An Internet Book on Fluid Dynamics

Introduction
This and the following sections are devoted to a discussion of the various ﬂuid-induced radial and rotordynamic forces that can occur in pumps and other turbomachines. It has become increasingly recognized
that the reliability and acceptability of modern turbomachines depend heavily on the degree of vibration
and noise which those machines produce (Makay and Szamody 1978), and that one of the most common
sources of vibration is associated with the dynamics of the shaft and its related components, bearings,
seals, and impellers (Duncan 1966-67, Doyle 1980, Ehrich and Childs 1984). It is clear that the modern
pump designer (see, for example, Ek 1978, France 1986), or turbine designer (see, for example, Pollman
et al. 1978), must pay particular attention to the rotordynamics of the shaft to ensure not only that the
critical speeds occur at expected rotational rates, but also that the vibration levels are minimized. It
is, however, important to note that not all shaft vibrations are caused by rotordynamic instability. For
example, Rosenmann (1965) reports oscillating radial forces on cavitating inducers that are about 20% of
the axial thrust, and are caused by ﬂow oscillations, not rotordynamic oscillations. Also, Marscher (1988)
investigated shaft motions induced by the unsteady ﬂows at inlet to a centrifugal impeller operating below
the design ﬂow rate.
Texts such as Vance (1988) provide background on the methods of rotordynamic analysis. We focus
here only on some of the inputs which are needed for that analysis, namely the forces caused by ﬂuid
motion in the bearing, seal, or impeller. One reason for this emphasis is that these inputs represent, at
present, the area of greatest uncertainty insofar as the rotordynamic analysis is concerned.
We shall attempt to present data from many diﬀerent sources using a common notation and a common
nondimensionalizing procedure. This background is reviewed in the next section. Subsequently, we shall
examine the known ﬂuid-induced rotordynamic eﬀects in hydrodynamic bearings, seals, and other devices.
Then the forces acting on an impeller, both steady radial and rotordynamic forces, will be reviewed both
for centrifugal pumps and for axial ﬂow inducers.

