
BBE 4414/5414: Advanced Building Science 

• General Mechanical & Heating Systems  
– General mechanical considerations 

 
– Combustion 

 
– Residential heating equipment 
 

• Readings 
– HF Chapter 28 
– Heating Handout 
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All-Air HVAC Schematic 
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Source: ASHRAE Handbook 
Fundamentals 2013, Chapter 16.2 



Residential Systems – HVAC 

• Heating 
– Hydronic radiator used to be very common  
– Forced air is big today, especially in the Midwest 
– Hydronic (primarily in-floor) is growing 

• Ventilation 
– Relatively new 
– Started out as bath and kitchen fans 
– Now whole house approaches/equipment 

• Air-Conditioning (Cooling?) 
– Has gone from none to room to central air 

BBE 4414/5414: Advanced 
Building Science Fundamentals 

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

3 



Residential Systems – Other 

• Circulation & Distribution 
– Internal circulation/distribution is important for comfort 
– It is useful for moisture averaging 
– Can be critical for good air quality 

• Filtration 
– Forced-air filtration is pretty common, but generally poor 
– Stand-alone room and whole house filtration are growing 

• Humidification / Dehumidification 
– Humidification went from none to almost all to some in 

heating climates 
– Dehumidification is moving from basement floor models to 

whole house approaches/equipment 
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Mechanical Systems 

Life Cycle Energy Costs 
– Initial costs 

• equipment of material costs 
• installation costs 

 

– Operating costs 
• energy expenditures 
• maintenance costs 
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Fuel Cost Comparison – $ per MBtu 
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Mechanical Systems 

True Cost of Energy 
– Direct cost of fuel/electricity 

• customer fee 
• distribution fee 
• consumption fee 

 
– Indirect costs of energy 

• subsidies, tax incentives, etc. 
 

– Externalities 
• environmental impacts 
• health risks 
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Heating Equipment 

Heating Equipment 
– Principles of combustion 

• fuels 
• combustion calculations 

– Burners 
– Residential furnaces 
– Commercial furnaces 
– Boilers 
– Terminal units 
– Electric heating 
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Heating Equipment 

Principles of Combustion 
– Hydrocarbons + oxygen => heat + carbon dioxide + water 

• also nitrogen oxides, aldehydes 
• may be sulfur oxides, carbon monoxide 

– Conditions that promote incomplete combustion 
• insufficient air and fuel mixing 
• insufficient air supply 
• insufficient residence time 
• flame impingement 
• too low flame temperature 

– Heating value 
• high heating value includes condensed water vapor 
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Heating Equipment 

• Fuels 
– Gases: Btu/ft.3 
– Liquids: Btu/gal. 
– Solids: Btu/lb. 

 

• Combustion Calculations 
– important, but beyond the scope of this class 
– if interested, see ASHRAE Handbook 

BBE 4414/5414: Advanced 
Building Science Fundamentals 

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

10 



Heating Values 
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Source: ASHRAE Handbook Fundamentals 2013 
Chapter 28.2 



Heating Values for Gas 
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Source: Howell, Sauer,  & Coad, Principles of Heating, Ventilating, & Air Conditioning, 1997, Chapter 19.3 



Heating Values for Liquids 
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Source: ASHRAE Handbook Fundamentals 2013, 28.7 



Heating Values for Solids 

BBE 4414/5414: Advanced 
Building Science Fundamentals 

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

14 

Source: Howell, Sauer,  & Coad, Principles of Heating, Ventilating, & Air 
Conditioning, 1997, Chapter 19.3 



Heating Values for Solids 
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Source: ASHRAE Handbook Fundamentals 2013, 28.9 



Stoichiometric Reactions 
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Source: ASHRAE Handbook Fundamentals 2013, Chapter 28.2 



Heating Equipment 

• Burners 
– atmospheric injection, luminous flame, power burner 
– atmospheric vented, power-vented, direct vent (sealed) 

 

• Residential Furnaces 
– horizontal, upflow, downflow 
– efficiencies 

• steady-state 
• utilization efficiency 
• annual fuel utilization efficiency 
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Source: Howell, Sauer,  & Coad, Principles of Heating, Ventilating, & Air Conditioning, 1997, Chapter 19.6 
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Source: Howell, Sauer,  & Coad, Principles of Heating, Ventilating, & Air Conditioning, 1997, Chapter 19.6 
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Source: Howell, Sauer,  & Coad, Principles of Heating, Ventilating, & Air Conditioning, 1997, Chapter 19.6 
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Source: Howell, Sauer,  & Coad, Principles of Heating, Ventilating, & Air Conditioning, 1997, Chapter 19.6 



Heating Equipment 

• Boilers 
– working temperature & pressure 
– efficiency 

• combustion efficiency 
• overall efficiency 

• Terminal Units 
– radiator 
– convectors 
– baseboard 
– finned tubes 

• Electric Heating 
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Terminal Units – Convectors/Radiators 
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Source: Howell, Sauer,  & Coad, Principles of Heating, Ventilating, & Air Conditioning, 1997, Chapter 19.13 



Annual Fuel Utilization Efficiency 
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Source: Howell, Sauer,  & Coad, Principles of Heating, Ventilating, & Air Conditioning, 1997, Chapter 19.7 



In Summary 

Questions and Discussion 
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Next Class 

• Air Conditioning (Cooling) 
– Equipment 
– Systems 
– Efficiencies 
– Operations/Maintenance 

 

• Readings 
– HF 20 (review only) 
– Air-Conditioning Handout 
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