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ABSTRACT KEYW ORD

Purpose: Curtain wall system with aluminium frame is a popular system for high rise buildings that need  0|&2|d]
high-tech images. Apart from the popularity, this system can hinder the comfort of residents because of HEE
L . . NFRC 100
the thermal vulnerability. The Double Skin Window system has been suggested as a way to overcome 1SO 15099
some of the disadvantages of existing curtain wall systems. However, this system has different conditions
for the window and blind opening seasonally to save cooling and heating energy consumption. Therefore, ~ Double skin facade
the depth has to be slim for the residents’easy operation, which led the development of 270mm depth Slim EJL;:??(;A(’)&]”
Double-skin Window System. Method: Simulations for U-Value and Solar Heat Gain Coefficient carried 1SO 15099
out for application of new buildings in various conditions. THERM 6.3 and WINDOW 6.3 are used for
the U-Value calculations, and equations suggested by NFRC are for SHGC calculations. In addition,
Energy Saving Design Standards of Buildings analyzed to check for the conformity with them. This is -
why builders have to comply with them for new building construction. Result: Less than 1.2W/m' K for Received Oct 30, 2017
A . o ) . o N Final revision received Nov 29, 2017
U-Values and less than 0.2 for SHGC are derived in the conditions with blinds 45°, 90° and Low-E Accepted Dec 3, 2017
coatings in both outer and inner windows. These values satisfy all conditions for new residential and
non-residential buildings in Energy Saving Design Standards of Buildings.
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2. SRE1 EYEFSE(SHGO)

<2 NFRC(National Fenestration Rating Council Incorporated)
o] A& o)A 719 A5 A5 B 7T =91 LBNL(Lawrence Berkeley
National Laboratory)©] WINDOW 6.37} THERM 6.3-2 ©]-&3} %t}
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installation clearance
projected area

rough opening
interior

exterior

C Centre-of-glass
E Edge-of-glass
F Frame

D Divider

DE Divider-edge
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Fig 1. Frame areas for typical fenestration product [16]

2.2. SHGCY] &4

Ze| oS e o] F9]u AT A ¢ SHGCE
24 Center of glazing®] SHGCE WINDOW 6.35 53] A&t
ojmf AHF-E&T} 5‘“5}71] et fej o] AARIRA Edgetol
i3t SHGCE 4AF& S}, NFRC7} Alotst= AlAHEA] whet Edge of
glazing®] SHGCE Center of glazing?} Z-2 312 2 A4St TH14].
7} dividere] SHGC A ISO 150992} NFRC-2002] 7] &2
Axtstdom 1 A1) otef et 2t

A7) 1

SHG G = et D
Asur f <h
A out
f
a  : Frame or divider absorptance

Ar : Sum of the projected dimensions of the opaque portion
Asur . Sum of the wetted areas of the opaque portion
Ur  : Area-weighted average winter nighttime U-factor
of the opaque portion
hour  : 30VV//772 -K

@ = NFRC-2002] Glazed wall system 7] =] w2} 0.5, Ur = £
H2 THERMS 5ol AXEQN, Awrs A9Z9] Projected frame
dimension® = TR Fof ALt= STk

71 ohF 9AIR SHGCo, SHGCrS AHEsto] ofefie] A2)of] wret A
A¥sl SHGC7L Fafizich

SHGC = SHGCo +SHGCc (SHGC1 + SHGCh).........ccooveeeicaenn. 2)

SHGCo : The total fenestration product SHGC
for the center of glazing SHGC of 0.0



SHGC: : The total fenestration product SHGC 1.Thermal 2.Core 3.Surface
fOl’ the center Of glazing SHGC Of L0 Break Insulation Insulation
SHGCc : Center of glazing SHGC
Set to zero for SHGCO and one for SHGCI
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Shading System 79 YA 2 4747] CaseE ’Sxéé‘}‘ﬂi}(Table 2).
Table 1. Detail of Window’s Glazing System Table 2. Four Different composition of Glazing system
Window Description Glazing Area . Glazing system of Outer|Glazing system of Inner
Left [+ 2 La bl 0543 m Glring Svem 1D Windows s
. ° 0543 m
Ui yer, Operable ALTI SCL+14A+5CL SCL+12A+5CL
Right |* 2 Layer, Operable * 0644 M’
ALT2 SCL+14A+5LE SCL+12A+5CL
) Left |» 2 Layer, Operable e 0497 m’
Outdoor | Middle ALT3 SLE+14A+5LE SCL+12A+5CL
Right |* 2 Layer, Operable e 0497 m’
ALT4 SCL+14A+5LE SCL+12A+5LE
B Left | 2 Layer, non-Operable e 0497 m’
ottom .
Right |* 2 Layer, non-Operable [+ 0.497 m' * CL ¢ Clear glass
o Lefi |+ 2 Layer, Operable e 1748 A Alr
loor LE : Gl ith Low-E coati
Right |+ 2 Layer, Operable o 1748 ass with Howsk coatmg

EeRRIE A Mz Aol H AL SR A2 O Bl
It ¢bd 8] E AEl(0x), @ S2F1=7t 6] 29l A (90
A Ao H 5] o
FZE ALt (19H4), F7 A4 R pS(Eo)AE ) 127 @&#o] 45581 7 H|7tA] 2 TEEFATHTable 3).
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Table 3. Blind Operations Properties at the LBNL WINDOWS V_Head_left [ VHeadrght | |
Operation Type 1 Operation Type 2 Operation Type 3 .f' '; ';
9 < <
=1 ;; Window: Outdoor I§ Window: Outdoor o
£] Glazing 1-1 o Glazing 1-2 g.
1 g g
yd % H H
/ — V_MeetingRail_1_left T V_MeetingRail_1_right —
/ < : =
= g =
- & g
: o Window: Outdoor S Window: Outdoor I
Fu“zoo?p cn Pml%l‘lg’o)op on (ilg%sf)d ;;; Glazing 1-3 5. Glazing 1-4 3
T 3 &
*  Horizontal venetian blind & Z &
*  Material: 30101 Slat Metal A Z L - — =
o Effective Openness Fraction: 0.05 —  V_MeetingRail_2_left = V_MeetingRail_2_right ;
': g 'm
@ ) )
L _ g ) 2 : g
227 0 A HA Aol 12 5] A& A e HEA ] e ) et
- 2 :
a5 Hlastazt sttt of7]ofl SRRIETE A=A ok -2t 2 S g
gelel=rhast A el $718 T gl A8 M S T T S s 1 b

sol & 7419 2208 AFH 02 ARenh

3.3. F3 AAHS] ndd

299 o] 595 H5A 2 el 114179 o] ol vjx| 5o
§10) 45 W5 ARG Fo4 Aol o] 7Ho] 297} kA o]
itk ntebd G50 497k A2 thE TS T4 Hlo) Su
ae] 47} a9l 5 o) 37) me Qo] sl 22 0.2 %} )
o] o] Wi A wlolof SR LAt 4B shto] dht
o % 14719 3T HS RO ST (Fig 4, Table 4). THT T2
w471 0] A A2te] gle] etk o2 sk
Qa4 2] 488 HT FARA] A Table 59 2.

Table 4. THERM Modeling of each frame components

Fig. 4. Composition of Frame parts of Windows

Table 5. Thermal Properties of Materials

Name Conductivity (Wm'K) Emissivity
Aluminum 160 0.9
STEEL 50 0.9
Silicone 0.35 0.9
Spacer 0.16 0.9
EPDM Thermal Gasket 0.25 0.9
Polyamide Thermal Break 0.25 0.9
Mohair 0.14 0.9

V_Head L V_MeetingRail 1_L

V_MeetingRail 2 L V_Sill L

V_Head R

V_MeetingRail 1 R V_MeetingRail 2 R

V_Sill R H_Middle_Jamb_L

H_Middle_Jamb_R | H_Middle_MeetingRail

H_bottom_Jamb_L

H_bottom_Jamb_R | H_bottom_MeetingRail
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Table 6. Environmental Conditions on THERM application

Indoor Outdoor
Temperature: 20.0 Temperature: 0.0
Surface Heat Transfer Rate: 9.09 | Surface Heat Transfer Rate: 20.0
Model [Simplified ~| [Model [Simplified |
Convection/Linearized Convection/Linearized
Temperature 200 C Temperature [0 C
Film [3.08  W/m2-K Fim 20 W/m2-K

4. MM 2

ohA] Aggtutel o] Ro|R |, BERIE ;AL W E-R-Fof
H}E} Table 74Jr o] 207k4] €] Case7} A& & o] A = glct.

29 Ae fExgdy £94=o] wEt 1.763W/mK
(Casel)l?—Ei 1.123W/m’ K(Case 16)7H#] z}o]& LEF Tt

29] W ANF 5o Low-E 5L 233 4991 ALT 4] 7
© RE S 7oA 12WK o]5HE B4 sHe Ao g BAE9)
TH(1.191W/m’K (Case8) ~ 1.168W/m'K(Case20)).
Table 7. Cases for simulations
Blind and Slat angle Glazing System ID*
case 1 ALT 1
case 2 . ALT 2
1 case 3 No Blind ALT 3
case 4 ALT 4
case 5 ALT 1
case 6 . 5 ALT 2
2 case ] Blind Slat 0 ALT3
case 8 ALT 4
case 9 ALT 1
casel0 . o ALT2
3 casell Blind Slat 45 ALT 3
casel2 ALT 4
casel3 ALT 1
casel4 . o ALT2
4 casels Blind Slat 90 ALT 3
casel6 ALT4
casel? ALT 1
5 | casel8 Blind Slat 45° ALT2
casel9 | (Model without Vents) ALT 3
case20 ALT 4

* Glazing System ID

Alt 1 : 5CL+14A+5CL(Outer) +5CL+12A+5CL(Inner)
Alt 2 : S5CL+14A+5LE(Outer) +5CL+12A+5CL(Inner)
: SLE+14A+5LE(Outer) +5CL+12A+5CL(Inner)
: SCL+14A+5LE(Outer) +5CL+12A+5LE(Inner)

ERECEEE RPN EERRI D T
HE BEy o] 945 A0 BA sl

Mo Blind Slat: 45° Skat: 90° Shat: 45°,
No Vet

7t 9~15%

.

-
b

-

S

a

HALT] mALT2 mALT3 mALT4

Fig 6. Analysis of U-Values by the 20 Cases

suGeel A 4 @ﬂ—ﬁ
0.11(Casel3)7}] H

S0 D o1 A8
vebiet,

745011 wa}l 0.38(Casel) 5
CE ohds] ©u A%

—cz Case134 HGC7} 0.11Z 71 &

:2: ‘|| ‘||
- “l I|I “‘

Na Blind

Slat: 45° Skat: 90° Slat: 45°,

No Vent

WALT1 WALTZ WALT3 mALTS

Fig 7. Analysis of SHGCs by the 20 Cases

& o] 455, 909l
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Table 8. Simulation results

U-Value | SHGC
ALTI Case 1 | 1.763 0.38
. ALT2 Case 2 | 1.502 031
No Blind ALT3 Case 3 | 1484 027
ALT4 Case 4 1.291 0.29
ALTI Case 5 | 1.604 0.38
ALT2 Case 6 | 1.374 031
Slat:0°
ALT3 Case 7 | 1.36 0.27
ALT4 Case 8 | 1.191 0.29
ALTI Case 9 | 1.553 0.19
ALT2 Case 10 | 1.335 0.20
lat:45°
Slat:43 ALT3 Case 11 | 1.319 0.17
ALT4 Case 12 | 1.162 0.17
ALT1 Case 13 | 1.493 0.11
ALT2 Case 14 | 1.291 0.15
lat:90°
Slat:90 ALT3 Case 15 | 1275 0.12
ALT4 Case 16 | 1.123 0.12
ALTI Case 17 | 1.555 0.19
Slat:45° ALT2 Case 18 | 1.309 0.20
/No Vents ALT3 Case 19 | 1.291 0.17
ALT4 Case 20 | 1.168 0.17
5. 4
SN €99 o5 9n] I AIAH S GHFES A EH 0
A& Fo B4 At fe|2E mhat 1.123W/m* K 744, SHGCO]
745 0.11 74 24 71t Ao g BA G
A% & B5o] Low-E A Ho] Hof = Ffol= E2lE &
ZYe 90k, E2RQlE SEAZI L 450 T A9 BT 1 2W/m K ©]5}2)
GIFE 0.2 0|52 SHGCE B4 & = Q1S 202 B4 E QI
ol @A AEE AET o E4djoksts ASFE AR T 71&
o AZFE O AR HFAA | oA AL D H[FAL AE2]
DE AL FEANII= AR SRl
ol A+9] At AlEF ]S Fall = & N g
o] MelS Foll F5 9] A5 el &84 5= 91 Aol wHr),
FT ATLE 5ot QHF-ET SHGC| St 5AAH 52 A5}
o] AlEF o)A gt v 2 AW A AT o Holtt T3, &
Y o]F Q1] FIAAHY I HE B FFS wEA SO et
AFE 5 Agd g Aol
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