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ABSTRACT

KEYW ORD

Purpose: Recently, many countries around the world are actively looking for the ways to make full use of natural ~ 0| & 2| I| A|AH
energy sources and also develop and apply an environmentally friendly system designed to save building energy Yz

consumption. Under these circumstances, this study intended to determine the applicability and energy saving effect by
deriving the indoor thermal performance characteristics and the PCM temperature appropriate for a double skin fagade
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to reduce indoor energy consumption through the application of different PCM temperatures to double skin facade and ~ Double Skin Facade System

perform a performance evaluation depending on the application or non-application of PCM to a double skin fagade.

PCM(Phase Change Materials)

Method: For this study, the physical variables of the double skin fagade with PCM were configured through a Passive Solar System

preliminary examination based on an experimental measurement, and experimental measurements were taken with a

Thermal Storage

total of 7 types of mockup cases: Type-1 (Basic), the basic double skin fagade, Type-2 (PCM 18C ) which was applied
to the inner skin of the double skin fagade depending on the phase-change temperature of PCM, Type-3 (PCM 20C),
Type-4 (PCM 22C), Type-5 (PCM 24C), Type-6 (PCM 26C), and Type-7 (PCM 28C) with reference to the data
analysis of the basic double skin fagade which preceded this study, to analyze the indoor thermal performance of the
double skin fagade depending on PCM temperature and the installation or non-installation of a double skin fagade
applying PCM based on the selected unit space. Result: Indoor thermal performance was analyzed depending on the
PCM temperature applicable to double skin fagade, and the analysis of heating energy reduction showed that Type-2
(PCM 187) gained 15.9% more heat compared with Type-1 (Basic) and secondly, Type-3 (PCM 20C) gained 11.5%
more heat. Based on these findings, it is deemed possible that the use of energy for heating can be reduced when heat

coming indoors increases during the heating period, and the appropriate temperature for PCM applied to the inner skin
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Table 1. Flowchart of study.
Background and Purpose of Study |
v
Actual Measurement Test Setting
- Regional and Time Scope Setting
- Physical Variable Setting
- Unit Space Scale Setting

v
Actual Measurement Test
PCM Temperature application to Double Skin Facade System

Type-1 ‘ Type-2 ‘ Type-3 ‘ Type-4 ‘ Type-5 ‘ Type-6 ‘ Type-7
(Basic) | (PCM 18°C) | (PCM 20°C) | (PCM 22°C) | (PCM 24°C) | (PCM 26°C) | (PCM 28°C)
v
I Comparison and Analysis |
v
I Conclusions |
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oln, Hg+d H 7] eL -24CE 1Y€ vehte, 23 3
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temperature according to the PCM temperature applied to the double skin facade system
for saving cooling energy during summer season, Contemporary Engineering Sciences,
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Table 2. Test measurement data of double skin facade system [T]
S Temperature[°C] Humidity[%)] 2.2. A= AdA 9 /e W T4
Min Max Avg. Avg. B
Soraona |Gty | 793 | 6064 | 147 36.1 AZ Ao AHE AEAE AT S93AHE 162 A0t
Ml N T T of Ao} 91 o] o] Tk AR 0] AR AR 9 FAHE <Table 4>
VIty -3, . . . Py
2014.02.22 Indoor -5.33 41.83 10.8 31.2 ot
PCME 37| A% Hoko] A =47 18°C. sA7]28C 2 64 Table 4. Overview and composition of specimen
) " ’ B Type Detail
StL} <Table 2>0f| 4 9F 2ol F85 X AUk« L 7|22 Width 700 mm
40°C~60C7HA] &7} Aoy, 22 7] 22 -5C~-7C7HA Model Depth 600 mm
SSIRR £ AT POMO| WS 228 217 2T Aol 24 Model Lol S
R R 5 . . . . . Size . Width 700 mm
18°C ~28°C W] oro] & & 187, 20°C, 22°C, 24°C, 26°C, 28°C DOgblieikm Depth 200 mm
2 AAstgon 7| Rye 2atet & 7 712 B A2 A& sto] 4 Height 400 mm
714 o] F9|5] AL POMEEE 595 of 283t 0] 5] Foamed oo 0.
m) Al 2gle] A deE g vl st POSIERe | Conductivity 0.034 WimK
Thickness 16 mm
3) HETE R Visible Light lﬁﬁﬁﬁﬁﬁﬁ)
A FY5 e A Yot = 3 EFEH AR E Heat Ray Reflectance(15%)
3o skt 20134 7]%_ BHALANEA Zel gy = Pair Glass from the Sun Transmittance(68%)
A 2157 A& of k2w AL A 60 mtol 4 85 mu] ko] Material g‘;gggg;;i Reflectance(12%)
B7}42.4%32 71 %—571] LHERt T, whebA] 2 A= 84 ' R Thermal 119 W/mK
of olutE S A th0.2 Shof o] F9l] A 28] 2 gof uhe Trensmittance ‘
= = — Thickness 16 mm(CL)
Ay dFALe ol5t o 2 ohHlS Qlevioz Ml
dHl 2o Y] flte B ohge AR EEY oz A Polycarbonate Light 79%
5}9ith o] <Table 3.>3F ZHo W T3 7te] ®HY= ATk o Double Plate | Transmittance ’
2 st om, ARASE 2 4200 mm, 20] 3,600 mme] T Stest | Thermal 30 WK
Zroll 2101 1,500 mm <] HF Y& 7FA 2 gl ow, Za19t A 11 9] PCM General description: n- Octadencane (>97%)
2,900 mm, 2,400 mm¢] T Z7H o2 A5t Molecular formula: CisHss
= = Pyrheliometer
2 Q7oA Agkshe A 2HE olFolm A AHo] 95 5 - ML-020VM
1 ol wet, 7] & olF o] F352 1HHo] Ho] ¥t B Temperature/
o) Astehe BAS WAAA A AF Bl A4 Hold  Moaswromen] oo ST
AR o] TRttt o] wAof| Hi-8-5k7] f1sf o] &5 o] A System Surface
Fof of5te] 5] E& Fol 200mmufi oA 0] FE o] F Temperare KPR
ﬂﬂJ Al 2 Jllof] T gt ﬁ?ﬁ ool a4 A A EEsHA T Data Logo TX-220

o]Z 7juto 2 V| AR glmddo|r ALrstsetn 27 &
A& %45} 5o Zﬂ% 7hed A 2'o] Hhe 915) 200mmE
A7 sk

Table 3. Specifications of unit space [mm]

Floor Plan Section
5100
11500 3600 ! r 5100
—_— [ 1500 3600

3300

4200

2900
2300

3) Statistics of Housing Construction Permission per House Size (MOLIT-related Statistics,
2013)

4) ol7t<g, Fe, AT, A8A, ol A] AE 913t PeMA g S A AE A
7, TR AZ A1 2 5YE] =2, Vol. 26 No. 06,

5)017%, 7 ﬁ*# o8], T, TRt 7132 0) vl-gohe ol F LAl AE A
A ?i? Vol. 5 No. 2, pp 19-26, 2005
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Table 5. Overview of each type of specimen [mm]
legend display : e
Type Type-1(Basic) Type-2(PCM18°C) | Type-3(PCM20°C) | Type-4(PCM22°C) | Type-5(PCM24°C) | Type-6(PCM26°C) | Type-7(PCM28°C)
700 700 - 700 . 700 - 700 y 700 700
r 1 [ r 1 ‘ ‘
T T PCM 16mm 1
Floor g5 o o 2 o
soo | g8 88 2 83
Plan I 2 el ¢
¥ £l - 8 &
Foamed Foamed Foamed Foamed Foamed
Polystyrene Polystyrene Polystyrene Polystyrene Polystyrene Polystyrene Polystyrene
1050 1050 1050 1050 1080 1050 1050
w850 w850 | w850 ‘ w850 }_z.% 850 lm 850 l |m 850 |
[ \ T \
S|V ¢ S ¢ v S| |v o IS i
| #—— Pair Glass N1t Pair Glass Pair Glass 1 - Pair Glass v, — Pair Glass
Foamed Polystyrene “Foamed Polystyrene —Foamed Polystyrene Foamed Polystyrene Foamed Polystyrene ‘—Foamed Polystyrene

Note) T1~T14 : Temperature/Humidity Sensor

b AL A 2 A B 4, 3]

Mg g o] gted

A 234 59E7H2] 347 1082 T2

Tk A(1)E B Feld A2 ol pPeMo] A# e} o] uh2 A

Jer 7 7N A L L’ olz| =

W3] flto] 2REE Y AFS

QAgteltt. 571 H1E(C)2 0.31 kal/m’ CE 285

F7k0] Aere 7} Erel
2 AAEIL) o]l = dH |7 Set AR T 2 AY)

Fsict.

3.1 A71Z 71FHolH

TLHERS AP % S|RB7re] e
R ﬂ,ﬂﬂ%EE%ﬂ~%0C§é”H“4

= 717}011 OHE’fOP‘ A7k 7]—?— E11°TE1%<Fig.

T {7 203CE e

Yot B

33 659 W2 ZA 9ot A

1.> % <Table 7.>%}

Q= MC(T,~1T,) (1)
2t
M ;v 2284 ]
C: 37 v [lal/m’C] @ Outdoor temperature [°C]
T, : ALz [T] -
|
T, ;A b A4 e () J E -
24, A& AA AF 2 A * / L\ IJJ w\\ \}\’\“\
A 25 28A
AlZz= AJ e gt Z gl A AL ~139] 5 \ 7
2= EEIZ-"'E'E a E]Eﬂ IOOTEH}—i, _1’14 4= 79 f
- = =7 = ¢ L W 1
SFI 912 HEE 16 mm B3 F2)S AL, 16 mm -
SHEY &Y 7}—“@4]0]— é;- o PCM2 AF 4 5to] Ui&2] 0] & A
25T}, <Table 6.>= AA A o] A= 42 Lehynl, 20149 ® Isolation [W/m']
029 27456 20141 032 014742 A= A@-& AaPstart /| n
Table 6. Fabrication processes of test model e , \\ 1/ J\
1. Outer Wall Assembly| > m“fseseii?yFacade ) i e / \ I \ r |
eiEe s e
4. Measuring ]?quipment 5 Mast Az 6. Completion of Test Fig. 1. Weather data during test period.
Installation
——— ‘ Table 7. Weather data during test period.
‘ Temperature | Humidity | Isolation | Sunshine | Cloud
Type [a* [Ye]* [W/mT* | Duration | Cover
g Avg|Min|Max| Avg | Max | [hr]** | [10%]**
02.27 59 |-27(232 67 654 54 4.8
02.28 4.8 |-3.620.8 68 604 43 6.3
3. A8l Aq) 0301 |50 [28[169] 70 423 10 8.1
Avg. 52 [-3.0[203 69 560 3.6 6.4
Note)/ Survey Data
A=A A7 B2 20143 02€ 279 0020055 03€ 01 " Korea Meteorological Administration
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el - M2 - Z84d
L o] ZH = ZHZEO Type-1(Basic) 0.7CER 7P I o
3.2. A¥AY A% 2% 2 Hglon, £ A Type-7(PCM 28°C) 0.8°CE =4
A8 7)7F =9t 7717] BFY] AR o] 2= o Wl A 27t a1, AYF7re] 2% Type-1(Basic)™ Type-6(PCM 26°C)°]
254 <Fig. 2>} o] tehideh GAE R 2 gto] ol d A 1'CE 71 e 228 Bolo], F WAl 2 Type-4(PCM 2270)9}
LA TN QAR ol A e ghe R sleelq  TypeTPCM28T)o] 4C2 54 KTt <Fig 2>014 235+
e ol Aolv} Holnl, 31 e ghe olnl e, ol gapey A ORES] A2k B2 Bl Type2H Type- 7714 9] 252
o uANA W eape] I ol o) vl e g E Ao WS ECI H2H o= Fdel peMef ate] 508 A
=2 g 2 0] 285 oh, R A 5F 7HE50] 919l ofgholl AALE] %Eh}
e 2 32| FAH F o] WESHHA Tt offhe] 2k W
Cavity temperature [C] o Zo] st A0 wehdth Tk Typed 2k9] A2
Qo] e A Tt A s of f of] whet 25 9] Aol Iy st
a0 Indnnrvirtu‘a\ set temperature R % 3 %_,] _Q_E ﬁX]—L U] H] o]—],]— Al LH_Q_E 73;{}-7]— 37“ HFAH F.,I
v £ Qe Ay AT Close Q17 9]7]&8to] o] 2] #] =
& e Aol ogt A o= ekt
0 NS N
° 3.3. AdFy 24
S A9 A d717ke] $359] 2T 2 EE Type-1(Basic)©]
A} O - [
Indoor temperature [C] 714 om, Type-7(PCM 28C), Type-6(PCM 267),
e (9 Type-5(PCM 24C), Type-4(PCM 22°C), Type-2(PCM 187C),
- donrvicthal set temperat Type-3(PCM20C) &0 2 Hx} Yotz = A5 H Y.
20 A 7] 3 2= Type-1(Basic)©] 7H =oH,
Type-4(PCM 22°C), Type-3(PCM 207C), Type-7(PCM 287C),
0 = f?\\ Type-6(PCM 26C), Type-5(PCM 24C), Type-2(PCM 18C) &=
, = l)ro}x]b A= R} o]& Type-1(Basic)> GAFG o] AU
o ima Golgjojz M A otre] gk glo] L& Ado] sssht,
Type-1 Type-2 Type-3 Type-4 — —Type-5 ——Type-6 =teess Type-7 Type-z __'_E1 Type-7 W]-X]}__: A LH LH ﬂ_u_] oﬂ PCM_Q_ /g-?:‘ﬁ EE
Fig. 2. Test results. o5l PCM 2] EA o 2 =g H o g dAlo] A E]| o] A o] EE]-E]—
Type-1(Basic) .t} QIH%EA F| 3 2E7F oA & dde] ¥
ARA7I7E3U7E] 2| 12 0} X225 0] Wt g2 Hl o H A At mebeh
™ <Table 8>3} 2t} Type-1(Basic)2] 55 SE& 424TC=2 AA7IH 5 2 ErdE AU 33 2 0] ol B & g At
VML erE HYom T HAR Type-7(PCM 287C) 38.1C ol whaba] A4 spelet AW 7 A 2= 18°C 75
2 ZA A, A 572 Type-1(Basic)> 358 C=2 71 w2 o 2 A= Y | A AZT anE glshy] 9 5471
LEE RGO Ur FEZ7 g AYLEE Type-4(PCM 227) Ag 75 PCM 25 £ &S B 0 g AL 7118 ColAto
€ Type-3(PCM 20C ) 22} 23.1°C €423 CR S4 = SiTth. 24 S5 2 ALl A Al @lst T
Table 8. Test measurement data [T]
T 2014-02-27 2014-02-28 2014-03-01 Test Period
o Min Max Avg. Min Max Avg. Min Max Avg. Min Max Avg.
Type-1(Basic) 0.6 506 | 153 | -09 | 459 | 134 2.4 306 | 110 0.7 024 | 132
Type-2(PCMI8°C) 45 370 | 155 02 350 | 136 28 267 | 116 25 329 | 136
Type-3(PCM20°C) 1.7 292 | 153 | 03 | 357 | 133 3.1 266 | 115 15 38 | 134
Cavity | Type-4(PCM22°C) 1.6 395 | 155 | 03 | 368 | 135 3.1 274 | 116 15 345 | 135
Type-5(PCM24°C) 2.7 398 | 161 0.1 380 | 135 3.0 278 | 114 19 352 | 137
Type-6(PCM26°C) 12 4.1 156 | -08 | 403 | 132 25 289 | 109 1.0 37.1 132
Type-7(PCM28°C) 1.1 $B4 | 156 | 10 | 414 | 130 23 294 | 107 08 38.1 13.1
Type-1(Basic) 1.1 388 | 131 09 | 459 | 134 238 26 9.8 1.0 358 | 121
Type-2(PCM18°C) 48 23 | 129 0.9 199 | 110 33 163 | 102 3.0 195 | 113
Type-3(PCM20°C) 2.1 277 | 130 02 235 | 110 3.5 178 | 102 1.9 230 | 114
Indoor | Type-4(PCM22°C) 1.7 276 | 128 | 05 | 235 | 106 3.0 18.1 9.7 1.4 2.1 11.1
Type-5(PCM24°C) 28 26 | 125 | 01 | 201 9.8 3.0 166 9.1 19 198 | 104
Type-6(PCM26°C) 13 44 | 19 | 07 | 221 93 25 17.2 8.5 1.0 212 9.9
Type-7(PCM28°C) 16 250 | 124 | 02 | 234 98 28 18.0 8.8 14 2.1 10.3
©Copyright Korea Institute of Ecological Architecture and Environment 47



SE7] o|F el Al~E0 HE Jtstt PAMA ROl 227800 HE dU 2 45 =40 et A7

Table 9. Calculation results of calorie flowed into indoor [cal/day]

Date
Type 2014 2014 2014
0227 02-28 03-01 Avg.
Type-1(Basic) 37086 | -39382 | 38783 | -38417
Type2(PCMISC) | 26,538 | -33,639 | -36,801 | -32,326
Type-3(PCM20°C) | 30341 | -34925 | -36,746 | -34,004

Type-4(PCM22°C) -30,448 -36,085 -38,513 -35,015
Type-5(PCM24°C) -28,555 -37,676 -40,964 -35,732
Type-6(PCM26°C) -31,995 -40,286 -43,202 -38,494
Type-7(PCM28°C) -31,234 -39,865 -42,019 -37,706

<Table 9.>°| A UtEho] st AUl 2 U H Do) Bt
Zr2 Type-1(Basic) -38,417 cal/day, Type-2(PCM 18°C) -32,326
cal/day, Type-3(PCM 20°C) -34,004 cal/day, Type-4(PCM 227C)
-35,015 cal/day, Type-5(PCM 24°C) -35,732 cal/day, Type-6(PCM
26C) -38,494 cal/day, Type-7(PCM 28°C) -37,706 cal/day = A4
e AHEE 2 v 22 Type-1(Basic)= 715(100%) 2=
oto] AU §-Y == G2 v ol 23 Type-2(PCM 18C)=
15.9%2 ©] Wo] &gt 7 © 2 LEFF T, Type-3(PCM 20C)&=
11.5%%2 g5 st92m™, Type-4(PCM 22TC)E= 8.9% 2E,
Type-5(PCM 24C)E= 7.0% &5, Type-7(PCM 28 C)= 1.9% &
E0 2 et o™, Type-6(PCM 26°C )= 0.2% 714 2 A AE35H
A0 g SISt o] = W7 AUl 2 s dFol &2
A e 2] AR EY 4 Sl

ZHEp I = UERbE o] 93k Afol & Q)R- oF AARE B

oJgt FeFo = WS, 7|3t o q 2] Fh A7 S ol
o] gyt o]Fm] A|AE] BTt PCM & A-§A] W ol 2] A
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