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• Heat Trnasfer problems can be modelled as an 
electric circuit models 

• The thermal resistance corresponds to 
electrical resistance 

• Temperature difference corresponds to 
voltage 

• The heat transfer rate corresponds to electric 
current 
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Steady Heat Conduction in Plane 
Walls 

• We intuitively feel that heat transfer through the 
wall is in the normal direction to the wall surface, 
and no significant heat transfer takes place in the 
wall in other directions. 

• Recall: heat transfer in a certain direction is driven 
by the temperature gradient in that direction. 
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• The energy balance for the wall can be expressed as: 

 

 

 

 

 

• Which means in=out and we get 
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The Thermal Resistance Concept 
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• For convection heat transfer Newton's law of 
cooling can be re-arranged as: 
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• For radiation heat transfer we get 
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• Combined heat transfer can be re-written as 
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Thermal Resistance Network 
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• Equation 3-15 can be re-arranged as: 
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Multi Plane Walls 
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Thermal Contact Resistance 

• In the analysis of heat conduction through 
multilayer solids, we assumed “perfect contact” 
and thus no temperature drop at the interface. 

• In reality, however, even flat surfaces that appear 
smooth to the eye turn out to be rather rough 
when examined under a microscope. 

• Thus, an interface offers some resistance to heat 
transfer, and this resistance per unit interface 
area is called the thermal contact resistance.  
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Generalized Thermal Resistance 
Network 
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Heat Conduction in Cylinder and 
Spheres 
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Multilayer Cylinder and Spheres 

Prepared by: Dr. Tahir Abdul Hussain 



Prepared by: Dr. Tahir Abdul Hussain 



Prepared by: Dr. Tahir Abdul Hussain 



Critical Radius of Insulation 

• Adding more insulation to a wall or to the attic 
always decreases heat transfer. 

• Adding insulation to a cylindrical pipe or a 
spherical shell, however, is a different matter. 

• The additional insulation increases the 
conduction resistance of the insulation layer 
but decreases the convection resistance of the 
surface because of the increase in the outer 
surface area for convection. 
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Heat Transfer from Finned Surface 
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Infinitely Long Pipe 
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Negligible Heat Loss from Fin Tip 
(Insulated Fin Tip) 
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Convection or Combined from Fin Tip 
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