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Forcing: current density 

[Shats et al. PRE(2005), Xia et al. PRL(2008), 

 Xia et al Phys. Fluids (2009)] 

Electromagne,cally..driven..turbulence..(EMT).

Turbulence generation 
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Turbulence generation 
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Faraday.wave.driven.turbulence.(FWT).

 Forcing        => Vertical acceleration 

Forcing scale=> Shaker frequency 

[Von Kameke et al., PRL(2011), Francois et al. , PRL(2013)] 

shaker table

camera

fluid container with
transparent bottom

LED light
source

side view

top view

electro-magnetic 
shaker



Hua Xia                                                              Flowing matter across the scales,  Rome, March,2015 

Single particle dispersion 
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Par<cle)tracking:))
•  Direct.tracking,.nearest.neighbour.
•  Long.trajectories.(t.>.10.TL).
•  Large.number.of.trajectories.
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Taylor’s)single)par<cle)dispersion)observed)in)a)broad)range)
of)experimental)condi<ons.)

Mean square displacement (MSD) 
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Universal spatial scale 
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•  a)universal)spa<al)scale)of)par<cle)dispersion)
•  related)to)the)forcing)scale. 
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Computation of the Lagrangian scale 
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Lagrangian scale 

•  Par<cle)dispersion)is)
determined)by)a)single)scale;)

•  Turbulence)just)affects)urms)

Dexp = ( !urmsLL )
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LL ~ 0.7Lf

Lagrangian scale and forcing scale 

0

0.2

0.4

0.6

0.8

1

1.2

1.4

10-6 10-5 10-4 10-3

FWT 60Hz
EMT
FWT 30Hz
FWT 45Hz
FWT110Hz

L L/ L
f 

<u2> (m2 s-2)
0.001

0.01

0.1

1

10

100

10 100 1000

k
-3

En
st
ro
ph
y

ca
sc
ad
e

k-5/3

En
er
gy

ca
sc
ad
e

kinjkdis kν



Hua Xia                                                              Flowing matter across the scales,  Rome, March,2015 

EMT1

EMT2

EMT3

EMT6

E
k
 (m3/s2)

k (m-1)

EMT4

k-5/3

10-10

10-9

10-8

10-7

10-6

100 1000

10-8

10-7

10-6

10-5

100 1000k (m-1)

a

FWT5

FWT7
FWT9

E
k
 (m3/s2)

a b cEMT1 EMT3 EMT6

FWT9FWT5

Turbulence development 



Hua Xia                                                              Flowing matter across the scales,  Rome, March,2015 

Higher order moments of δr 

FWT:)low)to)High)Re.EMT:)Lower)Re.

NonGselfGsimilar. Diffusive,.
selfGsimilar.

δr p ~ tγ p

γ p ~ nonlinear(p)
γ p ~ p ≠ p / 2

γ p = p / 2
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Dispersion: transition to turbulence 
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•  .All)curves)are)reasonably)linear,)

•  Slopes)increase)with)Re,)

•  Convergence)at)high)Re.)

<!r
2
> (m

2
)

FWT 1

c<!r
2
> /L

f

2

EMT1-9

FWT1-9

EMT 1

<!r
2
> (m

2
)a

t T/
L

0

5 10-4

1 10
-3

1.5 10

0 10 20

0

2

4

6

8

10

0 5 10( )t/T
L

"#

Re

0

1 10
-4

2 10
-4

0 5 10

Re

Re

b
-3

t T/
L

FWT 2

EMT 3

EMT 5

EMT 2

EMT 9

FWT 3
FWT 9

b

δr2 ~ tγ2

Transi<on)from)superdiffusion)to)
diffusion)with)Re.)



Hua Xia                                                              Flowing matter across the scales,  Rome, March,2015 

Taylor’s particle dispersion 
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Pair dispersion: preliminary results  

Richardson):))

Par<cle)tracking:))
•  Numeric.integra,on.using.PIV.

•  Ini,al.zero.velocity.

δR2 ≈ gεt3 LTt >> t3.
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Pair dispersion: preliminary results 

t(s).
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Conclusions 
•  Single)par<cle)dispersion)has)been)inves<gated)in)detail)in)2D)turbulence;)

•  A)new)sta<s<cal)quan<ty:)Lagrangian)integral)scale)

•  In)fully)developed)turbulence,)single)par<cle)dispersion)is)determined)by)the)

Lagrangian)integral)scale)and)the)turbulence)level.)

•  LL)is)related)to)the)forcing)scale.)

•  Transi<on)to)turbulence:)from)superdiffusion)to)Brownian)diffusion,)

development)of)selfYsimilar)diffusion,)disappearance)of)the)tails)in)the)PDF)

•  Quan<ta<ve)expression)for)par<cle)dispersion:)Taylor)dispersion)in)developed)

turbulence)to)chao<c)flows.)
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