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Orbital instability of a minimal wall turbulence
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Fig.1 Illustration of the plane Couette flow system. z, y, z-directions are referred to as streamwise, spanwise,
wall-normal directions, respectively.
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Fig.2 Lyapunov spectrum A; (j = 1,2,3,-,30) of the minimal Couette turbulence. There are four positive
Lyapunov exponents and three zero Lyapunov exponents. The maximum Lyapunov exponent is Ay = 0.021.
The Lyapunov dimension is D1, = 14.8 and the Kolmogorov-Sinai entropy is hxs = 0.048.
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Fig.3 [Upper panel] Time series of the local Lyapunov exponents Xj for j = 1 (red solid line), 2 (green dotted
line), 3 (blue dashed dotted line) and 4 (pink dashed double-dotted line). [Lower panel] The ‘horizontal’ RMS
of streamwise vorticity 1/{w2) & at the mid-plane (z = 0).
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Fig.4 Finite time growth rate A(to,7); () to = 2730, (b) to = 2760 for X;(t) for solid line (red) : j = 1,
dotted line (green) : j = 2, dashed dotted (blue) : j = 3, and dashed double-dotted (pink) : j = 4. The black
dot horizontal line denotes A;(to, 7) = 1 (i.e. nutral).
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Fig.5 Lyapunov modes at the initial stage of the phase (@) (t = 2730). Streamwise vorticities of the Lyapunov
modes dw; ; are shown as colortone for (a); j = 1,(b); j = 2,(c); j =3,(dyj =4 and streamwise velocities
of the base flow are shown as counter lines.
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Uy = 0 DFRMOBMEDFRICREL TH D (Fig. 5 TH), B) BEOFERFNS A EFAREICENS
Lo (Fig. 5 EM). Tis0 Phase () AN B BB % 7/ 7~ L VBB, Schoppa
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RIS LA TES, L7ds>T, Phase (i) DEHITIRIELY v 7/ 72 } Ui sinuous REEMRIEL
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Fig.6 Lyapunov modes at the final stage of the phase (i) (¢t = 2760). Streamwise vorticity of the Lyapunov
mode dw ; is shown as color tone for (a); j = 1, (b): J=2,(c); j = 3,(d); j = 4 and streamwise velocity of
the base flow is shown as counter lines.
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