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A13197 1: Wall Conduction Time Series (CTS)

CURTAIN WALLS] STUD WALLS EIFS BRICK WALLS
Wall Number=| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
U-Factor, W/(mz.K) 0.428 0.429 0.428(0.419 0.417 0.406 0.413]| 0.668 0.305 0.524]| 0.571 0.377 0.283 0.581 0.348 0.628 0.702 0.514 0.581 0.389
Total R 23 23 23] 24 24 25 24 15 33 19 17 27 35 17 29 16 14 19 17 26
Mass, kg/m2 31.0 209 80.0] 255 84.6 25.6 66.7| 36.6 383 130.9(214.1 214.7 215.8 290.6 304.0 371.7 391.5 469.3 892.2 665.1
Thermal Capacity,| 30.7 204 67.5| 245 73.6 327 61.3| 36.7 38.8 120.6| 177.8 177.8 177.8 239.1 253.5 320.9 312.7 388.4 784.9 580.5
kJ/(m’.K)
Hour| ‘Wall Conduction Time Series(CTS)
0 18 25 8 19 6 7 5 11 2 1 0 0 0 1 2 2 1 3 4 3
1 58 57 45 59 42 42 41 50 25 2 5 4 1 1 2 2 1 3 4 3
2 20 15 32 18 33 33 34 26 31 6 14 13 7 2 2 2 3 3 4 3
3 4 3 11 3 13 13 13 9 20 9 17 17 12 5 3 4 6 3 4 4
4 0 0 3 1 4 4 4 3 11 9 15 15 13 8 5 5 7 3 4 4
5 0 0 1 0 1 1 2 1 5 9 12 12 13 9 6 6 8 4 4 4
6 0 0 0 0 1 0 1 0 3 8 9 9 11 9 7 6 8 4 4 5
7 0 0 0 0 0 0 0 0 2 7 7 7 9 9 7 7 8 5 4 5
8 0 0 0 0 0 0 0 0 1 6 5 5 7 8 7 7 8 5 4 5
9 0 0 0 0 0 0 0 0 0 6 4 4 6 7 7 6 7 5 4 5
10 0 0 0 0 0 0 0 0 0 5 3 3 5 7 6 6 6 5 4 5
11 0 0 0 0 0 0 0 0 0 5 2 2 4 6 6 6 6 5 5 5
12 0 0 0 0 0 0 0 0 0 4 2 2 3 5 5 5 5 5 5 5
13 0 0 0 0 0 0 0 0 0 4 1 2 2 4 5 5 4 5 5 5
14 0 0 0 0 0 0 0 0 0 3 1 2 2 4 5 5 4 5 5 5
15 0 0 0 0 0 0 0 0 0 3 1 1 1 3 4 4 3 5 4 4
16 0 0 0 0 0 0 0 0 0 3 1 1 1 3 4 4 3 5 4 4
17 0 0 0 0 0 0 0 0 0 2 1 1 1 2 3 4 3 4 4 4
18 0 0 0 0 0 0 0 0 0 2 0 0 1 2 3 3 2 4 4 4
19 0 0 0 0 0 0 0 0 0 2 0 0 1 2 3 3 2 4 4 4
20 0 0 0 0 0 0 0 0 0 2 0 0 0 1 3 3 2 4 4 4
21 0 0 0 0 0 0 0 0 0 1 0 0 0 1 2 2 1 4 4 4
22 0 0 0 0 0 0 0 0 0 1 0 0 0 1 2 2 1 4 4 3
23 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 3 4 3
Total Percentage| 100 100 100] 100 100 100 100 100 100 100f 100 100 100 100 100 100 100 100 100 100
Layer ID from| FO1 FOl FOlf FOl FOl FOl FOl| FO1 FO1 FOl[ FOl1 FOl1 FOl FOl ©FOl ©FOl ©FOl FOl FOl FOl
outside to inside| F09 F08 F10| F08 F10 F11 F07| F06 FO06 FO6[ MOl MOl MOl MOl MOlI MO1 MO1 MO1 MOl MOl
F04 F04 F04] GO3 GO3 GO2 GO3( 101 I01 101 F04 F04 F04 F04 F04 FO04 FO04 FO04 F04 Fo4
102 102 102 104 104 104 104 GO3 GO3 GO3] 101 GO3 101 101 MO3 101 I01 [0l 101 MIS
F04 F04 F04] GO1 GOl GO4 GOIf F04 104 MO3| GO3 104 GO3 MO3 104 MO5 MOl MI3 Mli6 104
G0l GOl GOlf F02 F02 F02 F02| FO2 GOl GOl F04 GOl 104 F02 GOl GOl F02 F04 F04 GOl
F02 F02 FO02 0 0 0 0f F02 F02 GOl| GOl F02 GOl 0 FO02 F02 0 GOl GOl Fo02
0 0 0 0 0 0 0 0 0 FO02[ FO02 0 F02 0 0 0 0 F02 F02 0
‘Wall Number Descriptions
1. Spandrel glass, insulation board, gyp board 11. Brick, insulation board, sheathing, gyp board
2. Metal wall panel, insulation board, gyp board 12. Brick, sheathing, batt insulation, gyp board
3. 25 mm stone, insulation board, gyp board 13. Brick, insulation board, sheathing, batt insulation, gyp board
4. Metal wall panel, sheathing, batt insulation, gyp board 14. Brick, insulation board, 200 mm LW CMU
5. 25 mm stone, sheathing, batt insulation, gyp board 15. Brick, 200 mm LW CMU, batt insulation, gyp board
6. Wood siding, sheathing, batt insulation, 13 mm wood 16. Brick, insulation board, 200 mm HW CMU, gyp board
7. 25 mm stucco, sheathing, batt insulation, gyp board 17. Brick, insulation board, brick
8. EIFS finish, insulation board, sheathing, gyp board 18. Brick, insulation board, 200 mm LW concrete, gyp board
9. EIFS finish, insulation board, sheathing, batt insulation, gyp board 19. Brick, insulation board, 300 mm HW concrete, gyp board
10. EIFS finish, insulation board, sheathing, 200 mm LW CMU, gyp board 20. Brick, 200 mm HW concrete, batt insulation, gyp board

41 : ASHRAE Handbook, Fundamental Volume, SI, 2005
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A13199 2: Wall Conduction Time Series (CTS)

CONCRETE BLOCK WALL PRECAST AND CAST-IN-PLACE CONCRETE WALLS
Wall Number=| 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
U-Factor, W/(mz.K) 0.383 0.335 0.414 1.056 0.834 0.689| 0.673 0.418 0.434 0.65 0.387 0.467 0.434 0.266 3.122
Total R 2.6 3 2.4 0.9 1.2 1.5 1.5 2.4 2.3 1.5 2.6 2.1 2.3 3.8 0.3
Mass, kg/m2 108.8 108.8 2243 943 107.1 168.9| 143.9 144.6 262.5 291.8 274.7 488.1 469.9 698.9 683.2
Thermal Capacity,] 98.1 98.1 204.4 83.8 96.1 151.3| 124.7 124.7 220.8 247.3 233 441.5 4252 631.6 615.2
kJ/(m’.K)
Hour ‘Wall Conduction Time Series(CTS)
0 0 1 0 1 0 1 1 0 1 2 1 3 1 2 1
1 4 1 2 11 3 1 10 8 1 2 2 3 2 2 2
2 13 5 8 21 12 2 20 18 3 3 3 4 5 3 4
3 16 9 12 20 16 5 18 18 6 5 6 5 8 3 7
4 14 11 12 15 15 7 14 14 8 6 7 6 9 5 8
5 11 10 11 10 12 9 10 11 9 6 8 6 9 5 8
6 9 9 9 7 10 9 7 8 9 6 8 6 8 6 8
7 7 8 8 5 8 8 5 6 9 6 7 5 7 6 8
8 6 7 7 3 6 8 4 4 8 6 7 5 6 6 7
9 4 6 6 2 4 7 3 3 7 6 6 5 6 6 6
10 3 5 5 2 3 6 2 2 7 5 6 5 5 6 6
11 3 4 4 1 3 6 2 2 6 5 5 5 5 5 5
12 2 4 3 1 2 5 1 2 5 5 5 4 4 5 4
13 2 3 2 1 2 4 1 1 4 5 4 4 4 5 4
14 2 3 2 0 1 4 1 1 4 4 4 4 3 4 4
15 1 3 2 0 1 3 1 1 3 4 3 4 3 4 3
16 1 2 1 0 1 3 0 1 2 4 3 4 3 4 3
17 1 2 1 0 1 2 0 0 2 3 3 4 2 4 3
18 1 2 1 0 0 2 0 0 1 3 2 4 2 4 2
19 0 1 1 0 0 2 0 0 1 3 2 3 2 3 2
20 0 1 1 0 0 2 0 0 1 3 2 3 2 3 2
21 0 1 1 0 0 2 0 0 1 3 2 3 2 3 1
22 0 1 1 0 0 1 0 0 1 3 2 3 1 3 1
23 0 1 0 0 0 1 0 0 1 2 2 2 1 3 1
Total Percentage| 100 100 100 100 100 100{ 100 100 100 100 100 100 100 100 100
Layer ID from| FO1 FO1 FO1 FO01 FOl FOlf FOl FOl1 FO1 ©FO1 FO1 FOl FOl FOl FO1
outside to inside| M03 MO8 F07 M08 MO8 M09 M1l MI1 M1l FO06 M13 FO06 MI15 Ml6 MIl6
104 104 MO5 FO02 F04 F04| 101 104 102 101 104 102 104 105 FO2
GO0l GOl 104 — GO1 GO1| F04 GO1 MI1 MI13 GOl MI5 GO1 GOl —
F02 F02 @GOl — F02 F02| GO1 FO02 FO02 GOl FO02 GOl FO02 F02 —
— — F02 — — —| FO02 — —  F02 — F02 — — —
‘Wall Number Descriptions
21. 200 mm LW CMU, batt insulation, gyp board 29. 100 mm LW concrete, board insulation, 100 mm LW concrete
22. 200 mm LW CMU with fill insulation, batt insulation, gyp board 30. EIFS finish, insulation board, 200 mm LW concrete, gyp board
23. 25 mm stucco, 200 mm HW CMU, batt insulation, gyp board 31. 200 mm LW concrete, batt insulation, gyp board
24. 200 mm LW CMU with fill insulation 32. EIFS finish, insulation board, 200 mm HW concrete, gyp board
25. 200 mm LW CMU with fill insulation, gyp board 33. 200 mm HW concrete, batt insulation, gyp board
26. 300 mm LW CMU with fill insulation, gyp board 34. 300 mm HW concrete, batt insulation, gyp board
27. 100 mm LW concrete, board insulation, gyp board 35. 300 mm HW concrete
28. 100 mm LW concrete, batt insulation, gyp board

731 : ASHRAE Handbook, Fundamental Volume, SI, 2005
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?157199 3: Roof Conduction Time Series (CTS)

SLOPED FRAME ROOFS IWOOD DECK| METAL DECK ROOFS CONCRETE ROOFS
Roof Number| 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
U-Factor, W/(mZ.K) 0.249 0.227 0.255 0.235 0.239 0.231| 0.393 0.329| 0.452 0.370 0.323 0.206 0.297| 0.304 0.296 0.288 0.315 0.313 0.239
Total R 4.0 4.4 39 42 4.2 43 2.5 3.0 2.2 2.7 3.1 4.9 34 33 34 3.5 32 32 42
Mass, kg/m2 267 21.0 140 347 555 349 489 559 239 309 250 272 57.6| 149.2 2143 2793 360.7 4745 3623
Thermal Capacity,| 26.6 164 123 470 735 470 756 79.7| 28.6 327 286 327 572 1349 190.1 2452 3332 4374 331.1
kJ/(m’.K)
Hour| Roof Conduction Time Series(CTS)
0 6 10 27 1 1 1 0 1 18 4 8 1 0 1 2 2 2 3 1
1 45 57 62 17 17 12 7 3 61 41 53 23 10 2 2 2 2 3 2
2 33 27 10 31 34 25 18 8 18 35 30 38 22 8 3 3 5 3 6
3 11 5 1 24 25 22 18 10 3 14 7 22 20 11 6 4 6 5 8
4 3 1 0 14 13 15 15 10 0 4 2 10 14 11 7 5 7 6 8
5 1 0 0 7 6 10 11 9 0 1 0 4 10 10 8 6 7 6 8
6 1 0 4 3 6 8 8 0 1 0 2 7 9 8 6 6 6 7
7 0 0 0 2 1 4 6 7 0 0 0 0 5 7 7 6 6 6 7
8 0 0 0 0 0 2 5 6 0 0 0 0 4 6 7 6 6 6 6
9 0 0 0 0 0 1 3 5 0 0 0 0 3 5 6 6 5 5 5
10 0 0 0 0 0 1 3 5 0 0 0 0 2 5 5 6 5 5 5
11 0 0 0 0 0 1 2 4 0 0 0 0 1 4 5 5 5 5 5
12 0 0 0 0 0 0 1 4 0 0 0 0 1 3 5 5 4 5 4
13 0 0 0 0 0 0 1 3 0 0 0 0 1 3 4 5 4 4 4
14 0 0 0 0 0 0 1 3 0 0 0 0 0 3 4 4 4 4 3
15 0 0 0 0 0 0 1 3 0 0 0 0 0 2 3 4 4 4 3
16 0 0 0 0 0 0 0 2 0 0 0 0 0 2 3 4 3 4 3
17 0 0 0 0 0 0 0 2 0 0 0 0 0 2 3 4 3 4 3
18 0 0 0 0 0 0 0 2 0 0 0 0 0 1 3 3 3 3 2
19 0 0 0 0 0 0 0 2 0 0 0 0 0 1 2 3 3 3 2
20 0 0 0 0 0 0 0 1 0 0 0 0 0 1 2 3 3 3 2
21 0 0 0 0 0 0 0 1 0 0 0 0 0 1 2 3 3 3 2
22 0 0 0 0 0 0 0 1 0 0 0 0 0 1 2 3 2 2 2
23 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 2 2 2 2
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
LayerID| FO01 FOl FO01 FOl FO1 FOlf FO1 FOlf FO1 FOl FOl FOl FOl| FOl FOl FOl FOl FOl FOl
from outside toj FO08 FO08 FO08 F12 F14 F15 FI13 F13| FI3 F13 FI13 F13 MI17[ F13 FI13 F13 F13 FI13 Fl13
inside] GO3 G03 GO3 GO5 GO5 GO5| GO3 GO3| GO3 GO03 @GO3 GO3 FI3] GO3 @GO3 GO03 @GO3 GO03 Ml4
FO5 FO05 FO5 FO5 FO5 FOS5 102 102 102 102 103 102 GO3 103 103 103 103 103 FO5
105 105 105 105 105 105 GO06 GO6| FO08 FO8  FO8 103 03] M1l Ml12 MI13 Ml4 MIS 105
G0l  FO05 FO03 FO5S FO5 FOS| FO3 FOS| FO5 FO3 FO8 FO8 FO8f FO3 FO03 FO3 FO03 FO03 Fl6
F03  Fl6 — GO0l GO0l GOl — Fl6 — Fl6 — — FO03 — — — — — FO03
— FO03 — F03 F03 FO3 — FO03 —  FO03 — — — — — — — — —
Roof Number Descriptions
1. Metal roof, batt insulation, gyp board 11. Membrane, sheathing, insulation board, metal deck
2. Metal roof, batt insulation, suspended acoustical ceiling 12. Membrane, sheathing, plus insulation boards, metal deck
3. Metal roof, batt insulation 13. 50 mm concrete roof ballast, membrane, sheathing, insulation board, metal deck
4. Asphalt shingles, wood sheathing, batt insulation, gyp board 14. Membrane, sheathing, insulation board, 100 mm LW concrete
5. Slate or tile, wood sheathing, batt insulation, gyp board 15. Membrane, sheathing, insulation board, 150 mm LW concrete
6. Wood shingles, wood sheathing, batt insulation, gyp board 16. Membrane, sheathing, insulation board, 200 mm LW concrete
7. Membrane, sheathing, insulation board, wood deck 17. Membrane, sheathing, insulation board, 150 mm HW concrete
8. Membrane, sheathing, insulation board, wood deck, suspended acoustical ceiling 18. Membrane, sheathing, insulation board, 200 mm HW concrete
9. Membrane, sheathing, insulation board, metal deck 19. Membrane, 150 mm HW concrete, batt insulation, suspended acoustical ceiling
10. Membrane, sheathing, insulation board, metal deck, suspended acoustical ceiling
41 : ASHRAE Handbook, Fundamental Volume, SI, 2005
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S5 Tuandenn#Tus | Cooling Load 94 Heat Gain 260 Watt i
7 veeudi 1 Radulundazda Tuandannd Tuedt 7
voITud 1
0 260 x 0.49 = 127.4 Watt
1 260x0.17 = 44.2 Watt
2 260 x 0.09 = 23.4 Watt
3 260 x 0.05 = 13.0 Watt
4 260 x 0.03 = 7.8 Watt
5 260 x 0.02 = 5.2 Watt
6 260 x 0.02 = 5.2 Watt
7 260 x 0.01 = 2.6 Watt
8 260 x 0.01 = 2.6 Watt
9 260 x 0.01 = 2.6 Watt
10 260 x 0.01 = 2.6 Watt
11 260 x 0.01 = 2.6 Watt
12 260 x 0.01 = 2.6 Watt
13 260 x 0.01 = 2.6 Watt
14 260 x 0.01 = 2.6 Watt
15 260 x 0.01 = 2.6 Watt
16 260 x 0.01 = 2.6 Watt
17 260 x 0.01 = 2.6 Watt
18 260 x 0.01 = 2.6 Watt
19 260 x 0.01 = 2.6 Watt
20 260 x 0.00 = 0.0 Watt
21 260 x 0.00 = 0.0 Watt
22 260 x 0.00 = 0.0 Watt
23 260 x 0.00 = 0.0 Watt
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#1319 4: Nonsolar RTS Values

Interior Zones
Light Medium Heavy Light Medium Heavy
% With Carpet No Carpet With Carpet No Carpet With Carpet No Carpet = % g. = g. % = E‘_g. E‘_g.
Glass _ |[10% 50% 90%|10% 50% 90%|10% 50% 90%|10% 50% 90%|10% 50% 90%]10% 50% 90%|= S 238 58 238 28 23
Zone Type | 1 2 3 4 5 6 7 8 9 10 11 12 [ 13 14 15] 16 17 18 19 20 21 22 23 24
Hour Radiant Time Factor,%
0 47 50 53] 41 43 46| 46 49 52| 31 33 35| 34 38 42| 22 25 28 46 40 46 31 33 21
1 19 18 17 20 19 19 18 17 16 17 16 15 9 9 9 10 9 9 19 20 18 17 9 9
2 11 10 9] 12 11 11| 10 9 8 11 10 10 6 6 5 6 6 6 11 12 10 11 6 6
3 6 6 5 8 7 7 6 5 5 8 7 7 4 4 4 5 5 5 6 8 6 8 5 5
4 4 4 3 5 5 5 4 3 3 6 5 5 4 4 4 5 5 4 4 5 3 6 4 5
5 3 3 2 4 3 3 2 2 2 4 4 4 4 3 3 4 4 4 3 4 2 4 4 4
6 2 2 2 3 3 2 2 2 2 4 3 3 3 3 3 4 4 4 2 3 2 4 3 4
7 2 1 1 2 2 2 1 1 1 3 3 3 3 3 3 4 4 4 2 2 1 3 3 4
8 1 1 1 1 1 1 1 1 1 3 2 2 3 3 3 4 3 3 1 1 1 3 3 4
9 1 1 1 1 1 1 1 1 1 2 2 2 3 3 2 3 3 3 1 1 1 2 3 3
10 1 1 1 1 1 1 1 1 1 2 2 2 3 2 2 3 3 3 1 1 1 2 3 3
11 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 3 3 3 1 1 1 2 2 3
12 1 1 1 1 1 1 1 1 1 1 1 1 2 2 2 3 3 3 1 1 1 1 2 3
13 1 1 1 0 1 0 1 1 1 1 1 1 2 2 2 3 3 2 1 1 1 1 2 3
14 0 0 1 0 1 0 1 1 1 1 1 1 2 2 2 3 2 2 1 0 1 1 2 3
15 0 0 1 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 0 0 1 1 2 3
16 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 0 0 1 1 2 3
17 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 0 0 1 1 2 2
18 0 0 0 0 0 0 1 1 1 1 1 1 2 2 1 2 2 2 0 0 1 1 2 2
19 0 0 0 0 0 0 0 1 0 0 1 1 2 2 1 2 2 2 0 0 1 0 2 2
20 0 0 0 0 0 0 0 0 0 0 1 1 2 1 1 2 2 2 0 0 0 0 2 2
21 0 0 0 0 0 0 0 0 0 0 1 1 2 1 1 2 2 2 0 0 0 0 2 2
22 0 0 0 0 0 0 0 0 0 0 1 0 1 1 1 2 2 2 0 0 0 0 1 2
23 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 2 2 1 0 0 0 0 1 2
100 100 100{ 100 100 100{ 100 100 100{ 100 100 100f 100 100 100f 100 100 100f 100 100 100 100 100 100

7111 : ASHRAE Handbook, Fundamental Volume, SI, 2005
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A15799 5: Solar RTS Values

Light Medium Heavy
% With Carpet No Carpet With Carpet No Carpet With Carpet No Carpet
Glass [10% 50% 90%[10% 50% 90%|10% 50% 90%|10% 50% 90%]|10% 50% 90%|10% 50% 90%
Zone Type| 1 2 3 4 5 6 7 8 9 |10 11 12|13 14 15] 16 17 18
Hour Radiant Time Factor,%
0 53 55 56| 44 45 46| 52 54 55| 28 29 29| 47 49 51 26 27 28
1 17 17 17 19 20 20 16 16 15 15 15 15/ 11 12 12| 12 13 13
2 9 9 9 11 11 11 8 8 8 10 10 10 6 6 6 7 7 7
3 5 5 5 7 7 7 5 4 4 7 7 7 4 4 3 5 5 5
4 3 3 3 5 5 5 3 3 3 6 6 6 3 3 3 4 4 4
5 2 2 2 3 3 3 2 2 2 5 5 5 2 2 2 4 4 4
6 2 2 2 3 2 2 2 1 1 4 4 4 2 2 2 3 3 3
7 1 1 1 2 2 2 1 1 1 4 3 3 2 2 2 3 3 3
8 1 1 1 1 1 1 1 1 1 3 3 3 2 2 2 3 3 3
9 1 1 1 1 1 1 1 1 1 3 3 3 2 2 2 3 3 3
10 1 1 1 1 1 1 1 1 1 2 2 2 2 2 2 3 3 3
11 1 1 1 1 1 1 1 1 1 2 2 2 2 2 1 3 3 2
12 1 1 1 1 1 0 1 1 1 2 2 2 2 1 1 2 2 2
13 1 1 0 1 0 0 1 1 1 2 2 2 2 1 1 2 2 2
14 1 0 0 0 0 0 1 1 1 1 1 1 2 1 1 2 2 2
15 1 0 0 0 0 0 1 1 1 1 1 1 1 1 1 2 2 2
16 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 2 2 2
17 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 2 2 2
18 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 2 2 2
19 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2
20 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2
21 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 2 2 2
22 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 2 1 1
23 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 2 1 1
100 100 100{ 100 100 100f 100 100 100( 100 100 100| 100 100 100/ 100 100 100
731 : ASHRAE Handbook, Fundamental Volume, SI, 2005
A15199 6: Convective and Radiant Percentages of Total Sensible Heat Gain
Radiant Convective
Heat Gain Source Heat, % Heat, %
Transmitted solar, no inside shade 100 0
Window solar, with inside shade 63 37
Absorbed (by fenestration) solar 63 37
Fluorescent lights, suspended, unvented 67 33
recessed, vented to return air 59 41
recessed, vented to return air and supply air 19 81
Incandescent lights 80 20
People SeeTable14
Conduction, exterior walls 63 37
exterior roofs 84 16
Infiltration and ventilation 0 100
Machinery and appliances 20 to 80 80 to 20
Sources: Pedersen et al. (1998), Hosni et al. (1999).
41 : ASHRAE Handbook, Fundamental Volume, SI, 2005
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. o
A13199 7 APANUN 2 Usage Profile

Usage Profile = 100% (Lﬂﬂi"i"lﬁﬁ]ﬁuﬂiﬁj)

. o
A13197 7 ABANUTN 3 Total Heat Gain

. I~ 1 Ao Y,
Total Heat Gain = 440.7 Watt (1ifusiimvual)

. oo
A13197 7 ABANUT 4 Convective Heat Gain (Convective Split)

Convective Heat Gain (41%) = 0.41 x 440.7 = 180.7 Watt
= Convective Cooling Load

A1319% 7 ﬂ@ﬁuﬁﬁ 5 Radiant Heat Gain (Radiant Split)

Radiant Heat Gain (59%) =0.59 x 440.7 = 260.0 Watt

A1319% 7 ﬂﬂﬁuﬁﬁ 6 Nonsolar RTS Values for Zone Type 8

Nonsolar RTS Values for Zone Type 8 (Medium Construction, With Carpet, 50% Glass)

. oo
(137197 4 ADANUN 9)

. o
A1519% 7 Aoau1f 7 Radiant Cooling Load

Radiant Cooling Load = {Radiant Heat Gain}*{Nonsolar RTS for Zone Type 8}

=231.4 Watt at 15:00 Hr

A1319% 7 ﬂ@ﬁuﬁﬁ 8 Total Cooling Load from Lighting

Total Cooling Load = Radiant Cooling Load + Convective Cooling Load

= Radiant Cooling Load + Convective Heat Gain

=231.4+ 180.7 Watt

=412.1 Watt at 15:00 Hr

UNAOWILIMS 1o 14
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ATNN 7: Cooling Load Component of Lighting

Usage Heat Gain, Watt Nonsolar RTS Radiant Total
Profile | Total | Convective | Radiant | Zone Type 8 | Cooling Load | Cooling Load
Hour % 100% 41% 59% % Watt Watt
1 0 0 0 0 49 31.2 31.2
2 0 0 0 0 17 31.2 31.2
3 0 0 0 0 9 28.6 28.6
4 0 0 0 0 5 26 26
5 0 0 0 0 3 23.4 23.4
6 0 0 0 0 2 20.8 20.8
7 100] 440.7 180.7 260 2 145.6 326.3
8 100] 440.7 180.7 260 1 187.2 367.9
9 100] 440.7 180.7 260 1 208 388.7
10 100] 440.7 180.7 260 1 218.4 399.1
11 100] 440.7 180.7 260 1 223.6 404.3
12 100] 440.7 180.7 260 1 226.2 406.9
13 100] 440.7 180.7 260 1 228.8 409.5
14 100] 440.7 180.7 260 1 228.8 409.5
15 100] 440.7 180.7 260 1 231.4 412.1
16 100] 440.7 180.7 260 1 234 414.7
17 100] 440.7 180.7 260 1 236.6 417.3
18 100] 440.7 180.7 260 1 239.2 419.9
19 0 0 0 0 1 114.4 114.4
20 0 0 0 0 1 72.8 72.8
21 0 0 0 0 0 52 52
22 0 0 0 0 0 41.6 41.6
23 0 0 0 0 0 36.4 36.4
24 0 0 0 0 0 33.8 33.8
Column Number
1 2 3 4 5 6 7 8
3. MIAIUMITZANNFOUNNMITINIEIT RTS

MIMUIUNTEANS DURIUAITIIZE81NNIINMSAIUIUEIMSTY Lighting 110 Schematic Diagram

HAAININI IWURINIAUIUAINAIEAIDE TUFUN 5

MFAIUINSUIINNITHIAT Sol-air Temperature (te) INTUNIT

Z, =t,tak, /h- eAR/h,

Tagh ¢, = Outdoor air temperature, ‘C
(o} = Absorptance of surface for solar radiation
E

LNAUDAONSSUUSUOMAIKOUSINAINE

= Total Solar radiation incident on surface, W/ (mz-K)

2)
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A15197 8: 519a2198AI5NIAIUIN Radiant Cooling Load

Column Number

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Radiant | Effect | Effect | Effect Effect Effect Effect Effect Effect Effect Effect Effect Effect Radiant

Heat Gain| from from from from from from from from from from from from Cooling
59% HR=7( HR=8 | HR=9 | HR=10 | HR=11 | HR=12 | HR=13 | HR=14 [ HR=15 | HR=16 | HR=17 | HR=18 Load
Day| Hour| (Watt) | (Watt) | (Watt) [ (Watt) (Watt) (Watt) (Watt) (Watt) (Watt) (Watt) (Watt) (Watt) (Watt) (Watt)

1 1 0
1 2 0
1 3 0
1 4 0
1 5 0
1 6 0
1 7 260 127.4
1 8 260 442 127.4
1 9 260 234 44.2 127.4
1 10 260 13.0 234 442 127.4
1 11 260 7.8 13.0 23.4 442 127.4
1 12 260 5.2 7.8 13.0 23.4 44.2 127.4
1 13 260 52 52 7.8 13.0 23.4 44.2 127.4
1 14 260 2.6 52 52 7.8 13.0 23.4 442 127.4
1 15 260 2.6 2.6 5.2 52 7.8 13.0 234 44.2 127.4
1 16 260 2.6 2.6 2.6 52 52 7.8 13.0 234 44.2 127.4
1 17 260 2.6 2.6 2.6 2.6 52 52 7.8 13.0 23.4 44.2 127.4
1 18 260 2.6 2.6 2.6 2.6 2.6 5.2 5.2 7.8 13.0 23.4 44.2 127.4 239.2
1 19 0 2.6 2.6 2.6 2.6 2.6 2.6 5.2 52 7.8 13.0 23.4 44.2 114.4
1 20 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 52 52 7.8 13.0 23.4 72.8
1 21 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 52 52 7.8 13.0 52.0
1 22 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 5.2 52 7.8 41.6
1 23 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 5.2 5.2 364
1 24 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 5.2 33.8
2 1 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 31.2
2 2 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 31.2
2 3 0 - 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 28.6
2 4 0 - - 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 26.0
2 5 0 - - - 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 234
2 6 0 - - - - 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 20.8
2 7 260 127.4 - - - - 2.6 2.6 2.6 2.6 2.6 2.6 2.6 145.6
2 260 442 127.4 - - - - 2.6 2.6 2.6 2.6 2.6 2.6 187.2
2 9 260 23.4 442 127.4 - - - - 2.6 2.6 2.6 2.6 2.6 208.0
2 10 260 13.0 234 442 127.4 - - - - 2.6 2.6 2.6 2.6 218.4
2 11 260 7.8 13.0 234 442 127.4 - - - - 2.6 2.6 2.6 223.6
2 12 260 5.2 7.8 13.0 23.4 44.2 127.4 - - - - 2.6 2.6 226.2
2 13 260 52 52 7.8 13.0 23.4 44.2 127.4 - - - - 2.6 228.8
2 14 260 2.6 52 52 7.8 13.0 23.4 442 127.4 - - - - 228.8
2 15 260 2.6 2.6 52 52 7.8 13.0 23.4 44.2 127.4 - - - 231.4
2 16 260 2.6 2.6 2.6 52 52 7.8 13.0 234 44.2 127.4 - - 234.0
2 17 260 2.6 2.6 2.6 2.6 52 52 7.8 13.0 234 44.2 127.4 - 236.6
2 18 260 2.6 2.6 2.6 2.6 2.6 52 52 7.8 13.0 23.4 44.2 127.4 239.2
2 19 0 2.6 2.6 2.6 2.6 2.6 2.6 52 52 7.8 13.0 23.4 44.2 114.4
2 20 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 52 52 7.8 13.0 234 72.8
2 21 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 52 52 7.8 13.0 52.0
2 22 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 52 52 7.8 41.6
2 23 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 52 52 364
2 24 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 5.2 33.8
3 1 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 31.2
3 2 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 31.2
3 3 0 - 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 28.6
3 4 0 - - 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 26.0
3 5 0 - - - 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 234
3 6 0 - - - - 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 20.8
3 7 260 127.4 - - - - 2.6 2.6 2.6 2.6 2.6 2.6 2.6 145.6
3 8 260 442 127.4 - - - - 2.6 2.6 2.6 2.6 2.6 2.6 187.2
3 9 260 234 442 127.4 - - - - 2.6 2.6 2.6 2.6 2.6 208.0
3 10 260 13.0 23.4 44.2 127.4 - - - - 2.6 2.6 2.6 2.6 218.4
3 11 260 7.8 13.0 234 442 127.4 - - - - 2.6 2.6 2.6 223.6
3 12 260 52 7.8 13.0 234 44.2 127.4 - - - - 2.6 2.6 226.2
3 13 260 5.2 52 7.8 13.0 23.4 44.2 127.4 - - - - 2.6 228.8
3 14 260 2.6 52 52 7.8 13.0 234 44.2 127.4 - - - - 228.8
3 15 260 2.6 2.6 52 52 7.8 13.0 23.4 442 127.4 - - - 231.4
3 16 260 2.6 2.6 2.6 52 52 7.8 13.0 234 44.2 127.4 - - 234.0
3 17 260 2.6 2.6 2.6 2.6 52 52 7.8 13.0 23.4 44.2 127.4 - 236.6
3 18 260 2.6 2.6 2.6 2.6 2.6 52 5.2 7.8 13.0 23.4 44.2 127.4 239.2
3 19 0 2.6 2.6 2.6 2.6 2.6 2.6 5.2 52 7.8 13.0 23.4 442 114.4
3 20 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 52 52 7.8 13.0 234 72.8
3 21 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 52 52 7.8 13.0 52.0
3 22 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 52 52 7.8 41.6
3 23 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 52 5.2 36.4
3 24 0 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 2.6 5.2 33.8
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[ 4
3101 5: Schematic Diagram LAAITUABUNMTAIUIUNTZANNTOUDINKI

h, = Coefficient of heat transfer by long-wave radiation and convection at outer
surface, W/ (mZ-K)
€ = Hemispherical emittance of surface
AR = Difference between long-wave radiation incident on surface from sky and
surrounding and radiation emitted by blackbody at outdoor air temperature, W/m’
§ W51 Horizontal Surface #1 AR 90gfit)szanas 63 Wim’ §1A1 €= 1 uag s, = 17 W/ (m™K) i
Long-wave Correction Term (EAR/h, ) %zﬁﬁm&jﬁﬂizmm 4 K (Bliss 1961)

v 4 v
95D Vertical Surface Tagn1'1la1 (AR) sinazianioeann auiulunsain o 11 510nee

frualial AR = 0 §19151 Vertical Surface
Y

[ =\ 1A AAA A AaaR J A = Y
1 Oc/ho %83Jﬂ1’t]§‘11/1ﬂ‘§$h1m 0.052 6l‘L!ﬂi‘il!‘l/l“l/‘l‘hlW’MJE‘T‘I/T]_I 1 Oc/ho mwmagmﬂizmm 0.026 Ul,ﬂ

Y
A =) s 1 1 C% =

) v A { < J A o 4 o Aaa
TIHIUNINUNUTDDOU QEJNUliﬂGI'IiJﬂ1 OL/hO mmzuﬂﬁﬂ%’ Fd]’t') 0.052 Lﬁmmﬂwuwuﬁa@um%umi

wlaguulasaaw liidisnaidiu 'l

4 v
U . =~ 9 1 1 U a a v A 1
A1 Sol-air temperature U ulasdnedng 9 ﬁamﬁmymmqqummﬂuaﬂmmwuw"luiﬂugmﬂ

U

dos  uahldinamsmemanuiouninimismeusndngiumslusasuderduiuiiomignuaados

9
v o 9 A 1 1

uatiguugiineuenamwlnd aaiud ¢ Ao Amsmemanudounnmmisiiuuendigiuwanaziing

1 U

v
#ouU5UemeaIud 1AL 151500 ¢, 1171 Heat Input Y99H1I9 11AZ@ N5 0MUIUNIAIVOI ¢, 1ADIN

q; =UxAx(t-t) (3)
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Tagn U = Overall heat transfer coefficient for the surface, W/ (mz-K)
A = Surface area, m’
t. = Presumed constant room air temperature, C

v 4 1 v [l b4
msdnuma ¢, nmla q dulilasedide 9 Weswnmafuaman ¢ 1y azdesiinms

v v
AUIUN Solar Angles 1a¢ Total Solar Irradiance (Et) NOU F1YALIDYAVDIFATAN 9 ﬂi%’ﬁ1uaquwuﬂ

agegluasan 9

A15199 9: Solar Equations

Solar Angles Direct, Diffuse, and Total Solar Irradiance
All angles are in degrees. The solar azimuth ¢ and the surface azimuth y are Direct normal irradiance E py
measured in degrees from south; angles to the east of south are negative,
and angles to the west of south are positive. Calculate solar altitude, A
. .. Ifp>0 Epy= |——57—5|CN
azimuth, and surface incident angles as follows: { exp(B/sinf J
Apparent solar time AST, in decimal hours:
AST = LST+ ETI60 + (LSM — LON)/15 Otherwise, £y =0
Hour angle H, degrees: Surface direct irradiance E ,,
H = 15(hours of time from local solar noon) = 15(4ST — 12) Ifcos 0> 0 E,=Epycos 0
Solar altitude B: Otherwise, E,=0
sin B =cos L cos & cos H +sin L sin 3 Ratio Y of sky diffuse on vertical surface to sky diffuse on horizontal surface
Solar azimuth : ¢ Ifcos®>-02 Y=0.55+0.437cos 0+ 0.313 cos2 6
cos ¢ = (sin B sin L — sin §)/(cos p cos L) Otherwise, Y=045
Surface-solar azimuth y : Diffuse irradiance £,
Yy=¢—vy Vertical surfaces E;, =CYEpy
Incident angle 0: Surfaces other than vertical E, = CEpy (1 +cos X)/2
cos 0 =cos B cos y sin X + sin p cos X Ground-reflected irradiance £, = E;, (C + sin B)pg(l — cos T)/2
where Total surface irradiance E, =E, +E, +E,
ET = equation of time, decimal minutes where
L =latitude A = apparent solar constant
LON = local longitude, decimal degrees of arc B = atmospheric extinction coefficient
LSM = local standard time meridian, decimal degrees of arc C = sky diffuse factor
= 60° for Atlantic Standard Time CN = clearness number multiplier for clear/dry or hazy/humid locations. See
= 75° for Eastern Standard Time Figure 5 in Chapter 33 of the 2003 ASHRAE Handbook—HVAC
= 90° for Central Standard Time Applications for CN values.
= 105° for Mountain Standard Time E ; = diffuse sky irradiance
= 120° for Pacific Standard Time E, = diffuse ground-reflected irradiance
= 135° for Alaska Standard Time p, = ground reflectivity
=150° for Hawaii-Aleutian Standard Time
LST = local standard time, decimal hours
& = solar declination, °
y = surface azimuth, °
Y = surface tilt from horizontal, horizontal = 0° Values of 4, B, and C are given in Table 7 of Chapter 31 for the 21st day of each month.
Values of ET and 8 are given in Table 7 of Chapter 31 for the 21st day of each month. Values of ground reflectivity pg are given in Table 10 of Chapter 31.

31 : ASHRAE Handbook, Fundamental Volume, SI, 2005
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Heat Gain = {q,}*{Wall CTS} 4)
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: ' & d o g . . '
A4 Heat Gain Tuuaazs1owa Tuell 37% vzgnimiualifiilu Convective Heat Gain (a1ua15197
: I o ! o I~ . =
6) avznaeniu Cooling Load Tuiuil luvmezh 63% szgnimualiiilu Radiant Heat Gain #99zdo1gn

I J o @
ulaslvinanetlu Radiant Cooling Load 1&onou 399za131501111011159080 Convective Cooling Load

9
v A

a g . v Y . . dyd 1< 9y
inauilu Total Cooling Load ¥9an1ia 14 A19049 Radiant Cooling Load Hidiguiilugas Idaail

Radiant Cooling Load = {63% Heat Gain}*{Nonsolar-RTS} (5)
A ' ~ Y I Y 1 o [ 9 ddyd
pg1auNAUNANI114A1 Nonsolar RTS v uiludinizaemanianardmivanyioulunsaiiin
@ o I 1 9 . 1 o I 4
MITanEaEMInszneaIeiiuuuuAeudIe Uniform tagurnszarena q liiluaenig
A g a o [ o al = P o Y
Mo UMIMFTAAIDENNMIMUIN 151zaNyAININaNUlsEaIAnIzAIIAIMIEANYI o
NNANAMIMBNANNTOUATUATIATUAZ TUANYDIDIATUHANTINNET 15.00 W.0ITUN 21 WwH1BY
v o 1 I @ 1 I { o
(Design Day) Tagn1iaaana1 i umiia EIFS 41 CTS 0811 Group Y89 Wall Number 4 11015199 1 Wil
U 1 = dy d‘
AINANIUNUN = 16 AT,
4
frualdiosienanaseglungaunwuiuas (Latitude = 13.73, Longitude = 100.57E) i1
o I 1
Clearness Number (CN) fmua 11 1.0 1aga1 Ground Reflectivity p, = 0.2
M Cooling Design Dry Bulb Temperature 7 0.4% Design Condition ElljJ:ﬁ 35.7°C uaza Monthly
Mean Daily Temperature Range Y8t uiuE18ung 7.1°C Hosiilsuomealiguuginieluedh 24 °C
F19MIAIUIUAT Sol-air Temperature, Heat Input, Heat Gain, Radiant Cooling Load & Total
Cooling Load ¥4H1i9Ana1uantnd 11 a131991 10 uag 11 audau
= o d‘ . = 1 dyd
518aIBeALEAINTAIUIUNIAT Local Standard Time (LST) = 15.00 u. Hasan li/iife

, o o
A13799 10 ADANUN 2 Apparent Solar Time

AST  =LST+ ET/60 + (LSM-LON)/15
=15+ (1.1/60) + (-105 - (-100.57))/15)
=14.72

A13199 10 ADAUN 3 Hour Angle

H =15 (4ST-12)
=15(14.72-12)
=40.8°

A131991 10 ADAULIN 4 Solar Altitude

sin}. =cos L cos d cos H+sinL sind
=cos (13.73) cos (11.6) cos (40.8) + sin (13.73) sin (11.6)
=0.7676

B =sin (0.7676) = 50.1°
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131971 10 AOFWIIT 5 Solar Azimuth
cos® = (sin B sin L —sin 8)/(cos B cos L)
= [(sin (50.1)sin (14.723) —sin (11.6)1/[cos (50.1) cos (14.723)]
=-0.0303468
b = cos '(-0.0303468) = 91.7°

A13199 10 ﬂﬂﬁnﬁﬁ 6 Direct Normal Irradiance

E,, = [A/exp(B/sin B)ICN
= {1130/exp[0.164/sin (50.1)]} x(1.0)

. o
A13199 10 ADAYUN 7 Surface Incident Angle

cos O =cos P cosysinZ +sin P cos X
=cos (50.1) cos (1.74) sin (90) + sin (50.1) cos (90)
=0.64066

0 = cos ' (0.64066) = 50.2°

Iﬂ&l“ﬁ' Y = Surface Solar Azimuth

=0~y
=91.74 - 90
= 1.74°

f131499 10 ﬂﬂﬁuﬁﬁ 8 Surface Direct Irradiance

E, =E,, cos 0
=(912.6155) cos (50.2)
=584.6733 W/m'

. o
913799 10 ADAYUN 9 Ground Reflected Irradiance

E, =E, (C+sin B)pg(l —cos 2)/2
=(912.6155)[0.12 + sin (50.1)](0.2)[1 — cos (90)]/2
=81 W/m’

~ o A .
AT WN 10 ABANUN 10 Ratio ¥

Y =0.55+0.437 cos 0+ 0.313 cos 0
=0.55+0.437 cos (50.2) + 0.313 cos (50.2)
= 0.9584351

A13199 10 AOANN 11 Diffuse Irradiance (Vertical Surfaces)

E,  =CYE,,
= (0.12)(0.9584351)(912.6155)

=104.9619 W/m’
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A13197 10 ﬂﬂﬁuﬁﬁ 12 Total Surface Diffuse Irradiance

E, =E,+E,
=104.9619 + 81.00201
= 185.964 W/m’

A13197 10 ﬂﬂﬁuﬁﬁ 13 Total Surface Irradiance

E, =E, +E,+E,
= 584.6733 + 104.9619 + 81.00201
=770.6372 W/m’

. oo
A13199 11 ABAYUN 3 Outside Air Temperature

t = (Design DB) — f x (Design Daily Range)
=36.7-0.0x 7.1
=36.7 °C at 15:00 Hr
A1 f (Fraction of Daily Temperature Range) 1danes N‘ﬁ 2 “]J‘ﬂ‘ﬁ 28 Climatic Design
Information 11 ASHRAE Handbook 211 Fundamental 1/ 2005

. o
A13199 11 ABAYUN 4 Sol-air Temperature

t =t +OE,/h — 8AR/h0
=36.7 +(0.052) (770) — 0
=176.77315°C

A o oA
AT NN 11 ABANUN 6 Heat Input

q; =U><A><(te—l‘rc)
q; =0.668 x 16.0 x (76.77315-24.0)
=564.0394 Watt

A13199 11 ADAULIN 7 Wall CTS for Wall Number = 8

Wall CTS for Wall Number = 8 (Wall Type = EIFS)
(3199 1 APAINIT 9)

A13191 11 ADAULIN 8 Wall Heat Gain

Wall Heat Gain = { g, }*{Wall CTS for Wall Number = 8}
=403.3 Watt at 15:00 Hr

. oo
Q13199 11 ABAYUN 9 Wall Convective Heat Gain

Convective Heat Gain (37%) = 0.37 x 403.3
=149.2 Watt at 15:00 Hr

= Convective Cooling Load

LNAUDAONSSUUSUOMAIKOUSINAINE
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M13199 11 ADAUUN 10 Wall Radiative Heat Gain

Radiant Heat Gain (63%) = 0.63 x 403.3
=254.1 Watt at 15:00 Hr

A1319% 11 ﬂﬂéﬁlﬁﬁ 11 Nonsolar RTS for Zone Type 4

Nonsolar RTS Values for Zone Type 4 (Light Construction, No Carpet, 10% Glass)
(@13197 4 APAININ 5)

M13199 11 APAULN 12 Radiant Cooling Load

Radiant Cooling Load = {Radiant Heat Gain}* {Nonsolar RTS for Zone Type 4}
=179.6 Watt at 15:00 Hr

Q1319 11 ﬂﬂﬁuﬁﬁ 13 Total Cooling .oad

Total Cooling Load = Convective Cooling Load + Radiant Cooling Load
=149.2 +179.6

=328.8 Watt at 15:00 Hr

Tugii 6 Aves 1, ¢ waz ¢ lu Column 91 3, 4 waz 5 lu m151991 11 gniiwn Plot 1l3euiiey 1ive
Y I KR a a A ~ 1 [ 1 ] I~ @

paaelviiudenIwaved « 1az 1, NUAL Heat Input TUNIUAN 9] ANVUANANIZHIN £, 1 £, 32T UA?

dumdeunnuiou weldinamsniemanmeuendngmimuaumsi 3 dIUANUIANANTEWIN ¢

[ [ v o 4 ) J ] 1 . .

fu ¢, sziluddumasumsihanuiouldmemiunszanniiels  (Window  Conduction) @13

= A 1 2K 1 v 9 A
318ﬁ$£@ﬂﬂ‘ﬂfﬂgﬂaTJﬂ\iWﬂll‘lJaluﬁ’J‘U@ﬂ 5

90

80 2

70 A

60

50 1

—— Outside Temp.
—&— Sol-air Temp.
40 —&— Room Temp.

N e

20 A

Sol-air, Outside & Room Temp., Degree-C

10

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hours

= . o 9 @
g‘]J‘I/I 6: Sol-air temperature UDINUIATUAZIUAN
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~ I = =~ A Y I X .
U 7 Jums Plot WSsumey twonaaaliifiudIn1snsz18v0d Heat Input, Heat Gain 1ag
. ™ @ ' D] Aq ¥ A ~ .
Cooling Load v@4#1i411d19819 Ue3yaN 1911910 Column 9 6, 8 ag 13 Tuas1an 11 91031 Time-delay

y 1% < ' [
Effect !ﬁ@ﬁmﬂ Wall CTS 11a& Nonsolar RTS %mm@;mu”lﬁamwmﬂu

~
o
S

A

/0
VA

—e—Heat Input
—#—Heat Gain
—4— Cooling Load

S T

e ST

1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

(o2}
o
o

a
(=3
o

N
(=3
o

w

o

o
L

N
o
o

Heat Input, Heat Gain & Cooling Load, Watt
3
o

Hours

v v
= =

519 7: Time-delay Effect 910 Wall CTS 11ag Nonsolar RTS Values #11if1® Heat Input Y94813a1unaz Tuan

4. MIMUIUNITZANNIUDINHAIMMAILID RTS
9 [ Aan 1 o 1 1 o A I . .
MszanuiounNraIn TIsmauananinmieg liumin 517 8 1Wu Schematic Diagram

9 v v
HEAAINNIINVDITUABUMIAIUIV ANVLANANNTIAYIZOEN

o

M) MIAUIUAT Sol-air temperature, 7, MIMUINILADINNEMTVU Horizontal Surface UNUNIL
| .
11JU Vertical Surface
¥ Y1 A '
v) @091%A1 Roof CTS 1115199 3 unuA1 Wall CTS
{ I o
A) M3 Split Heat Gain 3211a8UN 63%-37% 11U 84%-16% unu aduaadly Schematic

Diagram

5. MIMUIUNTZANNFUDINHINMAIEIE RTS
o ) Y ' Y 1 ] A
MIMUIUMTZANNIOUNNKWTAN usoon lailu 2 daulvg) o Ap
) Window Solar (a1
9) Window Conduction
Y v
Schematic Diagram HEAININTIWVOITUABUMIAIUIM TULAazdutaasaglugf 9 uaz10

AUAINY
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A15199 10: Wall Component of Solar Irradiance

Solar Angles Direct Solar Diffuse Solar
Local | Aparent Surface Total
Standard | Solar Hour Solar Solar Direct | Incident | Surface | Ground Sky Surface Surface
Time Time Angle | Altitude | Azimuth | Normal | Angle Direct | Reflected | Ratio| Diffuse | Diffuse | Irradiance
LST AST H B ] E pn 0 E, E, Y E, E ,+E, E,
Hour Hour Degree | Degree | Degree W/m® Degree W/m® W/m’ W/m® W/m’ W/m’
1 0.72 -169.2 -62.5 -156.5 0 100.6 0 0f 048 0 0 0
2 1.72 -154.2 -54 -133.5 0 1153 0 0| 045 0 0 0
3 2.72 -139.2 -42.2 -120.1 0 129.8 0 0f 045 0 0 0
4 3.72 -124.2 -29.1 -111.9 0 144.2 0 0f 045 0 0 0
5 4.72 -109.2 -15.3 -106.4 0 157.7 0 0f 045 0 0 0
6 5.72 -94.2 -1.2 -102.3 0 167.7 0 of 045 0 0 0
7 6.72 -79.2 13.1 -99.0 548.3 164.2 0 19.0] 0.45 29.6 48.6 48.6
8 7.72 -64.2 27.6 -96.1 792.7 151.8 0 46.2| 0.45 4238 89 89.0
9 8.72 -49.2 42.1 -93.3 884.7 137.8 0 69.9] 0.45 478 117.7 117.7
10 9.72 =342 56.6 -90.3 928.5 123.4 0 88.7[ 0.45 50.1 138.8 138.8
11 10.72 -19.2 71.2 -85.7 950.3 108.7 0 101.4] 045 51.3 152.7 152.7
12 11.72 4.2 85.4 -62.7 958.6 94.1 0 107.1] 0.52 59.9 166.9 166.9
13 12.72 10.8 79.2 79.8 956.3 79.4 176.2 105.4| 0.64 73.6 179.0 355.2
14 13.72 25.8 64.7 88.1 942.5 64.7 402.5 96.5| 0.79 89.8 186.3 588.8
15 14.72 40.8 50.1 91.7 912.6 50.2 584.7 811 0.96 105 186 770.6
16 15.72 55.8 35.6 94.6 852.5 35.8 691.1 59.8] 1.11 113.5 173.4 864.4
17 16.72 70.8 21.1 97.3 716.5 223 663 344 122 105.1 139.5 802.5
18 17.72 85.8 6.7 100.4 277.1 12.3 270.7 6.6 1.28 42.4 49 319.7
19 18.72 100.8 -7.5 104.0 0 15.8 0 of 126 0 0 0
20 19.72 115.8 215 108.6 0 28.2 0 of 1.18 0 0 0
21 20.72 130.8 -35.1 115.1 0 42.2 0 of 1.05 0 0 0
22 21.72 145.8 -47.7 1252 0 56.6 0 of 0.89 0 0 0
23 22.72 160.8 -58.3 1422 0 71.3 0 of 0.72 0 0 0
24 23.72 175.8 -64.3 170.6 0 85.9 0 0f 0.58 0 0 0
Column Number
1 2 | 3 | 4 5 | 6 | 7 1 8 ] 9 J1ww ] un | 12 ] 13
A5 19N 11: Wall Component of Cooling Load
Local Total Outside | Sol-air | Inside | Heat | Wall Heat Gain Nonsolar
Standard | Surface Temp. | Temp. | Temp. | Input| CTS [ Total | Convective | Radiant RTS Radiant | Total
Time Irradiance Wall | 100% 37% 63% Zone Cooling | Cooling
LST E, t, t, t,. q; No.8 Type 4 Load Load
Hour W/m? °C °C °C Watt % Watt Watt Watt % Watt Watt
1 0 30.5 30.5 24| 69.7 11 76 28.1 479 41 78.6 106.7
2 0 30.2 30.2 24] 659 501 717 26.5 45.2 20 69.2 95.8
3 0 299 29.9 241 629 26 67.8 25.1 42.7 12 62.5 87.6
4 0 29.7 29.7 24] 60.6 9] 645 23.9 40.6 8 57.1 81
5 0 29.6 29.6 241 599 3 62 22.9 39.1 5 52.1 75
6 0 29.7 29.7 24] o614 1] 608 22.5 38.3 4 47.5 69.9
7 48.6 30.1 32.6 241 922 0] 64.4 23.8 40.6 3 44.6 68.4
8 89 30.7 354 24| 121.4 0] 832 30.8 52.4 2 47.4 78.2
9 117.7 31.7 37.8 24| 147.3 0] 108.8 40.3 68.6 1 554 95.6
10 138.8 32.7 39.9 24] 170.4 0| 134.7 49.8 84.9 1 66.3 116.1
11 152.7 339 41.9 241 191 0] 158.8 58.8 100 1 78.4 137.2
12 166.9 35.1 43.7 24] 211.1 0] 180.8 66.9 113.9 1 90.8 157.7
13 355.2 35.9 54.4 24] 324.8 0| 211.9 78.4 133.5 1 106 184.4
14 588.8 36.5 67.1 24| 460.7 0] 291.7 107.9 183.8 0 135.2 243.1
15 770.6 36.7 76.8 24] 564 0| 403.3 149.2 254.1 0 179.6 328.8
16 864.4 36.5 81.4 24| 613.9 0] 506.8 187.5 3193 0 230.2 417.7
17 802.5 36 77.7 24] 5742 0] 570.1 210.9 359.1 0 274.6 485.5
18 319.7 352 51.8 24| 297.5 0] 547.2 202.5 344.8 0 294.6 497.1
19 0 343 343 24] 109.9 0] 386.9 143.1 243.7 0 267.3 410.5
20 0 334 334 24] 100.1 0] 219.1 81 138 0 213.9 295
21 0 32.6 32.6 241 91.7 0] 138.8 51.4 87.5 0 167.3 218.7
22 0 31.9 31.9 24| 84.1 0] 105.7 39.1 66.6 0 1333 172.4
23 0 31.3 31.3 241 78.1 0] 89.8 332 56.6 0 109 142.3
24 0 30.9 30.9 24| 73.5 0] 81.4 30.1 51.3 0 91.5 121.6
Column Number
1 2 HE 4 | 5 1T 6] 7 | 8 | 9 [ 10 | 11 | 12 | 13
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51

Location & .
Outside Design ROOf
Conditions |
Roof
CTs

Sol-ai;Temp L,  Heatlnput 4.‘ HeatGain |

84% Radiant 16% Conv. ‘

NS-RTS

L Radiant-CL }_.ll Sum }._ Conv-CL

Total-CL

[ 4
3111 8: Schematic Diagram HAAITUABUMIAIUIUNTZANWFOUINKAIN

Window-Solar #1

Location &

Conditions

Overhang

Outside Design \.' Heat Input - Solar Irradiance ‘ No Blinds or

‘ (Direct, Diffuse, Reflect)

Beam Heat Gain

Diffuse Heat Gain |

| 100%Radiant | | ea%Ra‘Ji;;t | | 37% Conv. |

S-RTS\/S-RTS

- T 1
Radiant-CL  —— Sum «—— Conv-CL ‘

i Total-CL

=
N

FA [
9: Schematic Diagram HE@AITHABUMIMUIUMIZANVTOUNANTNA (NFAT 1)
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Window-Conduction

QOutside Design
Conditions

-

k Outside'ﬁ'ir Temp | -
Heat Gain
L

.6-3.‘-%.Radiant

| 37%Conv. |

ﬁadiah.t.-a. H S_um .‘— (?onv;a.

|

‘ Total-CL ‘

I 4
gﬂﬁ 10: Schematic Diagram meﬁﬁumum‘iﬁwmmmﬁzmm%'@umﬂﬁﬁmw (Conduction)

M3 ludIUYe9 Window Solar 92I5UINMTHIA Solar Irradiance WUt INUNUTUNTD
o ] v . dy I . )
YoIHTameuenynilszms anuuanA1zegasinsiilas Solar Irradiance 111U Heat Gain Tunsdi
Y
Y94 Window Solar N15u1asaena1d #1laen131iue1a1 Solar Irradiance ﬁ"lﬂﬂmﬁ’um Direct SHGC 11ag
< o % 1 o w
Hemispherical SHGC Aoz 1mis Idundan Direct Solar Heat Gain Lai¢ Diffuse Solar Heat Gain #14a101U
F4
' 3 A 1 a 1
1 SHGC (Solar Heat Gain Coefficient) Hiflunmauiavesnszanuaazsiainazeenlianuiounn
a J Y @ Y 9 3 A 4 o @ a J Qsll ~
pasomadiudn lddameludedla  dudwlesiwudvesnasnuuaioiadnerua  NannsENULIY
Y 09}/ = ™ Aq ¥ 1 A VA =
WA nszanduRedns q Tlaldauegunlulszmeneaziian SHGC egismilszum 0.6 83 0.9
9 1 =l 9 A Y J A = ° [ 9 Lﬂy 9
HAWAANUUU AT TVDINIZIN  VaYANEINUAINDY SHGC Nazsanadimiumslgauludieduy
demamnsonldlu ASHRAE Handbook 91j1) Fundamentals
o A Y . A . . Y I 9 o
18991n715114A1 Direct (W30 Beam) 1a¢ Diffuse Heat Gain 11d7 151092@0991m1501/a9 Heat
Y
% ' I 1
Gain Magosa 1 111U Room Cooling Load o 11/
a 3 1 1 & I
1u3% RTS %4 A1 Beam Heat Gain 929931184 Radiant Component 100 % ttazluasliidlu
Y
° Y ' ' . .Y . S|
Cooling Load Tagiinly “Operate” NUA1 Solar RTS @IUA1 Diffuse Heat Gain Wuld Split ponu 63 %
Y Y
1 @ 1 ~ 3 1 1
Radiant 1182 37 % Convective noU 101U auasaIu 63 % Radiant 11111TuA1 Cooling Load A28
Nonsolar RTS
M3AIn a1 Window Conduction (113 Schematic 143U 10) 1ITHINMIAIUIUNT Window

Conduction Heat Gain 31Ng#13

q,=UA(t,-t) (6)
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Taoh g.= Window conduction heat gain, Watt
U = Overall heat transfer coefficient of window, W/ (mz-K)

. 2
A = Window area, m
t, = Outside air temperature, °’C

t..= Room air temperature, °’C
. o 1 Y ] I 1 A . . 1 A
Heat Gain N0 %mmgﬂu‘uqaamﬂuﬁmmuﬂa 63% Radiant 1482 37 % Convective @aUIlu
. < . o A A 1 & A . a .
Convective 9zna1e 11l Cooling Load ta@gnuUnN TuunzNDNAIUNIIAD 63 % Radiant 3210A Time-delay

<3| '
waznaeili Cooling Load Turaide 9 i

v
Ad o

N13%1 Radiant Cooling Load 910 Heat Gain Component drutinit1a laems “Operate” f1 Heat
b4 Y
Gain luauHidni D Nonsolar RTS fauaaaly Schematic Diagram 11 Radiant Cooling Load & JunAaiie
o v . . ] ; . 4 Lo
111 11/5918 1 Convective Cooling Load Nz 181194 Total Cooling Load 119910 Conduction HIUATLIN
~ I o 1 9 [ Y & £ A
AT NN 12 uag 13 nJuﬁwmimmmmmszmmmumuwmmwmwm PINUUIA 1.3 x 2.1
<3| o 1 o a @ =
A3 ﬂi%fﬂﬂlﬂu Uncoated Single Glazing 111 3.2 mm. LL@%@Q@QHHWUQ%1UWﬁﬁZ?H@ﬂ J1YSLBYANII

)
A
U

MuUIUNNIAT 15.00 W. (LST) ¥4 Design Day Usiaae liife

. o
Q13197 12 ABANUTN 2 Surface Incident Angle

0 =50.2°
(mﬂﬁﬂﬂ1’iﬁ1u’3mﬂ]ﬂﬂNﬁ\iﬂ]ﬂuﬂﬂiu Section ﬂlf]u)

A15199 12 AOANIN 3 Surface Direct

E =584.7 Watt/m’

D

(1PF1IMTMUIVVDINIINUDN 11 Section NOU)

A13199 12 AOANLTN 4 Direct SHGC

SHGC, = 0.659
1411 Tawn3 Interpolate A1 SHGC N3y1 0 = 50.2° ¥9INTZIN Uncoated Single Glazing ID = 1g Tu
@139% 13 UNN 31 Fenestration 14 ASHRAE Handbook 21i1) Fundamental 1] 2005

A15199 12 AOANLN 5 Direct(Beam) Solar Heat Gain

q, =E,xSHGC, x A
=584.7x0.659 x 1.3 x 2.1
=1051.9 Watt

. oo
A1319% 12 ADANUTN 6 Ground Reflected

E =81 Watt/m”

T

(mﬂﬂﬂﬂﬁﬁWH’JmﬁJ@ﬂNﬁ\iﬂ'lﬂuﬂﬂclu Section fif]u)

A o oA .
ANTNN 12 AAVUN 7 Ratio ¥V

Y =0.96

(31P518MIMUINVDINTIN8UDN 11 Section NBU)
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M13199 12 ADALIN 8 Sky Diffuse

E = 105.0 Watt/m’

d

(mﬂﬁﬂﬂﬁﬁﬂ!’mﬁ]ﬂﬂNﬁﬂﬂ"lﬂuﬂﬂclu Section ﬂ"t’)‘L!)

M13199 12 ADAVIN 9 Surface Diffuse

E,+E, =105+8l
=186 Watt/m’

A13199 12 ADAVIIN 10 Hemis, SHGC

SHGC, = 0.63
Yo1an191n M151URINUAUAIVD Direct SHGC

A1319% 12 ﬂ@ﬁuﬁﬁ 11 Diffuse Solar Heat Gain

q, =(E;+E ) x SHGC,x A
=186 x0.63 x 1.3x2.1
=211.1 Watt

. oo
A15197 12 ABAUUTN 12 Outside Air Temperature

t, =36.7°C
(%WﬂSWﬂﬂﬁﬁWH’Jﬂ!"U’ﬂﬂNﬁﬂﬂ1ﬂuﬂﬂ1u Section ﬂ'@l!)

A3 197N 12 ﬂﬂﬁuﬁﬁ 13 Conduction Heat Gain Through Glass

9.~ =UAG 1)
=442 x 1.3 x2.1x(36.7-24)
=175.1 Watt
M U 1040529n@ana1imna1n a1319i 4 luunii 31 Fenestration 111 ASHRAE Handbook 1y
Fundamental 1/ 2005 U559iaLL5n Single Glazing, 3.2 mm glass, Wood/Vinyl Frame (Operable)

A13199 12 ADALIN 14 Total Window Heat Gain

qg =4, +qd +qc
=694.7+211.1 +175.1
=1080.8 Watt

A15199 13 ADAULN 2 Beam Heat Gain

A o da
HI1INATTINN 12 ADANUN 5

. oo
9137199 13 ABAYUN 3 Radiant Heat Gain

Heat Gain 919 Direct Solar Radiation ndJu Radiant Heat Gain 100%
(Convective Heat Gain 910 Direct Solar = 0%)

A13199 13 ﬂaﬁuﬁﬁ 4 Radiant Cooling Load 910 Direct Solar

Solar RTS for Zone Type 4 (Light Construction, No Carpet, 10% Glass)

. L
(13199 5 APANYN 5)
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. oo
A13199 13 ABAYLN 5 Radiant Cooling Load 910 Direct Solar

q, = {Radiant Heat Gain}*{Solar RTS for Zone Type 4}
=397.8 Watt at 15:00 Hr

. oo
A13199 13 ABAYUN 6 Direct Solar Cooling Load

Direct Solar Cooling Load = Radiant Cooling Load

A13199 13 ABAULIN 7 Diffuse Heat Gain

A o A
H1NAIT NN 12 ABaNUN 11

. o
A13199 13 ABAYUUN 8 Conduction Heat Gain

A [ s
H1NAIT NN 12 ADANUN 13

4 [ J H [
A13199 13 ABAYUN 9 Total Heat Gain 910 Diffuse Solar 1182 Conduction H1UNILIN

q, =4q,79,
=211.1+175.1
=386.2 Watt
A o o J 3 A J @ 1 Y ] .
FUNANUNITIUDT q, UAS q, m‘muﬂuﬂ@umummmmmaiwmﬂmnzﬁmgﬂuﬂﬂ Split
< Y o A A o w
1111 37 % Convective a2 63 % Radiant aaaaslu ADANUN 10 ua 11 ¥99 A15197 13 MUAIAD

A1371499 13 ﬂﬂﬁuﬁ'ﬁ 10 Convective Heat Gain from Diffuse Solar and Conduction Through Glass

q. =0.37 x 386.2
=142.9 Watt at 15:00 Hr
913 ”N‘ﬁ 13 ﬂﬂﬁuﬁﬁ 11 Radiant Heat Gain from Diffuse Solar and Conduction Through Glass
q., =0.63 x386.2
=243.3 Watt at 15:00 Hr

A1319N 13 ﬂﬂﬁuﬁﬁ 12 Nonsolar RTS for Zone Type 4

Nonsolar RTS for Zone Type 4 (Light Construction, No Carpet, 10% Glass)
(@3197 5 APAIIN 5)

A137199 13 APAULIN 13 Radiant Cooling Load 910 63 % 494 Diffuse Solar tiag Conduction HIUNIZN

q, = {63% YN Total Diffuse}*{Nonsolar RTS for Zone Type 4}
=362.6 Watt at 15.00 U.

A1319N 13 ﬂﬂﬁuﬁﬁ 14 Diffuse & Conduction Cooling Load

Diffuse & Conduction Cooling Load = Diffuse & Conduction Heat Gain + Diffuse & Conduction
Radiant Cooling Load
=142.9+219.6

=362.6 Watt at 15:00 Hr
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A131991 13 ABAUIN 15 Total Window Cooling Load

Total Window Cooling Load = Direct Solar Cooling Load + Diffuse & Conduction Cooling Load
=397.8+362.6
=760.4 Watt at 15:00 Hr

A I = = A Y I KR a a
g‘]J“I/I 11 1Wums Plot !,‘]JifJ‘]JWIEJ‘]JLW’E)LLﬁﬂﬂWmuﬂQfJVIﬁWﬁ"’U’fN Solar RTS Values N$® Beam

Solar Cooling Load A1U09 Beam Heat Gain 1182 Beam Solar Cooling Load Glugﬂvlfvgljmiﬂﬂ Column 9 2 1ag

800 +
700 +
600 A
500 +
—e— Beam Heat Gain
—#—Beam Solar CL
400 A
300

200 | /
100 /

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

6 Tum1s5199 13

Beam Heat Gain & Beam Solar CL, Watt

Hours

511 11: Time-delay Effect 910 Solar RTS Values iif Beam Heat Gain H1un3zan1ilia19amuaz Juan

R a a [

A I = ~ A Y 3 A
sUn 12 Wums Plot 1feiney ieuanslnifiufadninavod Nonsolar RTS Values 1169
Conduction 11a¢ Diffuse Heat Gain iunIzanHiia1aludodns mdena1nlduen Column 1 9 uaz 14
Tums1en 13
= T A Y d s . 2N
JUN 13 1Wlums Plot etaaslivinuesnllszneuvee Total Cooling Load UBIUIUHMIAITY
{19879 A1UD4 Diffuse & Conduction Cooling Load ttagTotal Window Cooling Load 1831917 Column 7
14 taz 15 Tuased 13 muday
AAa 1A < A ] 3 Y
lunsalnd Blinds (3januvinaanislunIenIn) 119 Beam Heat Gain 118 Diffuse Heat Gain 93@09
gﬂ@,méf’m IAC (Internal Attenuation Coefficient) A®UAY Schematic Diagram "Lugﬂﬁ 14 MUY IAC
4
@151 Blinds #1iaa19 9 fo1ueun3on1g 1d91n ASHRAE Handbook #1711 Fundamental Tuduaeuse'li)
Y 4
o ] I ' v W
Component U84 Heat Gain 119603119z nuiia0oniilu 63 % Radiant 11ag 37 % Convective IFUIASINUA
1 1 g I 1 4 I
Tunsdineu 9 dauiiilu Radiant Component N9zA03gN Operate A28 Nonsolar RTS (denow iiveu)auilu

% y 0 Y <3 0 %
Radiant Cooling Load Fai01111159uM Convective Part 1182 P9211U1%A Total Window Solar Cooling

[ [ . ] I Y A v o A T .
Load @If’)llﬂ aIUUDN Conduction W"IL!ﬂi%i]ﬂﬂﬁ'"lll"Iiﬂﬂ"lllﬂLﬁﬂJi’JuﬂUﬂUﬂﬁmVlhhﬂJ Blinds
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450

400

350 +

300 +

250

200 +

150

—&— Conduction & Diffuse HG
—#— Conduction & Diffuse CL

Rt

Va
7/

Conduction & Diffuse Heat Gain & CL, Watt

—s

172 3 4 5 6 7 8 9 10 11 12 13 14 15

Hours

3 U 12: Time-delay Effect 910 NonSolar RTS Values il

16

IS

U1 Con

nANMIUAZTUAN

1200

17 18 19

20 21 22 23 24

duction @ Diffuse Heat Gain HUATLIN

1000

800

/./\

600 -

400

—e— Beam Solar CL
—&— Diffuse & Conduction CL
—&— Total Window CL

200

Total, Beam, Diffuse & Cond. CL, Watt

1
Hours

A 4 . Y 1 AAa
ETJ“VI 13: 93AY5ZNOVYDY Total Cooling Load UYDNTZINUHIANNWNAA

2 3 45 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21

22 23 24

Y
Y

AsOgUUMITIATUAZ IuAD
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waonz | Window-Solar #2

Outside Design _
Conditions Heat Input - Solar Irradiance

(Direct, Diffuse, Reflect)

L N

Di-f%u se .H.eat Gain -
x |IAC

With Blinds
No
Overhang

Beam Heat (-i-ain x.
IAC

' 639\6fadiant | l' ?;'7%'(.29nv‘ |

Radiant-Ci:_ 4 Sum *—| Conv-CL ‘

Total-CL |

[ A ]
310 14: Schematic Diagram HEAITUABUMIAIUIUNTEANUSOUINUTNAI (NFET 2)

Y
AAAA

{ d o ] a o
Tunsdifiing Blinds taziiginssitiuanegniouonain1saie e19su Overhang 130 Fin N3
o 3 { °
A lunmsavaziduliaim Schematic Diagram lugd 15 M3AIMIUNT Shading Fraction 11az EAC

Fa Y
(External Attenuation Coefficient) 324 livenanasludiuiiugiui

6. MIMUIUMNIZANNTDUINNY AU tazeTameludieds RTS

Schematic Diagram HAAININTINUDINTAIUIN Llﬁﬂﬂﬂfﬂug‘ﬂﬁ 16 Heat Input annsovlann

qng

q; =UA(1,-t,) @)
Tagh U = Overall heat transfer coefficient of floor/ceiling/partition, W/ (mz-K)

A = Area of floor/ceiling/partition, m’

4 = Adjacent space temperature, 'C

o
" = Room temperature, C

{ 1w <3| . 1 1
Tunsaifl 7, IMsuNI9d Heat Input, g, Aoegnuilad’liiifu Heat Gain noudds CTS uath ¢,

' A . A A o o A A < 9 =AY
AN Room Heat Gain AN HASUAUNINUAIUDY Heat Input elluﬁ@u‘ﬂlﬂa@ﬂﬂgﬂa'lﬂﬂa\‘lﬂuﬂﬂﬂlu

1 Y 9y

ISy . ] v dd‘ = d' = " Y (o 1 a
n3al Heat Gain HUmameuen lunsdiil «, Imnei tazdesdianoslildsvoimea dauunnsiiioy
auyd i ¢, Imdind gunglienanisuenay 3°K
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ecation& 1 \\/indow-Solar #3

QOutside Design
Conditions
-0— Heat Input - Solar Irradiance

(Direct, Diffuse, Reflect)

L e

Shading Fraction & @ Beam Heat Gain x Diffuse Heat Gain |

With Blinds
and
Overhang

EAC 1AC | x IAC
63%_Fiaa|ant _ [ 37% Conw. |
MRTS /
Radlant CL Surn *— Conv-CL

Total-CL '

9/

51/ 15: Schematic Diagram HAAIIUADUNMIATUIUNTZAWTOUDINKIIA (NFETN 3)

Ceiling/Floor/Partition

Heat Input CTS

Heat Gain

63% Radiant  37%Conv.

NS-RTS

Radiant-CL H Sum ._J Conv-CL

‘ Total-CL ‘

ﬂﬁ 16: Schematic Diagram !,l,’ﬁﬂ\161]u@]@uﬂ1ﬁﬂ1u’3mﬂ1‘i“’ﬂ’ﬂh‘iﬂu%1ﬂ LWATU W”Ll agniane
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A15199 12: Window Component of Heat Gain (No Blinds or Overhang)

Direct Solar Diffuse Solar Conduction
Local Surface Direct Diffuse Total
Standard | Incident | Surface Solar | Ground Sky Surface Solar |Outside |Conduction| Window
Time Angle | Direct [Direct| Heat | Reflected | Ratio | Diffuse | Diffuse (Hemis.| Heat | Temp. Heat Heat
LST 0 E, |SHGC| Gain E, Y E, E+E, |SHGC| Gain t, Gain Gain
Hour | Degree | Wm® Watt W/m® W/m® W/m® Watt | °C Watt Watt
1 100.6 0 0 0 0 048 0] of 0.63 0 30.5 89.9 89.9
2 115.3 0 0 0 0 045 0 of 0.63 0 30.2 85 85
3 129.8 0 0 0 0 045 0 of 0.63 0 29.9 81.1 81.1
4 144.2 0 0 0 0 045 0] of 0.63 0 29.7 78.2 78.2
5 157.7 0 0 0 0 045 0) of 0.63 0 29.6 77.2 77.2
6 167.7 0 0 0 0 045 0 0f 0.63 0 29.7 79.2 79.2
7 164.2 0 0 0 19] 045 29.6 48.6] 0.63 55.2 30.1 84.1 139.2
8 151.8 0 0 0 46.2] 0.45 42.8 89 0.63 101 30.7 92.9 193.9
9 137.8 0 0 0 69.9] 045 47.8 117.7)  0.63] 133.6 31.7 105.6 239.2
10 123.4 0 0 0 88.7] 0.45 50.1 138.8] 0.63] 157.6 32.7 120.3 277.9
11 108.7 0 0 0 101.4| 045 51.3 1527  0.63] 173.3 339 136.9 310.2
12 94.1 0 0 0 107.1  0.52 59.9 166.9] 0.63] 189.5 35.1 152.6 342.1
13 79.4] 176.2| 0.346 110 105.4| 0.64 73.6 179]  0.63| 203.2 35.9 164.3 477.5
14 64.7| 402.5( 0.581| 421.5 96.5) 0.79 89.8 186.3 0.63| 211.5 36.5 172.2 805.1
15 50.2| 584.7[ 0.659| 694.7 81  0.96 105 186| 0.63| 211.1 36.7 175.1f 1080.8
16 35.8]  691.1| 0.681| 847.5 59.8) 1.11 113.5 173.4] 0.63] 196.8 36.5 1722 1216.4
17 22.3 663 0.67| 800.3 344 122 105.1 139.5 0.63] 158.3 36 165.3[ 1123.9
18 12.3]  270.7| 0.668] 325.8 6.6] 1.28 42.4 49(  0.63 55.6 35.2 154.5 535.9
19 15.8 0 0 0 0 1.26 0] of 0.63 0 343 141.8 141.8
20 28.2 0 0 0 o L.18 0) of 0.63 0 33.4 129.1 129.1
21 42.2 0 0 0 0 1.05 0] of 0.63 0 32.6 118.3 118.3
22 56.6 0 0 0 0 0.89 0] 0f 0.63 0 31.9 108.5 108.5
23 71.3 0 0 0 of 0.72 0) of 0.63 0 31.3 100.7 100.7
24 85.9 0 0 0 0 0.58 0] 0f 0.63 0 30.9 94.8 94.8
Column Number
1 [ 2 [ 3 4 [ 5 ] 6 [ 7] 8 [ o [0 11 | 12 [ 13 14
A1519% 13: Window Component of Cooling Load (No Blinds or Overhang)
Direct Solar Diffuse Solar and Conduction Through Glass
Local Heat Gain| Solar Direct Heat Gain Nonsolar Diff. & Total
Standard [Beam| Radiant | RTS |Radiant| Solar |Diffuse|Conductio] Total [Convectivd Radiant | RTS |Radiant Conduc. | Window
Time |Heat| 100% | Zone Cooling|Cooling| Heat Heat [100% [ 37% [ 63% Zone |Cooling| Cooling | Cooling
LST | Gain Type 4 Load | Load | Gain Gain Type 4 | Load Load Load
Hour [ Watt| Watt % Watt | Watt | Watt Watt Watt Watt Watt % Watt Watt Watt
1 0 0) 44 353 353 0 89.9 89.9 333 56.7 41 72.1 105.4 140.6
2 0 0) 19 32 32 0 85 85 31.5 53.6 20 66.7 98.2 130.2
3 0 0) 11 30.9 30.9 0 81.1 81.1 30 51.1 12 62 92 122.9
4 0 0) 7 26.7 26.7 0 78.2 78.2 28.9 49.3 8 57.8 86.8 113.4
5 0 0) 5 19.7 19.7 0 77.2 77.2 28.6 48.6 5 54.5 83.1 102.8
6 0 0) 3 11.3 11.3 0 79.2 79.2 29.3 49.9 4 52.6 81.9 93.2
7 0 0) 3 33 33| 552 84.11 139.2 51.5 87.7 3 67.1 118.6) 121.9
8 0 0) 2 0 0 101 929 193.9 71.7 122.1 2 88.2 160 160
9 0 0) 1 0) 0f 133.6 105.6] 239.2 88.5 150.7 1 111 199.4 199.4
10 0 0) 1 0) of 157.6 120.3|  277.9 102.8 175.1 1l 1335 236.3 236.3
11 0 0) 1 0 0f 1733 136.9] 310.2 114.8 195.4 1| 1547 269.4 269.4
12 0 0) 1 0) 0f 189.5 152.6] 342.1 126.6 215.5 1l 1753 301.9 301.9
13 110 110 1 48.4 48.4| 203.2 164.3]  367.5 136 231.5 1l 1941 330.1 378.5
14 421.5 421.5 1| 206.3[ 206.3] 211.5 172.2| 383.6 141.9 241.7 0] 209.6 351.6 557.9
15 694.7 694.7 0] 397.8| 397.8] 211.1 175.1]  386.2 142.9 243.3 0 219.7 362.6 760.4
16 847.5 847.5 0] 5589 5589 196.8 172.2 369 136.5 232.5 0 221.9 358.4 917.4
17 800.3 800.3 0] 624.6] 624.6] 1583 165.3] 323.6 119.7 203.9 0] 2128 332.5 957.1
18 325.8 325.8 0] 46l.6] 461.6| 556 154.5] 210.1 71.7 132.4 0) 180 257.7 719.4
19 0 0) 0] 2599 259.9 0 141.8| 141.8 52.5 89.3 0] 146.6 199 459
20 0 0) 0 169.9[ 169.9 0 129.1]  129.1 47.8 81.3 0 1252 173 342.9
21 0 0) 0] 118.6[ 118.6 0 118.3] 1183 43.8 74.5 0] 109.4 153.2 271.8
22 0 0) 0) 84.9 84.9 0 108.5| 108.5 40.2 68.4 0) 97.1 137.2 222.1
23 0 0) 0) 63 63 0 100.7|  100.7 373 63.4 0) 86.9 124.2 187.2
24 0 0) 0) 46.5 46.5 0 94.8 94.8 35.1 59.7 0) 78.7 113.8 160.3
Column Number
1 [ 27 3 T 4T 5 T 6 [ 77T 8 [T o707 10 [ 11 [ 12 T3] 14 [ 15
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7. MIAUIUNIZANNTOUIINGBYD A IIT RTS

v 4
=1

anudounndinuily Heat Gain Mnavumeluiealfueimieaslasase ildaemuinin
MeUDN Latent Heat dxu)aaiiu Cooling Load |Qtaeiudi s Sensible Heat 92 13119 Sensible Heat 92#04
nutiseemiiu Convective 1ag Radiative Aov daufiiiu Radiative 9540490 Operate §98 Nonsolar RTS
@14 Schematic Diagram °lugﬂﬁ 17 1@ensu (Lﬁ@uﬂauﬂu Radiant Cooling Load) 4833911111331

9 v o . . Y . Y ]
A3UNUNY Convective Cooling Load 3992 141 Total Cooling Load 310K8gD1AY

7 Heat Gain Per
Person & Usage People

Profile

Seﬁsible

Heat Gain

| LatentHeat Gain |

60-27%
Radiant 40-63% Conv.
NS-RTS
Radiéﬁt-CL ._.. Sum J— Co.n\}-.C-L

Total-CL |

[ 4
31/01 17: Schematic Diagram taagduApUMIMUIBNTZANNSOUIINAY

~ I 1 ' @ @ < ' T A
159N 14 11U Heat Gain mﬂéjagmﬁﬂ%mm@mu"lﬁm AMAATIUVDY Sensible Heat NI

[~ . o?;’ A 4 T < .
nanestu Radiant Component uuaJﬂ15’1’iuagﬂummmmmmauﬁw (awu1n Convective Component E;N)

o d a
8. MIMIUMIZANNTOUINYUNIRIAIIT RTS
' . . = ' A & <
1 Heat Gain 310 Equipments 3¢UANUHanra1eun aiuidlyu Latent Heat azutlaglahilu
. v . . S . .

Space Cooling Load 108 1UNUN Sensible Heat Gain %ﬁmgmmm@mﬂu Radiant itaig Convective Part
A ' 1 =) . & o 1 . | ' A . <3
MUTFUIAY LA TUNTAVOT Equipment U1 @ATIUUYDY Radiant wtlumla 1o Convective 211U
3 ST = A Y 1 Aa = =y A v 1 @ v
il sgnaredludnilyninila ifesninasedeyan q Aliunlueda sz lilideyauendadiudinan

Y 1 S v, v Ya A
113 dosassddnnuzdeldinsunu Usznumiiminzaue o
Tunsging 9 T)é w5y Office Equipment NAWAANTT18ANNTOU Hosni et al.(1999)
o 1 .. . . A o o S W ° o
uuzii1A Radiative/Convective Split 1A% 10%/90% dmsugilnssiniiieauszuiennudounazdmisy
A (=% Y ya =} (
gunsain luliwaauszuieanuiou’ldn 30%/70% lunsdivesginsailunislisemis Rudoy 1og Duran
' 4
° o« e . . ) ! d v A 1 =
(1975) uuz1i1 Radiative /Convective Split 1371 60%/40% 1@ 1g1n3ai1iuil Exhaust Hood 06198 Au3ou

' 9 v ' E4 [
NMo0onNEY Space dLAAEBY Radiative Component 111U deiuenwitie lJvinfidmsuiTesves
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A 1
Equipment Load 14 ff1uimadsdnydoyants 19103509903 19@ A1 Actual Cooling Load 934 9 9193
I o 1 )
1#e91/52 179 20-30% VD4 Name Plate Load N 1@ Schematic Diagram UHAINWIINTIUIUNTAIUIUNTE

A7W50191N Equipments taasogugili 18

MTNN 14: Representative Rates at Which Heat and Moisture are Given Off by Human Beings in Different

States of Activity

Total Heat, W |Sensible [ Latent |% Sensible Heat that is
Adult]Adjusted,| Heat | Heat Radiant”
Degree of Activity Male | M/F w w Low V High V
Secated at theater Theater, matinee 115 95 65 30
Seated at theater, night Theater, night 115 105 70 35 60 27
Seated, very light work Offices, hotels, apartments 130 115 70 45
Moderately active office work Offices, hotels, apartments 140 130 75 55
Standing, light work; walking Department store; retail store 160 130 75 55 58 38
Walking, standing Drug store, bank 160 145 75 70
Sedentary work Restaurant” 145 160 80 80
Light bench work Factory 235 220 80 140
Moderate dancing Dance hall 265 250 90 160 49 35
Walking 4.8 knvh; light machine work Factory 295 295 110 185
Bowlingd Bowling alley 440 425 170 255
Heavy work Factory 440 425 170 255 54 19
Heavy machine work; lifting Factory 470 470 185 285
Athletics Gymnasium 585 525 210 315
Notes:
1. Tabulated values are based on 24°C room dry-bulb temperature. For 27°C room dry
bulb, the total heat remains the same, but the sensible heat values should be
decreased by approximately 20%, and the latent heat values increased accordingly .
2. Also refer to Table 4, Chapter 8, for additional rates of metabolic heat generation.
3. All values are rounded to nearest 5 W.
“Adjusted heat gain is based on normal percentage of men, women, and children
for the application listed, with the postulate that the gain from an adult female is 85% of that for an adult male, and that the gain from a child is 75% of that for an adult male.
®Values approximated from data in Table 6, Chapter 8, where ¥ is air velocity with limits shown in that table.
“Adjusted heat gain includes 18 W for food per individual (9 W sensible and 9 W latent).
4 Figure one person per alley actually bowling, and all others as sitting (117 W) or standing or walking slowly (231 W).

7131 : ASHRAE Handbook, Fundamental Volume, SI, 2005

9. ﬂ1iﬁ]uﬁmﬂ1§$ﬂ313~l%ﬂuﬂ1ﬂ®1ﬂ1ﬂﬂ1ﬂu®ﬂ€hﬂ%§ RTS
Y 1 dy = 1 [ 9 A [ 9 1 . :;I
ﬂﬁxmmaauiumuullwmmqqmﬂcﬁum@ummummwm HagrUINIe Heat Gain NNUUA

ansan ldningasawilndnalife

q, =1.23 QA¢ (8)
uay g, =3010 QAW )
Iﬂﬂ‘ﬁ q, = Sensible heat gain, Watt

q, = Latent heat gain, Watt

0 = Qutside air flow rate, L/s

At = Different between inside and outside temperature, K

AW = Different between inside and outside umidity ratio
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10.  ag
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