
Step-by-step solution

Draw the schematic diagram of fin.

Comment

Obtain the exact temperature at node -2 by using the relation

Here,  is thermal conductivity,  is area,  is length,  is the transfer coefficient,  is the

perimeter,  is fluid temperature, and  is distance of node from base.

Substitute  for , for ,  for  ,  for ,

 for ,  for ,  for , and  for .

Comment

Obtain the exact temperature at node -3.

Here,  is thermal conductivity,  is area,  is length,  is the transfer coefficient,  is the

perimeter,  is fluid temperature, and  is distance of node from base.

Substitute  for , for ,  for  ,  for ,

 for ,  for ,  for , and  for .

Comment

Obtain the exact temperature at node 4 by using the relation

 …… (1)

Here is thermal conductivity, is area, is length, is the transfer coefficients,  is the

perimeter,  is fluid temperature  is distance of node from base.

Substitute  for , for ,  for  ,  for ,

 for ,  for ,  for , and  for  in equation (1).

Comment

Obtain the exact temperature at node -5 by using the relation

Here is thermal conductivity, is area, is length, is the transfer coefficients,  is the

perimeter,  is fluid temperature  is distance of node from base.

Substitute  for , for ,  for  ,  for ,

 for ,  for ,  for ,  for .

Comment

Obtain the exact temperature at node -6.

Substitute  for , for ,  for  ,  for ,

 for ,  for ,  for , and  for .

Comment

Obtain the exact heat loss from fin.

Substitute  for , for ,  for  ,  for ,

 for ,  for , and  for .

Therefore, exact heat loss from the fin is 

Comment

Obtain the stiffness matrix of element-1.

Substitute  for ,  for ,  for ,  for ,

 for .

Comment

Obtain the force matrix of element-1 from the relation

Here,  is length,  is the transfer coefficient,  is the perimeter, and is fluid temperature.

Substitute  for ,  for ,  for , and  for .

Comments (1)

Obtain the stiffness matrix of element-2.

Here,  is thermal conductivity,  is the area,  is length,  is the transfer coefficient, and

 is the perimeter.

Substitute  for , for ,  for ,  for , and

 for .

Obtain the force matrix of element-2 from the relation

Here,  is length,  is the transfer coefficient,  is the perimeter, and is fluid temperature.

Substitute  for ,  for ,  for ,  for .

Comment

Obtain the stiffness matrix of element-3 from the relation.

Substitute  for ,  for ,  for ,  for , and

 for .

Comment

Obtain the force matrix of element-3 from the relation.

Substitute  for ,  for ,  for ,  for .

Comment

Obtain the stiffness matrix of element-4 from the relation

Substitute  for , for ,  for ,  for ,

 for .

Obtain the force matrix of element-4 from the relation.

Substitute  for ,  for ,  for , and  for .

Comment

Obtain the stiffness matrix of element-5 from the relation.

Substitute  for , for ,  for ,  for , and

 for 

Comment

Obtain the force matrix of element-5 from the relation.

Substitute  for ,  for ,  for ,  for .

Comment

Obtain the global stiffness matrix by assembling the element stiffness matrices

Comment

Obtain the global force matrix by assembling the element force matrices.

Comment

Obtain the temperatures by using the equations.

Therefore, the temperatures at the nodes are .

Comment

Obtain the heat loss from the element-1 by using the relation.

Substitute,  for ,  for ,  for ,  for 

Comment

Obtain the heat loss from the element-2 by using the relation

Substitute,  for ,  for ,  for ,  for .

Comment

Obtain the heat loss from the element-3 by using the relation.

Substitute,  for ,  for ,  for ,  for .

Comment

Obtain the heat loss from the element-4 by using the relation.

Substitute  for ,  for ,  for ,  for .

Comment

Obtain the heat loss from the element-5 by using the relation.

Substitute  for ,  for ,  for ,  for .

Comment

Obtain the total heat loss from the fin by summing up the heat loss from the elements

Comment

Obtain the total heat loss from the array of 50 fins from the relation.

The total heat loss from the array of 50 fins is 

Comment

Obtain the exact temperature at node -2 by using the relation

Here is thermal conductivity, is area, is length, is the transfer coefficients,  is the

perimeter,  is fluid temperature  is distance of node from base.

Substitute  for , for ,  for  ,  for ,

 for ,  for , and  for .

Comment

Obtain the exact temperature at node -3 by using the relation.

Substitute  for , for ,  for  ,  for ,

 for ,  for ,  for 

Comment

Obtain the exact temperature at node 4 by using the relation

Substitute  for , for ,  for  ,  for ,

 for ,  for ,  for .

Comment

Obtain the exact temperature at node -5 by using the relation

Substitute  for , for ,  for  ,  for ,

 for ,  for ,  for 

Comment

Obtain the exact temperature at node -6 by using the relation

Substitute  for , for ,  for  ,  for ,

 for ,  for ,  for 
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Was this solution helpful?

Comment

Obtain the exact heat loss from fin using the relation

Here is thermal conductivity, is area, is length, is the transfer coefficients,  is the

perimeter,  is fluid temperature  is distance of node from base.

Substitute  for , for ,  for  ,  for ,

 for ,  for 

Therefore, the exact heat loss from the fin is .

Comment

Obtain the force matrix of element-1 when  from the relation.

Substitute  for ,  for ,  for ,  for .

Comment

Obtain the force matrix of element-2 when  from the relation.

Substitute  for ,  for ,  for ,  for .

Obtain the force matrix of element-3 when  from the relation.

Substitute  for ,  for ,  for ,  for .

Comment

Obtain the force matrix of element-4 when .

Substitute  for ,  for ,  for ,  for .

Obtain the force matrix of element-5 when  from the relation.

Substitute  for ,  for ,  for ,  for .

Comment

Obtain the global force matrix by assembling the element force matrices.

Obtain the temperatures by using the equations

Therefore, the temperatures at the nodes are 

Comment

Obtain the heat loss from the element-1 by using the relation.

Here is length, is the transfer coefficients,  is the perimeter is fluid temperature.

Substitute,  for ,  for ,  for ,  for .

Comment

Obtain the heat loss from the element-2 by using the relation

Substitute,  for ,  for ,  for ,  for .

Comment

Obtain the heat loss from the element-3 by using the relation.

Substitute,  for ,  for ,  for ,  for .

Comment

Obtain the heat loss from the element-4 by using the relation.

Substitute,  for ,  for ,  for ,  for .

Obtain the heat loss from the element-5 by using the relation.

Substitute,  for ,  for ,  for ,  for .

Comment

Obtain the total heat loss from the fin by summing up the heat loss from the elements

Obtain the total heat loss from the array of 50 fins from the relation

The total heat loss from the array of 50 fins is .

Nodes

Exact temperatures

when 

in 

Calculated

temperatures when

 in 

Exact temperatures

when 

in 

Calculated

temperatures when

 in 

1 80 80 80 80

2 61.56 61.44 63.64 63.54

3 49.41 49.24 52.86 52.72

4 41.81 41.62 46.12 45.95

5 37.64 37.44 42.42 42.25

6 36.32 36.12 41.25 41.07

Comment
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