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In Equations (18) and (19) the exponential of r is negative 

for both the angles. When r approaches zero, 
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Figure 7 Three different mesh schemes 
 

To remove the singularity effect, one method is to extract 
the averaged current density over certain volumes. In this 
method the current density is averaged over all the elements 
of the selected volumes as following: 

Ўὐ
ΣЎὐ Ͻ ὠ
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where, Ўὐ  is average current density, Ўὐ is current density 
in each element, ὠ
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mesh sizes are tabulated in Table 1. As the mesh size is 
reduced by a factor of four, the maximum current density has 
increased by 24%. The average current densities calculated in 
the bottom disk for all the mesh schemes are the same. It is 
observed that the averaging has decreased the current density 
value in bottom disk by 56% compared to the maximum 
current density (in the case of ‘X/4’ mesh size). 

 
 
 
 
 
 
 
 
 
 
Figure 12 Current density contours with different meshes 

in the bottom disk 
 

Table 1 The Maximum and Average Current Densities 
Calculated in Bottom Disk for Different Mesh Sizes 

Mesh Size Max. 
Current dens. 
(Bottom Disk 
& Crescent) 

(A/m2) 

Average 
Current dens. 

in Bottom 
Disk 
(A/m2) 

x 0.55e8  0.30e8  

x/2 0.60e8  0.30e8  
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