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ABSTRACT KEYW ORD
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Purpose: Sulfur hexafluoride(SFs) is a strong gas which causes the global warming, and has strictly controlled ;Eﬁ:l

= o Tr

domestically and internationally. However, presently, as the technology for capture, storage, and treatment of SF¢ have been ChE JtA

developed to be the level of CO, gas, it is possible to utilize the gas as a resource. In order to use SFs as a new insulating

UIERNE=ES,

material in buildings, this study aims to propose a double paned glazing filled with SF¢ gas, and analyze its insulating and

energy performances. Method: The computer simulation programs, Therm and Window package program modelling
windows and glazing systems and EnergyPlus analyzing the environmental and energy performances for buildings were

Sulfur hexafluoride
Double paned glazing
Insulating gas

used. Result: The results revealed that the inside surface temperatures of the glazing with SFs gas are ranged between the  Energy performance
cases of air and Ar gas. Moreover, the results presented that the its energy performance is higher than the case of air, and is

similar to the case of Ar gas.
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Fig. 1. The structure of the double paned glazing wzth SF6 gas

EnergyPlus®} Therm & Window Z2 134 E&52]of of
ot At dE]lE2 sttt ERF EnergyPlusoll A+ Therm &
Windowe] 942 gtEell gt Import 7|5 Al-5gtch. whehA] of
et EZ52E EnergyPluselAl &41517] $leiA= Therm &
Windows &dll 2] 2 Ze¢ Fito] $4 RewLfofof girt
Table 1., 2., 3., 4= Therm & Windowol| A &g H SF¢ B&=%
o] 9 meQlo] a4 B4 AES ‘/}E}"HE} A, 99 A=
A Therm & Window Z 2132 H|EZ3}H= LBNL (Lawrence
Berkeley National Laboratory)2 AlA| Z}=9] 7] Aof| A AAtE]=
o9 T/ 2 E4SS ATt oo, #7124 o & M H Hlo|
HE HjEs5tT Itk (Windows & Daylighting, 2017) 2 A& 0]
Ao M= ol#fgt §2 %, ‘Pilkinton Ltd. oA AJAISt= 5 mm
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Table 1. The optical characteristics in the front and back surfaces
of the glass

Type 5 (mm) Low-emission glass
Manufacturer Pilkington Ltd.
Conductivity 0.14 (W/m + K)
Tsol,1 0.300
. Tsol,2 0.300
Solar radiation
Rsol,1 0.049
Rsol,2 0.049
Thermal Tvis, 1 0.565
Characteristic - Tvis,2 0.565
Visible rays -
Ruvis, 1 0.059
Rvis,2 0.059
o Emis.1 0.340
Emissivity -
Emis.2 0.340
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Table 2. The thermal characteristics of air, Argon, Krypton, and
SFs gases

Type of .
insulating gas Air Argon Krypton SF¢
Thickness
) 10 10 10 10
Molecular
Weight 28.970 39.948 83.800 146.1
(mol/g)
Pressure 101325 101325 101325 101325
(Pa)
Prandtl
N e 0.7197 0.6704 0.6717 0.4567
Conductivity
(W/m + K) 0.024069 0.016349 0.008664 0.013000
Viscosity
(kg/m - $) 0.000017 0.000021 0.000023 0.000014
Specific heat
kg - K) 1006.103271 52192852783 | 248.09069824 | 418.60000610

ot&d, Table 3., 4= B=47
sealing®} Zef|Qlof tigt A= 2 &

o 4E 55729 & T+ 20 mmolH, T ¢l 505
ZLet & FAI= 220 mmo]t,
Table 3. The characteristics of Edge sealing
Material
Spacer bar Desiccant zgﬁfgy Szz(;lﬁ(rilagy
Aluminum | Silica gel Bulk | Polyisobutylene Polysulphide
Size
Thickness Hight
10 mm 5 mm

Table 4. The type and thermal characteristics of the frame system

Type of frame Fixed
Material Wood
Thickness (m) 0.08
Projected length (m) Right 0.1 x Left 0.1
Conductivity (W/m * K) 0.16

3.2. oA 45 B7F B

D) AEQ rdg

Table 5.= 225 d B35 ovx] F52 B7sH7] Sl
EnergyPlusoll Al +@H 129 718 9 7|2 B E Yepdch A&
2 U A2 §IA AL AED Ao=2 7Pt EL oA

pgd BEge U ATl A2 P& v 4
o, A2 v, 98, A9 72 W SVRE 5o BT Pt

Fig. 2.9} ZtH[10].

Table 5. Overview and information of the building

Building location Seoul, South Korea
Building direction Corrected south
Length (m) 10
Building size Width (m) 5
Height (m) 2.5
Glazing size Length (m) )
Height (m) 1.5
Weather data Seoul region standard wwather data
Weather type EnergyPlus Weather file (EPW)

(Wall structure)

(Floor structure) (Roof structure)

5 mm Finishing material 80 mm Mortar

40 Mortar

=
‘2
2
g

40 mm Autoclaved

lightweight concrete 210 mm Concrete

20 mm Insulating material

90 mm Insulating material

180 mm Concrete
10 mm Gypsum board

210 mm Concrete E
100 mm Air cavity 8

10 mm Gypsum board
U-value: 0.142 (W/m*K)

U-value: 0.178 (W/m>K) U-value: 0.258 (W/m*K)

Fig. 2. The building formed by EnergyPlus program

Alggolde gt Z1ddolE = =l F<lE 7ol wjzst
L e o] #2714 0B S EPW (EnergyPlus Weather) T}

o]
2 Hglote] Agotgintll]. AlEd ol 717k Wi rle] 28-e
2T o], 129 1< 0:007 € 129 4 0:00717] oF 397t H]
oE]7} o] & QUtt. Fig. 3., 4., 5., 6.2 2 AJ B o] Ao g5 of
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Fig. 3. Hourly outdoor temperature
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Fig. 4. Hourly outdoor absolute humidity

~e-Direct solar radition
~a-Diffuse solar radiation
500 -&-Ground reflected solar radiation

Solar radiation (kW/m?)
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Fig. 5. Hourly solar radiation

Velocity (m/s)

0

0:00 12:00 0:00 12:00 0:00 12:00 0:00
Time (hour)

Fig. 6. Hourly wind velocity

2) AW g4 9 4F5 84

Table 6.2 Al&d|o] oA RAPH A& AujolA EY =
+ 834 9 €55 245 Ueidth AR = F 4% 0= 283
t}. 8:00~18:00%= AAA7}F glon 1 9] AJ7hS Z|tizhel 4910 82
7St e 272 HE 2 A 2853 18:00~22:00+=
giztel 1o] Y= giet. T3t 22:002 8 U 06:007H2= F A
Ztog A 24z AREE9 0.10] HLEA ok, 6:00~
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ZV3HolH A Aefo] R, A S, dAY, 221 F

8:00& 71dAIz e =A A gl 1& A&kt 1 ¢, 8:00~
18:00= AL} fla o= 2785 AHSHA g 02 deotald.
EH A7l =l AEQ V1Y SEl HR V1= T, oldA EeF A
=0 A-8H e A 10315 2-8stnt12]. &7] E3t =4 7]
oA AasH= AIZE 0.58]7F A= QT3]

Table 6. Indoor thermal environment factors and schedules

Type Time Unit Input value
00:00 ~ 08:00 4
Occupant 08:00 ~ 18:00 Person 0
18:00 ~ 24:00 4
00:00 ~ 06:00 0.1
06:00 ~ 08:00 1.0
Light 08:00 ~ 18:00 ey 0.0
18:00 ~ 22:00 1.0
22:00 ~ 00:00 0.1
Infiltration 00:00 ~ 24:00 ACHS50 1.0
00:00 ~ 08:00 0.5
Ventilation 08:00 ~ 18:00 ACH 0.0
18:00 ~ 24:00 0.5
ACH: Air change per hour
3) AW By A2
A2 W Alage W3] BAL A8t Ee ) by
AR L& 22 Colv], FFHE 3719 ) L& 50 T2 4%
stet. mhtbA i e 2 8l At 74 & AHs AT B
5 Ragstgnt. 1 9, gv]ek 97 AH Sl ¥Rt dE e
Table 7.3} 2t}
Table 7. The characteristics of the HVAC system
All-air method
Type ; -
Heating set-point 22 °C
Indoor Heating limit No limit
set-point Maximum heating temperature 50 °C
Maximum heating humidity (k g/k(éoéfg Air)
STy e Temperature control Heating set-point
Air flow rate control Autosize
Heat recovery type Enthalpy
Return air Sensible heat recovery rate 0.7
Latent heat recovery rate 0.7
X Outdoor air condition Weather data
Outdoor air
Flow rate control Autosize

Table 8.2 ¢ 915t AA1E 2 Alo] ¥ S vrepdth, W A7t

2A1E ] wat 18:002H 9 8:007HA = AA4 sttt

T 9] AIZE2 v A7 R A-gots], A7t 10 Told2 A

SE & f=otgint. obse, FEEe 37E 141 Hslol o
b

2{sto] Algeo]Ad Aol A A& Alof == A5k

Table 8. The heating control and schedule

Type Time Temperature C;’y};m:)l SuPalj)l}y
00:00 ~ 08:00 22 °C

Heating 08:00 ~ 18:00 10 °C On/Off Variable
18:00 ~24:00 22 °C
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Fig. 9. Hourly energy losses
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Fig. 10. Total heating energy consumed by the building
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