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Basic Heat Transfer Modes

• Heat is transferred in buildings in the three known ways, which are conduction, 

convection and radiation

Thermal Conduction

It is a mechanism of heat transfer at the atomic level  and it is given by the following

equation:



Flat wall case





• The temperature gradient is assumed to be uniform and steady. The material is assumed to be

homogeneous and have a constant value of thermal conductivity

Curved wall case



• The thermal conductivity K, the density and the specific heat cp are measured and

given in tables for the sake of HVAC use. It is given in tables 5-1a and 5-1b.

• The thermal conductance C is also given in the tables



Thermal Convection

• It is the transport of energy by mixing in addition to conduction and it is mainly 

happens in fluids through pips or ducts or a long surfaces.





• There are two types of convection:

Forced convection: when the bulk of the fluid is moving relative to the heat transfer 

surface. This motion is usually caused by blowers, fans or pumps. Most building 

structures have forced convection due to wind along outer walls or roofs.

Free convection: it happens when the flow is entirely due to buoyancy forces. It occurs 

inside narrow air spaces and on the inner walls  .

Thermal Radiation

• it is the transfer of thermal energy by electromagnetic waves, and it can occur in a

perfect vacuum.

• The direct net transfer of energy by radiation between two surfaces that see only

each other and that are separated by a non-absorbing medium.



• It is assumed that both surfaces are gray, where the emittance € equals the 

absorptance 

• Figure 5-3 shows when the radiation is considered to be a significant factor



• Table 5-2a gives the surface film coefficient and unit thermal resistance as a 

function of wall position, direction of heat flow, air velocity and surface emittance 

for exposed surfaces such as outside walls.

• Table 5-2b gives representative values of emittance for some buildings and 

insulating materials

• Thermal radiation is a large factor when natural convection occurs.

• With higher air velocities the effect of radiation diminishes.

• Radiation is very important in the heat gains through ceiling spaces.

• Tables 5-3a and 5-3b give conductance and resistances for air spaces as a function 

of orientation  





Unite resistance or conductance 

(equation 5-7) can be used

Only with appropriate area 

weighting factor when the area is 

not equal



Parallel thermal resistance



• When the ration of the larger to the smaller of the thermal resistance is less than 

about 5 equation 5-18 gives reasonable approximation of the equivalent thermal 

resistance.

           



Thermal bridge

• A large variation in the thermal resistance of parallel conduction paths is called a 

thermal bridge

• A thermal bridge as in ASHREA is an envelope area with significantly higher 

rate of heat transfer than the contiguous enclosure.

• Example on that  is a steel column in an insulated wall.

• Thermal bridges have two primary determintal effects: they increase heat gain or 

loss, and they 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.

• To overcome the effect of thermal bridging the following is suggested:

a) use of lower-thermal-conductivity bridging material, b) changing the 

geometry or construction system, c) putting an insulating sheath around the 

bridge



Tabulated overall heat-transfer Coefficients

Walls and Roofs

• Walls and roofs vary considerably in the materials from which they are 

constructed.









Windows and Doors

• Tables 5-5a and 5-5b give the overall heat transfer coefficient. The values 

are for winter design conditions, but can be used in summer when corrected 

according to wind velocity using table 5-7.



• The heat transfer through basement walls and floors depends on the temperature 

difference between the inside air and the ground, the wall or floor material (mainly 

concrete) and the conductivity of the ground.

• Tables 5-9 and 5-10 give reasonable results for load calculations but should not be  

used for annual or seasonal load estimates.

• Judgment must be used in selecting data for basement floors less than 5 ft (1.5 m) 

below grad.

• For slabs, it is reasonable to use slab on grad data, down to about 3 ft (90 cm).

• Heat losses from below grade walls and floors are dependent on the ground 

temperature near surface than on the deep ground temperature.

• Ground surface temperature vary about a mean value by an amplitude (Amp), 

which is a function of geographic location.

• The heat loss is given by equation 5-20

Concrete Floors and Walls below Grade







Moisture Transmission

• The moisture moves from a location where the concentration is high to lower 

concentration.

• Moisture transmission occurs in the form of vapor that condenses when comes in contact 

with a surface with temperature lower than its dew point.

• The movement and condensation of moisture can cause sever damage to the structure and 

may lead to mold formation, which can be toxic to residents.

• During winter the moisture is the greatest in the interior space.

• The moisture reduces the thermal resistance of the insulation. Freeze ups may occur and 

cause damage to the structure.

• During summer months, the moisture transfer process is from inside to outside.

• The transfer of moisture can be controlled through the use of barriers or retardants such 

as aluminum foil, thin plastic film and ventilation

• The moisture retarder should be near the warmest surface to prevent moisture from 

entering the insulation.

• The barrier is usually installed between the inside finish layer and the insulation.

• In summer the moisture can be controlled by natural ventilation.


