MIT Department of Mechanical Engineering
2.25 Advanced Fluid Mechanics

Problem 7.12
This problem is from “Advanced Fluid Mechanics Problems” by A.H. Shapiro and A.A. Sonin

Consider an incompressible flow through a series of geometrically similar machines such as fans, pumps,
hydraulic turbines, etc. If @) denotes volume flow, w rotational speed, D impeller diameter, u fluid viscosity,
and p fluid density,

(a) show that dynamic similarity requires that Q/wD? and pQ/uD be fixed.

(b) Show that if Q/wD? and pQ/uD are fixed in a series of tests, then AP/pw?D? must remain constant,
where AP is the change in head across the machine, expressed in pressure units.

(¢) Find the form of the relation between the work output per unit mass of fluid W, and the the given
variables, in a series of tests where Q/wD? and pQ/uD are fixed.
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