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Helical Dynamos
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Closed alpha”2 Dynamo

Momentum equation: forcing function
D
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Dt 0

Helical forcing f on scale k¢
# Helical motions (w - u) ~ epks(u?)

# Helical magnetic field (J - B) = epkm (Ez)

:(Emkm)2<A'B> B=B+b
(Frisch et. al. 1975, Seehafer 1996)

€r, €Em = normalized helicities

» tsat = tres = (277€3nk%)_1

resistive growth for large-scale field B (Brandenburg,
Subramanian 2005)



Predictions from the General Theory

mean-field interpretation
Saturation magnetic field strength:
—2
[Bsat/Bezq = (Ca/em — 1)1,] (Blackman, Brandenburg 2002)
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For the man magnetic field to grow: |C<*| = ¢,
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What Pietarila Graham Finds

Parameters: €f and kg /ky,
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Fit formula: fo,c = 1/ (14 C?(ke/km)*1?) € ~ 0.46
(Pietarila Graham, et. al. 2012)
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Reproduction of the Predictions

Consider the resistive phase well after the kinematic phase.
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D forcing function
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triply periodic BC » magnetic helicity is conserved

helical forcing f :> helical motions (w - u
:> helical magnetic field (Beltrami field) <7 E) = km(B")

Parameters: €f and kgt /ky,
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Saturation Magnetic Field
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(Candelaresi, Brandenburg 2012)




Saturation Magnetic Field

=2,
Prediction: Bsat / Beq — (Ca _ 1)5 (Blackman, Brandenburg 2002)
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Saturation Magnetic Field
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Rent — 2000 (Pietarila Graham, et. al. 2012)
Match their parameters.
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Beq is underestimated for high Pryrdue to viscous losses.
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Magnetic Helicity Fluxes

mean-field considerations

Induction equation:
0B =V x (U xB—ndJ)

Mean-field induction equation: B
0 .B=n©V’B+V x(UxB+€E) B=B+b

b:()fB UtVXB

Electromotive force (EMF): | €
o

ag = —Tw - u/3 K+ o
an =77 -b/(3p) =~ 7k*a - b/(3p) = ht (Pouguet et al. 1976)

B =V xaB +nrV*B

Moffatt, H. K., 1978, Krause and Raedler, 1980
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Magnetic Helicity Fluxes
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1D mean-field in z

Helical forcing profile:
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(Brandenburg, et al., 2009)
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Magnetic Helicity Fluxes

open boundary VS closed boundary
symmetric ' antisymmetric
wind Ra
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Summary

 MF prediction reproduced in DNS.
 Discrepancy of (Graham) due to SSD contamination.

* Magnetic helicity fluxes alleviate catastrophic alpha quenching.
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ABC-Flow Forcing

sin(X3) + o cos(X5s)

Jo sin(X1) + o cos(X

Forcing: f(x,t) =

W

(X3)
\/%(1 0?) \ sin(Xs) + o cos(X1)
X = kfx; + 0 cos(w;t)
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