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Question: P(C)=?

P. Signac, ‘Antibes, Le Nuage Rose’ (1916)
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Meunier & Villermaux, JFM 476 (2003)
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Spatial concentration field

Concentration distribution

(for details, see Meunier & Villermaux, JFM 476, 2003)





t = 5 s t = 8 s

t = 10 s t = 13 s



Meunier & Villermaux, CRAS 335 (2007)

van Hove Singularities 

spatial saddle 
point in c(x,y)





After the mixing time









mean distribution P(l)

Contours lengths



also: Shraiman & Siggia, PRE (1994)





increasing times, Sc=7 



fixed time, various scalars



interacting plumes



Composition rule



source 1, then source 2
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Composition rule



source 1, then source 2 source 1+source 2

Composition rule

P (C) =
∫

C=C1+C2

P (C1)P (C2)dC2



For real !



Confined mixtures

turbulent, 
self stirred

laminar, 
externally stirred





P (x, t = 0) = δ(x− 1)

∂tP̃ = −P̃ + P̃ 2

∂tP̃ = P̃ ln P̃

Initial condition

P (x, t) = δ(x− et)

P (x, t) = e−x/et

/et





Villermaux & Duplat, PRL 91, 184501 (2003)

P (X = C/〈C〉) =
nn

Γ(n)
Xn−1 e−nX

n ∼ t2+1/2



Stirring Protocol

Re = 0.1



Material Contours lengths

L



Concentration distribution

n ∼ (cycle)1+1/2



Re = 50

Somewhat more randomness

Smoother fit



The ‘herringbone’ channel (Stroock & al. Science (2002))

flow

1 cycle

100 µm



Poincaré section of initially 
segregated colored puffs

Stroock & McGraw, Proc. Roy. Soc. (2004)

Chaos synonym of random interactions



Villermaux & al., PRL (2007)

c = C − 〈C〉Convolutions about the mean:

〈C〉 = 1/2

P(c)=Bessel functions



A Consequence







original coarsened









Villermaux & Duplat PRL 97, 144506 (2006)

Natural coarse grained 
scale η = LSc−2/5





Mixing is not only an academic topic: 
Search for the source !

(‘Infotaxis’, Vergassola & al., Nature 2007)


