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Abstract

The aim of this research is to study and design the Phase Change Material Cooling Storage System
(PCM-CSS) by using Photovoltaic (PV) cell for night air conditioning in lightweight concrete buildings. The
PCM-CSS was applied to improve the efficiency of cooling storage system for buildings. The efficiency
of PCM-CSS and the energy consumption between using electricity power from the Provincial Electricity
Authority (PEA) and PEA with PV were studied in the experiment. The melting point of paraffin was selected
at 22 °C to store the coldness from refrigerant (R410A). The PCM-CSS processes consist of the charging and
discharging. The frequency of compressor was varied in five cases for charging process, namely 90, 70, 60,
50, and 40 Hz. The result indicates that the 50 Hz is an appropriate frequency for cooling charging to PCM
with 3.09 of COP, 10.53 (Btu/hr)/W of EER and 7.03% of 7]¢ ¢ Eventually, the result of the comparison
on energy consumption between using electricity power from PEA and PEA with PV reveals the PCM-CSS
using electricity power from PEA without PV is approximately 6.11 kWh (charging process for 8 hours.).
On the other hand, the electricity power usage from PEA with PV can decrease the energy consumption
by approximately 1.13 kWh or can be saved around 81.57% as compared with the electricity power
usage from PEA only. The condensing unit of the PCM-CSS, accounting for 55% of the total consumption,

represents the greatest segment of power consumption.

Keywords: Cooling Storage System, Phase Change Material, Lightweight Concrete

Please cite this article as: S. Sula, S. Maneewan, C. Punlek, and Y. Ungkoon, “Cooling storage system in lightweight
concrete building with phase change material,” The Journal of KMUTNB, vol. 32, no. 3, pp. 804-814, Jul.-Sep. 2022 (in Thai).
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naeAL 637.76 1,607.30 2,245.06 s Oy CoP EER
NadBU w Btu/hr ) (Btu/hr)/W
3.2 NAN1INAFUUILANSAIN PCM-CSS Wz | 216 | 758687 | 364 1243
70Hz | 1.90 | 6,486.17 | 2.53 8.63
RNNIINAFDUUITLENTAINUDY PCM—CSS. Iuszml 60tz | 248 | 8.a78.85 5 aa 17
Aaiuanudy eelireumnsawes viaufiniud 50Hz | 256 | 8,749.07 | 3.09 1053
uaneneiu 5 n3el Ingazuanakansvsannuduliiv A0Hz | 214 | 7,299.70 | 2.85 9.72
PCMSsuieufudusyezing 16w Eannusveznm why | 225 | 7,680.13 | 3.11 10.61
fneusawesannsnvhanldduian) wut fienad
90 B3nd gumgiivesasiaaduiilvaiiiyauns 9Nm5i 4 wudn 9, Andudiiadsey

AouaLiU (T, ) flianash 0 asriwalla uazisuRnay

comp 1}
'

=]

fi 7,680.13 Btu/hr Taerdudnsinisyiainuidu

ATl ga) uazenuy, suunmAUAIdulueImITUUURUN SANIANITINA YA TR UAN 1.
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P
i
‘
S ———
ek

R —
.
e

Anmgl
¥
¥
)
qanagh (1

------

[reRrye—— )

U 12 namsvaaeuUsEavBnmiinad (n) 90 Hz (¥) 70 Hz (A) 60 Hz (5) 50 Hz (3) 40 Hz

ARLLNTALRSANLNTAVINLE VaugyinsvsaRaduli
fu PCM Tuszegiian 16 Wil laedlen COP La?iaag'ﬁ
3.1 atuléingl 90 185w flein COP gafian fiAnviniy
3.64 dswaliiiian EER winiu 12.43 (Btu/hr)/W 5098931
Junsdineaeudl 60 way 50 Bswd Tnafian COP Wit
3.44 uag 3.09 AUAIGU LazdaA EER asqjﬁ 11.75 way
10.53 (Btu/hr)/W aua1su

a a & a a v &
MN1519N 5 Naﬂ’ﬁ’lLﬂi’]mﬂﬂi%ﬁ%ﬁﬂ’ﬁ/ﬂuﬂ"ﬁﬂﬂLﬂ‘Uﬂ’J’]lI
W§uvas PCM-CSS

nsal e - e Charg
nnsey kJ Btu W | Btu/hr | (%)
90 Hz | 1,089.72 | 1,032.86 | 1.14 | 3.88 | 6.20
70 Hz | 1,088.25 | 1,031.46 | 1.13 | 3.87 | 6.90
60 Hz | 1,088.25 | 1,031.46 | 1.13 | 3.87 | 5.77
50 Hz | 1,088.07 | 1,031.30 | 1.13 | 3.87 | 7.03
40 Hz | 1,083.40 | 1,026.87 | 1.13 | 385 | 5.33
Wiy | 1,087.54 | 1,030.79 | 1.13 | 3.87 | 6.24
9INANTT 5 WU POM-CSS Sien 0,.,, WU N

IndiAesiu wdgegiusvann 1,087.54 Alaga Fadle

YMNNSANAIANUDVBIABLLNSAWDS Tnavinli

Qpcm d
AARANIUALINY UAE Mo, NARABREAUTYINM

Sovay 6.24 Fansdineaaud 50 3sed Lunsaindan
gunan egfesas 7.03

7] C.Charg %y q

4. afusnenanazagy

AMsNaFaUUTEANSAMNTBISTUUANIAUAINULEY
Froansdsuaniuy Tugsinfiuanuduiaus 5
nsdl wui Aenuiidosnin vilvigamgiiansvhanudu
ANAIENIN wavaInsaRIANSauBanIN PCM Tatias
ﬂ’j?ﬁﬂ?’]ﬂiﬁquﬂ wifieuiteosninasilvireumsawes
vauldadesnin suanuafmnsandmiunss
oy COP,
EER WA¥ W ope WU 8,749.07 Btu/hr 3.09 10.53
(Btu/hr)/W wag 7.03% suansu

Astdndaaulniives PCM-CSS wudn a5ty

audulsitiu PCM a8l 50 B3nd lnafidn O,

ndulnihanmsiniduglinaiistediuien

39

fusunamsldndsnulniedn 6.11 Aladnd

aa

° ) ° < ) v
Asunisyinanudy 8 Flue taglunsainiinishy

v

nasuli s vBRadwaIeing vinlrszuy
fusuaumsldndsulnihanas egiuseana 1.13

e

#3350 g0 uazAaly, “

suunnuRIndulueaImITUUURUN SN IATIUAUAI SRS UAn 1. "
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AlaInFTlae F9dIUUTENDUVBITTUUNTNT LINA Y
Tihanniigaldun ganeeddounieueneans Andu
Saeay 55

5. inAinssuUszne

YBVRUNITTANNBIUATUAYUNITITY 1ATINg
Waninideuazaidoifiognanmnssy (o) szdu
Uyayn uazuien uv guiesufen $1in fingan
Taueueeiiunuatuayun1side wesdoiile
gunsal uazanui lun193duaded uazvevounmuIth
Tl (Wapmeilng) S Alsirueyaszvigunsallu
930 uandeiloanui idesile waryaanns lums
a5 uaznageunITlid5agarslused

o

6. dayanual

CLTD = n15¢ANNLANAQMN HEUMN i
gaunniiuuenia 25 °C

COP = aussaugnsyianudu (W/w)

H, = seuiadueseinanouriuaie Css
Unit (kJ/kg)

H, = sueuiadueenendaiueses Css
Unit (kJ/kg)

m = 178999815 PCM (kg)

0. = msgmsvhanudunielueians (W)

q. = Msymsvhanudunisusuenie (W)

Oy = BMIIMIMIYATUNSINY (W)

O = VSNSRI UEEENVRIET PCM (KJ)

q. = Msgnsvhanaduaindienans (W)

U, = duuszandnisaiemainudounes
9113 (W/m’ .K)

AH, = Wad9AeuialyesmuAnuinsages
(kJ/kg)

AH,, = wasmaeuiadsuviauu (d/ke)

AT = wasgungiiennianiglu-nieuen
2115 (K)

AT, = waevesgun)ians PCM vaganuy

Yauunal (K)

AT, =

s

Namwaqqmmﬁms PCM vadza@nuy

29aude (K)

NN AT aYe0INA (kg/s)

m, =

i, = onsmslualsiavesansyinanuiy
(kg/s)

0, = AnuarnsalunsTAUBuYeITEUUT
(W)
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