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A Regenerative Adsorption System Technical Field The
present invention generally relates to a regenerative

wad®snpgsson system and to a regenerative adsorpCT/862004/000127

process . Background Adsorption is a process whereby
one or nore conponents (an adsorbate) in a fluid phase
ar e transfkrRegenepatiyec ddgpapbion, SYHee®urf ace of a
solid adsorbent. Desorption is the reverse process of
adsorption and involves the transfer of an adsorbate
froma solid adsorBeebnical Hielidl phase. The process

of ~adsorption is .exothermc whi t r

d&&6r pt?gﬁs%?r%ce§§vie§ &ndot r%erﬂrrél%‘ll%es g g%?g?l onand >
regefl@88t Pvé ONadeerbeidn exehange pandesses, sadsorgrriomtdms

- desorption can be utilised in heating and cooling

adsoéBEFPEaPF?ﬁ%§S1n recent years there has been grow ng

|n;Frest in the use of "adsorption chillers" that

utilise water as a refrigerant. A major advantage of

these adsorption chi [BaFEE%OUnE, ¢ thgy can chiI? wat er

| B AR RISeHPEL0R pREEe8BdwhELEL Y bhé SOr MBS ecdipginerits
regenerate the adsorbent in a desorption nmpde. Known
(an addeppbied) chilt | é s fapddcapidie St tFPEFAGThek?: admd

accdﬁ@yfg% g%? Eﬂepgggyggeceﬁlstﬁ@iérathEB@nEan@@Séﬁpﬁﬂén
to ' schemati c di agram of a known adsorption
is cthel | eevéssshawmedessFi gf ladsoptiomsnst | SAVERYEF erthe

trancs%%p:r Io%e's’ant Vg)dsorbate from a solid adsorbent to a fluid

phase.

The process of adsorption 1s exothermic while the
reverse desorption process is endothermic. As adsorption and
desorption are heat exchange processes, adsorption and
desorption can be utilised in Theating and cooling

applications.

In recent years there has been growing interest in the
use of “adsorption chillers” that utilise water as a
refrigerant. A major advantage of these adsorption chillers
is that they can chill water in an adsorption mode and then
utilise “waste heat” to regenerate the adsorbent in a

desorption mode. Known adsorption chillers are capable of
utilising heat as low as 70°C to produce cooled water in the

range of 5°C to 15°C.

A schematic diagram of a known adsorption chiller is
shown in Fig. 1. This adsorption chiller comprises two
reactor chambers . 10 and 20 respectively having two heat
exchangers 12 and 22 that are disposed within a solid

adsorbent bed. The two reactor chambers 10 and 20 are housed
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react or chanbers 10 and 20 respectively having two
heat exchangers 12 and 22 that are disposed within a

waolosdosssisor bent bed. The two react or chamber sPADSGETNG4/000127

20 are housedw thin a vacuum chanber and are in fluid
communi cation wth a condenser 30 that has a plurallt¥
withoh goppenuhi ahewbRl atRA shes |11 ubBEL B OROEMAY L Grtd O Wi T

a co.ilﬁlghge%o?a? QB%@L%%I‘ s u@'ag"c@@&/' Bbg Vcl%b%%rs (fliﬁc %u%% and

reactor and 20" are alSo in ui d
shelﬁonnﬂnﬁtaﬁﬂan whath anceviapofanodd 4qpmmunlq%§§0a- with a

coorBF ek PPyPERDT ool SO S0fkier e 8 hde
alsoeXﬁhﬁngd éammuﬂimaﬂmam:w&khhangevapgrat@©¥£®ddp§srpwea
oG by B AN e sygoshelor A Bndogoniapecic

connunlcatlon W th
therhﬁ@lyeéaﬁﬁlé&etshanbelslﬂ@ it 20y 1oy héﬁ@ﬁﬁxhhﬁngaﬂ 42.

vapor valves (14a, 14b, e, d| ameter
The @EﬁBre%FSP%’é%e’( 1%, acf&&‘m%&&es 3} SPéfﬁ?% rea‘“
reduce the pressure drop between the reactor chanbers

10 and 20 operating in vacuun1and t he condenser 30 an
t ey APBPAFIF L0 4% TRRA adiSBGEEEx chP | 13 oFa?—?BQ"F %

belr%hqwn ropehatbigu ¢dx 1e WikRChkoe ¢Ba @El\l@ d:Hi‘ambers 10
dsorption node and the reactor cha

and @@sbyplasaendiamneive GRITaC o5t (tlﬁé éago%ﬁ?f%d) The
1arq<;ﬂh'¢1 ﬁeee%: 01&94 | OBy d h@lwaﬁ]@u@a@a@r Q. chasgRtkd

e sol i d adsorbent adsorbs water vapor that has
to mhwee\mmrmtewurceomcpqueawmeth@r BaBRECT neleppfrs 10

and e%gp%&%};{o g H‘e §CY r Qh \ﬂ%t eéoft(ﬂéﬁgélh €30 and the
eVapora passes oug open valve 14a to t he
evapdﬁmub&rgchanber 10 (valve 14D is cl osed) . Evaporation
of liquid water fromthe evaporator 40 is
The adsorption chiller of Fig.l1 is shown operating
with the reactor chamber 10 in adsorption mode and the
reactor chamber 20 in desorption mode. The operation of the
adsorption chiller is as follows. The reactor chamber 10
charged with the solid adsorbent adsorbs water vapor that
has been evaporated from liquid water brought into the
evaporator 40. The evaporated water from the evaporator 42

passes ‘through open valve 1l4a to the reactor chamber 10

(valve 14D ig closed).

Evaporation of liquid water from the evaporator 40 is
driven by the adsorption process, the heat transferred by
the latent heat of evaporation causes the £fluid in heat
exchanger 42 to cool down. The cooled water exchanges heat
with water passing through heat exchanger 42 so that the
outlet water of heat exchanger 42 becomes “chilled water”.
The chilled water from heat exchanger 42 may be used as a

refrigerant for cooling applications.
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driven by the adsorption process, the heat transferred
by the | atent heat of evaporation causes the fluid in

whewats/1e888hanger 42 to cool down. The cool ed WaP@F/SG2004/000127

exchanges heat wi th water passing through heat
exchanger 42 so that the outlet water of heat _
exEhaRger 42 Kéeomsacteni Iahegorat &0 1s TRRAEIRE | BHEh an

adsdBi&L: (AL NeAl AGLTdn MBY DS 4S6H 8StBrated with
refrigerant tfor cooling applications.In Fig. 1, the

wateeavaper chaoierwad(®ey sfxdrar gediowitt seurcrispapeas through

mat erd al th h e rggg: sat ur at | t
hea%a%%??g%%:faé e?§?$€%$éa%%a sgﬁ%ﬁéﬁ%aégegg?ﬁ%%ﬁgﬁﬁ Ehe
des&tﬁaﬂidcexadamagamezzebyawatag tdneor elax tdrividh tod fopedapesieas

t esor pti.on e whereb ter_vapor, i,.s driven.off
thr%‘fﬁ?"‘ passes’® reo%% dp8n'va %/%ajl4bcj(c\’/sg O@e 485 § Halhsed
in @hesefhindendeg candessedol indg heacendensare 30t asowgol hagt

wat er passes through heat exchanger 32 . At the end of
excharIsstrption cycie in reactor 10 and the desorption

cycle in reactor 20, the valves 14a and 14b are cl osed
and val ves (14C, 14D) are open to reverse the process

soRthaher eact Gt RSP B8 A¥EL S N ® hESBLYF pt P oARd

theﬁeggoégéiéﬁa@@ie chanbescZ0- ope atrs A1 88 adsorpdi anp
node. Because the adsorption chiller is capable of

areopdogelngend FAlHESor HH4CoR4RDdE%hdOBSBe S pFRVRL T dERS

problfsProgesenle. koguReds * LRORDSLAlhYe 30SORBLLONIN. Ane
I sadvantage with known adsorption chillers is that

desohpt iapomogal vesd(irencteal vekander P4b) cppsakspenist véhe
adsggg%%%grﬁﬁightEgcgegétgﬁetgﬁsggﬁeigﬁ'gﬂiEEF lﬁggcapable

yST er nor e, e use of ~copper s and tubes
of wipelrahitpe icoredensdésoldd: iamd wdeporad or 4@ sPbopthent mode,

exchanges. ar.e . .
the proceé@ ig8 Khown ag “regenerative adsorption”.

A disadvantage with known adsorption chillers is that
the vapor wvalves (i.e. valves 14a,14b) are expensive and
increase the cost of the adsorption chilling system.
Furthermore, the use of copper shell and tubes within the
condenser 30 and evaporator 40 for heat exchanges are
expensive and add to the overall cost of the regenerative

adsorption system.

A further disadvantage with known adsorption chillers
ig that the heat transfer coefficients of the heat
exchangers is at most 3,500 W/m’K. Accordingly, large sized
heat exchangers are required relative to the chilling duty

of the adsorption chillers.

There is a need to provide a regenerative adsorption
system that overcomes or at least ameliorates one or more of

the disadvantages described above.
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expensive and add to the overall cost of the
regenerative adsorption system A further di sadvantage

wowRal/16888mn adsorption chillers is that the heBtT/SG2004/000127

transfer coefficients of the heat exchangers is at
nost 3,500 WnRK . Accordingly, large sized heat
ex@h@ﬁge#g aréﬁﬁﬁhUF?eﬁr¢%4 | ¥e TEISRREAERVE| PAGOYREYOR

sysé’émt&%@ Qr pt mghctuegk%f'angf@f eder@ d1eed LR1REoVLdes

regenerative adsorption systemthat overconmes or at
tha&em&tamuadaaxpaues chelbersmre dfsauibedi sRevant ages
descri bed above. There is a need to provide a
regenerative adsorption systemthat has a high heat
t r "amef@r igoef fiegicento r pkatide &o regancobtane adsisopbidon

ers as _described above. ere is ne
SYSE?%VFH%t 3P8§eH8FafFV%?dﬁ%o?%&il%Fsy §H1Y%QY5§OEEtH8
the Negdadorit i dhabampaindaloies keiswedatede eeapbostor or
chanber and the associ ated evaporator or condenser.
condgR$RFy of invention According to a first aspect of
the invention, there is provided a regenerative

adsor ption SySte@hﬁﬁﬁﬁgdanghvéhﬁﬁﬂctor cont ai ni ng
adsorbent material |, e reactor capabl e of operating,
i nNAGRCRHERE Pt o HDERE ARPes ésfortﬁ’lel IRVRBddOnanghgre 1s

prob%géﬁcgE?éﬁ@ﬁ%?éﬂi@euaagok?ti$ﬂ| éEHH“HBMﬁ%MSQB Wi t h

e reactor, the liquid om sation unit capable of
at@mnﬁamgOKl$mn$%Mﬂiﬂgn%ﬁﬁgfhﬁﬁknﬁﬁﬁ%ivﬁbortb? frgpctor

cap%%g% eg? h%ig a]%gé ?‘Lg}e) ﬁl‘tjn \r/T%tp g%?sa% 1N roel REAES AU PR ion
mode; and ‘

a liquid atomisation unit in fluid communication with
the reactor, the 1liquid atomisation unit capable of
atomising 1liquid for forming adsorbate wvapor or for
condensing desorbed vapor;

wherein in the adsorption mode, the adsorbent material
in the reactor at least partially adsorbs the adsorbate
vapor and wherein in the desorption mode, the adsorbent

material reactor produces desorbed vapor that is at least

partially condensed by the atomised liquid.

According to a second aspect of the invention, there
is provided a regenerative adsorption process used in an
adsorption system that comprises a reactor containing
adsorbent material, the reactor capable of operating in an
adsorption mode and a desorption mode, the regenerative
adsorption process comprising the steps of:

atomising a liquid to form adsorbate vapor or to
condense desorbed vapor; and

passing adsorbate vapor to the adsorbent material

within the reactor when operating in an adsorption mode; or
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in the reactor at |east partially adsorbs the
adsor bat e vapor and wherein in the desorption node,

wWa bh@sackssr bent material reactor produces desorPedS@zPEN00127

that is at |least partially condensed by the atom sed
l'iquid. According to a second aspec¢t of the invention,

t hePRIRS Pihvi W% ?%%eﬁ%?‘ﬁ%?%péa%?%t i gﬁsiar%%%sgapor
gend&atbd NFABn adaer RHseRLENE! @ltbRaAL]1CAHIN S ardLaEdPr is
conyalnln% adsorbent material, the reactor capable of
orexpelnd i1y Ghe AFSe¥BbtpRi BPfnde and a desorption node,
the regenerative adsorption process conprising the

steps of: atomsing a liquid to form adsorbate vapor
orAteoxdimense aldgviisedangydr of dig gaysnigondsdhbaceis

oo 88 40 dieAdaanbents IBLETL Al i (ke pgact of

en operating in an adsorption no or condensi ng,
usangat e odit awesedrki gontaidésgr bddovhpot geheraskd the

fromthe adsorbent _material .when the reactor js
reaisdy RGP (Mo QBSORptI'9n o, AECORITRG (B (7%

des@speindn afoddye amdventi on, there is provided an

adsorpti,on chilliing system conprising: a.pair Qof

r edct ¥ tonfai ni gﬂﬁﬁgorﬁ%ﬂngﬁiﬁ??alPnfﬁﬁ ré%@?brsare
resﬁ@@@ﬂ@lpf ﬁpgrﬂhijng idorafinddeetiphi owighdethaad pair of

esorption npde; _and a, pair of |jquid atom sation
reaghpr®s (FAT 418 CoPERbI VAT it PRORAuRTEat Dot at
lealt t hatrhe apair Hfonieaelors, tikgild geb d fat-em $at ke@Rorbate

units being capable of at least partially atomsing a

VapPF o (il oL FMPRALARS bY bEPRIGRPHIT Gt IaSIreLs: vapor;
paphbabliy £9NGELS| fige eSS Heh YaRN s -2 WREHRILR HRtween
use, the pair of reactors alternate between

respectively operating in the adsorption mode and the

desorption mode, wherein the adsorbent material of the
reactor operating in the adsorption mode adsorbs adsorbate
vapor from the 1liquid atomisation wunit and adsorbent
material of the reactor operating in the desorption mode
generates desorbed vapor that i1s passed to the 1liquid
atomisation unit to be condensed by the atomised liquid; and

wherein liquid present in the liquid atomisation unit
in fluid communication with the reactor operating in the

adsorption mode is caused to cool in temperature to become

chilled liquid capable of being used as a refrigerant.

According to a fourth aspect of the invention, there
is provided a regenerative adsorption process comprising:

atomising a liquid to form adsorbate wvapor or to
condense desorbed vapor; and

passing adsorbate vapor to adsorbent material in a
reactor, when the reactor is operating in an adsorption

mode; or
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respectively operating in the adsorption node and the
desor ption node, wherein the adsorbent material of the

WO e@stiasssoper ati ng i n the adsorption node adsoP@ESG2004/000127

adsorbate vapor fromthe |liquid atom sation unit and

adsorbent, material of the reactor_operating in t
deSH PRSP Irodes Heher Bt eétaré%%‘?%ealsﬂ %ﬁ?r]i’%d vapor

gendassl tooh hgatbsd: itk abnrd siafil Ot Uphd &@a@@oﬁondﬁélﬁedhe
by the atom sed liquid; and wherein Iiquid present in

reaglr | ARE TR RS At BRe UBF$OTRE ¥9iPdeonmuni cat i on
Wth the reactor operating in the adsorption node is
caused to cool in tenperature to becone chilled liquid
capabl e of being usedsfindtdensi gerant. According to a

foprd heBSREGEn fwBQSs' QYN LNGIL LS PIOVLALH Anave

regenerative adsorption process conprising: atom sing
the améarmgundal Jtrmi:lfcartmdadsor bate vapor or to condense
desor bed vapor; and passi ng adsorbate vapor to
adsorbent material in a reactor, when the reactor is
op’ehat oy cl n“vaafpcaﬂsoatrmi gnamodeicadr cvamdienﬂ;bng theirngf,
atom sed

bed gd.f
5 {10 bERES HTE TS TR Lo PoRBLOF, “ngn SeHecr AcEOP PeS

pha®®erating in the desorption node. Defi n|t| ons The
follow ng words and terns used herein shall have the
nmeani ng i ndi cated: The word "vapor" and gramrati cal

varhat itQhs t RessDint | $i40ife iverRaRr eted abr paghya t agent
refer to a fluid in the gas phase . The term "cool ant
that i RERHCTRfEE W a | i qui d agent

The term “heated 1liquid” or “heating liquid” and
grammatical variations thereof, refers to a liquid agent

that produces heating.

The word “adsorbate” relates to a substance that is
capable of being adsorbed or accumulated on the surface of

an adsorbent.

The word “adsorbent” refers to a material that is

capable of adsorption.

Disclosure of embodiments
Exemplary non-limiting embodiments of regenerative

adsorption systems will now be disclosed.

The disclosed embodiments describe a novel
regenerative adsorption system that includes a reactor that
contains adsorbent material, the reactor being able to
operate in an adsorption mode and a desorption mode. The
novel regenerative adsorption system also includes a liquid

atomisation wunit that is in fluid communication with the
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that produces cooling. The term"heated |iquid" or
"heating liquid" and grammati cal variations thereof,

WO efosnesss® a |iquid agent that produces heati nRCT/SGE04/000127

word "adsorbate" relates to a substance that is
capabl e of bei ng adsorbed or accynul ated_on the

reaghe¥ acdP6f HHIGHS oPBERESAt IR WOTLE "LiisGPHéEnt 8O r dLamdse

1ighPsa dmt ebidl ddsdrdatLapapbe ofr a@s0r pbh@Ehse desorbed
Di scl osure of enbodi ments enplary non-limtin

vapehbodPneREEabior egeher atNo e TaASEPPL L8N 18y Shen@dfqrption
monPthﬁ;‘x% HEdanel dhedi-Scl asadnnbedi meatsHe8Er RS2 .

novel regenerative adsorption systemthat includes a
Whene&beoregisdorc ot althsthelséeperPt nelt elpde; the reserdent

mat B8 0P ?%suegsOas%gkseanvggoéd%%@if& 8 ANk 8hy the

esor ption node. e novel “regenerative adsorption
atosyse@m &nsigli ncl udes a liquid atomisation unit that is

in fluid conmuni cation with thereactor. The |iquid

atom sation unit is able to atomse liquid to form

adadrhat egyapoly or thiqgardengeretesdr bednvapahe | nligquid

operation, when, the.reactor is.in_the adsqrption_node,
2COPhER U0, BEAE Mt Ft it da P LPRE 8RS S SEbEparactor
thaV\SG@eIBQEeéeaﬁt ﬁhe: &dbﬁgphﬁoﬁjeﬁﬁcﬁét nap pedeautb8 to cool
. adsorbent materia roduce esor bed vapor that is
in EERREHREF DY-1 RS b coadef ﬁm%gmﬁﬂfgéﬁﬂ%ﬁﬁn@l used
as | kQuUidrprgseshti N hbEokdnyd, at alls atidre UNi teddhdatiite

communi cation wth the reactor that operates in the_,
adsgERbE PR i BY:S HHeCHAYPD CRUPIES 137 @Jyladsorption chilling

system for chilling fluids such as water. In one embodiment,
waste heat may advantageously be used to drive the

desorption mode of the regenerative adsorption system.

The adsorbate vapor may be transmitted directly £from
the liquid atomisation unit to the reactor when operating in
the adsorption mode. Furthermore, the desorbate vapor may be
transmitted directly to the liquid atomisation unit from the
reactor when operating in the desorption mode.
Advantageously, adsorbate vapor and desorbed wvapor can be
transferred between the liquid atomisation wunit and the

reactors without the use of any valves such as vapor valves.

The large surface area of the atomised liquid
advantageously results in relatively high heat transfer
between the adsorbate wvapor and the desorbed vapor. In one
embodiment, the heat transfer coefficients of the liquid
atomisation units may advantageously be greater than 3,500

W/m?K.

In one embodiment, two ligquid atomisation units may be

provided in the regenerative adsorption system. In other
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in tenperature to becone cooled |iquid capable of
being used as a refrigerant . Accordingly, the novel

WO e@enesssd i ve adsorption system can be oper at eRCESGZ004/000127

adsorption chilling systemfor chilling fluids such as
water. I n one enbodi nent, waste heat nm _
embogdyemtagaoRsrya bkt visel N ¢ idriive attﬁ@laegg?]at’il%ht%d&ae‘/ d7e
provtll'a%dr egﬁ'ﬂa‘eﬁre%td \/I@/fld§9&9ic'ioat%)ﬁ:%tsggloffh@n&d%ordiﬁr%te in
vapor may be transmtted directly fromthe |iqui
the atdmrrpatiponmadetand ¥fe Heaticbrtamdfasperatiihgsi ApeFree
Soc{eostd d%g aEur &P%@Er 8rnhkheABsQiRahes Vaper u®Yen
trans tted irectly’to the liquid atom sation unit
numlfannmf hdigqentt @tomheaﬂtnpreramt@ nayt ke desyrgedonin the

Adva ta eou or bate vapor and desorbed
reg%ﬁﬁﬁﬁtlvgn gn%?er¥ Sf%etvveen the Iiquid
aton1sat|on unit and the reactors wthout the use of

an val ves, such as vapor valves The S
gL‘FHéFéFEWFfé% EPqﬁP& a@@XnPSgeousF%g%eéu ?nglng
a chﬁh@berQ{anﬂigg hoheatort r apsé enlmtlueeaitcmmesaaﬁmr bdéelces
vapor and the desorbed, vapor nbodi nent
Lot Fheiity Tenr HEanLts Bepm PRECPE (Ora e BrrEY: ey in
the Upbts BRYnady¥aatagepusiy be @heatehgt Bakpiay0® WK of
I n one enbodi nent, two |jquid atom sation units may be
11qxpxd)v¢aeaeﬁﬁomheAre@%%%]anttmeogdsrmﬁ%e@n WY Hf PRUNtEd
witthergabodi prnt s ehplagalidy @fy b i fsihsk &t osh Sat hepzle

Units may be provided, wherein N2 liquid atom sation
headini & spbpesldittey iaf mee Zd@s hegdisoprRvdgednyife 22l Patrality
of AU %@l% t 'i‘g.{]e mg engd e EBVEB@dde.LSIPrEBéorbHH-?@fer | NThe

et ot er e s, an uneven nunber of |iquid
nozz&®n1haad@n mnytsenaynﬁe proetdediahly hetheg %ﬁlvéhe
oh aggggrptlon system

In one embodiment, the nozzle heads may be pipe fitted
with a liquid inlet at one end and may be sealed at the
other. The pipe may have a plurality of outlet orifices
extending along its surface, each of the outlet orifices

being associated with a spray.

In one embodiment, the nozzle may be a £flat spray
nozzle. The diameter of the orifice provided in the spray
may be in the range selected from the group consisting of:
0.2 mm to 10 mm; 0.4 mm to 8 mm; 0.8 mm to 5 mm; 1 mm to 5

mm; and 2 mm to 4 mm.

In other embodiments, the nozzle may be selected from
the group consisting of: a whirlwind chamber cone spray
nozzle; a solid cone spray nozzle; an oval-orifice spray
nozzle; a deflector spray nozzle; an impinging jet spray
nozzle; a bypass spray nozzle; a poppet spray nozzle; a two

fluid spray nozzle; and a vaned rotating wheel spray nozzle.
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The Iiquid atom sation unit nmay be a vessel conprising
a chanber having one or nore liquid atom sation

wa@leasaesssd ocat ed therein. The |iquid atom satiP@I/SG2004/000127

devices may be in the form of nozzl es capabl e of
ejecting a spray or jet of liquid therefrom A
plurality of nozzles nmay be nounted within the

Ch@H@erlquia N7l 1@ By be hao U @i PNa Bonodad Borhead: ts
A pluraljty of nozzle heads provided with a plurality

may gpe nbiHies ttereoARnAYRBE PROVEHERN S tthe diaNEer mayhke

an Q?ééh@lhgégﬁ HEmeKEéEBHSHPSE€H5h§i|Mrth%%&BQHBtEBE of
nber . In one enbodi nent, the nozzle heads may

an @19@1@1 tard witdr-a I qetd almté’terate@@@léﬁ@tanﬁhﬁa}lﬁéld
maysg | &d.a1; 4 he other. The pipe may have a plurality of
l'et orifices extending along its surface, each of
the outlet orifices bei ng associated with a spray. In

one enbgd %he nozzle may. b d? fk%ﬁs%@EQX NA7E! &ay

The dlane? oritice pro € Spray rmy
be hedled hasr W aétechadk f rapotrthel gr dagmednsi Bite ng:oofled

Liaphd 5h Darie AR (b T ST h i OO EREe pF o the

pro®@ddd ecdilyadie gl pet ad teapetdeugs olp QoNSissigenGedketad
whi rl wi nd chanber cone spray nozzle; a solid cone
frorgptla@ mz@ézor@ﬁswag OEif o @ugp%ﬁ/t@o@?pét 35 C; 5°C to

S e E S

fluid spray nozzle and a vaned rotating mheel spr ay
nozzl e. The |iquid atom_sed by the |iquid atonisation

unff§ ARE§OBRSTE qrﬂﬁtaelf/ﬁ]e may rF‘%S‘lH?é‘rseer"f‘b(}i’cﬁdnﬁfrt Sesdggant
matbl A sy € silica gel or zeolite.

In the desorption mode, the desiccant material may be
heated with a heated fluid. The heated fluid may be at a
temperature in the range selected from the group consisting
of: 70°C to 250°C; 75°C to ZOOéC; 75°C to 150°C; 75°C to
100°C; 75°C to 90°C; and 75°C to 85°C. In one embodiment, the
adsorbent material is silica gel and heated fluid may be at
a temperature in the range of about 70°C to about 100°C. In
another embodiment, the adsorbent material is zeolite and
heated fluid may be at a temperature in the range of about
150°C to about 250°C. Advantageously, the heated fluid may

be heated by a source of waste heat.

In the adsorption mode, the desiccant material may be
cooled with a coolant fluid. The coolant fluid may be at a

temperature in the range selected from the group consisting

of: 20°C to 40°C; 25°C to 35°C; 28°C to 34°C; and 28°C to
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an al cohol such as nethanol or ethanol or a
conbi nation of an al cohol and water. In yet another
wepdpsdossent, the |iquid may be ammonia . The |P@U862004/000127
within the liquid atom sation unit may be cool ed as
the adsorbate vapor is forned. The cooled Iiquid may
33°he dsed B aelﬂ@pdllgérl’ant copaiienmpblatdr endf thr at a

roduced .cool ant m grature the range
comBiatin g 1E ohe kel (O etk Brho bl Sohe A Rse T

about 250C ; 5C to about 20C; 6C to about 15C; and 7C

to about 11C The adsor bent material  nmay conprise a

bed of desi &Rt RASSHIRLISHRERTAVINSS gel or

Zelglﬂlér?-llln{'ittll?l% @%@&@ﬁeﬁe 8P0gne R, HRSIECARE 11 be
material may be heated with a heated fluid. The heated

deserihefl ey hbeeierancenper dierac qIWRAIY ingngeayenget &9
Whl[tz%_o_m the group consisting of: 700C to 2500C ; 75C to
00C ; 75Cto 1500C ; 750C to 1000C ; 75C to 900C ;
and 75C to 85C. In one enbodi nent, the adsorbent

.S SI I | d_fh te I ui b .
%r?[ure iRt gh%g%%g@of a% ?f C%quo abogltdg%giéton
chlllehn arsot Hescenbedi nent titchebadkgrbemd nedarical of the
lite and heated fluid may be at a tenperature in
Spe?“h]g &'of about 1500C to about 2500C .
Advant ageously, the heated fluid nmay be heat ed by a
source of waste heat ] n_the adsorp t he

de€i%cant Ifat & i SFREIERT ¢ §5EE SR t%icawco aadrﬁa“i‘l Gfd. 2

regdi@r£H:00lARa Sdripicd ofBYh DE] Btg S agerial WperkBibhg range
selected fromthe group consisting of: 20C to 400C ;
25C to 35C, 28C to 34C, and 280C t033C. In one

enpogi Mt R0l afenkh i dvEBY A b8t i dh t@PariabUE9stBm
the range of about 29C to about 32C
of Fig. 2 in the heat recovery cycle;

Fig. 4 is a perspective view of the apparatus of the

adsorption chilling system of Fig. 1;

Fig. 5 is a perspective view of the liquid atomisation

unit of Fig. 4;

Fig. 6 is a cross-sectional front view of the liquid

atomisation unit of Fig. 5;

Fig. 7 is a cross-sectional rear view of the liquid

atomisation unit of Fig. 5;

Fig. 8 is a top view of the liquid atomisation unit of

Fig. 5;

Fig. 9 is a bottom view of the liquid atomisation unit

of Fig. 5;

10



10

15

20

25

30

35

Brief Description & Drawings A non-limting
enbodi nent of the invention, will be described with

WO efosnessse to t he acconpanyi ng draw ngs i n whiBET/S62004/000127

Fig. 1 is a schematic view of a known adsorption
chiller as described in the background section of the
speC|f|cat|on Fig. 2 is a sinplified process flow

agyof; @ J e&f&@é atd e agdsorptdony oy | beng nsy stiefid
|n peratlon Fig. I's the regenerative adsorption
atomghathonguBy%tQﬁnRﬁgIﬁi;lnzopﬁrﬂﬁéOHEat recovery cycl e;
Fig. 4 is a perspective view of the apparatus of the
adsorption chilling systemof Fig. 1 ; Fig. 5is a
parigpectl vehavisewa ofiorbie decguil ddatcontsal i daagnhm of the

Cross-se onal front view of th
regePF%ﬁFavétﬁﬁéﬁﬁéﬁ%ﬁPlﬁ¥%t % %Eb g Fig. 7is a the
Cross- ?ectlonal rear view of the I|qU|d atom sati on

unit of Fig. 5; Fi g. IS a Vi ew_of the I
atr-eati ob i oroplregovind EPE 3Bt HiRonTReT
coeﬂﬁid&@ﬁt'hﬂubar@bﬁgi§@bwoﬁaﬂéétoﬁftﬁégllﬁuiEIgtoﬂibaﬁndn
cross-sectional side view of the |i on1sat|on
unitgnip SROEHBSORPY T bRaIEa GHeTFPGPeTIoNNBhst M s 6
detailed control diagramof the regenerative
adsorption systemof Fig. 1 ,; Fig. 12 is a gra

h
SHRM ng 2Phe.dhver BEESRERLC | AARGFR Showing  the area (s)

of a spray ejected from a nozzle head and the associated

length (L) of the spray ejected from the nozzle head;

Fig. 13 is a graph showing the average heat transfer
coefficient at various flow rates of the ligquid atomisation

units in the adsorption cycle over a period of time;

Fig. 14 shows temperature profiles of the outlet water
temperatures for a more detailed control diagram of the

regenerative adsorption system of Fig. 1; and

Fig. 15 shows a Duhring diagram of the cyclic steady
state condition of the adsorption and desorption reactor

beds.

Detailed description of disclosed embodiment
Referring to Fig. 2 there is shown a gimplified
process flow diagram of a regenerative adsorption system in
the form of adsorption water chilling system 50. The system
50 includes two liquid atomisation units (60,70) that in
operation atomise a liquid to form an adsorbate vapor or to

condense desorbed vapor.
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coefficient at various flowrates of the liquid
atom sation units in the desorption cycle over a

w@esosooBsed tinme; Fig. 12A is a schematic di agreem/SG2004/000127

showi ng the area (S) of a spray ejected froma nozzle
head and the associ at ed Iength (L) of the spray
ej EeedYPFBH PRe 262z 1T Hesss PPIPTE giaphte form

of bW @QchgﬁgéVﬁé%@of@a%br'ﬁ@ﬁfﬁlﬁaiﬁoﬁélBbﬁﬂt c@pable of
various flow rates of the |liquid atom sation units in

OPeFHEiRg sbR pRRoRdSPEPELBRe MOdepetidodiibf 3 t PRECTPELGR T@de.-
The SPOXG: S &TP& ALY € 1 peofikbes Shahber QUldteti MNQfrRFrided with

tenperatures for a nore detailed control diagram of

heat heexdygags atibénadsorpt | ghowpst-enTBe Frigpmiders g the
reaftdrs 13630080 LB LOME 207 ARLBLLLAL hELGa3t eAflY the

ate condl tion o sorption and desorption
formeatt er pheldsd. bBat aifl ed hj@'xzrqqma:corlryofde@llscla@se@haterial

odi nent. Referrin g Shayn.

Whlgﬂb fr}ie SFgcess %F eagk}ea‘—’lm 0 Jener At eOf the
reaadsﬁr ptnhen &ysit cararitn thefDail‘n cnfayadls@r p:allcmumatcexlde or
chilli S em 50. Thes m 5 |ncI estvvollqw
s113P3m % %“{mlmﬁé/ (86, 7§f g? ?(% |on %t o g‘ls
pari:iduléjrtalé@lcm@m atlised bad:e: v aples adsbﬁb@mﬂdaaserlal is

desor bed, vapor_ The Jf.]?/%% em 50 al so .i ncl.udes

t
RD 25401 BLLFH 9%k TEF ML heo N ge WEact Sremieal bFd

of bhphnarscihot heapabhe efi1eper géwgawmaabm&mnmax@ﬁany
node and in a desorption node. The reactors (60

arep nMYGAY™ aséhhfderel hRECPECHR obY d¥aYRICEHE h¥EE - eﬁj@hané‘@d
and G L e Saehr RORT CRaPaihaf PEAFREIS,

of Ofu@s&ﬁ,Ck%&lﬁaﬂan Bt gh capacist yodesiwgaaida nrw.erloalher
commercial suppliers of silica gel are Sphinx Adsorbents,
Inc., of Springfield, Massachusetts, United States of
America and W. R. Grace & Co. of Columbia, Maryland, United

States of America.

In this embodiment, the reactors (60,70) are
commercially available from the present Cyclect Electrical
Engineering Pte Ltd., of Singapore.. Other exemplary
adsorption reactors that may be wused include an NAK™
adsorption chiller available £from or an ADR 30™ from

Mayekawa MFG., Co., Ltd of Japan.
In the adsorption mode, the reactors 60,70 are able to
absorb the adsorbate water vapor that has been generated by

the liquid atomisation units (62,72).

In operation, the disclosed system 50 operates in four

consecutive cycle modes as shown in Table 1 below.
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whi ch is disposed between the heat exchange tubing of
the reactor. The desiccant material may be cal ci um

W@x004208380 si | i ca gel and may be granul ated or PEESE€ZN04/000127

In this particular disclosed enbodi nent, the adsorbent

material is RD 2560 silica gel _available from Fuii

cyelg | ysia Cheni cal| BRaFter JpBRdeqr herl REBE AP ZPfeca

Cvo gD avarrabie qEEERgaldy arer WORMJIIBL,c3bhi ca gel
Y% br oduced by Maydkawa g. Co., Ltd; |and SOrb- 1t(tm

Cyclks |B ca gel from|AB¥ICont ai mertChangglEsatl nc. oBwitching
Tucson, Arizona, [.{ted States of Amner] (tm . Oher
e rcré)c%%h

comercial supplliers of silica gel ¢ i nx

cycXslsor bents, | nc.| Adforgpriicrgfi el d, MiSsechysebhs,

linited Statoc aoftl Avmrieca and \A/ ) Crarca. 2 Cn Af
A4 L R A O AT U I A\ A

7UTET I oo —aatTa ACTCT ™ X

Cyck®|Rinbi a, Maryl drith2tUni t ed SiLchingt| Beakr i ca. PHIFRRSRY
enmbodi ment, the [r@aetors (60, 70) arg smercial ly
available framtlhe present Cuclect Electrica

Engi neering Pte Ltd., HPdiendapore.. Other exenplary

adsorption reactors that nay be used include an

NAK(tm adsorption chiller available fromor an ADR

30Fi®) 2 f ebavshERARASVES, oreFatingd igf Crspgsn.? | At Weich
the MEQLAI Ofh HlGL0C: heah! OhSo A il HRANLE W3 ADSAEB:

t'he adsorbat€ water vapor that 'has been generated by
is tldeokbgdi enabortiteat $wrtamgs t sf( 6Re7Bilichn gsplerwlhibn, the

ceall SHICIBERLGEIANS DARRAER, LU CRRATULLYE 1o
appshedstbheheystiedrapeeat irgl ito Gyclwe fofh whieh fhem the
=514 507} ek an 8PBR "Surf hce of the silica gel
while the

The system 50 also includes an inlet conduit 52 that
provides cooling water to either of the reactors (60,70)
when operating in the adsorption mode. The outlet of the
cooling water is shown by cooling water conduit 54. The
system 50 also includes a hot water cooling conduit shown by
the heated water conduit 56 that supplies hot water to
either of the reactors 60,70 when operating in the
desorption mode, and from which heated water is removed via

heated water outlet conduit 58.

The system 50 also includes two plate heat exchanges
in the form of plate heat exchanges 68 and 78 which are
respectively associated with the reactors (60,70). 1In this
embodiment, the plate heat exchangers are obtained from Alfa

Laval Singapore Pte Ltd of Singapore.
The heat exchanger 68 is thermally coupled to a

chilling water inlet conduit 67 and a chilling water outlet

conduit 69. The water in the chilling water outlet conduit
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reactor 70 operates in a desorption node in which heat
is applied to the silica gel bed to drive off water

WO c@si104360 si | i ca gel (ie desorbed vapor) . ThePGHSGEN/000127

50 also includes an inlet conduit 52 that provides

cool r eith e reactars (60,70) wh
is HRBPEL ERGTI RoehORis BTN ADGRTS. MABCERELET BROs fich
is agRld ngsvvaet el.‘rehf§1§5@&\ﬂtby a@,oomn:g Wt eexg0ated Fhrther
The system 50 al so i ncludes a hot water cooling

belg¥nduit shown by the heated water conduit 56 that
supplies hot water to either of the reactors 60,70
when operating in the desorption node, and from which
heBhedswater P8 rdmsvdaaliudeResve@oratefl watkst receiver

64 CQHQU'EoiﬁenEQS Sxékgg]59eéE§9e£ncbﬁde%o&MDJR%%% angéﬁy

exchanges 1 n the formof plate heat exchanges
rec@8vigd cretar ﬁ'@srpetcbteu vuk§lagsoti bted wnisdthon eadter §2

anda( 6% 7%%1»11’1 0§ € %)Od' "z?”%fa'ﬁéhe Pl ate, E?g&g%&f%&?”%%%s

are obtarn rom Al'fa Lav I ngapore
(66 SVeIyapore. aIrshe heapew:cma:lr},geopéﬁat:svélyer sabbyigoedl| edth

0 h|II wat er t, conduit, 67 and a_chilli
each) f)gr il e‘? S dui ¢ é(ggﬁ))The vvajffe]r PR éa'cérﬁgfeiil ﬁnél%ther
belWaber outlet conduitis water that has been chilled
during adsorption and which is used as a refrigerant,
as wll be explained further bel ow. The system 50 al so

i n@héd@_s;rsemp@roataa@d/\a:trﬁﬂuﬁ@@eiaveéetﬁ%gnﬁamﬁagemsed 82,
wat er receiver 74 for res ectlveI%recel ving water from

84, t B2 ot f 1Y A2t ¢ afbmardat Pon HHPt s &> 72-08ur LR§ -

112¢Yah@)A 1A RRdh1af Be&- netEgUlAHAtONRENRZ 168G, 7SlowH €in
al so respectively operatively associated with
Fig. 2 having a dark fill color "are closed while the valves

having a white fill color are open.

The sgystem 50 is operated by a control system (not
shown to open and closed the valves of the system 50. One
exemplary control system is commercially available from
Cyclect Electrical Engineering Pte Ltd., of Singapore. Other
exemplary commercially available control system that could
be used to operate the system 50 may be the TDC 3000™ from
Honeywell International Inc. of Morristown, New Jersey,

United States of America.

In cycle A, the reactor 60 adsorbs water wvapor that
has been generated by the liquid atomisation unit 62. The
liquid atomisation unit 62 includes a series of atomising
devices that each eject a spray of liquid water into a
chamber, as will be described further below. Atomised water
evaporates in the chamber to form a water vapor that is
capable of being adsorbed by the silica gel within the

reactor 60 (“adsorbate water wvapor”). The latent heat of
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each of the reactors (60,70) as will be described
further bellow The system 50 al so includes a set of

waQ 20032688880, 82, 84, 86, 88, 90, 92, 94, 96, 9FCT/SG2004/000127

100, 102, 104, 106, 108, 112, 114) . It should be
noted that the val ves shown in Fig. havinﬂ_a dar k
8

2
evagqyation srruses Ahssctluw | BatRy VHARRES Wi hHTRlhhrRker

disgdddeL A A e 9PERnadBEr SYELEBLED Ispwaper at881&y Rater
control system (not shown to open and cl osed the

collggtifed notthehbosement 5ohe Griciudde HFCHL PaEdREr BR1IEYEE em
is conmmercially available from Cyclect Electrica
Engi neering Pte Ltd., of Singapore. O her exenplary
coRfimer ceattyr aghi lisbl o cédited SYsi@nromauntent dombewith

ed. t r.at.e .the t e e (
the;¢%#%¥£ﬁ%%%&ﬁ§%¥$%ﬁﬁégigggggl%§¥ngtb%rﬁig?%%%?ghéa%er
vapaer seytrinel edrSmattde ofutArer icfa. the tyghédAatomheation

. reactor 60 adsorbs ter vapor _t.hat has.been gener at
uni b B ke BB ot RrEhEon a1 "8 TRSOT Gui $ibe - 65,
Advfﬁﬂagéﬁﬁéﬁ?) uniher@? iiRcl udes 1d geeti esapbrakanishngvalve

evices that each eject a spray of _liquid water into
betERfare | Do 4SBT O Y TheF e Be, TRPGHE0R0:
whid@t &1 greMaRenAtIes davedernchapheslt antiomAiatenbacevapsts.
that 1.s capabl e of being adsorbed by the silica %e
Addifr 4 ¢pat lthe theadt GP1B03FCRUSVT 1At & Met &2 Ao P TPRETCT
c0 latentpheat i phevapadat piausesutbigefhitd, (Waler 1iquid
vapor and |iquid water dispersed within the chanber)
atompsalgiein demkt: E8olied Wat er vesPrBctoE | h- Yhd<fot {4 5PTT)

whiigetll'lieqLﬁ}'éja, A gatian upi tef2 »adbE ¢ £35t AbaB0 4 | Bne
direct flurd communication wth the 1iquid atomn sation
liquid t asomigpwldrovnnhie Fdsépbate andraguum of 0.933 kPa (7

torr) while the reactor 70 is in the desorption mode.

The adsorbate water vapor produced by the iiquid
atomisation unit 62 travels to the reactor 60 where it is
adsorbed onto the surface of the sgilica gel within the
reactor 60. The adsorption of the water vapor onto the
surface of the silica gel is exothermic. To maintain the
temperature within the reactor 60, cooling water from
cooling water inlet conduit 52 passes via open valve 80 and
through to the heat exchange tubing (not shown) that passes
through the chamber of the reactor 60.

Once the cooling water has passed through the reactor
60 and removed heat generated during adsorption of the
adsorbate water vapor onto the silica gel, the cooling water
pésses through cooling water outlet conduit 54 via open
valve 88 while wvalves 82 and 86 are closed in this

configuration.
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vapor to travel fromthe outlet of the liquid
atom sation unit 62 to the reactor 60 via conduit pipe

w® 005/14888@nNnt ageousl y, there is no |iquid vaporPZESGIING/000127

val ve between the liquid atomi sation unit 62 and the

reactor 60, which significantly saves on capital and .
milhet eepddadcaerer Addieti sRadut Bre FRGURY-Let conduit

54 A} O BALARLE IR B2, 880 1hNe SRARE 8L £ $6n AK@ tAPY abddMing
under  vacuum Furthernore, the liquid atom sation unit

wate§?2 ticgreat. Fowavermicf IBF kbqdmensen) Sk [vehare inlet
condiFECiY 50! sukpegg%iogﬁggwwnn dgeand thed i guihnge

oni'sati‘on uni a vacuum of 0.933 kPa (7
witH emorheli Ferthefr bastopx?Danger not heheletok it | erndiide. 52

The _adsor bat ter vapor produced by [ qui
coulgg?oﬂ?séioln&?cgﬁ% > f af:/%?glrt‘% ' gerrea%:{%fré%o%\&ﬁgéree e
outlet adaaubedsonpasdde hy fateroftot hewst et cregetvait hi n

the reactor 60. The adsorption of the water vapor onto
the surface of the silica gel is exothermc. To

MmNt aife t hederrer atur @dsoli-Ben bbgorbacs orwbbler vapor
cooling water fromcaqoling water inlet conduit 52 .
genqupdeds by a BfenHgvE SFANFAHCHUGH D 19 AEALDI 1tS

adsSPHhapgeyEuBl Ngad el oS WisddrlPIsses vApergehbitated
chanber of the reactor 60. Once the cool i ng water has

by Peesbiei CUITATRE ISHERT 60 aHEPITIRRREeFRe Teactor

60. 96ner ghied dyLi ngpggéemwn @fatt heradserhateevat 8 the

vapor onto the siTica gel, the cooling water passes

adsatiresiegwaseol i vapaat erteuthet sédhgai go84 RAom opem Yhmved
atopib ke HaLVes gt Bh.fld Glased Tn this

conti~guration. The cool1ng water 1nlet conduit 52 and
outlet conduit 54 in this enbodinent are in

CQHQgrﬂfégi '%ﬂ@ﬁfhz{ﬁéxﬁf&%id atomisation unit 62 cools
and is chilled as the atomised water evaporates. The
atomiged adsorbate vapor that has not been driven onto the
reactor 60 is cooled and collects in the bottom of the
ligquid atomisation wunit 62 as cooled liguid water. The
cooled liquid water passes via re-circulation conduit 65 to
evaporated water receiver 64 as valve 98 is open while wvalve

102 is closed.

The evaporated water receiver 64 stores a body of the
cooled water which is then transferred via recirculation
pump 66 to the plate heat exchanger 68. The cooled water
exchanges heat with water that enters via chilling water
inlet conduit 67 to chilling water outlet conduit 69 so that
the water being emitted £from chilling water outlet 69
becomes chilled and transfers its heat to the chilled water

that is in recirculation conduit 65.

The water emitted from chilling water outlet conduit

69 can be used as a refrigerant in a cooling system.
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water tower. However in other embodinments, the water
inlet conduit 52 and outlet conduit 54 nay be in heat

we@x@bhaosseo wi t h anot her form of heat exchanger BPCT/8GE04/000127

inlet conduit 52 could be connected to a cooling water
source while the outlet conduit 54 passes the water to
Examplest erf r eset ¥y r .syRtemshethelhctiBry 60taddgppsthe water

refr%?ggggétgmy@égﬁ ¥gg§%%@?8§£fé@dcgﬁdﬁb€_%bqghgludes air

atoni’satron unit ring its adsorption cycle,
condadtlbtinmakyatsos baref wageratviapor sgehemnat ed BRYt RFocess

liquid at om sat.i.o %1i‘ 2 transfers to the reactor
that66gq?fr?flT T AR e%ﬁ%ygd that the transfer of the

adsorbate water vapor onto the silica gel fromthe
l'iquid atom sati,on

it is equilibri,um dri ; e
| TG dAkSEhiRT HET R 1 eoE s oot <l
has lekc@Bhbkadnastt hetat elies ekatatedchevapar dseshethecravels
atom sed adsor bat e vapor_ that_ has no begn driv%n ont o
°Ff 5

via (GReT SRS B¢ ol W dhd Lol FBcFLOFRY K8 BGTHSH of

the thenliQuldor sal i @Ritinkt GRea® caed elibitd@i dswaigrin
The” cool ed liquid water passes via re-circulation

atomg@ﬁdU|t 65 to evaporated water receiver 64 as valve 98
is open while valve 102 is closed. The evaporated
wat er receiver 64 stores a body of the cool ed water
wiiwgfinios Guvdre thandttke ebhei ESREEPE cAPaOPSF2hE/Rp 166 T

the.pla eat.,exghanger. . r .
e P bRC s, That G ars Lo thi T o™
modevwat eThé ntedcoondud t céntatnshthei agmeacédicat 9ed as the

reacH Bong Al i ot 1o B e SRy | FCd and 0h st
beer tMmilNeatcHaagedewdhhl tbd wdberbate water from a previous
adsoxrption cycle. In the desorption mode, the reactor 70
operates in reverse to reactor 60 by desorbing water from
the silica gel upon the application of heat to the gilica
gel bed. The silica gel releases water vapor (“desorbed

water vapor”).

Heat applied to the silica gel in this embodiment is
from heated water that enters the reactor 70 via heated
water inlet 56. The heated water within heated water inlet
56 is advantageously heated from a waste heat source. The
waste heat source may be provided by a waste heat process
such as a gas turbine. In the present disclosed embodiment,
the gas turbine that provides a source of waste heat is a
MICROTURBINE™ power turbine manufactured by Capstone
Turbine Corporation of Chatsworth, California, United States
of America, which is advantageously relatively compact and
which produces relatively low exhaust emissions. It should
be realised that in other embodiments, other commercially

available turbines may be used or waste heat from other heat
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that is in recirculation conduit 65. The water emtted
fromchilling water outlet conduit 69 can be used as a

wo edositggss@nt in a cooling system Exanpl es of cPOI/BGZ)04/000127

systens that may utilise the water refrigerant emtted
through outlet conduit 69 includes air conditioning
prodysimensleviiets gurht ponbRYke e s B fATResesc B3y tRgE as a

wasgeeqﬂééi?sﬁéugggl. i ng nediim .. the Wl enpassidig f 1ol heat
re-circulation conduirt 65 that has exchanged heat with
sou%eglpmilcém angrredgvwehen thawedls vpadepenSéalmpy B2 2
ile valve 114.is_cl.qgse t ligui
w014y Gt R £ Tod Ry €t T I e Aggrea ifl eolax
colhdaase éxpogeidngoCygoler Afenerglil e t he reactor 60
operates in the adsorption node, the reactor 70
operates in the desorption node. The reactor 70
cothai Nsedthed sarec&i | imagel anrboghr eaotor we@eronkiylet

in the desorption cycle, the silica gel .h been ful
condfit el WA IVEHES aBhoP Bt TRTEr® {6 nhd o gy Abds oLosed-
The GSONRIHON GHE® the WheedesOiqiitOBINRAR daieeseabi-ough
70 operates in reverse tq reactor 60 by desorbin

theheat $¥MANTIR IPTTPHRILGHoN TR a5HR: E&FFEﬁro? O dgpt

sho&ﬁ)yheTﬁguﬂééﬂﬂg wedr Hhes i gelid£l gasesnwatigives
vapor ("desorbed water vapor" ). Heat applied to the

off siwaitea gt WeteRi svaRRIbdi(TERECTRed r HRtREat BHP MR ler Which
pasgggtﬁ?%f‘é S {18 & S2EhQLa¥ ol i dhiteaied, MalRhdurket 3 56.

eated water wthin heated water inlet 56 is
advant ageously heated froma waste heat source. The

vashe NEal SPULELIRLNRRLOVEAESLBY 21easheaeRkcnange
p_rocess such as a gas turbrne. n e present
tubdéselostd enbodenmertctor 70 pass out via conduit 56 and
out through open valve 94 while valves 92 and 90 are closed.
The heated water then exits from hot water outlet conduit 58
where it returns to the waste heat source for re-heating and

subsequent re-cycling through the reactor 70.

The desorbed water vapor that has passed from conduit
73 through to liquid atomisation unit 72 is then condensed
as it makes contact with atomised liquid within the liquid
atomisation unit 72. The condensed liquid water is heated
and accumulates in the bottom of the liquid atomisation unit
72 before passing via conduit 75 through to condenser

receiver 74 while valve 100 is open and valve 104 closed.

The condenser receiver 74 is a store of the heated
condensed liquid water, which is transferred via
recirculation pump 76 to the plate heat exchanger 78, which
cools the heated condensed liquid water upon heat exchange
with cooling water provided by the cooling water inlet

conduit 52. The cooling water within heat exchanger 78
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the gas turbine that provides a source of waste heat
is a MCROTURBI NE(tm) power turbine manufactured by

w@2g9stiesse0 Tur bi ne Cor poration of Chatsworth, PCT/SG2004/000127

California, United States of Anerica, which is

advant ageousl y rel ativel y conpact .and_whi ch produces
enteEs oV ¢ e Gt PEW SRHaAGSt BhisSsi }xﬁﬁ ShouV e pgpen valve

go.realised that in other enbodi nents, other comercially
avai |l abl e turbi nes may be used or waste heat from
ot her heat produci ng devi ces such as boilers, or

furpacesnABYsH§edaerd LiRe! SaRealeciPWESLed nbd!"the heat
I n

al ternative enbodi nent, the heat source providi .
exchenger Watsetuhnrsugh EbARJALEUSE ARPMBE2RIGB| HRlpower Via

re—égﬂ;&faij_irbry\n:io%uti e sRoL sVat e Qraf’l\;‘@af]ﬁ(g C%*?e&?o' ar

ectors exposed to solar energy. T at'ed wat er
passes through hot water inlet conduit 56 via valve 84

whi Ll e,val ves, 8 d 82 are_cl.osed.,T e
en%‘lér §¥lte hé l'l\%/il/atogfraé]ocnl ui?’ S%Y%tne p%%sggvgﬁé%\agé t% Kgle B/
whibRati sexc hangehtinbe cyprleyindeed wirt hilnidhevataed 080760 114

t . . The _heat t heat h il I
R R R R R
Figvaporih whéchwpasisesg tOydle B idflir At ssatdedn haaitt £23m

via condyit 73 , The heated wat er ,passin hr ough, t he
thep dgs Pt Rgd" b eSTwitHiGrFn thet eaﬁadflS ftﬁfrﬁés stQuthe

rea¥t8rcopdui/t phéhang eut boough @pearvak¥e Havbbkeso as
. valves_92 and 90 are closed. The heated water then
it gradyaflymemserfatidle ot PP IS8 wWidee gfomisation

devh BLEI 85 i the bt RBaLLIBHN 6R1EST (&£, TPAtd Y Bssed

subsequent re-cycling through the reactor 70. The

andd&ber Wetevias boweghokO t FEdithaf fdes e rtom idsh diRsPersive

recg@ggygh(é@.hbquid atom sation unit 72 is then
condensed ‘as it makes contact with atomi sed |iquid

within the liquid

" In the switching Cycle B mode, cooling water from the
inlet 52 passes via open valve 82 while valves 80, 84 and 86
are closed and enters the reactor 70 wvia conduit 53. The
cooling water continues to pass through the heat exchange
tubes of the reactor 70 outputs via outlet conduit 56. The
cooling water in outlet conduit 56 passes to conduit 69 via
a valve open 96 and pushes heated water away £from the
reactor 70. The heated water passes through conduit 54
through via valve 88 while valves 90, 92 and 94 closed. The
heated water passes out through cooling water outlet wvalve
96 to flush cold water from lines (46,48) and the heat
exchange tubes of reactor 60. In this embodiment, the

switching cycle mode occurs for about 45 to 60 seconds.

At the end of the switching cycle mode the system
reverts to Cycle C in which reactor 60 operates in the
desorption mode while reactor A operates in the adsorption

mode by altering valves (80, 82, 84, 86, 88, 90, 92, 94, 96,
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atom sation unit 72. The condensed liquid water is
heat ed and accunul ates in the bottomof the liquid

W@L@ai1ess80 on unit 72 before passing via condui PCTSG2004/000127

through to condenser receiver 74 while valve 100 is

open and val ve 104 cl osed. The condenser receiver, K 74
97, %8 a 500reld? s t RE4hedPEd dOSdersed 13fui-d WAFEPTIRT B

durian;aEd’ﬂ%f I afb MR REHIC W Rl OIS o God S ddev ] abgen

_ exchanger 78, which cool's the heated condensed
valdd difi dvhideeralyesn BéaendxgRange ®iloRe@odlPhg FRRErit 48

o ééﬁﬁd%e%o?y the cooling water inlet conduit 52 . The
cool1nhg water within heat exchanger 78enters via water

cooling inlet conduit 52, via open valve 80. The
condense ter that. has been caol e t he t
ex%‘haﬁ%%fe \Qg r i’teﬁ Eﬁg "6 the HA%Guid gil%}/rﬁliégjt ié(}g@uﬁ??cecir
60 &tﬂvig- SF F Chat | ol ctreduiwatsd: 7bromt hhealswefdte apenthe
._ At the end of cl.e A, system reverts t.o cle B
531440 Gl S5 CORPELRRRE 6%  Gitire WHE WRCEN D58 VLoB0VTReT
is éﬁénaé@n&ﬁfﬁﬁf;%pdt&%ogﬁﬂnﬁ§ﬂ§mﬁmnnby;tmm.vaﬁaevalve 98
~arrangenent of Fig. . In the switchin cle B of
is fglgse Whéﬁeréélﬁéaﬂik%ohﬁtH@eﬁe§ﬁ%ﬁ1£5%Vg%@% 8Pn86nsed
watd£a YepfRti ot £RASESRASELLO AdtikRactar. 60 by pushing
the cooling water fromreactor 60 as it gradually

enters the desorption node. The atom sation devices of

the,ligyid ?i&mc%atécmi% t 52482, F2hmar@1Rypassed; andsy
t he mater_% Iomeq to drain off to the to the
entewspeetdwid retefierepgBye 5 vhtleWwikmhgt Cyere &

ore B8 00 | R LEE DR o, 2233385, oo
of entetsrt e, r ¢het @oollngi aratemd §xits3. tiEhereactor 70 via
conduit 56 and flows out through the outlet conduit 54 via
open valve 90 while wvalve 94 and 88 are closed.
Accordingly, the reactor 70 operates in the adsorption mode
and the liquid atomisation unit 72 generates water adsorbate
vapor that is adsorbed by the reactor 70. The water that is
not adsorbed by the reactor 70 condenses and becomes cooled
in the liguid atomisation unit 72 from which the water exits
conduit 75. Valve 100 is closed and valve 102 is open so
that the cooled water reports to the evaporated water

receiver 64.

At the end of Cycle C, the system progresses into
Cycle D, which is a repeat of Cycle B except that heat is
flushed with cold water from the reactor 60 over to reactor
70. The system then reverts back to Cycle A, whereby the
progression of Cycles A t D are repeated. Accordingly, it
will be appreciated that the system 50 is a regenerative
adsorption system. Advantageously, in this embodiment, the
operation of the two reactors (60,70) enables a relatively

constant supply of coolant refrigerant. It should be
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cool i ng water continues to pass through the heat
exchange tubes of the reactor 70 outputs via outlet

w@ewduogss®b6. The cool ing water in outlet conduP€T/S62004/000127

passes to conduit 69 via a valve open 96 and pushes
heated water away fromthe reactor 70. The heated
realpatér gmdsesvehrougtPWshdbet Saplemssiigid vifgrvad veiggle

reactl! govahues (30 92 dio%4dQ09§%g'jlb@nﬂﬁﬂﬁ%@ Wel &Jatch
passes out through go ling water outlet valve 96 to
modef | Bdltecohtdivelyr themlignéd esemisptand uhétpegould be
. exchange.tubes of-re . ' thodi Bt Ash
lmpl?WFPgﬁanéncvg Elﬁ%%egg %ﬁﬁé%ﬁ%#ézééﬁﬁk ?b 60 ors/1s
discseeendsn ¢ Pdwe=rendaf 6t,RE0s@i7Echi ng cycl e node the
systemreverts to Cycle Cin which reactor 60 operates
in the desorption node while reactor A operates in the
ageFeptian medeibysatheré ngs vahows 4 8ferdfectBie 86ew a
88, 90, 92, 94, 96,97, 98, 100, 102, 104, 106, .108,.
plant] 31 PeAfng EBEoPERABRSTT dof i HRe SRFESTE 50 Hatt & Welrs®
abovil. 0Maisnliet 36 PRSEeEnViE2oAPENgYA| VERSGpWht €5V al veEisudik
and 82 are closed along conduit 48 to reactor 60 n

|
a supePet CLrafeat BHF waPEr PERINIG hr bligh AHEPERCt (39 6t
mﬁd&%{:gﬁ§ Qé%péggi@gfyrgggo@@£€édfﬂ@ﬁhthﬁkﬁﬂﬂfaﬁﬁoﬁﬁséﬁﬁbn

. I ca gel"as desorbed water vapor. The desorbed water
unibgapbd2 i B2t -hen Teendesdd Fh pheECati®mlsgerorraiitdevater

inle hecafr?cph"iec 98, 1 §n§! gésﬁifo&i Lerual veriQd iHreper 152, hot
al | ow the condensed water to report to the condenser
wateredeileer cédduibubé ngndjidte Water ooitilel§ waperifra®n The
i nl et _condui.t D2 enter ndyi t ha~o0 I 8
| i AN L3 PALWMRl V8s82
platgh ﬁgagal?/xecsaéj(? &nd §4 are c?osae . %Ifltggr passing = oo
recdifveauglsat hadheat eXiohargjerest ®iges 84f areaslsr Fown he
cooling water exits the reactor 70 via
Referring to Figs. 5 to 9, the liguid atomisation unit
62 will be described in further detail. It should be
realised that the following description of the 1liquid
atomisation unit 62 also applies to liquid atomisation unit

72.

Referring to Fig.5 there is shown a perspective front
view of the liquid atomisation unit 62 in the form of a
cylindrical vessel 118. The cylindrical vessel 118 has a
chamber 124, as shown by the cross-sectional front view of
the liquid atomisation unit shown in Fig.6, which shows the
cross sectional front view of the vessel in a plane along

arrows AB.

The vessel 118 includes two inlet flanges 120, 122
which provide a connection for water inflow from re-
circulation conduit 65 to the vessel 118. The vessel 118
also includes a vapor conduit duct 134 which allows the

direct transfer of vapor between the vessel 118 and the
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conduit 56 and flows out through the outlet conduit 54
via open valve 90 while valve 94 and 88 are cl osed.

wa\ecwonaekisegl y, the reactor 70 operates in the aPCDEELI0OM0127

node and the liquid atom sation unit 72 generates
wat er adsorbate vapor that is adsorbed by the reactor
react®r Fhe wather vepetr icondoitad¥6Ebéd4by st FhRWEacittorF @ ©

ondepses and C | edu N i quid ] .Sty
and %ﬁ?f 228Yr§ﬁ§h ?cﬁﬂ%%%q%%fe%hgxF%Egggngg?ta%%sn%gﬁvg&&

viewlORindow! ased fod wdllveing2 drs opemasort efi the cbolwd
wat er, reports he evapor er,.Jr | V A, v
atom[lﬁ’@téﬂa (H‘méycft’g ‘t‘so, %ene 1n€3§c§9 \P_@fe 13 %.QEOIQ atiiggn

e SyStem progresses into c
unitD , which is a repeat of Cycle B except that heat is
flushed with cold water fromthe reactor 60 over to
reactor 70. The systemthen reverts back to Cycle A,
whar by 1 hise PEpEFESEd s afha@y clesohér Deabed impeat,ecthe
- Accordingly, it will be appr%Fiated that the ysten15%_
liquigl RHOBYEFELRN VB15d88Y pfPen PSy dtferhea éﬂidﬁsY??se

but %gthH§p%€€8dhﬂ€Him the apefatd oF ehet Peatworreactors
60, 70) "enabl es a rel atively constant supply of
coolant refrigerant . It should berealised that system

C q%;J t f 3y Si REl ec4LaG0rs86n t Rttt hene
sﬁ%%%? 0 E£E%$§ﬁ€ ?g)sﬁ%%?%edagn %%tch node.

vapdd teemdatiitvdugt Lhé {5 phamtaemneatiegntanfhe EBvFEPHLO0 -
i npl emented in nmultiple regenerative adsorption
reactors as disclosed in US Patent No. 6,490, 875.
Refefarimignd ondi gto 4Fider 5110 ,shidwh ehpepepetis véngiedes

T s SR
128! @hichl inetuhddes apbupparty foamE1lat6 Hemd seppays i 6330)
proxsilr]deedr eoar(l:t’gIE.eS éggfa?gg of the spray heads (126,128). The
spray heads (126,128) are hollow pipes that are respectively
cénnected at one end to the flanges (120,122) and a plug at

the opposite end to prevent fluid flow.

Tn this embodiment, the spray heads have a number of
orifices having a diameter of 5.2mm to emit a spray within
the chamber 124. This allows water adsorbate vapor to be
emitted from conduit duct 134 to the reactor 60 when
operating in the adsorption mode or for desorbed wvapor that
is generated by the reactor 60 operating in the desorption

mode to be condensed within the chamber 124.

As described above, water collects in the bottom part
of the chamber 124 and exits via outlet flange 132, which
provides a connection to either the evaporated water
receiver 64 or the condensed water receiver 74 as described

above.
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whi ch are respectively associated with |iquid
atom sation units (62,72). The plant 51 al so incl udes

w@ombitesgsmat er i nl et conduit 52 and cool i ng WaR€&r/SG2004/000127

outl et conduit 54, hot water inlet conduit 56 and hot
wat er outlet conduit 58. The plate heat exchanges 78
ardivehtagecakdy, shewhe beatrin rideeins@as G40 -850C 74mni qhrd

val ves 82, 84 are also shown. Referri t [ 0S..: ot
by 2 turpipe| Fahi B al8ht 3t i b A% 5P ErES g%s%ﬁ%%d&e
regdderhihiBeradiehaitlionl tsyshten dde pealicied tdadl iy water
follow ng description of the |iquid atom sation unit
refggezioss apphi ESMPergis Plat’™oft sation unit 72 .
Referring to Fig. 5 there is shown a perspective front
view of the liquid atom sation unit 62 in the form of
a Exdnpldiyc alimeessens] 08, tThepdghtndii eak 9ésgepravysded
, a chanber 124. as_sh by, -t4h S- ti Qe
— PI?% © v!}e\r:vggﬁo?'hetf)i qﬁlﬁﬁ a omlslz%tu%’ot%ra%% t%ggowﬁgléglosed
embddignent ., Whi ch shows the cross sectional front view of
the vessel in a plane along arrows AB. The vessel 118
includes two inlet flanges 120, 122 which provide a

caggﬁﬁ ron Tor waligmemnif [ o\ fromxe circu| ati ogoo

can 65 tio the vessel 118 The -vessel 118 alse

vV COoOODCT

i ncl udes a vipor cofiduit dict 134™khich af | ows 4498

di rect transfer of yapor bgtween phe vessel 118 =pd
DIREPEARPDr 60. The vapor conduit duct 134lis shown in

Fig. 6 and Fjg. 7 by dashed |inesm®34. The vess#00118

at-se—+nchudes—view wn 3% for—attowng amoperator

of the liquid atom sation unit 60 to see inside the

l'iquid atom sation unit

It can be seen from Table 2, that the disclosed plant

51 is relatively 1light in weight compared to known
industrial scale chilling systems and takes up about 10 m®
in space. This advantageously allows the plant 51 to be
transportable, making the plant 51 suitable for sexrvicing
small scale refrigerant requirements. However, in other

embodiments the plant 51 may be scaled up in size to produce

more cooling water refrigerant.

Fig. 11 is to be interpreted with the data disclosed
in Appendix A. Appendix A is incorporated within this
description in its entirety and forms part of the disclosure

of the disclosed embodiment.

Fig. 11 shows a more detailed process control diagram
of the regenerative adsorption system 50, showing additional
unit operations such as sensors, flow meters and valve
types. Table Al attached in Appendix A tabulates a “tag no.”
identifier, the device name and quantity of each of the

units of operations shown in Fig. 11.
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It will be appreciated that in other embodinents, the
liquid atom sation unit nmay not be in the formof a

woe®sasskut may di sposed within the chanber ofP€T18G2004/000127

reactor. Referring again to Fig. 4 , it can be seen
that the vapor conduit duct 134 is shown connected to
the reactor 60. Referring nowto Figs. 5-10, the
chanber,.224 incl ud %p@t 158t 0N eV i £85- 4 bt ;
fgs’%’rﬁeglfdlépzjr aylrkcheadgosr(ﬁl ,dolmélgﬂﬁlnv\%r%ﬁsvi ncl uﬂdl(reb ttalra)‘%l .
its pluatakety oind| dormeadpsptayst (1the) Wigedepded onft Hee

. f
B

res@ernedt ed sdimudneiendofothbesfbaageso (128t 1223 medfermed

. plug at the opposite end to prevent fluid.flow. | .
usinghid enbotim A-LPREEHFAy “ﬁ’@ﬁgs ﬁ%ﬁ?e CJIJaei_‘r‘?“u:Lr:rL‘(()agir %?d1e1 8
disdldddaces hawi g, divanehg] of YapZnmib wamd, a“spaayient

within the chanber 124 ., This allo wat er. _ads bﬂe .
Modsldmer ©6 bE eRVPTREf ri EhdFitt d\r%%tso Bh1PB t?\{él ety

1ntd5AHIha00 YBemOPelcH | Bgakn hhe adsy pirirefsfede 02003)
for desorbed vapor that is generated ,b}a the reactor 60

(Acoarsrest | $§Ti nPHREIEREHPPY i onthodd'® o SBEULBHYBAsedtt Was

| ppihe ghanken 1134yafes Paseei badabovenansder (s8),
assa[éﬁﬁ@ects iﬁ t he bottomwgart ngQ%t he chanber 1a2ﬂéll@éand(68)

co
atombdatsion amdinsl ei6 2 Tahge TESRLVARPECREpr 8%] d@Bdaassociated
con%t;?lqrps}ewg&lé?f—{&sﬁlc#éﬁé% H?g%&\.@to@f atedral, gt rLGRI VEEshifled

condensed water recelver 74 as descri bed above
that Adhantagddes! wateast eulbeait ofn thre e@RperFOLYSCreceiver

verHATEREAE, LT BTG, SRR s hls AAERISIRL e, prac
the prefhiciargntoelapgraneeron efie garantswatfaget engerablsethe
chif{egnlwater inside the tube. This is assumption is
actually different from the present design consideration
where refrigerant first evaporates in the atomisation unit
and then cools the chilled water through the heat exchanger
(68) . However, the effect on the simulation results is
small if the liquid atomisation chamber and evaporated water
receiver (64) are well insulated and the energy exchange
only happens between the chilled water and the refrigerant.
The same assumption is applied to the condensed water
receiver (74) as the effect on the simulation results is
also small. The energy imbalance between the sum of cooling
capacity and desorber reactor heat input as well as the sum

of condensed water receiver (74) and adsorber heat

rejections is about 1-2%.

Referring to Fig. 12, there is shown a graph showing
the average heat transfer coefficient at various flow rates
versus the length (L) of the spray ejected from the nozzle
heads (126, 128) in the desorption cycle that has been

derived from experimental data of the system 50. The length
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Exenpl ary di mensions of the plant 51 are also provided
in Table 2 below to further illustrate the disclosed

wenedissent . Table 2 It can be seen from Tabl BCRSG2004/000127

that the disclosed plant 51 is relatively light in
wei ght conpared to known industrial scale chilling
(L) sySt bhe @mravaketeehpchbbuem1Ghes 1ep Zigackeadhi ¢s Shown
ad ousl y. al | n t e
conRURBIITOURISALL WiE Mhihel igyee covered oo
the sesmdici by sietktedcdirony of rngezbat headui Fhgeniader inlet
However, i.n_other di e~pl 1 e
EEMRCES] _élffeub)fi ﬁ?“sai %811?%?%%%5@%3%?;&00 ﬂ}‘g 1@%}? (L) of
the nefddigernanids kiag. 0ll6Es.t atbeannteer presred-haitt It e flow

dat a di sclosed in pendi, x.A . Appepdix A is
ratq o ot At i CHESE Bl &/ BRECPPAL Pon HmDrs Wt  FeERee
heataﬂgr%ggﬁgtrpa%-éﬁfftdi@ﬁdi sehesur€lofitdls, dicoobbant over
. enbodinent. Fig. 11 shows a nore detail ed, proces
timeyontis}t itdglam-BFtt hEPPegENEF &Y' véoad§8gb%’%% s?%?"é‘ﬂ?l
equidQbShaMRG radditi onal cuAl beOpeEAt tRAS SUCA BSgher flow
sensors, flow nmeters and valve types. Table Al __. .
rateat eficled LAMAPpeldPx WHRGS AL atrpagiehp, co-efficient

pea]iﬁqif" il elbodith®s@eseetnidMecandoddanbbt ¥e8bn@acCihdle at
the units of operations shown in Fig. 11.Appendix Bis

a filpworyroireat o8 W-BhildMiRi s tdescRVPFROn PRaFt Sramshest yeo-

efff%#%{#” Rt efhheydiscl osiy e Qfddg discl @asede 500
enbodi nent . pendi x B details the paraneters and
secomiaul tBt ofam slswllx i orenf from Eygt eh? Sbhahatheagverage

erfornmed_usin [ [ - .
neafOCL LIRS A gl LS AR A ILE" (RdecTle cion
rat& XL Wang, "Transient

Fig. 13 is a graph showing the average heat transfer
coefficient at various flow rates versus the length (L) of
the spray ejected from the nozzle heads (126, 128) in the
adsorption cycle that has been derived from experimental
data of the system 50. The water inlet temperature of the
conduit 52 was 17°C, while length (L) of the nozzle heads
wag 0.166m. It can be seen that the average heat transfer
coefficient increases with increasing flow rate. It can also
be geen that at flow rates of 7.0 1l/min and 7.6 1/min, the
average heat transfer co-efficient achieved its maximum in
less time than at the lower flow rates of 4.0 1/min and

5.0 1/min.

Referring to Figs. 12 and 13, it can be seen that very
large heat transfer co-efficient can be achieved. For
example, the maximum heat transfer co-efficient at a flow
rate of 7.8 1/min in the adsorption cycle was in the range
of about 35,000 kcal/m2.h.°C to about 47,500 kcal/m2.h.°C
(about 146,440 kJ/m2.h.°C to about 198,740 kJ/m2.h.°C) in
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Model ing of a Two-bed Silica Gel Adsorption Chiller" |,
I nternational Journal of Heat and Mass Transfer (2003)

w@ 2emseased for publication) . In the sinulati oPCT/SG2004800127

assuned that the chilled-water plate heat exchanger
(68) , atom sation units (62,72), receivers (64, 74)
the almbapddorateadlisondiie shaat| Ttirﬁélﬁrf&ﬂfe&%\?aﬁéélc&@&rt? [3re
rela%@%ef#s o@é?ugﬁdtﬁgagdégfpéigﬁ! Matgly tubes Of a1y
evaporative recerver were considered to be imersed in
highthe rempagedant.oso kneam t estemsi gel@rimdev &wvat est4iPo
t,h ub f nd l,s £ e id | er -i,NSi:
cealyfg-bung. Yht 875 SRR o St AR Ay i ve
apprecoatthiefrpoeseind desi ghi sedosiederat Fogswhe2el3 that high

refrigerant first, evaporates jn the.atonisation '
heataﬁ?%ﬂ%é{?rco%?éeféfec | e hat'er AHr-GUgh the rHea%ﬂgéeby
achie¥ehgnoger K&M1ly Heseveentt Neesf f entaraierhesgbtahattilet
~ results is small if the liquid atom sation chanber and
i ncrepgBer Al SRR oo vEFIPEIE vRATOTRISHT Rt S ST

Accdri8ngN§r gYi€XGhangesaibye happeredhetvegete t ke zehi bEedthe
water and the refrigerant. The sape assunption is .,
reacgiprised 600 7PhePEBNHEHE cHRRAE LYY r BE e FEF1¥TH) HRS timgher
heatef £8GH@R -t NG SLAR] AEdAN RIS nbS yal eansMBL| . adbgeved
ener gy I nbal ance between the sum of cooling capacity

withawd dosorber of evePper Voates PBuUCOREeReFENasWPRR: sum of
condensed water receiver (74) and adsorber heat
rejections is about 1-2% Referring to Fig. 12, there
i STrshowimal griaph showhagsyltenv@lagerhee chanafberized
efficient.at. vardo te S L en
oy B85 Sririaciinsy g ke e Tl Ricde] SpReRRsLas T, e
follfng rguheidasor pti on cycl e that has been

Cooling power

C

AM inea [
dt of

in in oU t
Oy = (Tchmed )]ﬂ) (Tchilled - T;hiltled )d (;‘_)

cycle

CoP

Qvap
in 1[1 in Iout 3 W
Cpf(];eatin) 0( heating— heatingd(t_—')_l- ‘pump

cycle

COP; dMeatin
dt

The simulation results show that £for a cooling
capacity of 34kW and a heat input of 62.4 kW, a COP of 0.53

can be achieved, which is relatively high.

The values for the parameters used in the analysis of
the simulation to predict the performance of adsorption

chilling system 50 are tabulated in Table Bl of Appendix B.
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derived from experinmental data of the system 50. The
| ength(L) of the spray ejected fromthe nozzl e heads

WO 2008hass80 schematically in Fig. 12A, where S sPONSGL00€000127

area covered as the spray is ejected froma nozzle
head. The water inlet tenperature of the conduit 52
was 21 C, whil e length (L) of the nozzle heads was

Oé%%@?rl g C%% 1 n§6e34thaE8§£ a fLowshahe OEeﬁpgrature

1/'mn, n and 5 mn, the average heat
proﬂ:ﬂzm;sfcef cheef il &@nt wagerr eieamev@ltylr@@nsfcalm thosr were

geneter %ndl gat 1ag, %Qﬁrfo@/%ﬁ%”&égc@&p gye éP&Eﬂgc% in

i UM over can be seen that a
thefémnfpai:esmfmcﬁdes 14m n, thheraaetage7lﬁea:lpelrra&n$©erln the

aesgidyith Sl Regkedld o abquto 250, 206000% 1 2:8R0UL 1o

um@vewage dieat hiansdwideneecaf fwaliéaﬂt rppakeindr sz abondluit

350 seconds_to about 500_second t. C aI
(75%r orhieri ghihbed h‘é{t"t?ﬁeoﬁ\tré?‘é\gé6ﬁiata tﬁlﬁ SRECR

1n1e99%frfd Gueltti nereases Wth increasing flowrate . Fig.
13 is a graph showi ng the average heat transfer
coefficient at various flow  rates versus the | ength

( Lﬁ'lg?f { hesapLaY aeirRihadd ramdhe nzzire hepdsid 18t 8ady

128)" i n the adsorption cycle that has been derived
statfe onpedpéwmremfal thiat 896PTPRECE Yy $EEm GBS ONEl Afat Epactor

pedd NA D‘(?fg%%t WE 6 50Ent BEogondl to,52 s hAaCreWBkkste
© ‘Jf' ten fg Eegno?z eoheads V\%S 0.166m Ite}ggn beure
relate:smstmax twiel ctveiagelheat fonangiwacesserf:i qpeimary heat

i ncreases Wt [ at e. b
T L
recdheravermate desirgtriansf efcaoleafshitdpaht afheevdgsprption

proge%é?%%}%n%%%sgytkne t%gg %&1&Q§Y|%MBE E 8%@5§§e§r8£ess
is shown by a-b. The adsorption process is shown by d-a. The

secondary heat recovery process is shown by c-d.

During the primary heat recovery process (a-b), the
reactor receives heat and the adsorbent temperature
increases, which induces a pressure increase. During
desorption (b-c), the reactor continues receiving heat while
being in direct communication with the liquid atomisation
unit, under condensing pressure. The adsorbent material
temperature continues increasing, which induces desorption
of desorbed vapour. This desorbed vapour is liquified by
being condensed in the liquid atomisation unit to which the

reactor is in direct communicaiton.

During the secondary heat recovery process (c-d), the
reactor releases heat and the adsorbent temperature
decreases, which induces the pressure decrease. During
adsorption, the reactor continues releasing heat while being

connected to the ligquid atomisation unit under evaporating
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5.0 1/mn. Referring to Figs . 12 and 13 , it can be
seen that very large heat transfer co-efficient can be

w@elvsaesssl For exanpl e, the maxi num heat transPEr/SG2004/000127

co-efficient at a flowrate of 7.8 1/mn in the
adsorption cycle was in the range of about 35,6000
preskoak/ nEZhf. TR b FRMET B YTk ear fhehl EX¢EH odit MR Har

uniekI 8- Nyfei b abQut 498, AQdsP. Medindobhe desgiiton
ycle. The heat transfer co-efficients are relatively
decrleawgngi.n the adsorption cycle but are relatively
hi gher conpared to known systens, being about 140 00
kcal /n2. h.C (58,576 kcal/nm2 .h. C) at 7.6 1/mn. It

?glasbe appLecLated.Kppﬁmdduiqwata di scl osed in Figs.

- that _hi gh_heat .transfer co-gffigCi S .

aci oYedL oVt APREPEHTE RN GGt B0 hi Gy ot F Lo e ion

unitféea¢6zt,fﬂnsfae_.rlogzy@&@mttebraméartcrteﬁsﬁetrhéocrapaacfretawt@fr in
regenerati ve adsorptjon syste . Accordi ngl it ]

an. ASESEPHLE™ ¥ SRR T M S o FERE T cRECT HHE™S 6D, FHFeLy

ef £iRBlen#NidegeARRSE I Ve | dad et 1ol syBtenhipher chrabe used as
transfer co-efficient accordingly can be achi eved

an aflaBFioPhERLdbinT SEPA™ v A WSS GMOLEppRRCRIRS t bBRsheat

trargojfpexs IdRH; &t LARy 0f s thecSysd & 30 LARheetharmst et z8Tant
y the coefficient of performance (COP) according to
(51)t hectol | dw nglepbameBhsd: ool | REOPBGRr CHPliRe ~ water

ref%._i ald on results show that for a cooling capacity of
Wand a heat input of 62.4 kW a COP of 0.53 can be
achi eved, which is relatively high. The values for the

pa{@”%&?isblésea pix%ctig%ean%}Yasti Sségarate evaporators and

condensers are not required as the liquid atomisation units
are able to generate adsorbate water vapor and to condense
desorbed water vapor, thereby reducing capital, operating

and maintenance costs of the system.

A further advantage of using the liquid atomisation
units is that vapor can be transferred directly to the
reactors without using vapor valves, which are expensive and
which induce a substantial pressure drop when converting

ligquid under pressure to a vapor.

A further advantage of using the liquid atomisation
units is that it is not necessary to use copper shell and
tubes for heat exchange, thereby reducing the overall cost

of the regenerative adsorption system.

It will be apparent that various other modifications
and adaptations of the invention will be apparent to the
person skilled in the art after reading the foregoing
disclosure without departing from the spirit and scope of

the invention and it is intended that all such modifications
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the simulation to predict the performance of
adsorption chilling system 50 are tabulated in Table
w®koosfiossgpendi x B . Referring to Fig. 14, ther ePCHES6HOWM0127

tenperature profiles of the outlet water tenperatures
for that were generated by the sinulation for the

and r edepbatbondperams nyithirhethescsigacon OfodElhe463PPeRdRA

claigactor 70 operating in the desorption node (56) , the
outlet of the liquid atom sation unit (72) that has
condensed water reporting to conduit (75) , the
chilled water outlet (67) and the chilled water inlet
and outlet (67,69) . Fig. 15 shows a Duhring di agram
of the cyclic steady state condition of the adsorption
and desorption reactor beds. The Duhring di agram shows
the pressure and tenperature relationship, which
i nvol ves four ,processes : primary heat recovery, |,
adsorption (evaporation) , and secondary heat recovery
and desorption (condensation) . The desorption process
is shown by b-c. The prinmary heat recovery process is
shown by a-b. The adsorption process is shown by d-a.
The secondary heat recovery process is shown by c-d.
During the primary heat recovery process (a-b) , the
reactor receives heat and the adsorbent tenperature
i ncreases, which induces a pressure increase. During
desorption (b-c) , the reactor continues receiving
heat while being in direct comrunication with the
liquid atom sation unit, under condensing pressure.
The adsorbent nmaterial tenperature continues
i ncreasi ng, which induces desorption of desorbed
vapour. This desorbed vapour is liquified by being
condensed in the liquid atom sation unit to which the
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reactor is in direct communicaiton. During the
secondary heat recovery process (c-d) , the reactor

WO 2006468880 heat and t he adsorbent tenperature JdBCT/RQEOEP00127
whi ch i nduces the pressure decrease. During
adsorption, the reactor continues releasing heat while
bei ng connected to tRBPEFQHFdAaton1sat|on uni t under

ounnntnf

Thea
|u;ln3prpQOUIt The

) reactor—t Sllpel atore ana ! Pgature
liquid atom sation unit to which itlis directly
rae NoCONNECt ed, contigues: daskeasing . Applicdiions 11 Wad of
be appreciated that the Iiquid atom|SEEATREIMNG s -
Fig. 2
(62,{72) allow greater heat transfer |[for a reactof in
RV-01 M adsREPEUan ipudesOipl/ean node, thereby providing a
hlgh y el fficient rFﬂPnErﬁfLMg_avcanflnn sustem-t-hat
PS-01 can PeRESHIRESWHITGEIsor ption chilling system
| R
— FUtt ey gRE S THECause the fieat transfjer efffcrency is
FS-01 i ncripaded; & relatively smaller plant (51) can he
Lc—01,02inplenﬂmmmmsmmsqnoduce chilled water| refrigerant.| It
wi-H appreectatet-that—separateevaporatgrs arng
TC-08 TOCBﬁdeﬁggrs are not required as the Ili quid atonisation
TC-02 TOUDLIpPr@be able to generate adsorbatg water5vapor |and
to condense dpcnrhgd wat er Uoncr’ t.brChy erUbllg
TC-01,07capi { BFD operating and maintenance costs of the
TE-02 Too Y3t FREsTeTPIvECTumdYcME@@e of using the liiquid
atomsation units is that vapor can lbe transferred
FMR-01 diT@CFLOWiBETHe reactors wi t hout usilng vapér val \es,
02 whi ch are expensive and which induce a substanti gl
pressure drop when converting liquid under pressire to
FMW-02,0& Vap@LOW METER 2
FMW-01,03 FLOW METER 2
PT-01 TO 04 | PRESSURE TRANDUCER 4
WV-01 TO 08 | GATE VALVE 8
DRV-01 VACCUM PUMP OIL DRAIN VALVE 1
RSV-01 SOLENOID RELIEF VALVE 1
VSV-01 TO | EXHAUST SOLENOID VALVE 3
03
DAV-01 TO | AIR ACTUATED BUTTERFLY VALVE 10
10
AV-01 TO 11 |AIR ACTUATED BUTTERFLY VALVE 11
DV-01 TO 30 | DIAPHRAGM VALVE FOR VACCUM LINE 30
VP-01 VACCUM PUMP 1
PHE-02 PLATE HX FOR COND. WATER 1 78
PHE-01 PLATE HX FOR CHILLED WATER 1 68
ST-02 STRAINER FOR COND. SPRAY PUMP 1
ST-01 STRAINER FOR EVAP. SPRAY PUMP 1
RP-02 CONDENSER SPRAY PUMP 1 76
RP-01 EVAPORATOR SPRAY PUMP 1 66
SPR-2 CONDENSER SPRAY CHAMBER 1 72
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A further advantage of using the liquid atom sation

units is that it is not necessary to use copper shell
w@nastedses f or heat exchange, thereby reduci ngp€118G2004/000127

overal | cost of the regenerative adsorption system It

will be apparent that various other nodifications and

SPR-1 _ adapf BYAROFRATSIR (IRRAYNCEAMBER wi | | be apparkent to|the 62

navr

clrnn clea L ad & + £ 4 L c .
— persen art—arter—reagrng t TOregor n
RES-2  (j sc %%@;Egﬁmﬁi tgg!lﬁmgeﬁ&arti ng fromthe spi ﬁ?t and scog7e4
RES—1 O thevAryeorREDEEVER i S i ntended [that all such 64

o aAnK

modi ficationsand adaptations—core—w

+ i o+ a
T~ OO _ O LY LA~ DbUF

ADS-2  the @B%@%@lﬁﬂ%mﬁm&ﬁ% Tabl @ Al Appendi x E 70

ADS—1  OMEMEHSSREErOh GHAToRe@HANGEREat capacity pf condenseo

heat | exchangeing material; J/ kg K pleva Specificlheat

10

15

20

25

30

TTCaT

capacity of evapor at orfabdgt Aéxéhangei ng material; J/kg
K p, Hex Mass wei ghted average specific heat capacity
of heat exchanger tube-fin assenbly; J/ kg K Cp, sg
gpec! ;I Cc Eeat capaci tAprenddixl Bca-gel ; J/ kg K 0 Cpf
cific heat capacity of liquid refrigerant water;
N°me5‘l%§8!tkr%03 Ratio of cycle avgraged coolgi ng capacity to
Cp,RQWeBpeonSLEPt itmatof bepstétypunpt - BoodPneesxpoment
« constaBhahfeing kinetielequdkiyoH; Ea Activation energy
c,p,Qf, suptaceidif husiton; capa@lcp had Pantapalranital pyaof
adsoLbathenhBiagsarbertadsonhayexsystem J/kg
Cp,mex Mass weighted average specific heat capacity of
heat exchanger tube-fin assembly; J/kg K
Cp,sg Specific heat capacity of silica-gel; J/kg K
Cpt Specific heat capacity of 1liquid refrigerant
water; J/kg K
COP Ratio of cycle averaged cooling capacity to
power consumption of booster pump:-

Dso Pre-exponent constant in the kinetic equation;
m?/s

Ea Activation energy of surface diffusion; J/mol

hag Partial enthalpy of adsorbate in adsorbent-
adsorbate system; J/kg

he Specific enthalpy of liquid water; J/kg

hg Specific enthalpy of gaseous water; J/kg

Meona Mass of condenser heat exchanger tube; kg

Mevap Mass of evaporator heat exchanger tube; kg

Teona Condenser temperature; °C

Tevap Evaporator temperature; °c

Tx Temperature of the Kth element of the bed heat
exchanger (K=1,...,Npea); °C

Ucniii Evaporator heat transfer coefficient; W/m* K

ed

Ucona Condenser heat transfer coefficient; W/m® K

Usoori Adsorber heat transfer coefficient; W/m? K

ng
Uneati Desorber heat transfer coefficient; W/m® K

ng

Vped Internal volume of heat exchanger tubes in the
bed; m’

Veona Internal volume of heat exchanger tubes in the
condenser; m’
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h f Specific enthal py of liquid water; J/kg g Specific
ent hal py of gaseous water; J/ kg Mcond Mass of

w@owdaosser heat exchanger tube; kg Mevap Mass BPET/SG2004/000127
evapor at or heat exchanger tube; kg Tcond Condenser
tenperature; OC Evaporator tenperature; 0C O TTee, vap

Appendisd @pendionedof the Kth el ement of the bed heat

exchanger (K=l, .... ,Noed) ; C Uchill Evaporator heat

trans ggscog%f el ent | o Wi 2y K- ed Jeeond rConrderseylyneahn

M :
He% rans ea;cgg ficient; Wm 2 K Ucooli Adsorber heat

transfer’ cadfficient: K. [
e egﬁgﬁefwéééeﬁ%ﬁ‘eé'n?%a% AP ST aer nal
p vol une of heat exchanger tubes in the bed; nB Vcon
Msg| nt er RaL1¢6rGRe B‘F‘Sﬁég %xchanger tubes in the ond
P condeRgessuge3 GAppendi x B continued MHex Mass of heat
Peo@iX chafigadengios- PresgddéenblRp in bed; kg r e f, eva
Pevld QUi Eviegomagerapr ewees &in Evaporator; kg P Mg
P | | c@agelrates s;aplog PrRrssssaie;PaPa

o) Fraction of refrigerant adsorbed by the
adsorbent; kg/kg of dry adsorbent

do Limit of adsorption by the adsorbent; kg/kg of
dry adsorbent

E Characteristics energy; J/mol K

n Constant; -

q* Fraction of refrigerant which can be adsorbed

by the adsorbent wunder saturation condition;
kg/kg of dry adsorbent

Qevap Cycle averaged cooling capacity; W

R Universal gas constant; J/mol K

Rp Average radius of silica-gel

t Time; s

Teyele Cycle time; s

T Temperature; °C

Tped, Bed temperature; °C

Vevap Tnternal volume of heat exchanger tubes in the

evaporator; m’
dMcnitie Chilled water flow rate; kg/s
a/ dt
dMcona/ Condenser cooling water flow rate; kg/s
dt
dMcoorin Coolant flow rate through adsorber; kg/s

/ dt .

thﬁwhl Heat source flow rate through desorber; kg/s
g/ dt

A H.ys Isosteric heat of adsorption; J/kg

5 Flag which governs desorber transients; -

O ¢ Density of liquid water; kg/m’
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Pcond Condenser pressure; Pa Pevap Evapor ator

pressure; Pa Psat Saturate vapor pressure; Pa q
wo-e@stiossso of refrigerant adsorbed by the adsorPEnsG2004/000127

kg/ kg of dry adsorbent q o Limt of adsorption by the

adsor bent; kg/kg of dry adsorbent E Characteristics

energy J/nmol K n Constant; - Fraction of refrigerant-

RSN IV 1 S Nl &-Mﬁ%ﬂwﬁf cevap
Ea Ov¢l aqu\ﬁzdrb rl:neO o Al qund,. \A/ 61’

eoor+Hg—Cap Mlgta_ryh, fgb kcl sat gdb

age—fadi-us get—t
AMcoorTiofie: 3 %4 &cle Cycle tilne; CS'H‘P‘MF%‘npe?’Z% u}F‘jéfK 0C Thed,
dt  Red t enperature; 0C Vevap Lnternal vplume of heat

dMnearersé @It ubes i n the evap&rataahevanps AR i e Chilled
dt  water flowrate; kg/s dMcomd/ Condenser cooling w

g-water |
AMonifdadW ¥ 2E®kgAy/ s dt  dMcoo| i n CEeoldmt f#£eoWB ralXt hr ough

dt  adsorber; kg/s dMheatin |Heat source flow rate through
Mool €S0 Deskgkm/ s | sost eri ¢ hedk,Msgads ol@ﬁk@ﬁ{ J/ kg
Ucooling 1500W/m*/K Vbed 0.0332m’
Uheating 1000W/m?/K Veond 0.37m’
Uchilled 3800W/m*/K Vevap 1.17m’
Ucond 4800W/m*/K AHads 2710kJ/kg
Aped 13.3m°
Table Bl
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d Fl ag which governs desorber transients; - P f
Density of liquid water; kg/nBl e BIClains 1 . A

WO e@enesssd i ve adsorption system conprising: a PEESGZNNG/000127

cont ai ni ng adsorbent material, the reactor capabl e of
operating in an adsorption node and a desorption node
- and a liquid atonisati®GAi®fit in fluid conmunication

1. W t_»g éﬂ&&@ﬁ% %dsdﬂﬁlohqugtéﬁogbrﬁaﬂgfhynlt capabl e

omsing liquidfor formng adsorbate vapor or for
coﬁde?%ﬁmrdeg@@%@i%o@dsm@ nngherhal ad§bﬁptﬁ€t§¢t0r

n e t
corBBEE, o SoRtsot R In L AN TS RTCIRY lac ik
modeheaddsor pti on node, the adsorbent material in the

padt M o R 1B, Pt e | Sl E e wien
ther egeRetati, ve tadsorlpigudd sysberisasiohai ﬁmdtl n celpabiel ,of

h bat t [ tted di tl
atowsaﬁ%Eeﬁﬂ%aﬁgé"r&%meé?ﬁaﬂghﬁﬁérs?%%?hs  &REPYr fiien TOT

con@pfEdhg Ndesdribd® afser;pti on node . . A regener at ive
adsorg i,on systemas clained in cl al m1l or claim?2

WhEPEFR1Ph&TdESEr BQF@rB‘éb%? 1A% ¢ o FEEF R e didiF gt

in thee | rgdicdoat o sakhep Wit ibNaR tiesd a8t @heWnRlborbate
operating in the desorption node. 4 . A regenerative

vapgdsHpt | YReEfiPemrastRe aidfs@rPRigRy BrRe of ThRe adsorbent

matBEe52dL RO Gl Bt WReRRLEWR HRAELBES 3LEoPr fWbdeds at
one of the reactors&ﬂdperatl ng in the adsorption node

leaghdraneiat hercordan Syethei agonnsedel Basoipti on
node.

2. A regenerative adsorption system as claimed in claim 1,
wherein the adsorbate vapor is transmitted directly from the
liquid atomisation unit to the reactor when operating in the

adsorption mode.

3. A regenerative adsorption system as claimed in claim 1 or
claim 2, wherein the desorbate vapor is transmitted directly
to the 1liquid atomisation unit from the reactor when

operating in the desorption mode.

4. A regenerative adsorption system as claimed in any one of
the preceding claims, wherein two reactors are provided, one
of the reactors operating in the adsorption mode and the

other reactor operating in the desorption mode.

5. A regenerative adsorption system as claimed in any one of
the preceding claims, wherein the 1liquid atomisation unit
comprises a vessel having a chamber with one or more
atomisation devices located within the chamber for atomising

liquid.
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5 . Aregenerative adsorption systemas clained in any
one of the preceding clains, wherein the liquid

W@L@Ai168880 on unit conprises a vessel having a POESGHE04/000127

wth one or nore atom sati on devices |ocated within
chanber.for atomsing liquid.6 . A regenerative
%d§8?ﬁ??5ﬁ %V%t%ﬁ?%@p?ﬂ?ﬂrﬁﬁﬁ M R M-BLmCGhéReFhaines,

wheBd i1 Siaé | QoY i1 RF & GompFBY NOZZh e oflozzle for
rojecting a spray_of liquid within the chanbe 7 A
Prof &t S\Péaé(d%r&%%hds‘%‘%f@rﬁ ddhec [cHiamisg Ti- n cI aimé ,
wherein a plurallty of spray nozzles are provided on a
spray head. 8 . A regenerative adsorption system as
- Rl aPHBECTAC TR AdTOrPLHfEY et yetae @@rayaheaﬁ ext ehdsm 6,

whe]?é’h@taarﬂl'@:l lﬁt&zhE)@th?Qé& Itlgfzfé@rg?reﬁ ﬁrr%’&de on, & spray

regenerative adsorption systemas c I'n any
heagf clains 6 to 8 , wherein the dianeter of the orlflce
provided in the spray is about 0.2 to about 10 nm 10.
A regenerative adsorption systemas clainmed in any one
of the preceding cIainB mherein t he quu:d |sdmater
1. _A regenerati rptio stem as, claiped I n, an
BB Rr ETa P oct Ut Hp S 2 STb e nEL RS Gt dC bR T
whenehien |l gbmatyofiesat icont etidist substaaked1as theoagsonbatge
is fornmed, the cooled liquid being used as a
Chaa%eﬁrlgerant . 12. A regenerative adsorption system as
claimed in claim1l, wherein the cooled liquid is at a
tenperature in the range of about 5C to about 250C .

- Py FEIRSTBLNEr ﬁ@??ép%%@brii{ﬁtcﬁﬁ“ HFstcdmiaedcini avy ¢pe of

claiddy eON® o&f, thRRrecedng:ghatos, phepei Br&gfcédﬁpéyf@éd

., material
in the spray is about 0.2 to about 10 mm.

10. A regenerative adsorption system as claimed in any one

of the preceding claims, wherein the liquid is water.

11. A regenerative adsorption system as claimed in any one
of the preceding claims, wherein the 1liquid within the
liquid atomisation unit is cooled as the adsorbate vapor is

formed, the cooled liquid being used as a-refrigerant.

12. A regenerative adsorption system as claimed in claim 11,

wherein the cooled liquid is at a temperature in the range

of about 5°C to about 25°C.

13. A regenerative adsorption system as claimed in any one
of the preceding claims, wherein the adsorbent material
comprises a bed of desiccant material;

wherein in the desorption mode, the desiccant material

is heated with a heated fluid; and
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conprises a bed of desiccant nmaterial; wherein in the
desorption node, the desiccant material is heated with

W@20v6a08860 f | ui d; andwherein in the adsorpti on POOSG2004@00127

desi ccant material is cooled with a cool ant quid._14.
A rﬁaﬁnerative adsgr tion systemas clained in claim
13%

BRI H t HRS nRATFP M d9LE atthe (&R @atgrial

is tbsré@ngeibe! weenaabogt u78C to about 100C. 15 . A
regenerative adsorption systemas clained in claim13
or claim 14, wherein the coolant fluid is at a

14 . LENBESA AR iive HRROEBRIEHPELYEER 2 A 2(RLC it Akl 13,
400C . 16. A regenerative adsorption systemas clalne
whereir| Bheh Rsatefaifiiiid ds @taian tSTPewREW e ihetheatredge

fluid. s heated by .a so e of waste heat . 17. A
bet?%%%ﬁ%?%?ﬁ?@ gd%%r% ?%%qg 5femas clained in any one
of clains 4 to 16, wherein the two reactors alternate

bet ween respectively operating in the_adsorption_node
15 g e ROt i I on) §YSKefeGenEratnge alis6LpiToA3

or 8yst®Mmas ghataed €hai BbdTanWheigin Detween QRepRALLRUre
bet ween adsorption and desorption nodes, the reactors

in gpelerapgs baliveehi agouyce’q rromaibcluthéat@d f 1 ui d
resident in the reactor operating in the desorption
node is transferred to the reactor operating in the

16 . aflsorqrnam tivee adidrpAiongenetah i e Eldsiangat iion cpeIRess,

used in_an adsorptign syst githat Cc nggis s.a geactgr
Cla%%n?%i%% nnlaajd%o]; en"‘fchen‘ﬁa\":%/lé]riet € k]tel‘?‘@e%e F&g ¢8pdbRrESof Y
a soefatdhgasteaheadsor pti on node and a desorption node,
the regenerative adsorption
17. A regenerative adsorption system as claimed in any one
of claims 4 to 16, wherein the two reactors alternate
between respectively operating in the adsorption mode and

the desorption mode.

18. A regenerative adsorption system as claimed claim 17,
wherein between operating between adsorption and desorption
modes, the reactors undergo a switching cycle in which
heated fluid resident in the reactor operating in the
desorption mode is transferred to the reactor operating in

the adsorption mode.

19. A regenerative adsorption process used in an adsorption
system that comprises a reactor containing adsorbent
material, the reactor capable of operating in an adsorption
mode and a desorption mode, the regenerative adsorption
process comprising the steps of:

atomising a liquid to form adsorbate vapor or to

condense desorbed vapor; and
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process conprising the steps of: atomsing a liquid to
form adsor bate vapor or to condense desorbed vapor, -

w@napassssng adsor bate vapor to the reactor to BCT/6G2008600127

adsor bat e vapor to be adsorbed by the adsorbent
materi al when ogeratl ng in an adsorption node; or
coR3ERIPHg 2OFSTRE B 3mB B d thEquieRCt@Es oFDedlvaporthe

2da82BEES! SApbEOmd Nseadsarhenl BY ethal Jdaeaukie LRALhIL1

is in the desorption node. An adsorption chilling
whegy gpensebrprisiary ad@qmtrlonf mP@act@rs cont ai ni ng

ad te I [ lse rati
B R .-
genpaitedf f¥omguile aetdﬂdmtomauarualthhen arlee riesspEcty Ve Wn
thei Befscl)%p Sommu ication wth the pair of reactors, the

[ 17°g ajt om sation units being capable of at |east

partl aI ly atomising a liquid to form an adsorbate
or _or at, artlall condensj ng a desor bed
20. g’ﬁo?ds a‘?Je‘? SI-H'lﬁrs}élg ISP@ F%i FOBPr+eE ors alternate
betweril o espetddsIns Qflﬁ‘[t%I:LlIﬁglgi M dde bre$0hide@n alhde he
and t he desor ption node, wherein adsorbent material of

reaChETF e £EPBPL ‘Spé’lfatciﬂ’?&altﬁnﬁhemao%fbr%@?%ﬁpm Badorped 2

desggﬁgggﬁt,ﬁoa@pqnj romthe liquid atom sation unit and
adsorbent material of the reactor operating in the

dedor pP?bh nede rel@ssts aeovipabioapor kgt iShpassede

resb@ct el quiﬂl a%Pﬁ'i&até&ﬁ}n&[hctaél%nbe mﬁ%@lde%%d @éltxhe of
atom sed liquid;, and wherein liquid present in the

reartgued ah@nﬂsatlrténaﬁﬁmsahwmuualbé hhgackpabhet RE at
leagge ﬂé?%%éyiyOpgﬁéﬁiéghd'n tranuld to form an adsorbate

vapor or at least partially condensing a desorbed vapor;

wherein in use, the pair of reactors alternate between
respectively operating in the adsorption mode and the
desorption mode, wherein adsorbent material of the reactor
operating in the adsorption mode adsorbs adsorbate wvapor
from the liquid atomisation unit and adsorbent material of
the reactor operating in the desorption mode releases
desorbed vapor that is passed to the liquid atomisation unit
to be condensed by the atomiged liquid; and

wherein liquid present in the liquid atomisation unit
in fluid communication with the reactor operating in the
adsorption mode is caused to cool in temperature to become

chilled liquid capable of being used as a refrigerant.

21. A regenerative adsorption process comprising:

atomising a 1liquid to form adsorbate wvapor or to
condense desorbed vapor; and

passing adsorbate vapor to adsorbent material 1in a
reactor, when the reactor is operating in an adsorption

mode; or
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adsorption node is caused to cool in tenperature to
becone chilled |iquid capable of being used as a

WO edositggss@nt . 21. A regenerative adsorption prPCESG62004/000127
conprising: atomsing a liquid to form adsorbate vapor
or to condense desorbed vapor; and passing adsorbate
vapordereiadsorsdme ridteeratamisedh YeatiGbr , st ahevapor

reactor.._i [ [ .adsqrpti 8 or,
Gon S A PR cad 1T i o gy pap ehe
readtapon sgeperat &og f 11 e Sterspamtc ivmt @A&F i n t he
reactor, when the reactor is operating in the
desorption node. 22 . A regenerative adsorption
22 . Syst afggenubatanti ahdyorst Hescriysedrher substihnhially as
reference Fi gs,%Fto %5. 23. re%en%r %i ve adsorption
desqpihess 8ereiBsFahRi BT CUESEHT Bedhdrein with
reference Figs 2 to 15. 24 . A regenerative adsorption
process used in an adsorption sgstemtha onpr. i ggs a
23. r dacE6PeRapAbI & o BEPAL PRy PR %‘ﬁs%’dso‘ﬁ"‘%isl SR -rddeY and®
des@rﬂ%wmtﬂe% wRER, retbsd o imldy 2asodescri bed herein
wth reference Figs 2 to 15 .

24. A regenerative adsorption process used in an adsorption
system that comprises a reactor capable of operating in an
adsorption mode and a desorption mode, substantially as

described herein with reference Figs 2 to 15.
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