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Elucidation and control of subcritical transition to turbulence using homotopy
to supercriticality
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In this study, the origin of subcritical transition to turbulence was found
through continuous deformation (homotopy) of dynamical systems for plane Poiseuille flow and
rectangular duct flow. We change the control parameters representing external force or different
boundary conditions in plane Poiseuille flow or rectangular duct flow. In the case of subcritical
turbulent transition in plane Poiseuille flow, the origin of transition to turbulence was
identified as the instability of a vortex street in the upstream part of the spatially localized
turbulence called the turbulent band. If this part is stabilized, band structure with stable
periodic fluctuations appears. On the other hand, the homotopy between planar Poiseuille flow and
rectangular duct flow, where the aspect ratio is a control parameter, shows that the onset of the
turbulent band can be attributed to the symmetry breaking of the turbulent puffs.
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