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A “simple” complex system: thermal convection

For increasing AT, the system develops a
large scale turbulent wind and one may

cold observe flow reversals (Cioni, Ciliberto,
Sommeria JFM 1997).
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One could expect the following picture
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Random time (exit time) with probability distribution

P(1r) = Xexp(—AT1L)

Sreenivasan, Bereshadskii, Niemela 2002 reported

P(ry) = “eap(—Ary)
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Questions:

1) Why there are flow reversals in the large scale flow ?

2) Why the pdf of 7, 1s a power law (for small enough t, )?

Aim of the talk is to answer the above questions by using DNS of
RB turbulence and a lit bit of theory.

Same questions addressed by Fontenele Araujo et. al. (Phys. Rev.
Lett. 2005) Brown et. al. (Phys. Rev. Lett. 2005), Sun et. al.
(Phys. Rev. Lett. 2005, see Xia’ talk).
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Why there are flow reversals in the large scale turbulent flow?

J. Sommeria JFM 1986
Experimental data on

2D turbulence
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Turbulence acts as a “noise”
on the large scale flow and
induces jumps between states,

It should be expected !

R.B. PRL 2005
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Why the pdt of T, 1s a power law (for small enough T, )?

A power law behaviour of P(t, ) means stronger fluctuations than
expected.

Observation: let us consider the following 2D Landau-Ginzburg
equation:

O = mip — gib° + vAY + Ven Y = Y(z,y,t)
(n(z,y,t)n(z1,y1,t1)) = 0(x — z1)0(x — T2)6(t — t1)

o = () = 1 /dmdyvj) b =1o(t) + o(z,y,1)
Oho = (m — 3g(¢*)s)vo — gy
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Dynamics of the space average field is controlled by the
fluctuations. *“ Flow reversals” can be faster than expected
(critical behaviour).

0o = (m — 39(d™)s)1ho — gy
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If P(t; ) = 1/ 7, then P(log(t,)) = const.
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DNS of large scale flow in RB turbulence
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Aspect ratio=1, Pr = 0.7, cylindrical geometry.

Ra=210°/6 10>

Ra too low to achieve good statistics (just one reversal in few
days of numerical simulation)!
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Main idea: increasing thermal fluctuations by white noise

Dh_
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Noise on temperature = increasing thermal diffusivity = decreasing
Prandtl = increasing Reynolds number !
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Geometry and i1deal probes for temperature and velocity

Figure 1: Sketch of the cell.
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No noise
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by considering the signal in one probe. Good agreement

with T, -! (dashed line)
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Reversal and reorientations

t=8e4

Contour plot of the vertical
velocity for different times
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Estimated direction © of the interface between positive and
negative vertical velocity u, as a function of time (same as in Cioni

et. al. 1997, Brown et. al. 2005, Xia talk).
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Following Brown et. al. 2005, we define T, as the time between

two events for which the following both conditions are satisfied:

P(Tg) = Aexp(—ATp)

1) 1O(t+AD)- O(t) > O, i e
1@ |
2) I[6(t+d))- O]/dtl > 6, . oo
01 | .l...
_ %
0.01 ."“.«.‘.
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0.001 °® \6." |
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Same as in Brown et. al. 2005
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Preliminary conclusion: adding white noise to RB turbulence in
the temperature field enhances fluctuations (expected) with the
right dynamical behaviour.
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A simple model for the observed statistics

umz .
////\ @ dfﬂg taV + .
s = — notse
— - > dt 8:1:,,,;
e L1
V(z1,22) = —a(z] + 23)[R* — (27 + 23)]

I sin(O)
Vi + A  4/sin?(0) + A/R?

U,

A 18 a measure of the interface thickness
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Equation for u,

du.,
dt

= au, — (a + 4aA)u’ + noise

a = a(2R* — 4z7)

The parameter a can change sign.

The statistics of flow reversals 1s no longer defined by the large
deviation theory (no need to be exponential!).

Similarity with the L.-G equation.
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Probability distribution of T, for flow reversals. Numerical

simulation of the simple model (black circles) against experimental
data of Sreenivasan et. al. (2002).
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Conclusions

 We have been able to reproduce existing experimental data by
using DNS plus noise.

 Flow reversasl and reorientations can be explained in terms of
the interface dynamics O(t).

e We propose a simple model to explain the observed statistcs;
the model shows some links to the statistical properties of
critical systems.
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