
RTS

: 02-2186640, E-mail: tul.m@chula.ac.th

1.

Radiant Time Series (RTS) Method  Simplified Method 

(Cooling Load)  Derived  Heat Balance  ASHRAE  RTS 

Non-heat-balance  CLTD/CLF 

Assumptions  Principles  RTS 

 Design Day  Steady 

Periodic Conditions  24 

Assumption  RTS  Derived 

 Heat Balance 

 RTS  Time-delay Effect 

 Heat Transfer Process  Time-delay Effect 

) Time-delay Effect  ( )

 RTS  Wall Conduction Time Series (CTS) 

Time-delay Effect  1  3  Wall  Roof CTS 

ASHRAE  Derived  1 

 Wall CTS  Wall CTS 

) Time-delay Effect  Radiation Heat Gain  Cooling Load (Radiant 

Cooling Load)  Radiative Heat Gain 

 (Convection) 

 Cooling Coil 

 Cooling Load  RTS  Nonsolar RTS  Solar 

RTS  Time-delay Effect  4  5 

Representative Nonsolar RTS  Solar RTS  ASHRAE  Derived  2 
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 Room Construction  Solar 

Nonsolar RTS 

0

5

10

15

20

25

30

35

40

45

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

C
TS

, %

Hours

Light Wall
Heavy Wall

 1: CTS

 Solar  Nonsolar RTS  Solar RTS 

 Direct Beam  Heat Gain 

  Nonsolar RTS  Radiative Heat Gain  Uniform 

 Heat Gain  Diffuse Solar Radiation 

 Internal Heat Gain  Heat Gain 

 RTS  Split  Sensible Heat Gain 

 Convective  Radiative   Convective  Cooling  Load 

Heat Gain  Radiative  Cooling Load 

Time-delay Effect  Time-delay Effect   Nonsolar 

Solar RTS  6  Convective  Radiative Split  ASHRAE 

Derived  Heat Gain 

 Nonsolar RTS 

Radiative Heat Gain  Cooling Load (Radiant Cooling Load)  Operation 

 RTS  2 
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 2: Nonsolar RTS  Room Construction 

2.  RTS 

 7  Cooling Load  24 .

 Heat Gain  440.7 Watt  7  18 

 12 

 3  Schematic Diagram 

Lighting Load 

 3: Schematic Diagram 



∫∑§«“¡«‘™“°“√ ™ÿ¥∑’Ë 14

æ◊Èπ∞“π°“√§”π«≥¿“√–§«“¡√âÕπ¥â«¬«‘∏’ RTS

46

 1: Wall Conduction Time Series (CTS)

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/(m2.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 2.3 2.3 2.3 2.4 2.4 2.5 2.4 1.5 3.3 1.9 1.7 2.7 3.5 1.7 2.9 1.6 1.4 1.9 1.7 2.6
Mass, kg/m2 31.0 20.9 80.0 25.5 84.6 25.6 66.7 36.6 38.3 130.9 214.1 214.7 215.8 290.6 304.0 371.7 391.5 469.3 892.2 665.1

Thermal Capacity, 30.7 20.4 67.5 24.5 73.6 32.7 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/(m2.K)

Hour  
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  100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Layer ID from F01 F01 F01 F01 F01 F01 F01 F01 F01 F01 F01 F01 F01 F01 F01 F01 F01 F01 F01 F01

outside to inside F09 F08   F10 F08 F10 F11 F07 F06 F06 F06 M01 M01 M01 M01 M01 M01 M01 M01 M01 M01
F04  F04 F04  G03  G03  G02  G03  I01  I01  I01  F04  F04  F04  F04  F04  F04  F04  F04  F04  F04
I02  I02  I02  I04  I04  I04  I04  G03  G03  G03  I01  G03  I01  I01  M03  I01  I01  I01  I01  M15
F04  F04 F04  G01  G01  G04  G01 F04  I04  M03  G03  I04  G03  M03  I04  M05  M01  M13  M16  I04
G01  G01  G01  F02  F02  F02  F02  F02  G01  G01 F04  G01  I04  F02  G01  G01  F02  F04  F04  G01
F02 F02 F02 0 0 0 0  F02  F02  G01  G01  F02  G01 0  F02  F02 0  G01  G01  F02

0 0 0 0 0 0 0 0 0  F02  F02 0  F02 0 0 0 0  F02  F02 0

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

Wall Number Descriptions

Wall Conduction Time Series(CTS)

BRICK WALLS  EIFS  STUD WALLS  CURTAIN WALLS 

 : ASHRAE Handbook, Fundamental Volume, SI, 2005

Heat Gain  Lighting  Split  Component  41%  Convective 

59%  Radiative  6 (Fluorescent light, recessed, vented to return air)

 Convective 41%  Cooling Load  Heat Gain 

Radiative Component

 Radiative Component  “Operate”  Nonsolar RTS  4 

 Cooling Load  7  7 (Radiant Cooling Load) 
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 2: Wall Conduction Time Series (CTS)

Wall Number = 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35
U-Factor, W/(m2.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 108.8 108.8 224.3 94.3 107.1 168.9 143.9 144.6 262.5 291.8 274.7 488.1 469.9 698.9 683.2

Thermal Capacity, 98.1 98.1 204.4 83.8 96.1 151.3 124.7 124.7 220.8 247.3 233 441.5 425.2 631.6 615.2
 kJ/(m2.K)

Hour  
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  F01  F01  F01  F01  F01  F01  F01  F01  F01  F01  F01  F01  F01  F01  F01

outside to inside  M03  M08  F07  M08  M08  M09  M11  M11  M11  F06  M13  F06  M15  M16  M16
 I04  I04  M05  F02  F04  F04  I01  I04  I02  I01  I04  I02  I04  I05  F02

 G01  G01  I04  —   G01  G01  F04  G01  M11  M13  G01  M15  G01  G01  —
 F02  F02  G01  —   F02  F02  G01  F02  F02  G01  F02  G01  F02  F02  —

 —   —   F02  —   —   —   F02  —   —   F02  —   F02  —   —   —

 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

Wall Conduction Time Series(CTS)

CONCRETE BLOCK WALL PRECAST AND CAST-IN-PLACE CONCRETE WALLS

Wall Number Descriptions

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

Roof Number 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
U-Factor, W/(m2.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 3.9 4.2 4.2 4.3 2.5 3.0 2.2 2.7 3.1 4.9 3.4 3.3 3.4 3.5 3.2 3.2 4.2
Mass, kg/m2 26.7 21.0 14.0 34.7 55.5 34.9 48.9 55.9 23.9 30.9 25.0 27.2 57.6 149.2 214.3 279.3 360.7 474.5 362.3

Thermal Capacity, 26.6 16.4 12.3 47.0 73.5 47.0 75.6 79.7 28.6 32.7 28.6 32.7 57.2 134.9 190.1 245.2 333.2 437.4 331.1
kJ/(m2.K)

Hour  
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
Layer ID  F01  F01  F01  F01  F01  F01  F01  F01  F01  F01  F01  F01  F01  F01  F01  F01  F01  F01  F01

from outside to  F08  F08  F08  F12  F14  F15  F13  F13  F13  F13  F13  F13  M17  F13  F13  F13  F13  F13  F13
inside  G03  G03  G03  G05  G05  G05  G03  G03  G03  G03  G03  G03  F13  G03  G03  G03  G03  G03  M14

 F05  F05  F05  F05  F05  F05  I02  I02  I02  I02  I03  I02  G03  I03  I03  I03  I03  I03  F05
 I05  I05  I05  I05  I05  I05  G06  G06  F08  F08  F08  I03  I03  M11  M12  M13  M14  M15  I05

 G01  F05  F03  F05  F05  F05  F03  F05  F05  F03  F08  F08  F08  F03  F03  F03  F03  F03  F16
 F03  F16  —   G01  G01  G01  —   F16  —   F16  —   —   F03  —   —   —   —   —   F03

 —   F03  —   F03  F03  F03  —   F03  —   F03  —   —   —   —   —   —   —   —   —

 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

Roof Number Descriptions

Roof Conduction Time Series(CTS)

SLOPED FRAME ROOFS WOOD DECK METAL DECK ROOFS CONCRETE ROOFS

 : ASHRAE Handbook, Fundamental Volume, SI, 2005

 “Operate”  Radiative Part (260 Watt) 

 Cooling Load 

 8  “Operate”  4  Effect 

 Radiant Heat Gain 260 Watt  Cooling Load  23 

(  7  1)  4  260 Watt  Nonsolar RTS 

 Zone Type 8 (  Zone Type )   
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 7  1 

Cooling Load  Heat Gain 260 Watt 

 7 

 1 

0 260 x 0.49 = 127.4 Watt 

1 260 x 0.17 = 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 

Radiant Heat Gain  8  17 

 16  8  Summation  Effect  Cooling Load 

 Radiant Heat Gain  Lighting Load 
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 Operation 

qr  =  Radiant Cooling Load 

NS-RTS  =  Nonsolar RTS Value 

qg =  Heat Gain  Radiant Part 

qr =  { qg}*{NS-RTS}       (1) 

 {  }*{  }  Operation  Sum Effect 

 8 

 Radiant Cooling Load  Lighting  (  7  7) 

 Convective Heat Gain  Lighting (  4  7) 

Lighting Cooling Load (  8  7) 

 4  Plot  Time-delay Effect  Nonsolar RTS 

Cooling Load 

 4: Nonsolar RTS Values

%

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 19 20 21 22 23 24

Hour  
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

100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

 No Carpet   With Carpet  

Radiant Time Factor,%

W
ith

 
C

ar
pe

t

N
o 

C
ar

pe
t

W
ith

 
C

ar
pe

t

N
o 

C
ar

pe
t

  With Carpet  

N
o 

C
ar

pe
t

  With Carpet   No Carpet  

  Light   Heavy 

 No Carpet 

 Medium  

W
ith

 
C

ar
pe

t

 Heavy   Medium    Light  
Interior Zones 

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

%
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  

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

100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

  Light   Medium   Heavy 
  With Carpet   No Carpet  

Radiant Time Factor,%

  With Carpet   No Carpet   With Carpet   No Carpet 

 : ASHRAE Handbook, Fundamental Volume, SI, 2005

 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  
 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).

SeeTable14

 : ASHRAE Handbook, Fundamental Volume, SI, 2005
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 4: Time-delay Effect  Cooling Load 

 7 

 15.00 .

 7  2 Usage Profile

Usage Profile = 100% ( )

 7  3 Total Heat Gain

Total Heat Gain = 440.7 Watt   ( )

 7  4 Convective Heat Gain (Convective Split)

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

                  = Convective Cooling Load 

 7  5 Radiant Heat Gain (Radiant Split)

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

 7  6 Nonsolar RTS Values for Zone Type 8

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

(  4  9) 

 7  7 Radiant Cooling Load

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

    = 231.4 Watt at 15:00 Hr 

 7  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  
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 7: Cooling Load Component of Lighting

Usage    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

1 2 3 4 5 6 7 8
Column Number

Heat Gain, Watt

3.  RTS 

 Lighting  Schematic Diagram 

 5

 Sol-air Temperature (te)

te = to + Et /ho- R/ho       (2) 

te = Outdoor air temperature, oC

 = Absorptance of surface for solar radiation 

Et = Total Solar radiation incident on surface, W/ (m2·K)
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 8:  Radiant Cooling Load

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 44.2    127.4    
1 9 260 23.4    44.2      127.4    
1 10 260 13.0    23.4      44.2      127.4      
1 11 260 7.8      13.0      23.4      44.2        127.4      
1 12 260 5.2      7.8        13.0      23.4        44.2        127.4      
1 13 260 5.2      5.2        7.8        13.0        23.4        44.2        127.4      
1 14 260 2.6      5.2        5.2        7.8          13.0        23.4        44.2        127.4      
1 15 260 2.6      2.6        5.2        5.2          7.8          13.0        23.4        44.2        127.4      
1 16 260 2.6      2.6        2.6        5.2          5.2          7.8          13.0        23.4        44.2        127.4      
1 17 260 2.6      2.6        2.6        2.6          5.2          5.2          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          5.2          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          5.2          5.2          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          5.2          5.2          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          5.2          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          36.4         
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          23.4         
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 8 260 44.2    127.4    -        -          -          -          2.6          2.6          2.6          2.6          2.6          2.6          187.2       
2 9 260 23.4    44.2      127.4    -          -          -          -          2.6          2.6          2.6          2.6          2.6          208.0       
2 10 260 13.0    23.4      44.2      127.4      -          -          -          -          2.6          2.6          2.6          2.6          218.4       
2 11 260 7.8      13.0      23.4      44.2        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 5.2      5.2        7.8        13.0        23.4        44.2        127.4      -          -          -          -          2.6          228.8       
2 14 260 2.6      5.2        5.2        7.8          13.0        23.4        44.2        127.4      -          -          -          -          228.8       
2 15 260 2.6      2.6        5.2        5.2          7.8          13.0        23.4        44.2        127.4      -          -          -          231.4       
2 16 260 2.6      2.6        2.6        5.2          5.2          7.8          13.0        23.4        44.2        127.4      -          -          234.0       
2 17 260 2.6      2.6        2.6        2.6          5.2          5.2          7.8          13.0        23.4        44.2        127.4      -          236.6       
2 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       
2 19 0 2.6      2.6        2.6        2.6          2.6          2.6          5.2          5.2          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          5.2          5.2          7.8          13.0        23.4        72.8         
2 21 0 2.6      2.6        2.6        2.6          2.6          2.6          2.6          2.6          5.2          5.2          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          5.2          5.2          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          5.2          5.2          36.4         
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          23.4         
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 44.2    127.4    -        -          -          -          2.6          2.6          2.6          2.6          2.6          2.6          187.2       
3 9 260 23.4    44.2      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      23.4      44.2        127.4      -          -          -          -          2.6          2.6          2.6          223.6       
3 12 260 5.2      7.8        13.0      23.4        44.2        127.4      -          -          -          -          2.6          2.6          226.2       
3 13 260 5.2      5.2        7.8        13.0        23.4        44.2        127.4      -          -          -          -          2.6          228.8       
3 14 260 2.6      5.2        5.2        7.8          13.0        23.4        44.2        127.4      -          -          -          -          228.8       
3 15 260 2.6      2.6        5.2        5.2          7.8          13.0        23.4        44.2        127.4      -          -          -          231.4       
3 16 260 2.6      2.6        2.6        5.2          5.2          7.8          13.0        23.4        44.2        127.4      -          -          234.0       
3 17 260 2.6      2.6        2.6        2.6          5.2          5.2          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          5.2          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          5.2          7.8          13.0        23.4        44.2        114.4       
3 20 0 2.6      2.6        2.6        2.6          2.6          2.6          2.6          5.2          5.2          7.8          13.0        23.4        72.8         
3 21 0 2.6      2.6        2.6        2.6          2.6          2.6          2.6          2.6          5.2          5.2          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          5.2          5.2          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          5.2          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         

Column Number
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 5: Schematic Diagram 

ho   = Coefficient of heat transfer by long-wave radiation and convection at outer 

      surface, W/ (m2·K)

 = Hemispherical emittance of surface 

R = Difference between long-wave radiation incident on surface from sky and  

      surrounding and radiation emitted by blackbody at outdoor air temperature, W/m2

 Horizontal Surface R  63 W/m2  = 1 ho = 17 W/ (m2·K)

Long-wave Correction Term ( R/ho)  4 K (Bliss 1961) 

 Vertical Surface  ( R)

R = 0  Vertical Surface 

/ho  0.052 /ho  0.026 

/ho  0.052 

 Sol-air temperature 

qi

qi  Heat Input qi

qi = U A  (te- trc)        (3) 
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U = Overall heat transfer coefficient for the surface, W/ (m2·K)

A = Surface area, m2

trc = Presumed constant room air temperature, oC

qi te

 Solar Angles  Total Solar Irradiance (Et)

 9 

 9: Solar Equations
Solar Angles   Direct, Diffuse, and Total Solar Irradiance
     All angles are in degrees. The solar azimuth  and the surface azimuth  are 
measured in degrees from south; angles to the east of south are negative, 

   Direct normal irradiance E DN

and angles to the west of south are positive. Calculate solar altitude,
azimuth, and surface incident angles as follows:  
 Apparent solar time AST, in decimal hours:  
                         AST = LST + ET/60 + (LSM – LON)/15                 Otherwise, EDN = 0
 Hour angle H , degrees:   Surface direct irradiance E D

            H = 15(hours of time from local solar noon) = 15(AST – 12)                If cos  > 0  ED = EDN cos 
 Solar altitude :                 Otherwise,  ED = 0
                         sin  = cos L cos  cos H + sin L sin    Ratio Y  of sky diffuse on vertical surface to sky diffuse on horizontal surface  
 Solar azimuth :            If cos  > –0.2   Y = 0.55 + 0.437 cos  + 0.313 cos2 
                        cos  = (sin  sin L – sin )/(cos  cos L )             Otherwise,         Y = 0.45
 Surface-solar azimuth  :   Diffuse irradiance E d

                                        =  –       Vertical surfaces  E d  = CYE DN

 Incident angle :      Surfaces other than vertical  E d  = CEDN (1 + cos )/2
                        cos  = cos  cos  sin  + sin  cos       Ground-reflected irradiance  E r  = EDN (C + sin ) g(l – cos )/2
where      Total surface irradiance  E t  = E D + E d + E r

        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 d  = diffuse sky irradiance 
              = 120° for Pacific Standard Time     E r = diffuse ground-reflected irradiance
              = 135° for Alaska Standard Time g = ground reflectivity  
              = 150° for Hawaii-Aleutian Standard Time
       LST  =  local standard time, decimal hours
             =  solar declination, °
             =  surface azimuth, ° 
             = surface tilt from horizontal, horizontal = 0°      Values of A, B, and C are given in Table 7 of Chapter 31 for the 21st day of each month.
    Values of ET and  are given in Table 7 of Chapter 31 for the 21st day of  each month.      Values of ground reflectivity g  are given in Table 10 of Chapter 31.

A CN exp(B/ sin )       If  > 0           EDN =

 : ASHRAE Handbook, Fundamental Volume, SI, 2005

Heat Input qi  Heat Gain  Heat Gain 

 Heat Input  Room Heat Gain 

 Wall CTS  1  “Operate”  Heat Input (qi)

Heat Gain = {qi}*{Wall CTS}        (4) 
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 Heat Gain  37%  Convective Heat Gain (

6)   Cooling Load  63%  Radiant Heat Gain 

 Radiant Cooling Load  Convective Cooling Load 

 Total Cooling Load  Radiant Cooling Load 

Radiant Cooling Load = {63% Heat Gain}*{Nonsolar-RTS}     (5) 

 Nonsolar RTS 

 Uniform 

 15.00 .  21 

(Design Day)  EIFS  CTS  Group  Wall Number 4  1 

 = 16 .

 (Latitude = 13.73, Longitude = 100.57E) 

Clearness Number (CN)  1.0  Ground Reflectivity g = 0.2

 Cooling Design Dry Bulb Temperature  0.4% Design Condition  35.7 oC  Monthly 

Mean Daily Temperature Range  7.1oC  24 oC

 Sol-air Temperature, Heat Input, Heat Gain, Radiant Cooling Load  Total 

Cooling Load  10  11 

 Local Standard Time (LST) = 15.00 .

 10  2 Apparent Solar Time

AST = LST + ET/60 + (LSM-LON)/15

  = 15 + (1.1/60) + (-105 - (-100.57))/15) 

  = 14.72 

 10  3 Hour Angle

H  = 15 (AST-12)

  = 15 (14.72-12) 

  = 40.8° 

 10  4 Solar Altitude

sin = cos L cos cos H + sin L sin

 = cos (13.73) cos (11.6) cos (40.8) + sin (13.73) sin (11.6) 

  = 0.7676 

= sin–1(0.7676) = 50.1° 
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 10  5  Solar Azimuth

cos = (sin sin L – sin )/(cos cos L) 

  = [(sin (50.1)sin (14.723) – sin (11.6)]/[cos (50.1) cos (14.723)] 

  = -0.0303468 

= cos–1(-0.0303468) = 91.7° 

 10  6  Direct Normal Irradiance

EDN  = [A/exp(B/sin )]CN

  = {1130/exp[0.164/sin (50.1)]} (1.0)

 10  7  Surface Incident Angle

cos  = cos  cos  sin  + sin  cos 

  = cos (50.1) cos (1.74) sin (90) + sin (50.1) cos (90) 

  = 0.64066 

  = cos–1(0.64066) = 50.2° 

= Surface Solar Azimuth 

     =  – 

= 91.74 - 90 

       = 1.74° 

 10  8 Surface Direct Irradiance

ED  = EDN cos 

  = (912.6155) cos (50.2) 

  = 584.6733 W/m2

 10  9 Ground Reflected Irradiance

Er  = EDN(C + sin ) g(l – cos )/2

  = (912.6155)[0.12 + sin (50.1)](0.2)[1 – cos (90)]/2 

  = 81 W/m2

 10  10 Ratio Y

Y  = 0.55 + 0.437 cos + 0.313 cos2

= 0.55 + 0.437 cos (50.2) + 0.313 cos2 (50.2) 

  = 0.9584351 

 10  11 Diffuse Irradiance (Vertical Surfaces)

Ed  = CYEDN

  = (0.12)(0.9584351)(912.6155) 

  = 104.9619 W/m2
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 10  12 Total Surface Diffuse Irradiance

Et  = Ed + Er

  = 104.9619 + 81.00201 

  = 185.964 W/m2

 10  13 Total Surface Irradiance

Et  = ED + Ed + Er

  = 584.6733 + 104.9619 + 81.00201 

  = 770.6372 W/m2

 11  3 Outside Air Temperature

to  = (Design DB) – f  (Design Daily Range)

  = 36.7- 0.0 x 7.1 

  = 36.7 °C at 15:00 Hr 

 f (Fraction of Daily Temperature Range)  2  28 Climatic Design 

Information  ASHRAE Handbook  Fundamental  2005 

 11  4 Sol-air Temperature

te = to + Et /ho – R/ho

 = 36.7 + (0.052) (770) – 0 

  = 76.77315OC

 11  6 Heat Input

qi = U A  (te - trc)

qi = 0.668  16.0  (76.77315-24.0) 

= 564.0394 Watt 

 11  7 Wall CTS for Wall Number = 8

Wall CTS for Wall Number = 8 (Wall Type = EIFS) 

(  1  9) 

 11  8 Wall Heat Gain

Wall Heat Gain  = { qi }*{Wall CTS for Wall Number = 8} 

                = 403.3 Watt at 15:00 Hr 

 11  9  Wall Convective Heat Gain

Convective Heat Gain (37%) = 0.37  403.3 

                       = 149.2 Watt at 15:00 Hr 

                       = Convective Cooling Load 
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 11  10  Wall Radiative Heat Gain

Radiant Heat Gain (63%)  = 0.63  403.3 

                  = 254.1 Watt at 15:00 Hr 

 11  11  Nonsolar RTS for Zone Type 4

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

(  4  5) 

 11  12  Radiant Cooling Load

Radiant Cooling Load = {Radiant Heat Gain}*{Nonsolar RTS for Zone Type 4}

                       = 179.6 Watt at 15:00 Hr 

 11  13  Total Cooling Load

Total Cooling Load = Convective Cooling Load + Radiant Cooling Load 

                     = 149.2 + 179.6 

                     = 328.8 Watt at 15:00 Hr 

 6 to, te trc  Column  3, 4   5  11  Plot 

to te  Heat Input te trc

 3 to

trc  (Window Conduction) 

 5 

0

10

20

30

40

50

60

70

80

90

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

So
l-a

ir,
 O

ut
si

de
 &

 R
oo

m
 T

em
p.

, D
eg

re
e-

C

Outside Temp.
Sol-air Temp.
Room Temp.

 6: Sol-air temperature 



 ¡“§¡«‘»«°√√¡ª√—∫Õ“°“»·Ààßª√–‡∑»‰∑¬

æ◊Èπ∞“π°“√§”π«≥¿“√–§«“¡√âÕπ¥â«¬«‘∏’ RTS

61

 7  Plot  Heat Input, Heat Gain 

Cooling Load  Column  6, 8  13  11  Time-delay 

Effect  Wall CTS  Nonsolar RTS 
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 7: Time-delay Effect  Wall CTS  Nonsolar RTS Values  Heat Input 

4.  RTS 

 8  Schematic Diagram 

)  Sol-air temperature, te  Horizontal Surface 

 Vertical Surface

)  Roof CTS  3  Wall CTS 

)  Split Heat Gain  63%-37%  84%-16%  Schematic 

Diagram

5.  RTS 

 2 

) Window Solar 

) Window Conduction 

Schematic Diagram 9 10
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 10: Wall Component of Solar Irradiance

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 E DN E D E r Y E d E d +E r E t

Hour Hour Degree Degree Degree W/m2 Degree W/m2 W/m2 W/m2 W/m2 W/m2

1 0.72 -169.2 -62.5 -156.5 0 100.6 0 0 0.48 0 0 0
2 1.72 -154.2 -54 -133.5 0 115.3 0 0 0.45 0 0 0
3 2.72 -139.2 -42.2 -120.1 0 129.8 0 0 0.45 0 0 0
4 3.72 -124.2 -29.1 -111.9 0 144.2 0 0 0.45 0 0 0
5 4.72 -109.2 -15.3 -106.4 0 157.7 0 0 0.45 0 0 0
6 5.72 -94.2 -1.2 -102.3 0 167.7 0 0 0.45 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 42.8 89 89.0
9 8.72 -49.2 42.1 -93.3 884.7 137.8 0 69.9 0.45 47.8 117.7 117.7

10 9.72 -34.2 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 0.45 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 81 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 22.3 663 34.4 1.22 105.1 139.5 802.5
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 0 1.26 0 0 0
20 19.72 115.8 -21.5 108.6 0 28.2 0 0 1.18 0 0 0
21 20.72 130.8 -35.1 115.1 0 42.2 0 0 1.05 0 0 0
22 21.72 145.8 -47.7 125.2 0 56.6 0 0 0.89 0 0 0
23 22.72 160.8 -58.3 142.2 0 71.3 0 0 0.72 0 0 0
24 23.72 175.8 -64.3 170.6 0 85.9 0 0 0.58 0 0 0

1 2 3 4 5 6 7 8 9 10 11 12 13
Column Number

Diffuse SolarDirect SolarSolar Angles

 11: Wall Component of Cooling Load 
Local Total Outside Sol-air Inside Heat Wall 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 o t e t rc q i No.8 Type 4 Load Load
Hour W/m2 °C  °C  °C  Watt % Watt Watt Watt % Watt Watt

1 0 30.5 30.5 24 69.7 11 76 28.1 47.9 41 78.6 106.7
2 0 30.2 30.2 24 65.9 50 71.7 26.5 45.2 20 69.2 95.8
3 0 29.9 29.9 24 62.9 26 67.8 25.1 42.7 12 62.5 87.6
4 0 29.7 29.7 24 60.6 9 64.5 23.9 40.6 8 57.1 81
5 0 29.6 29.6 24 59.9 3 62 22.9 39.1 5 52.1 75
6 0 29.7 29.7 24 61.4 1 60.8 22.5 38.3 4 47.5 69.9
7 48.6 30.1 32.6 24 92.2 0 64.4 23.8 40.6 3 44.6 68.4
8 89 30.7 35.4 24 121.4 0 83.2 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 55.4 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 33.9 41.9 24 191 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 0 506.8 187.5 319.3 0 230.2 417.7
17 802.5 36 77.7 24 574.2 0 570.1 210.9 359.1 0 274.6 485.5
18 319.7 35.2 51.8 24 297.5 0 547.2 202.5 344.8 0 294.6 497.1
19 0 34.3 34.3 24 109.9 0 386.9 143.1 243.7 0 267.3 410.5
20 0 33.4 33.4 24 100.1 0 219.1 81 138 0 213.9 295
21 0 32.6 32.6 24 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 0 133.3 172.4
23 0 31.3 31.3 24 78.1 0 89.8 33.2 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

1 2 3 4 5 6 7 8 9 10 11 12 13
Column Number

Heat Gain
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 8: Schematic Diagram 

 9: Schematic Diagram  (  1) 
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 10: Schematic Diagram  (Conduction) 

 Window Solar  Solar Irradiance 

 Solar Irradiance  Heat Gain 

 Window Solar  Solar Irradiance  Direct SHGC 

Hemispherical SHGC  Direct Solar Heat Gain  Diffuse Solar Heat Gain 

 SHGC (Solar Heat Gain Coefficient) 

 SHGC  0.6  0.9 

 SHGC 

 ASHRAE Handbook  Fundamentals 

 Direct (  Beam)  Diffuse Heat Gain  Heat 

Gain  Room Cooling Load 

 RTS  Beam Heat Gain  Radiant Component 100 % 

Cooling Load  “Operate”  Solar RTS  Diffuse Heat Gain  Split  63 % 

Radiant  37 % Convective  63 % Radiant  Cooling Load 

Nonsolar RTS 

 Window Conduction (  Schematic  10)  Window 

Conduction Heat Gain 

qc = UA (to- trc)         (6) 
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qc = Window conduction heat gain, Watt 

U = Overall heat transfer coefficient of window, W/ (m2·K)

A = Window area, m2

to = Outside air temperature, oC

trc= Room air temperature, oC

Heat Gain  63% Radiant  37 % Convective 

Convective  Cooling Load  63 % Radiant  Time-delay 

 Cooling Load 

 Radiant Cooling Load  Heat Gain Component  “Operate”  Heat 

Gain  Nonsolar RTS  Schematic Diagram  Radiant Cooling Load 

 Convective Cooling Load  Total Cooling Load  Conduction 

 12  13  1.3 2.1

 Uncoated Single Glazing  3.2 mm. 

 15.00 . (LST)  Design Day 

 12  2  Surface Incident Angle

= 50.2° 

 (  Section )

 12  3  Surface Direct

ED  = 584.7 Watt/m2

(  Section )

 12  4  Direct SHGC

SHGCD = 0.659 

 Interpolate  SHGC  = 50.2°  Uncoated Single Glazing ID = 1g 

 13  31 Fenestration  ASHRAE Handbook  Fundamental  2005 

 12  5  Direct(Beam) Solar Heat Gain

qb = ED SHGCD A

  = 584.7  0.659  1.3  2.1 

  = 1051.9 Watt 

 12  6  Ground Reflected

Er = 81 Watt/m2

(  Section )

 12  7 Ratio Y

Y  = 0.96  

(  Section )
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 12  8 Sky Diffuse

Ed  = 105.0 Watt/m2

(  Section )

 12  9 Surface Diffuse

Ed + Er = 105 +81 

=186 Watt/m2

 12  10 Hemis. SHGC

SHGCd = 0.63 

 Direct SHGC 

 12  11 Diffuse Solar Heat Gain

qd = (Ed+Er) SHGCd A

 = 186  0.63  1.3 x 2.1 

 = 211.1 Watt 

 12  12 Outside Air Temperature

to  = 36.7 oC

(  Section )

 12  13 Conduction Heat Gain Through Glass

qc  = UA (to- trc)

 = 4.42  1.3  2.1  (36.7-24) 

 = 175.1 Watt 

 U  4  31 Fenestration  ASHRAE Handbook 

Fundamental  2005  Single Glazing, 3.2 mm glass, Wood/Vinyl Frame (Operable) 

 12  14 Total Window Heat Gain

qg = qb +qd +qc

 = 694.7 + 211.1 +175.1 

 = 1080.8 Watt 

 13  2 Beam Heat Gain

 12  5

 13  3 Radiant Heat Gain

Heat Gain  Direct Solar Radiation  Radiant Heat Gain 100% 

(Convective Heat Gain  Direct Solar = 0%) 

 13  4 Radiant Cooling Load  Direct Solar

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

(  5  5) 
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 13  5 Radiant Cooling Load  Direct Solar

qr1 = {Radiant Heat Gain}*{Solar RTS for Zone Type 4}

 = 397.8 Watt at 15:00 Hr 

 13  6 Direct Solar Cooling Load

Direct Solar Cooling Load = Radiant Cooling Load

 13  7 Diffuse Heat Gain

 12  11

 13  8 Conduction Heat Gain

 12  13 

 13  9  Total Heat Gain  Diffuse Solar  Conduction 

qw = qd +qc

 = 211.1 +175.1 

 = 386.2 Watt 

 qd  qc  Split 

 37 % Convective  63 % Radiant  10  11  13 

 13  10 Convective Heat Gain from Diffuse Solar and Conduction Through Glass

qc2 = 0.37  386.2 

= 142.9 Watt at 15:00 Hr 

 13  11 Radiant Heat Gain from Diffuse Solar and Conduction Through Glass

qr2 = 0.63 386.2

= 243.3 Watt at 15:00 Hr 

 13  12 Nonsolar RTS for Zone Type 4

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

(  5  5) 

 13  13 Radiant Cooling Load  63 %  Diffuse Solar  Conduction 

qr = {63%  Total Diffuse}*{Nonsolar RTS for Zone Type 4}

 = 362.6 Watt at 15.00 .

 13  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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 13  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 

 11  Plot  Solar RTS Values  Beam 

Solar Cooling Load  Beam Heat Gain  Beam Solar Cooling Load  Column  2 

6  13 
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 11: Time-delay Effect  Solar RTS Values  Beam Heat Gain 

 12  Plot Nonsolar RTS Values

Conduction  Diffuse Heat Gain Column  9  14 

 13

 13  Plot  Total Cooling Load 

 Diffuse & Conduction Cooling Load Total Window Cooling Load  Column 

14  15  13 

 Blinds ( )  Beam Heat Gain  Diffuse Heat Gain 

 IAC (Internal Attenuation Coefficient)  Schematic Diagram  14  IAC 

 Blinds  ASHRAE Handbook  Fundamental 

Component   Heat Gain  63 % Radiant  37 % Convective 

 Radiant Component  Operate  Nonsolar RTS 

Radiant Cooling Load  Convective Part  Total Window Solar Cooling 

Load  Conduction  Blinds
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 12: Time-delay Effect  NonSolar RTS Values  Conduction  Diffuse Heat Gain 
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 13:  Total Cooling Load 
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 14: Schematic Diagram  (  2)

 Blinds  Overhang  Fin 

 Schematic Diagram  15  Shading Fraction  EAC 

(External Attenuation Coefficient) 

6.  RTS 

Schematic Diagram  16 Heat Input 

qi = U A (tb- trc)         (7) 

U = Overall heat transfer coefficient of floor/ceiling/partition, W/ (m2·K)

A = Area of floor/ceiling/partition, m2

tb  = Adjacent space temperature, oC

trc = Room temperature, oC

tb  Heat Input, qi  Heat Gain  CTS tb

  Room Heat Gain  Heat Input 

 Heat Gain tb

tb  3oK
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 15: Schematic Diagram  (  3)

 16: Schematic Diagram 
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 12: Window Component of Heat Gain (No Blinds or Overhang) 

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 ED SHGC Gain Er Y Ed Ed+Er SHGC Gain t o Gain Gain
Hour Degree W/m2 Watt W/m2 W/m2 W/m2 Watt °C  Watt Watt

1 100.6 0 0 0 0 0.48 0 0 0.63 0 30.5 89.9 89.9
2 115.3 0 0 0 0 0.45 0 0 0.63 0 30.2 85 85
3 129.8 0 0 0 0 0.45 0 0 0.63 0 29.9 81.1 81.1
4 144.2 0 0 0 0 0.45 0 0 0.63 0 29.7 78.2 78.2
5 157.7 0 0 0 0 0.45 0 0 0.63 0 29.6 77.2 77.2
6 167.7 0 0 0 0 0.45 0 0 0.63 0 29.7 79.2 79.2
7 164.2 0 0 0 19 0.45 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 0.45 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 0.45 51.3 152.7 0.63 173.3 33.9 136.9 310.2
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 36.7 175.1 1080.8
16 35.8 691.1 0.681 847.5 59.8 1.11 113.5 173.4 0.63 196.8 36.5 172.2 1216.4
17 22.3 663 0.67 800.3 34.4 1.22 105.1 139.5 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 0 0.63 0 34.3 141.8 141.8
20 28.2 0 0 0 0 1.18 0 0 0.63 0 33.4 129.1 129.1
21 42.2 0 0 0 0 1.05 0 0 0.63 0 32.6 118.3 118.3
22 56.6 0 0 0 0 0.89 0 0 0.63 0 31.9 108.5 108.5
23 71.3 0 0 0 0 0.72 0 0 0.63 0 31.3 100.7 100.7
24 85.9 0 0 0 0 0.58 0 0 0.63 0 30.9 94.8 94.8

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Column Number

Diffuse SolarDirect Solar Conduction

 13: Window Component of Cooling Load (No Blinds or Overhang) 

Local Heat Gain Solar Direct Nonsolar Diff. & Total
Standard Beam Radiant RTS Radiant Solar Diffuse Conduction Total Convective 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 35.3 35.3 0 89.9 89.9 33.3 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 3.3 3.3 55.2 84.1 139.2 51.5 87.7 3 67.1 118.6 121.9
8 0 0 2 0 0 101 92.9 193.9 71.7 122.1 2 88.2 160 160
9 0 0 1 0 0 133.6 105.6 239.2 88.5 150.7 1 111 199.4 199.4

10 0 0 1 0 0 157.6 120.3 277.9 102.8 175.1 1 133.5 236.3 236.3
11 0 0 1 0 0 173.3 136.9 310.2 114.8 195.4 1 154.7 269.4 269.4
12 0 0 1 0 0 189.5 152.6 342.1 126.6 215.5 1 175.3 301.9 301.9
13 110 110 1 48.4 48.4 203.2 164.3 367.5 136 231.5 1 194.1 330.1 378.5
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 0 558.9 558.9 196.8 172.2 369 136.5 232.5 0 221.9 358.4 917.4
17 800.3 800.3 0 624.6 624.6 158.3 165.3 323.6 119.7 203.9 0 212.8 332.5 957.1
18 325.8 325.8 0 461.6 461.6 55.6 154.5 210.1 77.7 132.4 0 180 257.7 719.4
19 0 0 0 259.9 259.9 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 0 125.2 173 342.9
21 0 0 0 118.6 118.6 0 118.3 118.3 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 37.3 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

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

Diffuse Solar and Conduction Through Glass
Heat Gain

Direct Solar
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7.  RTS 

 Heat Gain 

 Latent Heat  Cooling Load  Sensible Heat  Sensible Heat 

 Convective  Radiative  Radiative  Operate  Nonsolar RTS 

 Schematic Diagram  17  (  Radiant Cooling Load) 

 Convective Cooling Load  Total Cooling Load 

 17: Schematic Diagram 

 14  Heat Gain  Sensible Heat 

 Radiant Component  (  Convective Component )

8.  RTS 

 Heat Gain  Equipments  Latent Heat 

Space Cooling Load  Sensible Heat Gain  Radiant  Convective Part 

 Equipment  Radiant  Convective 

 Office Equipment  Hosni et al.(1999) 

 Radiative/Convective Split  10%/90% 

 30%/70%  Rudoy  Duran 

(1975)  Radiative /Convective Split  60%/40%  Exhaust Hood 

 Space  Radiative Component 
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Equipment Load  Actual Cooling Load 

 20-30%  Name Plate Load  Schematic Diagram 

 Equipments  18 

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

States of Activity 
Sensible Latent % Sensible Heat that is

Adult Adjusted, Heat Heat
Degree of Activity  Male M/Fa W W  Low V  High V

 Seated 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   Restaurantc 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 km/h; 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.
aAdjusted 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.
 bValues approximated from data in Table 6, Chapter 8, where V is air velocity with limits shown in that table.
 cAdjusted heat gain includes 18 W for food per individual (9 W sensible and 9 W latent).
 d Figure one person per alley actually bowling, and all others as sitting (117 W) or standing   or walking slowly (231 W).

Radiantb
Total Heat, W

 : ASHRAE Handbook, Fundamental Volume, SI, 2005

9.  RTS 

 Heat Gain 

qs = 1.23 Q t        (8) 

ql = 3010 Q W        (9) 

qs = Sensible heat gain, Watt 

ql = Latent heat gain, Watt 

Q = Outside air flow rate, L/s 

t = Different between inside and outside temperature, K 

W = Different between inside and outside umidity ratio 
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 Heat Gain  Space Cooling Load  (  Time-delay 

Effect)

Schematic Diagram  19 

 18: Schematic Diagram 

 19: Schematic Diagram 
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10.

Radiant Time Series Method  ASHRAE  Simplified Method 

.2005 (  5 )

 RTS  Non-heat-balance Method 

Component  (  CLTD/CLF )

 CLTD/CLF  (  30 )

RTS  2 

) Heat Balance Method

) Radiant Time Series Method

 RTS 

 RTS 

 Spread Sheet Program 

Computer Program  RTS 

 Download 

 ww.pioneer.chula.ac.th/ mtul/
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