
General Heat Transfer 
and Applications

Heat Rate, Pipe Lagging and 
Wall Insulations



Smelting: the extraction of metal from its ore 

by a process involving heating and melting

cupola furnace is a melting device





Comparison between different 
heat transfer modes
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Conservation of Energy

• Energy conservation on a rate basis:
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 Inflow and outflow are surface phenomena

 Generation and accumulation are volumetric phenomena

Units W=J/s



Surface Energy Balance
For a control surface:
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Example 1



Solution







Example 2 



Solution

• Firstly, sketch the problem.





(b) Writing the heat Equation for the pipe wall only:

Clearly, the resistance of the pipe wall is negligible
compared with that of the insulation, and the
temperature difference across the pipe wall is a
correspondingly small fraction of the total temperature
difference in the system.



comments
• It should be pointed out that the calculation in the previous 

Example tends to overestimate the rate of heat transfer 
because it assumes that the insulation is in perfect thermal 
contact with the pipe wall.

• Since solid surfaces are not perfectly smooth, there will 
generally be air gaps between two adjacent solid materials. 
Since air is a very poor conductor of heat, even a thin layer of 
air can result in a substantial thermal resistance. 

• This additional resistance at the interface between two 
materials is called the contact resistance. Therefore, the total 
thermal resistance becomes as follows:
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General Schematic diagram
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Look!!! Ceramic layer: Max temp.  Rt2”  thick Q

Note: Assume steel layer 
temp. is constant =50C

Temp diff overall



Schematic for example
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