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Classification of Dynamos

J B = curl(v X é) + NAB + curl(? 'xé)

Mean Flow
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Laminar vs Turbulent Dynamos
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Different Dynamos!
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Dubrulle et al, NJP, 9, 308 (2007)



To understand :Stochastic approach
Full equations (DNS)

d,B = Rmcurl(ﬁ X 1_?3) +AB

6,7 +R,(7 V)7 = -R,Vp+ R curl Bx B+ Il:_mw
c

Model 1 (Analytical) / \
&j? = curl(ﬁ X l§) _KB’B

Model 2 (SNS)

V=<V >+’ ) o - .
d.B = curl(V X B) + NAB + curl(ﬁ'xB

where
<v'(x,0)v'(x+r,t+71)>=2G(x,x")0(T)

Noise delta-correlated in time (Kraichnan model)




Model 1

J B = curl(ﬁ X E) - KB’B

Non-Linear

Kraichnan model o"ln< B2> J <ln Bz>
Multiplicative noise 20 = Py 2N = p
Work with PDF and A '

Model 2

J B = curl(v X ]_?3) + NAB + curl(?'xf})

Linear
Stochastic simulation
Work with mean TG flow

—

V Time-average of velocity field computed through Navier-Stokes



Model 1: threshold

= <tuijkleiejekel>G >0

A=(3Vee,). + <ul.jkl (Aikeiek +Aee, )>G

v

Orientation (<0), large scale FTiCtiOﬂ, >0, small-scale

(zero if <V>=0) ( u effect, favourable)
Unstable Direction
Directon Bu =)
Qi = <Vz é)kv">

Wiy = <(9 V.0 vk)

Leprovost, Dubrulle, EPJB, 44, 395 ( 2005)



Model 2: Threshold

Forcing at ki=1 \

Vv=<V>+y'

Forcing at ki=16

C)

Linear in (8-1) 30 E

(Fauve-Petrelis)

Laval et al, PRL 96, 204503 (2006) O 1 10 5



Full model:Disorientation

Simulation LES {Re=500)




Full model: Threshold

Simulation with real velocity

Turbulence increases threshold
With respect to time-averaged!
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Model 1: Saturation

Equation for P(B x.t)

3P =-V,3,P-(3,V,)d,| BP|+K3,| B*B,P|

+ é)k[ﬁklé)lp] T zaBi[Bkalik aJP] + W0 [Bjé)Bk (BZP)]

with
By = (Vkvz>
i = <Vi ﬁk"j)

Wiy = <é)jv;é)lv;<)

Leprovost, Dubrulle, EPJB, 44, 395 ( 2005)



Model 1: Saturation

Non-zero Solution (normalisation)

a>0 et —>0
a
0.5 200
%0 & 100
0
0 0.1 0.2y 0.3
40 b=0.1
20
4000 4500 5000 0 0.1 0.2 0.3
1.5 -
7 b=0.6
1 /
/
0.5 /
/
0

0 - - /
4000 4500 5000 0o 05 1 15 2

Most probable value

A>aD

Illustration

).c (b+’g’)x—yx3
b=A




Laminar

> t ‘

(~— > Rm=

-l

Laminar vs Turbul ent Dynamgs

Pas dynamo

Turbulent

% 0.004[

Al

¥

m ﬁl 1;. |

i

‘u“\, ”U JU \\\.

DOOOL
0
wol
00 ‘le
mLu’\l‘,.rh_
y %ﬂ
1 ]
».d].l. J.

No dynamo

Intermittent
0 Dynamo

> }
h
03 '1' ‘ ;H ;,Whl p‘ ,'V'E
b 02 l AV /
v TRINE
n | V/ | |H| 1.| | 1
01F M, | ‘1( ‘,' 'l‘ \f v
;, \ \f" {JI V ] \ \"l
0.0/ . . 3
200 400 1000
S -
o ‘\ - 1
| 4
5 ol ¢ Iy o’ lf | ]
Ly
JJF:
1] . U
0.0 0.1 0.2 0.3 0.4
8
—>

Turbulent A
Dynamo



Full model: saturation
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Burst with increasing Rm

Dubrulle et al, NJP, 9, 308 (2007)
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Disorientation |
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Intermittency in VKS2
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Burst seen with increasing rotation




