Korean Journal of Air-Conditioning and Refrigeration Engineering
Vol. 26, No. 6 (2014), pp.247-256
http://dx.doi.org/10.6110/KJACR.2014.26.6.247

ol LA x| MZHS 95 PONE 8 S AlAE of 7
Study on PCM Applied Thermal Storage Wall System to Reduce Cooling Energy
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Abstract The regulations to reduce energy consumption and carbon dioxide emission in building sectors are being developed
and promoted all over the world. However, in Korea, as balcony extension of the apartments has been legally allowed,
it became prevalent and resulted in excessive energy consumption. This study derived the possibility of PCM application
to the thermal storage wall system through theoretical consideration and investigated the problems occurring when the balcony
space has been extended to the diverted space. In addition, this study aims at the possibility of verifying the installation
and confirming the cooling energy reduction effect, by conducting measuring tests with the actual installation of PCM applied
thermal storage wall system. As a result of theoretical consideration, it is determined that the disadvantages with the existing
thermal storage wall system can be complemented by applying PCM, and this study suggests the PCM applied Thermal
Storage Wall System. The study was conducted on 1/6 of a miniature inner room of a domestic apartment with 84 m’
of exclusive area. From the results of actual measurements, it is confirmed that the balcony extension structure can gain
11.3% of more calories than the existing balcony structure, resulting in the increase in cooling energy usage. It is determined
that the installation of the PCM applied Thermal Storage Wall System may gain 25.2% of less calories to reduce cooling
energy usage.

Key words Passive Solar System(A}$13 €A A]2~®l), Thermal Storage Wall(F<EH),
Phase Change Material(%H &), Energy Saving(ell 1A #7})
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Preceding Study and Literature Review

-+ Concept and Features of the Thermal Storage Wall System
+ Concept and Features of PCM
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System Suggestion
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+ Energy Reduction Method

Actual Measurement Test Setting

+ Regional and Time Scope Setting
+ Physical Variable Setting
+ Unit Space Scale Setting
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Fig. 1 Flowchart of study.
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Table 1 Classification of passive solar system

Direct Gain Direct Gain System

Trombe Wall System

i Indirect Gain
Passive Thermal Storage Roof System

Solar

System Attached Sunspace System

Isolated Gain  Thermosyphon System

Double Envelope System
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Table 2 Analysis on types and features of the thermal
storage wall system

Operating Principles

Type
Day Night
Mass
Wall
- A method to transfer solar energy accumulated
in the thermal storage wall to the indoor space
Warm
Water Wall
Water
Wall - .
- It is equivalent to the mass wall method but uses
water as a thermal storage media
- Superior thermal storage performance compared
to the mass wall
- It is possible to ensure natural lighting and view
P
QA Pwerm )
Trombe WaH
I
t Cool )
Trombe =
Wall

- A method to transfer solar heat collected in the
wall air cavity to the indoor space with natural
convection through the upper/lower vents in
addition to conduction and radiation of the thermal
storage wall
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Table 3 Concept of phase change material

Heat - Heat

adsorption release
Solid v Heat) © Heat) Solid
atent Heat - - atent Heat

Low High High Low
Temperature Temperature  Temperature Temperature

Change of Phase Change
Material when Outer
Temperature Increases

Change of Phase Change
Material when Outer
Temperature Decreases
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Table 4 Example studies of PCM application

Type Features

- To reduce indoor energy consumption compared
to usual board finish

PCM . :
- To increase comfort of the residents and energy
Board . . .
reduction effect by reducing frequency of internal
air temperature changes
- To reduce energy without any loss of basic physical
PCM properties of concrete
Block The specimen wall containing PCM has relatively
less temperature variation than the normal specimen
walls
- With thin and lightweight floor, it has superior
PCM thermal energy storage capacity and excellent
constructability.
Floor . e
. - It provides constant temperature within the floor
Heating

structure and eliminates overheating phenomenon
on the thermal energy source and floor surface
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Fig. 2 Block diagram of the PCM applied thermal storage
wall system.

(b) Winter
Fig. 3 Energy reduction of the PCM applied thermal

(a) Summer

storage wall system.
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Table 5 Specifications of unit space [mm]

Type Contents
A1,500 . 3,600 R
I | !
TCo
Floor Plan ] g
" 8
M <+
- B &
1,500 3,600
1 1
Section § 8
o o

upeba] At A e EF i PR
84 m=E AAs o, 1 F e S
AL AAZ 3 Won et al”e] AT = 84 m B
FE ok FRr BAS LR Table 59 Zo] AlF
FE Z 4200 mm, Z°] 3,600 mme] ¥t Zo]
1,500 mme] wIYE 7 9low, Faet HAgar

Z}7}F 2,900 mm, 2,300 mm¢! @] F7ro 7 A3}

Ay
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W25 gr]h oz ARty A & tel Wi
717} 7FEE AL Atk AE AAR 47 By BF A
W F7tel] W3 35 2 PCMS A &3 HEW A xE)
o] 74 25 w38kl o, Type4(PCM 4§ F4
W25 27H 9] 9 F e A4 it )

X F71E AF-2 E3] Hste] T FET
B e e R Ak A Al e 2
38 Table 73 #th

4.3 A2 RYUE Y MUY
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Table 6 Overview of each type of specimen [mm]

Type Type-2 Type-3
700
2 2 8 2 2
Floor Plan _|3 ol® ol® o|®
O O Pair Glass 5] Thermal s} Thermal
© © © Storage Wall © Storage Wall
3 2 Q B 15 o 17
re] re] re] . re] .
N N N Pair Glass N Pair Glass
Foamed Polystyrene Foamed Polystyrene Foamed Polystyrene
850 850 850
250 600 250 600 250 600 250 600
: Pair Glass Pair Glass
Section T T2 o T4 o o
o . . o . o o .
~ ~ ~ ~ Thermal

Pair Glass
— 1~

Foamed Polystyrene

Pair Glass

Foamed Polystyrene

Storage Wall Storage Wall

Foamed Polystyrene Foamed Polystyrene

Note) T1~T8 : Temperature/Humidity Sensor.
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Table 7 Overview and composition of specimen

Type Details
Width 700 mm
Indoor Depth 600 mm
Model Height 400 mm
Size Width 700 mm
Balcony Depth 250 mm
Height 400 mm
Thickness 100 mm
Foamed Heat
Polystyrene o 0.034 WmK
Conductivity
Thickness 16 mm(5CL+6A+5CL)
T itt 81%
Visible Light —ransmittance(81%)
Reflectance(15%)
Heat Ray Transmittance(68%)
Pair Glass from the Sun Reflectance(12%)
Sheltering
Coefficient 086
Material
atena Thermal 3.19 W/mK
Transmittance
Thickness 10 mm(CL)
Polycarbonate  Light 79%
Double Plate  Transmittance ’
Sheet
Thermal 3.0 Wm'K
Transmittance
Compound n-Octadecane(> 97%)
Formula CisHss
PCM - - :
Melting Point 28C
Heat of Fusion 241 kJ/kg
Pyrheliometer ML-020VM
Sensor
Temperature/
Humidity SHT11
Measurement
Svstem Sensor
Y Surface
Temperature K-TYPE
Sensor
Data Logo TX-220
Aeme] 2 % AW 3 §H, 37 0dL o g3l
e AR BN UAT ol A LEAk by A
Aew Wb gl Titel dug 7} EepE 7
ATk, ol WY1z Bk MYLER AW B2
SEE RE7] Aol 2mHE PPAUASS 7} B
A= wlwsly] fgelth F7] D)2 0.31 Keal/
mCE Agasrt,
Q=MC(T,— T,) (1)
4.4 d5 dEA M2 H AE
AS AdAE dxEE2EA 100 TR A,

WA A4S 9% POMA S FAv Axw A7

Table 8 Fabrication processes of test model

1. Outer Wall 2. Window Frame
Assembly Installation

. Silicon Process

4. Measuring
Equipment 5. Roof Assembly
Installation

6. Completion of
Test Model

ARE 8t U - 95 Z5E 16 mm H3FEE
ARESEE oM, 10 mm E5% £ ZETIRMO|E &
o] PCMS St 455 xﬂ&é}aiﬁ}. Table 8
AA ] AAHAHES HERNH, 20131d 99 15U H-H
20134 9 19¢7H4] A AHs HyYsksict

5. e Z#x}

i
e}
o Y,
o
M
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> o
[\e]
(e}
T o
rL
O
o R
2=
O
S
[w)
>
S
o
8!

ARV T FEge] HALEE af 385T=
velgon, HAALEE Hd 135CE AU 4

wET B 67%R HEREow, Ao dAg 3
T+ 849 W/m'= ZAE ATt A3 77 sdets 3Y
7ke] 715 ) ]Eit: Table 9 2 Fig. 59 2t}

Table 9 Weather data during test period

Temperature  Humidity Isolation Synshine Cloud

Type [C] [Y0] [W/m']  Duration Cover

Avg. Min Max Avg. Max [hr]** [10%]**
9.16 22.1 12.4 387 65 886(12:30) 11.8 0.3
9.17 229 14.0 373 65 815(12:30) 9.6 0.6
9.18 244 14.1 39.5 69 847(12:30) 109 1.0
Avg. 232 135 385 67 849 10.8 0.6

Note) :* Survey Data
Korea Meteorological Administration.
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Table 10 Test measurement data [C]
T 2013-09-16 2013-09-17 2013-09-18 Test Period
e
P Min Max  Avg. Min Max  Avg. Min Max  Avg. Min Max  Avg.
Type-1 13.7 74.1 34.8 15.9 70.2 34.4 16.2 72.6 36.6 15.3 72.3 35.3
Balcon Type-2 14.0 73.2 35.0 15.9 68.6 343 16.2 71.4 36.6 15.4 71.1 35.3
Y Type-3 23.1 67.5 38.0 23.0 60.6 36.1 23.7 66.3 38.4 233 64.8 37.5
Type-4 14.3 41.1 25.7 16.2 41.0 26.4 16.8 42.2 28.2 15.8 41.4 26.8
Type-1 13.9 63.0 32.1 15.8 60.7 32.0 16.3 63.5 342 15.3 62.4 32.8
Indoor Type-2 13.7 68.3 334 15.7 65.0 33.0 16.0 67.6 35.2 15.1 67.0 33.9
Type-3 22.9 55.4 32.9 22.8 51.7 31.7 23.7 56.8 343 23.1 54.6 33.0
Type-4 14.7 32.8 24.0 16.3 333 24.5 17.0 36.8 26.4 16.0 34.3 25.0
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Fig. 6 Test results.
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Table 11 Calculation results of calorie flowed into indoor
[cal/day]

Type Type-1 Type-2  Type-3 Type-4
2013-09-16 77,151 87,713 59,080 10,395
2013-09-17 73,222 81,154 49,355 11,941
2013-09-18 83,460 91,377 66,553 19,334

Avg. 77,945 86,748 58,329 13,890
(a) Type-1 (b) Type—2
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Fig. 8 Temperature changes of indoor space.

Table 12 Temperature changes of indoor space

Type Type-l  Type-2  Type-3  Type-4
Minimum 153C  151C  232C  16.0C
Temperature
Maximum = o) g0 669C  546C  34.1°C
Temperature
Temperature o % % [
Differential 470C SLTC 314¢ e
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