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Transient (time dependent) conduction: 

 

The Lumped Capacitance Method: Temperature distribution is spatially uniform 
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The quantity Vc/hAs may be interpreted as thermal time constant expressed as 

 

 
 

Total energy transfer occurring up to time t 

 

 

Substituting for    
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Validity of the Lumped Capactance Method: 

 

The surface energy balance for this situation; 

 
 

 
 

Where Bi is the Biot number, defined as the 

ratio of the conduction resistance to 

convection resistance. 
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Validity of LCM 

 

 

 

 

 Lc = L for a plane wall of thickness 2L   

 

 Lc = 2ro for long cylinder 

 

 Lc = 3ro for sphere 

 

Returning to the basic equation, time multiple term hAs/Vc rearrange as 

 

 
 

With Lc = V/Ac 

 
Fo is the Fourier number and is referred as dimensionless time. Then, 
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Example problem: 

 
 

 

 
 

Time required to reach 199 C; 
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Example problem: 
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Spatial effects: 

 

For the case when Bi > 0.1 LCM is not applicable and spatial effects are needed 

to be taken into account. 

 

Returning to basic equation for Cartesian system  
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Approximate (one-term) solutions: 

 

Case Temperature distribution Energy transfer 

 

Plane 

wall 

 

 
 

 

Cylinder 

 

 
 

 

Sphere 

 

 
 

 

Here Qo is the initial energy of the wall relative to the fluid temperature as flows 

 

 
 

𝜃𝑜
∗ is to be determine for xo = 0 at centerline temperature distribution as 

. 
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Example problem: 
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