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Non dimensional Parameters 

Magnetic Reynolds number : 

 Reynolds number : 

Magnetic Prandtl number: 
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periodic box 2³



   

∂tuu∇u=−∇ Puj×bF

∂t
b=∇×u×bb
∇ u=0∇b=0

incompressible MHD equations in a periodic box 

b x ,y ,z , t =b x2 i ,y2 j ,z2k ,t 

u x ,y ,z ,t =u x2 i ,y2 j ,z2k ,t 

i , j ,k=0,1,2 , ...∞



   

Turbulence and mesh point : 

64³   TG1       R  ~ 200 
128³  TG1      R ~ 460 
256³   TG1     R ~ 900
512³   ABC1   R ~  3500 

R

=

Li U rms


   
      

Y. Ponty et al 2007

Mininni et al 2006 

    256³       R ~ 1600    
   512³       R ~  4000
   1024³     R ~  10 000  
   2048³     R ~  25 000
   4096³     R ~  65 000 

Kaneda et al  PoF 15 15 2003
   ( Earth Simulator, japan )  



   

Large eddy simulation (LES) : Large eddy simulation (LES) : 

l kc



 Control the transfer into the subgrid scale

Ref: “ Turbulence in Fluids”  M. Lesieur Kluwer
         “ Large Eddy Simulation for incompressible flow”  P. Sagaut  Springer 

J.P  Chollet & M. Lesieur J. Admos. Sci 38 (1981)

k ,t =0.441C k

3
2 

E K c−no , t 

K c−no

H k 

Kc -no

Cups function 



   

 Turbulent kinematic dynamo  

∂tuu∇u=−∇ Puj×bF

∂t
b=∇×u×bb
∇ u=0∇b=0



   

∂tuu∇u=−∇ Puj×bF

∂t
b=∇×u×bb
∇ u=0∇b=0

Fk0=[
sink0 x cosko zcos k0 z 
−cos k0 x sin ko y cos k0 z

0 ]

Von Kármán Sodium (VKS) 

Non helical forcing: H=utg .tg=0

Constant volume forcing

R. Monchaux, M. Berhanu, M. Bourgoin, M. Moulin, Ph. Odier, J.-
F. Pinton, R. Volk, S. Fauve, N. Mordant, F. Petrelis, A. 
Chiffaudel, F. Daviaud, B. Dubrulle, C. Gasquet, L. Marie, F. 
Ravelet     Phys. Rev. Lett., 98 044502 (2007)

Taylor-Green forcing



   

Linear  Dynamo regime  :

L=2
∑ Eu k / k

∑ Ev k 

Kinetic spectra 

urms=2 Eu

Euk 

Re=
LU rms


Rm=

LU rms



Y. Ponty, P.D. Mininni , D.C. Montgomery ,
 J.-F. Pinton , H. Politano and A. Pouquet
Phys. Rev. Lett.  92 144503 (2004) 



   

N.E Haugen, A. Brandenburg & W.  Dobler , Phys. Rev. E. 70 (2004) 

- Compressible MHD
 - September 2004 MSI  : The Smagorinsky method

A. Schekochihihin, S.C Cowley, J.L. Marton & J.C McWilliams , Phys. Rev. Lett.  (2004) 

- The forcing is  correlated in time

“ 0nset of small-scale turbulent dynamo at low magnetic Prandtl numbers”  
A. A. Schekochihin,    N. E. L. Haugen,  A. Brandenburg,  S. C. Cowley,
 J. L. Maron, and J. C. Mcwilliams    2005



   

Average in time velocity

〈u 〉time= u tgrecirculation

Y.Ponty et al

〈u r  〉time=∫0

T
u r ,d 

d ≪U /L≪T
100 200 - 1000

20 000 –  100 000 

Fields 
averaged



   

〈u x 〉timeu x ,t 

Made with Vapor



   

Kinematic Dynamo modes in the time average velocity 

Y.Ponty et al  NJP 2007

∂t
b=∇×〈u 〉time×

bb



   

Onset of the Dynamo 

First Dynamo window

Second Dynamo window

Y. ponty, P Minnini, H. Politano. A. Pouquet & J-F Pinton  New Journal of Physics 2007 

Dynamo action at low magnetic Prandtl numbers: mean flow versus fully turbulent motions



   

 Fluctuation of the velocity  

Y.Ponty et al

u=U−〈U 〉

=
EU

E
〈U 〉

=3 u
〈U 〉

=0.73



   

∂t
b=∇×u− 〈u 〉time×

bb

K 3/2

Fluctuation Dynamo : 



   

∂t
b=∇×u− 〈u 〉time×

bb



   Vapor 
Inside!  

2

2

 

2
2 

2 

G.O Robert Forcing :  Helical forcing, Dynamo G.O Robert Forcing :  Helical forcing, Dynamo   

F=[
sinko x  cos ko y
−cos ko x  sin ko y

2  sin ko x sin ko y]
=1 ko=1, 2

Y.Ponty & F. Plunian  (on going research)



   

Powered by Vapor! Y.Ponty & F. Plunian

b~cosk z x  ,sin kz y  , 0 b~0, 0, k z



   
Y.Ponty & F. Plunian

Pm=5. 10−3

Pm=2. 10−4 (LES)

(DNS)

(256 x 256 x 512 )



   

Experimental Dynamo  



   

Fluid dynamos : Rm > Rmc

Rm =               =    µ0σ    L U      = 10 x 1 induction
 dissipation

Fluid     conductivity   temperature   density 

Iron         1   105   x 1,000    12
Mercury  3   104 ambiant            13.6
Gallium  3.7 106   > 40°C      6.1
Sodium  1    107   > 100°C      0.93
Silver     6   107   > 950°C    10.5

 fluid  engineering



   

Fluid dynamos : Power

Rm = µ0σ L U = µ0σ ν  (L U/ν) =  Pm  x   Re

Pm  10≈ -5        Re > 106    :  turbulence

Assuming no global rotation   P = f(ρ, ν, L, U)

P = [EK]/[t] = (ρL3).U2/(L/U)  g(Re) 

Fully developped turbulence  :  g(Re)    Const.

P  ≈ ρL2U3

 fluid
 engineering



   

Fluid dynamos : Power

Rm = µ0σ L U

P  ≈ ρL2U3

(PL/ρ)=1   : P  kW≈
(PL/ρ)=10 : P  MW≈

Rm  ≈ µ0σ (PL/ρ)1/3

Fluid   : Na
Power :  x 100 kW
Size    : 1 m
Low Rmc



   

Riga / Ponomarenko dynamo

Gailitis & Freiberg, Magnetohydrodynamics, 16 (1980)
Gailitis et al, PRL, 84, (2000)

P  120 kW≈
Na at 150°C



   

Riga / Ponomarenko dynamo

Gailitis et al, Magnetohydrodynamics, 38, (2002)
Gailitis et al., Rev. Mod. Phys., 74 (2002)

B = dynamo (U)



   

Karlsruhe / Roberts-Busse dynamo

G.O. Robert, Phil. Trans. Roc. Soc. L, 421 (1972)
Busse, Geophys. JRAS, 42, (1975)
Tilgner, Phys. Lett. A, 226 (1997)
Rädler et al., Study Geoph. Geod., 42 (1998)
Müller & Stieglitz, Naturwissenschaften, 87 (2000)

Q  110 m≈ 3/h

P  210 kW≈

Na 120°C



   

Karlsruhe / Roberts-Busse dynamo

G.O. Robert, Phil. Trans. Roc. Soc. L, 421 (1972)
Busse, Geophys. JRAS, 42, (1975)
Tilgner, Phys. Lett. A, 226 (1997)
Rädler et al., Study Geoph. Geod., 42 (1998)
Müller & Stieglitz, Naturwissenschaften, 87 (2000)



   

Maryland Experiment Dan Lathrop
 complex.umd.edu



   

Maryland Experiment
R1 = 0.5 m
R2 = 1.5 m
Ωmax=12 Hz
Rmmax= 680



   

Madison Experiment
Cary Forest
 home.physics.wisc.edu/~cbforest/



   

 DTS (Derviche Tourneur Sodium) 

Université Joseph-Fourier, Grenoble,  FRANCE

 Y.Ponty



   

 Y.Ponty



   

(experimental dynamos)
& VKS induction

Laboratoire de Physique ENS­Lyon
M. Bourgoin, P. Odier, J.­F. Pinton, N. Plihon R. Volk

M. Moulin, P. Metz

Laboratoire de Physique Statistique ENS­Paris
M. Berhanu, S. Fauve, N. Mordant, F. Pétrélis 

D. Courtiade, J.­F. Point

Groupe Instabilités et Turbulence, CEA­Saclay
• Chiffaudel, F. Daviaud, B. Dubrulle, L. Marié,

• R. Monchaux, F. Ravelet, C. Gasquet, V. Padilla



   



   

Dudley & James (1989)

S2t2 flows :
 helicity + Diff-Rot

Kinematic dynamo
(Ravelet et al. PoF, 
Vol.17, 2005)



   

 Y.Ponty



   



   

VKS1 : 2000-2003
VKS2 : 1st run April ‘ 05

Fluide : sodium
Taille : R=0.3 m
Puissance : 300 kW

VKS experiments



   

BALANCED REGIMES

F1 = F2

RM > 32



   

 stationary dynamo F1 = F2 

Monchaux et al., PRL, 98 
(2007)



   

  geometry



   

 bifurcation onset 



   

B fluctuations  -  VKS2i 



   

UNBALANCED REGIMES

F1 ≠ F2



   

  a phase space 



   

  a variety of regimes 
Stat. F1=F2

Stat2
Stat3
noDyn
Reverse
Bursts
Oscillations



   

 reversals 

• Tdyn   100 s≈

• Trev   5 s≈

• synchronous : B = 0 

∂tB = rot( u x B) + λ ∆B 

      sym  B  /   ­B



   

 reversals 

Valet, Nature 435 (2005)



   

 reversals and power 



   

 oscillating dynamos 



   

 dynamo bursts 



   

Flow without annulus in mid­plane

F1 ≠ F2



   

  a phase space 

X

Stationary
None
Osc/Reverse
Intermittent



   

  example of time signals

intermittent 18/22

center

side



   

  example of time signals

intermittent 18/22



   

  a phase space
“ anti - contra”  



   

 low dimensional chaos ?



   

21/15 (noir)
22/16 (rouge)
22/16.25 (magenta)

 Neighbouring dynamical regimes 



   

 21/15: (-b,+b,-B,+B) paths 



   

 22/15: (b,B) bursts 



   

 21/15 (b,B) and 22/15 (bursts)



   

 22/15 (bursts) and 22/16 (reversals)



   

Conclusion :
Low magnetic Prandtl number :  A difficult limit for numeric
     but an important physical regime.    Re =  10^5  Rm  

               Mean flow dynamo versus the fluctuation dynamo  
                                                                      

Experimental Dynamo and MHD in metal liquid:  

                    A gate for the astrophysical objects understanding 
          * rich dynamical system 
                periodic dynamo solution (solar cycle)
                reversal, excursion  behavior   ( earth, telluric planet)   
                bust dynamo, on-off intermittency
              


