The optimal path to turbulence in shear flows
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ABSTRACT

Transition to turbulence in shear flows is still one of the tubsllenging problems in hydrodynamics.
In this paper we determine the initial condition on the laaniturbulent boundary closest to the laminar
state using nonlinear optimisation for plane Couette floesdrting to the general evolution criterion
of non-equilibrium systems we optimise the route to thadteally steady turbulent state, i.e. the state
characterised by the largest entropy production. Thisaiditht time information from the fully turbulent
state is included in the optimisation procedure. We dematesthat the optimal initial condition is
localised in space for realistic flow domains, larger thamséhpreviously used. We investigate the

transition path and show how localised perturbations evoito bent streaks that later break down to
turbulence.

We employ Lagrangian optimisation where the functiofab maximise consist of an objective func-
tion and two constraints (the Navier—Stokes equations lamé@nergy level of the initial disturbance),

T
L=7- /0 (u*, NS(w)dt — A([u(0) — U — eo), 1)

whereu* and A\ are the Lagrange multipliersy .S the nonlinear Navier—Stokes equations, andhe
kinetic energy of the perturbation at= 0; u is the velocity vector an@J the Couette base flow. The
objective function is the time-averaged viscous dissiati

In the figure bellow the energy threshold necessary to reatialent state is displayed for each initial
condition found by the optimisation procedure. Each of ¢higstial conditions is labelled with the
energy levek, used in the definition of the Lagrangian. The threshold leveetermined by a classic
bisection procedure with an accuracy of five digits. For #irgéste; considered, one can reduce the
amplitude of the initial condition and still reach the tudmt state. When decreasing the constraint on
the initial energy, we reach a valugyr, below which the flow remains laminar for any< 7. This

is indeed the nonlinear optimal initial condition of smatlamplitude leading to a statistically steady
turbulent flow.
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