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Magnet wire is to be coated with varnish for insulation by drawing it through a circular die of 0.9 mm 
diameter.  The wire diameter is 0.8 mm and it is centered in the die.  The varnish, with a dynamic viscosity 
of 20 centipoise, completely fills the space between the wire and the die for a length of 20 mm.  The wire is 
drawn through the die at a speed of 50 m/s.  Determine the force required to pull the wire. 
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SOLUTION: 
 
Apply Newton’s 2nd Law in the x-direction to the wire shown in the diagram below. 
 
 
 
 
 
 
 
 
 
 

   (Note that the wire is not accelerating.) (1) 
where trx is the shear stress the fluid exerts on the wire and (2pRiL) is the area over which the shear stress 
acts.  The shear stress the wire exerts on the fluid (assumed to be Newtonian) is: 

 (2) 

where 

  (Note that u(r = Ro) = 0 and u(r = Ri) = V.) (3) 

Recall that the shear stress the fluid exerts on the wire will be equal to, but opposite, the value given by 
Eqn. (2).  Substitute Eqns. (2) and (3) into Eqn. (1) and simplify. 

 

 (4) 

 
Use the numerical values given in the problem statement. 

Ri = 4.0*10-4 m 
Ro = 4.5*10-4 m 
L = 2.0*10-2 m 
µ = 20 cP = 0.02 kg/(m×s)  (Note:  100 cP = 0.1 kg/(m×s).) 
V = 50 m/s 
Þ F = 1.0 N 
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Since the gap width is small, assume a 
linear velocity profile. 


