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ABSTRACT

Abstract

Coherent structures exist in a wide range of turbulence and transition processes.
Identifying and tracking the space-time evolution of coherent structures can provide
a new approach for the study of turbulence mechanism and the prediction of
laminar-turbulent transition processes. In recent years, the introduction of dynamic
system analysis method has linked the two branches of transition process and
turbulence mechanism. The most outstanding achievement is the study of
laminar-turbulent edge state, that is, exact coherent states. In this paper, high
precision direct numerical simulation combined with dynamics research method is
used to analyze the dynamics of laminar-turbulent edge state in channel flow under
normal magnetic field.

Firstly, channel Poiseuille laminar flow is taken as the basic flow and initial
perturbations of different amplitudes are applied. The relative periodic orbit
solution is obtained by numerical calculation in the standard domain and then a
uniform and stable normal magnetic field is applied in the flow field to explore the
influence of the magnetic field on the relative periodic orbit solution. It is found
that the self-sustaining mechanism of the turbulent is also suitable for the exact
coherent states and the mechanism is almost independent of the magnetic field
strength. By comparing correlation parameters, the magnetic field does not change
the shape of the exact coherent states. With the increase of the magnetic field
strength, the period length shortens and perturbation energy component in all
directions increase. Due to the magnetic field effect, the relative periodic orbit
solutions are no longer self-similar, the structure of the flow field is obviously
stretched in all directions with the increase of the magnetic field intensity and
vortices gradually migrate to the wall. In addition, in the range of Re=3000-50000,
the maximum magnetic field strength that can obtain exact coherent states and the
maximum magnetic field strength that can produce laminar-turbulent transition are
investigated and the specific range is calculated.

Secondly, based on the study of relative periodic orbit solution, the spanwise
dimension Ly of the computing domain is extended to obtain the traveling wave
solution of the saddle node with infinite periodic bifurcation. Then the uniform and
stable normal magnetic field is applied to explore the influence of the normal
magnetic field on the traveling wave solution. With the increase of spanwise size,
the streamwise streaks and vortices structure of the traveling wave solution
gradually become localized in the spanwise direction. The spanwise localization
characteristics are almost unchanged when different magnetic fields are applied, but
with the increase of magnetic field strength, the existence time of the exact coherent



ABSTRACT

structure in the flow field is shortened. The propagation speed of traveling wave
solution to downstream increases with the increase of Re, and decreases with the
increase of Ha.

Finally, comparing the results of the relative periodic orbit solution and the
traveling wave solution. It is found that the normal magnetic field can inhibit the
flow field. Therefore, the magnetic field strength needs to be controlled within a
suitable range to ensure the transition in the flow field and capture ECS. In addition,
regardless of the shape of the solution, the vortices always have different degrees of
inclination in the direction of streamwise and spanwise directions which indicates
that there are some similarities between ECS in the outer region and ECS in the near
wall region.

Keywords: exact coherhent states, normal magnetic field, channel flow, coherent
structure
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