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ABSTRACT KEYW ORD
Purpose: In the case of dual window, which is a characteristic window in Korea, the air layer between the &7|5
window and the window is formed larger than the scale that can be evaluated by the calculation method iﬂisﬁég
suggested by the international standard (ISO). Due to the influence of convective heat transfer in the air layer, a0 %6_||1A1
The upper and lower surface temperatures are measured differently. In particular, the lower temperature formed b AZEX NS

in the lower part can not reflect the difference in the current evaluation method. Method: In this study, the
temperature difference between the top and bottom of the air layer was confirmed through real experiments, heat Air cavit.y
transfer analysis of existing methods, and three-dimensional heat & flow analysis. The surface temperature Ic_{c;r;\;eét%zxeaa;atl;a;:;sfer
difference due to the convective heat transfer of the air layer between the windows was analyzed for four types  Condensation prevention performance
of double—glazing glass assemblies with two types of double glazing. Result: As a result, the experimental results
showed the lowest surface temperature, and the results of the heat flow analysis showed lower surface @~ ACCEPTANCE INFO
temperatures than those of the conventional thermal analysis, so that the analysis method reflecting the  Received Dec 3, 2017
convective heat transfer better reflects the tendency of the actual experiment . Therefore, in order to evaluate the Final revision received June 18, 2018
. . . .. .. Accepted February June 23, 2018
dew condensation preventing performance of the dual window more realistically, it is necessary to apply the
analytical method which can reflect the temperature difference between the upper and lower parts.
(©) 2018 KIEAE Journal
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sto] Aot o] AR5 2to] & Wt R ddgaS AEshal, 7100l AATRE AR i el S5 o 2 TRy
olF TUT AlEd ol Bl A-gsto], AE A AAE o of F& A&H= o|lFH T A FeE & AdodMe
AL w4 Sl Al Hla A5k shte] FAg ZEelo] f2]9 45 X3 Cases &8t &

O Foe dutd o s AEHY Qe o5 S o AL F7150l ARt A0 st whE A 2 2= ¥
go 2 sigonl, AR B3] AUl AAxAL AHE  SHE vlwstgek
L5 9 915 fele) 2452 tad Hgstel 37150 £
5= gako] Hshr} g2 dATe] u)x= ke v sty Table 2. Composition of glass of target window

o, 2 AP AL o3 L 915) A el A AN Case Cool side Cavity Flo side
£ 3 ALl ohd 1 QAL AN AT RA LT T e
718 2 sl S A Alskgl om, ofof whet, e it ix]e Case 3 | Pair-glass 2(high performance) | 97py| Pair-glass 1(low performance)
FFE AA W= HE AAct AotE LS B wske] Case4 | Pair-glass 2(high performance) Pair-glass 2(high performance)
t}, A3 A Bo]d ALH AL Zefjd U ollz] o] F&FS A
olohd 25 T G2 Felol Fuglol LT =g Table 1.2 & A= Ao 2848 AWel= o) 72 7
o Agap) Wel 149 GAG GAG Aoz waE, @ Pl el FAL T A% F M BEg
AyshE o] ato] 1219 AlA mdlo] BTt Br|Zo] BAS A (pair glass)E ©]-&5to] A e]=o] Hol= W] &l Table 2.
$% 4L Edto] REF A BHOR A7t AR AN 9 2L 7 2TS Heoto 4717 450 4 x5 745
Aot Aol o3t AtE vlmgo 2 Felstct of Agset.

2.1 A8 A¥ M

B ATOAE 0|3 A FAT B 5 AT A=
o] REAE Helety] Sstol 4B AFS ANt
AUS] FA7rel] GYEIE F7150] WekA 5l Ae) 23
wet W5 2
o 42l 3

Fig 1. Frames of physical experiment double window (Left: window
set type (sliding door), middle: horizontal section, right: vertical
section)

Table 1. Composition of glass

U

W /H%K) SHGC | Tvis

Glazing Glass composition

. Glass 1 Clear 5mm (IGDB6958)
Pair-glass 1
(low-perfor| Gap AIR, 12mm 2.78 | 0.746 | 0.804
mance)
Glass 2 Clear Smm (IGDB6958)

. Glass 1| Low-E 5mn (IGDB16860)
Pair-glass 2

(high-perfo| Gap AIR, 12mn 1.55 | 0.360|0.581

mance) | Giaes2| Low-E Sm (IGDB16860)
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Fig 2. Temperature measurement point
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Table 3. Glass surface temperature (Experiment, T)

q Casel Case2 Case3 Cased
ot in. ex. in. ex. in. ex. in. ex.
@ [16.87 | 2.55 | 18.02 [ 2.21 [17.61 [ 1.79 [18.22 [ 1.55
Top| @ | 18.08 | 1.47 [ 1836 | 1.34 [ 1842 | 1.47 |18.54 | 1.28
@ [17.09 | 2.59 | 18.09 | 2.29 [17.73 | 1.80 [ 18.30 [ 1.61
@ 11583 1.92 [17.19] 1.62 [16.81 | 1.39 [17.56 | 1.20
Mid| ® | 17.64 | 1.26 | 17.65 | 1.15 [ 18.13 | 1.41 | 17.84 | 1.24
® [16.25| 1.25 | 17.53 [ 1.05 [ 17.25 ] 0.78 [ 17.84 | 0.69
@ [1633] 1.19 [ 16.99 [ 1.08 [ 16.81 [ 0.92 [17.29 [ 0.83
Bot. 17.02 | 0.70 | 17.19| 0.65 | 17.67 | 0.71 | 17.44 | 0.65
© 1579 | 1.40 | 17.26 [ 1.25 [16.71 | 1.05 [17.54 | 0.96
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Fig 3. Thermal and Fluid Flow in the Cavity
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2/57— 0.386
+ [0.6233@1/5(%) ]

@ LyL, > 59 A%, o} 37H4] 5, 71 & 32 445
. 3 1/3
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05 ™Y SSBL NRIUEZE o &ote 22Xt ZEWX| G0 OjX= o ozt A7
2L (Ty—T) # Aol AL NERC 7129 AAZA B4 KS71E2] 34
=— Z“ﬁ/\ S [7] E dA5 MY BAXAS 285t o, FHES] ditRs
ar’ "ar = = = =]
AHES R AR B 212 A85kAH 4] 488 e o
o17]A,
ot 2k,
preAEE g 3dvlsE
G: 2Lo W2 AA PRE Table 4. Boundary Condition of Heat transfer analysis
: Aol gy c A AL e o e
Cp-AEHe A8 Ax ATl temperature cool side ( 0°C), hot side ( 20°C)
E oF Aot 3 2a]0 o 8 Outdoor / €X. h(: = hr(z S €e X hcc
o) AlO rlo i
EAF GG hro] A A2 ohg 3 A o door in. h; = h,; X ;X h,
transfer summer winter
coefficient - - Py -
4 T3 radiation convection radiation convection
h. = I Lav cool side h re=6.5 h ce=12.2 h re=5.1 h ce=16.3
o1 n 1 9 1 hot side h ri=6.3 h ci=3.9 h 1i=5.6 h ci=33
- 1 Emissivi
cc €ch 1 Lh = Lh missivity 0.896
_([1+(_)2]2 -y 1) of glass
L’U L’L‘
T.+1T, S AAZAE Table 4.9 AIAE upel ZHo] Aluje] F7kat
T =7 sl fol A GRS TEol, A 306 Yot &
- - o =] o = 1
AT, €, AL Z BA G €, T2 = EH LS glo] tigh PAkgo] A8 Hof A& H Ik wEkA Ay
_ _ 2713 A= T 0 2 HE] o] AR T AATo|A] H o] B A
‘ ‘ Ag Z7Mg et glom, 2% 9 BHo| AUT-E v
ot oa L o o el <ot e o} dheel, 3715 Yol A9 EApdHge] B [SO
o =) bk n - _ —
5715 U 71A19] 244710 dde A e 57159 34 o] 4% ¢ AL L AAsto] Hgatr}
a2i, 5715 AFe E Ashs 1) 2k H mu RE B2oa|l 5y T o] w-g-a] Alo]o] 12m F749] E7)
[e] SEO - —y
AE IS e % 2yt Ao A%E o] 9lor] Low-E T59] G50
L . we} 4742 2 PR Low-E ZYwo] dgt 432 a s
3.2. WINDOW =Z=2I3& 835 AHAyel o|F% 7t o]l FEIW A ZAL Htadsle] & 4717 0] 223 Hxo0a] =
%]%Q%EQX*E%QI%E]EQQE*}% A IFHA A 28 whesto] & 29 253 B &
vl = iLis g = = 51 =
ol o - . e Aotk & AtollAe AA Az 2o EA4E wHY
o 9 Ty =0 2 o] Hx 9]3] - _ - _
WINDOW _—-i—?—m—’] 8% o ]_0—4 i 2 HAR o 517] 9lste] IGDBY] 525 wo a2 AAstgon 1 el
QUGS B}l A5 o2 37150 AHIL QWHAAT s oy
Aol ¥z dFor AT 4 JA st AEIHES
(Effective Conductivity, /\eff)—g— APASHY, S adHdE-go 4t Table 5. Effective thermal conductivity of pair glass
A2 &2 ISO 150998 =83ttt o] 9] ¢ oh59] O™ Position Thickness | Conductivity IGDB Emissivity
- - = = C f L f L
3} o] BEfe] AHolA & 440 Bgelet 2 whael Aol SO Maver T’ wmao | M | e | e
379 7o g2 AR, WINDOWOA A EE Ao 1 0.005 1.000 6958 | 0.837 | 0.837
- _ _ - Ex,| 2 0.012 0.066 AIR -
2] Afolo] F7] 5ol thet FrREd A &2 1Y A gho= & Case 1 3 0005 1.000 6958 | 0.837 I 0.837
= - = = 1 0.005 1.000 6958 | 0.837 | 0.837
2 o] AFat f1aof TAgle] TA RSkl A8H m, [ 2 [ 0012 0.073 AIR .
o} 3 0.005 1.000 6958 | 0.837 [ 0.837
. 1 0.005 1.000 6958 | 0.837 | 0.837
=y '"Felﬁrl Ex,| 2 0.012 0.066 AIR i
- : 3 0.005 1.000 6958 | 0.837 | 0.837
i ‘R Case 2 | 0.005 1.000 [ 16860 | 0.845 | 0.026
M & - In,| 2 0.012 0.026 AIR -
3 0.005 1.000 16860 | 0.026 [ 0.845
1 0.005 1.000 16860 | 0.845 | 0.026
Ex,| 2 0.012 0.026 AIR -
Case 3 3 0.005 1.000 16860 | 0.026 [ 0.845
1 0.005 1.000 6958 | 0.837 | 0.837
In,| 2 0.012 0.073 AIR -
3 0.005 1.000 6958 | 0.837 [ 0.837
1 0.005 1.000 16860 | 0.845 | 0.026
Ex,| 2 0.012 0.025 AIR -
Case 4 3 0.005 1.000 16860 | 0.026 [ 0.845
1 0.005 1.000 16860 | 0.845 | 0.026
i . o - In,| 2 0.012 0.026 AIR -
Fig 4. Glazed Heat Transfer Section within Double Sliding 3 0.005 1.000 16860 | 0.026 | 0.845

Window
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grgoto] ARt f ol FHREEA ofE a2+ A3 FOPH A
O] s AT of| A EE == 2o} A BT Zo|7t Gl =5
2 g

0|5 FA TS5l Wt AEEHAEE(W/m-C)&
WINDOW =Zzsiog Ar&E39F A= 0.5132(case 1),
0.4928(case 2), 0.5123(case 3), 0.4959(case 4)= AFZE S
W, 4719 ALt At 50 S4 52 YA HS HHESH=
© 2 AFEE™ NFRCO Algd|o]d 37t o= o] 12+
Hol8 & tE o2 5o F7| 5ol A-goto] AIsfaS AA

gtet.

Table 6. Glass surface temperature(Heat transfer analysis SO
15099)

Glass surface temperature (°C) Effectlzf‘swf:no.?g;lctmty
Case| exterior | exterior | interior | interior q
Glass | Glass | Glass | Glass (f(?;,',,t,{) w‘g}&;ﬁ;’ﬂ
ex.side | in..side | ex.side | in..side
1 1.3 6.5 11.9 6.7 0.5132 0.2554
2 0.9 4.7 8.6 7.7 0.4928 0.1661
3 0.9 10.4 14.2 7.6 0.5123 0.1691
4 0.7 8 11.1 8.2 0.4959 0.1246

4.1. 3715 EfF 4 229 As

100mmn F7A12] F715 et 32He 214 Bdg 1
sto] AAtS AASGoH, 50mmE Z7ste] A 7424 5ol

A ANSE 1493 4 BHORE @47 S R
thoto] 37He TR R BAF AT LHL 1Ptk
HAES] B2 48 AF 2712 % 2m, ol 2m 7S A
SH= 7152t (Symmetry) G402 85te] 2 Im, o]
2m 9 %R F71502 AAste] ABeold] Wste

o

Fig 5. Three Dimensional Heat & Flow Analysis Model
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Table 6. 3D Heat & Flow Analysis Results of Cavity

Case 1 Case 2 Case 3 sacle

Temperature (C)

l.’&{l

E5 Low-E 9] 48 o2 9 2.8 §17]o] tke} 5715 U]
7t Az tan felo et B mee) A% L=t
Case Ao wre} chzof Lhepde,

Fig 6. Area of Effective thermal conductivity calculation

A7) 1% 914 TR Lrehd Zolth (1 247} 8
A: el gEet AR AFe Bwel 9 4% A9 At

S5 B

2 245 gadaEgel dashs A%e 9
27150 S S B 0] YIS BHOR HolF A
a
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OITYE SN SSTY HRESTEHEZ A HotR 2EA7F Z2YX[E S0l O/X|= Ftof tish A7

Table 7. Effective Conductivity By region A7) 7P dogt EHREE YR Q= AL & 4 QU
Effective 39 A 5 S Ahs A felo] g dsol A
ety | Coserl | Cased | Cased )| Cased 91749 23H A Gal Aol 2ste], S felo] By
Top 03878 03703 03933 0.3954 ol A5 B A Aato] 2 A =T ol= A
Middle 0.4941 0.4731 0.4769 0.4659 3 AT A4 A AL Ay mHIEAY A9 xpol}
O T e A9 wHE BALHE AAZAE) oI} 4T} A5 &

209 GFL FE R010R Aot S0 WA
Table 8.2 S|4 E5lo] Al&E ETHLTot EHEEL Table 10. st ZHL2 T o & TDR(Temperature Differ
AL Eslo] BHLEE A=519d 2o thalo] A1&5HY ence Ratio) MoF& Hluwet Aoz, AdY 7|% [514 1419 &2
o1, o] F Zf Cased sk 171 21l dhet 23-& At A T 919 TDR 71291 0.16 7|0 &2 wstH Casel-2 A9
ua

Table 8. Glass surface temperature (3D Heat & Flow Analysis)

point Surface Temperature [°C]
Casel Case2 Case3 Case4
ex. @(Bottom) 1.0 0.7 0.8 0.6
ex. O(Top) 1.6 1.2 1.0 0.8
in. D (Bottom) 16.2 17.5 17.1 18.0
in. O(Top) 17.4 18.0 18.1 18.5
5. 37|15 &%t 2H2EL HR

Table 9.& 94 AAIGH A @ Aot AGs)A A, 3349 o
45 o4 Ao B2 R BHLEE HwF Aol

Table 9. Glass surface temperature by evaluation method

Evaluation method / Surface Temperature [°C]

Region Casel Case2 Case3 Case4
Experiment top 16.9 18.0 17.6 18.2
bottom 16.3 17.0 16.8 17.3
3D Heat & top 17.4 18.0 18.1 18.5
Flow Analysis | bottom 16.2 17.5 17.1 18.0
Heat tran_sfer top & 16.7 177 176 182
analysis bottom

20 D mE 7 24 3 3]

—1 O
£ ¥Rt Aot

ol
ol

1o duEy L

18.2
' 18.0 —y

17.7
17.5 17.6
17.3
17.0 o
167 168
o I I
asel Case2 Cased Cased

00

surface temperature ("C

B experiment  @heat & flow analysis — Oheat transfer analysis

Fig 7. Glass bottom part surface temperature by evaluation
method

H50] A2 Aol 7 Flokeh h ERLES e 472
49 A0l 1 e LR WET Gov], AL 58
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3 BE Case7} 71 TDRS WhE3h1 910 m, Bk o] me
BHEol o] Wk gl 20 tehgth,

Table 10. Glass surface TDR by evaluation method

Evaluation method / Region Casel | Case2 | Case3 | Case4
Experiment Surf, Temp.[C] 16.3 17.0 16.8 17.3
TDR 0.185 | 0.150 | 0.160 | 0.135
3D Heat & Surf, Temp.[C] 16.2 17.5 17.1 18.0
Flow Analysis TDR 0.190 | 0.125 | 0.145 | 0.100
Heat transfer Surf, Temp.[C] 16.7 17.7 17.6 18.2
analysis TDR 0.165 | 0.115 | 0.120 | 0.090

Table 11. Glass Bottom Edge Part Surf, Temp. & TDR

Evaluation method / Region Casel | Case2 | Case3 | Case4

Experi | o bge P | 153 | 162 | 166 | 161

ment TDR 0235 | 0.190 | 0.170 | 0.195
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