
Surface air films

 At the exposed surfaces of solids, heat 
transfer takes place both by convection and 
by radiation.

 When air motion along a surface is minimal, 
an insulating layer of air “attaches” itself to 
the surface. The resistance of this layer of 
‘still air’ along a vertical surface is equivalent 
to that of a thickness of ½-in (12.7mm) 
plywood. 

 When this air is disturbed, its resistance 
drops quickly. See Table E.3

 The surface conductance (the reciprocal of 
resistance) are as shown in Table E.3 (hi, ho)
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Air spaces

 A planar volume of air contained on two 
sides by some elements (drywall, brick, 
insulation, etc.) of an envelope assembly. 

 The resistance provided by an air space 
depends on its width, position (vertical, 
horizontal, tilted), and surrounding 
emittances. (Table E.5) 
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For other values in Table E.5, interpolation and 
extrapolation are permissible!!



Effective emittance

 and : emittances of the surfaces of the 
air space.
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Aluminum foil, bright

wood, paper, masonry, nonmetallic paints



Example
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Thermal properties 

 Table E.3: surface heat transfer coefficient 
(resistance of surface air films) (hi, ho)

 Table E.5: resistance of air spaces
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U factor

 One overall property that expresses the steady-
state rate at which heat flows through composite 
envelope assemblies. 

 Overall coefficient of thermal transmittance, W/m2K
 Many codes and standards specify maximum U-

factors (for insulation alone, minimum R)
 Tables E.6-E.16: U factors for doors, walls, windows 

are presented
 Typically based on 15 mph (6.7m/s), except for summer 

conditions 
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Calculation of U-Factor

Note: The U-factor addresses only sensible hear flow resulting from a temperature 
difference, not addressing latent (moisture-related) heat flow.
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Stud wall (example)
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U=0.255 W/m2K U=0.556 W/m2K
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The effect of framing

 Wood or metal stud
 Stud spacing 
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o.c. = on-center spacing



Roofs

 The U factor of roofs is calculated as for 
walls.  

 The effect of thermal bridging (as shown in 
the stud wall example in the prev. slide) 
must be included. 

 Un-insulated attic: treat it as at outdoor 
temperature
 A more complex calculation method presented 

in ASHRAE F. Ch.28

18



Image source: http://beodom.com/en/education/entries/fighting-thermal-bridges-or-how-to-make-better-buildings
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Floors

 When a floor is exposed to outdoor air (as 
with a cantilever or crawl space), the U-factor 
is calculated as for walls and roofs. 

 The effect of thermal bridging must be 
included.

 Vented crawl space: treat it as at outdoor 
temperature
 A more complex calculation method presented in 

ASHRAE F. Ch.29
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