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Abstract

This study reviewed selected specific windows and reviewed the window performance
certification criteria including KS F 2278 and KS L 9107 and analyzed the change in
performance based on the change of area. This study also compared the heating and cooling
loads of an apartment house applied with window performance reviewed in consideration of
insulation and SHGC performance and actual size based on KS F 2278. The analyzed window
was a double window composed of aluminum and PVC and the building was the apartment
house model of 141 m? The analysis results were as follows. First, as the window glass’s
thermal performance is superior to frame, the performance degraded in reduced area. In case of
selected window, the 1 m X Im window’s thermal performance and SHGC decreased by 35%
and 37% respectively compared to 2 m X 2 m window. Secondly, in the comparison of
performance for increasing area with 2 m X 2 m and 3 m X 3 m windows, the 3 m X 3 m
window’s thermal performance and SHCG increased about 14%. Third, in the comparison of
heating and cooling loads of the analyzed model considering the apartment house model applied
with window performance derived from KS F 2278 and actual figures, the model’s total heating
and cooling loads increased by 33% with cooling decreasing by 36% and heating increasing by
77%. Above analysis results show that evaluation of window performance based on criteria
such as KS F 2278 and KS L 9107 may lead to distortion of performances different from actual
products. Thus, it is necessary to suggest new evaluation criteria.

Keywords: 43 3.7](Window size), 2% 4%(Window performance), &1-7-8(U-Value),
EfFd #5-8(Solar heat gain coefficient), 71-5 ]| 2| (Building energy)
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Fig. 1 Window elevation
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Fig. 2 Glazing section plan

Fig. 3 Window details
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Table 1 Glazing structure

Outer window Inner window
Category
Glassl Gapl Glass2 Glass3 Gap2 Glass4
Thickness (mm) 5 14 5 5 12 5
.. Air (10%) / Air (10%) /
I I
Composition ~ HanGlas Clear Argon (90%) PLAFN HanGlas Clear Argon (90%) PLAFN
U-value (SHGC) 0.632 (0.463)

Table 2= THERM 745 55| &
= 0.632 W/m? - K9] Z-8-2] 23re

o e At 2] 7R §-919 A 24 Aol flolM A=

&2 Aah Zed2 1.361 ~ 2.815 W/m” - K 919 449%S ety
o} ] 7P At el B9ER 0.934 ~ 1.113 W/m’ - K& B4 5|9)c}. F5.0] B9 34 2l Figs. 4 ~
102} 2.
Table 2 Frame performance for each area
U-value )
Category Frame height (mm)
Frame Edge
Left 2.815 1.074 152.0
Head .
Right 1.726 1.086 152.5
Left 2.693 0.973 158.0
Jamb .
Right 1.700 1.008 158.0
sill Left 1.892 1.113 182.5
1
Right 1.574 0.934 205.5
Meeting Rail 1.361 0.970 111.0

Fig. 4 Left head modeling

Fig. 5 Right head modeling
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Fig. 6 Left jamb modeling Fig. 7 Right jamb modeling
Fig. 8 Left sill modeling Fig. 9 Right sill modeling

Fig. 10 Meeting rail modeling

KS F 22784 AASHL = FFt4Q1 2m X 2mE 720 & H(W)a doj(H)E 0.1 mHH o= A
A1A U-value®} SHGCOl the A& Bl 2]t Z1o] Table 30]ct. ffH o] oz o= 7 Z 2 m X

Journal of the Korean Solar Energy Society Vol. 40, No. 1, 2020 53



el ] =2l

2mO] FAE 22 1.158 W/m? - K& ©rdA4d53}0.3162] SHGCE YehAgE 1 m X 1 mo] 79 23} 72
o]7} Al Wt A5o] HshElo] 1.559 W/m? - K, SHGCE 0.1992 Vel A2 oF 359, SHGC:=
37% A=At o) wido] FA4 %%TEM 7] el FH JFe £ Ao FekEch
o] Hold /s Re7F AR EAY A5 medo] HeE4E W
2] ZHAtiH] U-value®] “d-s4st Zo] St 4= it
Table 30l|4] 2] o] tH] Zo] ZAAFE Ao =2 A5 Aokt Hehbs 28 & 4= e ole

_]
Aol 82 et Eololl tieh e |2 74 vlgo] 27 W2l Aoz F4=IH.

m&
>~
o[[‘

Table 3 Window Performance due to area reduction Uint : W/m? - K (SHGC)

Width (m)
2.0 1.9 1.8 1.7 1.6 15 1.4 1.3 12 1.1 1.0

1.158  1.173  1.188 1206 1226 1248 1274 1303 1338 1379 1428

20 0316) (0312) (0307) (0302) (0297) (0291) (0283) (0275) (0.266) (0254) (0.241)

g 169 LIS LI 1216 1235 1257 1283 1312 1346 1386 1435
(0.313)  (0309) (0.304) (0.299) (0.294) (0.288) (0.281) (0.273) .(0.263) (0.252) (0.238)

g LIBO 1194 1209 1226 1246 1268 1292 1321 1355 1395 1442
(0.309) (0.305) (0.301) (0.296) (0.291) (0.285) (0.278) (0.270) (0.260) (0.249) (0.236)

[ ; L193 1206 1221 1238 1257 1279 1303 1332 1365 1404 1451
(0.305) (0302) (0.297) (0.293) (0.287) (0.281) (0.275) (0.267) (0.257) (0.246) (0.233)

L6 1207 1220 1235 1252 1270 1292 1316 1344 1376 1415 146l
(0.301) (0.298) (0.293) (0.289) (0.283) (0.278) (0.271) (0.263) (0.254) (0.243) (0.230)

Height o 1223 1236 1251 1267 1285 1306 1330 1357 1389 1426 1472
(m) (0.296) (0.293) (0.289) (0.284) (0.279) (0.273) (0.267) (0.259) (0.250) (0.239) (0.227)
g 1242 1255 1269 1285 1302 1323 1346 1372 1403 1440 1484
0.291) (0.287) (0.283) (0.279) (0.274) (0.268) (0.262) (0.254) (0.246) (0.235) (0.223)

3 1263 1276 1289 1305 1322 1342 1364 1390 1420 1456 1499
(0.285) (0.281) (0.277) (0.273) (0.268) (0.263) (0.256) (0.249) (0.240) (0.230) (0.218)

|, 1288 1300 1313 1328 1345 1364 1386 1411 1440 1474 1516
0277) (0.274) (0.270) (0.266) (0.261) (0.256) (0.250) (0.243) (0.234) (0.225) (0.213)

[ 13181329 1342 1356 1372 1390 1411 1435 1463 149 1535
(0.269) (0.265) (0.262) (0.258) (0.253) (0.248) (0.242) (0.235) (0.227) (0.218) (0.207)

Lo 1353 1364 1376 1389 1405 1422 1442 1464 1491 1522 1559

(0.258) (0.255) (0.252) (0.248) (0.244) (0.239) (0.233) (0.226) (0.219) (0.210) (0.199)

Table 4= 2 m X 2 m9] BHES 0.1 m (A 22 Z(W)7} Ao(H)E F7M1A EE U-value?t SHGC
o] 45 Aotk 3m X 3 m 712 FAHEE 0.997 W/m?” - K] ©8/4d°53}0.3612] SHGCE HERH ™ 2
x 2 m 7147} v wel ©aA 53 SHGCF 2+ 7t oF 14%7F =] et

Qe 22 s A 55 ol FUS FE 2t mejlo] A8H Ao et WA Aok Ao HlE
o] H3jte] et 435-0] Mslt IA AT 4 922 Selskelr.
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Table 4 Window Performance as area increases Uint : W/m? - K (SHGC)
Width (m)

3.0 2.9 2.8 2.7 2.6 2.5 24 2.3 2.2 2.1 2.0

30 0.997 1.004 1.011 1.018 1.027 1.036 1.045 1.056 1.067 1.080 1.094

0361) (0.360) (0358) (0.355) (0353) (0.351) (0.348) (0.345) (0.342) (0.338) (0.335)

29 1.002 1.009 1.016  1.023 1.031 1.040 1.050 1.060 1.072 1.084 1.098

(0.360) (0.358) (0.356) (0.354) (0.352) (0.349) (0347) (0344) (0.341) (0.337) (0.333)

28 1.007 1.014 1.021 1.028 1.037 1.045 1.055 1.065 1.077 1.089 1.103

(0358) (0.357) (0355) (0.353) (0.350) (0.348) (0.345) (0.342) (0.339) (0.336) (0.332)

27 1.013 1.019 1.026  1.034  1.042 1.051 1.060 1.071 1.082 1.094 1.108

(0357) (0.355) (0.353) (0.351) (0.349) (0.346) (0.344) (0341) (0.338) (0.334) (0.330)

26 1.019 1.026 1.033 1.040 1.048 1.057 1.066 1.077 1.088 1.100 1.114

(0355) (0.353) (0351) (0.349) (0347) (0.344) (0342) (0.339) (0.336) (0.333) (0.329)

Height 25 1.026 1.032 1.039 1.047 1.055 1.063 1.073 1.083 1.094 1.106 1.120
(m) (0.353) (0.351) (0.349) (0.347) (0.345) (0.343) (0340) (0337) (0.334) (0.331) (0.327)
24 1.033 1.039 1.046  1.054 1.062 1.070 1.079 1.090 1.101 1.113 1.126

(0351) (0.349) (0347) (0.345) (0343) (0.341) (0338) (0.335) (0.332) (0.329) (0.325)

23 1.041 1.047 1.054 1.061 1.069 1.078 1.087 1.097 1.108 1.120 1.133

(0349) (0.347) (0.345) (0.343) (0341) (0.338) (0.336) (0.333) (0.330) (0.327) (0.323)

29 1.049 1.055 1.062 1.070  1.077 1.086 1.095 1.105 1.116 1.128 1.141

(0.346) (0.344) (0.343) (0.341) (0.338) (0.336) (0333) (0331) (0.328) (0.324) (0.321)

21 1.058 1.065 1.071 1.079 1.086 1.095 1.104 1.114 1.124 1.136 1.149

(0344) (0.342) (0340) (0.338) (0336) (0.333) (0331) (0.328) (0.325) (0.322) (0.318)

20 1.069 1.075 1.082 1.089  1.096 1.105 1.114 1.123 1.134 1.146 1.158

(0.341) (0.339) (0.337) (0.335) (0.333) (0331) (0.328) (0.325) (0.322) (0.319) (0.316)

3. HE0|HR| H& &4
B g AS-LS Fig, 113 28 141 m? 9] AZ-S ZH= Adeko] F55d)

991 m

A%
P02 stk A B

1 27, 71et )71l

929 m I

Fig. 11 Floor Plan of reference model

S50 2 5l%.om AfAlYe
ket al.?e] AL ARE, 7]

695 m
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B Yoon etal. V9] A7 % A3 55 Bt /1% dolHE gttt BB )R A% B
oI A oA 0 A FRIAE 7120 Tl FEoles SREe Al e
A9 EZ7VIEO]E S AH§EI.0P HVAC ALLEE - o 557} 2310) §3] 1 BN 2d0E

A= =5 Ideal Load Air System 02 A3tk ZpASH AlE|o]d AP Table 59t 2t}

Table 5 Simulation input data

Parameter Value Remark
Infiltration (ACHS50) 3.5
Occupancy density (People/m?) 0.0213 3 People
Lighting density (W/m?) 4 Annual Consumption 744 kWh
Appliance density (W/m?) Infer from National statistical office’s data Annual Consumption 2,384 kWh
Heating set point temperature (°C) 24
Cooling set point temperature (°C) 28

A B o)) BLHE A5 A5-2 Table 3] KS F 2278, 2 m X 2 m &) A|@A] B34} Table 63} Zo]
A A5eo]| thE A4S T 7R v wEAE1eIeE KS F 2278 144 Z%=1.158 W/m? - K, SHGC 0.3162]
J AT oA 5= 1.039 ~ 1.633 W/m? - K, SHGC 0.164 ~ 0.3452] HA}=S 1}
a0l oF 10%, SHGCE F 9% =2 A0 2 FA R Lo o ek A olgt
U z] Relo] Ao ok oF | ~ 41%, SHGC F 3 ~ 48% Zas Ao 2 HEEQI

Table 6 Window performance of reference model by actual measurement

Dimension Performance

Ne- Width (m) Height (m) Area (m?) U-value SHGC VT

Wi 0.92 1.37 1.26 1.530 0.200 0.256
W2 1.82 2.12 3.86 1.174 0.305 0.410
W3 3.32 2.12 7.04 1.039 0.345 0.466
W4 1.82 2.12 3.86 1.174 0.305 0.410
W5 1.82 2.12 3.86 1.174 0.305 0.410
W6 1.52 1.22 1.85 1.355 0.251 0.329
W7 1.52 0.62 0.94 1.633 0.164 0.203
W8 0.92 1.22 1.12 1.552 0.193 0.246
W9 0.92 232 2.13 1.458 0.224 0.292
W10 0.92 1.22 1.12 1.552 0.193 0.246

A3} 2ol FE AA|o] JF AT BAT A A Aa Bele] FAE = 1.237 W/m’ - Koz of
7%°] B2/ 50l Aste Ueon 225 53 =29 SHGCE 0.280.02 F 9% 7413t
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AJshc, 5 HA o] FRHU(WWR)E 28.6%.0 0] vl oful FRHL 10395 L), 2
A R dlo] AbA|ot & HAH]-8-2 Table 73} ZTt.

Table 7 Window area and ratio according to direction

Window Area (m?) WWR (%) WER (%)
North 5.3 5.6 3.8
East 1.9 2.0 1.4
South 19.9 21.0 14.1
Total 27.1 28.6 19.3
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1,000
900

B Actual measurcment performance mKS F 2278 Standard Performance

800
700
600
500

Heating Load

400
300
200
100

5 6 7 8 9 10
Month

Fig. 12 Monthly heating load

1,000

B Actual measurement performance B KSF 2278 Standard Performance
900 -+

800 -
700 +
600 -
500 ~
400

Coolng Load

200 A
100 A

1 2 3 4 5 6 7 8 9 10 11 12
Month

Fig. 13 Monthly cooling load

Table 8 Annual heating & cooling load of reference model

Actual measurement performance KS F 2278 Standard Performance
Heating Load 3,128 1,768
Cooling Load 718 1,114
Total Load 3,846 2,882
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5 oF 35%, SHGC= oF 37%7} H4sh= A 0 & Vepyth
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