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REGENERATI VE ADS ER FI ELD OF THE lﬂWMNM‘W s invention
relates to a rege mmmmwmmmmkrption process pti ¢ el 2083
designed 5 for utl isL&gmmaste heat typically hawcog2a tenperature of bel ow
about |50C for useful cooling. BACKGROUNP.OF THE I NVENTION 9 '. Two-reactor
adsorption chillers have al ready been successfully corrunercialised in
Japan [1,2]. ~~ By nmkiRIGENERATEVEIADSO@RITONMPROVESEANDpai r, such
chillers have managed to econom cally harness the potential of | ow grade
waste heat Tor uSBRLIISIBALTOR Bit BNERA LT RSO RRITON CHIRLER
environnent. Insofar as adsorption chillers are concerned) sone nethods
have been devised to i nprove the conversion efficiency of the potenti al
wast e heat lYﬁﬁﬁi@H?@@VENQWOEPr exanpl e, schenes have been proposed where
such waste heat 1s used serially in a string of adsorption chillers before
it is finally discharged. As another exanple, a schene has previously been
proposed Wtsg @mvéhondelses pd b orpehanyier adsarprionpredegnarnfdi anadsdrptioechilke dekiynedeans
of rr~ulti 15 stage thermal conpression of the refrigerant vapour [3]. This
enabl e§ wder wilmgtwass hisat wpicallydyaving agemperaisge ofdeloveatiopt | 30°Cifagpselpl gealwed t o
the environnent. Fromthe trend of devel opnent of the prior art, it would
be desirable to further inprove the conversion efficiency so that maxi mum

cooling c ! @Fﬁdg i gi ven hardware investnent, waste
heat and ?@%ﬁ%ﬁ%R' OM/?%?gﬁi%gﬂE?ﬁggggv inportance is the need for a stable
chilled water outlet tenperature. Based on experinental neasurenment on a
conmmer ci gl Tyoavmtdraldi@phon \lidrs\baveaheady bead saccpisiidly comnier@alisedimdaparg 1,2].
typical ¢gyclic steady state operation, the chilled water outlet tenperature
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appl i a@ i adivirohmedthsb ik hehddorgioah ahlllers agepnvanal)soe mMptieels have iwen devised
absorption cooling devices have been enpl oyed downstreamto attenuate_the
t enper at ur® B¥EPYY Hiei grnversiomgfficignaynef dicopdenial yeaster bast do wuselyl 69910 aFor

snoot her cly d r I enne,
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cooling the adsorber with refrigerant emanating from one or
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evapor at or&eenpropasgd wheigdbe degortiondgmperaturg ipggnificantly sedyagdby meansof gevltt or
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These arrapgenents are designed for use with a high tenperature heat
source) 10 y: which is usually econom cally val uable; they are done at the

expense of a lower firing ~~ tenperature for the desorber and a hi gher
cool i 4 t eRp eAual importapcetip dheapeedr fos . stable iohilled yeaterpputiey igmparpireat Haged on
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cool i ng t husdegAnypicalfcytiestedyl staE opdatibhethechied twatdiRillet RinpReitaet @aeaug! y
i nproves the recovery efficiency of waste heat to useful cooling.
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reduces piping nmaterial for a given cooling capacity. 20 Advantageously,

t he i nvent telingldswicesdkays be¢n pogeydu dowrstidanvie iadenuate thy emperitoretatilatidne eed
for downstream tenperature ot heni,ng devi ces_ . roviding a nore stable
chi 116d welRISHEFBE* be AGSrBEDerovily dIaRoKER shii, AT GHIEIs ARF 24D 58 A
reduces t hsowhss&amtehgaame GRbOMENIRY dBViEd Hultfhd fIwkizZ& QP EW dimigiéd.t - up of
the reactor or reactors when the chrliler 1s activated. 25 SUMVARY OF THE

| NVENTI ON According to one aspect of the invention there is provided a
regenerative adsorption process for application in an adsorption assenbly
conprising a condenser, an evaporator and a plurality of reactors each

alternately operating in adsorption and desorption nodes, said process
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conpri sing: passing a cool ant through the condenser; passing the cool ant
emanating fromthe condenser through reactors operating in adsorption node;
and 5 passing waste heat froma waste heat source through redctypg 2003
operating in desorption node; wherein said plurality of reactors are
schedul ed such that each reactor alternafely operates in adsorption and
desorption nodes for substantially identical tinme intervals, and such that
each reactgyo &ag. ﬁ%]QﬁU@hrdpbﬁdﬁCzﬁnﬂfti-&Q&tﬁﬁ strit8gy ink6lving a6 the@dscrbei wiht he
cool ant emanating fromthe condenser when operating in adsorption node) and
t he wast e reftigeranhespanafing frofrane\ga suase feaporgotsy demah o desablg ané gorg practical

desor ption de., y According. tpo anot.hey, a t of the inventi there is
provi ded efoﬁ"éﬁ fhe exapargfor P%‘%é?’i’le) actopi)%g Q&s‘%ﬂ%ﬁi e H’Pt RS %@I rﬁpngem"t
conpri Si NGejrfd sﬁﬁlﬂﬁ‘%fb’ﬁ%‘i tlﬁ%%r@&s.tr@a&&%ﬁ%&v@c fiupitibn fsrcgmn%nWﬁ&an thdde
evapor at or connected to said condenser to provide a refrigerant circuit; 15

a plurali trgfedncestactierasiangaodnt béihegembire. Soclopestet-andi-vhavadsohigiratgms dockhe

desorption nodes and having a coolant, inlet to directly or indirectl
recei ve co%‘l“éﬁwf’?é"r?ic'cot"%&mﬁ’rr Pﬁ%"d‘i‘d‘“c%é‘ﬂgg@t'ﬁﬂ ‘EP(YW g?‘ﬂdezfcﬁoré'ds'ér ‘%/‘fl‘én

mode, and @ WRRL Be AGALtivetbSlinffle &}cﬁ%gid é’o_n@iguﬂaﬂghr ectly receiving waste
heat from a waste heat source when operating in desorption node; and
control y neans for controlling said plurality of reactors such that each
react or al Manynathet designsr(dt €3 emplidOreacisotaping dluida od boless depchitber’ snostéizcidnd rof
substantially identical tinme intervals, and such that each reactor has an
equal chansstoghanse; dgeserarangeragnts g deyenad for By ish ahigh terppratire keah it g
fromthe .c r atJ (17 Lofi ) t t
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operat i ndfj fepaEane firithnderoer amd/a higher dovligg termperaerd fos tizradsarber. Nnphe easeel
25 dependi ng upon the particul ar operation, and al so depending on the total
nunber of eidavwteprerypie typically 1505608 beloy) tasterhsatcapplicatiopspeh 3 fiipiggy may not
desorption f D SELL.eS- L iRk Efek ?‘: "k t he
plurality %M@é@t@%@%@%&%ﬂ sngﬁwg\ﬁllgﬁ nu tgr 0 reglgtc é@gl,gq%g I nlag%he
subst ant i a¢Hiferany i nstant during the process, half of the plurality of
reactors operate in adsorption node and the other half of the plurality of

reactors operate in desorption node. 30 Mopst preferahly, the plurality of
react ok cohpRPEasinggntiop adyantagepusiydmpryes the recovery efficiersy of waste heah dauselulhe
flowrate £00 . r i .

operat;ng oo ReMendit HEShBUNRol [ ESbitEr BB e L fBF IRt e,

sui tabl e fthewwatich dppandiatigevemiritunadblitgidtapaciel foea gives low ke ofisastaihby and

desi gn of heat_exchangers. Preferably, the coolant is flowed through the
reactors op¥rRPlngsticanadiisadvantageaushialse enguey maxpiug qonysision eliciencyQlivass) e 5
flowrate j : : Led ition or

turbul ont bt RoF BB IhRARY oL At BE shtBhat K5k Sochng CARERY. °Tre o 11 e
wat er, cool ant and/ or heat source. \Wen the plurality of reactors conprises
f our 020 noAdvaneaebduadly thd ineerftionalsoanakepit poscibland downsizegir evemeliminateahenadi ng

in adsorption node is preferably at the s_uitgble How rate, i recmleétive of
whet her t hrdayastEram SRPEEYR Smonthsaag devicehbyBenyidipga morg e &l or
in paralle b Z1 d flow 10 rates can be determ ned by those who are
skilled inh?tl!]e?%?atq%é waste heat is preferably flowed through the
reactors operating in desorption node at a suitable flow rate. Mre

pr ef er abl yFuntee) ¢he tilvenfidu adatantage@isly edatesrthe ciskpf iceeoriaion o provideng for a
reactors) the flow rate of waste heat through reactors operating in
desorpti ons‘?ﬂﬂﬁfé‘a??}a‘é’f"@d)féhez'@GCtaf of rgacters whan the Fb‘uFrr'&P‘élva%g- Sinmilarly, the
flowrate of coolant through the condenser nay be determned for a specific
application of the invention. It will be recognised that the How rate of
cool anﬁﬂhngﬁvgdlemmwlgﬂ ng in adsorption node will be sonewhat
dependent on the flow rate of coolant through the condenser. In a preferred
enbodi ment) the How rate of coolant through the condenser is at a suitable
flow rate adscadmgrto badaspbatvd th2dvesioditisre ssqadvidbdy esgendratiwdsioogptiom process
assenbly conprises a condenser, an evaporator and a plurality of reactors,
each of m?(tfﬁp%ll%wa@w tipg@F&IbY GOPEES RSP NSHSA AR edegqs?lawwwﬁalil&x I n
a preferre i t I -' i i
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Sub-series of reactors connected in series and/or in parallel to receive
cool ant fromthe condenser and reactors operating in 25 desorption node
constitute a second sub-series of enactors connected in series to receive
waste heat fromthe waste heat source. Each reactor is preferably conposed
of heat exchanging material and contains adsorbents. The adsorbent could be
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Stn June 2003 150C or below). The coolant froma cooling tower is first
passed t hrough the condenser and subsequently to each of the reactors
operating in adsorption node either in series or in parallel.gﬁ?HPQ@Qﬁia
heat source is passed serially fromone reactor operating in desorption
node to another reactor in the same nodg.. After passing through the | ast
reactor operating in 5 desorption node, the waste heat is purged fromthe
system Themp@afpiors are schedul ed such that each reactor alternately
operates in adsorption and desorption node for substantially the sane tine
interval, and that pashgnsaetapt threushdhe spndenstice of being the first reactor

to either receive the coqgl ant .emanati.n romthe .condenser o wast e
heat. Such a scheduP%QS’gﬁ%ef %osowgfnaﬂ%%%ri é%&"ﬁ%’hﬁehg‘r%‘*ghcrﬁ{lﬁt{)%gm\?&?‘@%
outl et 10 TeIBSFiBA Hole! andchi eved. This arrangenent also facilitates

maxi mum extraction of energy fromhe waste heat to maxi mi se cooling
capacify. Cooling t passmgndssisbeat ffrorsta wante hbarsoutve themgh oeactopapatiting inn
adsorption node ensures that mni mum copolant flow rate is uged. BRIEF
DESCRI PTT GREOEHEION OSSR ATAES PP ATLDY BErACRS AF0fHa sl TEC EATHFBIoAt ed

into and gg&g{l{%mt@s RPLH oQ{)ﬁi]&xhﬁn@%%HgHB)jl Hodks 1BF shlﬁk‘i’aritﬁl{friélén?it | time

illustrat nent o e invention and serves to explain
pri nci pl etaivals,mdisostethai €ich rédctorshat an lequal mharics tod dding hienrsereactoh &t rdchizve
drawing i s designed for purposes' of illustration only, and not a

a
def i ni ti ofhegFoolabemanting frgm the condepasshen operaing i adspiplign modenand; the Yastgne
enbodi, yen f i i : ing to the present
inven%?ghi%ﬁé“ﬁﬂ8%3%§&§%%€§?§%%®h§{?@%ﬁﬁﬁgyﬁﬁggg@@gﬁ%gggenerative strategy.
Fluid 20jfl ow between reactors has been depicted as top-down. 1 refers to
wast e heatAcsbrd@ptol aibeter ashetedfhs idventiow tiand isi prbeided 2anulgdredcsort egarpdthat
inlet to the reactor, 3 refers to waste heat streamoutlet, 4 refers to
cool ant o@dsasptiongghifles agsemblycommprisig: out f | ow of excess cool ant. The bol d
lines depict ther efarczioggefﬁgrtadﬁbtreﬁl&) Eecewgial (%otlag?frBFszsoluir&es depi ct the
cool ant and heat source Cifcuit. -~-1ndicates elrther a rmanual or

el ectromagneti ¢ on- @hfeviirter catinetted s £ai@ cbhdeusdritalpesvidderefiigarinit @ircoit;
recovery efficiency, n as a function of _dinensionless cycle tinme, cu for
two-, Wour-, and sinhuality@fsasiors sachbaingphle torppsiate inndsprpign apd desofmion
di nensi onl . t. . fil. chill .
condenser "t A hind SERRAR WbEro diifyde Eeclhf LR BolaP oo spig
and si x- be@ndenferivhtd dpeROASim RAsaption plode andh Wises Beat irtte for directly or indirectly
dynam c- st eady-state condition. Due to the choice of nondi mensionalising

t he t enperegediing waskcheahfromagvagisthept soyedesyhegioparatng i dssyptiamipede; t apdcoptgpln s

chi 1 e - SRR PRk HIE DB Pt s B R el oot
and r eber radsgplien drdededs @vibn godedfobsubistartiallg ideadicas (e éntervaRCAndesath cHat tduh

mul tireactor regenerative adsorption chiller assenbly of the present
i nvent i on.readk hes aequabehapeepfbeing the Bsbgadphta reeivnihe ceglant ganating frym fhe

reactors, wh N,s evepn to hi i mal., chi te t) at
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reactors Gpendperating @l dRdrioRimdde. mode, while the other N 2 reactors
operate 10 under desorption node at any instant of use of the adsorption

chiller. Coolant froma cooling source enters the condenser at |ocation 2
and t r avel Bhet igagiogghopenatingoindadsgention Snpde qnbe grranged in geriehand/at ét paliel or

on whaonor PRt PEraiE, ko’ T dearting D% e B FblposFor 5EER" "0
amount of e 3ed. HbeWser! fhe &fbrb BFelﬁﬁﬁé?{rﬂie%oﬁﬁﬁh%ﬁdd@&r@ﬂﬁ'ﬁfgﬁé‘ﬂﬁﬁd@&i on
node, and is eventually purged 15 fromports) 4. Excess coolant fromthe

condenser is renoved fromport 5. Heat source is introduced at any one port
1 and fl owe aseferred pmbhdiowgh thd plucatiey of agtosceamnprisep e avémiprobed &f reactors,

desorption de and is.purged froma pprt 3. The.reactors are schedul e
suoh bhat WRR pEbraRodly il sphe s B brodes i AGRER PR e NS e Rt
node for tilad@eponhabde mIGhEothkMBalf SYRE Fﬁ&alitﬁ@ﬂr@&&@& dPREMe SRS PlioRABJ8UAl
chance of being the first reactor to either 20 receive the cool ant
emanati®ng Megmrefhrablyotidarigality toff reastyins pamprisa ableast ffeunvaattersheat t hr ough
valve 1. The energy schedul es nay be best understood by referring to the
foll owi ng tabl es: 9°'n June 2003 Table | The following table illustrates
the general schedule for a sees-cool ed 4-reactor system Energy utilization
schedule for a 4-reactor chiller Reactorlswads (2)ads ( | )swd~ (2)des ( 1
)Reactor2des ( L )swads (2)ads ( 1 )swdes (2)Reactor3swdes (2)des (1)swads
(2)ads (1)Reactordads ( 1 )swdes (2)des ( 1 )swads (2)~; Legend:i ads:

e o - o o .




Thé" correspondi ng schedul e for a parallel-cooled, 4-reactor system can be

inferred fromthe abo ve table. Stn June 2003 _g_ Table th‘l’?e ovm' ng
table illustrates the general schedule for a series- or andzgp 408 8% 00l ed
6-reactor system Two possible energy utilization schedules for a

si x-reactor chiller -4-

React or swads( 3) ads(2) ads(1) swdes( 3) des 2) des( 1) 1React or des( 1) swads( 3) ads( 2)
ads( 1) swilks (lRydexs¢ 2f ZRelot Bhd avdsRE) (bé@i('l é‘@SQ'B@b(\Z?&d@GEW%mé@{IBg 3React o

wd 3 wads 2
;ZRegigo 5{“?%‘3&@&%%8 'Téé% ﬁ?@@dé‘f%%@(% el Ry SR JEPI IR P S wdles (
3) des(2) gﬁﬁemarsmmam&mmm désBaC CHeaOBRhAMIRY PRIAMIPIRE cOMamTISie
(adsorber)des: reactor operating in desorption node (desorber)sw. sw tching

f rom adsfowed throughebordsetors aperaneg i adsoptineamddagt s svishin flaw eie.d squitpble

Orswitching from desqrber to adso ber, .and rece n t fromth
CondeheohoR e irctrip iy fdy T8 b et IR G emSGor R b ra i e Wi 1 e
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SndiBt
when the reactor receives ell%ét:er cool 1 ng strearr%}#romtﬁecondenser or

heating plutsignofdesoeer ymprisesfolrerhat rentors ahd 2w rdthdScooddnetisodgh rtdutors
situation when the reactor receives either_ cooling streamfromads(1) or

heating SP%raiig in pdyarptis ydq is prefembly af ﬁpépgahl%ﬂw@%.lﬁwwaﬁ afmdbgtheribe

react or fo olin
schene, E‘%‘gﬁ’lf%g ?r?giﬁéc%gfv [518@0 deod% qﬁargérhﬁlﬁl rectquutl Pgri%lrlr?lt FF?'g{ug%%"?dnsée‘\rg) '
wher g@s rdted danibe datesmmeasbycm@elm aehemed irt the afteact or recei ves

cool i ngstream from ads(2). Note: The wi dth of each box is an indication of
the relagive tine duratjon over one cycle. 5 As discussed above, paral | el

cool i ng @he srstedieatms peefeqablyrlowedathreh the seastars gpebiRg InAesoppHen Modsslia may
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15  Similarly, the flow rate of coolant through the condenser may be determined for a specific
application of the invention. It will be recognised that the flow rate of coolant through the
reactors operating in adsorption mode will be somewhat dependent on the flow rate of coolant
throughthe condenser. In a preferred embodiment, the flow rate of coolant through the

condenser is at a suitable flow rate as described above.

20  As discussed above, the adsorption assembly comprises a condenser, an evaporator and a
plurality of reactors, each of which alternatively operates in adsorption and desorption modes.
In a preferred embodiment, the plurality of reactors are arranged in series such that, in use,
reactors operating in adsorption mode constitute a first sub-series of reactors connected in
series and/or in parallel to receive coolant from the condenser and reactors operating in
25  desorption mode constitute a second sub-series of reactors connected in series to receive waste

heat from the waste heat source.

Each reactor is preferably composed of heat exchanging material and contains adsorbents. The
adsorbent could be any material, such as silica gel, that is able to adsorb, either by physisorption
and/or chemisorption refrigerant, for example water vapour, ammonia, or methanol at a typical

30 cooling tower temperature and desorb refrigerant at moderately low temperature (typically
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150°C or below). The coolant from a cooling tower is first passed through the condenser and

subsequently to each of the reactors operating in adsorption mode either in series or in parallel.
The waste heat source is passed serially from one reactor operating in desorption mode to
another reactor in the same mode. After passing through the last reactor operating in

desorption mode, the waste heat is purged from the system.

The reactors are scheduled such that each reactor alternately operates in adsorption and
desorption mode for substantially the same time interval, and that each reactor has equal
chance of being the first reactor to either receive the coolant emanating from the condenser or

the waste heat. Such a schedule ensures that maximum smoothening of chilled water outlet

»

3

emperature is achieved. This arrangement also facilitates maximum extraction of energy from
he waste heat to maximise cooling capacity. Cooling the condenser first and then the reactors

operating in adsorption mode ensures that minimum coolant flow rate is used.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawing which is incorporated into and constitutes a part of the description
of the invention, illustrates an embodiment of the invention and serves to explain the
principles of the invention. It is to be understood, however, that the drawing is designed for

purposeg‘ of illustration only, and not as a definition of the limits of the invention.

Figure 1 is a schematic of one embodiment of an adsorption chiller constructed according to
the present invention showing the operation of the multi-reactor regenerative strategy. Fluid
flow between reactors has been depicted as top-down. 1 refers to waste heat stream inlet, 2
refers to coolant inlet, 2a refers to coolant inlet to the reactor, 3 refers to waste heat stream
outlet, 4 refers to coolant outlet, and 5 refers to the outflow of excess coolant. The bold lines

depict the refrigerant circuit, while the thin lines depict the coolant and heat source circuit.

—D<}— indicates either a manual or electromagnetic on-off valve.

25

Figure 2 illustrates the relation of recovery efficiency, 1, as a function of dimensionless cycle

time, o for two-, four-, and six-bed adsorption chillers.

Figure 3 illustrates the dimensionless outlet temperature, T profiles for the chilled water,

condenser coolant, adsorber coolant, and waste heat stream for two-, four-, and six-bed
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adsorption chillers under dynamic-steady-state condition. Due to the choice of non-

dimensionalising the temperature, the chilled water outlet dimensionless temperature turns out

to be negative, a direct reflection that the system is operating as a chiller.

DESCRIPTION OF THE EMBODIMENTS OF THE INVENTION

5  Indetail now and referring to the drawings, FIG. 1 illustrates one embodiment of the multi-
reactor regenerative adsorption chiller assembly of the present invention. The N-reactor
regenerative adsorption chiller consists of N reactors, where N is even to achieve optimal

cl!lilled water outlet temperature smoothening, a condenser and an evaporator.
I .': general, N/2 reactors operate under adsorption mode, while the other N/2 reactors operate
10 under desorption mode at any instant of use of the adsorption chiller. Coolant from a cooling
source enters the condenser at location 2 and travels through the condenser. Subsequently,
the coolant enters one or more reactors operating under adsorption mode through valve(s) 2a,
depending on whether the reactors are arranged in parallel or in series. A rated amount of
coolant flows through the reactors operating under adsorption mode, and is eventually purged

15  from port(s) 4. Excess coolant from the condenser is removed from port 5.

Heat sourge is introduced at any one port | and flows serially through all the N/2 reactors
operating under desorption mode and is purged from a port 3. The reactors are scheduled such
that each reactor alternately operates in adsorption and desorption mode for the same half-
cycle time interval, and that each reactor has equal chance of being the first reactor to either
20  receive the coolant emanating from the condenser through port 2a or the waste heat through

valve 1. The energy schedules may be best understood by referring to the following tables:
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The corresponding schedule for a parallel-cooled, 4-reactor system can be inferred from the

above table.



.F92n June 2003 data [ 19]: H~T,Fq = AT b P~.,Ol~r P~,~ T The energy

balance for bed I, ignoring heat |osses, during |ts |nteract|gn with th
evaporator can be witten as dT,,~,, dh~" (I+a"~ ~ d,r +ql~ R dF”92803~~t ~
~~T~ h~P~T~~- ~1- b ~H ~as (3a). t s ~.~, p ae. ~~ tba.t t - NTU~Ing
~c.i ~\'" bcd,t Ti i i=1 The energy balance for the cool ant can be
expressed as abed nhbc.~~" _""'L f ~T~t ~ hr (Ti ~+ NTU~, nngCc. i
\bad.l -Ti ~~( for i =1to N T; (0~=T~ (0~=0. To (z~=TH (i~~~a
when bed | is being cooled directly b% t he cool ant fromthe condenser, and
To(i~ TN(i~~r-! when it is being c #hled by the 10 coolant frombed I-1.

q, , ,,(0) = qg*(Pe"ap(O,T,,~,~(0O). It has been assumed that the relation h
~, h ransi ent
sosteri Jﬁee"é gl aple e ALl e scnRBL Bt B p beoor e chlBu SARRNEL:
concentr adys@th. The isosteric heat of adsorption has been obtained fromthe
wor k of Sakoda and Suzuki [20]. When the bed J is interacting wth the
condenser) |ts en'E:ngbdilQmmg)cthbeowqhtsdld% bsa@mﬂawoodnltbf | +gh~.t dh'd’

15 d N ( = A rlO' ottt PH- I\ITIqum ﬁr_\’ T1 u h~+¢41n h\nlrrg h|
hed, | f |RPaCt0f | sw fads(Bheads2ball anedsDor Tese é@f@)émtd%‘é@’? bé ede(Bssdd as
ahuA _ tun,:L. W, L, ~mhwluigjLh f (T.4! ~j- h fl (Tt ~ +]NTU, ~, : ~t}i no
Ce,t \' tlff@at&-I ~é®)d9-a&‘n3um 003 &Pldds(H|! b& , (0) =
T,,,% . J( E - . S'(D 3 S( ) gn beélﬁ\] s bei(ﬁg heat g¢d 883? ectly\}by t he
wast e heat—set+rgees m.c‘r ﬁE, {Z7—13—wher s bei frg—regendr at ed
by the heldiepeigr tfie?é%f ﬂé& J-sw {agds(3) | —(ads(@ 4 ( pads(R( o), sP d‘?ﬁ(@)). The
condenser{ haks been assu Ted rel 4dti vp to fhe beds dand evapofat or 0 _|be

retainin mglokgg‘bl& D U s nef gé ratlsqn.aédgyyveﬁd n ’
o g(g P44 $i ed tlo bes(?orfugat edﬁbw t he

condenser t excﬂangl h9 t Has been esi gn
manuf act ur-et |||a|| ,cu St g abt t-ar et | m of
condensat ﬁRe@ﬁtof o2 ag $Fﬁ(§) WIEE?S&)I’] & ?%Qt h??%ﬁ%@@n sefd§(® g aI Ways

mai nt ai neld_at the refrl perant sdturated Vyapour prdssufe. 7lconsequently, if

dg, " ~, J ~Reactod} @adse20. | Dudi1y Hash pddstDi ndes(2)he |bedespresswve |adanyges in
tandem wift h (;he bed tenperature.] Hehce, 10 in the current form:lism such

operation Id.b cenassuned to be 'TbJster 7T \i e agrdiT—="0) TS ase of
oper at i on still he desgcribed b (e a&ove equations, and the dr essure
prescri bejd f?%@fogs?ﬂ%maéﬁa%‘%ﬁ“ adsg rator is) in general,

i nteractip gew%%thea%%esaﬂgmm e( fesoreibr gy bal ance can be

sw: switching from adsorber to desorber, and receiving heating stream from des(2). Or
switching from desorber to adsorber, and receiving coolant from the condenser if it
is @ parallel cooling scheme, or receiving coolant from the ads(2) if it is a series
cooling scheme.

(1): this refers to the situation when the reactor receives either cooling stream from the
condenser or heating stream directly from the heat source.

(2): this refers to the situation when the reactor receives either cooling stream from
ads(1) or heating stream from des(1).

(3): this refers to the situation when the reactor receives heating stream from des(2); and
if it is a parallel cooling scheme, the reactor receives cooling stream directly from the
condenser, whereas if it is a series cooling scheme, the reactor receives cooling
stream from ads(2).

Note:

The width of each box is an indication of the relative time duration over one cycle.

5 Asdiscussed above, parallel cooling of one or more of the reactors operating under adsorption
mode may be possible. This will generally depend on the coolant flow rate through the
condenser. Typically, parallel cooling of one or more of the reactors operating under

adsorption mode is more practical for a system with six or more reactors.
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m-Jfit~h,u~.~ ( 5 '1'1= - tT h;nm~ - T~h~n~.~, ~~ nt~aung C h a 0 The
envi ronnent tenperature has been selected to be T~,,. Perfor&agce

. . . . e 2003 .
conpari son of two-, four-, and six-bed chiilers j In order t0 eff%tt a fair
evdl uation, the performances of the four- and six-bed chillers operating at
an optimal phase difference are conparedoagai nst the result of a conmerci al
two-bed chiller. 10 The paraneters of the commercial two-bed chiller and
those of the nufti-bed chillers are collated in table 4. It is enphasised

that the total nass of sp~ent, refrigerant inventory and heat_exchangi ng
mat er i al wag@]eﬁéewem%w%?q igan N-seackare: [S&c‘f"i‘eﬂﬁ DI, Ve el éﬂ%% %Té@%nt =

various c ~ I :

dol 1 noat oAl AFold Be BT AU, RoBiaRR 1 6ol iB8) EARERULE SMObALANED e

in the tr aodétichitied Wamt MagiNareacteo s fsteah ispudvitagopdwae vised to Stakteqyi seqoerially.

m ni rum One coul d al ways pipe all the coolant into the adsorbers. The
SWPI'PD

i mproved h¥gcifiealyhdwig HBackers ORraERGH uHiSE adioriionImads asd Fractorsrppegating
conparison i . X t t i . of 4 he
o osent 1 Aol PPl ol e AR ATR R oo AF HEAR: oBhit 4 Wagkh BEAERIH of o
various pae Fafo e tifel @dpRSertes tthisC tddving Nthe ek pé e Re Normaticanin eHe.

1 9" June 2003 - IS Table 4 Conparison of two-bed and nulti-bed chillers
speci f i catvapugatPar anet er s2- bed4- bed6- bedSeri es cool i eParal | el coolieTotal

coolant flowate (k s)2.891.37Total adsorber coolant flowate {k s)l.52
f h st l.ie t )0. 76 i.ped, f 0..507. ( pi.ped

From conddieapiavat (Rt ah By s By i acrheiteiR ceiidel of B jnt iR

" ~0. 71”‘”23131"&7 s inAs he2 -u2b Up @ardift spdifie dethiiBal specifications so as to quantatively

"~2557.5 ,Ucond4 15. 23A~2. 461. 230. 820A~, , 1. 91A~-~"d3. 73M547. 023. 515. 7HexNMHex7
7719. 491 (Ye8069rakxhe 30EO0GeS0Kkthe Butatiaw: , -4 80BhIsistd Bhat ottt sigdlacdaiysesinsed
103V~ , 1.778x10-'" 8. 89x10-35 93 x10-3V~ ,a.''6.9 16x103~ona .. 1,349 x 10-z
The cosi O dGRERGEimaR hesduatif 1 Ssbimedt Srahes femporik: HEMe: o
dependi Ng ,Qiclal QPeBifiRhtidnd% RO Prdieht aRAGHS SHIM nbh1Gn Bﬁ?f\@iy[r%ecc%nstrued as
i nprovenent of a rmnufti-bed chill'er over a 5 two-bed chiller could outweigh
t he i ncr easgri¢tiveoaphe ptes¢niveentiemt . Structure wi se, there should not be a
drastic increase in cost. The expensive Leak-proof outer shell of the
two-bed chjll.er d ngt .be changed significantly. One only needs to weld
partiti ongpﬁ cs ‘g(fetﬁ%?r??ﬁ%ség; addi ti onal

15 - linear-driving-force (ILDF) kinetic equation, equation (1),

silicagel-water binary system, equation (2),

ltmped-parameter treatment for the reactors, evaporator and condenser,

specifications as delineated in Table 4.

The performance prediction of the proposed multi-bed regenerative strategy is based on an
20  extension of the verified design code for the commercial two-bed chiller [15-16]. The structure

of the original formalism is essentially unchanged, except that the energy balances for the

condenser and evaporator have to be augmented to account for interaction with more than one

bed. Heat and mass balance equations must similarly be augmented; they must also handle the

additional bed transients. The rate of adsorption or desorption is governed by the linear driving
25  force kinetic equation:

d_q — lStcyclc DsO exp[_ Ea /(RT )]

2
dt Rp

o' (P,1)-4] (1)

The coefficients of which were determined by Chihara and Suzuki [17] and g* is given by the

following empirical isotherm equation [19] which is based on the manufacturer’s proprietary



inéﬁﬁated piping in each of the two beds to create a nufti-bed system The
four |arge-bore-size, vacuumrated sol enoid on-off valves of _a tmo-@&?
syﬁ&en1are repl aced, in general, by 2N 10 simlar but smal | e v4I%/2 or an
N-bed system It is inperative to nention that, just as in a tw bed
chiller, these on-off valves and the assgpci ated piping have to be designed
such that the g. r ,r 9°" June 2003 - 16 pressure drop between the bed
and the edap@tet or/ condenser is mnimsed. in general, each additional bed
requires five normal duty solenoid gate valves for flow control. Figure 2
shows the recovery effigklency, rl of the various nulti-bed schenes as a
function qu&GEjfi e cycle time, c~~. The recovery efficiencMDof a
two-bed chill el tpafsjindard rated 5 mof [4.55 {corresponding to"a cycle
tinme of 450s) is 0.04 It can be appreciated that, fromtwo to four beds,
the recovery efficiency is boosted by about 70% whereas fromfour to six
t~eds, thepg %ﬁé}gﬁ blafdef fof b&IE Yerlosing REAt 2836 dRin@ QIR bt ARt IR evaporator

si x-bed-paral |l el” confi guration be observed to be narginally better than its
seri es coumt be paitten abut one has to pay the price for added conplexities.
Specifically, flow nmetering has to be done carefully during design and 10
conm ssi oning so ffhat thergpis sufficient flow fromthe condenser to the
two beds iﬂ+sa;jks—aﬁdwngg~6#% bed in parallel. One could anticipate that

t he recoverg effi cfency i npfbves with the nunber of beds, but this has to
be bal anceddqy.,ly.t cost —of ( congt r yctJ oq. s worth nentioning that al

t hese gchéﬁﬁ“;ﬁg§4ﬁﬁééﬁ36ﬁh¢G%@gﬁ@u GKtTﬁﬁﬁiévstching tinme, o~w®s

maaci mui ~ peak chilled,water outlet tenperature suppression. Since the

N
speed of jop i ong,l5 ucestwW th the nunber of beds, the optim
smﬁtchiné t?ﬁgyfﬂﬁ s“gg VWB??& e correspondingly. ~", for the two-bed,
four-bed, six-bed parallel, and six-bed series are 1.13, 1.29, 1.4b) and
1.78 respectively. Figure 3 illustrates the di nensionless outl et
t enper at urlde ehengytbalanesolor shet eoolapheaneberrxpressadrasam and chil | ed water during
cyclic steady state. The trend for the 6-bed-parallel configuration has 20
been omitted ford¥l arigty, Sne_zbaﬁrves t hat .£he wagt e heat outl et
tenperatuﬂbmgeneqﬁTFydgégh ade STkt Y laens Auvben —oF Jibeds, represefitdng a
better utilization of the waste heat before it is purged. The condenser
cool ant peak tenperature for the two-bed is significantly slashed,
rendering g, t: syi I )L TSupsgeqHre oat i of : case
of multi- bﬂé{j‘ Eﬁit{’ e'rzsf",(b)u ;ﬁ%“_@ gj'y!nﬁif’]GZe 2‘0@3«»& %%q}gﬂﬁl e éqtoéérd]%%%&ﬁ%t
tenperature tends to be snoothened. IThjs may Jead to the elimnation of
domnstrea&WéB%f@Hﬁ“dEVﬂQﬁémﬂéﬁwﬁéﬁﬁhabe§=ﬂhé 5, Mownitigbepg cooled by the
dehum dification. Wth the same anount of resource commtnent, chilled
wat er 10ut lceblanefipmrbed drle qan0)cy gt (Eaa(®rTags0podt hasheempmuiney that tlesishatioh y
drop but at rate_s) ower_than the reduction in heat source and 5 cool ant
flowate, hedBiE)ily (Prl mAHspholde dt alkéme.coythasithe tarsinny isostarie heat ofieat
rejection and input at the various conponents drop with an increase in the
nunber of adserptioisiipdeasitivé tonthe instantaneousasisonbaterconcantratiomt The isastedhhean of
t enper at ure bet.ween .t he d d the copl ant St eat. eam and that the
rate of cﬁ;ﬁ‘b"@h?ﬁ ﬁ?selﬁﬁﬂl"gfaﬁ}egrﬁoﬁn p’ﬁew ‘Hgd’z%ﬁif(\é&:ﬂ"gv%z‘%t[ﬁ ‘entire chiller is
working ~ nore reversibly. This result in a mtigation of the various
i rreversi bivhéd it bed Y ¥ intdra@ilg 31dh the condenser, its energy balance can be written as

dT, dh
([ + chx ) s bed I —
dt

15 & t . (4a).
= el .‘—di:iAH“k - NTU healing Q)rhh«:mugch.i Z (Thcd,] - 'rl )

The energy balance for the coolant can be expressed as

dT,  — = - _
abcd_tuhc.l -E:CL = mmhwlug [hf (T|—l )— hf (TI )+ NTUhca(iug cc,: (Thod.i - 'rl )] (4b)



Fiantified in previous references [16J. The proposed nufti -bed
jggur at i on al so advant ageously reduces the risk of ice forﬁption % t he
gooration upon the initial pull-down. It is customary to p ré %% eds
of fany non condensi bl es before the inception. in a two-bed chiller, this

| eads to a vigorous boiling in the evap?[ator and a sudden tenperature
depression, increasing the risk of ice formation. Wereas 15 in a nufti-bed
schene, d e _ge er . i 48

sof t - st a&%ﬁéJ'r\lqsﬁ)rrg's Wg 0 gvgpf‘?&@orﬁﬁ%@%ﬁ‘c’ﬁg?‘t ‘é‘@‘%egr“gg%“e t Q%%ésr‘%t ure
in a gradual manner. This further inplies that the total refrigerant

i nvent or eatsotfie, iﬁMST(F(ﬁ) =€$Ll(‘cqe r edthi@reil is belig BaReinéd bynthe htatig stream from
advant ageously makes it possiBfe to i nprove the recovery et~ciency of |ow
grade waste heat via a nufti-bed regenerative schene. This ensures that the
ent hal py bed J40 qua$@)e= gt(Paall)Tak £0))v &he condansee hasibeemasswined, selbiatet te thaubeids | zed
bef ore being purged eventually. The sanme schene can al so suppress the

chilled wahehapithiof! tdf BER@ERAINL Redibibid MabudtOo: refiidctatiind IeRIwevEN Alince the
downst ream t enper at ur e snoot heni ng devi ce may be downsi zed or elim nated

for tRose applicati i hval vi i n e | i [

denurpd £rRdeea Heanedybd i tEETBREER O SR aldby B Bhuegursry P on
in the condenser cool ant. outlet tenperature) i 9t" June 2003 18 .making
it possi inbanced syrfaces wall wgyitabhseetaip g hig filmi ¢f qopdensate aptbe sprfaceadtbis el s
before finally returning to the cooling tower. For the same cooling

capaci t y)enure that shescdnderisenischlvways| rasittained ar tik eefrigerant satrated, vapesiupressace. i - an
econony df piping material. By a better match between beds and streans

t enper at %tgﬁseqbgmlp,aﬁ dgl so/sdvp, aqeously been possible to mitigate the heat
5 transf¢r bottleneck Tdéntified and quantified in previous references |

6]. The reduction in the speed of chitler also reduces the rate of entropy
generation. It has further been quantified that) conpared with a two-bed
schene, dyringrbed switshingthe bed pressyreoshanges ik tanders wathythe bed empaejuisy Heperut

70% er.eas froma four- tp a si.x-bed schene,. | .the margin,of i nprovement
o a8 B ot Ry el Bl T orta R s o et 9T ST hing
time al sGrh@WHpbtibR S i@ sl B delcritdd by HERBHvOLqUARES, BRI (A plRuAE Bil¥fbed
maxi mum peak chilled water tenperaturée suppression. FlnaIP , a multi-bed
schene ndiyabe isbthoussqumtiont o start the beds one at a time. This prevents a
sudden tenperature drop in the evaporator, reducing the risk of ice
formatio Stn_June. 2003 - .19 REFE I Y. Yonezawa) .I. Ohni shi

5" Greumr By bRt R ndgnal el VOuh SN Ao i AR G EREEY bifacscS iR 5,
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| ). 5[2] Y. Yonezawa, M Matsushita, K Cku) H Nakano, S. Okunura, M
Yoshi hara, A Saquf A. Mori kawa, "Adsorption refrigeration system', US
patent no(x48p&378 1949t =BB Saha, EC Boel nan, and T Kashi wagi,
"Conput ati ohal anal §8i s of ‘An addvanced adsorption-refrigeration cycle")

T W e, PPt 3 0 ) S0
1=t it
S5 1180, g a2
The rate of change of liquid refrigerant mass is given by
49, _ -Ye, L (5b).
o dt

dt

If bed k is interacting with the evaporator, 8, = 1, and if it is interacting with the condenser, 8

=1 when dqy,,, /dt <0 and 6, = 0 when dq,, /dt > 0.
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1471- 1477 1=998) [17] K Ch| hara a M Suzuki) "Ai+wt drying by pressure

SW ng adsorptlon J. Chem Eng. Japan, vol. 16, pp. 293-298, ( 1983). 15
[ 18] BB Saha, EC(ﬂoeI nman) and T Kashi\wa uter—ginmulation of a silica
gel -wat er Gesonp 517 Okl e&at)dh ))éll‘gTthuﬁe-r(f I‘u"éﬁce of oper &%ng

condi ti ons on cooll ng out put and COP", ASNRAE Trans.: Res., vol. 101, pp.
348-357, (199S). 19] \NACC, K PTX data for the st1' i ca gervater pair,
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adsorption cooling system, J. Chem Eng. Japan, vol. 17, no. I, pp. 52-57,
(1984).  1Pis'intdiivBly ?&&?smazld s dtehgRedated GpefitfonHTRAN 1B chilled, Mere
enpirical isother m correl ati onA~, ~bed heat” transfer area (m-)A~~, evapor at or

heat dPanstfighebedeary opetyting sprametsisoiy ehesentinib ghase diffesérse batwean (dm)ess weould
appearing ot herm corr el at,i.onc i C

et R oA I T S PR g RER e sondiserand ¢ ¢
heat Capace'vhyorﬁtforﬁQ@ﬁﬂﬁﬁﬁmh@tﬁéa@@ﬁ@Mﬁd@%nmt erial (Jkg~~ K-~)10

ch. H~XspeC| fic heat capacity of heat exchanger tube and fin (Jkg-~ K-'

)c, ,,,~fspecific heat capacity of liquid refrigerant (Jkg' K
Ve, ~, =5 p eldiefabovdmmentioneg sat iof youpleddwpatinns dy sodved by ShegAdams-MpulteiT methodfaynd ¢

in the DIVPAG subroutine of the IMSL Fortran library subroutines. The tolerance has been

15 set to 1E-8. Once the initial conditions are prescribed, the chiller is allowed to operate from
equilibrium to cyclic steady state. On a Pentium 233 MHz, 64 MB personal computer, it takes
about 110 min to calculate a six-bed chiller operation.

The non-dimensional cycle averaged cooling power is defined as
i

—Q—cnp = mechilkxiCclullcd.n I(Tcmued.. - T<:h|l|c:\d 0 )if (7)

0

20  As mentioned earlier, since the invention focuses on the utilization of waste heat before it is



fraftion of refrigerant adsorbed by the adsorbent {kg per kg of
dryid5adsorbent) g* fraction of refirigerant which can be adsg [ bed b¥ t he
adsor bent under conditions of saturation (kg per kg of dry a dF'Pfe?n? gua,
r fraction of refrigerant adsorbed by the adsorbent in bed | (kg per kg of
dry adsorbent) 20 q,~r ratio of the mass4of liquid refrigerant inventory in
the evaporator to that of the dry adsorbent (kg per kg of dry adsorbent) -
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kg of dry t@ﬁowﬁglasme)ml@&&m&@héﬁea@aﬁwgl Aefisdyy: face diffusion (JmoC-)
pre-exponent constant 1n the Kinetics equat| on (m s ~) specific enthal py

of adsorbate -I%Jkg 1) saturated fluid speciftc enthal py (Jkg ~) h ~~. ~ Th.
-T~., ghil}ed ﬂl«fljc([ W at e_ 9 )fjl ccondenser coolant flou-rate (&gs ")
adsorbér c ];mfbpwr g k~st™desorber waste heat source fiowate (kgs

M) mm:noLng mass ‘of condenser heat exchanger tube (kg) mass of evaporator
heat exchanger tube (kg) mass of heat exchanger tube and fin in the bed
(kg) mass Tie éivirbaaegetmpasaird asdieen bdettddk@)bermipber of discrete el ements in
t he heat exchanging tubes U~o A noa /N m-; ~~ cP T~.; Uchlucd Ae, a~/~1
m-n, | wa~~ Tmaa U-"a A-"d /N, mcr T~., Stn June 2003 -23 ~U | ~, uun A huf

Nn TUR siun_ 'n~ c
'{ Performance comparison of two-, four-, and six-bed chillers

—— s

f: In order to effect a fair evaluation, the performances of the four- and six-bed chillers operating

at an optimal phase difference are compared against the result of a commercial two-bed chiller.

10 The parameters of the commercial two-bed chiller and those of the multi-bed chillers are
coliated in table 4. It is emphasised that the total mass of adsorbent, refrigerant inventory and
heat exchanging material have been held fixed. In this description, there are presented various
cases when the adsorbers are cooled by the rated flow rate as delineated in Table 4. This will
ensure that heat exchange is undertaken in the transition flow region, so that pumping power

15 is kcp\;\to a minimum. One could always pipe all the coolant into the adsorbers. The improved

heat exchange will be at the expense of pumping power.

This comparison is meant solely as an example to demonstrate the virtues of the present
invention. In no way should the specific numbers provided for the various parameters be

construed as restrictive on the present invention.
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| Acvap 1.91

Acond 373

M, 47.0 23.5 15.7

CptexMiex 77719.4x10° | 38859.7x10° 25906.5 x10°

CpevapMevap 4805.7x10°

| Cp.consMoond 9372.08x10°

Vied . 1.778x10° | 8.89x10° [ 5.93 x10°

Vewn 6.916x10°

Vcond 1.349x107

The cost of construction necessarily goes up with the number of beds. But depending on the

prevailing economic conditions, the performance improvement of a multi-bed chiller over a

5  two-bed chiller could outweigh the increase in capital investment. Structure wise, there should

not be a drastic increase in cost. The expensive leak-proof outer shell of the two-bed chiller

need not be changed significantly. One only needs to weld partitions and, of course, additional

insulated piping in each of the two beds to create a multi-bed system. The four large-bore-size,

vacuum-rated solenoid on-off valves of a two-bed system are replaced, in general, by 2N

10 similar but smaller valves for an N-bed system. It is imperative to meation that, just as in a two-

bed chiller, these on-off valves and the associated piping have to be designed such that the



i) the cool ant emanating firomthe condenser through reactors
ng in ,adsorption node; and Y 7 7, | passing waste hqﬁg fro wast e
:source through reactors operating in desorption i node; wh eég%ﬂgaid
pl W#ality of reactors are schedul ed such that each reactor alternately 10
op,fates in adsorption and desorption_jpmpdes for sub~antially identical tine
intewal s, and such that each reactor has an equal chance of being the fur

react or LQs&eE 8oy betii@ntRObANInd B B poRdof/ESHIhRS iICANGIAREE! INBaRARAERT | NY
in adsorption node, and the waste heat fromthe waste heat source when

operating,j.n_deso j - . j o) iml, wherein
said rea qdd? "ag%eé{‘la%b?lgégl iﬂ%q‘ggts]%rdgﬁ %&%ﬁ%@atgggﬁggfog?lp gvnﬁoekf% |!'n series and/or
in parallel. 3. A process according to claim1, wherein said plurality of
reactors _conprises an even nunber of reactors, wherein at substantjally any
i nst ant Bigurangshoysthp recoxery effigiancysm ohthe yargps multy-bed schemes 8¢ a fuprdioad i n
adsorption node and the other half of said plurality of reactors operate in
desor pt i @indiidalessZclé.tings, . OXtRIBcAeEDEfitiageyt af awa-Badchilkdiar £ ktandaddated
plurality of reactors conprises at |east four reactors. 5. A process
according t ] in . It eac j Sg

reac tfgr S 8) qué Fﬁﬁ?ﬁéﬁép(ﬁ%@f t%ff y %E%X@pﬁﬁgk s'x gg%gé'd ?lnctélgtbg a@?@%e‘al ?ﬁa\}\hé(ra&rsgi n
the coolant is flowed through said reactors operating in adsorption node at
a f1ow r BV tufoug hedss Hgireeayery afficipnaytis bopstrd B abour 487, hsisas Bgrmtour fp tike
channel of a heat exchanger. 7. A process according to claiml, wherein the
wast e hebgds, thefrbcawed) dfficieneylis isereased dyanather 40% p dhatsixAge di-paralles cordignmtionnde

at a predetermined flowrate. 8 A process according to claiml| , wherein

the of cdal Bbskived tP¥ESar HaAMSHC Biafl it S48 B @tedpart Fut BB hRABIRAY Mdiitef | OW

rate. 7 'J9. A mufti-reactor regenerative adsorption chiller assenbly
conpri si gg: n c tp I Lve I upce: an
cvapor at S s SRR, SURRRGHy, el BERHAE R G AR b A BuARVIERn A, 7,
plurality of reactors, each being able to operate in adsorption and
desofdt i SAMAEYIORING 58 thak theris suifisniigw fepahe pendanses iy the byye el e apd
recei ve coolant emtted fromsaid condensor when operating in adsorption
node, antheoneedan paratleli (Dretcoilsh andicipatst thyt e regnverneeffitipneyciowirgvasgvidtadice
heat from a waste heat source when operating in desorption node; and

control mamber 36bédR baOTHiY bhd tonbe dalaficad withlthé Yosf of east@cstosudh id hattheach
reactor alternately operates in adsorption and desorption nodes for

subst ant | Ay i i | ot ) oy, h an
equal chg%lgtelx%lk Q g@# nagatk' %Jg %Elﬁ?@% fr?"[evéﬁeggl O?ggge?égtr%%%e&@gégfﬂgnﬁ’n%ﬁ"a@ ng
fromthe condlg,gser v@lg‘{l?ro erat | ng i n adsorption, rmgie, a%d t he st e heat
from t he THRRUPED &k C WRCHARTEL SHBPURUAL STIRIHE08r RIS Ifsaed UPPERLIOR,
assenbly according to claim9, wherein said plurality of reactors are

arr ahged riducsavitodesumhonafbeds. i psennl sudtebing timessedsipiingedsn comesoppdingn mode
constitute a first sub-series of reactors connected in series and/or in
paral | el &Q féraheiviebal) fuaibkd, fsixciedpardlels anacknB&T seriddste N€13¢ 1 20S1 9 @ndi78g i n
desorption node constitute a second sub-series of reactors connected in
Series t(?espectively.

Figure 3 illustrates the dimensionless outlet temperatures for the coolants, waste heat stream
and chilled water during cyclic steady state. The trend for the 6-bed-parallel configuration has
20  been omitted for clarity. One observes that the waste heat outlet temperature generally
decreases with the number of beds, representing a better utilization of the waste heat before it
is purged. The condenser coolant peak temperature for the two-bed is significantly slashed,

rendering it suitable for subsequent cooling of the adsorbers. In the case of multi-bed chillers,



.> En June 2003 -28 receive waste heat fromsaid waste heat source. | i .
An BSsenbly according to claim9) wherein said plurality of reactors
cor‘ri)rl ses an even nunber of reactors, and wherein in use at SUN¥P@RPPAI |y
any' instant half of said plurality of reactors operate in adsorption node
and the other half of said plurality of (yeactors operate in S desorption
node. i2. An assenbly according to claimi (, wherein said plurality of
react ors chilpd waes oatfet Itemmratbmjpndsaadiecsmothbﬁcd.Aﬁhhmﬂbﬂdﬁo&b@dh&dhm@nt@
claim9, wherein each of said plurality of reactors is conposed of a heat

exchangi ngofRtedahtdooting d6QBdsaEhNdANardeOsBERE coblit! add RUE mAHEQEBAL WVillVthe
physi -sorption 10 and/or chem -sorption. i4. An assenbly according to claim
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