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MANY DYNAMO QUESTIONS ARE RIPE
FOR EXPERIMENTAL STUDY

-1. How to self-excited,

homogeneous dynamos

evolve? 4. What is the
-2. Can helical fluid backreaction of the
turbulence generate a self-generated
mean-field EMF? magnetic field on
-3. Can fluid turbulence these three
transport magnetic flux questions?

and result in anomalous
resistivity?
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DESIGN OF ADYNAMO EXPERIMENT

- To observe a growing eigenmode will
require Rm > 30
« sodium
«a=05m
« Vpeak = 10 m/sec
- Build a dimensionally identical water
experiment
« transparent
« easier to work with than sodium
-Characterize V and (v-Vx¥)
« Will be identical in water and sodium for B=0
-Critical Rm is a sensitive function of the
shape of the flow field

« Impeller design is critical
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DESIGN STRATEGY LEADS TO A
KINEMATIC DYNAMO

Optimize parameters of simple velocity
fields using Numerical Models
-Bullard-Gellman eigenmode code
-3D resistive MHD code

* target V(r)
JCFD code for designing impellers
to generate velocity fields

hydro experiments to measure real
velocity fields (mean-field and

predict eigenmode
growth/damping rate
turbulence)

+
Kinematic Dynamo Design




Computational fluid dyamics code (CFD) is used to design
impellers to match theoretical flows

-finite element description of impellers
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SODIUM AND WATER HAVE NEARLY
IDENTICAL FLUID PROPERTIES

Sodium Water
Temperature  110°c 50°C
viscosity 0.65x107° m?sec™10.65x 1070 m? sec™!
mass density  0.925 gm cm™> 0.988 gm cm ™
resistivity 10~ Om

—> Rm= ”O;V =4 a(m)V(m/s)
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xp.

P=2Hp
Re<2x10°(Rm =2)

¥

4
[10.18¢m)

SWEAT - Small Water Experiment ATtempt



A DIMENSIONALLY IDENTICAL WATER
EXPERIMENT IS ALSO UNDER CONSTRUCTION
TO DOCUMENT HIGH Re FLOW PROPERTIES

L l
4-aéirie!;[3x c:tr;gt\l/tgrse Windovxjs 2 Lwobe head
controlled stepper motors) . &«
R @ TNy |
Shaft and impeliers /"*m

.........

O
Y
°

Support structure Two 50hp motors
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LDV IS USED TO MEASURE FLOW VELOCITY
PROFILES AND PROPERTIES OF
TURBULENCE IN WATER EXPERIMENTS
.Laser Doppler _
Velocimetry (scattering = — ' ..
off small test particles | ——=| \ =™ —
seeded in water) T eroiron B i o
.Provides highly = ey ___-;935
resolved measure- 72 e
ments of velocity FCM-/-;r;. D~
(space and time). probe head

-Have already
measured mean flows

- Will be measuring
turbulent helicity




ISA-ZiHIVIENTAL SU REMENTS
NDI CATE THAT FFECT SHOULD

| STRONGLY MOD FI CONDUCTIVITY
L

0.2—— correlation time 1 * Turbulence measurements

i j .
e b ;7 atlow Rm already indicate
2 0.
| ameasureable B effect.
> 004 —— . j » extrapolated to sodium from water
g 0035 velocity fluctuations ;
/\oozEE ] A A g
0.01c )

A T | . B=g(v?)
§, edecrease in b
@ “f conductivity oc— 9
N -y E _
o 2 <> <> I+ pyop
3Q E 0 0 —i

85 1.0 75 20 25 30 35 7

Rm
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ENT TO OBSE
ND DOCUMEN
BACKREACTION

- Apply a toroidal field using
a center conductor
-Measure Iq,

-Increase Bq,

RVE
T

adl
Hypothesis: ¢ = —
L 1+9° B 2
P

BOEC says B =100 Gauss

3 IS .
i HDg IS necessary to observe a
backreaction

Rogowski coil to measure
enclosed current

I(D = J‘O'TO,’(DB@dA
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POSSIBLE EXPERIMENT TO DOCUMENT
TURBULENT CONDUCTIVITY

_____________————————-

-Apply Bz
- Measure Bq,

From induction
B. Probe equation:

2
\% qu—}%‘z“qu—[,l()O'TR BZ

(101 86m} 3 aw
B = UnOTda 57 BZ

I

Helmholtz coils 35



+1. Numerical studies show the experiment is a
feasible candidate for a kinematic dynamo:
- Water experiments are underway to show feasibility
- Growth rate and Rm-crit are sensitive functions of flow profile
+2. Turbulence levels are significant and global
helicity should convert into turbulent helicity and
an EMF through the a-effect.

-3. Measured fluctuations on water experiment
indicate a measurable p-effect for sodium
experiment.

-4. Antennas and internal probes will allow us to
examine the backreaction and saturation.
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