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Learning objectives

1. Fundamentals of thermal comfort

2. Indices of thermal sensation
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What are the fundamental notions of thermal 
comfort?
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Thermal comfort

How hot or cold we feel in an indoor or outdoor space 

Neutral Hot Very hotVery cold Cold

Room temperature

Everybody feels
cold

Everybody feels
hot

Subjective appreciation
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Metabolic heat rate

Food

𝑄𝑝𝑟𝑜𝑑

Work during activity (𝑊𝑎𝑐𝑡)

𝐴𝑠𝑘𝑖𝑛 ⋅ 𝑞𝑚𝑒𝑡 = 𝑄𝑝𝑟𝑜𝑑 +𝑊𝑎𝑐𝑡

Total energy produced
by human body
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Heat balance for human body

Food

𝑄𝑝𝑟𝑜𝑑

𝑄𝑙𝑜𝑠𝑠

Indoor or outdoor environment

Δ𝑄𝑠𝑡𝑜𝑟𝑒𝑑 = 𝑄𝑝𝑟𝑜𝑑 − 𝑄𝑙𝑜𝑠𝑠

What if Δ𝑄𝑠𝑡𝑜𝑟𝑒𝑑 > 0 ?

What if Δ𝑄𝑠𝑡𝑜𝑟𝑒𝑑 < 0 ?

What if Δ𝑄𝑠𝑡𝑜𝑟𝑒𝑑 = 0 ?
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Sensible heat loss through skin

Indoor or outdoor environment

Clothing

Conduction

Convection

Radiation
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Net heat transfer by radiation

Radiation
1

2

𝐻𝑟𝑎𝑑 = 𝜎𝜀1𝐴1𝐹1→2 𝑇1
4 − 𝑇2

4 = 𝜎𝜀2𝐴2𝐹2→1 𝑇2
4 − 𝑇1

4

View factor

Properties:
• σ𝑛𝐹𝑖→𝑛 = 1 (summation)
• 𝐹𝑖→(𝑗,𝑟) = 𝐹𝑖→𝑗 + 𝐹𝑖→𝑟 (superposition)

• 𝐴𝑖𝐹𝑖→𝑗 = 𝐴𝑗𝐹𝑗→𝑖  (reciprocity)
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Indoor mean radiant temperature

Actual room

𝑇1

𝑇2

𝑇3

𝑇3

𝑇𝑚𝑟𝑡

𝑇𝑚𝑟𝑡

𝑇𝑚𝑟𝑡

𝑇𝑚𝑟𝑡

Imaginary room

𝑇𝑚𝑟𝑡 =

𝑛

𝐹𝑏𝑜𝑑𝑦→𝑛𝑇𝑛 𝐻𝑟𝑎𝑑 = 𝜎𝜀𝑠𝑘𝑖𝑛 𝑇𝑠𝑘𝑖𝑛
4 − 𝑇𝑚𝑟𝑡

4֜
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Outdoor mean radiant temperature
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Latent heat loss through skin

Indoor or outdoor environment

Clothing

Conduction

Convection

Radiation

Transpiration
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Heat balance for human body

𝑄𝑝𝑟𝑜𝑑 = 𝐻𝑐𝑜𝑛𝑣 + 𝐻𝑟𝑎𝑑 + 𝐿𝐸𝑡𝑟𝑎𝑛𝑠 + 𝐻𝑟𝑒𝑠 + 𝐿𝐸𝑟𝑒𝑠

Room temperature
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𝑄𝑝𝑟𝑜𝑑

𝑇 𝑏
𝑜
𝑑
𝑦

𝐻𝑐𝑜𝑛𝑣 +𝐻𝑟𝑎𝑑

𝐿𝐸𝑡𝑟𝑎𝑛𝑠
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What are the indices of thermal comfort?
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Thermal sensation index

How hot or cold we feel in an indoor or outdoor space 

Neutral Hot Very hotVery cold Cold

0 1 2-1-2

𝑇𝑆𝐼 = 𝑓(𝑇𝑎𝑖𝑟 , 𝑇𝑚𝑟𝑡, 𝜙𝑎𝑖𝑟 , ሶ𝑉𝑎𝑖𝑟)
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Predicted mean vote (PMV)
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Operative temperature

𝑇𝑜𝑝 = 𝑓(𝑇𝑎𝑖𝑟 , 𝑇𝑚𝑟𝑡, 𝑣𝑎𝑖𝑟)

𝑇𝑜𝑝 =
𝑇𝑎𝑖𝑟 + 𝑇𝑚𝑟𝑡

2

𝑇𝑜𝑝 =
ℎ𝑐𝑜𝑛𝑣𝑇𝑎𝑖𝑟 + ℎ𝑟𝑎𝑑𝑇𝑚𝑟𝑡

ℎ𝑐𝑜𝑛𝑣 + ℎ𝑟𝑎𝑑

𝑇𝑜𝑝 =
𝑇𝑚𝑟𝑡 + 𝑇𝑎𝑖𝑟 ⋅ 10 𝑣𝑎𝑖𝑟

1 + 10 𝑣𝑎𝑖𝑟
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ASHRAE comfort chart

clo: unit to describe the level of insulation dure to clothing 
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