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 noisture fromthe 10

envi ronnent. A correspondi ng hygroscopi ¢ sol ution 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 solution increases inter alia as the tenperature

drops. 15 It is the obj iﬂégg i I Q] n i nproved
apparatus of the initi a#?aﬁ%:nl{gg&gi n mgiag@/té)%sc%rog%sﬂggﬁyi ng

performance or cooling performance which is as high as possible with
a design which is as sinple and conpact as possible. 20 This object
is satisfied in accordance with the invention by an apparatus for

dryi ng gnd/THe £0ehtibll 1@RGes th aBAUPPG MY foridryindyam®aiScodling gas, in
hygroscopi ¢ sol uti on, having an apsorption device which conprises at

| east one GRIUEVEE FhsVaFEaRs ofd hygroseepic salutizheSyshan Eppesgils can
conduct i ng yehgsezd Y %&ﬁ@%'iﬁ a?xlo&éﬁdi%nir\éé;ﬁfaﬂt% ot tEﬁe '(Ijiﬁ@?r space or

gas space of a respective gas ow passadé I's bounded at |east partly
by vapor-perneable, liquid tight menbrane wall and at | east one flow
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ignic 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



5 large drying performance and cool ing performance due to this
design. In particular a |larger nunber of gas flow passages can al so
be provided w thout problem whereby the performance capability can
be correspondingly further increased. 10 The hygroscopic sol ution

fl ows through the absorption device, @ferably 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 15 passages in parallel with one another and conducting the
hygr oscopi ¢, sol uti on, The fl ow assages of the absorption device
conduct i ng ftfﬁ?éﬁﬁ?y@do@%bﬂ@g%ﬁmitgﬁ ragmbrane valinse she B&gw@ppmel y be
formed bet V&ﬁﬁm&ﬂ"ér@fs%éd})g@tﬁ&leﬁ?em gas flow passages. Those

enbodi ments are, however so concei vable in which the fl ow passages
of the absorption device conductlng t he hygroscopic solution are

respectivel t ro ass nd_an adjacent
cooling 25 ?Jﬁ?ﬁt gﬁﬂ%tggpe o&lfilth % \agalicﬁF%mPégﬁléﬁ 13 relatively) |
conpri s&s dargmﬂrymgfplebm“odn&me@rﬁtcdtﬂ@g Mﬁﬁéﬁld&ﬂhﬂ@l@cﬁt&! esign. In
fluid-tight, hea co ductin COOltJC@% urd space. 3 absor pt| on

device is &°F P@@ngﬁmﬁlsmbei Rrovided
regener at edmtﬁbﬁt Bﬁﬂﬁaﬁ{ a&rﬁé}eby%%eﬁehﬁaﬁeé %ég&mﬁﬁe%ﬁw agai n be
y

supplied to the absorpti on_ devi ce. The regenerat ed groscopi c

sol ution c&?%@ﬁﬁmglﬁéuf@erh@@%ﬁ -ption device via a cooler. The
absorption capability of the hygroscopic solution reused in the
absorption device is further increased by the additional cooling. 10
The gadOex i’It‘hmlgygrimece;blscaommm fidesi theough phe hesatptiorsdppte,qeteferably

consumner. articul a E a consunmer with little gas | oss, the gas
com ng from t(ﬁj ﬁg%?wl% 2¥%e supplied to the regeneration device.
It can be of advant age in this respect if the gas comng fromthe

consuner |31qu,\£}gl ie 15 to the regeneratl on device via a heat
exchanger i deyics @ Parimiar grmygise 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 selution are
respectively formed between a gas flow passage and an adjacent cooling

25 wunit. 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



Whereas 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, however, it can al so be of advantage
if the gas comng fromthe consunmer is |led off as exhaust gas or
exhaust air. In this case, gas not conigg fromthe consuner, for
exanple, in particular 25 inflow air such as environnental air, can
be supplied to the regenerati on device. The regeneration device can,
however, generally also be operated without any supplied gas. 4 If
the regeneration device is flowed through by a it is

advant ageo RPSOFPHfR ARYiFedS @EW@GQJP&FE’&%HPWSW 3%@%5}1“%@1 it is
regeneratiqlg @ﬁé’r’a@&i 'Thé:fﬁgéh%fiitjeﬁ"ﬁ};g?oé 988N PG da%ﬂe gMth a

preferred practlca nbodiment of t'he apparatus 1 n accor W th
t he |nventlwpplﬁﬁéor@gmoaphmd@§lmw conpri ses at |east one gas
fl ow passage as well|l as at |east one fl ow passage conducting the
hygroscopi ¢ solution, with the inner space or gas space of a

respect bve ”Jg&sre‘genmraiad Sogeodiwipigselutioaagin ba rshbyslib@ 1o diee abgodption
vapor - per | i qU| %gl ht nbr an gn at | east qne flow
passage belcﬁ?d“ﬁr‘ﬁ?had‘é@% ?:lg??dﬁ Elctaﬂ'?@ 06 $88 BYEraseRIS HUEAR | s
formed bet wegBed us h@ aBasrftiRNaeAsS BORIANE RckeddeResy %Qd&li@ﬁmfai ow
passage adjacent thereto or an adjacent heating unit so

nmoi st ure, |Q‘POB§€{| cul ar water vapor, is transferred |nto the gas from
t he hygroscopic solution via the nmenbrane 15 wall and the hygroscopic
solution is concentrated. In this respect, the regeneration device

advant d§eoBleygaoerptingdbeabsoupadn devick ig asefetabiy pappligd oiancpaahte!
with one another as well as a plurality of flow passages in parall el
wi th one another and conducting the 20 hygroscopic solution. In this
respect, i tinqamrtivalaafwilwosagenenwiipetitld gaciasssttd gddeorhirgifrom the

passages of the regeneration. d e conducting the hygroscopl.c
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passages. Zelvantage 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 exaruple, 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.



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 inyention is 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
conprises at 5 | east one condensation unit and at |east one

evapor at or Hfife regeneration depisetis Jlowedribeoragh byra gas.tit soagvandagepus if
first vaporyg 8@%¥%§§3ﬁﬂﬂﬂfﬂ%%sgﬁln gﬂgﬁm%ﬁ§8ﬁﬂﬁﬂ§8&h89h¥a" and

a respective e uni't conpris C vapor “Space at | east
partly bounsechtoyflcew Wapus gper neabl e, 1iquid-tight menbrane 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

and such anmneurRpedaicy withi 4 peetbaedirabhedledhbsnidiat oftthe Apar28 ORI C
solution is heated via the condensation wall and the vapor "ari sing

fromthe hyAfceEEEHiccWEB theiiBrention.ike regertrghioneviemhermpasenrt laast
t he second %0%; . i &%%%r i : .ce
expedi ent | y0 ha Saﬁﬁggﬁsﬁg es'%l ggeéﬂmﬁ %ﬁﬁalﬁgu‘???%vtt\lggr {)%r o] gh&%{?ﬁ? Fll'gjg\fhg
c\%grﬁscopi diygnbeaapdn selkitton gitih ghe dmeresic Em;‘/maq:;mcal tof @rrespagiiveagab
ich conpr ti nj_t at | east one gevapor ator
ini t1 it b o BaStaceiihe dRTedS o eifiiactilty ElvantR Renern! ARG
space a0 | endtt rpamibirynd ewiladd by leasdt losiedidw ghtsadeclading providet Rehival |
and a respective, evapgrator unit cQnprising a vapor space at |east
par t1y bourtgeadugy® 1, Aperospapifeali o8 PrguP dotnes BeRest Sheh adasnia
| east one fiaawagassagentiehadside ghs Bdwihsshgs aasichs thBRtH¥gLascopi ¢
solution and is forned between_a heating unr't anhd an 25 evaporator

uni t adj acéjasendheadingoupitso thas meigiuec bppartisiat waier vapmraied vi a
the fl uid-t4.9hreR834 i %Qg YARA | & aLhe
hygr oscopi ¢ sol eati on gf%g% %@%E@%W e ﬁ% %rsane é\%l@fd ﬁ]@gﬁgﬁ vap%r
space ahd twall guddhedyigsosappinsoitonvisponceptreted.s pref erably
supplied to a condensation unit of the condensation/evaporation
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, heat-conducting wall and a
respective 5 condensation unit conprisipg 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
condensation unit is cooled via the cooling unit. In this respect,
vapor ari sihfutheappfecedimgctioalcambedivatntor/tbe sppeaativeninsacgediusce
preferably s ] . i the.reaeneratio
devi ces coﬁ%ﬁ?géé%gﬁ%RE%Qgvgﬁ§%§ﬂ%%%9ﬁ§ﬁ%%%g@%{%%?%ﬁa%ﬁn?%%g?%gﬁéﬁ
condensat i dedshvapocaidasativagevapwationgtagaghicnsd foeéd takiuphlby ahso

condensatiqQn stage, this systemis preferably in a vacuum the .
cooling fl &Y@r%ﬁpmﬁ,&f«ﬂimy %ﬁpgﬁ‘lﬁ aheeTRicat BPEse mwﬁm toARERERRt
pressur g anéadtim s eabion $@ik whidost ledsPaed Fadtd it VRauum I n
t he condensation stage(s)/evaporation stage(s) and in the heating

stage, t he TR§RRBYESNEensrtion omit aamphlsieg aifitat wpwesracetaideadi pamly

t enper at ur %o%%d%arﬂfa%gﬁeagaﬁ&l Wl &9@ gl &gﬁe(ﬁ[‘%sa%%ﬁﬂaﬁﬂﬁt vapor
space of a respectl ve a jacent evapor at or uni over "a St ages, as 1S
descri bed iconWBisA0g 7 5B dIvagpor cipace afl deastiptalrtly homdied byna tvhpor-

di scl osure _conte f the. present application. .25 respective

heat i g unEBiEaPlr, Mo et FRERb 2R Walrn d Rt B o bERRE Poir Rassae,
fluid whi cheirsg pfoidexamtle cohgatedtHyhpabatoriewelution 4he iy &dded
entering |g%$@a respective, condensatjon unit of the

condensat i Geth SHER iPorPrdenigationiyeil s8¢l slich Re c¥aRe@iehingrdjacent

surfaces. 3Qerths s6AhaETROAYERGCBERT sdlatibhas HeatdLHaltPe!ddBdBNIAOSEOPI C
solution via the 7 respective surface. The vapor arising therein

passes t hr GtijhanfébaeapprAtishig fram ti brgiesceniasohation agnves thooght s
o the. oo astBPEANRLIR &% b SRRoREBRar Cng - T TP
condend&t i on/ evaporation stage in the
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



5 case of a plurality of condensation stages/evaporation stages. In
accordance with a preferred practical enbodi rent of the apparatus in
accordance with the invention, it is designed as a nodul ar flow
system having a plurality of frane elenents. In this respect, the
different 10 functional units such as ig particular 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 frame el enent. 15 The frane

el enents are preferably provided with web structures via which they
can in par tTharegenpetivhdedce preferany camnrires 4 opndenasition sthge having
absor ption I r.aty | t] .
condensat i oaﬁﬁ é%%?o%%?&&%%‘?ggeﬁﬁ %fgle%ggkzﬁﬁ 8 °§F§§%€Pﬁ§°ﬁh§‘}éﬁ’ %Nﬁteh a
condensat i aesptape. calinghenit campridiegendoliagflddapacempild=e partiynner

regi on whigh is rroynded. n outer frane and ich is preferably
o ovi ded wiitwiied By ARt BePionin el Rl d ik tae ik s dos. 2
respect gve (@RidefsROGE hitGt Eomplisah vapoF 868ce Bf RhEF PQH}& bBuhAed bgran
of a filmor nmenbrane, is in 25 particul ar agpjlgl ed for fTormng a

n

respect i ve GoRAERsaieR wall ap@ willpat leash opsspeing el hpise dpatly, a
respective j f:u) Ay i i e.
The web ot ridRao bR GoRleahBANREY 1l Tné B0hikcidH SepBREC
connect ed tthabblee arndé¢rgatianwallef the aegpeetivb eondkbdeatioe bnst isuwobiades

or 8 bond [ A ich the frane_elenents_are wel ded or
bonded to. o heTHie Snfl B dRisaRebtt WaPREaHERE: sl %
fricti a0 walotidegsptiacssapotatias etagadk PreferabeagsplrddiodheaoneieahsaGon
el ement wel di ng process can be used, for exanple, for connecting the
frame ele ?%9 5 The gas dryi ng apparatus and/or gas cooling

apparatus can be designed in a particularly sinple manner and can be

varied in the desired manner
If the regeneration devices comprises the previously mentioned system of

at least one condensation/evaporation stage, heating stage and preferably

15 also condensation stage, this system is preferably in a vacuum, the
cooling fluid and the heating fluid are preferably at environmental
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



using the frame elements in accordance with the invention. The frame
el ements or the units or stages obtained via themare characterized
by a 10 relatively sinple formand 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
wel | as the regeneration processes can, ’f or exanpl e, be realized only
W th nmenbrane franme el enents or wwth a conbi nati on of nmenbrane frane
el enents and film 15 frame elenents, with frane el enents al so being
concei vabl e which are provided with a nenbrane on the one side and
with a fil mespectivge sirfece. Sihdavapbnerisivg bitéren pabsesbiirengh dhaed in

thedr aui ngPere of (hEHuRReRh tarant G ISR R REPT EOAE WA 1O
r eg; esent af&m@frﬁ@fa@\;\mﬁﬂﬁlﬁ )ﬁr@ﬁb@@l ofrend v@;ﬁoﬁépamgpﬁ‘rtﬁb _ljasﬁedbﬁv_ar yi ng
and/ or coolin as,..in whjch t as exiting the absorptjon device is
suppl i ed t SomieBaation ru%ap they ﬁ%élgg%g comssisatiosy/ evapoRationssinge irdbe o

a regengr atdaQn of@vhiee %h@eh@&ti&?%@i%é%i/%ﬂﬁ‘éﬁ%ﬁ 24

d he .
regeneration device each include at |east one“flow pass%ege conducti ng

t he hygroscopic solution and forned between two gas fl ow passages; 9

Fig. 2a sc I Ei[]%ér i f . qgm ; g[{b i t.of. the
appar at us 2@%‘;’%@, e w E ﬁr% ﬁ%éfg%gg(ﬂrﬁeg%fﬁi n a@%ﬁé} anogghwi Eﬁaé%{s 1
W th the regenstaideomittdhiedeyeritae\dets desigped sk rgmadulaadw apsteid ow
passage forned between.a gas 5fl ow pass and a heati uni t and
conduct i ng A& 9%?@8&(&%@3&?&3&“&)&5 117 Ehis Tespect; 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 {rame 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



Fig. 3a schematic representation of an exenplary enbodi nent of an
apparatus for drying and/or cooling gas in which the gas 10com ng
fromthe consuner is |led off as exhaust gas or exhaust air and gas
not comng fromthe consunmer is supplied to the regeneration device
and the absorption device conprises at | east one flow passage
conducting the hygroscopic solution andSf or ned between a gas fl ow
passage 15and a cooling unit and the regeneration device again
conprises at |east one flow passage conducting the hygroscopic
solution and fornmed between a gas fl ow passage and a heating unit; 20
Fig. 4 25 dsulenstiiicturepvisswinticit tlonfrafneaciementp bae webdduboi bendedfo an

apparatus for dryin nd/ or_coaql i as.in which the gas com.ng from
the consumer§ %n%ltzlgg'oﬁﬂﬁascaé%& u %lgagéve@rélt&ﬁ §¢ %?1?, ?rhgreg%ggr ption
devi ce agaiproeesm s Beer eldifgiroorss éﬂ@ﬂ@r&ﬁﬁé@@ﬁ%%wﬂ@&t WEINRE Protedds
fl ow passage and a c¢ooling unit_and conducting the hygroscopic

sol ution arfd™heus & eEEHe ey icopneeling the rage elsmantsne
condensat i on/ evaporation stage, a hearing stage and preferably a

condensati on stage; 10 Fig. 5a schematic representation of an
exenpl ary éififogaseéningfppafztaseand Mraias wioliol apparatnpean beulegignsd

e oot 37 CRER Ly e R 1O e Al T,
enbodi ment wding the &nene EEmaitsangectadiaricegvidh ghs ineasage THe fbme
passage or Jonanédsr ﬁ'&eo{lm Qic}r;stggnéjs obtained via them are characterized by a
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



10 Fig. 7a schematic representation of an exenplary enbodi nent of a
frame el enment square in cross-section. Miutually correspondi ng parts
have the sane reference nunerals associated with themin the
different Figures. 15 Figs. 1 to 3 showin a schematic representation
a respective exenplary enbodi mrent of an_apparatus 10 for drying

and/ or cooling gas 12 by neans of a hyg?oscopic solution 14, with the
gas 12 being able to be air, for exanple. 20 In this respect, the
apparatus 10 conprises an absorption device 16 having at |east one
gas fl ow passage 18 as well as at |east one flow passage 20

conduct i ng FigeZhygr oacepemadinl ngpiresentdtion nf thi exengspee emmbodementef

space or gas space 22 of a respective S | passage 18 is at |east
25 partly bounded by e9BBW?B§FW§3%!Wb&ggﬁr@ﬂ?‘ﬂﬁbﬁﬁﬁﬂne wal |
24. At |east one floweqadangewith Fg. [ il ege wWiskrewod detite RSwever,
hygroscopi ¢ solution (14) and is fornmed between such a gas fl ow

passage 18 and a f ur EHBPTSIRmaIeast PBG loasRatracedorBpd behveehadsso
(cf. Figs. 1 and 2) gpwahsd %@Qha%epg?ﬁﬂ%h@@%ﬂ@'cbnaﬁcﬁﬁg-SthE' gs. 3

and 4) so that noisture,” In particu wat er vapor,

transferred from t hehyggrostopieiselutien;menbr ane wall 24 into the

hygr oscopi ¢ solution 18 and is absorbed therein. In this respect,
t he hygroscopic solution 14 can flow through the 5 absorption device
16 in countkigf Bow t oatshheg@sick2presentation of an exemplary embodiment of an

apparatus for drying and/or cooling gas in which the gas

10 coming from the consumer is led off as exhaust gas or
exhaust air and gas not coming from 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;



The absorption device 16 can conprise a plurality of gas flow
passages 18 in parallel with one another as well as a plurality of

fl ow passages 20 in parallel with one another and conducting the
hygroscopi ¢ solution 14. 10 As can be seen fromFigs. 1 and 2, the

fl ow passages 20 of the absorption device 16 conducting the
hygroscopi ¢ sol ution 14 can respectivelly be forned between two

mutual | y adj acent gas fl ow passages 18. 15 However, in particul ar
such enbodi ments are al so conceivable in which the fl ow passages 20
of the absorption device 16 conducting the hygroscopic solution are
respecti velEigf or mred bethematiz gascdendaiipast agextfpad, anbadjimerhdf a
cooling unit 26 (cf._.Figs.,. 3 and.4 Inthis.re ct, a,regpective
cooling unit 26 prefg?g% SeTsRG I'E)ég Cﬁnclgo?%]ﬁui% %ugﬁ%bga'g&sa 20

| east partly boundedcdwiirgy fihitizohd 4gatheaiRd usRREUSEN BY VIridehBatidhe
hygroscopi ¢ solution 14 exiting the absorption device 16 can be
supplied to a regenet8iion device 28 in which it is regenerated. The
regener gt ed hygroscopic solution 14 is then preferably again supplied
to 25 the absorption device 16. As can be seen fromFigs. 1 and 2,

t he regenerEigeld hygraschpingticaentrdsentatiorr ahanrexpmplivguérabotiimeutppd 4 ed
to the absorption deyj via_a oler 30, 12 The gas 12 exitin

t he absorption devi C%E%% eclzlgrﬁlebge'sgjg% &P ¢ 528 PESR Qi passage pf apg
of advantage in specefapora@samit;faddie gas 12 comi ng fromthe consuner
5 32 is supplied to the regeneration device 28 (cf. Figs. 1 and 2).
In this respect, the gas 12 comng fromthe consuner 32 can be

suppl i @d t gighe r egeﬁlgéﬁémﬁﬂcd@ﬁi—&%ﬁﬁid&i 8f an ReBinRASENB6HINSNt oF a
which the gas 12 is preferably heated. 10 The gas 12°com ng fromthe
consuner 32 can, ho %@ie,d%@t§§uﬁ%ifbfﬂf05§sse§$géﬁaust gas or exhaust
air (cf. Figs. 3 and 4).

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 this respect gas 12' not coming fromthe consunmer 32, in
particular 15 inflow air such as environnental air, can be supplied
to the regeneration device 28, for exanple (cf. Fig. 3). Such

enbodi ments are, however, also conceivable in which the regeneration
device 28 is not flowed through either by gas comng fromthe
consuner 32 or by gas not coming fromtlde consuner (cf. Fig. 4, for
exanple). 20 In the event that the regeneration device 28 is fl owed
t hrough by gas, the hygroscopic solution 14 can in particular flow

t hrough the regeneration device 28 in counterflowto the gas 12, 12"
(cf. Figs. wateo vapor,25 trensferred drquarthe gak a2 vigaie thendeane fara0in2Figs.
1 to 3, the,regeneration device_ 28 can.conprjse at |east one gas fl ow
passage 18%Q§%a@¥?&§§“%ﬁohgﬁgkﬁ%ﬂgdﬂﬁﬁwsﬁg§§géﬁﬂﬁﬁlconducting t he
hygroscopi ¢ solution 14, with the inner space or gas space 22 of a

respective gas flow passage 18 being at |east partly bounded by a
vapor - per néaghés r¢spgat.-dheilygrosromie aplating 14 eandbvaneromighihet | east

one fl oy Pa3RAGEHHSHRYCR! M@&ﬁmﬁ&ﬁ%g@ggggglﬁe 13 hygroscopic

solution 14 and is forne et ween suc ow passage 18 and such
a further gas flow passage 18 adjacent thereto (cf. Fig. 1) or an

dj t heati it 3 f..FlLgs. 2 d 3 ..[ hat i st L
a1 oul ar ik P Bligp TS 16 feRdemthitie Plefdi 4L kS o Hastogrh 1P
t he hygr osaapizeaBelswithtor@anothet be wallvhs ansuyaity cﬁ”‘ﬂoﬁﬂﬁaéﬁ%ss 20 in

e

hygroscopi ¢ solution 14 is concentrated. In this respect, ti

regener at i Wé@%‘k ‘@gﬂéglec%}?f)tg‘@ Lonslysitime e iy gspsepric spliogatdages

18 in parallel with one another as well as a plurality of flow 10

passages 20 in parallel with one another and conducting the

hygr oscopi éssearybp ssenfrqraFigsi hand 2, tthe #ow pasgsgesi2fuotihe absonption

| atter cas r.aft i

conduct | ng AT o SeaBEaE g5 s Roobla b SRR Ak PR e By
formed between two mutually adjacent gas flow passages 18.

15 However, in particular such embodiments are also conceivable in which
the flow passages 20 of the absorption device 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



15 between two nutual |y adjacent gas fl ow passages 18 (cf. Fig. 1).
Such enbodi nents are, however, also conceivable in which the flow
passages 20 of the regeneration device 28 conducting the hygroscopic
solution 14 are respectively forned between a gas fl ow passage 18 and
an adjacent heating unit 36. 20 The regeneratlon device 28 can, for
exanpl e, also have at |east one condenddtion/evaporation stage 38
which is flowed through by the hygroscopic solution 14 exiting the
absorption device 16 and which conprises at |east one condensation
unit K and at |east one evaporator 25 unit V (cf. Fig. 4). In this
respect, a Thesgecl? esitbontensbiorphionnddvidé t®rpnitsesupplidd &1 a capstimer
space 42 at_]east partly bounded by a condensation wall 40 and a
respective aporator unit V conprises a second vapor space 44 at

| east 30 partly bounded by a vapor-perneable, |iquid-tight menbrane
wall 24. In 14 this respect, at |east one flow passage 20 which
conducts t H&l%g@@@%ﬁ%%@pmlﬁeﬁa&@ﬁ Hiheigast 1@ eprpingiraaethe censumer
Cond.ensgt | Ofp i F}?ﬁeﬂ% ﬁié%géﬂ ‘?&E&! o8Nt FY adi é‘ﬁ&% t her eto is
provided in a re ctive condensati on evaporatlo stage

hygroscopic solution 14 is in this 5 respect heated via the

d ti | ] f th
colutton 144 treePefitbe S I Bt hRb the PR T Fo80ER Raetisshr
space 44. Itp thddegdrprativheleve@e?® vil 4 Gleat exdim dE Iaimn ﬁﬁy@l m&g@é 199

stage 46 which 10 is fl d through by the hygroscopic solution 14
exi ting thés@B?é@Elﬁtqe@g‘\?%vaporati on stage 38 and which conprises at

| east @pe heating unit 36 and at | east one evaporator unit V (cf.
Fig. 4 again). In this respect, a respective heating unit 36

conpri ses dhfegas kg coming ﬁwﬂéba@enew A2%ean. hrwavey. aloarkededisff as
fluid-tight,0688t %ggggg%hﬁ %Y? + @dm?t].lrespectl ve evaporator unit

V conprises a vap space partly bounded by a
vapor - per neabl e, Ilquid tight nenbrane wal | 24. At |east one flow

passage 20 ch cond he h solution 14 _and i r med
ot woen a NEAPFERREE £48 12 RoCshORoBP U it Ren dp SR e Rt i
t her et @5i s ipflowidesutln aermmmmashageaﬂ@esw plRdd fohthelvegenaeeidinC
solution 14 is he ted Vi ﬁéf|UIg t, conductlng wal | 48
and the vas¥icsr4%ifRg c¥aoRis bs%g“& gmbg HPPBF? aLe, Fopeyes al
through t h%oﬂ@@i‘%ﬁl&%nv‘@hichzﬂld 1 EH@ra‘{ﬁﬂP&eﬁ@@QS i¢hot HaGretoRRbugh! Si Ng
in this vapor space 44 is prefera y supplied to a condensation unit
K of the 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



25 condensati on/ evaporation stage 38 (cf. Fig. 4 again). As can

| i kew se again be seen fromFig. 4, the regeneration device 28 can
al so conprise a condensation stage 52 having at |east one cooling
unit 26 and at | east one condensation unit K 1In this respect, a
respective cooling 30 unit 26 has a cooling fluid space 54 at | east
partly bounded by a fluid- 15 tight, Héat-conducting wall 48 and a
respective condensation unit K has a vapor space 42 at |east partly
bounded by a condensation wall 40. At |east one cooling unit 26 is
directly adjacent to at | east one condensation unit Kin the
condensat i dnygrbagpid2okdidmad amideisdonded datiom wath sdgaoflowasbage 18
respective condensation unit is cooled via the cooling unit 26.
Vapor ari si FH&i aﬁlpé@'bed]% BhEERRES g%/agﬁfﬁﬁ‘ Hheste éct%a@@' dgor an
preferably fljpgdritstedting fhet IPRAeMza! 2 AU do HhatAbRERRS h Wrticular
apparatus 10 for drying and/or cooling gas can in particular 10 be
desi gned asvaleHyaRPhris gm;wfwﬁl dRichERg gap &2 or di2afiony the hygeaasopic

el ement § (Qotufib§9ia thd ehlbraldd bR 24/ EIPER nybRIMEIREGHN 14 16
functional units such as in particular a respg trve gas OW passage
18, a respeammicentrated.i ng unit 26, a respective heating unit 36, a
respective condensation unit K and/or a respective evaporator.unit V
are each provided in the formof such a frane 15 el enent. The frane

el ement s arla thiefepebt, thenegtaadtioht devisd 28 tat CountiRssds phinthiiiof Bas
to one _another for formng t

they can i articul ar 8l;_e con te ) e
absor pti on P?i‘%s%,s.]t iy P%b’gﬁi% Bhc guote argwell ag 4 Bhpabiy okflow
condengat i qﬁ{s@,agém@&m%ﬁﬂﬁ%tﬁ%netahf‘qtﬂeﬁéhaQoﬁﬁﬁgﬁngﬁg@ygngségg&

condensati on_stage 38 of the regeneration device 28.

el ements c&9leldenh 14dahiise ki Bhner region 60 which is surrounded by
an outer franme 58 and which is preferably provided with an in
particular grid-like spacer 62 to whose two sides a respective

cor r espondilngdrticutdrdnahedatitncese, gheffemaphysdgestdteof dremegéneraftidom or

nmenbrane, is. in rticular ied for, fornm.ng a respectiye, inner
space or gas &pace °‘§‘iigu%“’§% @ﬁg bﬁé‘g’[sfz%lc\ﬁfﬁﬁ?rlmg yaue eﬁg‘?&lﬁ%’ ke tortmed

r espectbve Hetatem gwd inithaloadjabbnogasflswReshiese18 oal iy 1) siehspace
54 etc. In this, respect, a res eg\g ve rre,rrbrian_e can_in particular take
over the f M Sér?relﬁ%’l"%‘f?g’ PicopgeiaRlciny whirde the dowinagsagss 20,

particul ar of the regeneration device 28 conducting the hygroscopic solution 14 are

respectively formed between a gas flow passage 18 and an adjacent
heating 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



16 take over the function of a condensation wall 40 or of a
fluid-tight, heat-conducting wall 48. The different frame el enents
can, for exanple, be welded or adhesively 5 bonded to one another via
the web structures. If, for exanple, welding web structures are used,
a friction welding process, a | aser wel ding process and/or a heating
el ement wel di ng process can be used forl4«connecting the frane
el enments, for exanple. 10 Fig. 5 shows in a schematic representation
an exenpl ary enbodi nent of a frane el enent which can be used, for
exanple, both as a cooling unit and as heating unit 26 and 36
respecti velthis ¥ espaageadiZortdNlowbasshie 20vtiiche ddRitks 8 WykfbsBopic
respective filmon both sides ijn the present case. The heatlggéiluid
n

space or codtiHgniidaed ipfrmesobeiwesn suchy condepsatiosn rait K sngauge
the films i ﬁy@g i i ol i fhuid, e.g.
wat er. The EJﬁnegétli ng ﬁﬂ}@ﬁg&@%?ﬁ%&@%ﬁtﬁ%@%p |%g%§cgg again
renoved fr qendeashtiany expporaiion spegee3dr Tlvobygngcbbiei sblisiianr d 456 iartisHa

respecti.vel ' es .64, for exanpl t er, passages. .The
passaged Gﬁsﬁéé&c %ﬁ%@%@%%%@%@%ﬁ%&g‘ﬂ@%@ i ?Y?Igcﬂfl SInE f9ed
in the cornae hegostpi@Bokiticrhd4 biAves thielightthantdenbraas wWaglbaln k9g
the heating fluid or cooling fluid. Leadthroughs 68 are additionally
in particul OBﬁi(Y\"i‘PBEBP?‘Eﬁ‘]‘ghe hygr oscopi c solution 14 in particul ar
in the region of the |eadthroughs 66. The | eadt hroughs 66, 68

provided on the |eft hand side of Fig. 5 can be 25 provided, for
exanpl e, fdn additigni the yedenaratifirededre €§otamigaye aihgatingetage 46ovhigh

sol uti i r oV} - e right hand
oide of OFi 3“?“%?%*‘%@‘9%%53.%%&%?%" x%r?pgﬁ‘ed,%"”r %Jrl%gﬂhr%ﬁegg f1uid

outl et or cwoodengatibn/evaporiiicn stageo38 andobvhichommopttiset at [Bast ont et
and outlet for.the fluid or . the. solution respective ca however,
al so genergqu\}mréu%lttﬁﬁrW@@‘ti\?arsér?ﬁ'&e.vapﬁa%%ﬁlégl(cﬁ‘ ?f*‘ég%?hg it er
flows or crossflows can be realized, for exanple, via these

| eadt hr oughs 66, 68. The franme el ement is, for exanp|e, rectangul ar
in cross- SBEttgb?]r‘?ﬁPeFﬁé‘ FeSpRelEn heating unik A camprisesshaceting Juiduar e

formi gsal s9acemeehtvRRbEpattf bEXRIRY By cClluidEtignt, heat Yon@tRARLSIal 48€
| eadt hr oughS 66 can, for exanple, respectively be delineated toward

the inner a8 ®ECERFCye£VARAralBE LNV POmprises 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-



10 The frame el enent in accordance with Fig. 5 having films in
particul ar provided at both sides can in particular also be provided
as a condensation unit K, with in this case a correspondi ng vapor
space 44 being able to be fornmed between the films. 15 Fig. 6 shows
in a schematic representati on an exenplary enbodi nent of a frane

el enent e.g. formng a gas fl ow passagé,5 an air flow passage or an
evaporator unit V. In the present care, a respective vapor-perneable,
wat er-tight menbrane can in particular be applied to both sides of
the 20 spacer 62. The frame elenment can in particular be open toward
t he i nner riggitohesdcenduciing tizdl 48vandar respestide sof dendadiom agit pas a

fl ow passage or an air flow pas e. ' Leadt hy oughs 66, wel |
a5 b seciawhs spact 4n o BE R S detioy & EondReLPap SR A0 A HSH
accor dance gMel dodtings ubit 2BisdiféANEaghesmiNto Sens: bl EbSdedsdtonphsl K
again rect angtul ar in cross-section. 18 The filns and nenbrane can,

for exanpl é11Be CORREBRYEPY SERfsdRd Sothak eondensation wak 49 eifdst s. A
di fferemt ki f I [ i . n i ally
al S0 concersanT e FHERsGAoLiPROR Cool vl e TEORRERAA: 26, J8EK
exenpl ary ewiHog ieat preteding cmeleakatieny exsquazdon stageo38 ispotfembly | n
this respect, hn.particular |eadthro s 66, 68 can al so again be
recogni zed Slule{hﬁfigortielbsf %%%‘?ﬁr%ﬁal%g’ﬁl. ulI’”Jr%iq{]'he case of this franme el ement
havi ng a square cross-section, the 10 | eadt hroughs 66, 68 are

arranged rotationally s etrically. On a rotation by 90, )
['eadt hr ougHS TEIPECHE® SRRETRRCHY (15 THENG RBALOTARRIPE Bnent i PRHEAT
one angbhemd deddidet %5 AVnolLiBSSiGikystiecas BhiRW APRALALYST fathatisMches
desi gned usi n%ﬁsuch an arrangenent.” Such a circuit is achieved by

rotating tHel #ighnd 1 Bndnttisoiespect. the differgnbfureetionsd puts sueh gsfinane
a: ement CanaficRkl gésgp%gti% gad ;18% SE-3093, SUCRpESINES RTINS, a
respective heating unit 36, a respective condensation unit K and/or a
respective evaporator unit V are each provided in the form of such a frame
15 element. The frame elements are preferably 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 or a
respective condensation/evaporation stage 38, the heating stage 46
and/or the condensation stage 38 of the 1'égeneration 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 ete.

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

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



The different frane el enments can therefore be arranged relative to
one 20 anot her according to the function to be satisfied. In this
respect, for exanple, a frane elenent provided in the formof a
condensation unit K can in particular be spanned by condensation film
and a frame el enent provided in the form of an evaporator unit V can
in particul ar be spanned by nenbrane. A& espective flow passage 20
conducting the hygroscopic 25 solution 14 results between the
menbrane and the filmby the bringing together of a frane el enent
provided in the formof a condensation unit K and provided with a
filmand oftakefavamthelienstiun of @ ¢odéehsatidrherallat00bf aflved-aipbitahedt-
unit V anddg{ovi ed W%%Q a nenbrane. A spacer can still be inserted
inthis fl I%%%@E@é” 48 nstead of such a spacer, the in 30
particular grid-like spacer 46 can al so be designed, for exanple,
such that 19 defined passages for conducting the solution are

forned on tHe differenigirame flemenéscprsiongsapple. e wellledtyr adhppimly. 1,
a heat and t [ i i

frame. efoniattied foH FhofREHEERDSHERNLIE Y, Tol Blp B IR web
sent t hr ougtirudtereeate ased, rafsctiorawsiding gpevease, atasdr weldang pracessol er

dair d j s h trated h ' | uti :
for exanpl e FORCHRR IS BYeo0 s bx Prow-fie dige
bounded by frembredaena)docenduple. ng the hygroscopic solution that the

air or gas flow ng over the menbranes is both dried and cool ed. The
solution is in this respect diluted and heated. The cool ed and dried

air is 1@upr#ijrg£§ shewkNf £ 904 B e réleseBifal Qxé’rélﬂﬁr@ éﬁﬁb&ﬁ'ﬁléﬂt‘%ﬁ-a

H
In the consu the air is 15 heat'ed again by | oads such as

el ectrical Tansehmenandigecaohs uaed. forecxmmpleuhvth ag aj epolingreais eadpy
the consumgjg Héat%isfg {:H& REhAdNs rch %c{ix‘?élyrfhé‘bf)a%%f Bady @ng;%ﬁ{ibﬁté&%'e
o the rnflowarr inl

al nost correspon argeTshi ps such as cruise
shi ps, can previdedtwidh iaresphetive fie hanpah sdes hathd heeseek ahse.clhe

hum dity drops. In the desqrber. or, regenerati o evice. this air, 20

comes 1t o ‘EoNmc B RE Aol SR o 91 5 R RUNEVARE et or

i s nowlexpaidiedet tBevfitias idlifloweddhsohgth bghealing Hoildudd dling fluid, e.g.

concentrated and_is cool ed bg t he e'vaﬁﬁ;tit' ion Of'e(;{ he water, In an

opti onal do¥H&Tr BaiheEngfluid gE ceokine Aridisapiict Ioand a8 EBerel

even furtheroAndeiRRPE SHRNARE dradolifsaRE8 PhLOBOIR 68 ra8R:dveRP
via passages 64, for example water passages. The passages 64 are
connected to leadthroughs 66 in particular provided in the commer 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 sclution outlet. The inlet and outlet for the fluid or the

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



As can be seen fromFig. 2, for exanple, the heat and nass transfer
device or the absorption device can, for exanple, be reali7ed using
menbrane frane el enents and the regeneration device can, for exanple,
be realized using nenbrane franme elenents and filmfranme el enents.

The regenerator 30 or desorber is here therefore made up of nenbrane
frame el ements and 20 filmframe el em@dts. Warmwater flows, for
exanpl e through the filmframe elenents in the desorber or

regenerati on apparatus and heats the solution and expels water from
the solution. The evaporation heat is here provided, for exanple, by
cool i ng t hédraileMiddves, dounrtet flewh eatorogsfiwscedd be redliwedaifor édomnpleg vian
fromthe cqopsuner is al so d via the heated solution and can take
up noi sturgge%nge%ﬁmagggé olution can be cooled via a cool er
downstream of the desorber or regeneration device. As can be seen
fromFig. 3, a cooled absorber or a cool ed absorption 10 device and a
heat ed desdiiseirape %lemataﬁj Pég—‘éﬁ@Pbﬁt ireptaadwiarenceresgseplion imale Such
a conbi gati p V, S
Fespoct Prelteel fter Senkhll bRl ERLAAE MRS Lifo Bl er, | e
pl ant . Thi sxampde §f. Elgm ﬁmbémmp@ess for a cold storage in a
concentrated solution since a |larger water charge of the solution can
be achieved in the 15 cool ed absorber. The absorption and desorption
can here alBe lealth:plghe 68 cagar akamipls atbpativelyBe celifiedtetiabeerd
solution could then be delivered to t consurrer as a cold store. The
di | uted soltBEBRECEREAIN PRV BV ?Wé‘d ‘As can be seen fromFig. 4,
a cool gg absorber or a cool ed absorption 20 device can be provided in
conmbi nation wth a regenerati on device which conprises a system

servi ng folheHsamsrlementin @ﬁccuﬁapﬁe vty Figs dopreingdilos irpamigulaivi ng
at least o eating
stage and re?@r gﬁﬁhgﬁé ensa @ ‘S‘E‘ggfﬁ"aé‘%ﬁ%sd“?g&éﬁgc t he

syst em wi t keondehsatbemw ket Kl w&th)ﬂn iy caée &SIOH‘ES@OﬂdUlgNapO_ﬁB@aCGGMi ng
25 fluid and,t in d .are vi ronnment al pressure and the
solution i Fﬁggb@ LRﬁTg) %?W@ﬁﬂs%&ﬁﬁg’ss are in this respect
substambially as is described in WO 2007/ 054311. Such a conbi nati on
isin partlculﬁgr efficient when no waste heat is available for the

desor pti onFd¢ @ ABOWS|IH@E Rhemaidc BeRICFRIRST 3 fEFTPREY epeodmitftidon
can be congigge %télﬂeﬂte@ C%ﬁﬁg%vgis 160 pasehes, £f adifdppailattaass

using a correspondingly nmultis
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 for 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.



21 concentration process. It is also of particular advantage that
distilled water arises in the desorption process, that is water is
acquired fromthe noist air. 5 As can be seen fromFigs. 2 and 3, a
heat exchanger 72 can, for exanple, be provided in the respective
heating fluid circuit of the regeneration device 28. As can be seen
fromFig. 4, cooling water 74 can, for 18anple, 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

sol ar power, for exanple. As can be seen fromFigs. 3 and 4, for
exanpl e, a Tweofilens Z6daasmibeands can sfori exkathble) bd atthesicelglborgied oti d

circuit of t S i on device or t he .cool bsor be | nst ead
of o anyvolded FadhB biaare §ncs hellbeiabt j5R of Tl Ria Al bgse Pins

addi tion, veiEhARRnedas FeNialljeass eahtéivalave to be renoved in the
20 respective dehum dification. Any desired other mass transfer can

al so take place on the dehumdification. 22 Reference nuneral |ist

10appar gt usf0f Ab%sNg EHQhado A8 H8%iot A Sxemplary 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



5 12' gas not coming fromthe consuner 14hygroscopic sol ution
16absor pti on devi ce, absorber 18gas fl ow passage 20fl ow channel
conducting the hygroscopic solution 10 22i nner space or gas space
24menbrane wal | 26cooling unit 28regeneration device, desorber
30cool er 15 32consuner 34heat exchanger 36heating unit
38condensati on! evaporation stage 40cord®ensation wall 20 42first
vapor space

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



44second vapor space 46heating stage 48fluid-tight, heat-conducting
wal | 50heating fluid space 25 52condensati on stage 54cooling fluid
space 56web structure 58outer frame 60i nner region 30 62spacer 23
64passage 66l eadt hrough for the heating fluid or cooling fluid

68l eadt hrough for the hygroscopic solution 70web section
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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 from 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 numnber of different stages using a correspondingly multistage



5 72heat exchanger 74cooling water 76cool er condensation unit 10
Vevaporator unit 24 Clainms 5 1. An apparatus (10) for drying and/or
cooling gas (12), in particular air, by nmeans of a hygroscopic
solution (14), having an absorption device (16) which conprises at

| east one gas flow passage (18) as well as at |east one flow passage
(20) conducting the hygroscopic solutidl (14), wherein the inner
space or gas space (22) of a 10respective gas flow passage (18) is at
| east partly bounded by a vapor-perneable, liquid tight nmenbrane wall
(24) and at | east one flow passage (20) is provided which conducts

t he hygr oscapicens@lishi Procedst)It andlsoSoffiredikelmanta taligdsed | ow
passage (18) and a further, such gas fl ow passage (18) adjacent

thereto or 'Eae1satHcadBthe dssPRiipruRrqcessathal ds tader isprequires frpm the
particul ar waiervapor, is transferred fromthe gas (12) via the
menbrane wall (24) into the hygroscopic solution (18) and is absorbed
therein. 2. An apparatus in accordance with claim1l, 20characterized

in that 5 As can be seen from Figs. 2 and 3, a heat exchanger 72 can, for example,
be provided in the respective heating fluid circuit of the regeneration
device 28.

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 alsc take

place on the dehumidification.



t he hygroscopic solution (14) flows through the absorption device
(16) in counterflowto the gas (12). 3. An apparatus in accordance
wth claiml1l or claim?2, 25characterized in that the absorption
device (16) 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 another and @nducting the hygroscopic
solution. 25 4. An apparatus in accordance with claim 3,
characterized in that the fl ow passages (20) of the absorption device
(16) conducting the hygroscopic solution (14) are respectively formed
bet ween two 5rutual | y adj acent Rgfarehcewnpagsalplist (18). 5. An
apparatus in accordance with claim 3, characterized in that the fl ow
passages (20) of the absorption device (16) conducting the

10hygr oscopjce sol uti [ bet ween a gas

fl ow passaglecp(18) an%%%?gﬁ@g%%ﬁég?%ﬁ%%, with a
respective 1ol ing ugas (26) preferably conprising a cooling fluid

space (g4) 1% leaSta%%éﬁb%’c&ﬁ#%dﬁgnpﬁld@céﬁﬂrﬂﬁ]i ght, heat-conducting

wal | (48). 6. An arat us accordance w any one of the
precedi ng dH4ai ns, hygroscopic solution
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 COonSsumer
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



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 hygroscopi c solution (14)
is preferably again 20supplied to the absorption device (16). 7. An
apparatus in accordance with claim®6, characterized in that

t he regenerated hygroscopi c sol ution (?@) is supplied to the
25absorption device (16) via a cooler (30). 8. An apparatus in
accordance with any one of the preceding clains, characterized in

t hat the gas (12) exiting the absorption device (16) is
supplied td®4 30conspassage32). 26 9. 5

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
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Claims

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
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
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.

An apparatus in accordance with claim 1,

characterized in that

the hygroscopic solution {14) flows through the absorption device
(16} in counterflow to the gas (12).

An apparatus in accordance with claim 1 or claim 2,
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.



14. 30 An apparatus in accordance with any one of the preceding
clainms, characterized in that the gas (12) coining fromthe consuner
(32) is supplied to the regeneration device (28). An apparatus in
accordance with claim9, characterized in that the gas (12) com ng
fromthe consumer (32) is supplied to the regeneration device (28)
via a heat exchanger (34) in which the2§as (12) is preferably heated.
An apparatus in accordance with claim8, characterized in that the
gas (12) comng fromthe consuner (32) is led off as exhaust gas or
as exhaust air. An apparatus in accordance with claim11,

characteri zad i Art fgbar@ass (d dctord@ince Wit Glimos) t he consumer (32), in
particular inflow air such as environnental air, is supplied to the
regenerati on deghagaqtonzed mhthadpar atus in accordance with any one of

the preceding ckgl fBw ﬁéb%'é@@é B1)ZR79nk %b%B?ﬁtion device (16) conducting the
hygroscopic solution (14) are respectively formed between two

5 mutually adjacent gas flow passages (18).

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 consumner [32).



t he hygroscopic solution (14) flows through the regeneration device
(28) in counterflowto the gas (12, 12'). An apparatus in accordance
with any one of the preceding clains, characterized in that 27 the
regeneration device (28) conprises at |east 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 2pas space (22) of a respective
gas flow passage (18) being at |east partly bounded by a
S5vapor - perneabl e, liquid-tight nmenbrane wall (24) and with at | east
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 uni® (361 RPIRELS ipASeerdance witlpaay onenidhe paeeqding siHms;
transferred int@uihet8ased f2ink21) fromthe hygroscopic solution via
the nenbrane wall (24) and the hygroscopic solution (14) is
concentrated. the gag6l2)momipgdremube consconrrdS8Lis supplied i thel4,

15charagteri zedréékﬁepgﬁoﬁﬁgv{cgq?%rati on device (28) conprises a

plurality of gas Oow passage ) in parallel with one another as
well as a plurality of flow passages (20) in parallel with one

anot her and conductin he  hygroscopi ¢ solution (14). 20 16. An

appar at us i 'acgﬁr%‘?g@%‘\ﬁ frhgg‘lz%ﬁjﬁ{*%,‘mﬁhﬁlra&&%ri zed in that the flow
passages (20) othifetégaene] gidion devi ce (28) conducting the

hygr oscopi ¢ sol ution g14) are respectively forned between two

25nut ual |y adj atiehgag bl)fqospingdseradae qongymer (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
(28).

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 counterilow to the gas (12, 12.

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

30 characterized in that



17. An apparatus in accordance with claim 15, characterized in that
28 the flow passages (20) of the regeneration device (28) conducting
the hygroscopic solution (14) are respectively forned between a gas
fl ow passage (18) and an adjacent heating unit (36). 5 18. An
apparatus in accordance with any one of the preceding clains, in
particular in accordance with claim1127characterized in that the
regeneration device (28) has at | east one condensati on/evaporation
stage (38) which is flowed through by the 10hygroscopic solution (14)
exiting the absorption device (16) and which conprises at | east one
condensat i on unkhe tégenznatiat deeias (28nemprpes at astivht ga¥lomphdsaie

respective cond ation. unit (K) conprising a fjrst vapar ace (42)
at |east partl yf@lﬁ?d‘g gy aﬁl‘é%%{d@?ﬁ?‘f’(ﬂzﬂsg%ﬁ IQ(OAGPIIQH tL‘étggggpecti ve
evapor at or uni t hiMostepRIBYIIEbAY1 4, SREP At BRI sHRBER dadpadt (28RS a

partly bounded by a vapor-perneable, |iquid-tight nmenbrane wall (24)
and with at | ea%¢SRegtve Ead/llgaspasfegeddy) bengqptiewst risdlynugriecobitiact s

L0 ASSESE00, BN 4) 090 i R LRI, Bt e

condensati on unit apor at or
20t her et 0 so t hatetfloer hyspagedd) beinglprovivied(wHichi mreatethei a t he

ol ut i on (14) aPveveeopRrouHon BNl stk bk S 55 BB o
vapor space (44passHgel{d8) AndapRaratushen gas dowdssaswi18) djatdntls,
thereto or an adjacent heating unit (36) so that moisture, in
10 particular water vapor, is transferred into the gas (12, 12') from the
hygroscopic sohution 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



characterized in that the regeneration device (28) has a heating
stage (46) which is flowed through by the hygroscopic solution (14)
exiting the condensati on/ evaporation stage (38) and which conprises
at | east 30one heating unit (36) and at | east one evaporator unit
(V), with a 29 respective heating unit (36) conprising a heating
fluid space (50) at |east partly boundé& by a fluid-tight,

heat - conducting wall (48) and a respective evaporator unit (V)
conprising a vapor space (44) at least partly bounded by a
vapor - perneabl e, |iquid-tight nenbrane 5wall (24), with at |east one

fl ow passage (2the Bewnsprssages (X)) oftthe hegorduidts dehieelig8y asahpiting the
solution (14) apd is forne et n a heating.upit 6), and an
evapor at or uni tﬂk’@;%éia}’%c%ﬂ‘eg% @tq}'esrﬁsPﬁ%{:f‘%bﬁg"H}Fg}Bé@@ﬁP@ £ flewon
(14) is heated yshgsat%?eueb Hhé-dr SdhcehieRbaisondugt i3y wal | (48) and the

vapor arising fromthe hygroscopic 10solution (14) arrives through
the nmenbrane wall (24) in the vapor space (44) and the vapor arising

in thisgva S i by i; j
of the Soand.  SRASHITABIELLAARMARLDRIE ) oB FURE TSGR ol (1)
accordance w t hpsattaddutat 8 eccaidange 18th cledmatt.eri zed in that the

regeneration dev]ijce @?Z}ﬁ% £8 ritses a condensation stage (52) having
at | east one cof ?lﬁagf i ‘(“2 and at | east one condensation unit

(K, vvi(t h) a reisﬂmfégeﬁeﬁarmériﬂgvigeig%b](};’@ :ﬁ:mgt bsé Rg ahcool ing §Ofl ui d
space (54) at |eas artly bounde a id-tight eat- conducting
wal | (48) and RS R G e S &ﬁ"ﬁlit“’]{ul@" ig dlopredsthngueh Page

space (42) at |ﬁ?gﬁosﬁéﬁfdéblw?ﬁétah@?glé)@é{btiﬁg%@Q%Q&%ticﬁf‘déﬁké (18} Qnand

with at |east one cooling uni eing directly adjacent to at
| east one condeWHigh epmpaises @Rlcast agecRicosating amib Mlxarnhat (aapt spe

(9 i s cool ed vi pardm (bl o oL ANRG AR CaRI MR IOCT 0T
arising in a precegrising 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 (Kj 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



condensati on/ evaporati on stage (38) being supplied to the
condensation stage (K). 30 21. An apparatus in accordance with any
one of the preceding clains, characterized in that it is designed as
a nodul ar flow system having a plurality of frane elenments and the
different functional units such as in particular a 5respective gas

fl ow passage (18), a respective cooli nggunit (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 frane elenment, with the frame el enments preferably being
provi ded wi t h wedspettive heating (56) Sﬂl&ompntémghlelyezﬂtﬂmgﬂuid\spmd (l50lll€tal’

b ted t t for f t b d
Che regener at | olfAEPRERY PoRpod hvca Bubif Hubt Srieauhiomeval s
stage (38), theaheghddiesdvageraod i@t Me:oﬁgjﬁi@ﬂg%wépbrs@tpwe 4 2e)t and

respectively conprising an inner region I'S surroun by
an outer frane 558§ PaH \Wﬁ}l@ﬁeﬁi@Yl%ﬁ@]é@%?%ﬂ?a@?ob@é{@dﬂgm nlembrnaﬁe

Cor r capondi g { AN TR TR ar Ok Js MRSt PopRRufk BANRRALKKRL o,

menbrane, is i nccpraimtrtstiharhy@pd;cw@ab sautioor (ithgnd is depeed bebvéamar

-eapecti ve neat et it B EHR SR BRnaR B e ent Blere 1o thet

space (54). the hygroscopic solutlon (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 (X), with a respective cooling unit (26) comprising a cooling

20 fluid space (564) 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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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 (¥}
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).



