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Flow behind a circular cylinder steady, incompressible and
viscous;

Approximation of 2D asymptotic Navier-Stokes expansions (Belan &
Tordella, 2003) parametric in x




Linear, three-dimensional perturbative equations in terms of
vorticity:
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disturbance velocity (u(t,z,y,2),0(t,z,y,2),w(t, z,y, z))

disturbance VOI'tiCity (aja’l(tv L, Y, Z): ajy(t: L,Y, Z)a (I)Z(t, LY, Z))

Moving coordinate transform § = x — U,t (Criminale & Drazin,
1990), U,=U,
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Fourier transform in £ and z directions: §(v,t; a,7) = / / G T2 e
—o0

a, = k cos(®) wavenumber in x-direction Yy = k sin(®) wavenumber in z-direction

® = tan’(y/a,) angle of obliquity k = (a,2 + y2)"/2 polar wavenumber



Initial disturbances periodic and bounded in the free stream:

By, t = 0) = e~ W40 sin(Bo(y — yo)) asymmetric
(y,t = 0) = e_(y_yO)zcos(ﬁo(y —yg)) symmetric

Velocity field bounded in the free stream perturbation
kinetic energy is finite.




Total kinetic energy E and kinetic energy density e of the
perturbation
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The growth function G
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measures the growth of the perturbation energy at time t.



The temporal growth rate r (Lasseigne et al., 1999) is
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The angular frequency f (Whitham, 1974) is
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Asymptotic behaviour the temporal growth rate r asymptotes
to a constant value (dr/dt < € ~ 104).

Comparison with normal mode theory



(a): R=50, y,=0, k=0.9, a.=-0.15,
®=0, x,=14, asymmetric initial
condition, 3,=1, 3, 5, 7.

(b): R=1003s=—0G8l= o,
L= 0: 15 Ba= 1R iR
symmetric initial condition,
®=0, /8, /4, (3/8)n, /2.




Amplification factor G(t)

(c): R=50,y,=0, k=0.3, B,=1,
®=0, x,=5.20, symmetric
initial condition,

a, =-0.1, 0, 0.1.

Amplification factor G(t)

(d): R=100, y,=0, ,=0.01,
Bo=1, ®=1/2, X,=7.40,
symmetric initial condition,
5.1, 1.5, 2, 2.5. e
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Amplification factor G(t) (a) R=100 y,=0, X,=9 k=1 v
. s o » 420 ) */»

a; =0.05, 3,=1, symmetric
initial condition, ®=m/8.

(b): R=166 S A GESE M 6268
a.=-0.02, 3,=1, asymmetric initial
condition, ®=m/4.
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Amplification factor G(t)
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r=-0.0168

mode t

B0 k=1.7. 0. =0.05, =1,

symmetric initial condition, ®=(3/8)mn. .
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