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Equations and traction

® Unsteady incompressible Navier-Stokes equations
p(Orv+v-Vv)=divT inQ,
divv=0 in{,
T = —pl + u(Vv + (Vv)),
v=vh onl;C o9,
Tn =0 ondO\UL;.

® Traction
t := Tn.

e Discretization: Taylor-Hood CG(2,1); Crank-Nicolson; monolithic Newton-LU
(implemented in Firedrake)
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Navier-Stokes theory - overview

steady BVP non-unique in 2D, 3D (except low Re)

IBVP unique in 2D (LadyZenskaja)
® unigueness of time-periodic solutions in 2D, 3D

® steady solution only unique time-per. solution in case of a single obstacle flow
(low Re)

® questions:

® what makes stable solution?
® are long-time attractors unique?
® are eigenvalues the key?
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Pointwise traction - fluid bifurcation € it
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Pointwise traction - fluid bifurcation
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Pointwise traction - fluid bifurcation € it

Stokes steady non-trivial periodic,
like unigue laminar shedding
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Pointwise traction - fluid bifurcation

Stokes sSteady non-trivial periodic, steady non-unique,
like unique laminar shedding non-symmetric shedding
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Pointwise traction - fluid bifurcation

Stokes steady non-trivial periodic, steady non-unique, vortex
like unigue laminar shedding non-symmetric shedding shedding
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Pointwise traction - fluid bifurcation

Stokes steady non-trivial periodic, steady non-unique, vortex
like unique laminar shedding non-symmetric shedding shedding
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Pointwise traction of the STEADY solution
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pointwise drag [N/m] parametrisation as surface in (6, Re) space
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Overview

Stokes steady non-trivial periodic, steady non-unique, vortex
like unique  laminar shedding non-symmetric shedding shedding
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unstable purely real eigenvalue

linear stability eigenmode  approaches zero
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Summary

Main message:

® solution bifurcations <— Ogetst behavior

e upstream face of the obstacle - driver of all dynamics
We also observed:

® unique time-periodic global-in-time attractor

o selfsimilarities of regimes between transitions
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