, e3ed(6TdW+ as well as mass and heat transfer reactor with such a mass
and heat transfer surface 5 The invention concerns a nass ﬁmmmmmmmmnlﬁ“‘sfer
surface in accordance with Caiml and a nmass and heat tra

using such a mass and heat transfer surface in accordance with«Gha*m 10 as
wel |l as a process to dehum dify and cool air using such a nmass and heat
transfer reactor. In air conditioning units for the air conditioning of

bui | dings and in lo applications for prdcess technol ogy the p’mmmmm"mm"
arises, that a certain air flowis to be cooled and dehum di f ! i
dehum di fication contact reactors are used, in which the airbornexaeber
vapour i s being absorbed by hygMascampd beatitbsnsfercagfacsor bents). During this
absorption process the sorbents becone saturated by adhesion of water
vapour and are reconditioned in a subsesweslasdesor pti on process. For this
15 process the sorbent and/or the air surrounding the sorbent is/are heated
to a specific reconditioni nga§seifiEkiait transfertrendtoe Withnmchar bent rel eases the
wat er back into the air. The reconditioned sorbent is then used again for

the absorption process. For thegfsPafdResasadiaNuptice are used, which
operate either with suitable hygroscopic |iquids (Kathabar Systens, USA,

Al bers Air, USA),or. with hygroscopic 20 .50l ds . g, r i on,
Sweden; Siegle hﬁdBYeélftlo %’ﬂﬁmﬁ A TARS rskbeﬁk ?rg? s(efg;acﬁlﬁgarlxgg %gacﬁosr ecgg‘??%ed by
Minters in tHainJ$-ddtentase afd Bed4tansfenredvtormsing, suchbar moss and bedtrtoanster i n
whi ch the |igud o oS BP L] PayEhidcE toRRAGRIS ard RbRE tYPE
heat exchanSg%%ulﬁacg&a%die?wﬁggadﬁgol%g‘g%}u?él/ng tche Brocess.lﬁﬂé Fi com Plty.
Ltd., Aust r asingsych @mebsiengd heghtransées reagtated "thin filmreactors" are 25
known, in which a liquid sorbent is distributed by neans of a nechani cal

wi per to form arphhip édddfdding Rpitgafs aied alte@bnditiening eof bulltimge. ardilint he
devi ces menti oned abgve have the . follow n i

] o di ﬁadvant es % ch gcone

appar ent!0i n 3pBRIE3HONS T PIRREFHIGCARORYIPE BIPLET™ GHEN PR oIt CUIERT Y8005 by

means of | i qoibd cecletand delfudeidificdaRos)ir ddivemididicheort sordact resstons hrg used.dny sal t
Ut 3 ' . ol \

erper at ur es PbyAf BSHCIELY GEOLEH €EinE BRBlRY by Ayel o, MuBHances

tenperatures prevarling du esorp ore er the use of
extremel y cdsorbenten Dusing ghis absosptios prpeess thexsorhentschecomy safpratebisadgsiofeeds

t Ot be cloat e chf W dtér %pBIﬁ{];)h&ﬁbfeV&cérﬁm;?dneﬁq? G s&@@jﬁeh% desdipEion pfr@@st RS thise
extrenely expensive. cheaper, materials arg us €. g. ics .

(Pol ymerS) , HEsHE Oél?ﬁnépp@ggt,hetahrﬁur@uealﬂgitﬁ%m{ser}frd?/ g’%e}}ﬁ%l’?gst&a ﬁpﬁ(élﬁﬁl astic
surfaces is reedndaioning @inpeiaturt} attwhietctherspttientirethiasest the whater foack o thi air.
properties | astics gl y.oars).. i i . [ ciently continuous
closed film rfﬁoéldﬁﬁ)?fétgﬁgriﬁ%tflgﬁmi’)ﬁlﬁ ?da%'ea?é{g?%éc%g?lg}lgggdg%u nt of salt
solution needs to be applied than required for the purpose of _carr,yLng
(absor bi ng) t he Fossthesst prosessavahorbrs \gae aped; aphigh opsrate sithetowithatuitgbleai r /
sal t sol uti afprd¥RbEB ligids (REMabL SyBRmRNYSAC Alibats ale US| drwikteRyiro®dpicat i o
can therefore ,got be tabl i éhed. This re(ful_t? in [ycggﬁél po(\;ver 105 An

requi r er@nt Sofigs @tﬁm%t‘%{ﬁd ATRgFRSoT; Y wEdete npicglss X Pher ABPEY) a

si gni fi cant appesigiatofappiatusonc eleseritedobyi Munhers sal tthe oUBRatent c400204Be
acconpl i shed. apd ns I t.efficl St.of fsS&dnkd Yhioon and
t hus dehum %g@ggﬁ?rgh?ga;égo&%ya% %8? g’ﬁt ingl ﬁl‘l%sqﬁ%t@%%sgiagflg. lsag%ﬁer tegéﬂgns for
the |ess t haveriichpan¢leaf agplaterthps heat sxchangenbendds, tuehickiiataeroert derdng ther | ow

directions i ' .0.d sefin dlmukidisisente ¥
o et Lons  Shroble ERGEPGALIG, RARAR) Dedled BafRS buRASeRn ALl

Tt ‘ng and coofing nedia is not .
acconpl i $hedknopr, dh Whily & digaid sorkent %gﬁsﬂﬁ’% Py m&gﬁ”?aﬁga &Fﬁﬁﬁ?qéﬁqi JERL e
sur f ace- specfobhG B filgl 60 8% rRdss bh®héf neagbedurfaddli s i n turn causes
additional cost. Furthernore, by sprinkling or spraying the sorbent onto

the surface, dropl,ets are being. genegate | C . o] e nass
and heat transfe‘ghst&‘f’f(geé'éceﬁﬁﬁerﬁ‘ﬁge‘gﬁ%e g‘%‘r'eri\,\,{t]ﬂeedIﬁgg{“fi %? ec{l%gbgg%%%’ow J;glthe
ai rflow, unlessmchapparentin paticalandurihy absosptéani ef desoprtioat of walsuyAPYBIBT at or s

lead to hi ghﬁgg{ggaﬂc@g& B'&Jb%s t%ge%{%cgrggf ffg% Qofo@nt@Ard ﬁgfi{aﬁg%@erp S§1 §6!E1601|150|55 in

the airflow an uent _ ] eration cost due t0 ﬁddl ionally
requi r ed3d anansbanerextremelyoc@BsRespacidbsalr the digher Ssmpesaees RIEINEAHIHY on a
base plate Wi #iFR! ITIRRER kfhdafd GheSof whkdhelAr forfdsiad résstitiesteels s pl at e
and provide small voids in between. However, this known porous |ayer cannot
and is not supposed to assist formng athin liquid filmbut on the
contrary, is supposed to cause an anount of liquid to boil i.e. vaporise.
This is achieved by the large inner surface of the sintered netal |ayer.
Even if this was desired, it would be inpossible to create an extrenely
thin and continuous 30 filmof liquid with this known sintered netal |ayer.
If the liquid was applied onto the. sintered netal |ayer (w thout boiling

o o o e o . L o o



35 sintered.netal layer. Only the surface of the soaked sintered netal

| ayer woul d be -3 available for the mass transfer. The nmajority of the
li'quid volunme is not available for the mass transfer, as it is inpossible
to create an extrenely thin filmof liquid by using the | ayer of sintered
metal in accordance with D5. Also fromDE 691 Ol 298 T2 and DE 694 18 915
T2 heat transfer surfaces are 5 known, which are equivalent to DE 40 36 932
Al with regard to the structure of the et transfer surface. DE 692 OL 860
T2 describes a mass and heat transfer el enent, where a porous and heat

conduct i ng Eipahﬁétb or the %Qll HeRs R HelooRtedd NS pﬁﬁ‘étti@@%y@? (& azhhxﬁel\)ﬂfﬂese I n

this case t transfer_ is achj evegé;bhrou por ous ,wal | %) The
obj ecti ve oMmepRureygrygxirgmely) expensive, I sheansp IﬁatF’é ér@ﬁ wedi &8 WMtHS has a

great inter gpdlysmeahithd bx\bb(ﬂﬁeaﬁ@s l tﬂhtagéoaﬂtlﬁdo@uﬁ@l@fehmgmfblﬁ plastiui duefaceris ai ni ng

ree Tl on ngUBHTRInUAEHICH aftmuishr a4, b8 HRtibudhio rofRLR o M g o1
t her mal enel(g(ylymbae) tTe estalslishpt bufficidedy cpotimmuseisedfidmi'on hepeasdi trapsfin t he
| ayer mater 's?rlf%c&% g?ueli'l}/l%%ﬁ} Qi ntI cﬂ'ssld t%%ﬁltl%ﬁ ﬁ@?ﬁot&e@'ﬁle%%r@%f nigddfopge. 1N

any case, erm ace e sto age o
t hermal enetlhgy puqoobas:édca@mngwéamgm tth@nreammtmunmfhymeg MHapPaUled s

transfer talgs ﬂ)A\ﬁCx‘ﬁ io "@H‘e)" Ghlt BitRdAF v@l{l@ﬁ‘% edios‘éof%ﬁ tﬁpbhﬁsﬁ%@lymhéﬁﬁ:ally

contlnuously, %Ut on ntil saturatjon

t
ni cr o- por ou§efﬁkb‘lef1dra|%t et thegpiogs, noti ke gta&ﬁghe d tsz@’ %‘hg?ebaﬂ"&ﬁr
publ i catmonseanreafbn&%o‘iZ;ﬁ;mlﬁEg 36d Hlgp Ginvedmad ddt. %axheaﬁorzﬁ aGSgmifdanind DE

3 L e RSienar RS BEe G o e, SAF BRERFS 3ol ShelaSbofltithey Labgut 4 on

a surface ch’ s§ yousing a non-woven ric.
However, thesaseqoerdbda cosh-cfficient stotage of Mweoluhw faptl| thws ngh@msiaﬂlﬂﬁélnnages

Non-woven fal Raﬂgﬁgp&&%mffmm%hwsme QRAORAIN AR 1R HdnGHER heltrdindse

carried 25 b hani cal _rougheni ng
of the surfdta@SﬁeE@ms)fﬁen dssadmﬂmmfg@%bdge@mﬂﬁé?@éledﬁedlﬁéaﬂﬁé‘é@%‘b pl ates and
to an inconplete noistening of the mass and heat transfer surfaces. The

sanme appli es to hhgsh Hdsfes?lﬁ @ufﬂci%%ﬂ%'ﬂgh wniparamra%mad Nﬂﬂmmu&ﬁg febeadtingnade
fromplastics are not suff

t h dl
reduce the iV 1HEY atcé?fgpféﬁl ﬁe‘f"\&}{é’gd}/‘fﬁ’% t}?‘%f Oiinglw eg%??ngoﬁ% ’%ﬁﬂcgar y
si gni fi cant Itite sunfacewspetifie efiii¢istoyrofithe aé-cbthlsr sthis ac&ummeses additionalycash

| mprove the thénﬂale%g%ﬂgkﬁrggsmgxqzﬁg t‘hgesoﬁ% P%h{)eﬁhe SRRk | @x‘b}ﬂe?sf fect "

Sone of these non-wove ed wt st ances, cause a

tenpor ary hyaeinggeneiatede whichrare detacher from theamess apd Redtdransten élggacg @B@ ¥ ces
are washgd Qi cadied Bet SPMEabicisr BN thebSERWE unn@E fiRSt AréQestBREddds a sbétﬁ‘ﬂe

subst ances are the rried i e recycl ed rbent e its
properties tSGP3rALQr. gﬁ@gés%ﬂﬁﬁa ‘ﬁ? R m%ﬁ“if & %sfﬂgﬂﬂgo g’ ﬂ‘\g‘&uﬁea%"d
non-woven f giredsare hageinf thermin@éwir ald tolmegeentlyetonhighst aipemtion ¢dse duestor ed

process condjt.i.on S in these liquids. Many non-woven fabrics
cannot vmthsatdgm? ?%%Jggi ‘?F‘%‘ %gx%é?ess of exposure to tenperature (5C - 1000

and chem cals during the reconditioni n&égrocess of the 10 dil ugwg sor bent s
and are dest r oyddE 4RG6-988vah dessibpea sigfesed metd Foating e paseplate Wb Mlled as

a means 40 '%HH?)\éﬁmilé%ew'ﬁfUhsir@ ik 8@ tPfhe Dkd ﬁl@%’iaddriﬁbdﬁe dmhm Roidis fih Betsveerlhey
are usually not fix ernanentlgﬁto th rfa ?ﬁ oosefl}/rPatt ghed
bet ween t he HPPHFWE ¢ Ts D ROLQUS Jyer Fu@ﬁﬁ 0 SHYIPRES B by
brackets or Nffld&tinibut by tho oty ds SIkppmde(bfo cause an amount of liquid to boil i.e.
vaporise. This is achieved by the large inner surface of the sintered metal layer. Even
if this was desired, it would be impossible to create an extremely thin and continuous
30  film of liquid with this known sintered metal layer. If the liquid was applied onto the.
sintered metal layer (without boiling it by means of heat input), the sintered metal
structure would absorb the liquid like a sponge. Only after saturation of the sintered
metal layer a continuous film would form on the surface. However, this film of liquid
is then no longer extremely thin, as it’s thickness is equivalent to the thickness of the
35  sintered metal layer. Only the surface of the soaked sintered metal layer would be



15 attachnment device. Such devices protrude into the free airflow
cross-section and consequent|y cause additional pressure |oss due to

i ncreased flowresistance in the gas (air) stream Furthernore, a | arge
portion of the liquid flows down between nonwoven fabric and heat and nass
transfer plate without getting into direct contact wwth the process gas. It
therefore hardly participates in the mass transfer. A further 20 problem
related to the partial fixture of the noh=woven fabrics on the transfer
surface is posed by "pocket-formation”, where liquidis trapped in winkles
or bul ges of vﬁitfh%léllﬁx@' %ﬁ%.é thﬂrgf Gn&f]ﬂa gﬂ? SaRE b ulﬁmﬂf;fssnc;tgvillamet for due
to the gas f Ufldesi e essure | oss and. can, even

|l ead to par ttheamass transfer iasnt efmtmésﬂplreée CEpase gn %Hemelbr thHy il diauh 8Y nass

transfer. | Rsfidske fd erd}%nnmaeretaﬁebaécerdaecémﬁ@y or 25 only partially
attached to the plate, a winkle-free installation is difficult. Wth a

mass and heat transfer 21 743 1l the
majority of the 5%#8“‘[@3@533’&039&&%@@@3&? @gdﬁw%frﬁp%ferp%éc%s $Fon a
mass and shediotvhawhichrare equvaientite DIe4e 361988 A Whithregand éythetstrmctireof thyst ens
w thin one g}%%dé‘?O“rSf%s‘f‘ﬁ rg keeps the substance in the heat transfer duct

e

system i sol hmass 30 transfer duct system but all ows heat
transfer between the two circuits. The reactor consists of a nultitude of

st acked react or RIBGBR 81 BOAT3sdesernibes i mepsandihgpi: transter slomanbvdipre  PRT®ACh
other. A he%dtﬁemkeﬁctﬁg%atéaaﬂt@ﬁ@ﬂléd GRMY ApHeds mraﬁ%da‘%eﬁﬁsdbwbvan enahd

bet ween two nei ghbouring plates a transfer d systemis formed. At
the -5 uppféfe BIas tf%“\/‘é??*l‘ W%&E@H}eﬂ?&’}ﬁl%‘ﬂ lates, a |iquid
distributor is attached and the outer surfaces of the reactor double plates
serve aslomass arithensbgdctive afi XET99%4f 43 AS inrith develapod biyened devipe wiiechl hagui d

distributor. Epea? 480k §abﬁl e}& [&'F]JQ tB'lh{%gPd@e& Ql%ﬂ%ﬁlsﬁleﬂﬁ')grsh%ﬁe tc}[oa ﬂlﬁé an

surfaces, tHe sur aces a non-woven fabric,
mechani cal | yinswatinigeagsat mrthplfa@m ﬂrf@l&tceppmmh&o ligsmatdgr, ¥ F@Mﬂo@@nﬂ?‘%‘gr c

leads to a ftﬁin@MaY&iay aﬁ&w&{ﬁe &tﬂ?ermaﬁd bad beidel o Rodis aﬂmahﬂg&srgwu iened
earlier. Therefore the task vent i,on descr#bed @ n.is to further

devel op the Wﬁ%@tlap/ée"r?éﬁtﬂont F‘&ﬁ%afnésrmls ¢nending o, e B15e58 R 1 and
t he massisandinfidate ok ban ﬂfe@tﬁlalréiﬁﬁgywtorkgmm afty cuse,BErahi3fe? bf eBmallenergytakds a

way, that a f.orm hn - whi ch
ex%lends ever®l§c% \/é? qﬂ%é["é?ﬁe °L t eln réxe%ub © Iaim$s etﬁ@g%&ﬁ?g&&%&%%ﬂﬁlowﬂ
and heat tr amsfhanismgaguass trafifer teledSlIﬂaOGnHoWeYGrlu smasstranséer doen raféakerlacene
charact eri st &5, 0635, bREch1L Inf @B 6n LasRit ad&orptidiy RE & mhi¥R)-Yorods &t | ng

or surface structurgres egtrv % to reduce the efféect of surface 15
t ensi on of tlﬁétt%‘éi’blchr@ﬂtsﬁ‘égteaqu §1Fter surface with small and smallest solid
particles, is appropriate for the generation of a very thin and yet

continuogs | i quithd pdtent pabicationstBE 3B 05260 DEXG 22266,\DE B9 18 982/DT 20dMss

onl'y one or ey g1 BF Pl 4 GREHGF etlsk 9r T8y AR rble G o AL Bgkid {1
particl es aren &bsuéedor mhss apd heatdransfgr by using angedquel%t bondedfbHCot her 20 and
at least partially in contact with each other in such a way that gaps and

voi ds remai n bet yggBRvd:h@Rle HRESE rBaRFovRAGabIR havedeFsdwiag araivantdpes:ef f ect
whi ch ensures the continuous noistening of the mass and heat transfer

surfaces. Due to their s i n conbi tlon ad] t
arrangenent, theS8NIHVeR I}%g\‘ts 29 RIeng %f#é’yo usgp%"flgllﬁ Cl?ﬁ%ﬁel ﬁfrf/eedn
effect. Thi shefteati whichss togdehanmidifiedh to overcone the interfacial

t ensi on, whi ch prevents the formation of a continuous film and thus

enabl es the for Rzﬂur?afl r@uagt%%&% rb"fﬁh@ 51!1115:9#' 18ads JUQ n&E h6 GgerdUF s% e e

contact surface DELWEeR ent on the carrier
mat eri al s uste, reaeter alatesvand tm@remoempé‘rte Smlﬁtﬁ@égtq,f Pdﬁasﬁrﬁélﬁ hagb tigpseat ed

cont act Surfaﬁraceetﬂeeaneaﬁrneertormtseﬁh@étr@a&qeﬁﬂvamﬂaiﬁas fact pronotes 30
t he noi stening and thus the formation of the film ™ |If the vapour pressure

of the noistening |iquid one onponents |s ane ared to
t he surrounding gagem)@n nééi“ ﬁ% ‘"qunﬁlﬂ UL G At FYF g‘}jgygrophl t?ngn‘{
30  therefore can hardly reduce the interface tension between plate material and sorbent
to significantly improve the moistening of the surface. Their ability to improve the




and voi ds between the solid particles form ng the coating and the base
surface even during a shutdown of the reactor. During restart of the
process this enables an i nmedi ate coal escence of liquid which is freshly
applied onto the coating with liquid having remained in the coating to an
extensive, continuous thin film 5 This additionally provides the option,
to vary the rel ation between gas and |Iﬂl uid flow rate by varying the liquid
flowrate significantly during operati ofw thout destroying the continuous
liquid film By varying the size of the solid coating particles the coating
can be adap stwlﬁ% if S%Hdont fhe! stoscafll'eh ”\:&ﬁﬂ alffed®. BORRESH these B&h—ﬁ/'é'vén

liquids with varying properties 10 it various, p oceﬁ ?
accordance Uriss e aeaﬁ%wa@ewhgtaa@éi @’h“'@f Caﬂlﬁféaltﬁmﬁ?ﬁaﬂbhy rpphy fﬂ%ttn?:‘é with

Caim 2, thendindinfAdUHovweet, dthlé?é tsusdtaﬁfae@raee amhé&ﬂdﬂi&tcﬁnkm e@p@éudnn aid ze.

This supports the, f eneous gui

necessary t S‘EOI’P%@G&S‘FWVS %Sﬁ“?‘?scﬁ’g %&’gtaﬂ?esél%g‘fmgﬂﬁlﬁg “bmecffzcyﬁlﬁ%‘ Sroé 0f ar
shape. 15 | andclkdngdanpeopertied taits ddwdwahtageous design of the invention in
accordance with Claim3, the solid particles forma single |layer on the

base surface of 11 NembRAHEHPHR! Gl it hop B (RS AR REA! nithAnS! ot

surface, respec , ver I'n coating and
consequent | yibges\ase glottSIfﬁbt}ﬁ lfnlth¢ deslilleﬂ Presass Q@@d&@hﬁ ekhegl dlSEQiVPﬁl thesligdice wit h
an especially preferred design of the invention the solid particles are

ﬁand gr ai nfs of wfﬂy@n-ﬂy@éntﬁbﬁmnamﬁﬁétm&hbha@nmﬂea@ﬁesmf éxlisasmraw and
eat transfer surfac to sur san er S
cheap and tﬁ%‘nﬂ‘?iﬂtﬂfea G’I’I rﬁ@%pé cﬂthﬁwa‘i &‘Fafﬁ‘f%dft}%“ ﬂ%ﬁ?ﬁﬂ%n be
used f orot helilordubsehtsrand greodestraggal. and heat transfer surfaces in accordance
with the i nventi on 2s described herein. In accordance with Caim10 of the

invention the \Qggenhﬁﬁﬁdst %I@qglfaﬁg%%%ﬁﬁgfvegﬂfe ?qyr an $ k8 Mhprov@ Whi ch

t he subst ances are separa er |s possi bl e.
One system (thmemhlémmlgr af stuafacesy dnsids sichpmidifiers.s Télem@r@ usualg ot hixed i s

30, duict - sysTa L e Bth & aseou madi a anc
a further |ihga 'Ha"l'?g“dlbém ?ldrlf‘ H’i‘?‘ﬁlrgryéb‘)?ﬂ@tsnﬁrs‘ge‘gﬁ?g IRPAtS E‘Fr HZ’gct or
cont ai n51d5at attaétiherd ndevice| shyh \devices protrudadhter thadofrbd airflowt apssmcm:m lhad an
upper end, a_lower a

voi d bet we eﬁopﬁegu?r?tfysfdug% 8d{l héﬁa& gss e I%gsc 815'edtqpﬁ'lcpea§é\;§]hg&ereﬁ§ta%\% 1|tn t?‘?ans fer
duct systemgas (ar)tmamdFun&xmrwelldge aortmeaoé‘tth@h@uléfﬂomeiom betweanfapies | s
desi gned as g, JRSH ﬁﬂxdﬁf‘e@f arld Eb%ftﬁahsﬁf’félfaﬁ-;cﬁltﬁdht @eﬁag%aqﬁew aohtaa witAs 1 to

9: on this mass at transfer, surf ﬁous and ui.d nedi a
are 5 flowi rfBe H‘io%?s%c&?rﬁtgrthﬂe&ﬁo%r tPfBHclp?otﬁs t"Het tigpass ’é?ﬂf e(51‘ At Feact or
doubl e ploat grableinCeiatedctb $he pdﬁi&lcﬁxtﬁﬁﬂﬁ'rﬂ@é fcn-otéi fabticeion theftidnsfeofurfive

| d nedi ) f f Th

sub-clai s rapBrekty TaetHapTaA . KhE8 i iamBEEin FREEETE RaBRor g
Furt her det aidnsyounafabiie and ﬁmfalmcamm:admmt(a@eﬁeloduetthéhtv gaBeﬂQWoTin@ alsope
obtai ned 1T qmdig Jndbdiy! gd}gsfql%%s%a{d Ok afofnqem &‘)fﬁ‘a[n{xﬁdotﬂ&ﬁét% & tht e

i nventi on. mat1 c di s |ca esi nof t he
i nvention Figossaegtioncandhigmper theaaass frantfetn ?%F M?%%%V%f fabrgais fopse aﬂﬁd heat
transferys15 sty f)ﬁﬁ@ﬁy attached to the plate, a wrinkle-free installation is difficult.

With a mass and heat transfer reactor in accordance with DE 43 21 743 Al the
majority of the above mentioned problems is solved. In this publication a mass and
heat transfer reactor is described, which integrates duct systems within one reactor,
which keeps the substance in the heat transfer duct system isolated from the mass

30  transfer duct system but allows heat transfer between the two circuits. The reactor
consists of a multitude of stacked reactor double-plates, standing upright and
separated from each other. A heat transfer duct system is contained inside each plate
and between two neighbouring plates a mass transfer duct system is formed. At the



Fig. 3 aviewfromfront of the liquid distributor Fig. 4a a detail of the
rear view of the liquid distributor Fig. 4b a cross section of the itemin
Fi'g. 4a along line DDD; Fig. 5a, b and c cross sections along |lines A-A,
B-Band CGCin Fig) 3; 20 Fig. 6 and 7 a alternative design of the liquid
distributor and Fig. 8 a detail of Fig. 3. The typical design of the

i nvention shown in Fig. 1 has a multitude of vertical reactor double plates
2, which are arranged si de-by-side w th5sone space in-between. Each of the
react or double plates 2 has one upper end 4, one |ower end 6, one first 25

and second mai n surface wegh first
and second H%‘!?eﬁ eg{ljpf&a A glcgﬂ%a%tgr d«ﬁlﬁﬁ@ﬁ éévfhxmd%gnlggﬂggﬂééﬁg% t rans:c er
duct syst envdtés sunfacshiof theeregetomdowhie @hwﬁesder\watSamQSSa@dah%é&tanﬁgr #rfagenl i ng
medi a HKM c({) ?Jsd%ﬁed 99&@1@ ﬁaﬁf?d d{s&ﬁﬁk&r T ebIEsHPd ﬁﬁ@ﬁlrﬁ onahaRSs hi@nsf er

duct system rst and secon in surfaces nd 10
of the reachest t&ﬂﬁfﬂréuﬁp‘éﬁse@eﬁ‘ﬁfa@eﬁ% gihs cquinpgd Vith @ BRIsYOYEY

sur f acess 18 mebhihidh g&oamnb&af plaad tregted SThHef @e @F alifdnaweventfabitie leads to a
conti nuously fro

a.li UId medlumFMor rbent. Fromthe
bottom in E‘Sﬁh‘f ‘ﬁ‘oﬁ“gﬁé‘cﬂ‘gﬁ e fisgd\ntages msht %fef“g% bet ween t he
reactor 5 double plates which - in case of absorption - releases a gaseous
conponent into Therefae lnlemtas]EPdlfa}mjnmrbstmrbéesbhbechhmlnglase(fwshtiroiwdnerthef rom
t he sorbent FM LN t or
Hocbl e pi ot Bt kY ﬁ?%%?rﬁﬁgge%%@&& slim i DIP44DPH3 Akl %n;ar@%%tl{de@éat
sorbent FM atansfslsreabter snown &owi BEM D21 A2 Aleinicush ad\@%ﬁ]@atpofogpgtgcggo 28 on all

mass andy he‘:%ryttﬁﬁf‘ﬁ(f{ﬁ& fﬁﬁlrdcaﬁ%“esena@rea waqui @k@n&@b\ﬂ:niy waBrQlfle bititdinthss Bed ai | S
of the I|qU| di st |bu ﬁ&\ﬁare ig 3[ g 4 and 5.  The mass and
heat transf @Pa@{ﬂnﬁ af8° dnags apd fegt ’iﬁ?ﬁ%t Etl ng of smal | solid

particles 22, for exarrpl e sand grains, as shown as typical in Fi 2 The
mass and heat t Thesbkitios of this esk Bammdh@mhe ehayactéristies Idﬁscebsdmd

Bet ween t he,sol,i s or sand grains 22, respectively, gaps and
voi ds 24 ax q&a%géﬁ g‘gw\/\g%l‘f their capillary effect t hese smal | gaps and

voi ds cause the even distribution of sorbent FMin the form ofsqu
I iquid film26 dncontingrassusface steueture rrgsneeyelyutor rpduce e effect MoK qCﬁ Fig.

2, the fpnd 1P \Sf RE nds§ aﬁd)Hédt Qﬁnkf@ﬁisﬁﬁd&é&hﬂﬁ/smﬂpﬁd étﬁall%@ﬁﬁblﬁtﬁwﬁicles’,l t he
mass and heat transf er syrfaces Thi s %H(e er &p (iﬁg e:tplgbl es
the 20 for mdt EBRFOBaty 9%&57 &eﬁFrﬁt“P‘i‘ Phofery F}Eﬁﬁ onting snfé Hd ‘the sand
grains 22, rfespaivhi omdrye)etrema‘ly Hen, getinaovesntiduid (ﬁhntﬂwqulmsa; tham ¢oatingt withansf er
surface 18, es%@%rnfgartg?lgs re eha%ﬁ)p%lh'n\{ ‘811%' ohd'%r (iﬂ@IIelyng fe@! le}?@rsf b ?tg:s@ NoRdan

i nt er nedi at tself

I Xea onto
the mass andattishes. Theselideparticles are dixed gn ﬂESbaFP §Pr a!'}e{ W@gg‘ﬂﬁ%téo £aeh; Ogl%ﬂ
design of a dn!dqit"lﬁdsfj bﬁlﬁll?‘t‘ﬂ %nt'a’& wﬁ.\l‘i‘ lefidh bthet'fEShch%a W@Wtﬂattéaps lahd) woidls

sorbent FMfromt n act or . doubl s ,2.onto the
nmass and heaffv‘mf‘lnal?%‘f"é‘?“ gg%%e gaps aﬁi‘é‘”ﬁ? gnse the @pil %F@?giﬁll%?% s of a

base body 2%hé Boﬁtﬁhﬁh@ﬁxoﬁtdnﬂ@%hﬁﬁs giiddieat tarsferauffacent si de 28 and a rear
side 29. The width b and thickness d of the liquid distributor correspond

to the width an 30t Kk f t C he
upper edge of tﬂ% hhe gﬁg’t%rllgbu nglrgnggo% %n@%;%&t@] Q&J%'Senﬁl ler‘ﬁlll%maeE
openi ngs 30 thess %dapaeh@ﬁ& fomedl Zane 6 guiteong; capitlana pifect; Thisgffest HeStraiBer eby

the fron a%oﬁgl?rto 0&%?60&% RO iAGtcRA RhSloR! Khitht ﬁfeﬂaﬁtb NHe flﬂ‘iﬂdtﬁi‘nobﬁ at he

front liquid ets i sten the front sid id distributor
g a continuous ﬁlm arrlT(? thus enables the formation o? a contlnuoushlequld Bt

At the same time the contact surface between coating body and liquid,
dependent on the carrier materials used, has a lower interfacial surface tension than
the uncoated contact surface between carrier material and liquid This fact promotes

30  the moistening and thus the formation of the film.

If the vapour pressure of the moistening liquid or one of its components is
negligible compared to the surrounding gaseous media, the liquid remains in the gaps



20 and the first main surface 8 of a reactor double plate 2, while the rear
liquid outlet openings 32 noisten the rear side 29 and the second nain
surface 10. The liquid outlet openings 30 und 32 receive the liquid or
sorbent FM respectively, via a liquid supply system 34. The |iquid supply
system 34, which is 5 shown on the front side 28, includes a comobn nain
supply 36 and a nultitude of sub-mains 38. The liquid main supply 36 is
branched by repetitive bifurcations 40 -i@rto |iquid supply sub-nains 3 8,
until one liquid supply sub-main 3 8 is available for each liquid outl et

openi ng 30 : WelcH 14, QL t
oBeni. ngs 309{?&;:‘1@@?} b-g%eg ﬁgé ?fhrs rﬁn%llggrl]%sﬂl}{ﬁ?é;g% Cgété%%(gﬁeiﬂéggg&gﬁé Ielél'tglIi

to
openi ngs 32dwgng eaa%mﬁ@owrb of ke geactrd Duing Eesteftaeke theoprops thisyanablepapm

supply 36 bigahkbRee @&aldsbhict bf BiuiBiwHiEERtFQRyHPplisd Sntb ke SdEng®ithSlighid,

which are split anot.hg, fhve tinmes, ever% tine.into twg sub fmains until one
i ndi vi dual SRWNEESMained inthe Goating|fp an pXENSIG KORNUORR tiBEIN, i d out | et
openings 30 and 32. The liquid main supply 36 is equipped with a connection
pi pe 42, 5whi ch Mh&saddtiatatly eprovidess fpeoptinigao ofary ke ralajidndbetivetnr ighuiiod 20

and serves . QL hent q | J 'f§¥§1§ . [ QU L n
supply 36 etr111 gfdg?cgv{[ k%ng\IX/egﬁ %g?@ﬁfgfﬂé‘ﬂgﬁf %‘%ﬁ} su}g%&;‘&g % det%ﬂégllitﬁz;&ﬁ% t he
l'i qui d suppldgsteyingthe gentdugugliquidifilidys directed either horizontally or
vertically, pointing upwards against gravity. This arrangenent of liquid

supply sub mai ngy3&rPhgRE kiZe dThE 6ITRESRMgYfarGdSs Qiébcwaﬁﬁ% cin bBadhptagi d
supply 20 system 34 |ﬁgncoul d.lead to, a ntipuous Tilmfornmation.

, 1 SC
The det ai | s Wit 18grd 9t N gegerating propgtics ﬁ%{ts‘l‘ttﬁ’él“} Sty vati Drogpdies ngs 30
and 32 aoe ahapeshitapueprocedstd) t he wi der opening pointing outwards. This
shape prevents the formation of droplets when |iquid sorbent FM | eaves the

ST . it o s ! \ f
the s and hedt g witlin i Al BITHES oo SV SR RLEIAD °
out | et openiGlgis 20heindigdualisolith partisies ase approgmately eeupl inssige Tios sipporte
l'iquid dist m&%hﬁﬁti&poﬁl%xﬁ%g&g%q‘ﬁid ik NBisSRFRedetdly Mt Hé s88d pateicRss and

heat transfer sturfgl]c s 18. sures a continuous Tormation of a liquid
film start BTG ShARe of of Y regMarshaRsoeni ngs 30, 32 and reaching to the

| ower end 6 of the mass and heat transfer surfaces 18. 30 The liquid

di stribusor 20 iIsagdondrmec withtan ddhentageope dédigreof tha diventioloirbdceoglaateewzhwi t h a
pl ug and so ophect.i.o ros i h I et
connection ﬁ%%negé%l ée%)téldt%éé(ﬁeest ?ggﬁi &l@%h,g?%za%'gtlt glqlrhéé;iejﬁéei %r%fg.%fgge,dr%g&and 5c.
It is equi pdeublginlate ar oanthe angss wgdihegt tansfey spsfacerespiectvvedy. rBdewanuef af t he
bottom and lsgfgle layer, 10 vEdyOthin cbidg8nd cOiNeqBEfllydd veRE tHif atuid fliOBin GEVeEr
strip 48 and rear cover strip 50. The front Cover 'strip 48 overlaps the
first main P¥% 8 and the rear cover strip 50 overlaps the second main
surface 10 Fig. 6 und 7 show a cross section of alternative designs of the
i quid dost ri buthoracsor@dhce Thith de sispetdallynp@faredddasiga off the iRventiod thadolidar e

different .fr i I j t | i r r he
shape. of t & fioyge S8 find DO ARGALAARERAA. Theferthe the Wikl LERRfads ol 1°
out | et openihsgistrasies surfaz iacquisalentte theperface\wéisandpaperr Santbis cheayensk the

si devays, asndrhfichRinde SedRoloBy 2fdt O hihalfatuing NsdrldBaper- cd HeN@iséte o Nthen
accordance wth Fig, 6 the liqujd supth% S&' mai nNs gfijl%adl r'&)ﬁtyey connect ed
with the 104 %@Wp%ﬁtvaﬁp fhﬁétf@ésa SIS CH HY 2¢ ¢ 39 IPVEChar ds
and upwasds described hein. | N the design in accordance with Fig. 7 these | ast
liquid supply sub-mains 3 8 |l ead horizontally outwards. 1n the design in

accordance wth Fi g. t he .bi i 1S f.f, 1O
t ur bul ence and ihr1 P gcé)ﬁﬁr%lrc i t“fl.tlglsél#{?g? ﬁg?ﬁeé\gv"ésnglgégﬁ&glg&.a%ghseft%tot\gés?{ Sge\{gée]dttcg)lrl of
Fi g. 3 with hastwelductisystems,dnivdrieh the sulstandee atsi separatet ifeoms eachgothgy bubbeati qui d

P S8 T U RS Y S

t he rounded form of ) Ir C To prevent th é‘iﬂ? ing. o e

smal | est | i gthieh sufited withis kignid o1 sasreusrheatingrirosking agex THRM: Theeothsrqui d
supply ssgb- richsyséda :(I‘ﬁaﬁetﬁdrﬁfbﬁll@?'ﬁt@rnbfé)tig\ﬂfm@d twith &igaSeodl niddea hidl 86ither
expect ed duﬁltuncP rrrxtegii% F?\/I.(IslyrﬁllelgrgoreXhelmgyggrid heat transfer reactor contains at least one

mainly vertical reactor double plate, which has an upper end, a lower end, a first and



20 Regarding further details of the design of the liquid distributor
reference is made to patent application DE 101 41 526.5 wth the title
"Utra lowflow liquid distributor” init's entirety. The nass and heat
transfer reactor as described above is suitable in particular for the
dehum dification and cooling of air) The air is dehumdified by nmeans of a
25 sorbent while at the sane tine the absorbing liquid, usually a watery
salt solution containing one or several-falts, is considerably diluted
(absorption). Alternatively, the air is humdified and the sorbens

re-concentr ' T i - L iU i
circul ates ?%0%9 ﬁﬁﬁag@@%# g‘lﬁs e(l,lr ?u%fiaﬁso;@%gﬁq 4ﬁ§g %%(Pg;[ees'gé’c%ﬁrd %ﬁgﬁ%ﬁui d
t

sorbent FM avigre the heat trapsfertdughsystans inditiatqdninghe voisk @t iast ope

process 30 (lgsaL éléér%@a afRS$RIRhh@Reat trEASRE BirBACE ik AotdancawRhrOREDI €
cooling water tenperature difference for, absorption the c?.ol ldlt’lﬂj(s ter HKM

i s ducted i o Qo@ntthls maghwans heat Seaaster swifase. e SR aad;the lidy! 19 98| ow.
For desogpt ifRivihg il & cotsbeflow difetios@antherupbbowidosf thisoractondaitde platow

O o bl RSN e R RATIRLAT o Rl SPIEN o

t he sorbent taasfepsurfassepossi bl e. For the desorption the nost concentrated
sorbent is brought into contact with the hottest heat nedium HKM s which
causes the hi ghe%% Eé?ﬁﬁhiggesﬁﬂlaﬁﬁ?ssgefep {0 GEheY ARAMhtaBERRS HESmRAeE | fher i um
in the sorbent. Both neastres provide the greatest possible nmass transfer
potenti al fanvenbenr espective process (Absorption or Desorption),
respectively. The mass and heat transfer surfaces 18, which separate the

sorbent KM and tpigihad dethid, Chantéditics and adentizds bEticiigentigrkhn bikbbtaatedt he
void 12 between the reactor 1 0 dqubl | at,es 2 o] : | et e cont act
with the hegf‘?lﬂ&"%tﬁgo\‘fﬂ’& f%ﬁ“ﬂ‘f@&i"g'aﬁﬁ%ﬁ%ﬁ‘gd?sr‘%‘ %ﬁhg}nvg?tg%q{;pi .e. the mass

and heat transfer surfaces 18 are noistened with the liquid sorbent FM The
l'i qui d sorbent FYofsorare an extremely thin, continuous film26 on the nass
and heat transfer surfaces 18, which flows down the mass and heat transfer

surfaces 18, foljigw NG GhakhdddisiiPot Suplial i SR Aentér h |1 qui ds, on

the 1 s inner si as we as on e oufer side of the reactor double

plates 2, a high heat transfer coefficient and co uent | hi gh at
transfer rate i Sifchi vERTMAHSCEASHGEEHR ﬁé%l{g?‘t?rﬁngtg‘g rp?.ssr#flﬁ}gaﬂg%?%%%g and
cool i ng 1s5i qui d HKM t hrsurfgbest he separating wall into the sorbent FMand to
the air GM which is flowing along the thin filmof sorbent 26. This al so
ensures an opti nal Skl ARk : e orbent film20 26 is
achi eved by thenit!jig'egrgfas‘gg‘gsvpem gllrontc%?;ttﬁle Egﬁﬁgfﬁégﬁ%ioiti ng of small solid
particles 22, which enables an extrenely smal], ampunt of sorbent to forma
conti nuous i stFigudd a%‘éet’t‘ihof‘lhér%é’se“éﬂéhﬁé‘&’t“dtq?%{ﬁg?@i; surfaces 18 and

whi ch runs continuously to the bottom The extrenely small anount of
sorbent is distrFrigudieda ks deetion ofithd itdinsih Fig Uaatonglined-d5s t he upper edge
of the mass and heat transfer surfaces 18 over the entire 2s width of the
react or doubl e pl.at oWt t i l\eh Sr. R, £ B e carried
out by the airf P%]\ﬁ gar%’eanmcq%? SS%@@%?%?@#%&%’ %o%\,g%(r?&o%ﬁy#% %’l mal |y
protrude into the free cross section for the airflow between the reactor
doubl e pat es 2, Figot and7 asbemiative designrf the awddigtduterandhe ajrfl ow occurs,
whi ch would lead to an increased pressure |loss. 30 The entire the nmass and
heat transfer repgtor gasaipefrmnyfactured in plastic (Polymers) and can be
designed very thin. The thickness of the individual reactor double plates 2

for exanple is 3 | n e.void 12 bet.ween the react,or fins

(not shown) are ﬁrﬂégﬁ%hggﬁggl} ! E‘J‘Fé’f‘vﬁ“&%rs@%‘lvg n E%?' 'Eihh;&P aﬂﬁglgbgigm%ﬁﬁaﬁui d

HKM f | ows t hreattghdoublé platds@; mhidh axe nramgbdrsidetby-sitle withsomerspagsf inrbetivesn.

system 16, iGgh i - r M 8t & Brst @l T

GM fl ows ag\gﬁﬁ‘g’t 0g@g\fﬁé&vé?%geﬁﬁgg?gﬁgo%%gﬁp Elﬁ% lli)’om\/\gq\k}m%ﬁegr avyt %/ "

form ng a di amtsecondmmainuurfece 8uandel0, fresngetively,1and) & yeify12 between first and
second main surface 8 and 10. The void 12 is formed as a heat transfer duct system

14, in which e.g. water can circulate as a heating or cooling media HKM. Between
the individual reactor double plates 2, a mass transfer duct system 16 is formed. The



2 Reactor double plate 4 upper end of 2 6 lower end of 2 8 first main
surface of 2 10 second main surface of 2 12 void between 2 14 heat transfer
duct system 16 mass transfer duct system 18 mass and heat transfer surfaces
20 liquid distributor 21 coating of 18, 2 22 small solid particles, sand
grains 24 gaps and voids 26 liquid filmof sorbent FM 27 base body of 20 28
front side 29 rear side 30 front liquid outlet openings 32 rear |liquid

outl et openings 34 liquid supply syst em&6 l'iquid supply mains 38 liquid
supply sub-mains 40 Bifurcation 42 connection pipe of 36 44 Plug and socket
connect | on 4R sEemRIAR el § RIS o IRa ORI 1R, BOd Sfarbver
strip 52 we ge shape 3 . A mass and heat transfer
surface for nagsyeindpheaty transfm quntadepn 164 Theqmpﬁ; and, ihgatotiangies stsfages A8 e and a

coating (21 poigemrdld &ﬂtlﬁﬂodsﬂafroﬂﬁﬁ@ topbyf @GQuid rﬁ&ﬁﬁlﬁqiM\tf?'aYSoﬂ)eﬁU rffraﬁlethe
structure to reduce the ef ect of ., surface 't ensi,on,

transfer subrges ik sopries oy diregtion. @aogaseors Psqivy @8W§| 2‘? Wﬁ‘a‘ g:f ﬁeaf’tr?F n
| ayer of ssmajolibleqlatek, Mﬁéh cirecusé 32 hbsoryition -sieldaskspagdse@isemnmpdaynthinionthe f i xed

onto the base_su ps. and vai | i-d
particles (é%ben{iﬁglca[rg $E%P§ H’fﬁ&‘ﬁltg gﬁ%e&u%\fg(?%gorfrgﬁgﬁ&gﬁhggér‘g%g?é\h Eﬁﬁ%ggg 10 2.
A mass and Rlesdrptiomnsf er surface in accordance with Claim1, wherein the

i ndi vidual solid particles (22) being approxi mtely of equal size.

At the upper end 4 of the reactor double plates 2, a liquid distributor 20 is

attached, which provides sorbent FM across the entire width of the reactor double
10  plates 2 on all mass and heat transfer surfaces 18 to form a thin film of liquid. Details
of the liquid distributor 20 are described in Fig. 3, 4 and 5.

The mass and heat transfer surfaces 18 have a coating 21 consisting of small
solid particles 22, for example sand grains, as shown as typical in Fig. 2. The mass
and heat transfer surfaces 18 thus have a surface like sandpaper. Between the solid

15  particles or sand grains 22, respectively, gaps and voids 24 are formed. By way of
their capillary effect, these small gaps and voids cause the even distribution of
sorbent FM in the form of a thin liquid film 26 on the mass and heat transfer surfaces
18. As shown in Fig. 2, the sand grains 22 are applied individually, next to each other
on the mass and heat transfer surfaces 18. This single layer application enables the

20  formation of a very thin film of liquid.

The coating 21 and the sand grains 22, respectively are fixed permanently on
the mass and heat transfer surface 18, using glue. Alternatively, the coating can be
fixed onto an intermediate carrier, which is not shown, which itself can be fixed onto
the mass and heat transfer surfaces 18. .

25 Fig. 3 to 5 show a typical design of a liquid distributor 20, which is used to
apply the liquid sorbent FM from the upper end 4 of the reactor double plates 2 onto
the mass and heat transfer surfaces 18. The liquid distributor 20 consists of a base
body 27 in form of a rectangular plate with a front side 28 and a rear side 29. The
width b and thickness d of the liquid distributor correspond to the width and

30  thickness of the reactor double plates 2. Along the upper edge of the liquid distributor
20, front and rear liquid outlet openings 30 and 32 are situated at regular intervals
side by side, whereby the front and rear openings 30 and 32 are are alternating.
Therefore the front liquid outlets 30 moisten the front side 28 of the liquid distributor



3. A nmass and heat transfer surface in accordance with daim1l or 2,
wherein the coating (21 ) of solid particles being single | ayered. 4. A
mass and heat transfer surface in accordance with one of the above C ai ns,
15 wherein the solid particles (22) being grains of sand. 5. A nmass and
heat transfer surface in accordance with one of the above d ai ns, wherein
the solid particles (22) consisting of conponents of natural sand, in
particular silicate, alumniumsilicate®mnd/or siliciumdioxide. 6. A nass
and heat transfer surface in accordance with one of the above C ains, 20

uher ein 1€ ,50hj e i Brthé?3 PR UbANBRH 9 White b Beii13hid dullefreans
ve. . mass an eat

of an adhesi ] 1 3 transfer surface in cordance with
dai m 6, whepeiingsRemeaigtradheeapdiedd andjfhgsecond mapgudacsd: heat transfer
surface in accordance with Caim6, wherein the 25 adhesive being an

internmedi ate |ayge @fuid Qiutlet opemhipe B0t iRl Sl tedeivarthe diquid 22 surkeneriidddded in
such a way that th

rotrude and where.the internediate foik,is.fixed t

the base suf§sRe 1."6&/ Vg? YICFHPP e@fS?eln? 3%3?@? %gﬂlrdf%’ggﬁli %Stgé%lcgdr"lj‘glrlllgfé)igvi tﬁn 0
one of the ahewe oftlthé fentlsitle 28, invludeea comhmnhmsia wpplyaitearses nyltitudevér si bl e
t her nopl ast i [, L b = sl s [ ' he
solid Bart i éﬁ%’gnafr%2§§;ﬁ%ﬁ% 1(2_ daé%%?l?fﬁgégﬁga vvagll&% ﬁ?%éﬁg& g?fgﬁﬁ%@é? omthe
surface. 10.inta liguiksupply swbamaing 38synsil one digpisy supplypubunaig 38iisaval ﬁ" yst enms

14, 16), whi ' c s KibwegRFiE 5 Hee cdhiequid
1£I ow, bu% a}@g&g%@gg@%p{ﬁﬁ% ﬁa(?gﬁagét *rl:g@ﬁgﬁ%nf&ra %Fgﬁ i\%/nﬁreb .tﬁ% S;Ss a
flow of a | iogtlptPRepings 3@ msgaﬁherémbma@o%r Y ﬁ%‘gg gy O ?‘rPPéﬂ‘&g%lé%t
tsyst e ][n (lhgatl%édﬁlig‘t?ftﬁé idgblﬁd mfalmsmmfaﬂo. Eiediquid b supplyr3cduatchsy atttbarfifstass |
ransfer dugt_syste a w_Q asepus [ :Liqui
medi a (P bifogeden ARt GiacoRdning JcpBcadrs (P Raihlive Bheb ety imp
plate (2) wiihfo tooeubmpens emi oné )indinduelnsbl rosier38andviibiple for sadhmefrthe 488 a
secondary ”qlcﬂjfwtte?géeréirggsﬁg%nd%ad a void (12) between primary and

ac : ;

secondary maln sur wher eby the heat transfer duct system (14)
I s accomodated in the void (12); 15 at, | east, one of the .maig slega}ces (8,
10) is desi gned ¥hs liguid main syppls 36 A% einped With & canngsiopRipe t4gVhchlies ;

rrazs a?dl I\s/;‘eadbo{ré &fasfpgér éilgéfofﬁﬁfé {8 distribugaend serds oo feGhheditpiid sebéritqui d
media (FM are ducted in,such.a way as.tq.est i r .and 20
at the upperifonipe Systery thﬁﬂkqué(ftqaé‘ﬁ?ppa}’l%reé’gg?a&)rtﬁéd]%?&ﬁggﬂgﬁ‘gf £?ﬁegﬁf?1‘f‘§ui d
di stri buti onsupylst steq20) dml therlipnd edpply sibghains B8yarasalwaysediredied sithes t hin
filmof noist )...0f 1 | Qe ' . ' Asdm nmass
and heat tr olsf-{zg?t(aﬁﬁr a‘(’:eé'&f@,y ’ ?gﬁh&‘q{&h%"?%s( ggﬁl?ﬁggr 1zélJt;ilBIs eg}g% ah(;ﬁe ,naés?igqiafnd
heat transf diquidsinpbesyblsying 3B peeventsitemoamptionsefcgas dubbles inhe ligRid sypplyhe
Qainms Lo fsleth 4 WHiéH &ld lead to a discontinuous film formation.

The details in Fig. 5a und Fig. 5c show, that the liquid supply openings 30 and

32 are shaped tapered, with the wider opening pointing outwards. This shape

prevents the formation of droplets when liquid sorbent FM leaves the liquid outlet

openings 30 and 32 and ensures the continuous moistening of the mass and heat

25  transfer surfaces 18. In the area below the liquid outlet openings 30 and 32, both

front side 28 and rear side 29 of the liquid distributor 20 are equipped with the same

coating 21 as the mass and heat transfer surfaces 18. This ensures a continuous

formation of a liquid film, starting from the liquid outlet openings 30, 32 and
reaching to the lower end 6 of the mass and heat transfer surfaces 138.

30 The liquid distributor 20 is plugged onto the respective reactor double plate 2
with a plug and socket connection 44. The cross section of the plug and socket
connection 44 resembles the letter “M”, as displayed in Fig. 5a, 5b and Sc. It is
equipped with a centre plugging strip 46, which protrudes out of the bottom and left,



11. A mass and heat transfer reactor in accordance with Caim 10, wherein
several reactor double plates (2) being stacked with a di stance between
each other; 30 the gaseous nedia (GV) flow ng against gravity fromthe
bottomto the top between the individual reactor double plates (2); and the
liquid nedia (FM flowing in direction of gravity as a thin film of

noi sture (26) down the mass and heat transfer surfaces ( 18). -16 12. A
mass and heat transfer reactor in accord@nce with daim10 or 11, wherein
the heating or cooling nedia (HKM being ducted in the void (12) in the

react or dou?ﬂgﬁt, Bh HeSorlt 2hd aP tHeNBarl PFrBAIover AP AYQInd farresh dover §tfpl30t Then 13.
A mass and heat transfer reactor .in accor,dan%e w%th one of the d ai 10 to
aocst 0 B¢ THRT

12, wher ei n ok CP¥EYEP 4§oRsrIaps fhe: fist main sy SVEE STPBoPY ner s) .

14. A mass aRerldiRake socaidingin suglacé D0 i n accordance with one of the C ains
10 to 13, wherein the liquid-distributor (20) conprising: an even nunber of

| i quid suppl y-openin 0, 32) t el | . qui d,. | j 4 '

equal distance %‘r‘e%r?\ cﬁa&“hﬁfl)oﬁ %"r‘fgg{‘ ﬁgageﬁg%ﬂ%ledgalgg %él g(ei?l ﬁ?@é&l%ﬁﬁtggg and
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To prevent the clogging of the smallest liquid supply sub-mains, the minimum
cross section of the liquid supply sub-mains 38 is designed to be twice the size of the

largest expected dust particle (typically 1 mm?).

20 Regarding further details of the design of the liquid distributor reference is
made to patent application DE 101 41 526.5 with the title "Ultra low flow liquid
distributor” in it’s entirety.

The mass and heat transfer reactor as described above is suitable in particular
for the dehumidification and cooling of air. The air is dehumidified by means of a
25  sorbent while at the same time the absorbing liquid, usually a watery salt solution
containing one or several salts, is considerably diluted (absorption). Alternatively, the
air is humidified and the sorbens re-concentrated (Desorption). The heating and
cooling liquid, which circulates in the heat transfer duct system 14 separated from the
liquid sorbent FM and the air GM, transfers heat into or out of the sorption process
30  (Desorption or Absorption). To achieve the maximum possible cooling water
temperature difference for absorption the cooling water HKM is ducted in counter-

flow or cross-counter-flow direction to the airflow. For desorption it is ducted
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transfer coefficient and consequently a high heat transfer rate is achieved regarding
the heat transfer from the heating and cooling liquid HKM through the separating
wall into the sorbent FM and to the air GM, which is flowing along the thin film of
sorbent 26. This also ensures an optimal mass transfer. The continuous sorbent film

20 26 is achieved by the use of a special coating 21 consisting of small solid particles
22, which enables an extremely small amount of sorbent to form a continuous moist
surface on the mass and heat transfer surfaces 18 and which runs continuously to the
bottom. The extremely small amount of sorbent is distributed by the liquid distributor
20 across the upper edge of the mass and heat transfer surfaces 18 over the entire

25  width of the reactor double plate 2, without forming droplets, which could be catried
out by the airflow. The liquid distributor does not or only minimally protrude into the
free cross section for the airflow between the reactor double plates 2, so that no
significant disturbance of the airflow occurs, which would lead to an increased
pressure loss.

30 The entire the mass and heat transfer reactor can be manufactured in plastic
(Polymers) and can be designed very thin. The thickness of the individual reactor
double plates 2 for example is 3mm. In the void 12 between the reactor double plates
2 fins (not shown) are inserted at regular intervals, so that the cooling liquid HKM
flows through in the form of a meander. In the mass transfer duct system 16, which is
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6 lowerendof2

8  first main surface of 2

10  second main surface of 2
12 void between 2

14  heat transfer duct system
16 mass transfer duct system
18 mass and heat transfer surfaces
20 liquid distributor

21 coating of 18, 2

22  small solid particles, sand grains
24 gaps and voids

26 liquid film of sorbent FM
27 base body of 20

28 front side

29 rear side

30 front liquid outlet openings
32 rear liquid outlet openings
34  liquid supply system

36 liquid supply mains

38 liquid supply sub-mains

40 Bifurcation

42  connection pipe of 36

44 Plug and socket connection
46 centre plugging strip

48 front cover strip

50 rear cover strip

52 wedge-shaped bulge
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Claims

1. A mass and heat transfer surface for developing a thin film of liquid fluid on a
base surface and a coating (21) applied on that base surface — respectively a
surface structure to reduce the effect of surface tension, the mass and heat

5 transfer surfaces comprising:

- the coating (21) consisting of a thin layer of small solid particles (22)
- the solid particles (22) being fixed onto the base surface and

- gaps and voids remaining between the solid particles (22), due to their
shape and allocation on the base surface

10 2. A mass and heat transfer surface in accordance with Claim 1, wherein the
individual solid particles (22) being approximately of equal size.

3. A mass and heat transfer surface in accordance with Claim 1 or 2, wherein the
coating (21) of solid particles being single layered.

4, A mass and heat transfer surface in accordance with one of the above Claims,
15 wherein the solid particles (22) being grains of sand.

5. A mass and heat transfer surface in accordance with one of the above Claims,
wherein the solid particles (22) consisting of components of natural sand, in
particular silicate, aluminium silicate and/or silicium dioxide.

6. A mass and heat transfer surface in accordance with one of the above Claims,
20 wherein the solid particles (22) being attached to the substrate by means of an
adhesive.

7. A mass and heat transfer surface in accordance with Claim 6, wherein the
adhesive being a glue.

8. A mass and heat transfer surface in accordance with Claim 6, wherein the
25 adhesive being an intermediate layer of foil, in which the solid particles 22 are
embedded in such a way that they protrude and where the intermediate foil is
fixed onto the base surface.

9. A mass and heat transfer surface in accordance with one of the above Claims 1
to 5, wherein the base surface being a reversible thermoplastic or a reversible
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chemoplastic material, in which the solid particles (22) are embedded in such a
way that they protrude from the surface.

10. A mass and heat transfer reactor comprising:
two duct systems (14, 16), which are isolated from each other with regard
5 to the mass flow, but are coupled with regard to the heat transfer, whereby there
is a flow of a liquid or gaseous heating or cooling media (HKM) in one duct
system (heat-transfer duct system 14) and in the other duct system (mass
transfer duct system 16) a flow of a gaseous media (GM) and another liquid
media (FM);
10 at least one mainly vertically arranged reactor double plate (2) with one
upper end (4) and one lower end (6), a primary and a secondary main surface
(8, 10) and a void (12) between primary and secondary main surface (8, 10);
whereby
the heat transfer duct system (14) is accommodated in the void (12);
15 at least one of the main surfaces (8, 10) is designed to serve as mass and
heat transfer surface (18);
at this mass and heat transfer surface (18) the gaseous media (GM) and
the liquid media (FM) are ducted in such a way as to establish a counter flow;
and
20 at the upper end (4) of this at least one reactor double plate, a liquid
distribution system (20) is connected in such a way as to establish a thin film of
moisture (26) of the liquid media (FM) on this (at least one) mass and heat
transfer surface (8, 10),
wherein
25 the at least one mass and heat transfer surface (18) being designed in such
a way that one of the Claims 1 to 9 is fulfilled.

11. A mass and heat transfer reactor in accordance with Claim 10, wherein
several reactor double plates (2) being stacked with a distance between
each other;
30 the gaseous media (GM) flowing against gravity from the bottom to the
top between the individual reactor double plates (2); and
the liquid media (FM) flowing in direction of gravity as a thin film of
moisture (26) down the mass and heat transfer surfaces (18).
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the heating or cooling media (HKM) being ducted in the void (12) in the

reactor double plates (2) in the form of a meander from top to bottom.

13. A mass and heat transfer reactor in accordance with one of the Claims 10 to 12,
5 wherein the reactor double plates (2) consisting of plastic (Polymers).

14. A mass and heat transfer reactor in accordance with one of the Claims 10 to 13,
wherein the liquid-distributor (20) comprising:
an even number of liquid supply-openings (30, 32) to release liquid, being
positioned in equal distance from each other along the upper edge (4) of the
10 mass and heat transfer surface (18);
a liquid supply system (34), originating from a common liquid supply
mains (36) and splitting up in a number of sub mains (38) by repetitive
bisections at bifurcation points (40) until finally each of the sub-mains (38)
ends in one of the supply-openings (30, 32); and
15 the liquid supply sub mains (38) being located below the liquid supply
openings (30, 32).

15. A mass and heat transfer reactor in accordance with Claim 14, wherein the
liquid release openings (30, 32) in the liquid distributors (20) being designed
tapered, opening outwards.

20 16. A mass and heat transfer reactor in accordance with Claim 14 or 15, wherein
the total flow-distances from the liquid supply mains (36) to the individual
liquid release openings (30, 32) being equal for each respective liquid supply
sub-mains (38).

17. A mass and heat transfer reactor in accordance with one of the Claims 14 to 16,
25 wherein the liquid supply sub-mains (38) being designed in such a way that the
flow of liquid is effected against gravity from the bottom to the top or
perpendicular to gravity (across).

18. A mass and heat transfer reactor in accordance with one of the Claims 14 to 17,
wherein the liquid supply sub-mains (38) being rounded at the bifurcations
30 (40).
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5 wherein the liquid distributor(s) (20) being fixed to the reactor double plate(s)
by means of an attachment device (44).



