
LECTURE 3

HEAT TRANSMISSION IN 
BUILDING STRUCTURES
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Chapter 5



Building envelope
• In HVAC work the term building envelope refers to the 

walls, roof, floors, and any fenestrations that enclose the 
building

• It is through these components of a building that energy 
may enter or leave by heat transfer

• Good estimates of the corresponding heat transfer rates 
are necessary to design an acceptable air-conditioning 
system
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Building envelope contd..
• Walls and roofs are rather complex assemblies of 

materials

• Windows are often made of two or more layers of glass 
with air spaces between them and usually have drapes or 
curtains

• In basements, floors and walls are in contact with the 
ground

• Because of these conditions, precise calculation of heat 
transfer rates is difficult, but experience and experimental 
data make reliable estimates possible
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Modes of heat transfer
• Conduction – predominantly in solids

• Convection – predominantly in fluids

• Radiation – predominantly in vacuum 
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Thermal conduction
• Mechanism of heat transfer between parts of a continuum due 

to the transfer of energy between particles or groups of 
particles at the atomic level

• Fourier equation: 
= heat transfer rate, Btu/hr or W

k = thermal conductivity, Btu/(hr-ft-F) or W/(m-C)
A = area normal to heat flow, ft2 or m2

= temperature gradient, F/ft or C/m

• Negative sign indicates that flows in the positive direction of x 
when is negative
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Thermal Resistance
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x2 – x1= 

R' is defined as the thermal resistance such that:  

R’ 

"R factor", is referred to as the unit thermal resistance, or simply the unit 
resistance, R. For a plane wall the unit resistance is 

R 

Unit thermal conductance C = in Btu/(hr-ft2-F) or W/(m2-K) 



Electrical analogy
• Thermal resistance R' is analogous to electrical resistance

• is analogous to current, and

• (t2 - t1) is analogous to potential difference in 
Ohm's law (V = IR)

• This analogy provides a very convenient method of 
analyzing a wall or slab made up of two or more layers of 
dissimilar materials

7



Resistances in series
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Figure shows a wall constructed of three 
different materials. 

The heat transferred by conduction is 
given as  

where the resistances are in series

R’ =  R’1 + R’2 + R’3

= +

= 



Radial heat flow in a hollow cylinder
9

Here L = length of cylinder

• Surface temperatures ti and t0  are assumed to be uniform 
and steady  over each surface  

• Material is assumed to be homogeneous with a constant 
value of thermal conductivity



• Cylinders made up of several layers may be 
analyzed in a manner similar to the plane wall 
where resistances in series are summed

• The individual resistances are given by 

,  with ro and ri being the outer and 
inner radius of each layer.
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Ex 5-4
What is the unit thermal resistance for an inside partition 
made up of 3/8 in. gypsum board on each side of 8 in. 
lightweight aggregate blocks with vermiculite-filled cores?
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Ex 5-5
Compute the thermal resistance per unit length for a 4 in. 
schedule 40 steel pipe with 1½ in. of insulation. The 
insulation has a thermal conductivity of 0.2 Btu-in./(hr-ft2-F).
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Thermal convection
• Transport of energy by mixing in addition to 
conduction

• Convection is associated with fluids in motion, 
generally  through a pipe or duct or along a 
surface

• The transfer mechanism is complex and highly 
dependent on the nature of the flow
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Heat transfer rate
Simplified approach in convection is to express the heat 
transfer rate as

where:
= heat transfer rate from fluid to wall, Btu/hr or W

h = film coefficient, Btu/(hr-ft2-F) or W/(m2-s)
t = bulk temperature of the fluid, F or C
tw = wall temperature, F or C
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Convective heat transfer coefficient
= 
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in (hr-ft)/Btu or C/W

(hr-ft2-F)/Btu or (m2-C)/W

Film coefficient h is called the unit surface conductance or 
alternatively the convective heat transfer coefficient



h depends on
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• the fluid, 
• the fluid velocity, 
• the flow channel or wall shape or orientation,
• the degree of development of the flow field 

(i.e., the distance from the entrance or wall 
edge and from the start of heating) 



Forced and Free convection
• When the bulk of the fluid is moving relative to the heat transfer 

surface, the mechanism is called forced convection, because such 
motion is caused by a blower, fan, or pump that is forcing the flow.

• In forced convection buoyancy forces are negligible.

• In free convection, the motion of the fluid is due entirely to buoyancy 
forces, usually confined to a layer near the heated or cooled surface. 

• The surrounding bulk of the fluid is stationary and exerts a viscous 
drag on the layer of moving fluid. 

• As a result inertia forces in free convection are usually small. 

• Free convection is often referred to as natural convection.
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Convection in building structures
• Most building structures have forced convection due to wind 

along outer walls or roofs, and natural convection occurs inside 
narrow air spaces and on the inner walls. 

• There is considerable variation in surface conditions, and both 
the direction and magnitude of the air motion (wind) on outdoor 
surfaces are very unpredictable. 

• The film coefficient for these situations usually ranges from 
about 1.0 Btu/(hr-ft2-F) [6 W/(m2-C)] for free convection up to 
about 6 Btu/(hr-ft2-F) [35 W/(m2-C)] for forced convection with 
an air velocity of about 15 mph (20 ft/s or 6 m/s). 

• Free convection film coefficients are low, and the amount of 
heat transferred by thermal radiation may be equal to or larger 
than that transferred by convection.
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Thermal radiation
• Transfer of thermal energy by electromagnetic  waves

• An entirely different phenomenon from conduction and 
convection

• Radiation can occur in a perfect vacuum

• Radiation is actually impeded by an intervening medium
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Radiation heat transfer

where:
= Boltzmann constant 

= 0.1713 x 10-8 Btu/(hr-ft2-R4) = 5.673 x 10-8 W/ (m2-K4)
T = absolute temperature, R or K

= emittance of surface 1 or surface 2
A = surface area, ft2 or m2

F = configuration factor, a function of geometry only

The emissivity is the relative ability of its surface to emit energy by radiation. 
A true black body would have an ε = 1 while any real object would have ε < 1. 
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It is assumed that both surfaces are "gray" (where the 
emittance = absorptance )
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Correct this in 
the text book. 
This is a plus 
sign.



Thermal resistance of air spaces
• The thermal resistance for radiation is not easily 

computed because of the fourth power temperature 
relationship 

• Theory and experiment have been combined to develop 
combined or effective unit thermal resistances and unit 
thermal conductances for many typical surfaces and air 
spaces.

• Tables on next slides show surface film coefficients and 
unit thermal resistances as a function of wall position, 
direction of heat flow, air velocity, and surface emittance
for exposed surfaces such as outside walls. 
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Wall with thermal resistances in series

• The film coefficients may be read from Table 5-2a, the thermal conductivities from 
Tables 5-1, and the thermal resistance for the air space from Tables 5-3. 

• For this case of a plane wall, the areas are all equal.
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Ex 5-9
Compute the overall thermal resistance of a wall made up 
of 100 mm brick and 200 mm normal weight concrete block 
with a 20 mm air gap in between. There is 13 mm of 
gypsum plaster on the inside. Assume a 7 m/s wind velocity 
on the outside an still air inside. 
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Pipe with thermal insulation
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Resistances in parallel
• Thermal resistances may also occur in parallel

• Parallel thermal resistances can be combined together 
into an equivalent thermal resistances the same way as 
electrical resistances
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Thermal bridge
• A large variation in the thermal resistance of parallel 

conduction paths is called a thermal bridge

• A thermal bridge is defined in the ASHRAE Handbook as 
an envelope area with a significantly higher rate of heat 
transfer than the contiguous enclosure

• A steel column in an insulated wall is an example of such 
a bridge, since the resistance for heat transfer through the 
part of the wall containing the column is much less than 
that of the wall containing only insulation
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Two detrimental effects of thermal bridges
(i) They increase heat gain or loss, and 
(ii) They can cause condensation inside or on the 

envelope surface

These effects can be significant in the building's energy 
cost or damage done to the building structure by moisture. 

Methods to mitigate the effects of thermal bridging:
(i) Use of lower-thermal-conductivity bridging material, 
(ii) Changing the geometry or construction system, and 
(iii) Putting an insulating sheath around the bridge.
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Overall heat transfer coefficient
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Note: Values in Table 5-4 are incorrect.



Ex 5-8
The  pipe  of  Ex 5-5 has water flowing  inside with a heat-
transfer coefficient of 650 Btu/(hr-ft2-F) and is exposed to air on 
the outside with a film coefficient of 1.5 Btu/(hr-ft2-F). Compute 
the overall heat-transfer coefficient based on the outer area.
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Ex 5-16
A wall is 20 ft wide and 8 ft high and has an overall heat-
transfer coefficient of 0.07 Btu/(hr-ft2-F). It contains a solid 
urethane foam core steel door, 80 x 32 x 1¾ in., and a 
double glass window,120 x 30 in. The window is metal sash 
with no thermal  break [U = 0.81 Btu/(hr-ft2-F)]. Assuming  
parallel heat-flow paths for the wall, door, and window, find 
the overall thermal resistance and overall heat-transfer 
coefficient for the combination with respect to the wall area. 
Assume winter conditions.
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