
now expelled from the diluted solution. The solution is concentrated and
is cooled by the evaporation of the water. In an optional downstream
cooler, the concentrated solution can be cooled even further and can be
supplied to the absorption device again.

25
As can be seen from Fig. 2, for example, the heat and mass transfer device
or the absorption device can, for example, be realized using membrane
frame elements and the regeneration device can, for example, be realized
using membrane frame elements and film frame elements. The regenerator

30  or desorber is here therefore made up of membrane frame elements and
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film frame elements. Warm water flows, for example through the film
frame elements in the desorber or regeneration apparatus and heats the
solution and expels water {rom the solution. The evaporation heat is here
provided, for example, by cooling the hot water from the heating circuit.
The air flowing in from the consumer is also heated via the heated
solution and can take up moisture. The concentrated solution can be

cooled via a cooler downstream of the desorber or regeneration device.

As can be seen from Fig. 3, a cooled absorber or a cooled absorption
device and a heated desorber or a heated regeneration device can be
provided. Such a combination is in particular of advantage when outside
air is respectively used for the absorber and the desorber in the respective
plant. This is also a suitable process for a cold storage in a concentrated
solution since a larger water charge of the solution can be achieved in the
cooled absorber. The absorption and desorption can here also take place
at separate locations. The concentrated solution could then be delivered to

the consumer as a cold store. The diluted solution could then be returned.

As can be seen from Fig. 4, a cooled absorber or a cooled absorption
device can be provided in combination with a regeneration device which
comprises a system serving for the concentration of the hygroscopic
solution and having at least one condensation/evaporation stage as well
as a heating stage and preferably a condensation stage. In this respect,
the system within the broken line of Fig. 4 is in a vacuum. The cooling
fluid and the heating fluid are at environmental pressure and the solution
is in a vacuum. The circumstances are in this respect substantially as is
described in WO 2007/054311. Such a combination is in particular
efficient when no waste heat is available for the desorption of the solution.
The energy requirement for the desorption can be considerably reduced

over the number of different stages using a correspondingly multistage



Clains 5 1. An apparatus (10) for drying and/or cooling gas (12), in
particular air, by means of a hygroscopic solution (14), having an
absorption device (16) which conprises at |east one gas fl ow passage
(18) as well as at |east one flow passage (20) conducting the
hygroscopi ¢ solution (14), wherein the ner space or gas space (22)
of a 1Orespective gas flow passage (18) is at |least partly bounded by
a vapor-perneable, liquid tight nenbrane wall (24) and at | east one
fl ow passage (20) is provided which conducts the hygroscopic sol ution
(14) and éend@itvBHoRgirRess SHGH AsdaF phrBduRassdeenabd) thardiatifleat her
such gas fl ow passage (18) adjacent thereto or an 15adj acent cooling
unit (26)weten rdsesron $haaesorptiparpiosebayr thattisrwatgyds, adairediomethed
fromthe as1§12) via the nenbrane wall (24) into the hygroscopic

sol ution %5%5 d is absorbed therein. 2. An apparatus in accordance
with claim1, 20characterized in that the hygroscopic solution (14)

fl ows through the absorption device (16) in counterflow to the gas
(12). 53. As cappae atem fromakigsr Qeaned aiat heat ekepanger ¢Raiam, Zpr example,
25characterized in that the absorpti,on device (16) nprises_a.

o ur al 1t yooPraRder it SRRt e thsatihe shitd Fef b PR REEAR SR as
well as ag@lidsalg ty of flow passages (20) in parallel with one

anot her and conducting the hygroscopic solution. 25

As can be seen from Fig. 4, cooling water 74 can, for example, be supplied
10 to the condensation stage 52 or to its cooling units 26. The heating fluid
for the heating units 36 of the heating stage 46 can be heated by solar

power, for example.

As can be seen from Figs. 3 and 4, for example, a cooler 76 can be
15 associated with the cooling fluid circuit of the absorption device or of the

cooled absorber.

Instead of air, any desired other gas can generally also be provided. In
addition, water vapor does not necessarily have to be removed in the
20 respective dehumidification. Any desired other mass transfer can also take

place on the dehumidification.



4. An apparatus in accordance with claim3, characterized in that the
fl ow passages (20) of the absorption device (16) conducting the

hygr oscopi ¢ solution (14) are respectively fornmed between two

S5nmut ual |y adj acent gas fl ow passages (%%%. 5. An apparatus in
accordance with claim 3, characterized“n that the flow passages (20)
of the absorption device (16) conducting the 10hygroscopi c sol ution
(14) are respectively forned between a gas fl ow passage (18) and an
adj acent cooling unit (26), with a respective cooling unit (26)
preferably conprising a cool i fefekdhdeSpPasfora®P4istat | east partly
bounded by a fluid-tight, heat-conducting wall (48). 15 6. An
apparatus in accordance with any one of the preceding clains,
characterjzed in that the hygroscopic solutio 14) exiting the
Sboorpt | of0devi ce. (epatatud Bhrrets 8137t soRlpdHn tevi ca (58) i n
which it g regenergﬁ;d and the regenerated hygroscopic solution (14)
is preferably again 20supplied to the absorption device (16). 7. An
appar & usl2'n accor dgaenotcbmingdromsthe hansatieri zed i n t hat

25absorpt Fbn devi LEVRGREOPIE SPIEblAREr (30). o Tr o
16 absorption device, absorber
18 gas flow passage
20 flow channel conducting the hygroscopic solution
10 22 inner space or gas space
24 membrane wall
26 cooling unit
28 regeneration device, desorber
30 cooler
15 32 consumer
34 heat exchanger
36 heating unit
38 condensation/evaporation stage
40 condensation wall
20 42 first vapor space
44 second vapor space
46 heating stage
48 fluid-tight, heat-conducting wall
50 heating fluid space
25 b2 condensation stage
54 cooling fluid space
56 web structure
58 outer frame
60 inner region

30 62 spacer



8. An apparatus in accordance with any one of the preceding clains,
characterized in that the gas (12) exiting the absorption
device (16) is supplied to a 30consuner (32). 26 9. 5 10. 10
11. 15

23
64 passage
66 leadthrough for the heating fluid or cooling fluid
68 leadthrough for the hygroscopic solution
70 web section
5 72 heat exchanger
74 cooling water
76 cooler
K condensation unit

10 V evaporator unit



12. 20 13. 25 14. 30 An apparatus in accordance with any one
of the preceding clains, characterized in that the gas (12) com ng
fromthe consuner (32) is supplied to the regeneration device (28).

24

Claims

5 1. An apparatus (10) for drying and/or cooling gas (12), in particular
air, by means of a hygroscopic solution (14}, having an absorption
device (16) which comprises at least one gas flow passage (18) as
well as at least one flow passage (20) conducting the hygroscopic
solution (14), wherein the inner space or gas space (22) of a

10 respective gas flow passage (18) is at least partly bounded by a
vapor-permeable, liquid tight membrane wall (24) and at least one
flow passage (20) is provided which conducts the hygroscopic
solution (14) and is formed between such a gas flow passage (18)
and a further such gas flow passage (18) adjacent thereto or an

15 adjacent cooling unit (26) so that moisture, in particular water
vapor, is transferred from the gas (12) via the membrane wall (24)

into the hygroscopic solution (18) and is absorbed therein.

2. An apparatus in accordance with claim 1,
20 characterized in that
the hygroscopic solution {14) flows through the absorption device
(16) in counterflow to the gas (12).

3. An apparatus in accordance with claim 1 or claim 2,
25 characterized in that
the absorption device (16} comprises a plurality of gas flow passages
(18} in parallel with one another as well as a plurality of flow
passages (20) in parallel with one another and conducting the
hygroscopic solution.
30



An apparatus in accordance with claim9, characterized in that the
gas (12) comng fromthe consuner (32) is supplied to the
regeneration device (28) via a heat exchanger (34) in which the gas
(12) is preferably heated. An apparatus jn accordance with claim 8,
characterized in that the gas (12) conﬁﬁb fromthe consuner (32) is

| ed off as exhaust gas or as exhaust air. An apparatus in accordance
with claim1ll, characterized in that gas (12') not comng fromthe
consuner (32), in particular inflow air such as environnmental air, is

supplied 40 t%ra%ﬂﬂiﬁ't@é ifhcdeYisBeé HHth chinaBparatus in accordance
with any one of the preceding clains, characterized in that the

hygr oscopi ¢ sothalagherideq i ithas t hr ough t he regenerati on device (28)

in counterflow,to.the gas (1 2:). An a ratys.in cordance with
anyone of ¢ helis AbEchAReRa 70l ot fhe 2hsBFPOaA dined it Srfie the
regeneration Q‘?}Vg&%céﬁﬁ‘)s&ﬁ‘mﬁiﬁﬁﬂ Al PR Eti@é'lgr Qetdd B¥Passags (18)
as well as at l|'east ohe flow passage (20) conducting the hygroscopic
sol ut Bon (14) ,mmittibllyreedjaoert gapdosw pasgagespflle (22) of a respective
gas fl ow passage (18) being at |east partly bounded by a

S5vapor - perneabl e, liquid-tight nmenbrane wall (24) and with at | east

5. An apparatus in accordance with claim 3,
characterized in that
the flow passages (20) of the absorption device (16} conducting the
10 hygroscopic solution (14) are respectively formed between a gas flow
passage (18) and an adjacent cooling unit (26), with a respective
cooling unit (26) preferably comprising a cooling fluid space (54) at

least partly bounded by a fluid-tight, heat-conducting wall (48).

15 6. An apparatus in accordance with any one of the preceding claims,
characterized in that
the hygroscopic solution (14) exiting the absorption device {16) is
supplied to a regeneration device (28) in which it is regenerated and
the regenerated hygroscopic solution (14) is preferably again

20 supplied to the absorption device (16).

7. An apparatus in accordance with claim 6,
characterized in that
the regenerated hygroscopic solution (14) is supplied to the

25 absorption device (16) via a cooler (30).

8. An apparatus in accordance with any one of the preceding claims,
characterized in that
the gas (12) exiting the absorption device (16) is supplied to a

30 consumer (32).



one fl ow passage (20) being provided which conducts the hygroscopic
solution (14) and is fornmed between such a gas flow passage (18) and
such a further gas flow passage (18) adjacent thereto or an adjacent
heating unit (36) so that noisture, in 10particular water vapor, is
transferred into the gas (12, 12') from@ he hygroscopic solution via
the nenbrane wall (24) and the hygroscopic solution (14) is
concentr at ed. 15. An apparatus in accordance with claim 14,
15characterized in that the regeneration device (28) conprises a
plurality of gas flow passages (18) in parallel with one another as
well as a plurality of flow passages (20) in parallel with one

anot her add cohdwppargtusdntapgovdanet witlolamy ome pldhe procddingAriaims,
apparatus in a cord nee th cJFa|m15 characterized in that the flow
passages (20) A LCIZb L ABRY on devi ce (28) conducting the

hygr oScopi ¢_Salrdl iy [iﬂ)@orﬁir?gpf&ﬁﬂ%ﬁ%‘db@is)ﬁrﬁ@f RehYSSTed 19 the

25mutual Iy adj ace t gas assages (18). 17. An apparatus in
accor dance wi ttegeharaias deviar B28)eri zed in that 28 the fl ow passages
(20) of the regeneration device (28) conducting the hygroscopic
solution (14) are respectively formed between a gas flow passage (18)

and an adlécenénr%ﬁjgidr%@ug tac@%? anée %\ﬁth'ﬁi‘aﬁﬁ)@ar atus i n accordance
with any one o prece ng clainms, in particular in accordance
with cl ai m 11, clohmacéetieed pedhah t hat
the gas (12) coming from the consumer (32} is supplied to the
10 regeneration device (28) via a heat exchanger (34) in which the gas

(12) is preferably heated.

11. An apparatus in accordance with claim 8,
characterized in that
15 the gas (12) coming from the consumer (32) is led off as exhaust gas

or as exhaust air.

12. An apparatus in accordance with claim 11,
characterized in that
20 gas (12") not coming from the consumer (32), in particular inflow air
such as environmental air, is supplied to the regeneration device

{(2.8).

13. An apparatus in accordance with any one of the preceding claims,
25 characterized in that
the hygroscopic solution (14) flows through the regeneration device
(28) in counterflow to the gas (12, 12.

14. An apparatus in accordance with any one of the preceding claims,

30 characterized in that



the regeneration device (28) has at |east one
condensati on/ evaporati on stage (38) which is flowed through by the
10hygroscopi ¢ solution (14) exiting the absorption device (16) and
whi ch conprises at | east one condensation unit (K) and at |east one
evaporator unit (V), with a respective2€bndensation unit (K)
conprising a first vapor space (42) at |least partly bounded by a
condensation wall (40) and a respective evaporator unit (V)

15conpri sing a second vapor space (44) at |east partly bounded by a

vapor - per neabl e fé%ﬁ'e%ﬁbﬁ@ev@@é@f?% MBHseb 2D eastoMb th sFlow §REage

one fl ow passage ( bei ng provid whi th conducts the "hygroscopic
solution (14) @5 a;ssvekbram leasthoar fhaw passegndaiseonductingtthek) and

such an evaporator uni f adj acent hereto so that the

hyar ocop! o soRAesHOpleaobe L B Gt tERthen S8rta Br drivanacq 33) of a
and the vapor I f

Chrough 1 he- meesPacade SR pANAERIEAPbELEPULICRR oty MEnNEd by s
An appar at us ivapmepedanaklapiliguid gt ﬂrﬁ:mbimnaw&ll (2 chndh witlatat ledst

LR ough by« neoy GRBS B Rl e (a7 Bl high ahBdites the' °°
condensat | on/ ey ?%%@sa W fﬁﬁ)aﬁmsmlrﬁ@dw%bﬁ c"Halg%‘%sﬂo

30o0ne heating east one evaporator unit
29 respective Ibmaga:qwmlamd(%q:hqunthsr ggsdldveqﬂa;ssggé I[lﬁ)dadjpa:eat( 50)

at | east partl nded by .a fl i ght conducting wal| (48)

2nd 5 respect i METEIAAE AR AIRGRT HEOTEEHBH Cohgou RLBP e 44)  at

leasygpartly bﬁéﬁﬂﬁﬂa{)}ﬁfﬁd‘ %Bbr,p%r{f%ﬁgfé‘rre& b ghd 'gﬂQt(lﬁ? TOHFEm the
hygroscopic solution via the membrane wall (24) and the

hygroscopic solution (14) is concentrated.

15. An apparatus in accordance with claim 14,
15 characterized in that
the regeneration device (28) comprises a plurality of gas flow
passages (18) in parallel with one another as well as a plurality of
flow passages (20) in parallel with one another and conducting the

hygroscopic solution (14).

20
16. An apparatus in accordance with claim 15,
characterized in that
the flow passages (20) of the regeneration device (28) conducting the
hygroscopic solution (14) are respectively formed between two
25 mutually adjacent gas flow passages (18).

17. An apparatus in accordance with claim 15,

characterized in that



5wal | (24), with at | east one fl ow passage (20) being provided which
conducts the hygroscopic solution (14) and is forned between a
heating unit (36) and an evaporator unit (V) adjacent thereto so that
t he hygroscopic solution (14) is heated via the fluid-tight,

heat - conducting wal | (48) and the vapol8arising fromthe hygroscopic
10solution (14) arrives through the nenbrane wall (24) in the vapor
space (44) and the vapor arising in this vapor space is preferably
supplied to a condensation unit (K) of the condensation/evaporation

stage (38). 15th%0ﬂov$’}%e?§%ﬁ§%§t[2§] btIRE £OELRIS IO 89%1{2515?28] é@n&ﬁcﬁhgi tHe

19, characterized 1 n“that “the regenerattTon device conpri ses

condensat i on stygrestopic savitivg: 6lt4) sxestespretivelyl formpadhbetwE6) aggasd Bow
| east one condensati o nit, (Ky,.with respective cooling unit (26)
compr i o1 g o doens B8 P acemRedfRBaHU B6ETTy bounded by A
fluid-tight, heat- conducting wall (48) and a respective condensation
unit (K) conprising a vapor space (42) at |least partly bounded by a
condebsati®n wah lappéihtasdn sicchrdanteadth ang aoobf tige preteding)clbanagin

directly adjacent tqQ at |east one cqndensatign unit (K) in the
2500ndensatiorp%ﬁ%ga(m%of‘ﬁi%@c?%t 6kd8hddti on wall (40) of the

respective CO%}%@E&H@M}&%&@ is cooled via the cooling unit (26),

and with vapor preterably arising in a preceding
condensat i on/ eb&prEgaheoatishatyi¢S@)8)deangt eqxtloresl to the

one of the. pr ESBHeHpation fRAnSRARSB SRS GO) WINHALS Howes! Heraughe Y foe

s o0 1L RASCEILNGH Pl ok ASTieLeUEALs (8Pabl

fl ow passage (WBjch aongapset alvkast@nencpnddrisath) nrdt (K) and at least one
evaporator unit (V), with a respective condensation unit (K)
comprising a first vapor space (42) at least partly bounded by a
condensation wall (40) and a respective evaporator unit (V)

15 comprising a second vapor space (44) at least partly bounded by a
vapor-permeable, liquid-tight membrane wall (24) and with at least
one flow passage (20) being provided which conducts the
hygroscopic solution (14) and is formed between such a
condensation unit (K) and such an evaporator unit (V) adjacent

20 thereto so that the hygroscopic solution (14) is heated via the
condensation wall (40} and the vapor arising from the hygroscopic

solution (14) arrives through the membrane wall {24} in the second

vapor space (44).

25 19. An apparatus in accordance with claim 18,
characterized in that
the regeneration device (28) has a heating stage (46) which is flowed
through by the hygroscopic solution {14) exiting the
condensation/evaporation stage (38) and which comprises at least

30 one heating unit (36} and at least one evaporator unit (V), with a



respective heating unit (36), a respective condensation unit (K)
and/ or a respective evaporator unit (V) are respectively provided in
the formof such a frame elenent, with the frane el enents preferably
bei ng provided with web structures (56) via which they 10can in
particul ar be connected to one another 28r forming the absorption
device (16), the regeneration device (28), a respective
condensati on/ evaporati on stage (38), the healing stage and/or the
condensati on stage (52) and respectively conprising an inner region

(60) which is gup E@Hﬂ@?ﬁa‘@%{g"ﬁn@ﬁﬁ] Io?ﬁr 2 HG el is%%a(c%é?O]t %t

15preferably provided with an in part rid- I|ke Sspace
whose two si ddsast paslﬁﬁd:xaumi&;bbyesﬂumh-lt@ltf hlnat-lcomiucstmg aed] (48) and

preferably in the formof a film or rane,. i s in particula
ol fed tor 1ot e S NecepRaratar P e tsiig v BRasaoaiie at

f
respective Vaﬁ@és@?l £ %ﬁ(ﬁ%ﬁ H{ g%%?%#&%ﬁ?@tli(ﬂ%d tight i30R3%2ane

(50) or a 20respec
5 wall (24), with at least one flow passage (20} being provided which

conducts the hygroscopic solution (14) and is formed between a
heating unit (36) and an evaporator unit (V) adjacent thereto so that
the hygroscopic solution (14} is heated via the fluid-tight, heat-
conducting wall (48) and the vapor arising from the hygroscopic

10 solution (14) arrives through the membrane wall {24} in the vapor
space (44) and the vapor arising in this vapor space is preferably
supplied to a condensation unit (K) of the condensation/evaporation
stage (38).

15 20. An apparatus in accordance with claim 18 or claim 19,
characterized in that
the regeneration device (28) comprises a condensation stage (52}
having at least one cooling unit (26) and at least one condensation
unit (K), with a respective cooling unit (26) comprising a cooling

20 fluid space (54) at least partly bounded by a fluid-tight, heat-
conducting wall (48) and a respective condensation unit (K)
comprising a vapor space (42) at least partly bounded by a
condensation wall (40) and with at least one cooling unit (26) being
directly adjacent to at least one condensation unit (K) in the

25 condensation stage (K) so that the condensation wall (40) of the
respective condensation unit (K) is cooled via the cooling unit (26},
and with vapor preferably arising in a preceding
condensation/evaporation stage (38) being supplied to the
condensation stage (K).

30
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30

An apparatus in accordance with any one of the preceding claims,
characterized in that

it is designed as a modular flow system having a plurality of frame
elements and the different functional units such as in particular a
respective gas flow passage (18), a respective cooling unit (26}, a
respective heating unit (36}, a respective condensation unit (K)
and/or a respective evaporator unit (V) are respectively provided in
the form of such a frame element, with the frame elements
preferably being provided with web structures (56) via which they
can in particular be connected to one another for forming the
absorption device (16), the regeneration device (28), a respective
condensation/evaporation stage (38), the heating stage and/or the
condensation stage (52) and respectively comprising an inner region
(60) which is surrounded by an outer frame (58) and which is
preferably provided with an in particular grid-like spacer (62) to
whose two sides a respective corresponding functional surface,
preferably in the form of a film or membrane, is in particular applied
for forming a respective inner space or gas space (22}, a respective
vapor space (42, 44}, a respective heating fluid space (50) or a

respective cooling fluid space (54}.



