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Turbulent stage: system observables

system observables

mixing layer width
field increments at different
scales r
global observables
(e.g. Nu vs Ra, Re vs Ra)
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Phenomenology of 2D Rayleigh-Taylor turbulence
[(M. Chertkov Phys. Rev. Lett. 91, (2003)]

∂tv + v · ∂v = −∂p
%o

+ ν∂2v−βg(T − To)

∂ · v = 0
∂tT + v · ∂T = D∂2T

mean field predictions
mixing layer width

L(t) ∼ βgΘt2

field increments scaling (at scales r � L)

Sv
n(r, t) = (δr v)n ∼ (βg)−1/5Θ4/5r3n/5t−n/5

ST
n (r, t) = (δr T )n ∼ (βgΘ)2/5rn/5t−2n/5
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Mean profile of temperature
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almost linear behaviour
in the mixing zone

⇒ clue of relation between
2D Rayleigh-Taylor turbulence
and 2D Boussinesq turbulent
convection?

? A. Celani, A. Mazzino and M. Vergassola, Phys. Fluids 13, (2001);
A. Celani, T. Matsumoto, A. Mazzino and M. Vergassola, PRL 88, (2002)
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Spatial scaling laws of fields increments

dimensional prediction: Sv
n (r, t) ∼ r

3n
5 ST

n (r, t) ∼ r
n
5
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temperature field: intermittency corrections⇒ non-dimensional scaling
exponents by [A. Celani, A. Mazzino and M. Vergassola Phys. Fluids
13, (2001)]

quantitative clue of relation between 2D RT turbulence and Boussinesq
turbulence convection in 2D
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Ultimate state of thermal convection

control parameter: Rayleigh number (mean temperature gradient)

system answers: Reynolds number (root-mean-square velocity),
Nusselt number (turbulent heat flux)

Observation of “Ultimate state of thermal convection”: D. Lohse and F.
Toschi, Phys. Rev. Lett. 90, 034502 (2003)
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Conclusions

2D Rayleigh–Taylor turbulence:

Statistics of velocity field
close-to-Gaussian
Bolgiano–Obukhov scaling

Statistics of temperature field
low order: Bolgiano–Obukhov scaling
highter order: intermittency corrections ⇒ RT turbulence
corresponds to the case driven by a linear profile which
gradient decreases adiabatically in time

Global statistical observables:
presence evidence of “Ultimate state of thermal convection”

⇒ full details:
A. Celani, A. Mazzino and L. Vozella, Phys. Rev. Lett. 96, (2006)
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Other numerical results
The linear phase
The turbulent phase

The linear phase
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Other numerical results
The linear phase
The turbulent phase

The mixing layer width

mixing layer L(t) = αAgt2

=⇒ α = [ 1
Ag ] dL

dt2

A = %2−%1
%2+%1

= βΘ
2

Atwood number

τ =
[

Lz
Ag

]1/2
characteristic

time scale

⇒ T. T. Clark, Phys. Fluids 15,
(2003)
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The turbulent phase

The temporal scaling of fields increments
dimensional predictions : Sv

n (r, t) ∼ t
−n
5 ∼ L

−2n
5 ST

n (r, t) ∼ t
−2n

5 ∼ L
−4n
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temperature field displays temporal intermittency (beginning from n > 2)

ST
n (r) ∼ Θn[r/L]n/5[r/L]−σn

by [Celani&al. Phys. Fluids (2001)]⇒ ST
4 ∼ L−0.6 and ST

6 ∼ L−0.7
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Other numerical results
The linear phase
The turbulent phase

Non dimensional scaling exponents and fronts

&%
'$

Fronts: abrupt changes in
the spatial structure of the
temperature field
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