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ABSTRACT

Energy dissipation due to sloshing liquid in torus-shaped nutation dampers is studied experimentally. An extensive test
program with the dampers undergoing steady-state oscillatory translation is undertaken to establish the optimal parame
ters. Low liquid heights and large diameter ratios with the system operating at the liquid sloshing resonance are shown to
result in increased damping. Tests with two- and three-dimensional models in laminar flow and boundary layer wind tun
nels suggest that the dampers can successfully control both vortex resonance and galloping type of instabilities. Discussed in
some detail is a design procedure for application of the damper to three distinct situations: (a) full-scale smokestacks under
going vortex resonance; (b) wave-excited oscillations of offshore marine risers; and (c) horizontal pipelines. The information
should prove useful, particularly in damping low-frequency oscillations.
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(b) dampers, which provide a mechanism for dissipation, or
transfer of energy from one part of the system to the other.

With this as background, the paper explores an effective way of
dissipating energy through sloshing motion of liquid in a con
tainer. Motivation for the current investigation came from the

spacecraft technology where torus-shaped partially filled ring-type
nutation dampers (Fig. 2) are frequently used to control very long
librational motion. As the frequency of oscillations encountered in
wind-induced instability of bluff bodies, earthquake response of
buildings, and wave-excited vibrations of offshore structures is
relatively small, it was thought appropriate to explore applicabil
ity of nutation dampers to this class of problems.
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Fig. 1 Several typical devices providing: (a) external damping;
(b) internal damping

Vibration of mechanical systems is a universal phenomenon ex

tending to space, atmosphere, earth and ocean based structures.
Suppression of mechanical oscillations, forced or self-excited, or
at least their minimization to an acceptable level, is a challenge
faced by engineers. Librationalfvibrational instabilities of satel
lites with large flexible appendages in the form of solar panels,
antennas and booms are of interest to space engineers. With the
U.S. commitment to the Space Station, a highly flexible gigantic
structure with the fundamental natural frequency less than 0.1 Hz,

the problems of vibration damping in space environment have be
come of prime concern. Of course, the classical problems of flut
ter and divergence of aerodynamic surfaces operating in contin
uum aerodynamic field are still with us.

Coming back to earth, we are literally swamped by a host of

problems arising from a variety of diverse sources. Broadly speak
ing they may be classified as:

(i) structural instability in absence of fluid dynamical input.

Shimmy oscillation of automobile tires, chattering of ma
chine tools, relaxation oscillations, etc., represent a small

sample of vibration problems belonging to this category.
(ii) fluid-structure interaction instabilities.

Here, we have a large class of industrial aerodynamics, nu
clear reactor and offshore engineering oriented problems.
Cermak (1975) has presented an excellent review of this
literature.

On the other hand, a large number of devices have been devel

oped over years aimed at arresting vibrations (Zdravkovich,
1980). They may be classified as (Fig. 1):

(a) spoilers, which tend to change fluid dynamic characteristics
of structures in such a way as to interfere with and weaken
the exciting force;
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EXPERIMENTAL DETERMINATION OF DAMPER
CHARACTERISTICS

Experiments in steady-state forced excitation with the damper
undergoing a translational motion were designed to evaluate its

performance. The controlling dimensionless variables, including
liquid height hid, diameter ratio Did, dimensionless amplitude


