
Lecture 14: Strange eigenmodes and intermittency
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Figure 1: Decay of the concentration L2 norm for the Type 1 flow (random amplitude)
in J. Vanneste, Intermittency of passive-scalar decay: Strange eigenmodes in random shear flows,
Phys. Fluids, 18 (2006), p. 087108, for five realizations.
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Figure 2: Generalized eigenmode of the Type 1 flow (random amplitude) in J. Vanneste, Intermit-
tency of passive-scalar decay: Strange eigenmodes in random shear flows, Phys. Fluids, 18 (2006),
p. 087108.
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Figure 3: Weak intermittency of the Type 1 flow (random amplitude) in J. Vanneste, Intermit-
tency of passive-scalar decay: Strange eigenmodes in random shear flows, Phys. Fluids, 18 (2006),
p. 087108. The dashed line is the linear scaling.
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Figure 4: Decay of the concentration L2 norm for the Type 2 flow (random phase) in J. Vanneste,
Intermittency of passive-scalar decay: Strange eigenmodes in random shear flows, Phys. Fluids, 18
(2006), p. 087108, for five realizations.
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Figure 5: Generalized eigenmode of the Type 2 flow (random phase) in J. Vanneste, Intermit-
tency of passive-scalar decay: Strange eigenmodes in random shear flows, Phys. Fluids, 18 (2006),
p. 087108.



−1 0 1 2 3 4 5
−0.06

−0.04

−0.02

0

0.02

0.04

0.06

0.08

p

γ
p

Figure 6: Weak intermittency of the Type 2 flow(random phase) in J. Vanneste, Intermittency of
passive-scalar decay: Strange eigenmodes in random shear flows, Phys. Fluids, 18 (2006), p. 087108.
The dashed line is the linear scaling.



function Cnorm = renflow

type = 1; % the two flows in Vanneste: type 1 or 2

Nstep = 2000; Nreal = 100; N = 512;

kappa = 1e-3; alpha = pi; p = -1:2;

kmin = floor(-(N-1)/2); kmax = floor((N-1)/2); k = [0:kmax kmin:-1];

x = linspace(0,2*pi,N+1); x = x(1:end-1);

switch type

case 1

advec = @() exp(-i*alpha*randn(Nreal,1)*sin(x));

case 2

advec = @() exp(-i*alpha*sin(tensorsum(x,2*pi*rand(Nreal,1))));

end

Cnorm = zeros(Nreal,Nstep+1,length(p)); C = ones(Nreal,N);

Cnorm(:,1,:) = Cnorms(C,p);

diff = diag(sparse(exp(-kappa*k.^2)));

for n = 1:Nstep

C = advec().*C; % advection step

Ck = fft(C,[],2); % Fourier transform

Ck = Ck*diff; % diffusion step

C = ifft(Ck,[],2); % inverse Fourier transform

Cnorm(:,n+1,:) = Cnorms(C,p);

end

Cnorm = squeeze(mean(Cnorm)); % average over realizations

%=====================================================================

function Cp = Cnorms(C,p)

Cp = zeros(size(C,1),length(p));

for ip = 1:length(p)

Cp(:,ip) = sqrt(sum(C.*conj(C),2)/size(C,2)).^p(ip);

end

Figure 7: A simplified version of the Matlab code renflow.m, which implements the evolution of
a passive scalar stirred by the two model flows in J. Vanneste, Intermittency of passive-scalar
decay: Strange eigenmodes in random shear flows, Phys. Fluids, 18 (2006), p. 087108.


