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Instability of streamwise vortices in a curved duct
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The instability of streamwise vortices in an incompressible curved square duct is investigated analytically and
numerically. For linear stability analyses, we used fully developed flow (calculated by steady numerical simulation)
with one pair counter rotating vortices and one low-speed streak along the outer wall. The results show that
there are antisymmetric and symmetric unstable modes. Three-dimensional spatially developing direct numerical
simulations were carried out. It is observed that the development of the unstable modes cause breakdown of the
low-speed streak and collapse of the streamwise vortices.
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Fig.1. Curved duct geometry.
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Figs.2. Flow characteristicsfor R/a=15, Re=852(Dn=220); (a) vector
plot of secondary flow. (b) contour plots of streamwise velocity.
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Figs.3. Effects of R/aand Dn number on the spanwise plofile of

streamwiseveocity at r' =0.35.
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Fig.4. Linear growth rate of antisymmetric and symmetric modes.
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Fig.5. Comparison of Mees(1996) result with linear stability analy-

sis(LSA) for Dn=220, R/a=15
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Figs.6. r'-z plane distribution of eigenfunction amplitudes of
antisymmetric mode for Re=852(Dn=220), R/a=15; (a) A,

(b) A and (c) .
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Figs.7. r'-z plane distribution of eigenfunction amplitudes of
symmetric mode for Re=1243(Dn=321), R/a=15; (a) ¥, (b)

X and () e



103
1044
10—5 ————______—-‘ i
~ 10°
L
107
108

10° _
1010 — Amax=0.0002

)  [rad]

0
(b) Amax=0.1
Figs.9. Contour plots of streamwise velocity v, for Re=852
(Dn=220), R/a=15 at r'=0.25 (Perturbed with antisymmetric
mode).

Fig.10. Contour plots of streamwise velocity v, for Re=1243
(Dn=321) and R/a=15at r’ =0.25 perturbed with broadband noise.
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Figs.11. Vector plotsof secondary flow for Re=1243 and R/a=15.



