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• Homework 2 is due tonight (extended deadline)

• Homework 3 is posted

• The project will be distributed soon (working on the Revit 
model)

• Revit training on Tuesday in class:
q Please bring your laptop 
q We will use Revit 2023 (installed on Apporto and computer 

lab; also free for educational purposes)
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• Radiant Transfer Series Method (RTSM)

CTS = Conduction Transfer Series
RTF = Radiant Transfer Function
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𝑞! =#
"#$

%&

𝑐"𝑈𝐴(𝑡'()*+,-,!*"/ − 𝑡-0)

q 𝑞!: Hourly conductive heat gain 𝐵𝑡𝑢/ℎ

q 𝑈: Overall heat transfer coefficient for the surface "#$
%.'#!. (

q 𝐴: Surface area 𝑓𝑡)

q 𝑐*: j-th conduction time series factor      

q 𝑡+,-./01,!.*3 : Sol-air temperature °F

q 𝑡45: Presumed constant room temperature
q 𝜃 ∶ The current hour
q 𝛿: The time step (one hour)
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𝑞! =/
*67

)8

𝑐*𝑈𝐴(𝑡9,!.*3 − 𝑡45)

• For example, at 1 pm (13), we write:

𝑞:8 = ∑*67)8 𝑐*𝑈𝐴(𝑡9,:8.*3 − 𝑡45) = 𝑈𝐴 ×∑*67)8 𝑐* ×(𝑡9,:8.*3 − 𝑡45)

= 𝑈𝐴 ×[𝑐! 𝑡"#$%&'(,*+ − 𝑡(, + 𝑐* 𝑡"#$%&'(,*- − 𝑡(, + 𝑐- 𝑡"#$%&'(,** − 𝑡(, +⋯

… + 𝑐-+ 𝑡"#$%&'(,*. − 𝑡(, ]
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• For example, at 1 pm (13), we write:
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• Define the sol-air temperature as a proxy for the outdoor 
surface temperature:

𝑡;<=.>?4 = 𝑡< +
𝛼𝐸#
ℎ<

−
𝜖Δ𝑅
ℎ7

§ For horizontal surfaces:
q Δ𝑅 = 20 /01

2.40!

q If ε = 1 and ℎ#= 3.0 /01
2.40!5

the long-wave correction term is about 7°F

𝑞
𝐴
= 𝛼𝐸# + ℎ< 𝑡< − 𝑡; − 𝜖Δ𝑅
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• CTSFs for the very light wall are:
q Very large for the first few hours 

q Nearly zero for the remaining hours

q Little stored energy capacity

• Heavier walls have:
q Smaller values for the first few hours 

q Remain non-zero for many hours

q Long delay for heavy walls 
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• Comparison between different wall assemblies:
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• Insulation has limited impacts on CTSs
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• Radiant Transfer Series Method (RTSM)

CTS = Conduction Transfer Series
RTF = Radiant Transfer Function
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𝑄! = 𝑟$𝑞! + 𝑟?𝑞!*/ + 𝑟%𝑞!*%/ + … .+𝑟%&𝑞!*%&/

q 𝑄! : Cooling load for the current hour 𝜃
q 𝑞! : Heat gain for the current hour
q 𝑞!.@3 : Heat gain n hours ago 
q 𝑟7, 𝑟:, …: RTFs 
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Example: An interior zone with florescent lighting fixture has a 
power use of 1000 W. Calculate:

q The percentage of radiant and convective parts.
q The associated load at 2 pm? 



Internal Loads (Lighting)
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• Radiant Transfer Series Method (RTSM)

CTS = Conduction Transfer Series
RTF = Radiant Transfer Function
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Solution: Method 1:
𝑓(&6

𝑓,#78 = 1 − 𝑓(&6
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Solution: Method 2:

𝑓(&6

𝑓,#78
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𝑄:A,4>B?>#?C9 = 𝑓4>B×[𝑟7𝑞:A + 𝑟:𝑞:A.: + 𝑟)𝑞:A.) + … .+𝑟)8𝑞:A.)8]

𝑄?B = 𝑄?B,-+C,+D,EF +𝑄?B,0(GEF0D,EF

𝑄:A,4>B?>#?C9 = 𝑓4>B× 𝑟7𝑞:A + 𝑟:𝑞:8 + 𝑟)𝑞:) + … .+𝑟)8𝑞:D
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𝑄:A,5<@C95#?C9 = 𝑓5<@C×𝑞:A,5<@C = 0.4×1000 𝑊 = 400 𝑊

𝑄:A,4>B?>#?C9 = 0.42 ×[ 0.46 1000 𝑊 + 0.19 1000 𝑊 +
… .+ 0 0.42 1000 𝑊 = 420 𝑊

Try to solve this exam using a schedule for the lighting fixtures

Did we really need to write the series?
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Example: Calculate the room heating load for a top floor with 
the following information:

q The location is Chicago
q Roof area is 100 ft2

q Each wall area is 50 ft2

q Window area on each wall is 25 ft2

q Room height is 9 ft
q Infiltration rate is 1 ACH 
q Roof U-value is 0.0799 Btu/h-ft2-ºF
q Windows U-value is 0.5 Btu/h-ft2-ºF
q The wall assembly entails: 4’’ brick, wall air space resistance, R-5 1’’ 

insulation board, 8’’ LW concrete block



Example (Heating Load)
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Solution:
• Find the outdoor design condition using Chapter 14



Example (Heating Load)
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• Find the wall U-value



Example (Heating Load)
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• Understand the heat load calculation components:

Underground Level

Ground Level



Example (Heating Load)
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𝑄E>== = 𝑈E>==×𝐴E>==× 𝑡4<<F − 𝑡GG.H%
= 0.103 4×50 × 72 − (−1) = 1503.8

𝐵𝑡𝑢
ℎ

𝑄E?@ = 𝑈E?@×𝐴E?@× 𝑡4<<F − 𝑡GG.H%
= 0.5 × 4×25 × 72 − −1 = 7300

𝐵𝑡𝑢
ℎ

• Calculate the enclosure heat transfer:

𝑄4<<' = 𝑈4<<'×𝐴4<<'× 𝑡4<<F − 𝑡GG.H%
= 0.0799 × 100 × 72 − −1 = 583.27 "#$

%4



Example (Heating Load)
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• Calculate the infiltration rate:

𝐼𝑛𝑓𝑖𝑙𝑡𝑟𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒 =
𝑉𝑜𝑙𝑢𝑚𝑒×𝐴𝐶𝐻

60
=
100 𝑓𝑡)×9×1

60
= 15 𝑐𝑓𝑚

𝑄?@'?=#4>#?<@ = 1.1×15× 72 − (−1) = 1204.5
𝐵𝑡𝑢
ℎ𝑟

𝑄?@'?=#4>#?<@ = 𝑞; = 1.1×𝑄;× 𝑡4<<F − 𝑡GG.H%
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• Sum all the heat loads:

𝑄D(D+) = 𝑄H+)) +𝑄H,G +𝑄-((I +𝑄,GI,)D-+D,(G

𝑄!"!#$ = 1503.8 + 7300 + 583.27 + 1204.5 = 10591.57
𝐵𝑡𝑢
ℎ𝑟
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Example (Building Enclosure)
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Example: Calculate the radiative and convective cooling load 
for a south facing wall at 4 pm with the following information

q The location is Chicago
q Wall area is 1000 ft2

q Wall assembly is Wall #38



Example (Building Enclosure)
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• Solution:

CTS = Conduction Transfer Series
RTF = Radiant Transfer Function
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• Write the cooling load equations:

𝑄0(GC,?J = 𝑄0(GC,?J,-+C+ 𝑄0(GC,?J,0(GE

𝑄0(GC,?J,-+C = fKLM×𝑄0(GC,?J

𝑄0(GC,?J,0(GE = fNOPQ×𝑄0(GC,?J
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• Write the cooling load equations:

𝑄0(GC,?J,0(GE = fNOPQ×𝑄0(GC,?J

𝑄0(GC,?J,0(GE = 𝑞0(GC,?J



Example (Building Enclosure)
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• Write the cooling load equations:

𝑄0(GC,?J,-+C = 𝑟$×𝑞0(GC,?J,-+C+𝑟?×𝑞0(GC,?R,-+C

+ 𝑟%×𝑞0(GC,?B,-+C + 𝑟&×𝑞0(GC,?&,-+C

+ 𝑟%%×𝑞0(GC,?S,-+C + 𝑟%&×𝑞0(GC,?T,-+C

+⋯+⋯+⋯+⋯
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• Write the cooling load equations:

𝑞! =/
*67

)8

𝑐*𝑈𝐴(𝑡9,!.*3 − 𝑡45)

𝑞5<@B,:H = 𝑈𝐴[𝑐7 𝑡;<=.>?4,:H − 𝑡;9#J<?@# + 𝑐: 𝑡;<=.>?4,:D − 𝑡;9#J<?@#

+ …𝑐)) 𝑡;<=.>?4,:K − 𝑡;9#J<?@# + 𝑐)8 𝑡;<=.>?4,:L − 𝑡;9#J<?@# ]

+ …+ ⋯+⋯
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