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Secondary Instability in the Wake of a Circular Cylinder
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Abstract
Secondary instability of flow past a circular cylinder is examined using direct numerical
simulation at Reynolds number 220 and 250. The higher-order finite difference scheme is
employed for the spatial distributions along with the second order Adams-Bashforth and the first
order backward-Euler time integration. In x-y plane, the convection term is applied by the 5th

order upwind scheme, and the pressure and viscosity terms are applied by the 4th order central
difference. In spanwise, Navier-Stokes equation is distributed using Spectral Method. The critical
Reynolds number for this instability is found to be about Re=190. The secondary instability
leads to three-dimensionality with a spanwise wavelength about 4 cylinder diameters at onset

(A-mode). Results of three-dimensional effect in wake of a circular cylinder are represented with

spanwise and streamwise vorticity contours as Reynolds numbers.
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Fig. 1 Variation of shedding frequency with
Reynolds number from experiments
and simulations (filled circles)
Hammache&Gharib (1991); (open
circles), Williamson (1989);(open
triangle)three -dimensional simulation
from Mittal
&Balachandar(1995); + three-dimensional

Henderson (1997);

the solid line is a curve fit to

simulations from

two-dimensional simulation data up to

Re = 1000 from Barkley & lenderson
(1996).
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(a) Re=220 (b) Re=250

Fig.3 Spanwise Vorticity Contours

(Contours are evenly spaced over the range -5< {,<5; Spanwise vorticity-Karman vortex street)

(a) Re=220 {b) Re=250

Fig.4 Streamwise Vorticity Contours

( Contours are evenly spaced over the range -0.3 < £,<03 ; streamwise vorticity)
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Fig. 5 Vorticity Contours Fig. 6 Iso-contours of Fig. 7 Modification of the
in Re=250 Spanwise Vorticity in Re 250. Streamwise Vortex Structures
Iso-contours at Value (Re=220) Iso-contours at

-5.0< £,<5.0 Value -0.3< £,<0.3
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Fig.8 Streamwise Vorticity Field,
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Fig.9 Spanwise Vorticity Value
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