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ABSTRACT

The construdtsieomuofli dhingls has become synoint yno uldtohmue

acceleration in architectural develaolparesnitatpef oGhie
di srupti onhasTharsi siemp afcrtom | and use, energy consun
and wat erde manednpoootvheed | i vi ng lsywandpads san@&s bamba

to the effects t hewti rcoonwsdtniu,otvieon 410&s odn tthiee bgt al
buil dings atheo EUtE Chamladbpypg sector cuirt®bhal yewkic:
mustbe ottak egn vtehnghmbygsi ve populastitdhre ofapChdi matas av
const.fThcsedn tur b Ofrgd dob@e sni 3l IWE lalr c@dgher envir ol
damagi ng (tplo@ddlnuttrainbtust e t)o gl obal war ming

Renewabl e enechyde opowes, wind ermreragy eoonsh ese |masvo |
heating temédnof oghese @Bet hods hayv aeelalarneda BGyha ol gd.te & n
the péseae lbdnge MLt ralsakba 6 hown t duhndddp T thapsrceosoe 8i enagr
to devel op new PCM sbhylset eamsd thoe aolbtthayi nc ocnodmftoirotnas i n
unwanted heat and reduci ng weintel gwc ixeogi sCedmpatinisoiMmigh le

effectschifanglei. mat e

Foll aawi hgrature reviewraaddretenesyhs tpeereseinde ghP Gk
PCMI| ucrooyl i ng pipe system was tdiesaisgneedd ,u nidnewe sftiixgead
Finally, eaahdlaaddeet hweaessr esuo b malce@®Me | ucroooyl i ng pi pe
pr o\v Bbee st coolamagng atphaec.i RGM cases

To edpeen t he | naetshHtQ@M gtiipoen ,s ytsheemt wps cal mbubat ddnignt
conditions. Thsehwinbdel PEMgpemsebhket ps t o reduce the
pi pe syrsdadtnmhe arnoom temperature in th23&@)mffode y@d.l ¢

I n concltuhsei 0PICM can effectively 1 mpr odwec et hteh ei nednoeo
of air comdi tBied wpeaesnBiGWideey s e mfR @ ds ys i andteentohnest r at

perfor manclkatdhaen dg ai ldidrsaricesso e amtiiromondi ti oner .
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ma n dpse otphéthee upon the environmekhdweveere, neivreae at

voludamaget hbat humans kas sad vsancthd da netra iarr am n

at weware aflit today. The buramigree t ®oftd yfcd sss iolf
duptodacseem,as one of tihbeuthiinggg etsot cflaicnaotres cct
rbon em otsiiomegr ada ge% tahnannual | ' y. Thi s changed L&
rwimigc h trlnrseb@veker year, according to the GIlo
rt mecramob on emi ssi otnosn sr eianc h2e0dl 23 5w o6rblnd wi de, an
er t hiefh @9@,wrutgh car bom ecminddayiome d hatvseta dtyi nmeo ri
er 40 years$héBeiggsno20a6bt tHartmehinlse tdhama gve
sperately need to decrease our carbon footopr

i s tphaetditceammpler at ures coul d risbéy b2ylk0op 3 t o
i mate Projections, 2007). This has resulted
% by 203G nggmge neriatea el gy abilreg sfoMo &mwast)h., 201 :

d&kina is facingetildreoa piadneérc @ ¢ e gmimerud ,s wioirceh st
energy use and causes more environmental da
iMmaannuaelmicsagibmma 2. 3Brofst het wbis| Thi samahke

adi mgy cdonunctar bon emi ssi ons. I n fact, 2013 pr
vironment PM2ari thiagledwdssiegdni fi cantly surpasse.
i asptihréeidGese government to makenwmajonmehtfatlt't
obl ems. 't ai ms btcalpxrud duad en ga tdree et 3CGRaPt @f aint

vironment al protection organi.zation to estab

consthughlsweinl @ifngs has sbewiotnhe gsryonwtnhy neorud e c
osperi ttyhaecdHeweveat,j on in the arbbhstscgorfl cdan

ntribwtoed gti @agtehe®f enviroinsnaicm@a lh acsi sarru pteino rf.r
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energy consumpfi on hamdr erecud meetsi ecsni @ah sasand wat e
peo®l|l demainmgr éwed | i ving standaardestarmd geomf drot
effects thlaastclwmemsanmwiert o tomem e re Mt0i% & f quibehiegey
consunopft iboun | di nigrs thlkee nEBU diokhl®a | bui |l @800§) se€hone
accounts forés 3o t8&l ,ovhn €@ithg Waenot a k egni viemgls sl y e
populaast iwenl | as the ramiree rbatiergatc dav@a®i8Bghu clikeidlsd iL
produc &d % mdutgémbasi €Os as wehVvVi acndamd @iutsy ot |
pol | tthattso@nt ri but e t)oRegnleonwaabll ewaernneirnggy ds opo ewe s ,
wind enerd@ay @&mdergy, or any other new passive
t hese @meéehsdbkut iwanrsmiafnod hghvesyb abllersanaddeys g d hbBelh

and China.

1. 1.mpacft sconsdam ucltiimant e changeitgrgétsupptdyor

The | mopactosn htarviec tbieem recogni zed and acted upol
Chnaehere it is hoped to reduce thehexpeomobi o
sustainable constrgotesonHawdveperdhi by tnadhgseka
causing an unbalaemergymaomésuomiptt i tbinf mfopti mi ze t
energy usage over | ar gga gmd tf wactakng s eeT éritednfeé © soef, o
devel oppmesnsti voef cool ing technology. This may al |
a mor entefandiccompact manner by takinghade anh amg:
matefP@MsBY using such met hodsc,i eonncey chbayn boap tainnci
and demamnd dinmigcsgmeduce dr adteimpeahhamuges ibry i ncr
t her mall inphstssvteoifydtt ur es .

Byi nt egfrrad@@ong ng technol ogy into buildi,ngt mager
buil ding fabrics can shift frdomopdchsei ve dtuac tg ma
and cdemahdsemrellyuyci ng or er ande cchaatniincga It hceo onleiendg f
Morepveuch met hesddoepe bmaetsau | afifng wihn clhed sawatsher
benefit tcoentthe é€ermwi ricammal |l ati on of such techni
UK to reathoitsedacigng energy and carbon emiss

change wil/l provide occupants fwitdh sdeclnaes raed
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Though building insul ati odsenhasssnibenesneaf gyndohneun
overheating has become amuewnwaaPmtsesd vree cwlotl i ;mfg 9
reduceef ftehdts;e ntclhbaummwawgg rld t o i mswalalt wotheg r wkidaulc e C

emi ssions from heating.
. FrZz®oling technol ogy

Freeoling technology coul dnagohégbuatd staenc h@war d s e
ei twhietrh or wi t hoturti anii thy musmafied .e e R @€apsopl @l dmmpgt  itdhbeo st

using the fireemdesmcyy pos@Bite natur al resources
suclhamas and heat pumps to | mp)eavegyt barri mali ngemf
freeol i ng npedat ¢ oai metoohiode femenugy ngs omat ur al

for exampl €00l ing, venttiilwawei omolciomd i ogn amel re&c

sinks. 1Fispows 1 he fcrlecamsoddidmgEtg@it vomi of 1994; Sant a
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Fi gurhkei elr.alrfcrheye olfi ng conce(pAdédeayla sWal i2l0di3ngs .

l1E2aporative cooling

Evapor at icwenliccso obdy ntghe evBwypap arn a tarmnsgofraagtadheera.t fr
surroundt hegr & biyl taloednitser s t heapandatstr(aiak atrtes f or
| at eatthéh heat absorbed dur. nghernvafporea,t itome btaerk]
air hardly changes. The nhutnhied ibfuiiel ddpianngd of soers | ceotoh
process i s known as,wti téctti seuvhangsaohyicae navmes icool i ng

Overdauel ,t o the evaporative prioe esuwsr rodunvaitreg ,ailir
suppdiiredcan be cool dadmi Théemedf oneeds heopkbeform

cool i g otgecehsn strongly depends on the | ocal hui
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1.1sSd8i1 R cooling

Socbdbol teghin®lcog¥irftgre gr ound byAmbihemtt aixrc haang
by circul aaheagt idaxaRkiti®rogieythe e s o w Gsh es ueraf natichss h

rati vel y st abbdleod emipeegatamei ent t @met @treprtda., N
the t enmpserraghduurcegppr oAC maoiell yc 8ol i ng i s chleisnia tiensp,
whiaodin cree duh ed opoera kt eetmper at ure during the hottes

1.1VvenBilation cooling

Ventil atipnocosbomhgot sventsiplaateiso i fti on gisnmer cr o s
(natural wind, el dacstsrgifemé annat adtal gicodimewtgh &i n
physi ol ogi calaicroftold oiwnagk ecof hi esigpinceelfEh i s physi cal cCo
nor mal Wigediseeidl di ng maddaenlsi eéarott ttee mpdraant ur e .

Theraenotsh enretri Ivatni et rcadadldiywdy noct ur nawhetrdaet i | at i
buil ding fabric act sdaaystadneloda dntendieraks abuaairinrsgy aadnihdae
whitlhee bui |l di ng st rmawgh rtebIclacwibe@ wroio g Fe wwlohbefne,ir n a |
the next daymati hitramdmod di emperat ures bel ow the

ki nds of techni grueegsiwoanrde dlwgrd deegdpet aduferdi ffere
l1.1L2h8 storage option

Thi 1ei prtocess in which a storage medium i s USE€
hi gher t hathe mpher atmbs eqxXfivhambhtehle s tucsri angge ame il Lem
(Stritih, 2003%) ndbd&ltmad | y nisn btl hee afnadr h acdfenste ener
di fference between this methothaendtnactureal oV
(walls) act as a,wthya@lkhs cefntpala o dapgeert dadnedmalm st or ag
t hed camand using an el ectrt baltcodfagniddene thhiekstarfagme
maj or bleaeti idt orbavygeeg nocacltiumgal ventil ation cool

beedsat any time thatomtais pbpequheedmbyeatt her
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A vital component i n this,assysitte ns tiesncebsh ét, htelw lkear noia
can be used | ater durirnngalh oetnteerrg yp, e rfioord sc ooofl itnhge
few different ways such as changing the temper
changing the ri btyercrhaalnga mgr gyh,e qphase of the st
two (Rosen, 2010; Shamamaen2009) sushiknBgiet alge & &€ ms
favouraldt eweati ve storage tekbhg@ehgsger bgeadses
i sothermal storage prfocfeusss aomP Gyesitth aayred hd glhi diefa
certainetenmpmeryatadrso have theraagp@dnttsy dfo tsherma
t hpearti cul ar npphear sa@& huerdda ecrdiesanithed o s ol i diqoi di goi &

results in the absorption or release of ther ma

PCMs @aailllmasath i sother malag etskeew odan ogr diwiade a |
across a |l imited temperat ur eMsr acnhgaen.g eA sp htahsee tteor
solid, and since this reaPW®isom|isvagmédctolcdr mime c
reactionnigytohaowgid from | idqqruae mperat or ¢ her eIx
The gener aHC Msfafeiedd @ap, baifsth erde mai nsowoekekaaemi neel vy
e n hatnhcee e n errngayn cpee roffo t he buil ding by the contri
PCMs within | atent megastt(wimsdit tmal oveird ¢4 ddye gsctoorpd ge
order to achieve maximum integratison.heéd PpGiVa s s
change temperature, the position of its ther ma
syshaaar ea oft thheeatl atheer mal energy storage syste
regard to t Hea emrionsgyteitdm,ofagdshessi ng the potenti
one must aldkinfoewleendcteesr irnd sdiedsa igtdd en glsy i Isckirrvgs and
or dlevrimelrti a buil dings. This is becaadse asnud h
on climatic conditions. This wil/| al so result

(i cenpbiduring sudumewinm@irerheati ng

Due to their weak ther mal st asbupertcgddileidi@Msher n
have not gadesgnamep uleatrsil tood,mePrCMs f or various a
PCMs require speci al devices i f used in buil di

phase during the enertgy Isitqouriadg e Ipe riigohdalt sfor romo r sl
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builsditrhgere is concern (niddar,diumpetrhe fl icfye)l efs R

Thus,andedaeta on thedanumbesro wnfeeadydloedve consi de
1.P2roject sobjective

Thresearch aims to devebopi mewolmCNMrs$swndbt emantd F
buil ding spaces by reducing any unwanted heat

redd@emi ssions and minimize.the effects of cli
To investigate and lexgy,oitthd hfeolplrowiorsge dp rt eejcenmto

(1) Literature review on PCMs and the potenti
conductive additives, cont airmeanmsy drhde bdweislidinms
of theircpessible suc

(2) Design and fabricatiostof albeusigsg ereesww R QMg
opti mal i ntegratioabuofl dii mgse Toyexams nwei tlhienp
the t hreduavi tcyo of a PCM schalmePOM cabmtsdiineaertsr
fabrication procedur esnewistiulrecibre ttlteesrnt mal amar fasr
energy efficiency.

3 A smnmsaclall e wtaedesi ghgd and cehetved gt ednaetwu ad @m
activeypPDMmonstration of the reduction of th
usi ng mat hemadatce rmoidreedhlevhed etecdf new PCMs wi | |
el ectric air condHQM osnyisntge nosri toa nhdee i doerd tgii fngad v a
4 The modelaliimegl Wo nklom he ooef f fuesgitn g PsCeM osnydslt ye, m
t hwveor k i dentified t he cbhoenssti dPeOM s yasl teeems maamwilnage <
system inithenreal <cond

1.S3cope of work

The main scope of this Famdargle@GMisinmtgt ob wsitludiyn gn e
Thisacl udedrtshegn pRCEmMmenteédrts ng tthempard aptoss e ,i amd
within héat |tali gmmsalo reangedr lgey dtagdmnt heat t her mal
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symisel owatihbea b Biulbdsiemlmeotdleynleit meprdeslient i fi ed af't
comparing the ef PE€Htoro fr eudsuicngn ge mohvaeuricheed tnign c on s

I ndatdt mingrinvest hgapessibil P@GMbhferenmaharcoinng ctt h &
mi xing it with ¢(owateuctrcememat)bgypbmmr anidngi i
capabi |l itgy a@md doihsachgarngi ng heat.

The thirdgd womk&rmlf atihtee t her fmad mance oft lkexowdh ng b

increasing their ther.mal resi stances and using
1.4 gni ficance of this research

The energy consumed i n buil di ngananseroglye rs sigp aq Lea
i ncreasingl ydeumaaldtbea Bt€Edll mececth n ol olgey , a hwavretvaege @ f
| atent heat of f usitdni$t, oc asnt obree uasnedd rteol enaasnea ghee a
energy in buildings.irlothmelnd @l md lebrpetriadi uirdes nsgtse

wil lr dedtlpenassi ve energy consumption and reduce
1. tby pot heses and chall enges

Thi s hwprokt htehsaitz ecso mbi nat i onPsCNmfi x dPuBd e wwaratithetryr e o
gy p stuurpbkelsisshtyedrraindde ot her ¢ on g @inmEttohmeeni |rehitveayl i oapl es
t her mal p(eirdeagrnaerceet e t he abidiistcyh aorfgeP Chve ato icrh
enve)Tohpnes | | hel pedefloce mecbdamécal ventilati on

1.Met hodol ogy

1.6.literature review

Thlei teratiuegguiwde [t he research objective and pr

research as foll ows:

E Def i nrearatha@wnpt bkl em( sgssed be addr
E Pl ace the current work in an historical p

20



E Avoid unnecessary duplication
E Eval uaurer armte rcesearch met hods

E Summatrhes er el at ed pr eevxipoluasi nk ntohwel el dngpeotratsatnucdey
1.6.Qal cul ation method

An atniad &l methedfwasi veeéyg achieve theabetsvtiel I e:
find the appropriate qualivaayuek ©bhietREMwahd st @
consumption of the proposededcytsd ewva | iAdataen atl tyd i
resulttdse taentdrhien e equi red qgquwakittyhef rAfma PEMeddIs .
met hod was al sthespdopdadeadlrgysbemd

1. 6.Modlei ng met hod

Thi s was car rgi eadavad ulituoimlyddedm Pat gnedBui | dewhiaold E
testedt heef TfHCM eroypafr eado evimadmd. d iTrhegs ul t s compi | ¢

thesftcallle test were used to validate the model
1.6 .Experi ment al research
Theexperi ments were carried out in this resear

I)Moni toring the procedure of phase transitio
2)Ther mal conduobui Vdi ngt enaat eof at Beunit

3)The t her malanpad oyfsceesmancenment al chamber s.

1.T’/hest suet u

The thesis Is structured as foll ows:

Chapter 1: I ntroducti on
The first chapter introdamceéshitdkr!| bahtkgrtoluer da it ro

of wor k, hypot heses and thesis methodol ogy.

Chapr 2:chRmgse nfaPGMsi)a le & &tvu reev
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The | iteratur e ruesvei eof npaaisnsliyv ec ocnocoelrinnsg i n bui |
the use of PCMsstasr ageomemmracdwienge rtghyer ma |l perfo
't starts wit honecxepp ta noaft i PGIMs ,o0fi Itlhueg tco @afh e BC M e
and highlights the advantages and dr atd®guashRCMge
for different appl ioddteirdsns ow&s n eohuloynshteuhda seeshafp t
PCMs in nheemwaloped out by other researchers

Chaptlent 8gP&Mi wgth diffémwmentpastsi vet co®d i ng
Chapter 3 presents an investigati oinnt egimatttohen d

bui hds t ot hhempmaolv ep Eurldbop Imamatei ons of the manuf ac
procedures are also presented. hRasultransef eresgtf

valamd so presentsesdpapbdtedmpamrad, ex p |

Chaptlernt ehrRCMhghylyfireeol i ng system
A new mixture ofre@&M shgrsyshgimri g8 designed an

perfor mance mdxaPurei sl wrfr & vhaely mstnelend he systemati c
detiemmi on of opti mum niextPume g & ua magntad pyysateadinst h e
addithendi f faetrieonnt pfweebtreidct eds and compared to i deé
and e fmfiixdRugMets!| urry system.

Chapter 5: Modteifbomrn d CIMn seg sttie ms

The DesignBuilder and Energyplus invesRCMation
prototypeneBGHi psot obgpfedirbmesre de XTpheerr ietadhedtelen g

of fers e¢ hPeGM teigsshituniod t reaali nr o o ms .

Chap&erConclusions and future work
This chapter presents tahleonmhgphnsoggebtusboasfof
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revi ew



2. Gener al

Nowadfaryesg@ol i ng design femviemenmegntbdilf Il Wdsfamgisegnd Iny
emergiangoasiti on to the gl obal energy c¢crisis. A
storage can hueatp otnos roefd utcdemmgisdecttac er g yo blbaa d s

conditioningr ebustledmenrggy e frfeigcuileantciyngbyheati ng at
systemhese ther mal semareg e sstecrtdgpd dywygt eamduci n

antdherceomy rit butai mgreneiffoecmemt al |l y benign energ

A major advant agepafedsi ng aRICNMs onal heat stor
and condretconiveadenee DpatcEhaemai eemMahia] s20 G a)
the ability to increase the theramapl mastsi of of
heavy materialenaboecbaoastdwbhhalnsan significant.
cost. I n additionlitheophBEMstgamnesti bemabhe u
temperature flanthatheopostpassialtelt p arnd cwad e ctolod |

and heating.

Therefore, PCMs may be tfhuet aasnestwheer ptiaas gai wried rlbeu bhstu
a more datiiemadlgcxstructoaoorstumpti oancfEd@oeegy her
emi ssi ons. Futrh éhiew moe gy i rdeirae n tos PCMs can be e
fabric. PCMs can beiefthetstvebgtuneefgwatkbd wrt
(walglrsnevient egrated in containersaotrti otdermetal

panels, PCM tubes and mor e.

PCMsl ear |l y have rgerdeuacti npgo teenndtdigayh r hansnt ee ma nsdsai o n s .
thorough | iter addawk eofr edvateav orevreall st @ad I nvestig
PCMsnoom c.eiTphriesgas nstisgni fi caolt| gatpédnhsdaéeéahnol oc
provide annaticve i fngr atl hiteercpenrttaitals exsfn hiamado mrg t he
in buildiowgsnwi hleeldi f bk eda&iintc eico NJuggeonteed t hat
researbceh rnedgyu h ir eEair ®tai. ng tremsecad cthChMess cpucst eomt | a
passive cooler ionbobmhdiammpd geod cadyfi ocnssed pr obl ¢
useuych as t mhed hHitggh lmwoms tcsonaducti vity.
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Ther mal ener gsyplsittoriangtee tawd Ibieyghr@édat entt o hEpe st o
formas been widely used for <centtirei .dsalthtdeun umh e
of articles concerning PCM integration in buil
years. Thi s rreeswindwi stacdmmdsest BCNs f or ut itlhe&mthen
i ncorporated witl hagwiléiln ge xsyl-dagsennesp.h iTshi s

2.P2hacsleange theory

PCMs take advantage of itrhedrbdaeleenttprety ehants meefsi gh &s
range. When the temperature becomes higher tha
an endothermic prosfeesmanidost@us salphwusfer omasol
as t hettdarmoppest tohymd i nt , trheel emaasteesgryeatatnmn s he pr evi c
stat,ehei sel i d state gener armhdtyeprhiagEbdesh ee pdragye €he
temperature is around )t mprdesbsretbhanipob htndeop é¢hrea t
climate,r eabsupweealdld caoso!|l i ng and heating | oads (Bac

From a commomniliyd ptwas ¢ hehange is mainly used in
mat eri al can be a pur e s uebusetca ni cee.,miTak teuupt heacstei cc hn

temperature RB6ON@. the range of
2.2 .Mhphase transition

The plase trreafnesrihseitoon a nfsrfoom noaned omhase or sa at e
t her modynamiAce rsigesd yermapnbiseen sly $ he ms thaatweesi fodr mat t e
physical prampmsiti oenphlageswdeaend ,t Hd qaf da asidn glaes e

compoanrelen e t o the effects shown in Figure 2. 1.
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Melting l

Solidification

Figure 2.1 Diagram illustratéemtg plhaeseeaotmeard iadt ,iuodmres f ©
2011)

2. 2.The phase cltamge tiimnisde al

Figure 2.2 showaPGMeagelrdtoa ma mhoeantd esntf o rgaug ee., Ansh
substance changes frcamaonse bprerafhegeooamoemper at
| atent heat ( chhaomwgme Fo fgwipdpacdent., AMsi s the initial
temperatueheaem structure changtbabetlweeni mevae
t hcer yehal §tructure ofismadt elc pahlagebB gaoamd ,&. sTohemnd
sensi blcef htete@cicogg Swleen C ilainguiDd plase change st
poi mind&nsi bl e haegaatiinp ghiroogaw utFog uliliglp s phase change
place in region F to G, the material abswirds h
the gas fromegid2d,hm@) G to H (R
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Figure 2.2 Diagram oncamei(BdoarR0O0OBange in id

2. 2. S3ipercooling

Super c(oallsion gr ed red e reglio @ floerressl uttcdi e gt e mper at ur e of

bel ow i ts Hunve ¢ hiorud pdi btecomi ng a sol induclleni t he
propagate té&el mdtphasaé. tdoha nucl eation rate of
nucwhaen the temperature dempeasa¢srkreel Hdowwelverf u
I's tadel aongaerramain i mtt e mpiealuwatvee r geleiass even. tlefmp
the material temperature acharege atgamme rsatdudrean,l yt

startSupaeneosel vegy I mportant for dealing with P
2.3 Phase change material s

PCHKar e suftvs b b gebaeth o fe nftuasniddinnigng and sol i di fying
t emperaatdb e gc,agpraebl e of storing and (eheashng &@ad
cdssified as [JLddGem)tt REMs bEabveageheatt hsstamuwdgaige c
solidligoili@dosbkotywasd phagstgresugh only thebeecond
usetui hdi nigsacshangempaafedan case as thermal stora

vol umes or high pressuiradsrgeguphmaget o store th

Li qgigiadg transitions do hatvieomoflhigghue edn b e &it oa 6 . t £

solid phase changes are typically very slow an
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The PCMs can be appluddngn many fields, i

l)Passive stbrmgéeicnbhbibding/ architecture (HDPE
2)Cooling of heat and electrical engines
3)yCooling:pealk o0&t e$ f

4) Cooling: food, wine, milk products, greenhous
5 Heati ng and eb éptle anka treart:e s

6) Med|l chppations: transportaticondo&hlelrapd, oper

7) Safety: temperature | dvaedgenpau tneresn acrc ee li enc tr roioan
appliances

8ySmoot hing exothermic temperature peaks in che
9) Sol arr ppdvee

l10)Spacecraft thermal systems

11)Ther mal comfort in vehicles

12)Themam protection of electronic devices (integ
13)Ther mal protection of foedmmgtransport, hotel

14)Ther mal storage of solar energy

2. 3.Ploperties and selection criteria of PCMs

PCM propertiesomr oaoohes fn@ectesh afmi ¢, kinetic, ct
properties. PCMs used for thermal energy stor a
properties | iikvei ttyh e rlnaale nct o ehtdecactt Ksitnoerta gcea | cl ayp a cPiC
possea sufysit@ilémtzad i on r atfeardmred styosdt éeetgihd rmeancdl se a |
of heat recsuvupeycadldi agdi di on, c heniicayl esxttabidl
service |ife ofonBCWMs cdasn dcniisaus éPiCiMngr ct her mal ene
abundant , avafifl edxil iecereecBedtr € otshhei r pr ol i f er.atAi on

| i st of s e lsehootwmam | er 2t dr i a 1 s
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Table 2.1 Sel ®&€tMison criteria for

Property TThe properti eshatvheat PCMs

Ther modyna|(iDe s inred dpion gt

(iHi)gh | atent heat of fus

Physicall yl ()i Small vol ume «chamges d

()Smal | vV apoturo pearesstsiumr g ta

()Hi gh thermal conducti v

p)dongruent melting

Kineticall iHi gh nucl eation rate

iHi)gh yst at dai sati on

idompl ete reversible fre

(
(
(

Chemically (iQOhemi cal ndtabi degyadat.
(
(iNoimorrostoa&j] édrdoammabl -e
e

XxXplosi ve

Economical|{(iAbundant and avail abl e

(iLioow cos't

2. 3Cl2assi fPE€EMBiIi on of

A | arge MQNsreaidodbl eqgunr adyt e m@glea sad iugoiéc a tainagre .
advandrmdesssdvant Bges are given i MaRgrgguamei c2,. 3 ar
i norganic andcanot beti demban étr it SonfRCNMs mper at ur

hat of fusi on. Ashanvoe stihneg |cehaamaatcet eia di | stt ¢ @mstmizodf st
poohrysppcape@bsavail able materi abynesahsybtfiemedesin
For example, metallidhfeindhrecanmal be ounseodntgtirauieitnntc r

mel ting can be i1 nhi bistaenddulpye r enweeyl obneg ssuu pt parbd ses e dh

i ntroducing a nucl eatibgetalyeint ver y heai fsft omr eamgte
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chembeladhsi bearprofpeeddhressub group affec
storage systems.
\
[ " {{LCL.
”Li\
h NIy Ly 2NHI 9dzi SO
p-
[ 1 [
) A P AT
t I NI 3 Crdae {Frfd K h NB Iy Ly2NHI
p-
Figur@l a2s.s3i fication of( phase 20ah)ge
Tabl Ad2adtasmglée sadvardt CMs ( Abhat ,
Organics Inorganic Eutectics
Merits
1. Availability in a large 1. High volumetric latent heat Eutectics have sharp
temperature range storagecapacity melting points, similar
2. Freeze without much 2. Low cost and easy puresubstances.
supercooling availability Volumetric storage densit
Ability to melt congruently . 3. Sharp melting point is slightly above organic
Self-nucleating properties | 4. High thermal conductivity compounds
Compatibility with 5. High heat of fusion
conventional material of 6. Low volume change
construction 7. Nonflammable
6. No segregation
7. Chemically stable
8. High heat of fusim
9. Safe and nomeactive
10. Recyclable
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Demerits

Low thermal conductivity in
their solid state. High heat
transferratesare required
during the freezing cycle
Volumetric latent heat
storage capacity is low
FlammablgThis can be
easily alleviated by a prope
container)

Due to costonsiderations,
only technical grade paraffi
may be usedwvhichis
essentially paraffin mixture
and are completely refined

of oil.

Change of volume is vg
high

Supercoolings mgor
problem insolidi liquid
transition

Nucleating agents are
neededand they often
become imperative after

repeated cycling

Only limited data is
available ortherma
physicalpropertiesas the
useof these materials
very new to thermal

storageapplicdions.

2.30RgamCMs

Organic PCMs can be
2. 4)panahnfin

sepanr aft feidn i aomp pamas f i As an

compoundso fdaaasry alcsadsbhe referred

Paraffin (GHyn:2)
Fatty acids
(CH;(CH,),,COCH)

Figure 2.PLCMBAb&mite 1983) (Zal ba, 2003)
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Vars oapproaches hhoe bewmbhatspigg® s eeadofwhliach @amds
t o enthhaenrcneal transfer duringoipaladeshbgl mgui dat
heat storage. Applying medad,lulmien @uinf i Bneadnomegb ast
the methods that havvee tbheeernmapl r ocpoonsdeudc ttiov iitnyp rfoo r
(Hasi@&8P®)

2. 3. RParlaflf i n

The benefit of commerci al paraffin edaexnessiftiys, t h
120kJ/ kg upantdor @2 I@0tknde/gkbgg nsi ve. The strength of
pr opeirttcihessni cearltl,y ciamm come i n a Ifarogne arpapnrgoex ionfa t

20AC up t 9 anwhoiultst7 &sAlFoaw pkeepiumeg d@ hie mg oymalitnign
phase ségrleng aatdidoint i odniefrfehenabppbanmgbhgy (DSC) ,
that par,@avfeinn wvaheds sleawalsigyadlfiicpmtt Weigmaldat i
pef or mance.

I n spite of these advantages, | blwet meqgtoiaV idicys a(da
0. 2W/ wmiKi)ch sigedideartflfyecti veaneds s ekpanri eénc280 4
vol ume change dur iPragr anfafeiempe arscet ta ampacttaindlsei e rt

and they are moderately fl ammable (Hasnai n, 19

Par afimo st bwproibsterdai grhatl kcahnge(GrH)ICHH.A | ar ge amount o

heat i1 s released dtuhe #ijgChiah en . c rTyhsethaalnloir zeaetsigat nb f ocf.
increase to both the | atent heat of fusion and
hi gh tempefrian uqeasl, i fpiagsafas a good heat fusion

2. 3. RoqfafRéin

A benef it -padf fwiph ngnsbat they can come in a wid
as esters, fatty ,awcitdhsfaalt aafindceszmamnd | migygcel si e
pressuadcerr msamsl mebs sHicetweg v i n ki gdwvaot agkeses the m
of using such materi abds mgtchirtheeenensa s EOSViey e xaEhta ne n

paraffin (Hasnain, 1998). They have | ow ther ma
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comptaiyvéli ghly f |l ammabiplairtay.f i Whheam tid anopmtachoemmplgaut nt de
tenhd become more unstabl e at2i2htbigme $ empree a¢ xup €rs

commer ci al ouardasf.f i n comp

Theubstoafncheisghesar entarteyg aci(dseh rChif ®Oiliuteo [teoi ¢
thenique properties. Such qual ianae shiigrhcll wde na
fusoant hre hoatdhholee su mdoesrugpoe r cdouarliinngg f reedéengoasndqu it
small volume change Tdhuumsenwi il 1l sephphoeecett aesiet ac
most common fatty asigesoumpesni dtei d,apmaalgmigtdi dc,atpa |
and stefdmohm @®i@ihghtrebeon at omdMep en ngpolhp@ew@ltes ng pocC
anideat orf arbgea wWetA®a5 AIC7 AQ&4 Aanid55 kJ/ kg ,and 180
respectiiowe wies , abhhapploretmage of mat er i atlusr ear ou |
21 ).AcC

Each of-parhef fnriom mat eri als has piaraf émamhypaepbeen
used as PCMs with highly varied properties. Th
candidates for phasiealkfalngteoiss oeagehamiaasome of
fact fl ammaeb|lsdhhommbdd be exposed to excessively I
agents or fl ames.

Some of the features of these organic materi al

1)Hi ghath of fusi on
2)Lodv |l ammabi l ity

3)Low t her mal conductivity

AHLow fl ash points

5 5Varying |l evel of toxicity

6)l nstability at high temperatures
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Tabl e 2t BerSmane properties oft leigamriact umaet er i al s

T f H f Cps Cpl Ks K f
Materi a Ref erence
(AC) (kJ/ k (kJ/ Kk (KKd/ ( WIKm ( W/ K)
GR25 231224 . 45. 3 1.2 1. 2 n. a. n. a. Ahmad, 20
PEG60O 22 127.2 n. a. 2.49 n. a. 0.189 Ahmad, 20
Octadec 27 243.5 1.9342.1960.3580.148 Al awadhi ,
Ei cosan 37 241 2.01 2.04 0.15 0.15 Al awadhi ,
P116 47 225 2.4 1.9 0. 214 0. 24 Al awadhi ,
Butylte 19 140 n. a. n. a. n. a. n. a At hi elmiot7i
ERMEST2 1720 138 n. a. n. a. n. a. n. a Banu, 199
1996
RT27 2&8 19 1.8 2.4 0. 2 0.2 Borreguer
Castell,
Castell -n
Eve2z310
MI CRONA 26 110 n. a. n. a. n. a. n. a. Castell -n
Cabeza, 2
RT20 22 172 n. a. n. a. n. a. n. a. Fang, 200
MP 65 % 21128 . 175 n. a. n. a. n. a. n. a. Fel dman,
MS35%
MP 7 % % 22128 . 177 n. a. n. a. n. a. n. a. Fel dman,
MS23%
MPO3IME7¢C 22122 . 182 n. a. n. a. n. a. n. a. Fel dman,
GR41 4 3 63 n. a. n. a. n. a. n. a. Huang, 20
GR27 28 72 n. a. n. a. n. a. n. a. Huang, 20
Eutecti 21.7 155 n. a. n. a. n. a. n. a. Kar ai pekl
capricm
MI CRONA 26 110 n. a. n. a. n. a. n. a. KonuklIl u,
5001
MI CRONA 22 110 n. a. n. a. n. a. n. a. KonuklIl u,
5008
Heptade 22 214 n. a. n. a. na . n. a. Koschenz,
P CMZ208 28 18095 n. a. n. a. n. a. n. a. Mi ng, 200
UNI CERE 4560 185 n. a. n. a. n. a. n. a. Lee, 2000
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Eutecti 24. 7 170 n. a. n. a. n. a. n. a. Sari, 200

caprics

Noerutec 1912D. 14150 n. a. n. a. n. a. n. a. Shil ei, 2
capricl
U3 28 244 n. a. a 0. 28 0.22 Voel ker ,
U4 13i28. 104. 4 4 0.18 0.22 Kuzni k, 2
Kuzni k, 2
5107. 20009
5
RT25 25 147 2.9 2.1 1.02 0.56 Wei nRd® 5,

2.3l BokgamM&€M

Salt hydrate

{ Metallic Materials

Inorganic

Fi gurleno2r.gbani ¢ PCMs (Abhat, 1983; Zal ba,

The stafesnigndisi norganic materials include havin
hi gh ther mal conductiviiltgmmalkel eag T ihtehatrt awhdtayd ko $

be cot oo snios ¢u nmesragpos r, caonadl iumgder go phase decompo:

When comparing and contrasting #tohegame e fPIiCtMs , a n
i norganic PCMs hdawd ,a as hrertph emeratliyodd iygdteyr ( ~0. 5

hi gh volumetric st3anadgea dleonwseirt ypr(i~c3e5.0MJIV/ ncont r
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super cdouoliinngg phase tr anosmptaito nb | eea dotrb ecnoargetorak nso w n
whiicmc or ptoreami o gti meg Isuarluatssr e/ el ncohraglalneincg emat er i

further clhydndndeasmetsalslaila materi als are shown
2.23..B5al1lt hydrates

Sal t huysduraaltleys are regarded as i norgalnliicne asg dlsi G
t hgeeneral f oOmuTle ABheHmal storageTlloidguihde sal't
transf or miayrdadwensigd h srae¢ 2 e mb | es deéehzeirmp doyrn ame Ictail A gy

A shayydmuastuel leyi tneedrt st o a searl tmdlyad&iad . wdtter f ew
ABL O ABL nOH Thh OH

dor to its anhydrous for m,

ABL O AB +0nH

The hydrate craytsttéles rbmetdd | camivipeori nan anhydr ous
| ower hydr.ath darcadvidbhedctédsnsdire | nconsnied tasnagtyh evi wat e
releasegsdadilmgadi on i s unable to dissolve alll
(anhydrous salt) often forms a | ayer at the bo

Anogerm common problem with mast os d&latvehyydrat e cil
whi c h scuapuesrecsool i ng of the I iquid before crysta
one can &dd gawamieoiit e@r o vsi( @eenso fn utchleeopnar t i cl es t he

atomuchceruscan retain sacme acsr ynutcdles ,t hant ac amal |

Salt hydrates have bapal fgxre dtnlsaivre |l ys e xipr otr rear m
and can be viiemwpeodgtaasn pt hoef nfFoGMs. The properties

i ncel:ud

1)Comparatively high tHheutmwhbkepaoafdfuicn i vity ( al
2JHi gh | atendonhpaet ohi fugol ume
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3)Very smal |l ¢ hanNocets tdoua icnogr rmoeslitvien,g onl y mar gi

wi t h pllna satdincoss i soumfrfei ci ently inexpensive for t

Mel t esd csaanl tbe di vi debde hiangstcoo mtghrrueeentdr titnet eabhd se

congruent melting.

1)Congruent medbiyimg amshydigwyereal t becoming c¢
mel ting process, in its water of hydration.

2)In contcomgt yuemin nbeelctaiumeei ® aclooontpsl et el 'y sol ubl e
of hydrate omeldtuirmggphase.

3)Semiongmtu melting occurs when ¢tfher rmhiamieag winldi
during the tamdtssfi toa odiafl f @erhearste mel ti ng composi
| oweyrdr at ed mat ewatadr allsb sasstlrieghgadl it emfgye f aci ng t
hydrates that arse tshuei tianbcloen gfraure nR@Msdur i ng mel
becomes satprated during melting because the

fodi ssol vi ng toneBentoalues eo fofsailt s higher density,
t he bottthounsb@albl!| -emet ger wi t h wadzirnglupr aige £ sh.e Th
mel tfirmegezi ng oft hiaker rseaMdr shiybdlireatese awonthi raeh

chaimdgescharge cycl e.

Anot her deficiency commonTheos issad st fhryodm att hees fiasc
nualte on at the point of f ustihoen stodnudtsi otno thboe bveer
order to achieve a reasonable rate of nucleati

temperature occur s at a much | ower temperatur e

Af urt hleempirobrel ated to the spbnéequentiyesfobaw
A way ctombat this prhebieamhbias pthya veddi ndhre nucl ea:
hydrates. The introduction oBhscpemvealt sngahhlka
| owehyslalaheepm!|l d 1 ncr ease Itdveers od albti | hydyr aotfe st hie

origi hgtdrwhiksdnthaigmer numbers of water mol es.

To overaocomer uananomeel tonfagisibe emavn be used:
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1)Mechanical stirring

2JReducing separatiB@Mby encapsulating the
3)Preventing the setting ofagtehnet ssyo liwilhd lcshd Idt ¢ hle
suspensi on

AHAvoi ding mel ted cr ysutraatse dt hsaotl uptrd dnwebdy e au ssi unpg

55Ma ki ncgongnr uent mat er i altsh ec ocnhgermuiecnatl bcyo nephoasnigti

S o nsalt hydratesusedasn or gani ¢ PCMs are | isted in Tabl e
Tabl e 2. 4P G Msohrognanniicn | it eratur e
Tf H f Cps Cpl Ks K f
Mat ési a Ref eren

(AC) (kJI/I1(kJI/ Kk (kJI/k(WKHp (WK

Eutectic 32 216 n. a. n.a. n.a. n.a. Carbona

2006
SP25A8 2B26 180 2.5 n.a. 0.6 0.6 Castell
Calcium 28629 175 2.3 1.4 1 1 Ever s,
hexahydr:

Sodium t1+14048 210 1.46 2.4 n.a. n.a. Hadjiev
pentahydr

uil 3032.t131 n. a. n.a. n.a. n.a. Medina,
Zhang,

U2 2628 188 1. 44 1.44 1.09 0.514 Pasupat
2008

Ca el6.8 29. 8 191 Voel ker

S27 27 190 1.5 2.22 0.79 0.48 Weinlde

L30 30 270 1.23 1.79 1.02 0.56 Weinlde

2. Med allic materials

Due to t meitral We idgdmtagt enroita Inso r ma | hl oyw epaegernt hcdoyngshi advee
t her mal conduc(twhviictha dedngtdatgthhe fHpaelrdadnta@te sneeded. T
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the volume 1 s btrioawg,htduenttoo ctomes idieghavhabadt eof f
candiddthes use of meda ahidimize mad fer u @plrowbggdedresggien e é
the main differences between the metallic mate

conductivity.

Some of the featurdsoldfowt hese materials are as

)Low heat of fusion per unit weight
2JHi glRathef fusion per unit vol ume

3)Hi ghher mal conductivity

A)Low specific heaappmessetati vely | ow

Eut ecti cugm mithuemsm mel ting composition of two
melts and freezes colnwawse nmdlyt &nud efcteezse awimtols
fact that when they freeze they fogmpanninit@ingha
heat storage capacity per wriisti nwo leuwtnwss catgt.ec diaottxeh
can be mixtures of organic and/ or o mng@aogigeaind cqg o
i nanig @or gani & mor gangiacnimi xtures (Babaei, 2013)
combinationsaitl pattedcdmwmechsiperns fic appl

Thoughdn dwirhgansi f i cant i nt er etshhe orveesre atmhoeh ul machs tp Cdves
mor e compr ehemss ev eoft heaunt etchtaitc PCMs i n | amse.nt h
Theref oreext eémseirvee hsscre p eraefgoahr dfiunrgt t he t her mophys

euteasi mapny combinations have yet to be tested

When melting, both componeinn swilt quedyarsatmiudrn auwun
segregated PCM commesi btendschawvwett Biomewoul d be
i ncofMheemponents undergo a peritpegct hetrheeya cseh oounl

propkeaemga peritectics. The ther mal st arhaugse app
more research on these kinds of PCM is expecte
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24Commerci ally avactable PCM prod

ByL990, only ab@Omds tli2Yy Spovmpmemmeudsabeati sgorage pr
Moduwerse inmadtehep dloy onl eaffnppo | ly it hyd inmget imeé $ owi ng
PCMs: paaladifum,chl oride hex hydeat®Ohl ygoditomage
built on the basis of CaCl 2L6H2Qs hddvaawegwarla matr
yedrosheots)

At present, the main supply companies in the n
include CIAHr &mrde,t 0p9386), TEAP Energy (Austral
1993), EPS Ltd. (UK, 198A5) ,20PICIM ,ThCdrimaalt oS0 | (uStwi:
Mi tsubi shi Chemical (PE«Mse , plO0d4d edADlweldsPtSa caeh d

in Tamlheowdng a selection for use in buildings.
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Tabl 2.5 PCMs in the market

6& PCM PlusICE PCM (ORGANIC) (A) RANGE 20114
PCM [Phase Change Temperature | Density | Latent Hest Capacity [ Volumetric Heat Capacity [ Specific Het Capacity | Ther mal Conductivity
Type (°c) (F) | (ke | gerem) | (kwka) | Breib) | (Mwma) (B if3) | (kdkaK) (Bt 1) | (WimK) | (Bt ir2noF)
A164 184 327 1500 35 290 125 435 11675 nd aid nd nid
Al44 144 291 250 549 115 ® 10 2716 22 0521 0.230 0433
A133 128 271 220 549 126 54 111 2976 22 0521 0.230 0133
AIE 95 203 900 %2 205 a8 185 4952 22 0521 0.220 0127
AB2 82 180 880 534 156 67 132 35% 221 0524 0.220 0127
ATO 70 158 250 556 173 74 154 4133 22 0521 0.230 0133
AE2 62 144 310 %8 145 62 132 3542 22 0521 0.220 0127
ABO 60 140 310 %8 145 62 132 354 222 052 0.220 0427
2SS 53 136 310 %8 122 57 120 3224 222 0526 0.220 0427
ASS 55 131 905 %5 135 58 122 3279 222 052 0.220 0427
A53 53 127 310 %8 120 5% 118 3475 222 0526 0.220 0427
£42 42 108 905 %5 105 % 95 2550 222 0526 0.210 0421
£33 39 102 300 %2 105 % 35 25% 222 0526 0.220 0427
A32 32 30 845 528 120 5 110 2548 220 0521 0.210 0421
A28 23 82 78 £3 1% &7 122 3282 222 0526 0.210 0421
A6 26 79 790 83 150 &5 113 3481 222 0526 0.210 0421
A25 25 77 785 20 150 &5 113 3,160 226 0535 0.130 0.104
A24 24 75 790 £3 145 62 115 3075 222 0526 0.130 0.104
A23 23 73 785 £ 145 62 114 305% 222 0526 0.130 0104
A22 22 72 785 20 145 a2 114 30% 222 052 0.130 0.104
AT 17 63 785 20 150 &5 118 3,160 222 052 0.130 0104
A15 15 59 790 83 120 5% 108 2,756 228 0535 0.130 0.104
A9 9 48 775 494 140 &0 108 2912 218 0512 0.210 0121
A8 8 46 773 493 150 &5 116 3112 248 0512 0.210 0121
2B 6 43 770 484 150 &5 116 3,100 247 0514 0.210 0121
Ad 4 39 7685 a8 200 & 153 4112 248 0516 0.210 0421
A3 3 a7 765 a8 200 & 153 4,107 220 0521 0.210 0121
A2 2 36 765 a8 200 & 172 4516 220 0521 0.210 0121

PCMProducts has a policy of continues product and product data improvement and reserves the right to c hange design and specifications without notice

A number ofrmarngpxlllkiscfctdi@vesb ui | di ngs hoavveenebeen
|l ast ten years. According to these daretsiiagleads, i
mel t i ngt ureempehriagh t her mal conducti vmd,y cqaadd | at
stability of chemicalteprepéecteve kiogh mandl sat
termst is difficult for a theerebdtse@Mtolratt yc loif e
PCMs can bienrcdamsisanigemoecgt i ¢ categori es ghsaasnd e e

di fferent properties and characteristics.

PCE in buildings halvlee tfwidrenmasgifosrtalmde] malt | veast 1
utilization of nRBharsadcsiodgnawaennkegly beatol d so
space heating and cope#hiomg, suwhg ifdtedp reeaprdasiwfhie ethi mie k
matrecdhhe availability and demand for the energy
createrahé¢ objecti ssedamhferammp!| yeinreg gCMt orage to
technically reliable system (Tyagi, 2007).
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ppoascsei b | e

heati ngl iamg @&mwme st udsieecdt iionn t he f ol l owing
Using PCM as temperature regul atond ettldartye raenddu c
t hnei ghhtman be seenntegP&Med in wafll sas pahrdwrn iiom
Figure 2. 6PCMgntaop ptlhyet nsgyst em t o store and rel e
heating and cool ustghoevi lelotfi askpe cpel a chee rbmeacla ¢ o mf o1
catnhemeby eal i zed.
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25Cont as ncefrsfPeCrM bui | di ngs

25. 1Microencapsubkation of PCM

Fi gurMi c2rrolnal E PCM ofBARSEd DYy1BASF

Aconventional PCMts toovreage mey otr€ M bad aya ma @t | feuml | vy
resul tpagrftber mal conducti vi tlyrafesrdl@Ws ssusbua
newcthni que of util i zi@g( i guroenn2daep)sedicgaeeddeidhC M
Mi croencapmplsantadan, s pisdraipeal partnaedes in a th
weight pol ymeri cofpialrmrialdeeslgmortoml| hoeori emet han 300
(Hawl ader, 2003)ocdbsse wasagbstaveoedpand devel
Nati onal Cash Register CorpéGaeean (@(BRBRGB) .i dheh
mi croencapsalhaned BGMryf eatovs aleutai @n f or | eakin
but atasm tadhRe©OMsleact i ng with the outside environm

construction material s coulid siindcer eahsee PaCM Itiot yt |

envir oRengeanrtdi ng t he cycling ss asbtiillilt ypeonh s @ emé
phase separation is restricted to microscopic
Figure 2.8 illustrates a f um@M,i osnhad widni ga gtrhaem porf

t he PCMbsablemat by melting, armdibwlen dreenpey aitur
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solidifying. This change of phase occurs insid
t hroumrh@aeg The heat transfert paind oronemacap s sl atl
PCKB mainloytheerel atively rFrapgesesunitfeaceoevaearaadlt
2010) .

Core: PCM in the solid state Capsule Coating

N

When the PCM solidifies,

heat energy is Temperature rise /ﬂ'—'x\\‘
returned to ambient s LA - %
Betss Pkl @r e
o~ LRt il AL
» : k_/} 1% ‘bv' \‘ \‘
i $1584 :
. e 3 MO ECH
f“ RS A ,O-(”; u.(")i.
. ve o - 5 : 1514
-, - - ‘/!o P [‘ M= . St
v ~ v | S Ys24 T3 =g~ ‘ot 33 1
N o 1 . ) :
: Uil O UL (\, =3
TR Ay o et T S )
PCM capsules photomicrograph O ‘,"’w (’\ Ay
M AREA AR Vst
i ‘L/" n
Temperature drop By melting, the PCM absor s .\,‘ =it ‘://
heat energy SN—
Capsule Coating Core:PCM in the liquid state

Figur(eLeF.u8)cti onal dniagroemcafp stuH &t gt tsRGQM mantd c( repres
a micudbeaps PCM (Ju8rez et al., 2013)

Mi x tPuOMs ar e pr edobna hashtillyl usatrraaftfedn i hhmét ixg wrree 2
PCMs, the meltig QC8mge GAtsursdhoiwn 2 Table 2. 6.
mi X tPCrMes  itshedytn abe useantwibhthi lddiffiegrmadiescabtsedwh
Chapit.er

Table 2.6 MiprroomearltEi eesSCM BASF, 2011) .

_ Overall Latent
Mel t i n ) ) ) )
Prod Application capacitjcapacit
(@ppi ox
@ppiox.|/(@appd ox.
DS ) Summerti me exce
2 6CA _ 59 kJ/ kid45 kJ/ k
5000 protection
DS Stabilisation o
23AC temperature in |55 kJ/k 41 kJ/ K
5007

Passive and act
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DS Surface cooling

21AC 51 kJ/ ki37 kJI k
5030
DS i Summe retxicnrees si v e

26 AC _ 145 kJ/I1110J/ kg
5001 protection

Stabilisation o

DS ; i

23Ac temperature 1N a5 L 3/0100 KkJJ
5008

Passive and act

Some advantages of misrtreenkbelpeswl ated PCMs ar e

(1) Increased heat theats fterramgfeeaar (eaqguwatridi m)g t o
(2) Reduction in the reactivity towards the ou
(3) Changes can be controlled in the storage n

(4) It all ows tatee d® CsMentcpol nyio @aincdatc déypomn ®t cooatvieon
mat eri al s

25. 2 Macroenc alpGMd at ed

I n addition to microencapsulated PCMs, sever al
good results, such asdftabepianecsposwhatwdon £ adh
i n Figure 2.11(2RA0Qq¢afd@iCadpg )adoeibwilni@em net esvuldt &d |
chargi nghaurmeed icosfdhar gbmaguywisinten oifsy raecacseopntaabbll e f «
coolingeidreeatobvehygi ent dReghadlVh ggqu bpeesr,i adh.ei r
artehat tlesy amebuil d, and al so matcht wi canPikE¥
i mprownedgh air fbowldesiogpeandphephlh; wirhb PRGCMey
structure can makectciue tPICM gprhiasle armd nrgaedi al di

the area of convercdiixvw,e h®xn3d) transfer (La
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Fgur e

2.

9 Hameycoédmbl pdr

@)f f(hHAPSCSME ,( 2011

—_—
S

ﬁﬁﬁ\ﬂﬁ

(1) Flat plate encapsulate

(vir) Metal ball encapsulate

(x) PCM m alumunnumn pouches

Figdr MBcroencapsul ated

(1) HTF m tube and PCN i fube

(v) PCM m Shell and HTF m
mbe arrangment

o

(vmi) PCM in PVC panel

(x1) PCM gaaplute compound
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(1) PCM in tube container

(v1) Fixed bed arrangement
with PCM balls

(xn) PCOM granules
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PCM balls canfighentegearcdeoct odshpsadabetdaB€EMof usi
t hey haswwer fl agtaghemu pha st meverhavexi bility than mic

The use ofi ploasé he $wbetsi ons f or macr.o elnhcea pt suuble
of f bye®CM Products Efad . mixarutraei mfPIlnwnlt®Ki c eut
PCM)hiighleneiol yet(hHyDPeEnje t u btuhlaatr ipsl .a sutrhip @ r astte wawl fesigic h
they canndgfex cB@dd rAdil Feyo fauere d 4 @la@ k acshreange

t hermal energflyi se or afger.sglshtee gspmaesd tolr amghed @ e baifl atr
containers al ternwssa eedxyctedlelee nctu fhoegantti ng r easd ng ef f
passive or aadt/iomel ushy st eainhs heat ThesagBPChpplubest
Pl usihgEdr at egwidal tdi SZ3ssethenhat heeekpenl obe t hi

presented | ater.
2. 6PRATES

Pl ate conttaiimeasntagaieng@riasconstructeantibhbecwtnaak
top of each other due to the internal support
desigws af 6r a | aragnedhsepeaacte ehbxecthvaenegre t he cont ai ne.
of air around eglkh cbntlae npel atadbbreoi usneda | 0s.03 7f akigr |1
container khgdfap tbeb5l al7agter| @B R2 ANEINGE of F

Howeveheseapéai & twuesnedeidnl ditnlgess main problem is s
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Figure 2.11

Fl at I CE plastic containers (P

_S00mn _

250mm

[ Ice Baom |

Ly d SNy I ¢

e

Figur &e 2i.dr

of t he

FIl ahgl CEe csounptpeor 6 8t uss C&wi
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2. 6Pdu2hes for P CMs

Pouches are made of plastic or met al material s
t hi c konnelsys nai Ifleijymnewhieslhuat i gmer aalpii Indgt secnlwd r g¢ihn g
whiemsurmes cycl es of meli deeg tféemd ifvree euzsien go.f Tthhies
category of containers is maimodydudsteadl & os dtr ainrs
small er,apaskagein Fi,QOrlBCR. pBuCReEasb & panel s
Lazaro (2009alatwtda&©OIbpounand othfteer .mseurper i or t o

Figure 2.13 Pouches carrying PCMs (Cryopayk, 2
25. 3Theéirect i mpregnmdatiemi alfs buil di ng

Sme of the endayeunaztkeed eRACMsor sol ar yappbkicat.
howegvedarhe surface area of moshtase fbeeams ilbat @@ at o
buil dings aft erd tbhye dARGM cwlarss aheaditt rraad i, att ihen .cei |

buil ding have | arge areas for passive heat tr a

Therefore, sdwerealmerntdddaey rddapgrgaitpisrugn wal | boar d o
structurwl PRMt eri al s
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The mple way to use this in buildings is miXxing
materi al andKliradhaex 20&i ned the different i mpre

The materials used for i mpregnation are as fol

1) Pl aster (Ataneni 1998; 1884t as, 1996; Borr ec
Koschenz, 2004; Sari ,1280;8 HaWWRi;sl, d1ed dBahFe | &im
1996)

(2) Concrete (Hadjieva, 2000; Hawes, 1993; Ke

3 Vermiculite (KaraipekIli, 2008).
(4) Wood (Li, 2009)
®) Cement (LI, 2009)

6 Compound (Lin, 2005; Xu, 2005; Zhang, 200t
25. 3PAGMval | boar ds

Wal | lkoarde wi delap plsiedsstiindmsg,nfiave good compatik
encapsiedtlios8®.) and Sal yer 61D thp yweagl sl ebfloeapradpsa s fs i 1
sol ar applications. i(iTrhewa mmeaiarilbsP Cogr ovaesd s ufcare ¢
size use. The met hod fuoird iPpM eignntact itohne ipso riembsipb

or to idprieggatlkee wet stage of plasterboard ma

Shapiro (198R9ddefvorseidmpgmeegnati ng gypsum wall Db
materials dembnPCMAdti e wdr aadP CiMst roducti on i n
wal | boprodeswibtbimpati bi Il ity for tsheweFRleora dma xctluirnea

pal mitate, met hyl stearate and mixtures of sho
25. 3PCM Tr avialh ¢

A Trombe wall i's a priimarayp dix ampl e onfs i assnt si mdi re
on Dheéehsside of a house andnafsongd es ovrhaoabl &
radigoadonddtrlowmgh from the gl azsnhladkesoeut hate
heabhd dthermme i1it.iWheéhetwali ndoor temperature f a
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heat begins to radiate into the room. The PCM
The PCMwedinbeat ed duri nd etate didhye nib ¥ fashodllssecaet ftrroam
the wal l to whole room. The PCM wal l requires
l' ighter in weight. TheuefeseuebhepdsP@MhTr ombe wal

25. 3PGM til es

PCM i nhedegtl attiol efs|l choars been installed i nfoar bamcl
energy storagesbygwhe@ar Fhgu?el?2) lpdalrhti 8d0fp btoljee c t
Sol ar Decat hl on &®kenparotrngeamti zoefep ermgetrtiigtye Wde mer
during the testi coampmonThenr e up ©®sl sbsehnbeafiei dthst h le e
use of rt hseysddteeddrisotphelt ehias been c oknesiadenreewl persosteon
t tei | e thatedoudl delze | yl awsn witdhidsohforoeemawweradu,l as we
cheaper

RUSTIC STONEWARE TILE
' b el METAL CONTAINERS
THERMAL INSULATION

FLOOR

Figure 2sddtiComsaf (Qehre np,r 02001t 1ly)p e

As shown i n hRigbleam2 x1%5,60mMm &t 5€ mhoipgtexc2@ of
mmt hipak eay st Gametwap eme t 8Emnsthheirek a | c(ocnotnatiani enri n ¢
parafifxtucenmd Zdanmaayegr aof t herwdailc h nisnultarinm nwi |
acoustic i nsaueavt@rekn- nf,or2 lhle) f r
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Figur @C2ti H(&l sabel Cer-n, 2011)
The physical par ametfeoalsl oows:t he PCM used are as

1) Thermal conductivity (solid) O0.58W mK

2) Thermal conductivity (liquid) 0.291 W mK

3 Phashlange temperature (fusion) 20AC

(4) Phacshange temperature (solidification) 13. 5/

40
38 4
36 4
34 1
32 1
30 4
28 4
26 -
24 1
22 4
20 1
184"
16 -
14 -
12 1
10 -

—— T ourdoor

—o— T indoor

Q- TPMCM nle

Temperature (°C)

=0 T ety tile

6 4
4 4

1 2 3 4 5 6 7 8 9 100 1213141516 17 18 19 20 21 22 23 24
Time (h)

Figure 2.16 TherQrmarl- nper2f0olrimance (
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As shdwmei @.n16 he twhetnheobbuday deattleiompsegtat utrfee ifF
tiles supply the stored energy to the environn
sur ffacteheo t i | ef rr e 5tABB sOaMuCatileee st e mpesat haeeadbf t hik
without PCM. Thisentcechasrsgesnmade,t hvehitdhH ei s usua
10: 00Carmmn, (2011) .

26PCM nst abblhatedamogi es for buil dings
26 1 NVP system

Yanbi ngdegs2i0gdm&dNi ght Ventil ati oaP GW sttoe m n(cNrVePa ssey
efficiency of th&obdiaidi nigs (st guee Ry 1&8hd NYP
t hen deilrtac er ootmem i hheée heystagm containing 20 sh
I 3m T Owda&tm)ached to the ceiling of ar ewhpieah nhee
all together about t200 (0acd ap shuldegsa octfconRa&EN ndifmegl tfia
temperature between 22AC and 26AGr. NViPe sgn @ ®3né s

room temmelnareheesher mall comfort | evel

Outside air 8 I S B N

(night.) N N O
Fan | * I
|
Inlet air Qutlet air
(day) PCM | day & night)
Room

Figure Px.ylsaYeNrtvb(i ng., 2003)
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26. 2 Ventil atemn sy

Zal ba (2004) suggested an installation for tes
pl ate heat exchanger with encabBpxspudraitman tP Mwv ¢ rRer
performgdkigusfem@Cid,8 i kn\ythé msoirt yb efa tTahgee mai nt hfaotc u s

study hwas ati o of energy/volume in encapsul at es
showed that the thi dhkndssnpefr attluea ee mda g shwel a tnil cen
i nt er aceteinont hbiectksness and Ity mprefrlada aimei rwege rteh e bprri ¢
solidification and melting period (Figure 2.19
encadam@mde can i mpr oveThehes thuedsth dtwresdipsteest | rmet ev.a s

lwer (50% in time) and could be reached with a

valve

1

outdoor i |
NS A A1

s (>

L | I\

— (
\

Bz
T \ I XIXIXIX 1.

Heat storage modules

\
| DoRIr |

MELTING _|

SOLIDIFICATION |

Time (h)
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Figure 2.19 Exchanged enecragtyi odny r(iZta@ bhae | tixperame ns al i
DOE1F (30%IC, 1®®m) , DOPR2hF (1350nn0),, 106QDBHBhF, (1258mAnQ),, 1DOCDEMW F
(28AC2 h1,501mOEM)F, (2 8%AG, 256mm), DOEGhF (1258mn0),, 1D0ADENY F ( 2
10@nh, 25mm)3,0ADO@&BhF, (25 mm) ; DOEB1hS (1158mn0),, 1B6MEHMRhS ( 1 8 AC
15mm), DOE3SY¥hhl16AGMM QETMHOTER (1156mm) , DOBS5hS niR1s6nAC, 15
DOE6S (18AIC, 25®m) , DOR7hS (2156mn0),, 1D0QADBHABhS (2158mAn0),. 100 m

T& e d2a0 0p4r)o p owseerdt ial ati on system using direct hea
aiAPCMacked4 b2d kg, conasmisctsi nagn do f3 56% % acveasf i ni c
installed verti cAiway ibd ocoavne uphpolivgei tehduander ¢
conditions releaslimgt hemntevmpaiciobdy ¢ 811 $ ACamindd
28. 0AC) for simulating chtnfgewsnd ft haantb itetne oau trl

stabilized apdhacskarmageaecetde mplett aavagsioeo vieadn geh.at 1t
the ventilation | oad maximum by 62.8% during t
26. 3 Mechanical wventilati on

Ar k(a2007) investigated two unrigeseof ofratcent i mga

supply air and the other ontehabvrweoelingeghate
mechanical ventilation syPsGM nt,h eays udsheotw nit $i enR TH2i0g
Gmbh wlviach encapshuidragse.d TThne results showed that

size of the mechanical vefnatvioluareabpleer ay st em. and
40 q L EN i ) JI 14
] L \ Bl ] b Q| )
N \wm—: N\

S 1 2 1 Lg!::

Figure 2.20 Different mechanical ventilatio



Ar kaalrs o devel opewlt hanoontlhye ro nsey sltaetne nt heat t her ma

el ucithet embst efficiency size for the system, :

LY

Injlet temperature

Heat exchanger
Constant temperature
water tank
Thermo, L—Wire netting
couples PCM granules
(GR25:
by RUBITHERM Gmbh)
=
=3
—— Wire netting
;E = Thermal insulation
;f 5
i
;5
140
‘::l:o:o :IIEE :’OL 100 |
Ancmometer
0.0 Fan
* Exhaust

Figure 2.21 Elevation view oR00FE experi ment

26. Venti |l atiysaitemol i ng s

Tur np(exd00) studied a novel ventcdnmdiitoino ncionog iinr
buil dings through the heat Ipaepneesr geynddeadidledin gi s ,P
shown in Figure 2.22.
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shutters

N
pAY \

NIGHT

Figure 2.22 Schedahéeian soPC¥triopn ( Turnpenny, 2

26. 5 Fl oor heating

The fl oor is also an ni mpelersaionfg pair d i eadmada iiGegeinl d
(2000) investigated the heat ttrhseynwstfem odulfd olbe
ofpfeak storage olfuitlhckkiompshattnehgypeak | oads coul
during the nightts wehrednelédeveetrtr.i ic@ailt We@ads$s ng syster
(melting podnuriiddemhain gwieeaceet he heati ngmsyayem
of PCM between the heating susf moeétataenyd nfi vend | to
the heat output ofsitgme ffirlc@®nrtl o/hH dWism nrga ias @ M
storage. (RA@@gA@Ghdi hanesfl gateair conditioning sys
buildings. The floor siz? Oiedthe adspee gil msst dle ¢
PCM. TIThwehiPCWM packed bed WwWaoor bhouomdi pvide us chak | h
change of temperature and ameas®tarnava st sthrheeadn h & a

could shift cooling |l oad by using packed granu
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27Measuring the ther mal properties of PC

27. Tec hni gmeas Udtrcirenrgpnmoy si ¢ a l properties

There are two main t echanapihgyuse sc afl o rp rnoepaesrutriiensg otfh
200 3; Hu)ang, 2002

1)Di fferentiadlyst sen @Ma8A) an

2)Di fferential scanning calorimeter (DSC).

I n thesei hechwegheating sample and reference n
di fference between the two materials 1 s propor
recorded as a DSQ ecfuerrveen c(er entactne@) nad eCda s c al atmi aa
heat of fusion is done using the area under th

at the point of the goffatlkRestpesdlope on the face

27. 2Measuring thermal conductivity

The#h re nrdtriuestt eali mak 2 6 Oal yceo nosft d rhtad o N m & ot eweod

el ectrici mooomeernt or @ measur e t her.maTllh ec otnhdeurcnoicvoi
set between twoasampbieagu rodl engeratairesf or ded by
t her moowbapkelO secuountisagt ¢ e n.stTaehdet atse satn pirnopcuetd
replicated many tGlnoesset Eat mbni mhpopel dr ber pai d wh

wi sbhbssanéaces
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Acquisition system PC

I
Resistance

Thermocouple
/

Brick samplc

Connector % //// %g\ Connector
MMM

Dielectric material frame Constantan wire
Junctlon

Fi gurde Th.e2 mal conductivi twiermmashoe MRz W@E)e ng Dt
27. 3He dtl oot er ( HFM) met hod

The HMeEMRRodhsi st pl| eafinela ac duled ngl at eef ri geradbotrah
respectiemperAadtdyrr e ©hal 5amplha gilisf ilcao ceantceyd iinns ud at
adjusted to contr ¢lathdizee HFM ciksn edsess irbgem énie @fna ip o n
transfer with amedcdSeuriscad flerv erhorod dNelt ginlds abo
Kim, 2005) .

28Concl usi on

The huged oodeenamall comfort of bgilbobbtbiailTthy si snealnwa yt
i mprovement of the ther manmp cerateamty, saoragduce ¢
by comprarcdeideust he dependence mmr dwismsg It el eder ftdirrr

reliability of energy systems.

PCMwhich are a typemadfealisleemta $h elddevnisifg drisagey n g
economi ca sbheengedfuilste fnoare s wsetoefm heati ng or cooling
Morepv€@DO2 emi ssilbmseaot eenstdaulc ePdOM syst ems. Thel
i ncreasmprogflfwant to under st acdcidf ft dhree ptr opepltii @est i0d
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Many studies havéeebéastpubhi gyhadsi hocusing on
articles havent iscegui mam@NMElscfid earsesg eatgt i ng t he
temperature, tbhethvghythadmahecobatenltn Haadaatm , o f
the good stability of chemicaeffpcbpeetcest &hme
were aMHbwkemMdeeed.o the facPCMbaul d hkee nalj g ditfyi eod
i norganic or eutecbowdi s tliphcotpifevmathiacsha cliawv a stt h eisr,
di fficuCMsfbo &&bmtb&®we ttilhvees.

Atpresenhe temperature ranlge@Msdr tshpea cmeo shhe actoinmng r
arogB2dBCHowecemmeP€E€Man t hre tleonvpee r aatr wrGidd BrCan g e
curtrleyn short of storage, especiall yAGM2iB8tChe pr o

Al t hougledtmhebree a | ot of bem@Ns tthhemer nbur bdmnge
i mproviemelnt tfeancgt t hat poor heat shoansbdoht dmbyi heg
ri ghtMotriepmeviet a | arge ganmeownth eRR®OM BRpETr omaey else
better.
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Chapt erl nlthe gere
PCHwi t h edieit
Str udtowmrses v

cool 1 ng



3l ncor pd®Ca li inggtnertshe panel

Many PCMs have been developed for var-hbasuesdappl
technol ogy has not gai neplepioplul devityedusfidigal e a
soflliidqused phamge energy storage period.

It is well known that t hef cPICIMD ®imqrigppesme ratt $ .o0n s h

1St rength, flexibility, corrosion resistanc
2)Act as a barrierm thoarpmfoutle citnttehreac”RGM nf rwo t h
3)Provide sufficient surface for heat trans
AHAProvide strucdteaay BamddBHonlg3y(.an

I n order to achieve the abadvefregtiegemenmng, PLI
flari c or ot her st r ®CthMunrceasp siusl abtaesde di no na unsoivnegl ab |
Il ncorpor at idnlgiesPClaabbts conductive particles t
| eachingsaR@Menabkedesigheadezongdwehdamnigepei ot
adaptable to changes in enyYi Mhremgrtaadlé i dorsd ictaino
controlled and triggered by external factors s
mechanical tmganasi nByenhergy storage i ntfol uoxuesl,d:i
the magiflaémnei cconfwernt ead passi ve el ement into a s
and cooling |l oads and mini mized ngr aelldi miomdti engy .

To reanovel tdaemaep $tbblapir opopadk bPCN$ afdep PICiMsg d
be ncorporated into plasterboard of insulated v
I ncorporation of thesedbpBP€EMenserggi tooanompti on

c ondiithigand Iténteedc otrechni ques arsguldesiciebaiss] i n t
31. 1 Blister Pack

A bl i stmade dfdidonn sma tTehrsit aflp ilwcrsteéhley arsotpil c smad eac h ad s
Pol yxCihhnylri de (PVC) oénriPdlegwvian eldi ?P&/sCea(nPNOR2C )c.| eTal
pl astic, but panokptghhenymaatreeet i padhi Ihn oa dablrd mio midu rh o
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foidpried er r eldhmaaktiermbiladl6.t er pack comasi sheowof i i X
3. 1.

The useisobnBCHMered an effective way to achi eve
principle is based on the diRCMabngemué dathwt e
solid by reletaadameg Ibamyk abgsamrngihng heat during
passive cooling of the occupied space in a bui
Caeledd and orgasnuch mas epAsradh@iCiyles sbei deand | i q
phaseist needs to be properly packbhaugdddiinng tehnev ed
mi camcapsul htadhad emMCMevel oped. I n the format of
pot éntyi b ea -emaccaposmd hstyiconnaad | iam, spherical or tu
mi caaopsul axp oemshiideec-e mc apswudwasebarpbansfer perfor
Ther efhoer epprrecsjeaescdctbehen proposedpéaok anmepm digptde gat el ia:
packagifror the PCMs apBpli-paakagnnigecbaonalmdagmd stdh i
will form a new range tolf@aven ccaopsey ldantecadie SQMTf pr od
mi croencapsul-enddpisitamd macr o

Table 3.1 Processes of making blist

ProcesDescription
Thel astic bar st kaotr ctawe tfioavdme m
Formirforming fiilnm o st hper eisnsdeednt at i o
(indirectly cowl ¢dth wiompreasls e
The for maavt#dIltmhe sfijtlhbei o dsstt &

Feedirpasdewn a vibratory chute anc
fillirstatiitomlsoadched into thémpmakeat
or flood feeder system

At a prescirrieb dd pted niedetdicil 0 UC
and unde,t hlpirdedsisnugr & eva Il e d isth dmle@|
Sealirsealing st aftoionswetbheinf caiml y ¢

t he ntdopboat t om ictoloed | oa@o Ipé mg es it |

reliable further pmeddcessi ng
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At the punching station, the
Cuttirtypicmtldiyndibng st sheaen&hearri ed
disacr ge i lmae latmarl 9 sailelrit n g

The vi si,wina stylse¢ eme jsetca fsmed h arn

_ from entering t he.Srhexett s ftvea giteh
Rej ect _ o

blisters acemprtegppetth eamrmdob laow

c htue .

No-nej eschteeed s are t herxtr amnwhe
Packacwhere the cardlosnitnige miaredeit sed,q

whiarhe packed. into shippers

3. 2l nnovation

ConventionaRCMsy dttalwasts pose@ |l t bonducti vities, caus
transfers as pdaseWalhlalhgeaer pp BEQMEafseende amad nplrye s er
fl ammabl e ri sksd eianc hbunigl.d iTrhges pdhuaes et € ha e d dditse mp «
only sar tlaibrhiet dd peri ods of the year, prevent:i

The curreéemt espeCtiVMisggcht e groavtelnghb#CMst et o t he bui l

Thi s approach awaatiowssusypessel ePCMs 1 n-amd si ngl
wa-kased HFHEMst a(drec-@oeceaa@dagdarpgdlrate PCMs, anCMsmol e
(compounds of aluminium and silicon).

Il bl i-eneapsul ati ng PICiMgh tmad remaca |ns obnied wddtuircveit th e
systesnuch nmnd cneertbadn ap ardtdiveel®e se ndira nacteh ehreat tr ans
pack provides a substanti al barrier to | eachin
conductivity. PCMs of differing phaawaltlr pragietl i
This coow ltdhealHCMs t o be active aVeéedrheengliycthearmirce
convection within raeaisenhgena tb yata bdsiofrfbeirnegn ta ntde mper
hei ght s.
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31. 3 Fabricat i emcdkfagheldi sPtCevs ( bpPCMs) sampl es

The ailnitteist used a nor mamebal ssbel capgubesesahbi
Mar mbaborat beyauThersample was weighed cariyyer d
possi bl;eaol swakagel was i daneiifals. ofbdehavisthg!| hi gv
thermal conductivities, as it woulCdMsde tTehremierf e |
t hheecacamenfgaodrrespondi ng Ftiegsitrse3mbor)é ndh @awmu mi mi z
tapeebasubed in this prosfeultl yi ndiosrsdaelawedor mmkret
are mixed with PCMs (Figure 3.2).

Fi gurHeadt. 1seal ing on blister
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Fi gurGopSppedrr thhavesbeen @Mxed with P

31. 3Mdni toring the procedure of phase transitio

The first aim it$ et onavtemndi tadasr kmihreg herr not . The p
observed after the sampderst awenen di ppbedednpnoma
(gober mahawiin the foll owing (e pexti enremdviealSA @ mmalr &

hi gthletmhneel t i ng toeenapcehr astaonTpel bet ,a iprh aas ep rt & paenesd ,t i noeni t
t oonfoast po sl ow

Figure 3.3 Useéeft hgaettesc ailnes itdoe tdewsrti ng t he t es
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Figure 3.4 Use the wadxetrertmanlk tteompreordeetiurtehe i d

31. 3.2 Monitoring the procedure of phase transi

Tests on three samples were shown in theafFoll o

pameters, experimental conditi othrsan dfeemMpmea taitam ¢

31. 3. 2.1 TesSammplceor di ng of

The basi c sioflfiicdgtumicadnisarn,i onl bghalkiirddaosi amwdn olhehavi
Sampheelsmhomwanblies 3.2 to 3. 4.

Tabl2Ba3i c i néwwampt eonl

PCMni t Sample 1
Wei ght 17. 19
PCMvei ght 5. 19

MeltingAgEdint 25

67



N oet
t he

Tabl3&odliidqlue lda voi ®amp | e

0: 00 Solfiod m 23
001 Solfiod m 25
0: 02 Solfiod m 27
0: 03 Solfiod m 29
0: 04 Me | tsitmgg e 30
0: 05 Me | tsitmagg e 3 0
0: 06 Me | tsitmagg € 30
0: 07 Mel ting 30
0: 08 Mel ting 30
0: 009 Liquid f 30

Tabl4dSodliidque lda vo Raummp |. e

0:00 Liquodm 300
0:01 Liguodm 240
0: 02 Liquodm 21. 2
0: 03 Solidifyi20.3
0: 04 Solidifyi20.3
0: 05 Solfordm 20. 0
The weight s hmag et hvedh titpedshta eegxettden ranuar | i

capsul e.
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31. 3. 2. 2

The basi c siodlfiicdgtuicadnisarn,i onl bgdaliirdosi andn

Sampheelshown in Tabl es

Tabl53 .nf or maSai nopnl eo f2

TesSampelkceor di ng of

3.

5

t o

3.

7.

Wei ght 16. 3¢
PCMvei ght 5.19
Me Intgi poi nt ( AC) 27

Tabl6é&odliidglue Wa va Damp | e

2

0: 00 Solid fo23
0: 01 Mel ting 26
0: 02 Mel ting 29
0: 03 Mel ting 32
0 :40 Mel ting 32
0: 05 Mel ting 32
0: 06 Liquid f 32
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Tabl7& i g isiodbied a va ®Damp | e

0:00 Liguodm 32.0

0: 01 Sodiif yi n¢26 1

0: 02 Solfiod m 2 2.
Notice: The weights hawlkiondont pcrhoavneg eddbatsieurnian g |

ent ethed capsul e.

31. 3. 2.3 TesSamedterdi ng of

The basi c Sionfi dgtoraadn soenh e b uqguo ldirdnbebhawifour
Sampheelshown in Tables 3.8 to 3.10.

Tabl8 n3 or mala nopnl eo f3

Wei ght 11.6¢g

PCMvei ght 5.19g

Mel ting poin 52

Tabl9&Sodliidquws @p 13e

0: 00 Solfiod m 230
0: 01 Solfiod m 352
0: 02 Solfiod m 490
0: 03 Me | tsitmag e 57.0
0: 04 Me | tsitnagg e 57.1
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05
06
07
: 08
09

10
11

e
O © o N o g &~ W

W NN NN DD NN DD DD DD DD PP PR
o

O © 00 N o o bk~ W DN

Me | tsitmag] e
Me | tsitmagy e
Me | tsitmag] e
Me | tsitmag] e
Me | tsitmag e
Me | tsitmagy e

Me | tsitmag e

Mel ting
Mel ting
Mel ting
Mel ting
Mel ting
Mel ting

Me | tsitmagy e

Mel ting
Mel ting
Mel ting
Mel ting
Mel ting
Mel ting
Mel ting

st

Melg isnt age

Mel ting
Mel ting
Mel ting

Liguodm
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Tabl eLi3qikiodoisch m@BIl e

0: 00
0:10
0: 02
0: 03
0: 014
Noti ce:

31 3R8sul t s

Figark®

The

the capsul e.

shows

t hat Sampl e

pJ
ny
njJ
OO[
20 J
aH [
oH J
M|
M J

Li guodm 57 .
Solidifyin?57.
Solidifyinb57.
Solidifyinbh57.

o O o o o

Solfiod m 57 .
wei ght s thas e, cnaanh i pcrhoavneg edta tsieer nni ael g ewdlah

the state transfkaodiimagpuheds eof I di fi fse
3 (52AC) changed the sl owest compa

{FYLXS |o
=L YLX S |n
S |m

/H ——={} YLX

Fi gurTd e@3h.abs e t r anosff oerancaht iscaminp blée qui d
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Figr@ shows the status odTliddgfuli as e ntsr. R CHMisti ise
clear that Sample l1¢camp&€p ¢changedhetrlse sl owes

C
p
s
Pl {FYLX
5 T ol
©
o) { I YLX
Q. c
£ ol
()
" {1 YLX
ol
" /
_n T

[ Al {2t AR {2t

Fi gur Pha3s.e6 transformati olni gpgpfgd akllach sampl e from
31. 4 Pl asterboard integratimugi ItfdhaemmPiCcM bl i st er s

Once the PCMshkleins thearss bpaemk nayde, it i s i mport ai
i ncorporated within the buildingidabrsctoThet d
PCM bl i stglras tdgnskhopawinme i n7. FTgaese Bl asdanm bwa r dt isl
on a ceiling or parhteirtmadn pwarlflo rfrmoarn ciemp rBoovtihn gd i |
and tmesconomhealPCM bl ister pack desthoemrids diype
concrete during ¢éedve. manmnedaeyeragth g pgnedti,t can
effectively prevent | eakageof Scmemppesbi emssthe
t hercroanld u cntaiyv ibtey ,p i nthetdelsau te r i

Thi saitmestat theifvelsl owing object

1) Designing three types of gypsum panel pr

2) Testing the prototypes in | aboratory con
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3) Cal cultdted ntg t r ansffer diofeffdrnententtypes of t

31. 4EXperi ment al

The test ai mseatntnkears wefeettthihele cd eesnitgned pl aster b
PCM pack system. Measuhemedatw rikest macd,ormn eigi d
measur EBEmenmebhedsts of a thin healhyWanbpp@gaattus
This experiment hapanedwsesd erthva® CMBITRE ) dbfl i sher
pl asterbhoaR@CMdBRIh) a&aPCdM mpdmsterboard.

31. 4. 2 Magy pgpuamheel sampl e with PCMs

Gypsum is a common mesemabuhdubtdei womady pltaco

crystalline. The priosfeta®s of making PCM panel

l)Make about 80% gypsum and 20% sand with 2L
2)Sttirem up until smoot h.

Put et PECtM bl i st ers i nto t hfeorgyeasawm;blliesatver sfa
4)Use the frame to make the Gypsum with PCM 3
5Put advtemplhoar,dooih ganlds avehgeyn about Vedags.mphet
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Figur@MBPCM plnast earmda(fl) BI iksster PCM pac

Figure 3.8 Wait until dry
31. 4H84datr ansf er amde fpfeirdioestanc e

Thsee t hree weOMx@fahel s he Ino xldI|deihvoifdbeislke i nt o t wo
with the same Fiommrsé imadiamerbwassoss t r uct ed 1@8nnt h st
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pl ywohoali mensi ons of the box aTkhebhs1l®8 0 ahM aNtEdré c

into one side of the box. The panel and the el

I n the exper iMatemadv ewea ulsaetde tiPYClibdbatl /ggamand a mel
2AC They were obtained (GerranaiRe BuasdBEBMc GmbHi n ¢
evaliufahtee t her mal performaunkeée acthitoateensd dirsa tewrmdP C!

emi ronment .

Eahc panel wasnagd eshedebiyen heppsauraeamesntanwdnt i |t he
St adbnde ogenheé hreas wixddofand T1. The cycle of the

Figure 3.9 Seal the board of the plast
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Fgure 3.10 Log the result from Delogger
31 4Mat eri al i1 nformation
Beliosv t he | ntfhBe€ NMgaytpisaunnd o saédrompari ng: the result
DTEST SAMPLE 1
PCM: RT21
Ty p ep:arnaafnida e s

The RUBI THERME PCMs ipvevmaansa fver ystedrfiemdg heat
l i mited volumes and a | ow oper.dthieng ntf @empnarn atowr

Sample Listed in Table 3. 11.

Tabllel Bf.or nmabamml e 1

Mel ting point 2AC

Heat storage capl3kd/ kg
De n siktoyl i d 0.88kg/ |
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Densi

ty of Liqui

0.77kgl/ |

Vol unpea nesxi o n

14 %

He at

conducti vit

0. 2W/ ( mK)

Vol

ume

expansi on

12%

FI ash

point (PCM)

1 5MC

Corrosi on

Chemicall

mat er i

al s

y

nert

Wat er hazard Watheazard cl ass (W

2) TEST SAMPLE 2

PCM: RT23

Ty p ep:arnafnfdiax e s

The infomampi enkPi sted in Table 3. 12.
Tablle2 Bf.or nnabamml e 2
Mel ting point 238C
Heat storage cap|184KJ/ kg
Density solid 0. 88kg/ |
Densdliitgu i d 0. 76kg/
Vol ume expansion|l16%
Heat conductivit|0. 2W ( mK)
Flash point(PCM)|16MC
3) TEST SAMPLE 3

PCMNor mal Pl asterboard
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31. 4AR&bs ul t

Using measture medigtdefoifued from heater power), t

acgo t he,gbampltelse effectidcal cathphéeabtgldiuck nes gy
coef fol( M/’ ts s:i mpl e

& 9 U

The measuill @aenddd el o fe ct ametass uafeenmp &ve adliumesn,si ons
respectTlvedtyi arg t o met hods ,dwihkeedgber eguafdedn
materials or calibrated heat flux sensors.

Test 1 RT21
(Sampl e 1)
o =d/pli= B.4 (8 W/K)
Test 2 RT23
(Sampl e 2)
> =/qi=0. 4 8V2%)
Test 3-PGQVN 0 n

& =d/qilp,=02 B( VK)m

Tdnvestigate the ther mal per farwmamaden odeltlhed
with two s;i3d#%shewmiswemessedset in each cubicl e.

i s shown i(TnheTadureat3i.olmd 4od uatrdde tthees tl avbaos at or vy
23C

79



Tab3d.el3 Basic infor mattieanpeacfattuhre diemul at i on

PCMnel tpionignt 2AC

PCMieat orage capalbOokJ/ kg

PCMjuantity 4256¢g

Test covered areab560mm x ih7Cmmh s

Body temperature Osram Eco Cl assi
Bal I

of
B TTLLL |
OHE P ————
v
S H{
)
©
— oW
8 M ——9 Y LJj &
5 /| a2E
|_Mf t a
pt
ﬂ+ [eNeolNeolNeolNolNolNololoeoloeololoeolololNoelolololoelNolleoRNolloRe)
OO0 0000000000000 QR000aaaQaQ
DO A1 AN N TN OMNODOODOODO AT AN MO A AN NMS<S WL ON 0
™ AN AN NN
CAYS OF

FigulEotparison wonetswales!| lof t he

This experiment was perfor med &x e dtohreditltstohn st.o
| aabmb iteenmipaet ur e was fdfx&Q n adtaltyt me ArCaom @dhgeh tme
during the whhd 480 xperi mevaise a th esaotuirncge dur i ng t
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exper,amewts t he hulmanFitlgdntped r3ctanr €.l elhe |l FChlebkies
pack &eptemrying to mekawatnhbe mpeldt @t whbhitecluemder
i nfluence of the golf balalt. tlhte csamrhbe osfe enhef rto
tmperature was comambneakt!| envi siomgeby @theACt he w
t o ABO I t reelaccastimel wncomf or waVer | eiel mahtding point

As a result, the SCHMrbédsterabparchk bgadteefmrbgm t
buckg the trend of ahei hempasatwinth®mmmangedbet
2BandAQ@6At t hhteeesntd otfhe t emper at udreec roefa steAde fernopn
toAR&i ghtwhiiltehe cubicle weté padtekPSusabidimasdt he
comfoteakl ¢ swRAAGMBGAC To sum up, PCMrbolviesnt eergsu ap
the task of;thleiys aé¢xpeeidmeémnte cubicle toALtay at
andAQ6

3. 5 PCMommed vlacuiumsul ati on peamegel VI P) or

Thmain function of the PCM blisters paaolgoasdyst e
i n the hot summérecweafstadhlea . p Howelveeat, atmrlaege ca

optimi zed.

I't is clear that the insulation materials for
infiltration; the materials are u$seeveotheddes
c o mfi onr ttnhdeo orro remmeviAtl t hough i nsul attrenbaadgdreoalng
t heotrh ey ,aurlet ibnoatthe t y e aat nsetda balte i ndoor temperatu

| oatlatinrd et gctri ci

Therefore, i n this caséd,wetelweatcpuasrs ii nislsfVtaR)i cofn cpa
high ther mal insul ation kbinidB@Ms*e vhielalt bsdatohrimasgess tc

thesi s
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l1Vacuum insul at) on panels (VI Ps

VI Raas shown 2)anr eFirgeugraer d3e.dl mrso mih®eipred f oh enamea ®t t h
i nsul ation soltuadayaddednagthhd hmamadt rae sp et fasmmcte .

vacuwuwmnat hb,evitetid| | hol deteheigtetbestnsul ati on.

Figur2¥a8ultm insulation panel s

2JAerogel

FigurdExampherofel
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Li ¥ésP aesf ageb hown 3)anraeFea g up retm digdeir f ppateha r ma |

i nsul ati.Aer mgé¢lesiate dried gels with a very hi
di scover ed 3i0m tbhlye Kaasrtllyehlsup®8lyr maDuestiae of p
por omsaernsghgede extr dgvheiamnart r ans,f earn do pgeof otdadca tleantdi ¢
characteowdvers, they are now | i mag etdhdy lmhatveg
cost. Most odn tthrei saematdeorciluasli $g on coetw raduct i
materials for producing aervgé] sthéfaehegel sbw

t her mal and acobubuatbsc insul ation mater
31 5EXlperi ment

Thsewas ugemheasure the ther mal amedef ovgmén PeC Ma f
Measurement works -atabedmeghod, the etdadyto pr
measurEmenmebhedsts of appihianhube alhy Ratmetaskuare n
Del oghpexpertienetneg d |teesotdisee e c t avek RBACM s

By measuring the heat flux (derived from heate

samples, it icakbtuhegpbtftoawsdgedrt coefficient
o ld/qr

The measuf leé¢ieinu xspragdedr ect measurements of powe
temperature. This is contrarwhtrohgneitrheosd sr d fi &kree

mat er iadlisbroart ecd heat fl ux sensors.
This test has wvehse: foll owing objectdi

1)Designing two typeasroigie¥hP®#CWMi pankeCHM and
2)Testing the prototypes in | aboratory condit
3)Cal culhaetaet tthreansffemr aiofeffdrngnemttyppesof t he

31 5.Makle VI Ps wiaehr oRgbeM PLCriMd panel s
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VI Psaanagel t he most pr omi &mtehhgi si ntseuslta taiiooms ntaot eir
with thesgeFit gvod4apmdbpalnsi make a compari son.

Figurd®l Pslwith PCM panel s

FigurbdAeBofel peantehisa & hsBasng
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31 5.Tleisag met hod

At hin heater apparwvwadmeséeé@antde at meachirganealt unt il
and obetdhd a®FB2uanldhel loyclt &wa?dt d.ays

Fi gui&eal the board of the plasterboard
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Figurrfeog. 1he result from Delogger PC

31. 8. Reswul t

3. 5. 2.1 Re®amplse ol

Thaoressdaesttcaibed as foll ows:

HHeat f | ux

Accordingltoftrioen t & ®u sd antga Elxaccgegehre eaaradgé csb bt age

0.030267 mMBWY.*2A60KEO =

To cal cul attk eetnhsei thievaiit6yB I\¢Qod s,t aahnedr etf or e, () he he.

oSample: 1

G= 30V20h3r¥9d&Vv = O0.aé 7 W/
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2 pd

According to D¢ aMfedrdtusrog Exeel to calcul at
Av er=a g4e®.C53

AverageA€ 27.54

Sot = K.2.99

3JHeat transfer coefficient

> =/d= 0. 47FP61BEOO. 03%) ( W/ m

3. 2.RBe 2u latesr degerip | e 2

The pdetasatss faorld ows:

1Heat f 1l ux

According to D¢ aMfaderdtusrog Exteled agge i sl ¢ wilgaet
0.102¥91% 1MMOD. &16¢

To cal cul at(®, htdirss ihtoiavsit iy 1\vg v
Therefore,(fo)Bampeat 1f | ux

= 102V 8/Bovg &= 1WE2

2 pd

According to Dhe¢ aMfaederdtusrog Ekxeel to calcul at

Av er=a g4e0.C3 4
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AverageA€ 23.96
Ther ed o6 HS8
3Heat transfer coefficient

> =/§r= 1.610%7 1W=38. 09%8) (W m

HFﬁ/

un
<
!
[

Lttt/
=1 SNR ISt
+ Lhty f
I SNB 3ST

Temperature( °C)
=z

=
-

MHOMNPCTY CMMMHMMMMMMWMMHIMHMMHMT
¢CAYS oOF

Fi gul8d@emperature varies with ACme for each s

Compared to thaeemneaqalp hfaibg3VBEPt hedt wo RQMI lplpiedt e
panels had some effects on the coo)liing $hewved
was similar with theahiwhee montlhye aitn d der b#@mmeri atg
which iisnghgoimeit toM,théessbeptedwP€Ch the PCM s
sl ower than thendl|ldf Behgruadesglt héeeawmrdhgealhse PCI
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panel s achi ervetdudan te xkceeplt| esrriate uir edA ® @t otwgB@ ut t h

experi maretr.mgildigempl e showed marec eaviernmr atglee pteea dto.r

31. 8P| achilng®@CBMrinteithag cavity

The other simpler way is that of pl acAismagr me€dM b
air fl owsn utphweartdesp so ft hcee ielaisnige stti lbeust ial so most
bl ister gda&dlgil¥.yes t3ems

Unl i ke insul ation material s, whi ch must creat e
bl i sters packl pwegouierms 9 idaemmd ynyd otwnle e | Hwipi codin t h e
save a | ot of trouble for the wuser.

Figum@l &8Bcel for droeprgirngaRMslylsitt BiRr€C My nt2d 18ei | i ng

31. 6 Concl usi on

Al t hough blister paotil v ® CiMsrhelyeimednan ghe,t at be e x

i mproved. For example, the poor heat transfer
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desir elch etriemeonroer,e sui tabl e deeesdsgater eligenphad nige P CM
eXxamplee aimo ummh POM ndeded amassbuebfuBgGMi t Borequi
heat storage, theidsptRGMcmayonobwbekdbhpeglsat émt ol
PCMstrndduires i mprovement

UsitnhpeCMiz| | paekemsg sdaf fer the potential to energ

showed that:

,Inclusion of the PCM blisters pack system c
temperatures.

L,Adding the number of coppertsr am»fid@€M he bl i
Pl asterboard integration with PCMillitstranwss o
t her mal performance.

,Thaer pgaalel with the PCM Dblister pack system

lkept the i nadomelMvendpder at ur

321 nt e g P&Miubge s
321 I ntroduction

Positive Temperature Eut edt@Gmrd S@lmt bensh@Pphesdl
free cooling or conaeeaet unsaeadyh gt engchpPlCIMecat ano
t umetehe adp@pleist at pas s itveec hcnoooWhgayy t he surroundin
| ower than the PCM melting temperfartereadeud wmkil o/h
t ©ohleoweirg hte hameimpBurraitnugr et he s 8 a vt aithiense ,s ttabret t o at
ai mpeeactounrter t mutcomgt ant comfort tempeoabdre. T
regarded as temperatuoememperat be.e sAsb ol oonpgnfansr ¢
guantity toufbetshe sPGMfficient, their total | at e |

antdhi s application could have promising prospe
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This secsédamawayssi el bhgt bapabil usEISEShofs WEN ®Bo
tanaliyseted f@nds aairro otme mp e raast uw eelplsh $ asiscebdiectt ii oomm o f
over heati ngAlemetrheanenulsi ovleé 2bpreat or mes i emcated
environmenwhi ca hcaosmbterrol | ed air t empeiraedtrwdtrlioo
desi gned tfernopne rla8 AQ etsot 2 t he aitrh eo fmeihe Vi thsgnigg @ D i
23ALNd freezingsdfdet me JANM | emubha@mhard room, an
wooden haghenwdaen iphaicedoinment al chambert hTkekies b
ti mes, always preser vilrugntwmhhda adirf ff @ roémh tt dieghhogheatnd

same time period, as foll ows:

First, not using PCM

Secondly, by wusing PCM tubes
Thirdly, bheusPEY anbeme, made of rtelhegcl ab

same volume of material as a novel proposec

32 2 Monitoring the chtauled eristics of PCM

Firstly, theddbeprawimemnbhehphdeeper medtduwmrgi pa@rith
the solidification part in the controlled cond

Figu2@n8ironment al chamber

91



The test has used the eeMvimenmandt olf a@ahamberal (R
transf(edP Hdwppl vy syostneena.s ulrne otrhdee rt eemper at ur e di
tube, six weéereautpalaroamidedg het tawbposi ti on of the
mi ddl e and uboe, 1 arsd dlkb #theemd mop outtsehde t he su
respectAlvieltyhar maf t g#ileli émener si on probe temperat
HukseflTlhe target PCM tubes aopt abdehuypsofillhed
S27Pl usl CE (Positive T&EEGMsrTah aiscea ntEubdecesstt iac k& al
mul ti purpose use in ther mal enersgeyl escttoerda gPeC Ma ptp
the experiment 1ar ddnglriowvtean mai Atdil e Bhe efficien

Plusl Ceefabbéy staml edngffer safe and reliabl e c

TablléTmBpr opeaft iseesl ect ed PCM tube

Type of PCM Hydrated Salt S27

Phase Change Tempe¢2AC

Density 1.530% kg/ m
Lat @enatpacci ty 183 kJ/ kg
Vol umbdemtccapacit) 28mIm
Speichgat capacity 2.20 kJ/ kg
Thermahductivity 0. 540K W/ m
The | engttuhbeosf t he 1m

Tube di ameter 50mm

I n the charging part of thewamB@MttewWkh eptshBa envir
Subsequeatplyase c hsaamghet o fh emwchheannmighre 0o E malkr at he e
t hermal cables was above the melting temperatur
finished. Temper aftruam tdmd aRatass ulceg¢déemé € dc omp !l et
the meptoness, the target PCM tube was taken ou
k e e pad an satteampt e (aebtowreg 2 WACi | the environment al ch
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and r eartali en erdoomed B A €y rad dite attsiabdei rwe ct | yt bcehcaurgphetr
to start the solidification part. Temperature d
i hhe mel ting ¥phaotwse pFeirg wreen u3n.l

Figu28he&8 .| CBEPUGOMa d@rhwi ronment al chamber

32 2. Resul tds sazmud si on

The temperature profiles in WiLthT2heTdosT4, ohb5
cables bottom, middl éooandnt,opiidrdd ieel easnudie & ofpu e d
t el espekxitni tehley mel t i ng ps8R2anal3&hemowmei mnkii gom
chamber i s 5&t avihé @bh® n atnhoelaBodsdy rsbtye m.
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As seen from the profiles, tPhCaM mad®RBDICgs Tamger a
temperatur endr arhgee giisvemeyme |l tBynw gp@mmp gFiad BiBRees K 2
and33i.i2x skanh the inside tube temperature rises

Thienstiedmper at uarree cghiavneg®2didmu r Finguinfdi & ad o loind hper odcoetst:
| i hesldtchaatt t he soli di2fP28@t i oompamge Wwist i rolme m
experimental result, Thhgeetfhees dlCQESP CaM It uhbaev en a9 AaG
transiti om 9tAcCmp satnEl® tloé n@ phenomenon.

°C

Temperature

M HoODNOPOCTY M/MNMEMCMIMEMCMTMYMCH JH MNH FH C
¢La9 ol nh

¢+ ¢r ¢ c / KF YO SWLISNI d

Fgur2l 3iside temperature variations versus with t
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FigurhdoBalk mel t sodg dtiifmmecaandn t i me

The total phase transi 3iToas ¢ nene sware csbhomwnednw
sttaeerd to reach the phase change range of the t
mi nutes for its phase change. Iwa6can mdeudcersc!l u
saodliif i c et iwoans t6i6M mi nut es.

32. 3Test: Tphearfroalman cteu lbbeds PCM

I n this researchwasadetadl edt i noeséesgathent her
PCM tubes into thResegltsndbheovapptl hae@ltdiomgiBchi e
i mprovement forcitemeyemer pwiefdi ngs as it coul d
omooling and heating systems. Mathemati cal mo
compari ng btethea wtiffoatrhnmea IPCM t ubes. The effect of

cecilings matchi ngwansttuhd itehder dserz et oo fo prtoionmi ze t he
use. Furt hebre rdessmecalt e wit her fpet bgeamdnaog t he us
tubes in the building fabric.
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This expersimewmltatwea sa tmor mall UK smemmat dapmwi Th
this goal, the {(&BPEr anutdewasi matiedchd®@bher (

At yKkeher mewbuph was coupled t ®T&060 ad nmnnddotgegce rt
comput er 5 (wlaasb lues e3d. 1t o dma | eiurl atteemp ehrea trwroem  To e f
positive potenttieardpeafatturee BAM aitn faicrat i drhg,e et h
di fferentdehdihghtsy mon=i(l &t 2=44cm, ht3=22cm, and
of t Ikee clboovxer ) (Kuzni k and Virgone, 200083i. dé&ur h¢

box to calculate chamber performances.

Tabl 8l Bstlruments used in the experiments
Ex piement all msettruupment s used for col |l €
Devi ce Measurement RatrAccurac

Typmpe Thermocot-200AC to 1350AN1.5AC

Dat aThale®10 Loggalnlgmper at ur

An -aomdi tioning system was used ethngpemartiupg el dtne t
environmental chamber. The chamber itself had

Calcul ating thewasnemnagty tclhoe saimamtdtidpant epseci fics o
conditioning BNCtdueseps aiyrerdedsehwamtgbheesBmul at ed |
box), which was constructed Wimmbl yWweodioht ewn alg
height of 66cm and inside the insulation | ayer
smul ated room was 88 c¢cm. Wi th the exception of
100m ayer of expdmnded npdléymdnti wrrepneer it rhai rete nutsii cnagl

cubicles with exactly theurmsdene tme esame tde meers
s ame wtoiurhed have bleeweadwwen dtucc tteidme constriaemnéd an
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mat erha@alexperi ment had

(T1, T2 eand |Tu3s)t raall.e d

to be altered.

in Figure 3.

Locati on

Figu28e8er al viRewsi wofo dtetne PEMybwi t hstall ed

T1"(Surface)

T2 —

75
56,5

8=

75

S ARSI NIV ITOTRerane RN S
S AONNS

P 0
-

aCrossgction

bEl evations CEl evations

Figu2t®wod8den Box (Room) mesasgctéedn(iim)cman)y: eCeroamnsio

The 5 TEubPedMdBes) from Phase Change Material Pr

exper,wmenthosenmebeéei ncACybi aoh iméakigdseal for buil
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Mhweq & Jd ke

appli@stiidnsits inside the rhimgen pidl watyhylegmeé -
(HDPE) was wused for the construct i onb50enfm
di amet7@ecmamdytBhach tube isE filled with
PCMS23 has a | atent heat capaci RJg)o.f
main properties of the S2B5composite, as
TabllePI3usB EEM S23 properties given by
Plusi EBEM (HYDRATED SALT) (S) R
Speci Ther n
PCM Latent
Temp PCM Den:;g _ Heat| Condug
t uAE ( k @Y Capatcy C ( Wi/
u m apac m
Type (kJ/ k P Y
(kJ/ k
S23 2 3 1530 175 2. 2¢( 0.54
Traditionally this type of PCM tube was
applications, but recent loyy itnhgey nh adwea lladli stog gar)

beéeéwr mul atiede & Ih aaPrCoMn |tu boefs

temperatur e

i s

t o

aclcioenmMerrtth e
bet weelhh lofanfdr ds If MEGWVIEIDI, .2 EZINO 1B

t he
Pl usl CE

descr

manuf a

The coomaimhisedl/33 kg may be t Heé vamdunhresrteujbidh
cont adg@Bm3of PIEUSHhCE, the amount selected may
The tubes were i mrstidlilngd wkidgsd 2B isd?9.3dx’'ds i n
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FRE A 0 0 86 10

Y[ @0 e 0 0 _| S ]
PCM Tubes PCM Tube
o= [ o [ e
o i) ) )
2 o o | kS| ©
= = = =
(%2} (2] (22} (2}
£ £ £ £
! Insulation Insulation
of 5 o i
| §. 0

Fi gu28€r 83dsescti on of PCM Tubes tepapo(imeasbsewi §@ cen

700 mm

%

PCM Tube

Fi gu208uBe EW@E mensions.

On the first day, testing was PCdnhduuntfeod tium aa el
the availability of the environmental 0OWPa&Mmber ,
the chamber eqgaeak@idusl 8ahlel owi ng for the commence
this stage, steh eAddih®@MBbedeogwratsaetl to start stori
result of the | aboratory cl osiMagndtl ef7ftt 0DWaw, n it
experi ment was r ep;anetassdira nfgu rdtalt earmethwd bteigmeaswi a j

at APMO using PCM cans and tubes for | ater com

To deadubceet t er, more conductive and cheaper mat
tubes (PEM P3)uswaCsE @rhptmii @a nusmnetriont mradompare the
conéemiwith the former experiadenmi.driliumkii 91 gi m@nrst
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identicals telstmel beflberepémFimbheadsbweéCE used in
were placedabteensasmppblgpBBassdsBoandescri bed b
Tabl?Z JIhis test contemplated some reduction of
supporters used f actshardwal td eaettptelr e rpelnatad. cloompar i
t hat thevawasmer educed by approximately 11%. Si
t htder mocouples were set kei gMdesht iac dlh ep onoictoiu@r
outside the bwtxsimkeastuemmagr dther .

‘ 91 ‘ ) 109 ,
‘.10; 56.5 cms 10 ‘ ‘_10: 86 ;10"
N~ N~

= Bl = ==
= = =

= PCM Cans PCM Cans =

( c c | = C =

0 S 5 0 S S
i 8 8 s 2 B kS S|
| = =1 = = {,:5

7] 7} 7] o=
£ £ £ Ei=
; ¢ . =3

4 Insulation L % Insulation z
of {[E=0oo = o OO0
| [e=200000000000C00000000CAUIES 3 1$6606¢0006640080000¢ ==

Figu3®o®8m wi tchasPesChMeme (not to scale).

Figu3®mage of the recycled can scheme expe
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TablldPr3saperties for PCMaerscapsulation witt

RECYCLABLE DRI-NIKMAMSYDRMAAED)

RANGE
PCM o _ _ _ Hei ght
Me | tPion(@AtC) Quandfi tgRad (mmHe i gnm)
Ty p e P CNmm)
S23)23 15 30 155 130

32 3Rds ul tds szmud si on
The results of the experi menretrss wil | be present

-Room wi t ht awddecsd riCM
-Room wi thbBPEM
-Room wichnBCM

-Anal ysi s iovfe ctohnepramaalt per f or mances
3.3.Bodmilwithout PCM

To contrast the potential of wusing PCM,t hdet si
the PCM icro mpradme swtiiths obt ained with the PCMs.
sohatt the temperature captured within the si mul
measured by alsl. tlhne adhdeirtmoocno,u pgilhrendva s i D oetst esaipteetrs
di splayed certain thermarleasdhad itfhe altii @messt Tthe
roomaeaenxdgd¢ttehn emed eri or temper atthuegremalp r etereanthiefdi «
t hseur face of the cover (T1, hi ghest ther mocoup
Li kewisempetateute in the | owest part of the roo
approxim@eeébw tthe hhaghels on tRkRarsurmrf dee iintsi may
the vertical di stance ,béeneaveeaoa shlidgagnedrw iTr3ch at me r €

conditions, the stratification may in fact be
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Results Room without PCM
Room with No-PCM

~N N ~N N ~ N ~N
w I n o ~ © o

Temperature C
NONN
o - N

-
o

-
)

-
~

16

15

12:00:00 14:24:00 16:48:00 19:12:00 21:36:00 00:00:00 02:24:00 04:48:00 07:12:00 09:36:00
Time
——Cover No PCM T3 No PCM T2 NoPCM = =-Chamber No PCM
Figu2®adadtainedxperrimeat, with the room with

The peak t enpreagramad alnfldalsealrlansg2B @ ewviwelenT1l pr e s
t hhei ghest and T3 presenting the | owest ACemmpmer a;

t hermocoupl es began to measure the reduction o

in the ceiling (T1) ,Cwlkinwldesd a bd egchraebes howe aabaoan
T2 and T3. T2 andl A3 as tdaebgrle ez el@olwe re btEndatind it head ¢
18C By fallinglti2éQot trheamtantgleatofi t was bel ow t

reac hdcemels wwahsi cshet outsi de the chamber as a re
Furmaa@rt was i deahafmbpple arhead ttoh &, o ol wiadsohwtnh & os alr8
trend that was followed by all tHryee Ciomtvemrsall
the chamber began to heattemipgr tthhesr moenuwp lwas ts
time to heat wup rcomgatr eaf ttoh dtHoshtaenkhl eerh,ie onceuabniicnl ge
such a room wotudl d easily | ose hea
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3.3.Bodm2wi tthu bPeGM

For the next ¢xpee mostesuipleaadtilurfeosurwer e measur ed
experiment diffadunbedCE&ctednosnstbe bboth of th
FiguBeel3ultsedrehaa the peak txbhphkBGaThiresshawel
due to the presence of tPPOM,. pdl areedhui cgthieosnt itne nopvee
observed on T2 &@&mahiTAN. Gr sdaecghrienegs, | 2uhc. gdne Wi hteh aurp pTe:
surfaceboft!l ehé¢iceiddmnwr)rredhbecause T1 received
ot het hewmoowhu ekhe 8 ladtemt eder di stance. One can
the reduction obsepweden ®Re&CTMLH iweEbsye aneed etgoo etah €l
redudteia@ln ng to 4% peak reduction.

PCM Tubes

Temperatures/Time

N
©

~
©

~
~

N
a

25 A
24 A \
0 /7
T‘." 23 [ /’/
g /4
g \
£21 \
&
20 \
A
\/7\ /- ~ A B & = R .
15 \4 TN \AAARA ”\y'\v"\"\/ =\ \M‘/\‘./\/‘\»\/\"A\‘H\
18
17
16
15
12:00:00 14:24:00 16:48:00 19:12:00 21:36:00 00:00:00 02:24:00 04:48:00 07:12:00 09:36:00
Time
PCM Tube Surface T3 PCMTube T2 PCMTube Chamber

FigurBRe83uBts of temperature measured by the

I n addition, as the chamber began t o ccoowlp,l esst a
bet ween 2A@anA@ 30hi chh® wglse3 than temperatures
without the presence of apPCdM uMesebaert hwitbén
inside the usual comfort ofomné eadAfLC McT(wdsei dilod ¢ h e
possible for the PCM to stil? beumnb®lertmorel eh
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of t ke aAfit8t herevodent that this PCM has the a
over heat alogeodbuwc el emmdheey r r el at eddeemetr@yi twasdei | i
energy and release it when required.
I n additthieon hree interior thermocouples show t
them i n compamisse@emx pteomnttshe Tohr ewiwlals andg t wheive d e n t
behaved al most i1 dentichnlny.t Tdei stmadil er oo hp a&nr
exterior could be explained by the pre@reaeancea of
conclude that the PCMs can cedttcibdrgmald ootrr d teimfp
This melaesr ¢haltt ant air temperature values f al
Figudeh8ws8 that a redurcdummddCl wasempdi @avede i 6f t
mi ddl e height temperature ofaslfdr wiat h | aTahdi tsw 2ct obuo
be hugely benéfui ¢ta@aalhigt ncanl df fedace energy con
s yesms dr anha tciocnadlulct eid on a | arger scal e.
28
27
Reduction of «
26
Overheating «
2 f
1 }
24 [
: 23 / \ \ PCM.Melting-Point.23°C_.
22 . ——
L 4
kzo \
" WWNWV\MFVWAWMM}'
18 2.5¢
17 hours 4
16 >
157'\( 00 14:24:00 16:48:00 19:12:00 21:36:00 0:00:00 4.00 4:48:00 7:12:00 9:36.00
20000 : s o " : 20 "
-T2 No PCM -T2 PCM-Tubes ~—CHAMBER Temp
Figu3#€ompari son of Temperature T2 (middle height)
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3.3.Bodm3wi tcha n,sCM

During thschesnhse RGMnper at ur esAGtamd | 2% eACbwh eve
temperature was Thiwses &araadwruc d2 18GCl)a wedveh ihlaem t
it was slightly higher than whenemetssugiamg bteh e
by RGMyuntot to the same extent as the PCM tubes

Peak temperatures 2R@2md@ditso pv pany sthledgwteesnt s wi t
PCM measured by themmdédeudmltes t hz2 deednp®3 ahuae ¢
reducti on pee abkeilnogw a3tt Aa blei Deraffpeedee sauf t he cover t
stayesdhemmthe26 AC, whil esi hyeladbiBgeme®duwnat 201 6walAL | o
capgperi ment tutbheaens ti.n TFhGM & ccuwc tt iowhrse ¢t h@Qih44% rbet t
T2whi ch sawi anr ¢28 ud9%. 4A7ChH

As shown by tha8gduersiung st hoef rTeadpdklt Bwlug hcame r £c hw
reduction jtrmeoverdhueadatiiomg of nnbér maetl hsseatle@idée i c at

rooomscupants magpbéeuncomfor

The recycl abl e cpanosngessitnt hbmmer dbdivt s b i § atto ptelrd o
PCMudibowewlkeen compartihnegorctalhé uswo s a | ot | arger
contsATher efhoer ePCM i s ntoht tihne csounrtfaaccte wliespi t e th
surface area as the distanbeilbagrtgweere n Tthid este onmeetaenr:
the thicknetshse osft arhaeegePCoM ocessrygakesOi2 0torge r o t( K
hansd,ratification is not craendededcd has ctelde arsati lnr a|
tedtte to the smal Ineart evroilaumet hoaft tihse iinnnceornt ac't

bet ween the PCM and the air in the room.

TabllgRe&sl t s ftoubaéhtiM RGMBeducti on of peak temper g

Reducti on

Ther mocoHei ght (Compared to Room wit

PCM Tubes PCM Can
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( %) AcC ( %) AcC
T1 Sur fcaiclei r 4% 1 -1.07% 0. 2
T2 2/ 3 1.%6 0.46 9.47% 2. 4¢
T3 1/ 3 0.8 -0.0110.4492. 6
Aver age 1.79% 0. 486.28% 1 62
Unf ortunately, the recyclable can experiment h
| owoenr avertahggen t hedupeoe v h@eu$ i tmivaiend tthiemel aabvoarialtaobrl
l ength of time théa PEGM B8R3itekdesemper@afaure bec
controlling the meTlhteirnegf oarned, firne etzeirnngs loefv etlhse. o
slibgh confusi ng ewshuednt sc cansp asrBjorlageni du &i gar eh 8. Bn:
environmental chamber, the temperature stayed
temperatur e.
29
28
27
26
25
24
92 "'.j:'
g .Otol.‘
:222 I ‘* ‘EIE"
| p il e
j: 'S ;“' A "‘w..'.'!::::::::::-.::,:_ i B, 2??'.‘“?::33!.7::?32.-5:332223
0“ I oo’o!. o *s o v *5
18 .b i
17 ‘
16
15 :
0 12:00:00 14:24:00 16:48:00 19:12:00 21:36:00 00:00:00 02:24:00 04:48:00 07:12:00 09:36:00
Time
T3 - CANS -=-T2 - CANS Chamber - CANS —=Cover - CANS

Fi gu3%&e88ul ts

of
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33. 3AhaMysis of comparative ther mal perf or man

Thel mepment ofE 8ZB3, Pd uas ilu®d cnti huere x p e rmiemean tl,i ci nt o
contrairmaas eladnicnanusn) may all ow for more benefits
tubesper,amehbough ensuri ndg itchad i @wo inthayn & odafu cet rs:
di scomf ort Ifnora doddnctui poamstt sa.ltluadensoa DO o RMCM cei | i nq
benefits such as helping to reduaxe at permald otr
mai ntai ghhgt emper atur esHdweg aie] It hiencroend Degs izron
cold night and a reduction of overheaticamgs i n t

experi ment .

29
28
27
26

25

TEMPERATURE C

20000 42400 a3 IS A2 115400 oC 00 0O 022400 a0 or1200 0% 3400

TIME

*-T2 No PCM «T12 PCM-Tubes «- T2 - CANS
FigulgdeBpature profiltehecarpeaerei PLCM &fc he me s .

Becatuhsee rooms with the recyclable cans started
expenimens difficult to evalwuate thkHoweveérd, fic
| oiorkgt haet cur vature of the graph that shows the

cans it shows that t hemiflreaerez(@Bfhiggsrteag®. curves a
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This is shown as the correlati ontexagsetf fsihcoinwesn ta w
correlation of O0.95, ThompgacatatambBcaadBrBsmbmo wlvdee rn
possibly give much better results if both expe
same | mietriaglurteemfetdameoiomi andl tbubstance t emj
further resktawenmeili goeme clerdlngat i shpaseintaitoalg
the reduction sadnderco emsyeldadendesr gcorstt he saitr con

could | ead mioc asdwirge gpctoemmt i al for buil dings.
3. 3.Bedormmenddtuitanm ef @mxapedr icab@EmMmtrisder at i ons

Ageot her ¢ leswefa@Mthher mal conductivity could be |
cont aamdsressn duri ng t hg hex penrviimeomtneeln tsatla gpeer f or
i mproved through the use of tPhdM deiatwbearc kisn weu bee

whil e conducting the experi ment

Thé | utcitiume mper asul € systnemoenter sr s of .t elshtiisn g oaur d
i mproved during futrhirhexes es ke muk harnagxoptesrk ymedndgr,i

would all ow for i denti cal conditions.

Due to t meg P ONegtdatkaits oprocstsi bllte (ttoo meepl ace t he |
and even |l onger hdto 5 reeegredsatbadltaw efnpea zait ug e,
me agduwhe ch owWwovubdch@gsed some error. Therefore,
t he PCM ewawse d birsny ¢t hies di fficult to say whether
was becseseofthdeuenvir d&mnmetnhteearlée tcohvaehbdedt dvea sf o r
further research to tesendsRiGMohcaopnstd a iahoerns ainnd tuhne
real conditions Ii.hbkit ®awomlfd auemaeésulcubofcl the e

reduction of overheating

As ther mooweupl s aced to measure the air theom t
temper at umP@l,iiitndsiifdfei ctunlet trmge defn tiprigystehhedkurrcelrsau | t s
Despgihttaiae effectclodast lwe tIRCMhies PCM the temperat
temperature. Ther eM itso gooeo du speodt @ mt ibauli | fdarn gisC an«

met alydlcabrleas ddowde m@em;¢leddvai Ispiemdpraps a microencap
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shoute@esthedt heEBRBs | €E dhiafrefdih e u bff wottuer e construct o

exepr i ence of handling this may struggl e.

Finally, as the c andsa fiamls tteoa do eo fp | haacregdi nagb ofvreo na t
tubes due to the wei gvats ofadivhtemdr atnksg u tt eheetl aenard ev
mass | nxiTches rtelffeo rttelme cand wdr e avet ufrald®ropraarss ool i n ¢
systtéhms myystwor Kk better.

3.3.8onclusi on

An expest omayst eclarried out in order to evaluate
t emper aat uwroeosm iaasnd i tsgpowvemhiealki hgr Aedubi ol e
without PCM devices placed in theticoeni loifn gt hoef oa

t emp e mwdt wrhienwtaesnded to simul ate @ulsiuanmerwaayt ed
t hr ee eenxtpserunnder t he s aruebecso,ndwittiho n’SCM wietuhs ePdC M
any PCM device. Theseesul PEMsthewedes hiam the au
i nternal temper atoummed efclruecatsueast ioovma iihne atthtepgt sTlo é
experi mentataempafgbtuateati on was reducedamwdt h F
hi gh peak weerne erreeadtducsedda yed st abl e cl oser to the

tempmrseer e col der .

Overheating reductionamapeci maney;y wgeéethi hheaPCd

peak temperatures. Compared to the results of
temperatures was gr eatreeruswidt hc aanhse,r &giéd He nabre @ d e e
mean air temperature. Compar etdh evi rechsounbtds ax p e we

reduction, with ameadkghagempevQtudeep A$ expec
conductivi nyumf ctahsehiagehvemi tttheed mal transmittanc
t he tCIMes

For reduction of t heasli esvterda thieftiteat irem,ulRGM
measured temperatures with fireemnst dhdifghtesfc eb bheca

natur al convection caused in the surface of t h
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The expoelPCMamtes monsdgrreagtedpotenti al Atohbedbderoyv
research is needdad rreegarl ceidn ghettrhadt hperocgn@®@@dfds ugd at
the novel i1idea presented in this dissertation
conditioning systesesbyythe construction i

The expefi MENLt e mbreadadyexdl tEmdh ¢n®@ nusm shhabtWwedu ltd r epr es
better and a cheaper solution for enhancing | o
l i ke T nappropriatéeisnea@lri tc@anand stmae | et e aafdi as)

bet ween the médoaedPCMevobom air vol ume.
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Chapter Four:
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4 . llntegP&Maihrgbes

Compartendeb b wve pREMI ve fsytshtee @M nik@atndexchhage wi t
out sinchenn i yve tvmaey r e b malwtb emitgehrt per f or mance.

The PCM test showed that to enhance &hae, nhectaal e
shell shoulFd glue ed els ilg rsend.wesx pae r3iDmenoohd,eil n voof | vt ehse t
diféet volumes of PCM klfdvwermeétshmdwegmadnd ketmpwe r tah
al so mdtwhwes cool ing effect of the PQGMnTrgassi ve ¢
increase of the fim@®@rBnCal air temperature

Duri ngstt,hias woeodesubaxi wnshsurrounding it was
stimul atWhledty saoB30cewhptlecat| owst e PCM to f | ow
al umiduatmWé in ne axial flow fan wasapbaweddi wer

consdiderer der to makeptkhe experi ment

30wTemperture controler below 30°C

S YLISNESY a

I St

Aluminum box

16w Ductingfan

S"ducting pipes

Figur3®d #Mmotlel of the entire passive cool sys
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4 . . Appardesusriptions
Thapparwsdgeads in the experiment is shown as follo

1)A wooden box. Thof icoestla2d-miewanddadmumki, | e t he
wa tlsi ck n@9anmwasThe full di mension of the bo
and mdMmODengt h.

2)A 12mdi ameltemicniidiclloep duct pi pe.

3)A16V Bl ack OrcHiidel 2a5nma l(ili8lBamw )f, as shown i
4)A 3N heat i nmgd sa utr lewerseolsd catt e 4 . a3n&li. sghua via &
outside view and the0O47 memalilonBEpélcdaBdmMy HC
order to i mitabaewddhepli and eed nlias s thetiehtd dilee atoexr.
stop working when theri mBthepannthet mmmpteatt bor,
Figarenmsed to keep the maximum internal ai
55 Dat aMfaR€500 and tempeoconmder et scemsassre the
temperature sensors wecralk tfh e etde mmpe rda tf U ree emft
the internal air, the duct outlet, the duct
thenf érmaed to a cdapuatfilaREGEBOpouyghet bat si de v

seen i&4.6igure

Figd. 2 16W ifmalni.ne f 1l ow
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1.97" (50 mm) 0.?_8_” (25 mm)

M

|

| Clip for
35mm

| DIN rail

|

|

|

:

0.47"
(12mm;

.| Cable

3x AWG 18
(0.75mm?)
B
|
Bl

Figure 4.3 OutsideFvgeaeweo#f. d4hB®i measebns of the

12" (300 mm)

Table 4.1 Small heA@enbismecitfeimpatriaa ug eat 20
Power 30W
Vol t age 14240 VA

Max. curre|(3.0 Wsk)

Di mensions|7025850 m

Oper dteimpgr|-45 tAcC 70

Figdr@®utside view of the thermostat
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Figdr@ut si de vDaeva Taflodt5h0e0

6) Part admu rnidlmnet was rle&dmmacadspgranthePB0 tvulee
of this can 4b)7 sAe ntthrea nBuppeereidse havi our of tt
observed.

MPCM powder moving inside

Inlet for MPCM

16w Inline ducting fan 5"Ducting

Outlet for MPCM

PVC Duct tube

FigdrED view of the 100mm PVC tube
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PCM Specifications

Mi crDb8ab008 X (Micronal PC&¥eprwareemitg e h € Mmueseds
smal | pol ymecesdpfhelpiegh wy t hamaffin wdxeed Pplowse
version of a paradgudliant ed xwiutrke dimg clr yoreentctagps | me t
mi crogranfFiigdrsgen 1in

FigdtMi crogram of Micronal DS 5008

Due to the fact that the Anelcomgt ot ntieovghre Ma tcu
t heor étemaci anltliayi nteedat I s absorbed or rel eamsed bec
released whEngutesé4l 9dshows .t he mel tROM ent hal
i ntegrated buil dithgmpnanvatrd edweaegi mgefvult ht ec hn

mi crona.
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30

_25
Ry
=,
20 20
=
2
= 15
1]
(o))
£ 10
S
=

5

0

1 6 11 16 21 26
Temperature [°C]
FigdrBBxampl e of the mélcriomagl| e ®tCiMal py
Tabd4 . d2chni canmi cdra® @Mlo f
Solids content |l n powder form
Particle i ze 0 .1@.m3n
Bul k density 258509 F m
Md ting point 2AC
Latent heat cajl100 kJ/ kg
Overall storag¢l35 kJ/ kg
(integrat3®™P r
Mi scel l aneous Loaust
Thgrevention of emissions or | eakages

rangeasl I(yusluowkg

of

of

par af

thaan ld@pomt amtoeaadaprstud e | @fn
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4 .

Experi menhhaldanpgrgocedur es

Si X quamite¢rt@Md| (oml , 100ml, 200ml, 30GmMdyYUp #00m
2, 3, 4, 5 amdwrme,t hreswpehlcttiveeliynsi de circul ar s
ofl85m3Mweoer t est ed iwi ethhcihs teexspte rniomemmat!l,l v t aki ng
and 15: 00pm.

DFirst switch on the DataTaker e olpenk twleet
the sensors and thethagitgAamsnate wsr khegr eA
comrcrte to the program.

2)Af ttehrmake sure that the ambiAthbDweemper meur e

i ncreasestdruendgtoh tdhife t he sd8l i ght, as shown ir

Tab4d 8 mper-aeuteng in the experi ment

Bo x

Sensor s ) Duct |[Duct mDuct oAmbi e
Il nsid

Temper/AE|1s8 18 18 18 17

3YMake sure the hmaxi mwmEofad JdtGursieti tatona at t he
fan. Then, startignpaddt hO0O0mmhni @M bfeorf i evsdr y
into the duct and mafgeklawsr potsesi bagture the d:

4)The ambi ewmtsehtoaurkpeprbetbe@ owi 88§ the entirety of
Save the file and turn off t huer ehefaltu ch@uatcees aa
5 5Repeat the procedsirge ofurpem hatvep bZ® ewn teiolmpdilele e
have returned to their 44t.arting values, as s|
6)Export the dabomaeigtoupgpxckl|l dat aeéseadbrddum, beae:
wi |l | t akb haorurusn.d 4

119



4. Re3 ul tasnnadrydi s

The PCM t empaearnmotunrte oadn ch etalte t lmesgh swrmo rieldl u shteroa teit
Fi galrOMi cr BGMI|I experiences sensi blfe omeathegdioxs ba
mel ting A@iaftt @f ©21Be t A@@ e maciomsset aghei ts@ st tot hPeSa t

happens. Once the | atent heatdstmoea®@Mils finis
temperature increases.

2A

3]

2

£ Temperature of

[

the phase change

Amount of heat stored

FigdrCMs temperature change over the heat
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0 ml PCM (Pure Air)

32
30
28
26

24

Internal(0)
Duct(0)

; /WNW\I\—\,NM —— Ambient(0)

18

22

Temperature t

16

14
0 20 40 60 80 100 120

Time/mins

Figdr&@dmperature of the iamtbeéeremal aairr ,undwat Oanlr P4

100 ml PCMs

Internal(100)
Middle(100)
Ambient(100)

= = =|Internal(0)

— — —Middle (0)

0 50 100 150 200 250 300
Time/mins
FigdrBemperature of the internal air, .duct air a
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200 ml PCMs

32

18
16
14
0 50 100 150 200 250 300
Time/mins
Figdr@@8mper at uirnet eorfnatlheai r,
300 ml PCMs
32
18
16
14
0 50 100 150 200 250 300

Time/mins

Figdra@dmperature of thre damd eamhil e mti
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duct

..... Internal(0)
----- Middle (0)
Internal(300)

Internal(0)
Middle (0)
Internal(200)
Middle(200)
Ambient(200)

ai

r

Middle(300)

Ambient(300)

rai

and ambi

duwnd e

ent

30!



400 ml PCMs

32
30 P
I’,
28 #*
’/
26 i
24 joo o~ === Internal(0)
H Middle (0)
22 |4
A Internal(400)
20 ¢ .
Middle(400)
18 Ambient(400)
16
14
0 50 100 150 200 250 300
Time/mins
Figdr@é&mperature of the internal air, duct air a

As shdwmpdrnlbt he temperature gradients of the i
gradually wot hPCNe. abbBesckes due to the tempera
and ambient air increasing whlem addei@¢tiimmatrinal hea
i ncrasseasdhown by the f:@bAAIA e Yadbdpwes el giusa tti hoen
thermal transmittance ot hoeohxe, ahvgand semt $ st hdet am
di f feerbeentcween i nter naThermpafherrenaidsgvthica:msloai r

TOt,0n the temperature gradient due to the net

i nternal heat gain.

The PCMs shoulldatsdamtr th eadbts ofrrbamgt he duct air
decreadseée cdil dmpma whempteh @t diw &3 Trl®Bascnmée sc o2n3c | usi on ¢

) W

drawn when compalkbithegttempee ature I nomeaseth emidaul

temperaturAeC reached 23

Table 4.4 Data analysis.

PCM vol]|Ti me unitJAver age a

internal {temperAll y
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i ncreasiid

t o ABO ( mi n
0 95 18. 95
100 231 15. 72
200 230 17.68
300 229 17.92
400 210 18. 37

The time needed for the i nA@&mnA&Ih ate npaed alt GMse bt
the duct was aroundThewrmb B8 CMatf lodwitmg igm otulpes .
t he resud4Tshiosfwelth btlheeP @Ms | i d ystodr e higher amout
whil e al so sa&albsvamlmped hradr ¢ hleegat and had a bette
without Hdbhwe PECMs .t he vhladmefithé&dtehenROMae | engt h

The temperature gradient of the duct and inter
hih@m@nd the temperature gradient of the air decr
| owees ,shown by the 4068mletnplrearat urEBhitendleowy t s

by the ambient temperature.

A shorterwas mee@eetitoal i nternal teh@ad8mdadasire to
shown i4n, 4Talbdgegesti ng that t he aenmbgtemerdoiwemeer at

further researdc¢m dmuttulhmies I s expected

To test whet heaododlbiyrsd e@QMwpasiemagne giydealr el ectr i
conditioning system was aitard i didtsigerdierimgppr ec empad i
anldept the A€oMmhair moatyna®mic calcul ation method
| oads and apaavredi toif ornihreg idnevnigc et.h eAfrteesru lotbst,a a cc
poweaicmmmdi tiione nggndletvbpeddddd wasl i ng e Mhftegtr ad fe c

syswaassessed.
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An extr a3 W ewaatse rp uotf ionftfosheethdehbh o x| bes caused by

uncontroll able reasons.
00 0é-08
Thergegfore
Oes"08 0 QI G@NRA é ¢ AR D Ghé & QQO0 DBatt @8-G0 o
whebsmdas taking away tibh@ shehate heam ahesowdleld, by s
Vo YAO A 'Yl O &

wheresUt he thermal transmittance of &lt hper ensaelnlt,s A
temperature difference between internal space a
respecdiisvenbyef t om 1 7wAhC atbociodr@Fa® 8.€1i9s 230 mi n.

Di mensions ©D0mmi § B6ROmmel 600mm, and the thic

compri®Ommg insulation and 20mm wooden pl ank.

Thtehercmanlducti vitgl odig M Oyl astoi o si t Her mal resi si

: Q Tipa e
Y ~ oo o O P
Uval ue of btohgdy dwmgord &n Orhi s
. P P , e
Y Y wmur o PRece D
Thev &l et biis wal |
Y P .
° Y Y T P ecd DFw e Ta Ok

Surface are@adédsomethhe bowgdmds tWwWeshpags aftalrleo wss: 17
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oo T T p T p ¢ T8 YN B
Temper at ucrédd o inf fhexrieymor8
Therefore,
ODsoea YADA "YeOo=e O 148. 08 1 1B18RW30 1T 60 =

whemeed s diemepift y,hewaillQ@bi s the heftt Boas al.iXdy
QOLOAA Cis vol ume of Odeh e0 a 3B ed ee f boor xe,,

Oeiar W o ddbododadY= 11 16. 24 1 10.13MW)4R@&F0Oa( 30
Il nternalarlee &t f g@iches B O Wish sga tveern by :
0t 0 QIiGWHE Q& D oo Qi i Aar b0
0 Qeomli Qi Qi 56:@GD
whelh g bgopower raditse toif meh emdreirqd
Therefore,
0 aaic=0i oi o dadHo B0 2 3 0=411 46060 09 DO &
The cooling | oaaseof air conditioning
6 € & adQE B D é ¢ QQO VOE O '@ WO "G liv-i d o0 oo
=6 6 . (BOM

0 € € a0CE QPP ¢
, ~ h
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wherTe 4 Ei A—2— o ®ojiand. 16 is certain coefficient

Therefore

, CRULY

I n the el ectEmiecEdly | pRadifi€EER)t Wé commonly used ai

about 3, whetre tElER rmratpiresefn the cooling | oad a
0
= O
0

Therefore, the elsctgiveal apoWweld | oewvgui red

. 0 .
V] - L1V
s X

To summari z2ze abhh&@58%ahbcul aonditioning performs s
passive tceonoiwig hsyas 16 W fan. The air conditioni
al sol tesisme f or t he tsop a cnkcrroheenspeenri atti vatl@ rvgpd tu eot eo. |
experiment failed as this PCdW g aesrsdrvgey coro | ti migs
Further research is expected to be done in the

4. Lohcl usi on

This project aims to researpcahs stihvee ccood® |ilinngge esfaytse
revi ew wa$ acaenddtulcd eals ppercatp eorft iPeCSMs cl assi ficati c
and apmd.i cdtttimvgesbkralg acknowlsahenddowhewh &t hBECM

experwanemttr oduced ared adTihsec usspseecdi fiinc PCM used i n
Mi cab8 5008 X. lts AM@lambhgnpoheh0O0slhphkgBy
Temperatumaés spfacientaern ambient air, and duct a

col l.ecRiedle groups of data with ,t B0 M,amadl WUMe n
respeavteirweelcy, dreaxltyestendimdigh t hi s dax geraitmeaeamtp,l yiitn

127



in the cooling could extend ther ¢ A@20ARB0 t he i n
Howev ée,lteihngef di f bemeenbfavr@dCtMsmuch di fferent fr

Mo rree stiekoar chvghemes of PCMs should be done. Most
transfer theoretical analysis and calcul ation,
enewhgn c owiptalr eads eelodct ri cal aiac hcioemwdd a tho na fnfge «

conclude, this projecterdaear d)bdg aaop palgycionmgp lai sPhCM h
cooling system, and further research i1 s requir

421 ngreatPiClhvg sl urry system

Temperature i s Rkhieawvlid ymassfd wreee wdtt,lhy a | ar ge me

smooth out t dmegeUdstadulre Ipeakys mass. A good exam
corrugated ir enrV@han ctol e gsnen ciasd hst r awrd g, btehe he
unbearabl e; however, the Cologne Landedakinll e wou
fammbhgsonst rsoet ihbooouse of 200 metric tons woul d
e Xxtemes.

I n the winter, good insulation is hugely i mpor
order to keep the interior warm tghmough einres glya
the building. I nsutheiimaathaen salmmerhelhp weesrcku g e t
heat comeswitnhdewd ht téhesol ar radiation tbming t

i nsul ati oyn ccaauns ea ctthuiaslolpa ® bil emptevegets the heat
Te extent of the interior temperature will depg
windows, the orientation ofvetpbbtbofl dhegbut hdi
ad the internal eneirgyccmdirtciecn i rnbdu idydsteme n nWwiyin o
way to create a comfortable temperature is to
stagritrhe heat wit hTihni st hcea nbwis el mdjohngdn & leys ed fmel t i ng
of 23AC and enclosing them in microscopically
textured plasterboard or i ats3iAthéwnrapsodbcheats
temperature thus keepinggthebeéemper at umatet abl

| i ve.
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Anot her benefit of this dmetshenebdi 5§ 9drh aittu schadn ab a
| efsrse qutenetdeylyy ng a | ar glen aardoduintti o m,i atohsiesd kneeott hhoed
area of housesamthheorfé e oceeé ibtuimanywgmpseopl e .by gi v

42 Mi croencapsul aterdryphase change sl u

Mi croencR@MUlyatisndmwitiroltapsul es arcxandbepeseediin
bl ends tlerkerplcesyesnsteoor bpppHnegltt opromedesamafgo
thermal easmedwy ctsdoemad@peuimat i.pnfdp esritsiadaspPtropr i a
maxi mi seoalsien gpResoemiclessoencR@M udrlagd ehchs been prop
wi del y i.dvwesctrioeantceaadpsul,ahedP@E@Mi sl mrcyoencapsul
i n a -pshiansgel eheat t r anssdiewd Gnbiucdrdo e noc Rf@deg ud latuheady . D
the microencapautatl esn oh BRBEMhe nmal asital issheal
frome tcarrier fmucdoewbR@Mudnakrerdy b e HMevaea whii K e |, ¢
t he heat <capaciitsy soifg ntihfei ccaanhteliye ai¢redhréies dseeadt stoyc i a
p h a saen gcehl h emnaenayd v aensd fa gunsiicnrgo e n cR @M ud ladheadyt ast or ag
medi alfhi stihecli mdee®ased heat thanfslf eirdcoardfheat
due to the | dt plhatt ipiadtteinkled act i ans.

42 Rur abimiidcryoercPLCMsl at ed

|l order to test the durability o,f1®mMi0crcoend easp smel
conducted during ,t haess BASRAv nclyOcnl O bidg waydesl t4s. dst  ar c
yeaas 300 cycles normally takei fuynmiacnr. coent ctawvassu |
PCMst ayed virtuththlwehte hceagpsaacmet yanadid t he | mpenetr

starting | evel
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1 Long term test at 24 cycles/day,
Time: 16 months

1 10.000 cycles (finished)
! DSC unchanged

' no damaged capsules
7 Fogging test approved

JJempenture €,

e

04

am o:h]

Figur®udabili tyPCH(BASFoOoNnadll)

42 AddvamrerwdPCMs| urry

Becatuhsee cr oencR@Mud laarerdy can be used as a therm

t rarMfdduetr can off er,smahyaadvantages

During the phllasetchasgea phergiho storage capacity
-As t hese pulmprarbhbeesnaayr éoe a ptohses isbanhe tnye diou nu steo
transport or to store energy

-Due to the el ewaattietdo ,sas fackelwdbinendley hiagl

-As a quemse of the reduction capwmwatssalfd @ wh alau ea
pumpi ng power

-Due to the higher heat capacity, it |l eads to
transfer fluids becauseaotrebe reduction of f
-Fi naxloimp,ared to consvemti dh &l heaatddhetser aige dilanv fe
a better ther mal energy stor agemadcemosiatpys ud atweda
PCM tanks.
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42 Dlescri pt isyrs caefmcreew

A
o

2T
4

Cooling by moans of
/ Radiation exchange
During daytime

FigulI@®hé. conceptdodynteevmhybr i

The concept i sbulilndingg tdoowmno otlhrtchuegh a number o
energy efficiency. These ways include a ground
actvating the buil di ngg stthreu cctiurrceu ItahtrioouRgch fc ocna Ir dc
provides storage water through the ceiling pan
a cooling capacity. I f ethef beathéeé oadolexcgedapa
PCNhel ts and reduces drhipdihenadcipem&t ioor edf at Hh e ns
Fi gulr/e sAh ¢hvei cjoncept of new hybrid system. Hot
these typgegs ®ysseéms. These @y es adursceisargteadp ornwcre

charged energy sources | i ke a heating system o

I n gthudy, macmoerdR@Mudlaarerdy hybrid cooling syst
i nvetsgad.gaThe perfarhmaoceeabha@lg ssisurorfy system wi
and the systematic deter mi natmiomrnaod p sPytva teaidn r d g
syst emsanwail|wisietdee di fferent o awirlilc alie othe ptreod ealmn
i deyntti fee cnoonsotanm @ a ¢ fmfi ica ioemtcR@M ud ladrerdy syst em.
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42 BBx peri ment al section
42 .3 Design of the prototype for the experi ment

The experiment aimed to idehtdifgalWwhghdbaeredd e et
s masiclal e wiadesi ghgd, constructed and tested in
chamber could provide the stable ambient tempe

system wittawhkess ed tek bweogoidven b ox a tsemmopoetrha tcuornef.or t

I n order to investigate the most efficient coo
tendency of the internal aimitempecR®Muwiatble da
di frifterfel ow rate. mp oearst nn @ls tipld endeadln ¢ epocREE Ul at ed
around the pipel i nlehtceeoud|di npg osvu pdpel ya spyrsetfeemn.r e d

reduce the heat peaks over a |l ong period.

42 .2 Sel ectPi®bn of

I n this experi menmi c V@ @M)o nwad s aDsSh Ee0s0t8e dXa gfe omel & i
to i mproveetrferaoamnlciengpf the prototyp€, Whecmel
the i deal tempervat urdod efrgprn eas pdr svVdmircoafea@)D K r =0
given i A8Figure 4.

[ Technical data

Solids content in powder form
Particle size ca. 0.1-0.3 mm
Bulk density ca.

250-350 kg/m?
Melting point ca. 23 °C
Latent heat ca.
capacity 100 kJ/kg
Overall storage ca. 135 kJ/’kg
capacity
(Integration range
10-30 °C)
Miscellaneous low-dust

Fi gul& Mi rDcSo n5adl0 8

132



Mi crD8ab008 X owes its excellent heat absorpti
and solidifying. Trhes oplalpydascnia |clo npsoil sytnse ro fs pnhiecr e
of 4pughty paraffin waxes. Mi cdoorml udPsS, 5008r & i
an al most constant temperature of aboutt®3o0AC
maetr i al used. This | eads to a significant 1incr.
heati ngi nigddg do alrSo a0 8 X cpasBapmlsiedat inons or |
combination with active caolbiereguesdy atsema.-eHeme r
conditioning concept. It breaks the | ink betwe
Envimeon al ee,gemngherf mal cooling from borehol es)
time | ag. dBgaaeathievatiigbhm can be achieved with we
medi um. The maxi mum cool ing outop unto r reeefagfuiiecri egn tc a
buil ding services solutions: in thenbadttaivmveas es

conditioning

The overalll heat storage capability obtained ¢

i rrespeetcareriodr tmatri x:

QP CMP €M gif

Qmatrix = mgiatrix [ cp 1

Qt ot al = QPGHWE 1 Qmax/rkagxk = 30 Wh/ kg
Cp p=ecs heat capacity of the matri x
m = mass ratios of PCM or matrix
f = temperature interval

l'ts micshgwhRimjuadseCRBapter 3)

An amouatt iof dhteored when the wax melts and i s
poi mti cafoencR@PMuiALt @i ch theoretically means t
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abouM@ 28 be mai nt aitniende fwhre na ipté e iasd deaxbpbeor ri petnico m ¢

releasing heat.

42 .8 Sel ection of | oop pump

RupturimigcrodencdBgMutanhedause ishehvee rsayls tperno.b | lenmsp &
| eakage of the PCM from the capsul eageoutlad t mau
pump. Damage and cracking of t he icnadpuscuelde sb ya rteh «
unappropriated pemperAsStattibepuept, the progre
per mamagmmtet motor pump do lreotr upda uarealalnyd icrachu @aes
These pumps offreavitievmeablaatpgret ©fi nl di d echato
flows inside tlhepepopel thhe. SahutshBalre®0Da®2) ohnhs mc

used.

13.1Technical Parameters

Power Supply Voltage 230V AC50Hz

The pump needs no external protection
P42

5%
1.0MPa
Liquid Temperature | Minimum Inlet Pressure

<+85°C 0.005 MPa

EMC Standard

Sound Pressure Class

pump is lower than 43d8 ( A)

Ambient Temperature 0~ +40°C
TF110
The maximum surface temperature is not higher than +125°C

| Liquid Temperature [ F2~+110C

Fiug el e chni cal i nfor mafailawurs20fL2mot or pump (

A 30W-HGK smal l PTC heateri masaftéexehdhei nhstdenah
S paictes out si de Vv Baeper easnedn tdei d & nnd iaFlishdeo wis. 4 h e
speci fofcatthionnsheat eshoiwmt Feylmwassdtd boxcontrol
maxi mum inempenaA@in aadidh3t2s omeans that the heat

when the internal t ABperature is higher than 3
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1.97” (50 mm) 0.98" (25 mm)
=

N

Clip for
35mm

|

L |
’ l DIN rail

i

|

|

.

|
|
|
| I
= '| Cable
= ﬁ 3x AWG 18
S (0.75mm?)
R F
BRI

Figu2®udsesidi ew ofantdh eDihmeeahtseirbrs heat er

Tabl5&mal | heater. specifications
Power S0W
Vol t age 142 4WAC
Ma x . current 3.0 A
Di mensi ons mm
Oper dteimpgr ature |[-45AC o ATO

At2B@mbi ent temperature

Figu2®udsidi ew of the thermostat
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4254 Experi menttalc g¢ megma m

Thmi croencR@Mudladsredy hybusdngoglixngnsgstcemnect
foakumicnooulm ng fins was fabricated to hienvestig
t her mal performance fe 84& htolwes uhe cfc htehmatfiicn d.i e

experi mentwhiiardpcpl aBdtshe at er, a pnangmdc iar sl luatriyo m
tank.

Figu2®& hMematic diagram of the system

4255 Experi mebhhaldanprgoycedur es
Thi s experhengvaintabla ssutraegmee nt( io.fe .t,h et hrepiownmd che n nkyo x

nor mas urd@eimy. To test t het hreowoani,n etdn eb et tewrepeenr alt S8ul

The insipekrwaaae&s means ur-eydp evi tt the rénoddcnoduapt | sedspdpaa raat u s
as shown 6, nanfchbd @n e c tAendo tthbeere mocomppt er was | eft
order t o epercfkoacrmanb
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Thehamber di mensi on38mheerigyhdanm igroBthji t wohhng syst

mai nt aidneisnigr etdhet emper at ur es.

Di mensions bDb0O0O@mm »okO@O®@mm x 800mm. AlIl faces
presented a |l ayer oftexsGFad000nPioRl iew g-dimahte dode l
i nsul ati amWv & iod& riBs?sK. Layer-m@ tli ak®2®dss pl ywoo
a Wal ue WJE2AD.. 36

Tabd4d.e6 Expesretmemdtarlument s used for coll ecti ncg
Devi ce Measurement | Accuyr ac
KType 200AC to 13|N1.5AC

Ther mocoup

Dat eTfakbT5{({Logagalnlg t emp

The testiprasefiot ows

1A certain amount of Micronal DS &8908h&XwwasnpkF
423 Regardi ngP@Meo ptoil manle fadsra |sctuolraatgeed, Airytk aresd v e d
(2008) to be betweer/fH afndfrle Sk gv erit iPICM edraimr
m, 1/3 kg might be required in 1 hour.

Polymer Wax

5um

Tm:21/23/26 °C

Figu2h4gsical form cfd WCM maeanmdc aphseulratcoR®ltont ain
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2Theesaidcroenc®fCMubadwansd txeerd and stirred wel |l
homogeneous mi xtturkleeonwi tt @ emisobarcnae S wnr ei n
42 4

Figu2#i Ag mher oencamGMI| ati on

3The watnkr and pi pe syst efAn gw@de nl 4ot chaet ewdo oadse ns hf or var

i nsul ated room

/

Figu2®8tducture of pipe system (pipe di amet
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41 nside the simul at ednsrtoaoln,e dt hiten dpeiripleti &styr,sht zesd iwla
Figua6dhehi croenc®fgMubauroy remained circulating

bet ween the inside room and ®2KFe water tank by

Fi gu2€opper pPiCovusr iyor c vilnastiedde b o x

Four2®Water. tank
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5Tcenhatnhcee heat e x c hmaincgreo ebnect@edéuna atchieo he 1 nsi de 1
cooling fin @finmdhea neidgpec wat hyasol dered in the
pi peensyas show@8 i ThEi gureode of thaainrcege tthies hmatt
exchangnmi corfoeanceRECMub ausleas esal |l ows a | arge area

mi croenc®gfCMultatconduct heat. in a short period

Figu2&odl.ing fins (20mm)

60n the first day,wemessgdtempapdwi hboubomonsi
test peri ond The ewadnlfaors r b heat fr om Uplhen ¢ hamb
reacthh emgmaxi munm,a rttleede ht ¢o@tmt k1 ecaocnodbudt psoind et he heat
obtaBbnshgady stampecenddmea®ngf t hwee twealh d n

140



Figu29hé. wat eerd tpammip aout si de the chamber

7. Ten the diffeméermntropnoe@@Muiiesnhitcdhfe only wvariabl e
t her mal performance. Thebéeatsd stdisdpyl @ haniten t @mof
mi croenc&ECMuy lIrdathiean poweri noffl upeudupe dvadet ai | s ar e |
47.Asntihe above test with no PCMs, the heater t
t wi cer.esTfuntedm t he diafrdeemeamledtriomuest i on.
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Tabl76&6rHup oneesotfs t he

Ratio of PCM FIl ow rate L Power consump
Pure water 8L/ min 6w
10Wmi croencaps8 L/ min 6W
PCM
15mi croencaps8 L/ min 7W
PCM
20mi croencaps8 L/ min 7W
PCM
25mi croencaps8 L/ min 8w
PCM
BAfter identifyimgctbenb@gdul ateoonaof yt hariabl e
i's the different ekoperirmeEetdup et hwa sl it huwiod.a meh e ¢
det seles T&bl e 4.
Tabl8&GrHdup two of the test.
FI ow rate L/ min Rated power
6 nri/n W
8 L/ min TW
10 L/ min 1w
12 L/ min 1w
16 L/ min 2 N
42 . 6Resul td3 szmud si on
The Irtessuouf the experiments wil/l be presented

- Room wi

t hout

PCM

142



-The differemtcroeanic@®Cdlul alhe on

- Thef fdedrenawoé&bowe | iquid
-The | ength of the pipes
- The experimental anal ysimni goetritb@scycl e t
-Analysis of comparative ther mal perfor ma

42 68 Room without PCM

The wooden cudiimuleatwadg travoinerd n a(swanhthaud bhiel
presence touhda®Pher PEMpetthatitemper atures measur ed
rapmal gthreed t enden cAlniefa stulr e dhtdedmgde r(d @lo A E 2

Room without PCM

temperature’C
N
<

39

77
115
153
191
229
267
305
343
381
419
457
495
533
571
609
647
685
723
761
799
837
875
913
951
989

Tim

(min

—

s Epty Box

Figu3®aal .obtained in first experiment, with the

42 .62 Roomt wi PCM: The dimfifceroemtc aP@mMil atofon

The second experi ment measured theinsp etrianteu rweist ho f
exXi st enceoxmhlcaRt@Mncircul ating on the ceiling tF
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i denthief ynost

Temperature °C

Temperature ° C

30
29
28
27
26
25
24
23
22
21
20
19

30
29
28
27
26
25
24
23
22
21
20
19

e \\atertank e inlet Temp s CopperFin Temp

32

63

94
125
156
187
218
249
280
311
342

34

67
100
133
166
199
232
265
298

Watertank

ef f
rat inoiscroofenc  CMudddHt 1 b, a 2050%

Inlet Temp

331

icient one and t heviidnefdl
( Hi.g8ulr)e

pure water

]
g ‘-—-:-—

S SO MW AaANLWOE A< ~OmMWOoO N WO < sk~
OO MOUOON OONOONOONLL OCNLWL OO LW
MAOSTIITVOUDODOOONRNRNXRNO XD S G

Time min
Outlet Temp e |nside Air Temp

10% 8L/min
M s N OSSO0 OO A N < W OIS0 O o N N <k
NSO MW OONLL N A ~OMmMmWomWwo o
MIFLITIVONNOCOORRANDRDOD D DD I

Time min
Outlet Temp Inside Air Temp

CopperFin Temp
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u ennt coe da f



Watertank Inlet Temp CopperFin Temp Outlet Temp e |nside Air Temp
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