
2.094 
FINITE ELEMENT ANALYSIS OF SOLIDS AND FLUIDS 

SPRING 2008 

Homework 9 - Solution 

Instructor:  Prof. K. J. Bathe 
Assigned: 04/17/2008 
Due: 04/24/2008 

 
Problem 1 (10 points): 
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The conductivity matrix is 
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The heat flow load vector is 
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Problem 2 (10 points): 
 

 

 

Note that φ  is zero on the boundary of the shaft. Therefore we have only one degree of freedom at node 1, 1φ . 

Because of the symmetry, we need to consider only one element. 

We have for element 1, 
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Then FE governing equation for a unit length of the shaft is 
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3det
2

J =  

Hence, 

1
54
13
Gφ θ=  

Thus we obtain 

1 1

1 1

1 544 (1 )(1 ) 6det
3

4
12 1

8
3

T r s G drdsJ Gθ θ
+ +

− −

⎛ ⎞= + + ⎜ ⎟
⎝

=
⎠∫ ∫  

so that 

648
13
GT

θ
=  

 

 

 

Problem 3 (10 points): 
 

 

      (1) coarse mesh (2x12)                        (2) fine mesh (10x72)                          (3) finest mesh (20x144) 

The analytical velocity and pressure distributions are, 
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The results are compared with these analytical solutions in the following figures. Note that we obtained the 

velocities very close to the analytical ones even with the coarse mesh. However the pressure deviates from the 

analytical solution on the boundaries because the pressure is constant in the element we used and we averaged the 

pressure at each node for the plot. 
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