Oscillatory a2 Dynamos
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Background

Start with meanfield dynamo equation:
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vacuum permeability
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Background

0B = —
Pencil Code solves interms of A :
B=VxA
A

= —wﬁcﬁ,VQ + & —nuod



a? Dynamos: vary 6
and change boundary

O
SAA: regularity on 6, } /

oA, = Ag = Ay = 0

ASA: perfect conductor on 6,

A, = 0yAg = A, =0

SAS: normal field on 6,
OpA, = Ag = pAy =0 '



a? Dynamos: vary 6
and change boundary

6?0 = 5°, C.; = 0.62
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a? Dynamos: vary 0
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a? Dynamos: vary
conductivity profile

Tt = Tho (Bo + eysin®d + ... + e, sin“‘@)
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a? Dynamos: vary
conductivity profile

a=(1,0,0)
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a? Dynamos: vary
conductivity profile

a

(1,0,0)
ei n/mo | Ch|w
ea 0.01 (0.236)
ea 0.05 (0.558)
eq 0.01 0.096 | 0.008
eqs 0.05 (0.326)
eg 0.01 0.070 | 0.005
es 0.05 (0.265)
es 0.01 0.059 | 0.003
es 0.05 (0.238)




a? Dynamos: vary a profile

o = ag cos 0 (ag + ao sin“f + ... + a, sin”@)
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a2 Dynamos vary a profile

a=(0,1,0)
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a2 Dynamos: vary a profile

a=(0,1,0)




a2Q) Dynamos: adding shear

—wAyVQ+ E — nuod — u?A

S

Addition of shear: (S, Op S, 0) Damping term

Ccr — OC'UR/ntU
Cq = SoR? /0



aQ Dynamos: adding shear
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a2Q) Dynamos: adding shear

C” 589C = 0.00
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aQ Dynamos: adding shear

Ca* = 4.82, CQ = 40.0




aQ Dynamos: adding shear

C = 5.05, CQ = —40.0
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Problem:

When altering the conductivity profile, if n is too small, even in
the absence of an a-effect, there is still growth




a2 Dynamos: memory effect?

E = aB — nypoJ
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o = — (@B —nepod — E) +neV*E



a2 Dynamos: memory effect?

b -*.f90-*.  (for Emacs) vim:set filetype=fortran: (for vim)
|
!
&MUn_pars
nt=500000, itl=1000, isave=1000, itorder=3,ialive=l
dZdavg=0.1,dsnap=5e9, dvid=1e9,slice_position='w'
lpencil_check _small=F
f
&magnetic run_pars
eta=.1, 1lorentzforce=F
f
&magn_mf run_pars
meanfield etat=1., 'meanfield etat profile='sindy'
alpha_effect=11.ﬂj. alpha_guenching=0., alpha profile='cosy'
f
amagn_mf demfdt run_pars
taul emf=.1, eta emf over etat=1.

f

&special_run_pars
kT alpm=60. 'fnonlinear saturation wvia helicity constraint)
kT alpm=0. '{for 1inear theory put kf_alpm=0)

!



a2 Dynamos: memory effect?

I -*_f90-*. (for Emacs) vim:set filetype=fortran: (for vim)
|
!
&MUn_pars
nt=500000, itl=1000, isave=1000, itorder=3,ialive=l
d2davg=0.1,dsnap=5e9, dvid=1e9,s5lice position="w'
Lpencil check small=F
;
amagnetic run_pars
eta=.01, 1lorentzforce=F
;
&magn_mft_run_pars
meanfield etat=1., 'meanfield etat profile='sindy'
| alpha_effect=3.964, alpha guenching=0., alpha profile='cosy’
;
&magn_ mT demfdt run_pars
taul emf=.1, eta emf over etat=1.
;
&special run_pars
'k _alpm=60. '{nonlinear saturation via helicity constraint)
kT _alpm=0. '{for linear theory put kKT_alpm=0)
;




a2 Dynamos: memory effect?

I -*_f890-*.  (for Emacs) vim:set filetype=fortran: (for wvim)
|
!
&MUN_pars
nt=500000, itl=1000, isave=1000, itorder=3,ialive=1
d2davg=0.1,dsnap=5e9, dvid=1e9,s5lice position='w'
lpencil check small=F
f
&magnetic run_pars
eta=.001, 1lorentzforce=F
f
&magn_mf _run_pars
meanfield etat=1., 'meanfield etat profile='sindy'
alpha_effect=3.ﬁ£5L alpha_guenching=0., alpha_profile='cosy'
f
emagn_mf _demfdt_run_pars
taul emf=.1, eta emf over etat=1.

f

éspecial_run_pars
'k _alpm=60. 'inonlinear saturation via helicity constraint)
kT _alpm=0. '{for 1inear theory put kf_alpm=0)

!



a2 Dynamos: memory effect?

Rheinhardt & Brandenburg, 2011

Run | ki  me/me O w/muki

(a) 0.001 0.001 5.16 1.64
0.1 0001 4.65 0.74

(b) 1 0.001 2.76 0.88
1 0.1 2.77 0.87

(c) 1 0.3 2.84 0.86
1 0.7 3.68 0.78

(d) 1 1 5.30 0.64
(e) 0.06 8.12 0.58
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a2 Dynamos: memory effect?

Run | ki  me/me O w/muki

(a) 0.001 0.001 5.16 1.64
0.1 0001 4.65 0.74

(b) 1 0.001 2.76 0.88
1 0.1 2.77 0.87

(c) 1 0.3 2.84 0.86
1 0.7 3.68 0.78

(d) 1 1 5.30 0.64
(e) 0.06 3 8.12 0.58
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