viscosity 06

A rotating cylinder viscometer is shown in the figure below. The inner cylinder has radius, R, and height, H. An
incompressible, viscous, Newtonian fluid of density, p, and viscosity, L, is contained between the cylinders. The
narrow gap between the cylinders has width, ¢ (<< R and H). A torque, 7, is required to rotate the inner cylinder at
constant speed €. Determine the fluid viscosity, i, in terms of the other system parameters.
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viscosity 06

SOLUTION:

Assume that the velocity profiles in the narrow gaps are linear since the gap size is small and curvature may be
neglected (#/R << 1) . In the circumferential gap the fluid velocity gradient will be:
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In the gap at the bottom of the cylinder the fluid velocity gradient will be:
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The shear forces acting on the fluid at the inner cylinder wall and base will be:
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Note that the force acting on the cylinder will be equal in magnitude but in the opposite direction to the force acting
on the fluid (Newton’s 3™ Law).

The total torque acting on the cylinder (neglected the contribution from the corner regions) is:
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Re-arrange to solve for the viscosity:
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