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EXPLICIT FINITE DIFFERENCE METHOD [STEADY STATE CONDITION] 

o In the energy balance method, the finite-difference equation for a node is obtained 
by applying conservation of energy to a control volume about the nodal region.  

o Since the actual direction of heat flow (into or out of the node) is often unknown, 
it is convenient to formulate the energy balance by assuming that all the heat 
flow is into the node.  

o For steady-state conditions with generation, the appropriate form of Equation 
is written as: 

                                                 [1] 
 

 ∑          
 
                                                                     [2] 

1. Interior Node 

 

Assuming No heat generation inside the system equation [2] becomes: 

                                                                                                                      [3] 

                                   
           

  
  [4.1] 

                                   
           

  
  [4.2] 

                                   
           

  
   [4.3] 

                                   
           

  
  [4.4] 

Substituting equation [4.1] – [4.4] in to equation [3] we get: 
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Assuming uniform mesh (       and rearranging the equation becomes: 

                                                  

 

  

2. Node at interior corner with convection 

 

 

 

 

 

 

 

With no heat generation inside the system, the energy balance equation for Node at interior 

corner with convection can be given as: 

                                                                                                 [5] 

Where;  

            
  

 
    

           

  
                                                                                       [6.1] 

   
     

         
           

  
                                                                                      [6.2] 

                 
           

  
                                                                                       [6.3] 

            (
  

 
  )

           

  
                                                                                      [6.4] 

            (
  

 
  ) (        )                                                                                              [6.5] 

𝑻𝒊 𝟏 𝒋   𝑻𝒊 𝟏 𝒋    𝑻𝒊 𝒋 𝟏   𝑻𝒊 𝒋 𝟏   𝟒𝑻𝒊 𝒋  𝟎 
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                                                                                             [6.6] 

Substituting equations from [6.1]-[6.6] in equation [5] we get:  

 (
  

 
  )

           

  
         

           

  
         

           

  
   (

  

 
  )

           

  

  (
  

 
  ) (        )    (

  

 
  ) (        )    

Assuming uniform mesh (        and rearranging the equation: 

 

 
(           )   (           )   (           )   

 

 
(           )     (        )    

Multiplying both sides by (
 

 
  we get: 

                                        
    

 
      

    

 
      

(                                 
    

 
     (   

   

 
)                                          [Bi =

   

 
] 

 

 

3. Node at plane surface with convection 

 

 

 

 

 

 

 

With no heat generation inside the system, the energy balance equation for Node at plane 

surface with convection can be given as: 

                                  [7] 

  𝑇𝑖   𝑗   𝑇𝑖 𝑗     𝑇𝑖   𝑗   𝑇𝑖 𝑗    𝐵𝑖𝑇        𝐵𝑖 𝑇𝑖 𝑗                                       
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Where; 

                
           

  
                                                                                        [8.1] 

        (
  

 
  )

           

  
                      [8.2] 

        (
  

 
  )

           

  
  [8.3] 

              (        )  [8.4] 

Substituting and rearranging equations [8.1 – 8.4] in to equation [7] we get: 

        
           

  
   (

  

 
  )

           

  
   (

  

 
  )

           

  
         (        )     

Assuming uniform mesh (                                      
 

 
   

                                            
    

 
(        )      

Rearranging the equation: 

 

 

4. Node at exterior corner with convection 

 

 

 

 

 

 

 

With no heat generation inside the system, the energy balance equation for Node at 

exterior corner with convection can be given as: 

                                                                 [9] 

  𝑇𝑖   𝑗  𝑇𝑖 𝑗    𝑇𝑖 𝑗    
   𝑥

𝑘
𝑇    (   

  𝑥

𝑘
) 𝑇𝑖 𝑗      
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Where,  

         
  

 
    

           

  
                                                                                     [10.1] 

        (
  

 
  )

           

  
  [10.2] 

        (
  

 
  ) (        )  [10.3] 

        (
  

 
  ) (        )  [10.4] 

Substituting equations [10.1 – 10.4] in to equation [9] and rearranging we get: 

 (
  

 
  )

           

  
   (

  

 
  )

           

  
   (

  

 
  ) (        )    (

  

 
  ) (        )

    

Assuming uniform mesh (                                      
 

 
   

 

 

EXPLICIT FINITE DIFFERENCE METHOD [UNSTEADY STATE CONDITION] 

o In this section we consider explicit forms of finite-difference solutions to transient 

conduction problems using the Energy Balance Method. 

o In the energy balance method, the finite-difference equation for a node is obtained 

by applying conservation of energy to a control volume about the nodal region.  

o Since the actual direction of heat flow (into or out of the node) is often unknown, it is 

convenient to formulate the energy balance by assuming that all the heat flow is into 

the node. 

For unsteady state heat conduction method the conservation of energy equation is 

becomes:  

                                                           [1] 

                      ∑          
 
                           

  

  
                                        [2]    

 

 𝑇𝑖   𝑗   𝑇𝑖 𝑗    
   𝑥

𝑘
𝑇      

  𝑥

𝑘
 𝑇𝑖 𝑗     
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1. Interior Node 

  

 

Assuming No heat generation inside the system equation [2] becomes: 

                                                     
  

  
                                                 [3] 

Where rate of conduction heat transfer between nodes are expressed as :( consider unit 

depth and n refers to neighbor node) 

                                   
      

      
 

  
  [4.1] 

                                   
      

      
 

  
  [4.2] 

                                   
      

      
 

  
   [4.3] 

                                   
      

      
 

  
  [4.4] 

Substituting equation [4.1] – [4.4] in to equation [3] we get: 

         
      

      
 

  
         

      
      

 

  
        

      
      

 

  
 

        
      

      
 

  
            

  

  
                                       

Assuming uniform mesh (       and rearranging the equation becomes: 
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    (      

      
 
)   (      

      
 
)   (      

      
 
)

      
    

        
 

  
                                       

Where n represent time steps [dividing both sides by k] 

      
 

        
 

       
 

 +       
       

    
     

   
     

        
    

Solving for     
    , collecting like term and rearranging: [Fo = 

   

      
   

     

    
     

   

     
       

 
        

 
       

 
 +       

    (   
   

     )      
 

 

 

 

2. Node at interior corner with convection 

 

 

 

 

With no heat generation inside the system, the 

energy balance equation for Node at 

interior corner with convection can be 

given as: 

                                                                    
  

  
                       [5] 

Where; 

           
  

 
    

      
      

 

  
                                                                                     [6.1] 

   
     

         
      

      
 

  
                                                                                   [6.2] 

                 
      

      
 

  
                                                                                     [6.3] 

𝑻𝒊 𝒋
𝒏 𝟏   𝑭𝒐 𝑻𝒊 𝟏 𝒋

𝒏
  𝑻𝒊 𝟏 𝒋

𝒏
 𝑻𝒊 𝒋 𝟏

𝒏
 + 𝑻𝒊 𝒋 𝟏

𝒏    𝟏  𝟒𝑭𝒐  𝑻𝒊 𝒋
𝒏
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            (
  

 
  )

      
      

 

  
                                                                                     [6.4] 

            (
  

 
  ) (        

 
)                                                                                             [6.5] 

              
  

 
            

 
                                                                                 [6.6] 

  

  
  

    
        

 

  
                                                                                                      [6.7] 

Substituting equations from [6.1]-[6.7] in equation [5] we get:  

 (
  

 
  )

      
      

 

  
        

      
      

 

  
         

      
      

 

  

   (
  

 
  )

      
      

 

  
   (

  

 
  ) (        

 )   (
  

 
  ) (        

 )

    (
 

 
       )

    
        

 

  
 

Assuming uniform mesh (        and rearranging the equation: 

 

 
       

 
     

           
      

            
      

   
 

 
       

      
               

     
    

      

   
     

        
     

Multiplying both sides by (
 

 
  we get: 

      
         

          
        

       
  

    

 
    

    

 
    

   
      

    
     

        
     

Solving for      
                                     [Bi = 

   

 
 and Fo = 

   

     ] 

    
     

    

      
       

 

        
          

        
   

    

 
       

       

       

  
   

     
     

  

 

 

 

𝑇𝑖 𝑗
𝑛    

 

 
𝐹𝑜 𝑇𝑖   𝑗

𝑛

  𝑇𝑖   𝑗
𝑛    𝑇𝑖 𝑗  

𝑛  𝑇𝑖 𝑗  
𝑛   𝐵𝑖𝑇      

 

 
𝐵𝑖𝐹𝑜    𝐹𝑜 𝑇𝑖 𝑗

𝑛 

 



[computational heat transfer] April 20, 2020 

 

Dr. Yilma.T Page 9 
 

3. Node at plane surface with convection 

 

 

 

 

 

 

 

 

With no heat generation inside the system, the energy balance equation for Node at plane 

surface with convection can be given as: 

                                           
  

  
                                                                       [7] 

Where, 

   
     

         
      

      
 

  
                                                                                        [8.1] 

           (
  

 
  )

      
      

 

  
                           [8.2] 

            (
  

 
  )

      
      

 

  
       [8.3] 

                  (        
 
)         [8.4] 

Substituting and rearranging equations [8.1 – 8.4] in to equation [7] we get: 

       
      

      
 

  
  (

  

 
  )

      
      

 

  
   (

  

 
  )

      
      

 

  

         (        
 
)     (

  

 
     )

    
        

 

  
  

Assuming uniform mesh (                                      
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Solving for     
                              [Bi = 

   

 
 and Fo = 

   

     ] 

    
    

   

     
(       

        
         

  
    

 
   )      (  

    

     
 

       

      
)    

  

 

 

4. Node at exterior corner with convection 

 

 

 

 

 

 

 

With no heat generation inside the system, the energy balance equation for Node at 

exterior corner with convection can be given as: 

                                   
  

 
 
  

 
   

  

  
                                [9] 

Where,  

         
  

 
    

      
      

 

  
                                                                                  [10.1] 

        (
  

 
  )

      
      

 

  
  [10.2] 

        (
  

 
  ) (        

 
)  [10.3] 

        (
  

 
  ) (        

 
)  [10.4] 

 

𝑇𝑖 𝑗
𝑛   𝐹𝑜( 𝑇𝑖   𝑗

𝑛  𝑇𝑖 𝑗  
𝑛   𝑇𝑖 𝑗  

𝑛   𝐵𝑖𝑇  )          𝐹𝑜   𝐵𝑖𝐹𝑜 𝑇𝑖 𝑗
𝑛 



[computational heat transfer] April 20, 2020 

 

Dr. Yilma.T Page 11 
 

Substituting equations [10.1 – 10.4] in to equation [9] and rearranging we get: 

 (
  

 
  )

      
      

 

  
   (

  

 
  )

      
      

 

  
  (

  

 
  ) (        

 )

  (
  

 
  ) (        

 )     (
  

 
 
  

 
  )

    
        

 

  
 

Assuming uniform mesh (                                      
 

 
   

      
         

       
  

    

 
    

  
    

 
    

     

    
 (    

        
 ) 

Solving for     
    and rearranging the equation we get: 

    
     

    

            

 
        

   
    

 
         

   

       
   

     

   

 
     

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

𝑇𝑖 𝑗
𝑛     𝐹𝑜 𝑇𝑖   𝑗

𝑛   𝑇𝑖 𝑗  
𝑛    𝐵𝑖𝑇        𝐹𝑜   𝐹𝑜𝐵𝑖 𝑇𝑖 𝑗

𝑛  


