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Do we need experiments?

* Proofs of theory

* Checks of numerical simulations.

+ Studies in different regimes

* Real models of natural objects

* Inputs for theories or simulations
*+ Improvement in technology

- Discoveries
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The magnetic Reynolds number

UL Necessary condition
Re =——=pucUL for dynamo action :
4
Re, >~50

uis difficult to change (Martin et al, 2000; Frick et al, 2002)
ONa = 3 06 = 10 044,
ong decreases with T

- AT T #2100 C, poy, # 10

* ForL=1m, 14 2 0.1s

Size L and velocity U should be as large as possible
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The magnetic Reynolds number

_UL_ULv
7] V.1

Re

m

=ReP_

* For liquid metals, P,, # 10-°
» Liquid metal dynamo occurs for large Re (>10°)
» "Turbulent” dynamos

effect (effective n increases with turbulence).
(Reighart and Brown, 2001)
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Velocity / Size

» Velocity is limited by the available power.

R3
Po oc -
,077 3

Pour Rm=50,L=1m, Po =

For liquid sodium:
pn® =1

100 kW (Nataf, 2003)

The problem is to cool down the experiment (O.1K/s)

- Large L is necessary.

» Sodium is cheap (< 10 €/1) and light (r < 1000).
- Sodium is dangerous (reductor, water => explosion H2).
* Large experiments are expansive.
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Experiments ; necessary conditions

* Rm >& 50 imposes the use of sodium

+ U >b5m/s, which means a power of a
few hundreds KW (cooling unit too)

- L > Im, which means a few tons of
liquid sodium

An adequate velocity field
(in space and time)
to start and maintain a dynamo
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actual
B + -b;

(Lehnert, 1958)

A 4

b,/B <0.25

September 5, 2003

40 cm

58 litres of sodium.

Q< 500 rpm

Rm < b5

b,./B <0.1

« » effect »
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(Lowes and Wilkinson, 1963; 1968)

(Herzenberg, 1958)

- Fig. 3. Sc ic di
Fig. 1. The Herzenberg dynamo & chematic diagram of our dynamo model

Ferromagnetic materials (1L > pg)
+ Mercury

September 5, 2003 Caramulo, Survey of experimental results - P. Cardin 11



(Lowes and Wilkinson,1963; 1968)
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2z = 2650 rpm. n.~ 200

Re, ~ 200
O 1 S —"qd
el e Qs |
> W,
o) 000  r.p.m.
Fig. 4. External indunced field from modified model as velocity is
increased '
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(Steenbeck et al.,1967)

« o effect »

U=0-11 m/s
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(Steenbeck et al.,1967)
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schwindigkeit in m/sec)
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(Steenbeck et al.,1967)
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Freume 1. Schematic section of the hydromagnetic cylinder.
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The Riga dynamo

(Ponomarenko, 1973) dynamo

(X

Figure 2, Theoretical model: two coax al cylinders moving as solid bodies inside a motion-

less shell.
A’r rest

translation

helicoidal flow

v

Kinematic approach, : :
With infinite geometry. B oc exp(1kz) exp(1at)
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First attempt

PUMP Q |
I

COOLER [=

\
i/ )
3
= o
u
MODEL =
FLOWMETER - e
PN
Ny > > > - A
v -
VENTURI

Figure 1. Test loop with pump CEMP 3/1200: device at the Efremov Institute of Elec-
trophysical Apparatus, St. Petersburg, Russia. The reported test was carried out there in

1986.

Leningrad, 1987

Imposed magnetic field

‘ 2 9 lg /7 5

' i /
|
L<:j Induced magnetic field

Figure 3. Experimental model. 1-Measuring channel. 2-Sodium entrance.
3-Helical labyrinth. 4~-Main channel. 5-Reverse system. 6-Counterflow channel.
7-Immobile sodium. 8-Tlelical coil for outside excitation.

9-Coil, measuring transverse field. 10-Sodium exit.

(Gailitis et al., 1987, 1989); (Gailitis 1992).
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First attempt; results.

!
/e (Gailitis et al., 1987, 1989);
F 5 (Gailitis 1992).
\\“’ f:;.;Ps
5 ' Improvements:
(Gailitis, 1996);
S (Christen et al., 1998)
- 2 (Stefani et al.,1999)
L
5 10 \« \:|5 Rm (?
300 600 900 Q, m¥h

Figure 4. Measured 1/B signal versus flow rate @ for three frequencies.
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iga Dynamo

R
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Riga; growth of the magnetic field
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(Gailitis et al., 2001)
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Riga; comparison Num./Exp.

— ﬂ.-d- ! ] 1 T 1
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(Gailitis et al., 2002)
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Riga: Motor power measurements

Field free  +

140 ¢ With saturation g
e
I/XO/KW
120 | ® T
e
100 |

-}\

Mechanical motor power [KW]

60 F .

1600 1700 1800 1800 2000 2100
Rotation rate [1/min]

(Gailitis et al., 2001)
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Riga:

Saturation

t . | |
0.8
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(Gailitis et al
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The Karlsruhe dynamo

(DA :
OJier) a5 [«

4

Derle
y :
JoEele -
poEes |
a .
OGO b B
a
0 @ @ @ @ _ (Busse,1992): r,,d,a/ry<<1
0 a 2a 3a X - 5
? ) Re, 4 Re, ¢ >16—a 1+[3'83dj
Re, 4 Re, . >87 | )
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- |
.IITit:i LTt

Vcor Vy, up to 120 m3/h
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Dynamo
modulus in

Karlruhe

Q
>
3
3
)

Caramulo,
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View efsFhe-building in Karlsruhe

11.15 Ausdehnungs

behilter == 11.15
= Wirme- = AV,

53.2 tauscher

|+ Gasseparator
6.63

e - Dampileitung

| | L Massenstrommesser
4.41 Wasser-
_&;‘ pumpen

Fm
Kihlturm

318

http://www.ubka.uni-karlsruhe.de/vvv/fzk/6223/
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& # central loop
¢ 1 helical loop 1/2
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Stability diagram in Karlsruhe dynamo

190 v vy v i g —— - ;
J T T l"n \ Il,
18 +V=101m¥h \ \ :
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B-spectra in Karlsruhe

spectra

F (Hz)
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Two succesful experimental dynamos

* Good prediction of the onset with laminar
(average) flow and ideal boundary conditions.

» Kinematic and mean field approaches.

» Saturation mechanism ? (Tilgner et Busse, 2002)
Motions of the liquid sodium initially at rest.

- (Petrélis et Fauve, 2001) claim that a turbulent
scaling is in agreement with the experiment
whereas a laminar scaling predict a field orders of
maghitude too small.
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The MGrYIGnd gr‘oup (Shew et al.,2002)

A convective dynamo?

20.3 cmM

\

6000 rpm, E ~ 10-8, A~ 1,Rm < 10

W)

coolant —g

IR heaters &
\ :\t'|=a1£1:;t=goils Hall probe
array
1.5 litres
6000 rpm Rm<8
' 1
(Lathrop et al., 2001) 90 litres 61 cm

(Aubert el al.,2001) predict if R=1 m and 100kW of heat, Re,, = 1
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Mechanically forced motions
@ S$2T2 kinematic model
(Dudley and James, 1989)
U R =55

propellers

ﬁi

~ pulse coils

hall 2 * 7.4 kW
probes .
15 litres
D=31.2cm

(Lathrop et al., 2001)
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<M=/ o6 |
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-1

-1.1 L
-12 L
-13 L
-14 |
-15 |

-1.6

Decay rates

0

10

20 30 40
Rep

50 60 70

(Peffley et al., 2001)
R, ~ 200 ?
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—— original satup (Sec.2)

" = § Cudsc
0 r o— 5 Cu disca
w—=o -3 Cit fings

F-W 85— shrouded props
g0 — — 16 bladed props’

"Hunting for dynamos” | . ..... i

a.

//

b.
3 Curings //
c.

1 Cu plate

5 Cu plates l/
+ baffles

BEST

Herzenberg type (Shew et al., 2002)
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MHD Turbulence | &4 ] [ &
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(Sisan et al., 2003)

4 ﬁt(s)s 10 12 14 1 2 4 ﬁt(s)s 10 12 14
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The ma ry ' and p r.OJ eCT %ﬂﬁmﬁlﬁ r mi?ﬁi‘-“ﬁm:‘;ﬁmu
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D=3m, 15 tonnes Sodium.
260 kW * 3= 780 kW.
Rem < 400. (Lathrop, 2003)
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Van Karman experiments : VKG

Pressure regulation (N;) Zwﬁ{ __ Helmoliz coils 5 IiTr‘eS gC("ile
R = 10cm
__ I 2*11 kW
H Rm<16 . .
‘—’J 5 Magnetic expulsion
. R T T T T T T T T
18 Xoxox X
Coolingcircuitj Fluid IN/ QUT » f + 4+ 4+ + X
]?_anuonaﬂnnﬂ!ﬁtn'iiﬁi_
—_— %
x * X
. R
A + x
+
éd 15} + x
4f 4+ + 7 * g
b o REm=0
13F X % Rm=3
12} . e
x » ¥ Hm=9
W34 5 6 7 8 9 1 1
y/R

(Odier et al., 1998;2000)
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Van Karman Sodouum
(3) ®

- L

P Pt
s \5) \&
F oo I'./g, ! -
)

FIG. 1. Sodium experiment: (1) experimental platform. (2) sodium tank
(27010, 13) motors, (4) Oow vessel (70 1, detailed in (2). (53) sodium purifi-
cation unit, (6) control unit, (7) argon circull command.

70 litres sodium, 2*75 kW, 1500 rpm, Rm<50
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Vlew of The Cadar'ache experiment
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VKS: optimisation of the flow

Poloidal / Toroidal ~ 0.8

— .
1 - em e e . - — = = e f — o e g —— a— — -
B e i
£ e e e . m n = R . e M
Pl e e L L e . P R - =% H
{::J-"‘“ W LI [ R B “‘-':' }
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L A R [ T T oy !
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o \\k-_:::j’: A L B : “::'_,,_,i.’f
- ¥ P i L . . =
hD'E :Q"""f.r’.r - " . Il ' [ -.*--—"‘"i;-'
‘\""-1-.»..-.- EE R S
T e e e e e s N | B
Vv w oD 22D LY I T I Ik
“‘.-""—-P'-'d - - - 1 ! * -~ - "_-""_-'J"r
M e e e e o e - . N \ . N m w mm e e S S
R e e e - = - N i “ M e mm —m e S
VR R e e e e - - - - - - em . —m A .
B e e e e e e - e
bR e i o e e = - - I I D 4 . - -
0- - = = = =« = = = = = e 4 e e em em m o= 4
cm of cupper . .
-1 =0.5 0 0.5 1

R ..~ 70 o0rR ~ 55
mc m max FIG. 30 Mean velocily leld in the water experiment: (a) toroidal and (b

poloidal component of the velocity in the meridian plane. The abscissa
corresponds 1o the normalized axial direction with the disks located at x/R

V4 ) ) . . ) .
(Mar‘ie e1- al 2001 ) == |, and the ordinate corresponds to the normalized radial direction (with
° z/ /=0 al the center of the disksi In this measurement. the rotation rate of
(B ur on 1. I 2002) the disks s (=5 Hz.
(o) oin et ai.
) ‘ LDV et UDV
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VKS: MHD effec’rs

13 AXIAL Q=8Hz : . B TRANSVERSE Q=8Hz ' ' e

! effec’r o effect -

3=

M -
-7 L] ' ° ‘f’
(1] TR PRT Y. SN SO —— - g ———— = 0‘.;_:_,.__'.__ A

6 6
B, [G] B, [G)

N << 1 Expulsuon

1P 8 T T

Bo paSS|Ve 12_ . . ' ' ' ' ' ?_[d ____________ ........... )4’(

é . ° o [] ey RS SR .¢. .......... -

(Bour‘QOin e.l- Cll., 2002)_20 Iﬁ 150 15 2;'3 2;5 350 3;5 a0 o 5 10 15 élﬂ 25 30 35 a0
(Marié et al, 2002)
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VKS : spectra

(Bourgoin et al., 2002)
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Madison Experiment

@ Optimisation of
S2T2 kinematic model

'/3/\6\ (Dudley and James, 1989)
Rpe = 47 2* 50 kW

1750 rpm

\ of vg (r,0) and \.f(p{r,ﬂ}

et windows
2d LDV travers%\
'“‘\Q\?\\

localized measurements

N\

il i-I"I H ‘ F'l.i [

ik N T

I . N !

> L= el
(Forest efj = S T 7
al., 2002)=
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Madison: Onset of the average flow

pm
1= r;'lag.neﬂ'n Fl.eyr.lold.s e
1208 humber 1o
£ 80 |- 1 1080
o 60 1720
0 1 2en
0 A |
0 20 40 60 80 100120140
power (KVY)
2: ¥ Y ¥
of
-2F
£ 4t
o -BF
5l
“10F  calculation I
(Forest et al., 2002) e -t —
0 20 40 60 80 100120140
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View of the Madison experiment

Diameter=1m
i 150 kW
| V~20m/s
125-150°C
FS 25 35 kW coolin,
1206 axial
: gy R, ~250 > 100

-
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Ponomarenko type The Perm PPOJZCT

1

11 Fig. 4. Apparatus for wa-
ter experiment: 1 — plexi-
oF 19| i glass cvlinder, 2 — toroidal

~ channel, 7 — brakes, J
_: _? — G braking disc, 5 — braking
control, 6 — electromotor,
L3 e 7 — tachometer, & — light-

% u—ﬁ i]fg. a mmpu\lnr. i
2| i diverter, 11 — free rotat-
] ing Hat blade, 12 — optical

.
F W -' fiber, 13 I..I[Jli(:i-t] pr be,
7 14 — video camera.

Fig. 7. Screw flow in channel A at the later stage of evelution (1.5 after full stap).

Wa"'er‘: 2 kW , 3 OOO r‘pm Ur.l_llu- left pm!.rl. the IJ”I}}ilI |t~||-.- |::1.|:Iic:|n- .u:Ii:-qJI:.m_'.: A |:'|.I',]_'__'(‘*-:-il:':'||l.'. :-i('l'(“'r'.'. .~=I|'||c-l |.|n.- nl: .||1c*

fAowe. On the right panel, small kalliroscopie particles show a small-seale structure of

\ o the turbulent Aow, Both snapshots are taken for the same moment of evolution., One
. 2 G . S r‘ea ' ng diverter 15 nsed, which can be seen in the lower part of the channel as a light body.

Sodium experiment:
R=0.4m, r=0.12 m
115 litres Na

3000 rpm
Vmax=140 m/s

Fig. 5. Twa chamels: A (small) and B (large), used in water experiments.

Fig. 6. #-blade Aow diverters. The left diverter is ftted with two lat frealy motating Rm: 40

IJlmlw '.1.|||t h enable one to measure szimuthal velooities upstream and downstresm the

(Frick et al, 2002) Breaking 0.1 s
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Perm: Optimisation of the flow

A

FIG. 9 Structure of the magnetic field for different times of Run 1. From left to right, the times are 0.0, 0.05, 0.1, 0.15, 0.2,
1.3, 0.4 and 0.5s; the braking time is Ty, = 0.1 5. The surfaces are iscsurfaces of the magnetic field strength (red: B. = 0, blue:
B. < 0). The lines are magnetic field lines. The diverter is located at the bottom; the direction of the flow is upwards.

Amplification factor of 3.. 0.1s
Increase of u > 0.2 s.

Dependent of the initial magnetic field (Dobler et al., 2003)
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Socorro group: o - ® type dynamo

FrieLima +lc Directlon of Cylinder EBototlon
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® 0
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x
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Eu rabollc Plume Crocss—
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to soliol-hod Sectlon ot

rototiom | TImes Dencted
O=comstant

t=1
__In30s)
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(Colgate et al., 2002)
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Socorro: design of the experiment

Frinted Circuwit Boord

# Heunting Flange we 30“"5 . Moin Support & Thirust Baorinp assembly
Hain Euﬂmr\-'r E':'-E":'EItl:lTI""'E‘ EI-ID Hln,:ls ° Cm i Thrist B’E':”"l"ﬂ Far E".'.l"-'D'hnﬂ L NDFI_HD"-'[I-":"'IH
Beorrgs ¢E) Plure Fort Asgemblles (2 Hydroullc Shoft Interfoce
]
T B
- =
(A

Inlet B Outl=t Cooxlol Beoring= WN:}'IIndU" C ||ng§?rzgg;mbl
Fedrculating O Far- Hgh—3peed o ¥ - o
Thermol Cont-ol Zhof+t Tupport 61Cfl'\

Foterw Lnlons

I]L-rl'er' F}.rllnder'
20 5o 8000 Tpm 100 kW

~12
<2000 tpm Rem~120

Water

expemmen’r Soium tank

(Colgate et al., 2002)
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The Grenoble project.

Verturi Tubes (5)

Cylinder (1)
Blecirodes (6)

1 litre de gallium,
s 3000 rpm.

(Brito et al., 1995; 1996)
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An Q quenching effect?

1.5

el TP, (1)
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a00
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600
500
500
500
500
400
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200 ’
200
200

©
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Dimensionless solid velocity (®, ;.
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(@]

0.4 0.6 0.8
Elsasser number

o
o
.
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(Brito et al., 1995)
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September 5, 2003

Qutside air thermostated at T2

Slip rings
Amp —1
pefature |

L
Rotating units "

Lexan/Copper sphere
—

Water/Gallium
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Thermal convection in rapidly rotating shell

5 litres of gallium, up to 1000 tpm. With toroidal magnetic field

(Aubert et al., 2001)
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Ultrasonic velocity measurements

0 1
10} ;i l I 4 I
it }
| : 1}
¥

20

i} (Aubert et al, 2001;
210 | Aubert et al., 2003)
E 1 Uconv _ CZgF
! _ 34
0.1 | — II”1IIG | — II”1ICIIGI | — ‘IUDDQD pch D
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Viscosity
measurement

< 4110 mm

-"8= 45 mim Spin-up experiment

WATER

Ultrasonic
probe i At =0, Q =300 rpm --> Q=340 Tp:n
B T8 o s el e o . e e B .
208 »
30
40 -
‘E 50 =
< &0 oo
70 120
B0 o
Brito et al, 2003 TR by { Iy ﬂ i
0 5 10 15 20

t(s)
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(Greenspan, 1968) theory

t
u¢(s,t) = SAL) exp| — E—1/2Q—1(1_82/R2)3/4

i S (. '1' ||:I”"‘|il'1l 15.0 1
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Turbulent vnscosrry measuremenT

5.0 g
125 -

10.0 -

2.5 - Exp., Q=300 to 340 rpm, Ra=10°, T ___=21.3"C-X

|||||||||

i averaged ]
| ==== Th., v(21,3) _
_ Best fit, v, =143 V(21,3 X
00 o B L R - I .
60 70 80 90 100 110
s (mm)
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Mlctors
i'
Electr iy
call ' ‘f
Th oot
o3 o =
Electrot { -.I_.
valve (i

anent magnet

shell
less steel

Sodm regervolr

Ly 45 litres of Na, 210 kW

o1
. . Rm < 30
Spherical Couette experiment (Cardin et al., 2002)
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A maghetostrophic experimental dynamo:
A planetary dynamo model

R =100
a=Lm €2=450 rpm
Power = 600 kW A2 =150 rpm
B=03T

(Cardin et al., 2002)
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Conclusuon ?

adlisees

paliser
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September 5, 2003

0
0.0 0.2 04 0.6 0.8 10 12 14 16
(Nataf,2003)
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