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Abstract Cooling of air in buildings has a significant effect on thermal comfort and, consequently,
productivity Rl RI¢FH RFFXSDQWY 7KLV VWXG\ SU HNahQ @ficiedcodgD WH RI WKH L
VIVWHPV WKDW ZLOO SURYLGH RFFXSDQWYV LQ EXLOG&rpQdtteZLWK VDWLV
cooling systems combinedLWK UHQHZDEOH HQHUJ\ VRXUFHV LQFUH&aanHV WKH HQHU.
KHDW WKHUPDO HQH WsihgPhbde (Chahgk aefiadl63&0 LV D UHQHZDEOH HQHUJ\ VR
implemented in space cooling applications due to its high energy stdesupity. Since the share of
FRPPHUFLDO EXLOGLQJV LQ QHHG RI FRROLQJ LV LQFUHDVLQJ WKHUH L
in orderto reduce the energy u2L WK R XW FRPSURPLVLG@R WKHYV PHD@GF DPSRIRMRVHG YHQ
system, pHOLPLQDULO\ DQDO\]JHG LQ WKLV SDSHU LV H[SHFWHG WR UHGXFH
system is composed of an air handling unit,-gig2 active chilled beam system, and a cooling system

including D /+7 (Wing3&0 )HZ UHVHDUFKHUNWHIGY i KLL@WAAAUGANDH D BYdtelths D L U

that integrateD /+7 (&ing3&0 ,Q WKLV UHYLHZ IXQFWLRQ FKDUDFWHULVWLFV S
existingsystems are discussed.

1 Introduction storageare used to shift the peak loads @mdvide high
energy saving potentiaLatent heat storage in building

International Energy AgencylEA estimates that the applications is achieve@ L W K Wd Rhase/ €hange
energy use in the building sectwovers around 40% of Materials (PCM. 7 KHPCM applications ZLGHO\
the total primaryenergy use in th&nited States{.S. FRQVLGHUHG DIWHE) carRridieGto iU ),
and the European UniorE{ [1]. On the grounds of GHYHORSPHQW RI ORZ W@HWK\ ROW& RL
sXVWDLQDEOH G Heerh® &fieiendypalicie® H Zhermalcomfort performance.
for buildings have been adopted in the last decades, and
QHZ WHFKQRORJLHV KDYH EHHQ G ORSHG ,Q WKLY GLUHFWLRQ
the EU introduced theNearly Zero Energy Buildings gpﬂase hangeqwaterla S

Q=(%oncept ,Q RUGHU WR FRPSO\ ZLWK WKH UHTXLUHPHQWYV
Rl Q=(% QHZO\ FRQVWUXFWHG D@ fClassifRRi¥® WHG EXLOGLQJV
should reach nearly zero energy {&e Even though the
thermal performance of buildings has improved, the “PCMs DUH PDWHULDOV ZLWK KLJK KHDW
cooling demands are rising progressively due to the globalstore or release energy by melting or solidifyiaig a
climate changg3]. According to Global CCS institute by specific temperaturerange[9]. PCM are classified
2020 the share of commercial buildings in Europe in needaccording to their change of state conditinrdifferent
of cooling equipment is expected to increase up to 60%form: solid-solid PCMg10], solidliquid PCMs[11], and

[4]. liquid-gas PCM412]. 7 K Hlid/liRuid PCMs(Figure 1
American Society of Heating, Refrigerating, and-Air consideredn heatenergy storage applicatioasedivided
Conditioning Engineer§ASHRAE states thathermal into three main categories organi¢ inorganic and

comfort is “that condtion of mind that expresses eutectic§13]. Organic PCMssuch agaraffins Z ich are
VDWLVIDFWLRQ ZLWK WKH WKHU P Detudel @l yiodurt @ity Acidsapeommonlyusgtiny V H G

by subjective evaluatidn[5]. In addition to the energy 7KHUPDO (QHUJ\ 6WRUDJH 7K DSS
demand, thermal comfort is of utmost significance for the inorganic PCMsare divided into WZR FDWd4alRULHYV
RFFXSDQWeig &nkd Gpédductivity since it is hydratesand metalicS DUDIILQV IDWWRDFLGV D
estmated that people spend up to 90% of the time indoors K\GUDWHYV KD Y usekHidil@ing, H\GAE Osblar

[6]. tisaFNQRZOHGJHG WKDW D KH D O weryyleRaB e, $pateriatifexai€ andl ool industry

of a building is a result of a proper design, instadlat applications[14],[15]. 8 QWL O &alZPE®Ms have

and control of theHVAC system[7]. 7Thermal energy  been usedn electronicsapplications[15]. 7 K Hutddtic

VW R U D J slich7ag@atent, sensibded chemical heat
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PCMs are binary or trinary mixtures of chemical
compoundghatmelt and solidify congruentl}].

ZKHUH WKH PDVV RI WKH VDPSOH LV P}
temperatures.

solic-liquid :
PCI(\]/I 2.3 Incorporation methods
I } 1 7 K Hncorporation methods of PCMin building
. . : . applications referred in the bibliography aredirect
organic ihorganic eutectics incorporation immersionand encapsulatiofs]. In the
direct incorporationtechniquethe PCM in liquid or
P—— — SRZGfbitd is DGGHG LQ EXLOGLQJ PDWI
compounds [~ Salthydrates— 5000 i immersion technique refersitopegnation of theuilding
materias in melted PCM. 7KH WKUHH W\SHV
) . : encapsulation depending othe capsule size are
ré%rr;%%rgmjns metallics | 'ngrg:rﬂf macroencapsulation, microencapsulation and
nanoencapsulatiof7 D EXQ bh macroencapsulation the
_ _ PCM is encapsulated i shell such asibes, spheres or
| 'if:]%r%%':]'ii panels[23]. In microencapsulation the PCM particles in

solid or liquid form constitute the core and are enclosed
in a polymeric film to produce microcapsulgsl]. By
using the microencapsulation technique, the convective
heat transfer coefficient can be increased
Nanoencapsulation is a novel method for encapsulating
PCMs in nanoscale. Recent studiEg],[18],[25] indicate

that the nanoencapstion method can optimize the
Organic PCMsare regularly usedh building envelope = PCMsefficiency. Liuetal[18] UHYLHZHG WKH SUHS
applications due to theifavorable propertie such as  methods and application of NanoPCM and suggested
chemical and physical stability over repeated thermal further research on molten salind hydrated salt
F\FOHV QR VHJUHJIJDWLRQ QR FR briddpsulatio@ sinEeRriroStxNwicE are tovvised anViriganic
different materials, no supercoolifit®]. Conversely their ~ NanoPCM.

IODPPDELOLW\ ORZ WKHUPDO FRQGXF . G H
change aredisadvantagef this category[17]. 7 KH T\%EX'EWa\)su%t%n metlods 3rbE1

Figure 1: Classification of solidiquid PCM

2.2 Thermal properties and testing methods

Several studies[16], [17], [18] are focusedon the
evaluation of tk properties of PCMs

inorganic PCMsare characterizecby high thermal Encapsulation method | Capsule size | Reference
conductivity,small FKDQJH LQ WKHLU YROXP FvackdEhdapEuldtoV DX édopm [26]
high heat of fusionput supercooling and corrosicare Microencapsulation 1-1000 P [27]
effects commonly met in this categorji9]. Metallic Nanoencapsulation 1-1000 nm [18]

PCMs ZHUH UHFHQWO\ DWWHPSWHG WR EH HQFDSVXODWHG DQG DUH
proved to have high corrosivitgnd volume expansion.
Eutectic PCMs tend to have droad range ofmeling 3 Latent Heat Thermal Energy Storage
temperaturg high volumetric thermaktorage and no (LHTES) by incorporating PCM in the
segregation is observed throughout the thermal cycleschilled water air conditioning (A/C)
[20]. 7TKH WKHUPRG\QDPLF SURSHU\/gyé-té/mRI 3&0 FDQ EH

improved by implementing enhancement technicues

as metal foams, carbon fibers and expanded grgfiSite

3.1 Heat exchangers arrangements
Tablel: 7THVWLQJ PHWKRGV RI WKH WKHUPDO SURSHUWLHV™RI 3&0

PCMare able tstore latent heat arsgveral studieBave

Testing method : Reference focused on the energy saving potential bmilding

Differential Scanning Calorimetry' 6 & [13] DSSOLFDWLRQV $H% RPCIG appliaidms . R Q\
li:;t;'r:xe%(\),\(/j LDO 7KHI®DO ﬁg can reducehe energyusebetZ H F630% in residential
7KHUPRJUDYLPHWUSEFE 22] buildings.PCMsinserted in cold storage devices for-air

conditioning applicationss a method gaining ground in
DiIlIITHUHQWLDO 6FDQ QL QadRifieezRibl L P i@/ HMAC teghnologiesStudiesL QFOXGLQJ 3&0 /+7(6
7KHUPDO $Q D Odr¥ h&/mos7 gommonly used Systems ZLW K Z Deéat Wrardfer fluid(+7) are

testing methods for the measurement ihermal  analgedin thLV UHY Kiddd storage deviceZ L WK
properties. Both methodsare usedor the estimation of ~PCM can be classified according to their constructmn

latent heatand requireonly a small and homogeneous flat-plate, double tuheshell and tubsandcompactin and

sample. Another useful testing method of the PCM tubeheat exchangefas].

melting point,heatof fusion, specific heat and thermal

FR QG XFWL ¥history methadideveioped by Zhang 3 1.1 Shelj and tube configuration

et al. [16] &RPSDUHG WR ‘‘soryDQG '7$% WKH 7

method considers a larger sampleaisimplifiedset up. TKHDFWRUV ZKLFK SOD\ DQ LQIOXHQWL]
7TKHUPRJUDYLPHWULF DL Bbanethby WXEH KHDW H[KDQJHU WRRB | LLIXWUHW LHI(
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temperature, the Prandtl number, the Reynolds numberf5°&  for discharging ld to a shorter
the length and radius of the tuldéorcos[29] investigated VROLGLILFDWLR®&. PHOWLQJ WLPH
a shelland dimpled finned tube heat exchangerd the

3&0 XVH@nm@uke of DVSKDOW DQG SDU@I,I}Qngn%[
investigatecheat exchangeZ DV H | IfbiFterHp@réfure o

differences EHWZHHQ WKH +7) DQG W§<I—é %&q_ SIB%\&H
" ) . : &0ILQ WXEH KHDW H[FKDQJHU
transtion O R Z H ULG/KK.BIADDix [30] investigatedhe Wenju Hu et al.[39], and the study focused on the

transient behavior of a shell aridbe thermal energy : : . : .
VWRUDJH 7KH DXWKRU VWXGLHG (R Eaang gndgiseh ”géﬂgreﬂff?rr?f@%g Wr
ngef (6 ( using

thermal energy storage exc
thesurface ofnner tubes, W Zén¢luded thamass|OR Z
ratesLQ WKH UDQJH R N ad itetw R/ KH KHDW WUDQVIHU ZDV HQKDQFHG Z

temperatureat +5 degreesabove the PCM melting and WKH 3&0 57 ZDV SODFHG EHWZHH

temperatue for W KH & favbDrable conditions for heat tubes 7KH WKHUPDO FRQGXFWLYLWY GL

: liquid-solid PCM phase led to a higher discharging rate
transfer enhancemef0]. Zhang and Faghri[31] have . s .
s : . : compared to the charging rate. Additionally, the inlet
also studied the effect of firsttached internally in the
tube for heat transfer enhancemegand thetechnique tﬁeD \é\(/)glli:g \(/:\L:rapctse:-ilstijcg V(\)/fxtﬁeH exsa#“ﬁe;;eﬁ] WR EH
proved to be effective. $QLFD 7US[32]86] D OYoussef et al[40] created a physical and a numerical

'{‘/"\e\ft\',?/‘f'eg aDSgegacyéugeéa;egti‘ermge(\;jg?gnsé?éage |(%| D VSLUDO ZLUHG WXEH K0 KHD
ML PDO FROGXFWLYLW\ RI WKH 3&0

q9
WKLV VWh4tGhegédmétry of the systemDV ZHO § BDGC
the operating conditionsnust be based on the required mo del_l|su;\)Aé(itedwh:a%cu\r/aiyl_o&‘]tﬁeoexpzeh?nJental rzlsyu)lisE H DU
heat tran"sfer rate and the charging or d_|scharg|ng tlme7 KH +7) ZDV D PL[WXUH RI JO\FRO D
[33]. Akgiin et al.[34] performed an experimental study .
convection heat transfer and buoyancy led to a faster

of a shell and tube latent heat thermal energy storage.F KDUJLQJ WLPH FRPSDUHG WR WKH GL

7KUHH Npagaffing tdkted as PCM filled thannular
VSDFH EHWZHHQ WKH WXEH DQG Ml:f(%zgdx WVWﬁBd(L9§HUVWD5I®OLQOHW

AT\
VXUIDFH ZDV VHW WR D @inb@eal Q BWi"%¥d 5oddfigatompsqeesses.
enhance the heat transfer, and improve the melting and
solidification processesdlosseini et al[35] examineda 3.1.4 Double pipe heat exchanger arrangement
VKHOO DQG WXEH /+7(6 XQLW 7KH KHDW H[FKDQJHU )
comprisecf a horizontalF\O L Q G HW KZHK H@RIZ H drath[41]investigated numerically and experimentally the
anda copper tube placed in the center of the cylifitled SHUIRUPDQFH RI D G_R XEOH $oke8H KHDW
ZL WK avdfirit BCM[35] 7KH V\VWHP ZDV WEW)H @P%L'éh@ dgat transfer ratereasd ZLWK DQ
insulated byJ O D V Vah&tRr@ludeda charginganda LQFUHDVH LQ WK"! +7_) LQOHW WH PSHUL
GLVFKDUJLQJ WRRGGZEW R Gktiayw H 9f Prpges D O L N R ZM2ibvésiigatedxhe charging
7KH VWXG\ GHWRDWWRIDLWPHGHDVLQ gnd/v%ﬂham?g@ Hhﬁfaﬁteﬂftlcs of a double pipe heat
temperature the melting time of the PCM decreases andg*changer. 7KH DXWKRUV WHVWHGt WKH G

the theoretical efficiency of the heat exchanger increase€Xchanger undew Zipe configurations: a smooth and a
[35]. spinedpipe. 7KH VSLQHG ILQV KHDW H[FKDQJ

charging and discharging rate through the -f@M
) ] ] direct contact. Iraddition D KLJKHU ZDWHU IORZ U
3.1.2 Triplex tube configuration greaterK HDW W U HH\WQ HUKEHMW I DQG WKH 38

Eslamnezhad and Rahimi investigated a triplex tube heaNedramr)iCettuilg'ﬁ(]aastt:ifﬁagvgrge:tcﬁﬁh:gggfgzst
exchanger including rectangular fifi36] 7KH D XWR%(E?Q} gers, P

. ) [ e heat exchanger.K ¢bmpat fin-
findLQJV VKRZHG WKDW \AKiktréasahé D uﬁj@”@ﬁ%ﬁ?—@[@

- : KDQJHU KDG E\ IDU WKH KL
heat exchanger efficienci triplex tube heat exchanger . ot .
Z L QM for simultaneous charging and dischargi@ V for both melting and solidifiationprocessesit-FDVHYV ZLWK

investigated by Joybari et .a[37]. In this study a hightemperatureGLITHUHQFH EHWZHHQ WKH

h . R .
e v bpcaseg o s L R AN e HuDWxUK R 1 Wi 1)
’ K +7) DQG WKH ILQV DUUDQJHPHQ\

heating mode and the condition of the stordgeZDV . . =
concluded that natural convection is not nealiafblethe influencing factors of the heat exchanger efficiency for all
g9 the examined heat exchanger configurations.

examined cofiguration A triplex concentric tube heat
exchangef38] Z D Vmgrially analyzed anchodeledn
DQ H[SHULPHQWDO DSSDUDWXV 7BHHOatddor dirFar ldslivgKH FDYLW\ R

the middle channel+ RW Z D W H botZaat thahkfer o ) )
flud (++7)and FROG ZD W Hald AaMransieH Outdopr_alr isa sustalr)able energy source for free cooling
flud (&+7) IORZLQJ RXWHU DQG 19Q bildings.F Reseding do Maccarini et all44],
respectivly [38]. 7KH UHVXOW V HigDeBrhds® W D JHQ ZH D Wldilitdtd the Bs@ Gired/ LR Q

IORZ OOIWH NJ \ORZHU LQOHW W Helng Mereymetifiiqaliyfopaboutd3% of the timein a
charging (23-25° & and higher inlet temperaturgg3- ~ Year WKH WHPSHUD W& B 7IKambiend R Z

temperature ifor thegreatestSDUW RI WKkhe HDU EH

ubg ﬁegt exchangers
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rangel5-20°C[44] . In thisrespectaPCM Z L W K DgP H @h§eéttube anthe PCMliquified. In the dischargingycle
temperature 15 f & Zén@lle the free cooling process RXW G R R 6d BHW FGIRID) RheMarduhe\PKE H
for Copenhagen climate solidified. 7hecoefficient of performancéCOP value of
WKH SURSRVHG V\VWHP Kéaot23%RZQ DQ
. . compared to a conventional system
3.3 Chilled water A/C systems with PCM ExperimeQWY DV ZHOO DV QXPHULFDO DQI

Systems that integrate a Latent HeaK HU PD O ( Q[R4) goyrbining threePCMs namelHS-W1, HS-W2 and
6WRUDJH XQLW ZLWK FX&MO 6 R Q QATFRaAln DNk, VKR ZKh&t the 1:2:3 proportions
conditioning systens are curently investigated by combinatioracquiredhe largest charging capacity. In the
UHVHDUFKHUV LQ WKH isd&tént\WedtF K SARO Y W ZRV YD e G DYWHG RMK DWW H
storage technology promotes the electrical energy use td0t havesignificantimpact on the charging time.

the oftpeak time. % U X Q R, andBalusko[52] performed simulations of

In the majority of the U H Y L litddieSthe examined @ PCM thermal energy storage coupled to a domestic
/+7(6 XQLWYV RREXLHOFOMHEGZ Masidde FKLOOHU FRROL Qffeciivevessiumber7 ¢f H

PCM storage tanks.i et al.[45] modeled an$ & VA\VWHWUDQVIHU XQLW¥8WHWXRKRG X V H G
composed by a refrigeration system and a storage tankSimulations to calculate the heat transféfKH VW XG\
7KH DXW K Ratthe €fecks MfHnt temperature and targeted the investigation of tlodf-peakenergy saving.
UHIULJHUDQW IORZ RQ WKH V\VWHPBKHKX U VR OWY /&K@ zR EClegishigO W L Q J
WKH KLJKHU WK H fag® WeHdhargDgR andw KH HQHUJ\ VDY L Qsi impacHfadtdrs énHhe
discharging rate ahe PCM in the storage tank/u et al. HQHUJ\ SHUIRUPDQFH RI WKH V\VWHP
[46] analyzedthe mathematical model ofald thermal FRQGXFWLYLW\ RI WKH 3&0 DV ZHOO LC
energy storage including a packed bed of spherical GXULQJ FROGHU SHULRGV ,Q DQRWKHL
FDSVXO H Metradetéie. 7K H VL P X QausL R Bwno [53] identified the effectiveness of the thermal

indicated that the rate of stored and releaseergy Z H U H €nergy storage conrted to a chilled beams systemK H

at a higher levelDW KLJKHU IORZ UDWH VVRIRWRHH +H ) HRYIHEQBHW ZEHBR IRXDRGG
inlet temperature leads to higher stored energy rate during75%

WKH FKDUJLQJ F\FOH DQG ORZHU UHOHDVHG HQHUJ\ UDWH LQ WKH

discharging cycle. :
3D U D P H\eZ#) (47 @8] examined a VAV chiled 2 1hermal de".e';gy St‘:rage. with hplflg
ZDWHU DLU FRQGMMLRQZQW RGES k HIFPFRPFated into a two-pipe chille

encapsulation7 KH V\VWHP &R SurhenamiiH G beam system
a ZLQWHU VLPXODW LldBn@ands ebotiddRIG IRU D
YHQWLODWLR @condafizer &GIEG/entiIation 4.1 Chilled beam systems

(&9 PRIGtHe ECV modeutdoorDLU ZDV SURYLGHG
WKURXJK WKH DLU GDPSHU DQG WKKHF WMHOUPHIQ XO VXYHWVWRI WRH PRVW
the nominal capacity47]. A 28% and 47%on peak FRQGLWLRQLQJ VA\VWHPYV ZKHUH ZDWHL
HQHUJ\ VDYLQJ ZDV DFKLBEGOMEEVI R Utrivdldl ar& Rin2&d<5 climatic ceilings and chilled beams
PRGH FRPSDUHG ZLWK ctvisant &R Q M3].QU&ch&QdD & ntilation and cooling are combined
YROXPH aik édhditioning system. In a later sjud  ZLWK WKH XVH RI FKLOOHG EHDPV LQ R
[48] the authorsnvestigated the effect @ silver nane in REHVA guidebook[54] chilled beams for cooling
based PCM thermal energy storage system purated VKRXOG EH XVHG LQ EXLOGLQI8V ZKHQ

totheDCV and ECV system 7 KH L @akdr OfSiRer OHVV WKDQ : Pd WKH KXPLGBMI\ OHYHO
nanoparticles PCM improved the heat transfer processeshe BuildLQJ ODQDJHPHQW &\AOjdteR in% 0 6
through charging and discharging cyclealco et al[49] FDVH RI RSHQ DGEDdd heans BReZbecome a

investigated a chillefan coil systemL Q W H J U DaW H Grefelr&d Kolution because they contribute to energy and

3&0 VWRUDJH WDQN 7 KdWHprowtypR U VsgatkHdyMybl €atiBfactonetmal comfort and they have
consistingofa 3(7TWDQN ZLWK D PL[WXUH M hekd fot gdl& thaintenantichas beedemonstrated

DQG GLVWinGiedcanad WM WZ DV FR QF OtkdbdtifedWd@m3Mse less energy than conventional VAV

D FKDUJLQJ SRZB4miRites ZDa¥pablR U systems to achieve the same level of thermal comfort.

of charging the storage tanldoreover by increasingy &KLOOHG EHDP VA\VWHPV FDQ EH GLYLG
15% the volume of the PCM in theixture, the stored  passive and active chilled beam systems. Passive or static
energyincreasedy 24%. , W ZDV XQGHUWMIQHGEKWB&DWGDEHDP VI\VWHPY RSHUDWH ZLW
office could reduce the electricity useb¥16 ZLWK WKKLOH DFWLYH FKLOOHG EHDP V\VWHP
implemertation of the developed systers KDR DQG BDQPDU\ DLU DQG WR FKLOOB4. DQG KH
[50] performed a numerical analysis and created a model

RI D 3480 VKHOO DQG WXEH KHDW ){)X\/"Il?ngvDa Ivl-ét‘l’_v(()QV}/HJ#IPXVbHG ZLt\NK DQ
arFRQGLWLR QL QJet PEMZDR 77 K BIL YAK “Pipe chilled beam sysiem

phase change temperatwel9-23C. 7KH7)ZDV DL Mctive chilled beam systems can bvided into W Z R

during the nighdischargingcycle DQG ZDWHU GXPh @ YD WLRQV WZR SLSH V\VWHPV
day-charging circle. 7KURXJKR XW Wy@ldtl’iéKDU] MZR SLSH V\VWHP FRQILIXUDWLR
PCM absorbed heat fromtheDWHU IORZLQJ W)(Lé%)b}\K[ﬂ&@HD UHWXUQ ZDWHU SLSH ZK



E3SWeb of Conferences 111, 01026 (2019)
CLIMA 2019

https://doi.org/10.1051/e3sconf/2019111280

sertYHG JRQHV ZI1RO00G UHF KIRYWH ZRipy HU  TéaleR: SRXBPDWHULDOV ZLWK PROWLQJ WHP!

FRQILIXUDWLRQ LQFOXGHYV WZR VXSSO\ DQG WZR UHWXUQ ZDWHU
SLSHV ,Q WKLV ZD\ KRW DQG FROG ZDWHU |[FDItiEH |GM¥iReU LEXWHG
to the building zones simultaneous[$5]. Research Material tempfrat“re enthalpy Ref.
conducted aDanish Building Research Institute6 % L ,( ) (kJ/kg)
- . Organic PCM- Paraffins
Aalborg University, Copenhagen(6 %%$ 8 LQ Dexadecans 18 236 577
collaboratioQ ZLWK /LQGDE &RPIRUW $ 6Ky tOEWEBD OV vHED =]
the requirem_enW V IR U W K H . Gipe Y H-ORveafs T 517k 1 D13 WZ 0]
system for simultaneous heating and cooling of office Ci6 18.2 238 [59]
buildings. Maccarinj56] designed and developed a novel 57 15 155 [60]
W Ziipe chilled beam system for simultaneous heating 57 1 & 260 [61]
DQRG FRROLQILVKHIDWDYXSSRUWHG E\ VL PX@EgaWd_P@@.‘Non-Parafﬁns
in Dymola. It has been stbQ W K D Wpipeksyrsteami Z R|  Acetic acid 16.7 184 [62]
XVHVY EHWZHHQ DQG OHVV WRROCacD QO X1B.® SULPBU\ [63]
energy compared to a conventional four pipes system. In__Butyl stearate 1919 140200 | [59],19]
W K H -pigez Rhilled beam system for simultaneous | Propy! palmitate 19 186 [59]
heating and RROLQJ WKH HQHUJ\ LV WUDUQNPHUUHG,RBHWZHHUY 9
ZDUP DQG FROG ]JRQHV DQG WKXV HOYeMA] VDY QI LV DFEKI vn—“:
ZLWK D KLJK GHJU HAdditrallyyiK H U P fgilde Pl R U&p 86.7 [9]
W KH -pie Rhilled beam system for simultaneous
KHDWLQJ DQG FRROLQJ IHZHU FRP%’W?%Q‘J%MAWE QPR Y 11L09]
AN M 205 [66]
cpmpagdtoaconvenRQD_O IRXU SLSHV-V\V WHFate’ KT TWZHRg 575 [66]
pipe chilled beam systerequiresRQO\ RQH ZDW HU—S¥PS 17 235 [66]
IHZHU SLSHVY DQG QR FRQWURO YDOYH$ 18 155 [66]
A19 19 150 [66]
4.3 Novel LHTES with PCM incorporated into 2 ey T e {2%
pipes chilled beam system 3XUH 7THH 18 10 i68]
7KLV VWDWH RI WKH DUW fUthtY LHZ3B¥BMNHANA xs2665puyw 1R1 [69]
foundation for an ongoing project. In this project it is Palm oil 17.27 127.3 [70]
aimed todevelop DQ LQQRYDWLYH YHQWLODWE VWIER ZU W K7.68 [70]
FRROLQJ VIVWHP ZKLFK zZLOO LQWH3IbLDWH 'QF""HYH FKLOOHG EHDPV
DV WHUPLQDO XQLWV DQG XVH D [QR¥HO-HKH D»ﬁié%yf‘ﬁafﬂquéf:u Zis K
PCM. 7KH V\V W Hoihg V¢ Keddévelopedd O O X M HPO4 4H20 185 231 5
IHZHU UHVRXUFHV LQ WHUPV RI PDWHGEROV DO # Vi Vot FHQW O\
less cooling energy compared to a traditional chilled bea 315 15 180 [66]
system.Calculations performed by Maccarini et pl4] S17 17 155 [66]
KDYH VKR Z Qejtakdd v thepmhbDekyy storage 318 18 145 [66
ZLWGM LQ WKLV VI\VWHP FDQ DOORZS®Q HQHUWJ UHGRFWLE
by 67% comparedto the initial system 3&0V ZLW D s20 20 195 [66]
phase change temperatuEeH W Z H&@20°C ZLO O HH Eutectics
preferredsincethis range iseasible for both charging and E19 19 146 [72]
discharging phase Na2SO4NaCF 18 9
$ QRYHO KHDW H[FKDQJHU ZLOO EH GH¥PJIQHG DQG HRQVWU FR/\}H‘
ZKLFK ZLOO HQFDSVXODWH D 3&0 O8H#PHRR DEVRUE WKH UHMHFWHG
heat from the building duringccupiedhours and release NHI?IBO& 20 141 9]
it to the environment during the night. In the charging Capric—latrjric
phase thadccurs during night hours, the cold door air acid 18 148 [9]
FRROV GRZQ WKH 3&0 ZKLFK FKDQJH‘\/O\?’WD‘V'VH B8P JLT7‘a<7LG ‘v‘v’ﬁ3]
solid. During night operation lame#izopen and the fan Exadecac
EORZV RXMUGWREDUGY ILQQHG WXEH VcthdacdRdd G HUBWR VR LG L) [74]
the PCM and store the cooling enefgygure?2 . In the Methyl
GLVFKDUJLQJ SKDVH Zé&ctuplkeddars X U \Palbhixatd EtRyJ 20 178 [75]
GD\WWLPH WKH 3&0 DEVRUEV KHDW_ PdRtRe WKH UHWXUQ ZDWHU
IORZ RI WKH VA\VWHP FKDQJLQJ VWDWsthylQle&ale VROLG WR OLTXLG 7KHH
QRYHO KHDW H[FKDQJHritb & WGipeE H | L Q Wathylu D W H GL19 174 [75]
chilled beam syster#\ backup chiller may be needed in Egz'rr:gg;% 55 = 5]
the peak load days. Emerest2326 20 139 [59]
7DEXdHa list f WKH 3&0 @héltidteBiperature CaCl26H20- 14.7 140 [14]
EHW ZHH Q0°C uded (& experimental and analytical CaBr26H20

studiesconsequently.
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desgn, the use of fins or spheres for PCM encapsulation
are the most significant considerations for the
GHYHORSPHQW RI FKLOOHG ZDWHU DL
ZLWK 3&0 LQ WKH H[LVWLQJ OLWHUDW
DFLGV ZHUH FRQVLGHUHGY DMhe3&0 LQ
H[SHULPHQWDO VWXGLHV UHYLHZHC
implementation of PCMs in cooling systems is a
SURPLVLQJ WHFKQLTXH WKHUH LV VWL
use of free cooling potential in a PGbhsed heat
‘ HIFKDQJHU LQWHJUDWH GeahiLdiskenrd WZR S
is expected to bring in remarkable energy savings.
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