
Advanced Building Science 

• Thermal Comfort 
– Parameters of physiological comfort  
– Interior design conditions 

 
 
 

• Readings 
– HF: Chapter 9 => 9.1 – 9.23 

BBE 4414/5414: Advanced 
Building Science Fundamentals 

University of Minnesota – Bioproducts & Biosystems Engineering  
© 2016 Regents of the University of Minnesota. All Rights Reserved 

1 



Thermal Comfort 

• Conditions for Comfort 
– Physiological principles 

 

• Indoor Design Conditions 
– temperatures 
– moisture and humidity 
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Thermal Comfort 

Physiological Principles 
– Human comfort 

• temperature 
– air 
– mean radiant 

• humidity 
• air distribution 

– velocity 

• air cleanliness 
– odors 
– acoustical 
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Thermal Comfort 

Thermal Body Interaction with the Environment 
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Thermal Comfort 

Thermal Exchanges with the Environment 
– Body surface area 

 
– Heat loss 

• sensible loss from the skin 
– predominantly convective and radiative 
– conduction is usually small 

• evaporative losses from the skin 
• respiratory losses 
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Thermal Comfort 

Environmental Parameters 
– Directly measured parameters 

• dry-bulb temperature 
• wet-bulb temperature, dew-point temperature, relative 

humidity, and humidity ratio 
• total atmospheric pressure 
• air movement 
• radiant temperature 

 
– Calculated parameters 

• mean radiant temperature 
• plane radiant temperature 
• radiant temperature asymmetry 
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Thermal Comfort 

Environmental Indices 
– Operative Temperature => ambient temperature & MRT 
– Effective Temperature => ambient temperature at 50% RH 
– Humid Operative Temperature => ET at 100% RH 
– Heat Stress Index 
– Index of Skin Wettedness 
– Wet-Bulb Globe Temperature => wet bulb and MRT 
– Wet Globe Temperature => a direct measure of WBGT 
– Wind Chill Index => temperature and wind velocity 

• used to calculate the wind chill factor 
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Thermal Comfort 
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Thermal Comfort 

• Metabolic Rate 
– Function of surface area 

• A = 0.108 * m0.425 * l0.725          
•  m = mass in lb.; l = ht. in in. 

– Activity 
• met = 18.4 Btu/(h-ft2) 

• Clothing Level 
– Clo symbol is “I” 
– R = 0.88 I 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 9.6 



Thermal Comfort 
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Predicting Thermal 
Sensation and Comfort 

– For temperature  
and vapor pressure 

– Exposure time 
– Male vs. female 
 

Source: 2013 ASHRAE Handbook Fundamentals, Chapter 9 



Thermal Comfort 

Conditions for Thermal Comfort 
– ASHRAE Comfort Zone 

• sedentary activity 
• typical clothing 

 

– Based on satisfaction scores 
• 80% find the environment thermally acceptable 

 

– Adjustments for Clothing / Activity Levels 
• shift the comfort zone 
• Fanger adjustments  

BBE 4414/5414: Advanced 
Building Science Fundamentals 

University of Minnesota – Bioproducts & Biosystems Engineering   
© 2016 Regents of the University of Minnesota. All Rights Reserved 

11 



Thermal Comfort 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 9.12 Source: ASHRAE Handbook Fundamentals 2005, Chapter 8.12 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 9.12, Figures 12 and 13 



Thermal Comfort 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 9, Figures 9 and 10 



Thermal Comfort 

Thermal Stress 
– Heat and humidity 

 

– Wet-bulb globe 
temperature 

• 70% naturally 
ventilated wet bulb 

• 20% black globe 
• 10% ambient 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 9, Figure 20 



Thermal Comfort 
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Thermal Stress – Wind Chill 

Source: ASHRAE Handbook Fundamentals 2013, Chapter 9,  Table 12 



Thermal Comfort 

Moisture and Humidity 
– Human comfort 

• 30% to 70% 
– Static electricity 

• varies => generally less than 45% 
– Prevention & treatment of disease 

• 50% maximum mortality for influenza virus 
– Visible condensation 

• primarily windows 
– Concealed condensation 
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Thermal Comfort 

Interior Humidity => Pat’s Guide 
– Occupant     40 to 60% 
– Furnishings & Finishes   35 to 45% 

• woodwork 
• fine art, piano, etc. 

– Building     20 to ?? % 
• surface condensation (windows, cold corners, etc.) 

– component characteristics 
– outdoor temperature dependent 

• cavity condensation (attic, walls, rim joists, etc.) 
– envelope characteristics 
– outdoor temperature dependent 
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In Summary 

Questions and Discussion 
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Preview for Next Class 

• Intro to Air Exchange 
– Basic concepts 
– Terminology 

 

• Readings 
– HPE: Chapter 3.2 
– HPE: Appendix B.11 
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