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Fig.1 Periodic flow field without vortex shedding obtained by shooting method for f. = 2.0f,.
The frequency of the solution equals to the forced frequency
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Fig.2 Quasi-periodic flow field obtained by direct integration for fe = 2.0f,, in which vortex shedding

phenomenon is observed in contrast to Fig 1
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(c) Spectral analysis of quasi-periodical flow field, where two peaks correspond
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3 BABAERR (fo = 2.0f,)
Fig.3 Double periodic bifurcation (fe = 2.0f,)
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Fig.4 Hopf bifurcation(fe = 2.4f,)
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(c) Spectral analysis of periodic solution obtained by direct integration,
in which the peaks correspond to the forced frequency
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Fig.5 Lock-in phenomenon (f. = 1.2f,)
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PERIODIC SOLUTIONS AND THEIR FLOQUET STABILITIES
OF FLOWS AROUND A ROTATIONALLY OSCILLATING
CIRCULAR CYLINDERY

Sun Liang Hu Guohui Sun Dejun Yin Xieyuan
(Department of Modern Mechanics, University of Scicince and Technotogy of Chins, defer 230026, China)
(LNM, Institute of Mechorics, Chinese Academy of Sciencee, Beijing 100080, China)

Abstract Gscillation ¢f a circatar cylinder is a important manner for the active control of its
wakes. Understanding tiie dynamical characteristics of the flows will be helpful for us to explore
the mechanism of the control. In present study a low dimensional Galerkin method (LDGM),
which has been confirmed to be an ideal tool for investigation on global stability and theoretical
analysis of chaos, is applied to reduce the Navier-Stokes equations to a set of nonlinear ordinary
differential equations (ODEs). Periodic solutions (stable or unstable) of the equations are obtained
by a shooting method for the flows over a rotationally oscillating circular cylinder at low Reynolds
number. The bifurcation characteristics of these periodic flows are analyzed with the help of
Floquet theorem.

Results show that in the unstable periodic flow obtained by the shooting method at supercrit-
ical Reynolds number, the two vortices behind the circular cylinder just become strong and weak
periodically, rather than shedding alternately, i.e., no Karman vortex street is formed. The Flo-
quet stability analyses describe the complicated transition procedure from the periodic flow to the
quasi-periodic flow at a fixed Reynolds number Re = 60 with natural vortex shedding frequency
fs. The double periodic bifurcation, Hopf bifurcation, and lock-in phenomenon are observed for
different forcing frequencies f,, and the obtained theoretical results agree with the direct numerical
integration and fast Fourier transformation (FFT) analyses of the ODE system. When f. = 2.0f,,
the largest Floquet multiplier crosses the unit circle from negative real axis, which indicates the
occurrence of double periodic bifurcation of the flow. When f, = 2.4f,, a pair of conjugate imag-
inary Floquet multipliers cross the unit circle, which suggests the onset of Hopf bifurcation. The
lock-in phenomenon is observed when f. = 1.2f,, and the corresponding periodic solution obtained
from the shooting method is always stable since the vortex shedding frequency is captured by the
forcing frequency.

An interesting extension of the present work is to determine the stability region of the periodic
solutions in the parameter space f., forcing amplitude, and Reynolds number. It is hard to perform
such analyses because of the complexity of the flows leading to huge computation. However, this

work is being undertaken.

Key words Floquet theorem, wakes behind circular cylinders, bifurcation, stability, shooting
method

Received 25 May 1999, revised 13 March 2000.
1) The project supported by the National Natural Science Foundation of China (19393100-6A).




