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A comparative analysis of the simulation results of total window thermal transmittance(U,,) according to

the evaluation method
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ABSTRACT

KEYW ORD

Purpose: The aim of this study is to calculate U-factor of the window using international standard methods and

SME X LB 2ESEH
YHE S2R2

compare quantitative and tendency difference focused on ISO standard 15099 and ISO standard 10077. And the result 2 x| &3 15099
of ISO standard calculation methods is verified using thermal performance experiment to evaluate applicability of =X &EZE 10077
domestic certification system. This study is utilized a basis for activation of domestic window certification system.

Method: First, 16 cases are selected that is combined a variety of frame, Glazing, spacer, etc. The selected cases were
simulated using WINDOW&THERM based on ISO 15099 and 10077 calculation method. Second, experiment was
conducted based on Korean standard condition. Then, it was compared the error of experiment and simulation results.

Fenestration energy consumption efficiency
rating system

Total window thermal transmittance

ISO 15099

Through this process, ISO 15099 and 10077 calculation methods were evaluated accuracy and utilization. Result: The ~ 1SO 10077
results show that the difference of ISO 15099 and ISO 10077-2 is maximum 5.4%. The results of comparing U-factor ACCEPTANCE INFO
errors based on the Korea standard experiment test found 2.4%. Consequently, it will be possible to combination ~ Received April 19, 2016

calculation methods of ISO 15099 and ISO 10077 for a single window.

Final revision received May 2, 2016
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Table 1. Evaluation Standards for Thermal Insulation performance
of the Window in the World

Division Calculation method Measurement method
Procedure for determining]
USA ) o NFRC 102(2010)
U-value of windows .

(NFRC)D |, NERC 100(2010) ASTM C1199-09
Europe |* EN ISO 10077-1(2006) |+ EN ISO 12567-1(2010)
(EN) * EN ISO 10077-2(2003) * EN ISO 12567-2(2005)
Japan ¢ JIS A 2102-1 (2011) o JIS A 4710 (2004)
(JIS) * JIS A 2102-2 (2011) * JIS A 1492 (2006)

Domestic

ISO 15099 * KS F 2278
(KS)
1SO 150 10077-1 (2006) 1SO 12567-1 (2010)
standards | 150 10077-2 (2003) 1SO 125672 (2005)
ISO 15099 (2003)
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1) NFRC : National Fenestration Rating Council
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F

Key

C Centre-ofglass 1 installation clearance
E  Edge-ofglass 2 projected area

F Frame 3 rough opening

D_ Divider 4 interior

DE Divider-edge 5 exterior

Fig. 1. Centre-of-glass, edge-of-glass, divider,
divider-edge and frame areas for a typical
fenestration product

+ Calculating Glazed area thermal transmittance (Common ISO 15099,10077)
Uy = 1/R

total thermal resistance

R :

hd

+ Alt. 1. Calculating Frame
area/edge-glass thermal indices
(Common 13O 15099,10077)

W= 1" - Ul - Ugly
Ur = (" - Ul
. thermal conductance of
combination of frame and
glazing and spacer

« Alt. 2. Calculating Frame
area/edge-glass thermal
transmittance (1SO 15099 only)

Uf, = (Dfr / lf(Tm - ne)
Ueg: (Deg / leg(Tni - ne)

@;; : heat flow rate of frame area

L,2 : thermal conductance of @, : heat flow rate of edge area
combination of frame and T, The : environmental temperatures
insulation panel

U, : thermal transmittance of the | * @, @, calculation shall be

opaque panel
L : length of the opaque panel

performed for each
combination of frame and
glazing and spacer

+ W can be selected value from
table (1SO 10077 only)

-

* Calculating Total-window thermal transmittance (Uy)

e Using formula (1) with Alt.1. result (Common ISO 15099,10077)
* Using formula (2) with Alt.2. result (ISO 15099 only)

Fig. 2. Total-window Thermal-transmittance(U,,)Calculation Process
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Table 2. Lineal thermal transmittance(¥,) for common types of
glazing spacers

Double or triple glazing | Double® or triple’ glazing
uncoated glass low-emissivity glass
e .aif'-or gas-i.illed 'aif'-or gas-t‘illed
aluminium improved aluminium improved
or thermal or thermal
steel performance steel performance
Wood or PVC 0.06 0.05 0.08 0.6
Metal with
thermal break 0.08 0.06 0.11 0.08
Metal without
thermal break 0.02 0.01 0.05 0.04

a One pane coated for double glazed
b Two panes coated for double glazed
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Table 4. Simulation model and sample result images of the
aluminium frame window

Division Head Sill Jamb

Model

Result

0@ 2 se s 100 ul,s?I :slm s 200

Boundary CEN (1SO 10077)

condition

gfg;fe‘:fyl NFRC material DB

Window 2.0m X 2.0m

size

2) LBNL : Lawrence Berkeley National Laboratory
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Table 5. Simulation results of the aluminium frame window
Division SO 10077 1SO 15099 e
Spacer Glass Part L 2D U, U Y, U, Uy U Ue U, Uy %)
Flead 1363 1.950 3897 | 3.154
CL+A+CL Jalfl‘gl ] L7 53 008 | 2807 | 2875 [oo—0i— 2807 | 2986 37
Jamb R | 1.381 2.020 3915 | 3151
Head 3.885 | 3.083
> | CLAARACL 50— g0, | do | do. | 008 | 2655 | 2741 G0l {236 | ness | 28se | 40
g. Jamb R 3.902_ | 3.040
: Head 3810 | 2358
5 LE+A+CL Jasllél — . do. do. 011 | L6712 | 193 3902 e | 2017 42
Jamb R 3.806 | 235
Head 3739 | 2153
LE+ARSCL (50— do, do. do. 011 | 1360 | 1659 39200 4 435 | 1753 54
Jamb R 3805 | 2.149
Head 3061 | 2784
CL+A+CL Jarfl‘t'} — do. do. do. 006 | 2807 | 2837 gggé %;gé 2807 | 2.848 0.4
Jamb R 3.075 | 2786
= Head 3.030 | 2655
5| coarecL 00— do. do. do. | 006 | 2655 | 2704 3202 2655 | 2713 03
2 Jamb R 3.043 2.657
% Head 2.847 | 1.857
o Sill 3.060 | 1821
ge] -
g LEFASCL 50— do. do. do. 008 | 1672 | 1877 0L e | 1849 15
g Jamb R 2.861 | 1.861
Head 2795 | 1617
Sill 3005 | 159
LE*ARCL —ol—1  do do do. | 008 | 1360 | 1603 3051304 1360 | 1577 1.6
Jamb R 2788 | 1621
Table 56 A1 lst o] k2ol meg) 24 AAES] 4B A BAEY] AUFE AolE SO 150999] T2 Bz e
Faol i B0 ATE EEelglom, 2 Wb el whe  sho] W@ vlmelel ke o) Fig, 4 et
AA| ZHES o7& 2ol & SO 150999 w2 FrA o] of Table 6. Simulation model and sample result images of the PVC

Hlsjo] W& 2 Wl@alw o2 Fig. 33} 2},

Simulation results of the ISO-10077 difference ratio compared to ISO 15099
(Aluminium frame window)

10.0%

8.0%

6.0%

5.4%

I 04% 03%

a79%  A0% | 42%

40%
RN
0.0%
2.0%
-40%
-6.0%

-80%
-10.0%

LN B

-15% -1.6%

CL+A+CL CL+Ar+CL LE+A+CL LE+Ar+CL

Aluminium spacer

CL+A+CL  CL+Ar+CL LE+A+CL LE+Ar+CL
Warm edge spacer

Fig. 3. Comparison of the difference ratio of aluminium frame
window simulation results

3.2. PVC ZY9] F71e] wE dafe vl

Table 69] Ut u}o} o] PVC mefl o] A% o
Agelol g ANst o, A48 FA B2 B AnE
319l th-2-9] Table 73} 2.
4 A AgH A 20 D §
mag) A AgEold A A48 A
a4 et A
dlol g AXstest.
oh&9] Table7ol #1418 vk} Zo] PVC maol A 2] A5
8ol g B0l ARHE EEcg 0w, 7 B o] e

dFolE ZHNEE
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frame window

Division Sill L Head R Sill R

Model

Meeting-rail

LoJ
Ty
Lid

257 502 757 100? llS"l 15.0? l75‘7 20.0?

-]

Window

: 2.0m X 2.0m
size




O|8F - 22F - AN - HHF - Y]
Table 7. Simulation results of the PVC frame window
Division ISO 10077 ISO 15099 Difference
Spacer Glass Part L 2D U, Us W, U, U, Us U. U, U, (%9
Head L 1.730 2.481 2.761 3.255
Head R 1.638 2.265 2.547 3.251
Sill L 1.731 2.482 2.761 3.256
CL+A+CL Sill R 1.637 1.171 2.264 0.06 2.807 2.841 2.547 3.251 2.807 2.854 0.4
Jamb L 1.788 2.635 2.778 3.267
Jamb R 1.682 2.383 2.649 3.260
Meeting rail| 1.413 2.311 3.091 3.210
Head L 2.758 3.150
Head R 2.544 3.146
Sill L 2.758 3.150
CL+AR+CL Sill R do. do. do. 0.06 2.655 2.736 2.543 3.146 2.655 2.754 0.7
Jamb L 2.774 3.162
= Jamb R 2.646 | 3.154
g Mecting rail 3.081 | 3.104
=8 Head L 2.737 2.494
g Head R 2.523 | 2490
Sill L 2.737 2.494
LE+A+CL Sill R do. do. do. 0.08 1.672 2.102 2.523 2.490 1.672 2.111 0.4
Jamb L 2.738 2.498
Jamb R 2.625 2.499
Meeting rail 3.021 2.445
Head L 2.731 2.294
Head R 2.517 2.291
Sill L 2.731 2.295
LE+AR+CL Sill R do. do. do. 0.08 1.360 1.885 2.517 2.291 1.360 1.908 1.2
Jamb L 2.731 2.299
Jamb R 2.606 2.291
Meeting rail 3.003 2.245
Head L 2.657 2.962
Head R 2.433 2.959
Sill L 2.657 2.963
CL+A+CL Sill R do. do. do. 0.05 2.807 2.816 2.433 2.959 2.807 2.771 -1.6
Jamb L 2.675 2.973
Jamb R 2.546 2.969
Meeting rail 2.828 2.927
Head L 2.650 2.841
Head R 2434 2.835
Sill L 2.650 2.841
= CL+AR+CL Sill R do. do. do. 0.05 2.655 2.710 2.426 2.838 2.655 2.667 -1.6
g Jamb L 2.668 2.852
3 Jamb R 2539 | 2.848
2 Meeting rail 2.808 2.806
S Head L 2.608 | 2.084
8 Head R 2.392 2.078
8 Sill L 2.608 2.084
% LE+A+CL Sill R do. do. do. 0.06 1.672 2.052 2.392 2.077 1.672 2.002 -2.5
Jamb L 2.627 2.097
Jamb R 2.496 2.093
Meeting_ rail 2.693 2.050
Head L 2.596 1.853
Head R 2.380 1.846
Sill L 2.596 1.853
LE+AR+CL Sill R do. do. do. 0.06 1.360 1.835 2.379 1.846 1.360 1.793 -2.3
Jamb L 2.615 1.867
Jamb R 2.484 1.862
Meseting_rail 2.659 1.819
on results of the ISO-10077 difference ratio compared to ISO 15099 Eq'—,—E_— ]-& ﬂ ]/\4 75_1/]'94' 734'71'_/] X]-O] = 01'7/1] H]i’_ﬁ]—?ﬂ_ E}%Eﬂ
= (PVC frame window) . +
- Fig. 5 ¢} 2t}
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60% 7 Z | oF 5.4%9] kol & et 1o H, PVC H o &= °F 2.3%9)
Aol Uehfo] et ul Lag) H ool Kot 2ol S itk
CL+A+CL CL+Ar+CL LE+A+CL LE+Ar+CL | CL+A+CL CL+Ar+CL LE+A+CL LE+Ar+CL c;:]/\_]l____ =2 1 HFH H L= olAd AqlLo
———— A (2) 210 ©EAs Hsto] whE B AlEeold Ao
= o A = S N
Fig. 4. Comparison of the difference ratio of PVC frame window AolE AT ER, o] G ol B BrEwitel 2
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1
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Aluminium spacer

I+
1+
T+
O+YV+1D
+IV+31

o o
g 2
3 b3
E oz
Iz
E
[

Aluminium spacer

AV
TOHIY+TT
T0+YY+IT
1HIVHID
D+YV+1D
+IIY+3]
To+IV+

erformance
mmm AL frame window Uw_ISO 15099
mmm AL frame window Uw_ISO 10077

performance
mmm PVC frame window Uw_ISO 15099
= PVC frame window Uw_ISO 10077

Fig. 5. Simulation results and the difference ratio of the windows
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Fig. 7. Experimental
scene of the window case

Fig. 6. Vertical section of
the window case
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Table 8. Comparison of the experiment and simulation results

L. . Simulation
Division Experiment |1 515099 | 15010077
Thermal transmittance (W/m'K) 1.402 1.434 1.469
Difference (%) - +23 % +4.8%
- Boundary condition (KS F 2278 2008)
- hot : temperature 20 °C, hpy @ 9.1 W/m’K
- cool : temperature 0 °C, hml 1 20.0 Wm’K
- Window size : 2.0m X 2
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