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Summary

This paper presents results investigating two flow-indudbdation phenomena, vortex-induced vibration and aasii galloping.
Both of these occur when a slender structure, such as a eyliisdelastically mounted in a free stream, and allowed tillate in the
cross-stream direction. Both can result in large amplins@llations that have the potential to drive a generatoproduce renewable
energy. Itis shown that simple, passive geometric feattarfiave a significant impact on the flow structure and thetstral response,
and can be used to increase the efficiency of energy generatio

The wake of a circular cylinder immersed in a free stream & afithe most well-studied problems in fluid mechanics.
Typically, vortices are shed alternately from one side efdilinder, then the other, into the wake periodically, form
the Karman vortex street. The flow is characterized by a sipgrameter, the Reynolds numiber = UD /v, whereU

is the free stream velocity) is the cylinder diameter, andis the kinematic viscosity. Periodic vortex shedding of som
form is evident for essentially alte > 47.

If the structure can vibrate, the behavior of the system imesofar more complex. The simplest model of such a system
is that of a rigid, yet elastically-mounted cylinder (wiihéar springs), that is constrained to oscillate tran®rgrén

the cross-stream direction) only. The spring stiffnéssnechanical damping, and sprung mass: are introduced

as dimensional parameters. Typically (and in this pape3dhare formed into the following nondimensional groups:
the reduced velocity/* = U/ f, D, the damping rati@ = ¢/4x f,, and the mass ratio* = m/my, wheref,, =
sqrt(k/m)/2m is the natural structural frequency, amg is the mass of fluid displaced by the body.

For a circular cylinder, large amplitude oscillations, wihe potential to drive a generator, are caused only by tiee ph
nomenon of vortex-induced vibration (VIV). EssentialfitHe vortex shedding frequency from the cylinder is closth&
natural structural frequencf,, synchronization or lock-in occurs (similar to resonartng, where the vortex shedding
frequency can be changed to synchronize to, or closé.todue to the fluid-structure coupling), resulting in resdnan
large amplitude oscillations. Experiments have shown aut#s of oscillation of ovet D for Re ~ 10 [1]. Simulations
atRe = 200 have found amplitudes of aroufds D [3].

If the body is not circular, a second phenomenon, gallogiegomes possible. Galloping occurs due to the changes in
force on the body due to changes in angle of attack. For theersysonstrained to oscillate transversely, an effective
angle of attack is induced by the vector addition of the fiteeasn velocity and the body velocity. If an initial positive
displacement (with positive velocity) generates a positift force, the system is aeroelastically unstable, amgela
amplitude, typically low frequency, oscillations can occA successful quasistatic theory of such transverse gjakp
has been developed by [4].

The results presented in this paper are from a series oftditguerical simulations, using a well established spectral
element code, investigating both VIV and galloping. Therany focus has been to investigate the impact of the geometry
namely changing the cross-section of the body, to try totiflethe passive geometric features that can be used to gener
large amplitude oscillations suitable for exploitation fenewable energy.

Three base geometries are presented for comparison; dacioslinder, a square cylinder presenting a flat side to the
oncoming flow (the “square” case) and a square presentingreecto the oncoming flow (the “diamond” case). When
rigidly mounted, all three geometries result in flows withryweimilar structures, essentially the Karman vortex dtree
Examples of these three flows are presented in figure 1.
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Figure 1. Examples of the Karman vortex street for the (a) circulandgdr, (b) square cylinder, and (c) diamoriRle = 200 for all
cases.

However, once the bodies are elastically mounted, theialdeh and the resulting flow, becomes a strong function of
the geometry. Here, the response of the circular and diarogintler are compared. For both geometrigs, = 200,

the mass ratio is low ai* = 2, and the mechanical damping is zero. This leaves the redwgtedity, U*, as the only
independent parameter.
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Figure 2. Maximum oscillation amplitudes for (a) the circular cylardand (b) the diamond case, as a functio/6f For both cases,
Re = 200, m* = 2, { = 0. The vertical dotted lines and annotation at the top of tlo¢ ipidicate different response regimes, each
with unique spatio-temporal symmetries.

Figure 2 shows the maximum amplitude of oscillation for bgéometries as a function &f*. Also marked on these
plots are the approximate boundaries of different reginiesgponse [3, 2]. The most striking feature of these plots is
that the diamond geometry produces peak amplitudes oflatsmil around30% greater than the circular cylinder, and
the range ot/* over which significant oscillations occur is greater. Botthese findings indicate that energy generation
from VIV can be improved using simple, passive geometri¢uiess. Also, the number of flow regimes is greater for
the diamond, with significant chaotic, quasiperiodic, amdh&rmonic response regimes present that do not occurdor th
circular cylinder.

The square cylinder is susceptible to transverse gallopéoguse a small positive displacement with positive vBloci
results in a positive mean lift force. Galloping typicallgaurs for high values of/*, with the amplitude of oscillation
increasing with increasing*. Preliminary results, and the results of [5], show that fegRe = 250, low frequency
periodic oscillations with amplitudes of ovéD can be achieved. This alone presents great potential toallegigg for
energy generation.

In a similar manner, some cross sections can be unstableotatéonal galloping mode, where a small positive angular
displacement results in a positive moment being appliede dduare cylinder is not unstable to this mode, however
rectangular bodies, longer in the flow direction, are urlstabthis mode. Further potential may be harnessed by finding
cross sections that are unstable to both of these modespss sections where instability in one mode increases the
amplitude of oscillation in the other.

These results show that, for both VIV and galloping, an usidgeding of the flow structures involved, and their intecact
with the geometric features of the body, is critical to dep@hg the most efficient energy generation technologies.
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