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ABSTRACT

A solbdguidlesiccant cooling system uses renewable energy and natural refrig
attractive. Its main components are air dehumidifier, solar liquid desiccant reg
cooldn. this coolingtspsiggund desiccant absorbs water from air in the dehumidifie
in the solar regenerator. This makes regeneration of a liquadod¢iig caystt@eme of
that requires thermad neemgggey.ed hfereragi@on can be obtained from sun with the h
type sobdtector cum redéemndsatenables storage of energy in the form of regene
during-eaomshine hours. Detailed analysis sfdewiamgepfommaimc@gobtfaelgieating it

with a liquid desiccant air ceaoltiatdssybsdeelodment and experimental performanc
liquid desiccargesméanidmrctual weather oortthi¢isrunshineA hsodasilector cum
regenemdteffective solafvaasaf mfricaitegirrugated shxlaty evestalf thermocol insulatic
insulation bvog@lhsuupporting d&madmgkaJhees salalrlector cum regeneratorawas mount
metal sdapppstruintalieed®affTid corrugated absorber was coated with iron oxide,
minimize corrosion.

This paper presetntsegeaprsaedion perfosmbaxiédectotheum ragetreenagsoaf increase in
conceattion, mass of water evapgodhdetornarcd nsorleyféicd eallms.iccant concentration
increase, total mass of water evaporated and mean daily salraneqgdhectaiooum re
of LiCl andsGations were founld 46 &e@03¥%¥3 13 & 17 kg and 36 & 43%, respectiv
typical results were obtainedafrd ddaxyste piaranesdays amtweadmnd pme month of
MayThe mass of water evapordtedinpaire stqmatioon derived by apjpdgingaadvnservas
mass irsdhetibhexperimental procedure andntdlgtpshfivigeaedaaseful in designing
solar components of open cycle liquid desiccant cooling systems.
KeywardSolar energy, liquid desiccant, solar collector cum regenerator, sorptit

1. INTRODUCTION

Soldirquid desiccahnh@isysaamly consists of air dehumidifier, solar liquid desic
evaporative ¢ootleirs cooling system, a concentratedmldgatidred d sarxiatio® desorbs
airstream in an air dehueniddifiterd acdeives aimtto the solar regenerator. In the reg
diluted desiccant swcluicemtigtaeeé generated by evaporating the moisture abso
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dehumidifier using s®ae ameoyy.the possible solar liquid desiccant regenera
corrugated solar C/R which was introducedibis MeMitdc8Gopaa dh67gy.and produ
strong desiccant solution by evaporating water from dilute desiccant solution,
regenerarearergy converter and simultaneous mass & heat transferofiewnice. And
open type solar liquid desicyxstetmathadodEteyrmines the co®dausepdoforevange b
kilogram of water absorbed in the dehumidifier, the same amount must be desc
1979he commod tigsiiccant in u$® isolliiécause of its excellent dessridcation pr
Ca@lHO solution is adlsie dueeiftsl low cosrte@md midéfiend e @l09ince the nature

of solar energy is interswiatéableveduating the transient performance of the
experimeimts crucial.

Several theoretical andtedirsclhwmeantaiied out on solar regeneration of liquid d¢
open/closed solar C/R. Thid¢s@reatp di Efreeridiméc enetlestimating the performance of
collectoregemerandridentifying parameters that are usedotme mditla¢epiasapeertf@rsn
used to indicate the performance odltheasfotae (MARIiokd&idea, L hasds of water
evaporated and energy rate dCodVizpp)lagdéeh sxssabdrwater evaporated (Peng & Hov
Kaushik et al.,1985; Kumar ;& ahelh\ho titeas a @)9 88F8iziency aofdvatassevaporated
(Mattardi®82temperature, evaporation raWarma@dYafhffoieh)cyrégenercaeinay effi
(Gandhidasan & Fla9gde¢dmiperatasiccanricentration and fidhiramo e trh@18i2
temperadesecocaomticentration and evaporatiard.ralt@9( akvd bejamek2a0® &) ;Km may

of water evaporated, figure of nfécienghalglrxelrge&icKk®faPiBnh mass transfer
coefficient, evaporation retd,regeroenatatri ghbice@DOp eparation rate (Alizadeh &
Samah002Elsarra@08temperaewreporation ratetarndfticléefzyadeh & @O

mass transfer rate, and herat ofe frhials ¢lrdtsd peste a1 99 Y utong & RdiEOne olie

most common performfanice shd@mass of water evra@or&begerimei(Hawbsaddy

et al993¥ang & Wafng51998nd Kapx®klh)sed equativeboped based om odnservatic
desiccmass at inlet and at outlet from the solar regenerator as a function of cc
the mass of water evappza0d@8h ¥ Hitsagr &g ROrMdused mass balance of the ventilati
inlet amditdét reefg@nerator to estimate rate of evaporation of water for.a case of
Howevemeven distobuhi@scavengingraeucemayadns (Yutong & Yang, 2010)

In theoreticalhstedagpoitatiowmatratewat eshiymarmddning conservation of solution ma
with conservation of energy or spekoesinsadanéeg\ypriatdapbteesand convective mass
equations were combined to develop analgtiaaé¢ ed ueatap g Eaitbl ol Fty kneat s i k

& Kaudinya, 1989; Kumaarl&8Pepv®andhidasan 1®9HaraAyezbhdieh & Saarach, 2002a
Katejanekaknmar, 2008), simpliteg(d @agdlatdasan, 1983; Fagbenle & Karayiannis
numerical relations (Peh@98& aHicWwek,| elt98K aushik & Kaudinya, 1989). A combil
conservation of mass and conservation of energy equations were also used to
(Johasen & Grossa&aHal et al., 1992 and Yutong & Yamegth@dsiOhvolivlkeevarious
assumptions and give only approkiammte tplad9@nnmidemw eiésetar €IdRbe mioest
complicated componentwapopeabsyrcdtion codamg asgiSibentbe perforiessitce
procedpaeameters and methods omploatdmtpu dh/Rhies riesearch effort towards inte
solar C/R with an airacdedumoidificaticen system

Estimating evaporation rate of Watrarlieppigircmamttdlbywing over the pboddae C/R abs
particufarlymall solaro€C/a,curanepaadtical because it is difficult to measure the
of flowing liquid desiccant atoimtietuandlyntaadtissmaoltaneously using pycnomete
digital demestiéy since quaattdatyeofipevatin g eicnndufleo apply this,comtdapbus

flow and density measuring instsinmefibsaveloedtiyiemdity of the liquhiangesiccant
with temperature and throughout. tihet ¢ edeares aad bonbtémess tinvade dt ammss of
solution storteachkpciaculating the liquid desiccant over the abismogbarpphage cor
throughout sunshheeelaporation of water occurs in the solardERtohvapgh the
pressdifderemeteveen vapeenmnilation air and vapor on .tfédve ouuadan deurdatgeo f
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solutiom @ meamuarewdailiyhe solutioat taerkain timeearstiéfiielsa she experimental
procedure used to estimate the transient performance of tdhtaicsywlar collector cu

In the present work, maapgooddadd¢entration increase of desiccant in the soluti
efficieacey selected to indicate the transient péoftdrenfioldewa h g hree aawd @op.€1 R
cyeliquid desiccant air cooling system the role of a liquid desiccant is the abs
in the dehumidifier and rejection of the same atowenthod dvidtéedindelsecsanhdrsC/lb
cyclicalhy stofrer itse duriswgnsloime Mougover, moisture removal rate from the st
directly dependent on the inlet concentration of tiwehikdsiscthet ootiké @on dermtu mi
of the desiccant from thewapara€i/c dthevater from the solar C/R is clearly re
reseagmdhut trandesntcaoricentrationisnonaase abépt in the workeo fakKl®B8Hh ik

and Kabeel (2005) on regenerathcm laftiads gd caidh BnaeCyy perfoimbenadé

solar @A reportemdhodtollector efficiency, figure of merit, effectiveness, and re
reality, the function of the device is to collect sdlahrenghgwbasrod pdoar exrft tilh ei ns
energy by the absorber plate and the solution, and utilize some fraction of thi:
make the solar C/R energy convertor. Hence, the proper tetmmbhme¢rdapriinsethe
is the combined efficiency of solar collection and evaporation: solar C/R effici
helpful in estimating the net amount of solar energy (area of the solar C/R) 1
shodilbe considered as one among the critical performance indicators of the de

2. EXPERMENTAL SETUP AND INSTRUMENTATION

The experimental system conspabkyetfhgdebkbin €/tRnlka and a centuifi)gaTlhpaimp (Fif
solar @/ fabriztht®dDellsinlgB gawgerugated GI sheet of 2200 mm (length) x 184
12 cm therimeubdtor at itsobietitmerd in a 2600 mm x 20®0, mimgdeywbasks covering a
height of 85 mm from theaabhsmoabretrichpege solutioa tibstrmbdtamedaed PVC dischal
pipe of lengnhm2830Ghe end of the sheet. The abwotrirem pdsiteetmbaa tfssind e d
paintavmicbrrosion of theeptatugalwpsmse dcircuhetedesiccant soluaioso olver the
plate continuously through theThelsbtilunidnstaimlutwas used to stasealigantrdesicce
volum&ven thougbfdmlter C/R surface temperatures$onpaopde miete corfolsagacal data
essential to completelyl usgessed ¢ldtif@ermance ofGhRormslylalrata of initial mass o
desiccant in theagsodtuddosgludieoms&ytemperature witihraidiaiméercdpldg the solar
C/Rarsufficient eénodghtermine its experimenTahbeqpetfonmtemtee rtshtéirrea ciimah c e
wereollected using RTDnabhar Rwithntdhe help of a data logger every ten seconds
regeneramen itn additiomeld dagidasitometer waseasehletsolutionidethsittyank
atevery 30 minute tifmkeei RtEDvwlas calibrated at ice andabadithreg deaisitt oh etatrewas
calibratgaimsitre watery dearsdtding to the msguidfaldiheeernitial height of solution ir
tank and absorber area of the plate were measereespeEogvaiycddesind a tape
densitometer, pyRampmedetape rule/O0all egPhc@Pe @f pyranometerpie Zaimen (Kip

0.2 and 1mm, resddectivetertainty in estimating solution volume was 0.625 litr
mm error in height méasaludmoamte tank usitg eertaahey of the predfoamiagce
paramedéndhe solar C/R weueirgtgmacedl uncertainty analysis (Dunn, 2005)

N &5 2
Vi D v,

3. DATA REDUCTION

(1

The initial solutjtermgenaityheigind the weerkeasuredeaonddedcsttionatenthimhss

of desiccant in the solutirerg aretrtedi sdairm@dmhen, the solution was circulated o
absorber plate for some time until thermal equilibutiwom washattaimlke é rbck twe esott
on the absorber plate. The absorber pld€entermepehahutkeisalsiibdhy t2Sperature i
at the beginning of experimentation, due to early morning radiation.

15International Refrigeration and Air Conditioning Coh@ddence at Purdu



2440 Pagde

Air and V

a. Experimental system b. Schemat

FigureEXxperimental system and its schematic diagram

3.1 MasWadéEvaporated

Duringperimentation, solar regeneration of aqueous solution of lithium chloridi
out by continuously circulating the liquid desiccant over the absorber surface
pump. Evaporation ottheastelufremoccurs in the solar regenerator as the solutior
the absorber in contact with the atmospheric air trapped between the solution
into the glazing gap by naturadgsodowatiotmeaatmnopé&rfiow and leaves through open
The outlet liquid desiccant from the solar regenerator is allowed to mix contint
stored in the solution tank as shown in Figuwrreatleld iSheh en alskf eorfewadeofethae initie
solution in the tank at the start of experimentation and the mass of solutiot
corrugated plate after 30 minute time interval; about 18beéitreuaifadme|thiéon accul
solution pipelines. Applying conservation of mass principle to the two control
gives the mass of water evaporated as

m, 8=y 3 8-my o 3]

Measuring the final mass of solution contained in the pipelines, absorber plate
found from mass of desiccant in the solutvonasiheterdadesridcidstnass mremains co
throughout the solar regeneration processes, i.e., the final and the initial mas
after regeneration are equal.

My; 0=y ¢ O® My o *Ox0=m ¢ *O¥ BTy ©)

Thus, the final mass of solttd omi reohbesrderrimimdesottatikncan be ebopressed

terms ofnthial & domxlentratidesidoatite dawthe initial malutiehthe tank as

o xX (4
M o 0Ny o a

Substituting equation (4) into equation (2) and rearranging gives the mass of v

desiccant as

‘ 5
m,8=m o; *Ox *gé 6_1 g (

3gx ox§

From the solar regeneration experiment conducted, appreciable change in col
observed only after heating o€C/tHier sodmtéotime thenge in concentration of the
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between inlet and outlet of the solar C/R is negligible. This is due to small am
solar collection area of the experimental setup wessedimatdd}ig asteldh é @aeinig u bl
and present time as the initial and the final thermodynamic states of the liquid
from the solution between this time intervals, "t, would be

6)
® 1 (
Mmoo "{’gg«s 5«&66@%
Betweenthtdmrdnth-&)time step, the mass of water evaporated will be
()
N

&

gg{am-l) 0 an amg]

The expression to the left of theuatifodae d)fepketsent the mass of desiccant in th
at the corresponding times, and is always constant throughout the solar rege
expressions by the maicganft timnetdesaswdbBBomputational titheoraeuieremine the
transient mass of atetkerfrewapgbe solution. 7)ldaus be gsuatpoirfiéd to

58] n 0
M5 33%5 ol, aaém,toaﬂrﬂ-l)amg:aﬁam-l) 30
8% A 8

de 1 1 g0 (9
M 5p 0=y *Q& 0 T whermd 2, ..
g?{fw(nﬁ-l) i) 5{6«15@3@
Ewgatio®gives the mass of water evapoomtedu favcelyttierslonown initial mass of de
the solutimi at beginning of eapdrcmeneatimations of the dekusaiminefoime and
afteomtéme interVhakas of water evaporated per unit area of the absorber plate i

9
m '6:% ( )
b

3.2 Desi®oarctntration

Conde (2004) has reported empicgictilonodealsitio as ddnction of concentration of o
temperature and density of water, for lithium chloridetteendt ccedengmgte bdibride sc
00£XOE05 ( an AMOIHEQE,respectiVkéyse expressions are rearraldgwdngo exoftat o nise f

calcuhagthe concentration of lithium chloride and calcium chloride in the solutic
masured solution density and temperature:

3 2 1 Q
ar, o X T (
0100 %ﬁga-os 03 ggggam.s 40 %% $a5- G0 0 ‘3%
OBg OBg érH o
3

5 d T 13
0105 %526-0_4 3 §g§g6-‘08 36 %g 8 45 fso Ia@{ soa%
9 2 a9 a/‘H (6] ﬂ—so

(13

&

1.9937BWEAH+1.0985DWPF6%-0.509 4 HFFY®
o/ 05(&0@5543-3 / 1 /g
§ -1.76197a45%44 . 9002680%272369285a8 08

3.3 SolarEfGiRiency
The solar C/R efficiency can be dedasideas effectatbotbfe input energy. For a s
desired effect is the collection of solar enedghte @ sicareatElduelmdito rroam ghh e
is the total insolation falling on the aperture area of the C/R. It is given by
P (B)
A, O

When via@epressure of water in the solutivapepressdsettod pwattdalin the air interfa
solution surface, water migrates to the air. This migration of wattiéirztemlkes with
evaporate it. Tneisgyobdleevaporatioamppfoxameartesl by §quation (1
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Qev?zrnlém hfga vazn’llall)aé S a'ﬁ%a (1 4

The average lattarkte hid@mst mrsean value of the latent heat oofl wtader aitn ptiheev icbaussi cacrach
current giemfehe laheratt of vaporization afligdiEsidcagmeistban that corresponding t

the vapoorzatf puredpbdtelfkd, by an amalledfferential e ndhlaltp§bg,f( C o red
2004 he differential enthalpy of dilutisooluftaorns Cleaspe €taCdly are given by
61965%226 (B)

oy 59 69 0&H4 5 Baxg@sémﬁé
61965%226 (B)
oy 54H-955 843 0 19175% %méé

4. RESULTS AND DISCUSSION

41Transi®atformancelaf C/RRemeneratibnCBdlution

Initial mass of solution and desiccant in the tank can $elubdainddvbriamemeasu
initial density, and initial temperaturéorALigwppudadvesadSinitiarnedgifha 3°C.

For this Weayndtantaneouseirmadimemains constand:4 Wdhia gmeaxbmy uob 70 £
variataoonu®dam and 8vemy) 10 seconds from 9QTam inptiontdampeous solution tempe
eitheemains constant or ifCcrevesgsllidys@diorBd pmd starts decreasing by the same
afterndaT he irradaamcsolution temperatureege neoatidexC logereep hically depicted in
Figr@ withitdree hour mean data superimposed orSitheen naa sth eifr wnd tlgro ervitssporatec
energy of evaporatieneafemaigee ahermodynamic properties, the arithmetic mean
over a period of 1 hour on solution tempegatsee dadevralauditentbhe solar C/R pe
together with the measured solution edemesd i aat eqpuraktihiicssranihneous irradiance
dattaetwedinwithin two times the standtdrad adrevai atnde rathe curve of the mean irradi
the times intervals represert threiti atrerceyetegy by thEosoinst@MRenstantaneous
irradiance at 9 am/ mangd %2%3lidwam 74 8°WThe mean iraadiameetandardareviation
675.9 andV4®.4espectively.

FigureT2ransient variation of irradiance & solution temperature with
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4 . 11Desiccant conc&heratdopimtion of the measuredsinsodatieoduin@figgysyshown the
density of solution waanincuemishpgime from 1.193 upbedvie 2839 ggpampaotdtal

of 7.5% incwbacste)is a key indicator of evaporation of water from the solution.
increases due to sensible he%tifrg mr @ ma i Puipo 2G5 @l e ctroe HQE 8t 4 pRigure 2)

The concentratiomaofsti@tienobtainiedguat{b®h agvery hour; for instance the conce
at 9 am pmdede @.838d 044G/kgrespectiVhly total increaseidn warsc80t6a2. The
uncertainttyncentridioall time iwasradeislate dU o000 1kkg k(. The concentration of

LiCl for the remaining time inkecalxlsl anede anid g raplhiesally indicat&d in Fig
The transient trend of concentration increase is the same as the increase in s
increasing with time. This trend is different from the trend rep,2t@@5py Kaust
which were inoare akdaigegisnilar to rate of evaporation of water with time. Hourly
concentration of LiCl is also shown in Figure 3; twehpe ak e/ dlasiocant2cd¥%caemdra
changesOr®86 to Be4d®@B8en 12pmndlitiend of concentration change of the desiccan
with time was same as the rate ol ®@wbphaatbralof (MBte3),2WAhagn & Naingef al.
(2011) reported that for dehumidificationcefmorattdoo rimitrheh s oliCdod@to ared 0. 4
0.8 respectively. However, Katejanekarn & Kumar (2009) has used LiCl concer
thedehumidifwédich will result in lesser dehumidification of air

4.1.2 Mass ofawatatew\® amirheailCl solubsfe, )and the initial mass of desiccant
solutiom)weré5.8nd512 kg, respectivemyheALiTd concddgsaddagn,)was 853

Henc@m,) andm’) between these tincaltntiateabguati@hsandwere foundltd be

kg and2Rg/fMm respectively. Likewise, the evapforatbhd nesssef thfe veatlar regenerat
intervals were calculated and the resuhtsF ogurd n2.dl lae eu pm@asenivdtdLi61 in the
solutieomd mass of water evaporated were dBIlcsilag aich asrteginesgpuation yolume
solution dearsdtydesiccant conxredibheati ovfoend td0Rekgk( and#0.03kg ke,

respectively; the maximimmmc alcad atteichtmass of wwites £%agpaorratied nobottame. The
mass of water evaporated over(Ahdadayswan didldr&d) fromTheamrdasdepmmass of
water evaporated per unditOaaegll®dpwe andd8m were 024D kgl rhagrich 0.26%kg/m
respectively. Kau$holB%)t relported peak evapdfraotimoinicfl G.Belffghrmrated under
weather condition of Delhi.

4.1.3 Solar C/R:E€hfeclitreceyt heat of evaporation of water from aque®ams solution
and aathl@ere 2781d32723.7 kJ/kg, respectively. The average latgptwmeat of evap

2712.5 kJ/kg. Thus, the enegQy)bdfawvidgeo s@tiiothnon simultaneously with the evapo
equaticghwds 4678.3 kJ with anosh@&&dtaThmey toftal energy intercepted by the sola
are@.6 m xi@ thjis time period was 12651.9 &d BikiHemcertahrety ofar C/R efficien

in this time period was 0.37 and the ward:els.@drhdk ngn uerctarindyntyas about 3.9 %
time inteBvialidarly, the solar C/R efficiency was calcintetevalforanllethemeiniag &
shown graphicallhy@ i@ &g 983 of energy falling on the aperture area of the solar
was utilized for evaporating water and theevavehageé dailns effiesgB®béeration,

4.2 Trandegfiormancelaf C/RRoemeneracifo@aGdlution

Similar solar regeneration performance anakydistiwasaoarthedtoansfiemCa€tforma
shown in Figure 3. TheCim¢tialudiotmsfarere 38.4/hitred W2 8% &gectively. From 9 an
up to 4 pomgnthentration ofhtalcdenindre @sdib 07.Kg/kdgue to evaporation of 17 kg we
The peasks wfater evapmweatetit area wasgwheasttkg/mean irradiaW tidbvedw e9e36.0

12 and JApreak vale oP@®vapkg/ation was reported by Kabeel ta00ifmumoohiegiedecrati
solution of concentrationThe G.Bara@dRO0edficiency B&stw B3i8img Bram and 4 pm
with peakued®df%®for this typicalTmkagn daily efficiency of the solart@i{&® was 439
amount of energy intercepteththythibeesetgy QftRized for evaporating water were
respectiVbéyregeneratimanzerfobl bdCtion was better than LiCl solution because \
water in;€aldltion is higher than LiCl solution for the same concentration and t
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® LiCl solution
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FigureT3ansient performance of a solar C/R on regeneiranson of LiCl and

4 . DverdllansicPerformancelaf C/R

The transient performance of glazed and unglazed solar C/R were evaluated fc
regenerafianCl ands@ations over hot & humid, hot & dry, and moderate temper
in Delhi. And it was found that the mass of water evaporated from the liquid
irradiance and inversely pcepordiomalofodesiccant in the solution. The trend of t
evaporated was the same as the irradiance. The solar C/R efficiency is inverse
and its trend is related to the evapbeatiremdfofwartereaB®et in concentration is

increasing and it is same as the trend of solution density. Farnndbe same |
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performance of the solar C/R in May (hot & dry) was kaeurdhamdOrumbe). (n
Evaporation rate of water and mean daily solar C/R efficiency ranges from 1
respectively for LiCl solution of initial concentration about 0.322arrdomean dai
Cagsotltion these experimental values were 13 to 16.6 and 36.2 to 48.4%, respe
0.31 and mean daily irradiance  Tdfeapenfo mmd@nwed nof glazed and unglazed solar |
to each other. Contanmdndeioic cafntidpy dust, foreign bodies and clogging of distr
for the unglazed regenerator than the glazed one.

5 CONCLUSIONS

This pgpesetrsnsiexperimentéd regtan emaffliquid desiccanglazepgmm type solar
C/RThe mass of water vwas petarbadsedth@onservatdesictmasSheperformance of

the sddAR aevaluadedsolar regeneration ofstli@lisamidfi@a&ays and seB&dmis in

in terms of increase in concentration, mass of eWhitd erEoyp pcarldyeaffaaseérsolar C/
evaporaned desjing solar C/Rhetfwéem 9 am awals 41 g2 faiCl solwtiblmitial
concentrafd 0 .3Kg/kfThe average evidpw nilis3 @/ ff.s)at medaily solar C/R efficiency
ofabout %9.9

NOMENCLATURE

A area ()
oy differeetiaHabgdydilution (kJd/kg)
I mean irradiance W/m
m mass (kg)

m'" mas of water evaporatedopreeanit (kgm)
Q totalhergy over afptéemed (kJ)

R arbitrary reeraumeter (varikes
T mean temperature °C)

U uncertainty of anoimatcwarheeultated result (variles
a desiccaomicentration (kg/kg)
ar mass density (g/cSn
Io] reduced temperatatesofuwistertemperaturé)
JB=10-0¢ reduced temperatatesofuwiotertemperaturé¢)

Ol ¢ solacoll®ctcumgenemraffociency O]
Subscript

at absorber

af aperture

C/RCFH collector cum regenerator

d desiccant

ev evaporation

sc solution

v evaporated water
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