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Radiant Time Series Method

Cooling Load Calculation
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Steps for performing the RTS method

1- Calculate the heat gain due to all sources 
[Externally and internally]

2-Split the heat gains into convective and radiative part 
according to the type of the heat gain

3-Treat the radiative heat gain using RTS to 
convert it to cooling load

4-Sum the convective heat gain plus the cooling load due 
to the radiative heat gain to get the total cooling load
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Idea of RTS Method
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Radiative Heat 
Gains

Radiant time factor

Cooling 
Load

At time θ

Converting Radiative heat gain into cooling load
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Example 12.1 Hourly outdoor temperature

td=40.2° C, DR=12.2° C         [Jeddah 0.4 % design]
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Heat Gains

ØConduction through exposed walls and roofs

ØConduction through un-exposed (Partitions) walls 

ØWindows

ØLights

ØPeople

ØEquipment

ØInfiltration & Ventilation
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Conduction Heat Gain due to sunlit walls 
and roofs

Conduction Heat Gain

Heat input

Conduction 
Time series CTS
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CTS for 
Walls

11

CTS for 
Walls 
(continue)
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CTS for 
Roofs
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New ASHRAE 
layer Definition

14 024230.412
023203.411
022183.710
021158.89
0201258
01981.57

126.718226
399.21705
513.61604
534.61503
484.21402
377.81301
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Example 12.3 Given te, G, Wall #21, Find Heat 
input and heat gain
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5.592.30030.0030.024

6.242.58030.7030.723

6.942.95031.7031.722

7.663.42032.9032.921

8.263.93034.3034.320

8.514.540.0135.9035.919

8.226.430.0140.8126.737.418

7.499.710.0149.3399.238.817

6.5311.190.0153.2513.639.616

5.5111.550.0254.2534.640.015

4.6010.900.0252.5484.239.614

3.889.440.0248.7377.838.713

3.317.390.0329.4230.437.212

2.876.370.0340.6203.435.211

2.575.370.0438.0183.733.210

2.414.420.0635.5158.831.39

2.433.470.0733.112529.88

2.622.610.0930.881.528.77

2.891.770.1128.62228.06

3.231.460.1427.8027.85

3.601.500.1627.9027.94

4.011.640.1328.3028.33

4.461.830.0428.8028.82

5.002.06029.4029.41

Heat gain[W/m2]Heat input [W/m2]CTSteGttoTs [hr]
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Converting Radiative Heat Gain

into Cooling Load

17

Zone Types
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Radiative Heat 
Gains

Radiant time Series (RST)

Cooling 
Load

At time θ

Converting Radiative heat gain into cooling load
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RTS Non Solar

20

RTS Solar

21

Example 12.4

Given te, G, Heat gain, Wall #21 in Example 12.3  
Find hourly cooling load, Wall area=45 m2

Zone: heavy, carpeted with 10% glass. 
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Splitting Heat gain into convective and radiative portions
Table 12.11
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5.592.30030.0030.024

6.242.58030.7030.723

6.942.95031.7031.722

7.663.42032.9032.921

8.263.93034.3034.320

8.514.540.0135.9035.919

8.226.430.0140.8126.737.418

7.499.710.0149.3399.238.817

6.5311.190.0153.2513.639.616

5.5111.550.0254.2534.640.015

4.6010.900.0252.5484.239.614

3.889.440.0248.7377.838.713

3.317.390.0329.4230.437.212

2.876.370.0340.6203.435.211

2.575.370.0438.0183.733.210

2.414.420.0635.5158.831.39

2.433.470.0733.112529.88

2.622.610.0930.881.528.77

2.891.770.1128.62228.06

3.231.460.1427.8027.85

3.601.500.1627.9027.94

4.011.640.1328.3028.33

4.461.830.0428.8028.82

5.002.06029.4029.41

Heat gain, W/m2Heat input, W/m2CTSteGttoTs, hr
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251.8158.7158.593.10.01251.595.5924

269.5165.6177.0103.90.01280.886.2423

287.6172.1196.8115.60.02312.366.9422

305.0177.5217.1127.50.02344.577.6621

318.0180.4234.3137.60.02371.868.2620

320.4178.6241.4141.80.02383.128.5119

308.1171.3233.1136.90.02369.948.2218

284.9160.1212.4124.70.02337.137.4917

256.3147.6185.0108.60.02293.646.5316

227.4135.7156.291.70.02247.885.5115

202.4125.8130.576.60.02207.104.6014

183.0118.4110.064.60.02174.663.8813

168.0113.093.855.10.02148.813.3112

157.2109.581.347.80.03129.092.8711

150.6107.872.842.70.03115.512.5710

148.4108.268.440.20.03108.652.419

151.1110.668.940.50.03109.392.438

158.4114.974.143.50.03117.702.627

168.3120.282.048.20.04130.222.896

179.7126.091.553.70.04145.243.235

192.1132.1102.260.00.04162.163.604

205.1138.3113.666.70.06180.314.013

219.1144.8126.574.30.09200.764.462

234.9151.7141.683.20.34224.785.001

Total cooling 
load [W]

Radiative Cooling 
load [W]

Radiative
(0.63)

Convective 
(0.37)

RTS [Heavy, carpeted, 
10 % glass

Total heat 
gain [W]

Heat gain 
flux [W/m2]

Time 
(hr)
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Het gain and cooling load
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Heat gain due to a window

Solar heat gain Conduction heat gain

)( ro ttUA −
Chapter 11

Un-shaded window

Shaded externally

Shaded internally

U value for window. 
Ch 10

27

Conduction Heat gain through windows 
including the frame

))(( roffgg ttAUAUQ −+=

Frame U, Table 10.8
Window U value,  
Table 10.6

Calculation of heat gains

Split conduction heat gain into convective and radiative parts
28

Solar Heat Gain due to a window

[ ] [ ] dffggdDfslfgslDgSHG GASHGCASHGCGASHGCASHGCQ +++= ,,,
&

Table 11.3
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Calculation of heat gains

29

[ ] [ ]IACGASHGCGASHGCGASHGCGASHGCQ dggdDgslgDdffDfslfSHG +++= ,,
&

Solar Heat Gain for internally shaded 
window 

IAC=Interior Attenuation Coefficient

Calculation of heat gains

30

Solar radiation

Direct Diffuse

Direct Solar Heat Gain Diffuse Solar Heat Gain

DDgslD GSHGCASHG ,= ddgd GSHGCASHG =

100% radiative
0.37 
Conv.

0.63 
Rad.

Convert to cooling load 
using Solar RTS

Convert to cooling 
load using Non-
Solar RTS
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Case with indoor shade

üAdd all heat gains i.e. direct diffuse 
and conduction heat.

üSeparate heat gain into conductive 
and radiative

üTreat the radiative HG using non solar 
RTS

32

Heat gain due to lights

a) When the total wattage, use factor, 
and special allowance factor are given

su FFWQ **=

W = Total wattage

Fu Use factor=% of lights that are in operation

Fs=Special allowance factor. Fs=1. for tungsten 
lights, Fs=1.2 for Fluorescent lights

[W]

Calculation of heat gains

33

Heat gain due to lights

b) When the density (Watt per unit 
area) of lights is known 

AdensityFluxQ * =

A= Plan area

Calculation of heat gains

34

Heat gain due people

Heat Gain

Sensible

Latent All Convective

Convective

Radiative

From Table 12.9 
per person

NqQ ss =

NqQ ll =

Calculation of heat gains

See Table 12.9

35

Table 12.9 Heat gain due to people

36

Heat gain due equipment in space

Un-Hooded Hooded

Both sensible and latent Only sensible

Split sensible into convective and radiative. Treat radiative with 
non-solar RTS

Treat latent as direct 
cooling load

See Appendix B for typical of values of heat gains from equipment
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Cooling Load due to 
Infiltration

Heat Gain )( roat hhmQ −= &&

Calculation of heat gains

am& Mass flow rate of infiltration air

38

Cooling Load due to 
Infiltration

Heat Gain

Sensible

Latent

100 % 
Convective

100 % 
Convective

Calculation of heat gains

39

Cooling Load due to Infiltration

Heat 
Gain [W]

Sensible

Latent

)( iopas ttCmQ −= &&

fgioal hWWmQ )( −= &&

)(*0.1* ios tt
v
VQ −=
&

&

2500*)( iol WW
v
VQ −=
&

&

)(**2.1 ros ttVQ −= &&

)(**3010 rol WWVQ −= &&

Calculation of heat gains

V in l/s 40

Cooling Load due to 
Infiltration

ACH=Air Change per Hour=No of times 
the air changes in a building per hour

[l/s]=(ACH*V)*1000/3600

Calculation of heat gains

V in m3

41

Cooling Load Due to Infiltration
)( ro ttcbVaACH −++=

0.022

0.014

0.007

c

0.0200.25Loose

0.0150.20Average

0.0100.15Tight

baBldg. Construction

T must be in deg C, and V must be in m/s

Calculation of heat gains

42

3600/1000**]/[ VACHsLV =&

Sensible

)(**2.1 ros ttVq −= &&

Latent

)(**3010 rol WWVq −= &&

Cooling Load Due to Infiltration

Calculation of heat gains

Watts

Watts
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Sensible

Latent

Cooling Load Due to 
Ventilation

)(**2.1 ros ttVq −= &&

)(**3010 rol WWVq −= &&

Watts

Watts

V = Volume flow rate in L/s
44

Cooling Load Due to 
Partitions, Ceilings, & Floors

TDUAq  =&

TD=Temperature difference 
across the partition or floor

45

Lights on at 7AM  and off at 7PM

Radiative HG=0.67 HG

Convective HG=0.33 HG

Heat due lights is 1000 W

7 19

1000

Example 12.5

Lights: Un-vented 
suspended 
fluorescent lights

Zone type =Medium, 
carpeted  50% glass

Heat gain

46

Splitting Heat gain into convective and radiative portions

47

94940000.023

1071070000.022

1341340000.021

1881880.01000.020

2952950.01000.019

9466160.01670330100018

9406100.01670330100017

9336030.01670330100016

9265960.01670330100015

9205900.01670330100014

9205900.01670330100013

9135830.01670330100012

9065760.01670330100011

8935630.01670330100010

8665360.0167033010009

8124820.0167033010008

7053750.0267033010007

54540.02000.06

60600.03000.05

67670.05000.04

74740.09000.03

80800.17000.02

80800.49000.01

Total CL
[W]

Rad, CL
[W]

RTS [Medium, 
Carpeted, 50 % glass]

Rad. HG [W]
0.67

Conv. HG [W]
0.33

Lights 
HG

ts
(hr)

48

1071070000.022

1341340000.021

1881880.01000.020

2952950.01000.019

9466160.01670330100018

9406100.01670330100017

9336030.01670330100016

9265960.01670330100015

9205900.01670330100014

9205900.01670330100013

9135830.01670330100012

9065760.01670330100011

8935630.01670330100010

8665360.0167033010009

8124820.0167033010008

7053750.0267033010007

54540.02000.06

60600.03000.05

67670.05000.04

74740.09000.03

80800.17000.02

80800.49000.01

Total CL
[W]

Rad, 
CL
[W]

RTS [Medium, 
Carpeted, 50 % glass]

Rad. HG [W]
0.67

Conv. HG [W]
0.33

Lights HGts
(hr)
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1071070000.022

1341340000.021

1881880.01000.020

2952950.01000.019

9466160.01670330100018

9406100.01670330100017

9336030.01670330100016

9265960.01670330100015

9205900.01670330100014

9205900.01670330100013

9135830.01670330100012

9065760.01670330100011

8935630.01670330100010

8665360.0167033010009

8124820.0167033010008

7053750.0267033010007

54540.02000.06

60600.03000.05

67670.05000.04

74740.09000.03

80800.17000.02

80800.49000.01

Total CL
[W]

Rad, CL
[W]

RTS [Medium, 
Carpeted, 50 % glass]

Rad. HG 
[W]
0.67

Conv. HG 
[W]
0.33

Lights 
HG

ts (hr)

50

0

200

400

600

800

1000

1200

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

time (hr)

He
at

 g
ai

n 
&

 c
oo

lin
g 

lo
ad

Heat gain
 cooling load
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The cooling load due a SSW window is to 
be calculated. The window is located in 
Jeddah, Saudi Arabia (July 21). 0.4% 
design outdoor conditions are assumed. 
Window is double one pane is bronze and 
the other is clear (type 5d). Window area 
is 10 m2, U value is 3.24 W/m2.K. The 
incidence angle, the beam radiation and 
the diffuse radiation are as given in the 
table below. Indoor and outdoor 
temperatures are also given.

Example 12.6 Solar heat gain and cooling load

52

>902524

0>902530.923

0>902531.922

0>902533.121

0>902534.520

00>902536.119

25.812.8>902537.618

94.878.2>902539.017

143.8128.282.62539.816

179.9147.780.22540.215

204134.179.62539.814

216.789.1812538.913

217.314.584.22537.412

206088.92535.411

183.7095.02533.410

158.80101.72531.59

1250109.12530.08

81.50116.82528.97

220124.32528.26

00131.22528.05

00>902528.14

00>902528.53

00>902529.02

00>902529.61

Gd [W/m2]GD [W/m2]θtrtoTime (hr)

53

0.41490002530.923

0.414100002531.922

0.414140002533.121

0.414200002534.520

0.41403200002536.119

0.41425.8580.01120.0912.82537.618

0.41494.81220.011020.1378.22539.017

0.414143.81790.012180.17128.22539.816

0.414179.91780.012510.17147.72540.215

0.4142041320.012150.16134.12539.814

0.414216.7540.01980.1189.12538.913

0.414217.340.0170.0514.52537.412

0.41420600.010002535.411

0.414183.710.010002533.410

0.414158.830.010002531.59

0.41412560.010002530.08

0.41481.580.010002528.97

0.4142290.020002528.26

0.414090.030002528.05

0.414090.040002528.14

0.414090.080002528.53

0.414090.160002529.02

0.414090.540002529.61

SHGCd

Gd [W/m2]Cooling load 
(Direct 
Solar) 

RTS
SolarDirect 

HG

SHGCDGD
[W/m2]

trtoTime (hr)

54
2552461841066216816800.4142530.224

2812722011217119219200.4142530.923

3163052231418322422400.4142531.922

3623492511669726326300.4142533.121

42340329019311330730700.4142534.520

51047834622613235835800.41402536.119

6926334423251915164091070.41425.82537.618

10078865735333138454533920.41494.82539.017

1235105665867839810764815950.414143.82539.816

1343116570777945812374927450.414179.92540.215

1343121172183549013254818450.4142042539.814

1256120270384849813464498970.414216.72538.913

1143113965882048113014029000.414217.32537.412

1030103058975044111913388530.4142062535.411

88988850665038210322717610.414183.72533.410

7467424215483228692126570.414158.82531.59

5855793284272516781605180.4141252530.08

4154072362911714621253370.41481.52528.97

23222315112473196105910.414222528.26

1731641286136979700.41402528.05

184175137643710110100.41402528.14

199190148714211311300.41402528.53

216207160814812912900.41402529.02

235226171945514914900.41402529.61

Total 
Cooling 

load

CL (Cond+Diff)Cl_Rad
(cond+diff)

Rad (0.63)

Conv (0.37)Cond +Diff 
HG

Conduction

Diff. HGSHGCd

Gd [W/m2]trtohr
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