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Solution to Problem 150I:

In cylindrical coordinates, (r, θ, z), the Navier-Stokes equations of motion for an incompressible fluid of
constant dynamic viscosity, μ, and density, ρ, are
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where ur, uθ, uz are the velocities in the r, θ, z cylindrical coordinate directions, p is the pressure, fr, fθ, fz

are the body force components in the r, θ, z directions and the operators D/Dt and ∇2 are
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Then since the flow is steady, neglecting the convective inertial terms and recognizing that the body forces
will not contribute to the drag so we will neglect those the equations of motion become
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along with ∂p/∂z = 0.

With the given expressions for ψ, ur and uθ it follows that
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and substituting into the above equations of motion, it transpires that
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and therefore p is a simple constant. Moreover
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Now the drag D per unit depth normal to the flow will be given by
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and substituting for the stresses this yields D=0.


