
Advanced Building Science 

• Air Exchange in Buildings 
– Calculating airflows 
– Superposition 

• wind & stack 
• balanced and unbalanced 

– Simplified air exchange models 
 

• Readings 
– HF: Chapter 16.1 – 16.25 
– HF: Chapter 24 => OK to “review” modeling 
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Air Exchange in Buildings 

To Have Airflow, You Must Have: 
– Hole or path 

• random (leaks) 
– direct 
– indirect 

• intentional openings 
– Pressure difference 

• outside pressures 
– airflow around buildings 
– temperatures (stack effect) 

• interior pressures 
– chimneys 
– mechanical systems 
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Air Exchange in Buildings 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 7) 
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Physics of Airflow in Buildings 

General Power Law 
 
Q  =  c  x  (ΔP)n              (HF 16.14) 

    
• c = flow coefficient (related to hole size) 
• n = flow exponent (related to hole type) 
 

– For a square edge orifice: 
 

 cfm  =  1.07  x  A  x  √ΔP 
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Physics of Airflow in Buildings 
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Source: Straube & Burnett, Building Science for Building Enclosures, Chapter 7 Figure 7.4 



Physics of Airflow in Buildings 

Calculating Pressures -- Wind 
            U2 

 pw  =  0.0129  x  CP x  ρ  x -----      (see HF 16.7) 
             2   

• pw = wind surface pressure (inches of water) 
• CP = wind surface pressure coefficient  
• ρ = outside air density (about 0.075) 
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Physics of Airflow in Buildings 

Calculating Pressures -- Stack 
   

 ps  =   pr  –  (0.00598  x  ρ  x  g  x  H)  (see HF 16.7) 
 

• ps = stack pressure (inches of water) 
• pr = stack pressure at reference height  
• g = gravitational constant (32.2 ft/s2) 

 
– For pressure at a horizontal leak: 

  
  Δps = 0.00598 x ρo x ((Ti – To) / Ti)) x g x (Hnpl – H) 

 
• T in and out (in o Rankin) 
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Air Leakage 

Residential Air Leakage 
– Envelope leakage measurement 

 
– Airtightness ratings 

 
– Air leakage of building components 
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Air Leakage 

   Leakage Distribution          Range      Average 
– Walls    18 to 50%  35% 
– Ceilings   3 to 30%  18% 
– Forced air systems  3 to 28%  18% 
– Windows and doors  6 to 22%  15% 
– Fireplaces   0 to 30%  12% 
– Vents    2 to 12%    5% 
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Air Leakage 
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Source: ASHRAE Handbook Fundamentals 2009, Chapter 16  
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Source:  ASHRAE Handbook Fundamentals  2013, Chapter 16 
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Source:  ASHRAE Handbook Fundamentals  2013, Chapter 16 



Air Exchange 

• Simplified Air Exchange Models 
– Single zone vs. Multi zone 

 
• Superposition 

– When adding stack and wind (using quadrature) 
– When adding air infiltration and unbalanced 

mechanical 
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Air Exchange 

Quadrature 
– Stack and wind interact with each other 
– Therefore, they are not simply additive 

 
 Q  =  √ (Qs

2  +  Qw
2)       (see HF 16.23) 
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Air Exchange 

• Basic Model (LBNL by Sherman & Grimsrud) 
 
 Q  =  AL x √((Cs x ΔT) + (Cw x U2))      (see HF 16.23) 
 

• Q = airflow rate in cfm 
• AL = effective air leakage area in in2 
• Cs = stack coefficient 
• ΔT = temperature difference in oF 
• Cw = wind coefficient 
• U = wind speed in mph 
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Howell, Sauer, Goad  1998, Principles of 
Heating, Ventilating, and Air Conditioning 



Air Exchange 
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Source:  ASHRAE Handbook Fundamentals 2013, Chapter 16 



 
Infiltration 
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Source:  ASHRAE Handbook Fundamentals 2013. Chapter 16 
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Source:  ASHRAE Handbook Fundamentals 2013, Chapter 16 



Air Exchange 

• Enhanced Model (AIM-2 by Walker & Wilson) 
 

Qs  =  c x Cs x ΔTn       (see HF 16.23) 
 

Qw = c x Cw x (s x U)2n         (see HF 16.23) 
 

• c = flow coefficient 
• Cs = stack coefficient 
• Cw = wind coefficient 
• s = shelter factor 
• U = G x Umet 
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Air Exchange 
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Source:  ASHRAE Handbook Fundamentals. 2013, Chapter 16 
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Source:  ASHRAE Handbook Fundamentals 2013. Chapter 16 



Air Exchange 
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Source:  ASHRAE Handbook Fundamentals 2013, Chapter 16 



Physics of Airflow in Buildings 

Calculating Airflows Stack 
 

– Stack + Fan 
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Source: Gary Nelson, Energy Conservatory 



Physics of Airflow in Buildings 
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Infiltration (Wind) 
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Infiltration (Stack) 
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Infiltration (Stack Only) 
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Ventilation 
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Infiltration & Ventilation 
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Infiltration & Ventilation 
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Infiltration & Ventilation 

• Superposition 
 
Qcomb  =  Qbal + √ (Q2

unbal  + Q2
infiltration)      
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Source: ASHRAE Handbook Fundamentals 2009, Chapter 16 (16.25) 



Infiltration & Ventilation 
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Infiltration & Ventilation 
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Infiltration & Ventilation 
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In Summary 

Questions and Discussion 
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Preview for Next Class 

• Thermal Insulation 
– What is R-value? 
– What contributes to a good R-value? 
– What things might reduce the overall R-value? 

 

• Readings 
– HF: Chapter 25 => 25.1 to 25.7 
– HF: Chapter 26 => 26.1 to 26.13 
– HPE: Chapter 3.3.1 to 3.3.4 
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The “Original” House of Pressures 
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