
THE HEAT EQUATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Derivation of the Heat Equation in the Cartesean coordinates (finite control volume approach)2.3
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Consider a Control Volume
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        FOURIER’S LAW 

 

 

 

 

 

 

 

 

 
 
 
 

The Heat Equation - Derivation Consider a point in the system defined by a position vector 3
D∈ ⊂r � .  

Let V be an arbitrary small control volume containing the point r. 
 

Conservation of energy principle for control volume V: 
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 Apply the divergence theorem and combine the terms: 
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Because V is an arbitrary control volume, in the limit when 0V → : 
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 Apply the Fourier Law: 
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 If  k ,ρ ,cp are constant, then  
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THE HEAT DIFFUSION EQUATION  in uniform medium:  k ,ρ ,cp , and α  are constants 
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 Cartesian coordinates

 Cylindrical coordinates

 Spherical coordinates
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Derivation of the Boundary Condition                          Energy balance for Control Surface: 
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BOUNDARY CONDITIONS          in 1-D Cartesian Coordinates 
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