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anisotropy = anisotropic diffusion, anisotropic diffusive coefficients, anisotropic diffusivities
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Anisotropy in the magnetoconvection models |

, therefore it is worth to introduce anisotropy in the rotating magnetoconvection
models (see, e.g., Soltis & Brestensky, 2010; Filippi et al., 2019; Filippi & Brestensky, 2020); the geometry of

these models (Roberts & Jones, 2000) 2= 0
z z -

g
/2

5 By = By

’ L —d)2
Y

Model of rotating magnetoconvection with homogeneous horizontal basic magnetic field in the infinite
horizontal unstably stratified fluid layer with temperature profile, To(Z).

governing equations

Rodiutzxu=—VP+A.(Vxb)xy+R92+E.Vou, ;b= Vx(uxy)+Vab, ¢; 189 =2u+Ved, Viu=0, V-b=0,

Ezvﬁu = E:[(1 - 0,)0:2 + @ V2u, Vb =[(1—0ay)d:z +ayVi]b, V29 =[(1—ax)dzs+axV3]¥

2
B ATd

M E, = %2, R=STY = "2z R, = 72z are used;
2Q0pononzz " T F T 20gd?’ 2Q0rzz 92 T Mz 0 T 20042 '

where dimensionless parameters, A, =

oy = YET = o, = Rzr — o — "ZT . gnpalysis in term of normal modes, v, orientation ofm of convection
1
Vzz Kzz Nzz

flz,y, z,t) = Re[F(2) exp(ilz + imy) exp(At)], Re[\] = growth rate, a = /12 + m?2
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Most unstable modes in T and G cases
isotropic T-case, 9t # 0, Otb = d¢u = 0, a = 1 (inspired by Braginsky & Meytlis (1990) and Roberts & King (2013))

R, — K2+>\/2q (EK4 + Am2 + 2 K2 ) Aman = qR; (K2 _ 371_2) NGRS IIPE A isotropic most unstable modes
™

i = T2 EKA+Am2 itk

_ 2(xK—EK*\ _ 2,1 B o K2-x2 Lt B ® ; 3
A=c (WK_« >_cAT I—E.]E),C_‘m%’AT(Ri)—Fg_—ﬂ?’ET(Ri)_?Tg
isotropic G-case 9:9 # 0, 8tb # 0,0tu# 0, a =1, p= R, /E
KZ(K2+A/4) 2 2 2 =2(K242)2/K2 JR; R )
Ri:m[“ T NET +PNE + Am® 4 (KQH)(KZW)EMM],Amaw=m%(z< — 372)
=L (1- &), B D= LAl (g ) = TN K2a
A_CAG<1 Eé)'EG(”q’R”‘m<ET’AG("’RI)—m—7AT

Anisotropic T-case, ;1 # 0, 9tb = du =0, a # 1 anisotropic most unstable modes

2 2 2 2
Ro KAUGN ) | gy Am? =

K272 K2

2 y Amaz = qz [ﬁ(Kz - 37%) + (a — 1)7"2] ’
K2 (EZ K2+ J—AK’; )
&

2 2
K2 = tac?, Ax = 2, (1- 5 ) A (R @) = K=o

T _ s
s Bp(Re) = i TR

T
T
Anisotropic G-case, 9+9 # 0, 9¢tb # 0,0tu # 0, a # 1, p, = Ro/E.
_ KP(KZ M ez) 4 T2 /K
(K2 (K2—=2) [f Ny
Amaz = @z |38 (K2 = 372) + (a — Dr?] 5 Az = 2AL (1 - L ) ,

G
= | i — mlak?+(1-a)r?+2]
ReRKZ 1 (1—a)n2pan] © Ep(R,a), Ag(R,qz,a) = R(KZ—=2) o -

R },Nf = (K2 + (K2 + p-NE. + Am?,

Eé(Ra qzpz, o) =
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Regime diagrams in Sa (o < 1) and So (« > 1) anisotropy for most unstable modes in T and G cases

AL E. diagrams for several T and G cases in Sa and So anisotropy compared with isotropic case.

0 2.0 4.0 6.0 8.0  x10~4
os | |\ T y=o0" Jo.s
0.4~ -H0.4
—0°
103
do.2
do.1

8.0 «10~4

...back to most unstable modes equations
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| Conclusions |

In the isotropic most unstable modes, the modes with maximum growth rate, the
convection is facilitated in the general case, G-modes, (EEEEEED) . Thus, not
only heat and buoyancy, but all forces, including magnetic and Coriolis ones,
contribute to great instability

Anisotropy strongly influences the occurrence of these most unstable modes

(in @ and @ cases) and even more significantly

Like in steady marginal modes, also in the most unstable modes the Sa,

atmospheric SA anisotropy,

Future development: rederiving these anisotropic magnetoconvection models for
different directions of magnetic fields, e.g., with vertical magnetic field. Moreover,
a model with rotation and magnetic field in the horizontal plane, but orthogonal
each other, will also be studied

anisotropy = anisotropic diffusion, anisotropic diffusive coefficients,anisotropic diffusivities
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There is strong belief that the Earth’'s Core is in turbulent state

The Earth'’s core is driven into motion by buoyancy forces so strong that the flow and field are turbulent, fluctuating on every length and time scale,
as it is accepted by the most of geophysicists. Traditional approach to turbulence (see, e.g., Krause & Radler, 1980; Sokoloff et al., 2014) splits each
variables into mean and fluctuating ones, e.g., u = u + u’, B = B + B’ thus the mean IE is:

9B _ _ -
E:noV2B+Vx(ﬁxB)+Vx£, E=u x B/
within suitable approximations and conditions we can say that V x € = —V X (8V x B), the well known " B-effect”. In general, due to turbulence

the diffusive coefficients are anisotropic; for instance the buoyancy has a preferred direction = local turbulence may be significantly anisotropic with
respect to gravity direction VXE=-VX(BYXB)> VXE=—Vx(BYxB)=vV.(BVE)

where 3 is a tensor quantity, thus, in general we should speak about an "anisotropic beta-effect” or anisotropic magnetic diffusivity, anisotropic 1
tensor (n = mq + B), which parameterizes mean electromotive force, £.
Analogous considerations can be made (see, e.g., Fearn & Roberts, 2007) for Navier-Stokes and heat equations

ou ~ _ _ -
P a—l: +U- VT4 20k x 0| = VP + vV3a+ (1/p0)B - (VB) + V- uw/u/ — B'B’

where, within some approximations ¥V - u/u’ — B’B’ = V . (v V1), tensorial turbulent viscosity, v, parameterizes Reynolds and Maxwell
stresses related to u/u’ — B/B’.

e o _
E-ﬁ-u-V@:er 0 -V .ue’

where, in some cases —V - u/©®’ = V - (k7 VO), k is the parameterized tensorial turbulent thermal diffusivity.

Thus, introducing anisotropy in the QMM EENETS
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Different anisotropic rotating magnetoconvection models studied

k  isotropic  anisotropic name reference

i v, K, M - isotropy Roberts & Jones (2000)
h v, m K pure-h anisotropy Donald & Roberts (2004)
m v, K n pure-m anisotropy  Filippi & Brestensky (2020)
P n v, Kk partial-p anisotropy ~ Soltis & Brestensky (2010)
q v K, M partial-¢ anisotropy  Filippi & Brestensky (2020)
f - v, K, 1 full anisotropy Filippi et al. (2019)

Table: Different anisotropy cases, k = i, h, m,p,q and f, with related isotropic or/and anisotropic
diffusivities, v, k and n. Cases i, p and f have been already studied and published, cases m and ¢ are
new (FB) and case h is not yet published.
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Anisotropic diffusive coefficients in SA and BM anisotropy (partial and full)

Partial anisotropy model by Soltis & Brestensky (2010) with v, k anisotropic tensors and 7, isotropic
tensor, where

Ve 0 0 Kax 0 0 no 0 0
v = 0 Vyy 0 s K = 0 Kyy 0 s Mo = 0 no 0 .
0 0 Vi 0 0 Kaz 0 0 70

inspired a full anisotropy model (Filippi et al., 2019) with anisotropic v, k,
n, where ez =10 + Bza, Nyy = N0 + Byy, Nzz = N0 + Bz=.

Later, we will speak about another kind of anisotropy, , a partial anisotropy with v also
isotropic.

SA, Stratification anisotropy:

Vzx = Vyy 75 Vzz, Rz = Ryy 75 Rzz, Nzx = Nyy = Nzz =10 and Nzx = MNyy 7é Nzz-
Gravity or/and the Archimedean buoyancy force are dominant
BM by Braginsky & Meytlis (1990):

Ve < Vyy = Vzz, Koo < Kyy = Kzz, Nazax = Nyy = Nzz = 10 and 7z < Nyy = Nzz-
Rotation and magnetic field are dominant

There is “horizontal isotropy” in SA, but not in BM - & B
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| Dimensionless governing equations and parameters

In magnetoconvection problems, for simplicity we use 1, b, J instead of u’, B’, ©' used when we
spoke about CIEEEEEETTD. In the most general anisotropy model we get the following main
dimensionless equations, after using standard procedures

Rodmu+zxu=—-VP+A(V xb)xy+ Rdz+ E.Viu,
b=V x (uxy)+ Vb,
09 =2 -u+ Vi,
V-u=0, V-b=0,
SA anisotropy: E.V2u = E.[(1 — )05 + a,V3u, V29 = [(1 — a)0zs + ax V3]V,
Vob = [(1 — ay)d.: + a, Vb
BM anisotropy: E.VZu = E.[(cw — 1)0sz + V3]u, V20 = [(e — 1)z + V3]0,
Vb = [(ay = 1)0ss + V7]b
o =22 g =S g = T2 and to solve these

Vzz) Kzz Nzz

equations
Outtine (TP  Most unstable modes  Conclusions
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| Method of solution in the most general case

A solution can be found by (e BBEEEEEEEEED ¢ g, in Chandrasekhar (1961):

V-v=V-B=0=u=a 2[VX(VXw2)+Vxws] and b=a %[V x (V X b2) + V x j2]

All perturbations (w, w, b, j and 9) have a form like f(z,y, z,t) = Re[F(z) exp(ilz + imy) exp(At)] with horizontal wave
number a = /12 + m2, complex growth rate A=Ag + i\; € C (A is frequency), F(z) = W(z), Q(z), B(z), J(z), and ©(z)
If we take some curls of momentum, induction and heat equations, introduce inverted magnetic Prandtl number

P ="nz2/V22 = Ro/E. and we consider the simplest boundary conditions at z = +1/2, i.e.:
— stress free boundaries: W = D?W = DQ =0
— perfectly thermally conducting boundaries: © = 0
— perfectly electrically conducting boundaries: B = DJ = 0.
"dispersion relation”
pax(K2 4% K2N3 472 (K2 +2)°
(K2 +X) Ny

whereNf

Np = (K2 +\)(K2 +p\)E: + Am?,
K2:7r2+a2,
Kz:ﬂ'2+ana2, K3:71'2+Q,_,a2, K727:772+ana2 in SA
K2 =n2 4 agl?+m?, K2=n2+a,1%+m?, K3,=7r2+anl2+m2 in BM

©)

2
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| The orientation of the rolls of convection |
Roberts & Jones (2000)

ww ¥,

Y
//O OO OO
o t—7 '
_—— 10 P
_— 0
/

X X X
exp (imy) exp (ilx +imy) exp (ilx)

B

OO OO
@

Cross rolls (stationary convection SC Oblique roll (stationary convection SO Parallel rolls (stationary convection P
mode) mode) mode)

v = arctan (%) is the angle between the axis of rolls and the magnetic field B.
l=0=~y=mn/2rolls L B, m=0=~y=0rolls | B

preferred modes m R over [, and m. graphical results concerning the marginal modes (A = 0) about partial and
full @, ... & anisotropy; most unstable modes maximize \ over [ and m
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Comparison of all anisotropic rotating magnetoconvection models studied

Several models J¥3 anisotropic magnetoconvection studied: isotropy (%), heat transport (h), partial-p (p), partial-g (g) and full (f) anisotropies;

for simplicity o), = vy = ay = «
2
K2N? 472 (K2 4 2)

. az (K% + )
i—case = N; = (K2 + A\)(K2+pNE+Am?, R a? =
‘ (q=K2 +X) N;
2
K2 4\ K2NZ2 + 72 (K2 4+ A
b case = Nj, = (K2 + \(K2 4+ p\)E + Am2, REE TN 2 h ( )
(qu§+>‘) Ny,
2872 2 (12 2
0 (K2 +3) K2NZ, + 72 (K2 4 2)
- = Ny = (K2 + (K2 +pA)E+A.m2%, R o =
m — case m = (K5, + M) (K~ +p\)E+Azm (qu2+)\)a N
2
K24 I(2N2-}—7\'2 K2+)\
pfcase:>Np:(K2+)\)(K§+p)\)Ez+Am2, 22 ( + )a. = L ( )
(quZ-‘r)\) Np

272 2 2 2
g (K2 +X) , K°Ng+m (Ka+)‘)
q — case = Ng = K2+>\ K2+p)\)E+A m2, R = a® =
@ = (Fa b - (¢=K2 + ) Ng
272 2 2 2
(K2 +)) , KNP+ (K2 +2)

- = N; = (K2 + N (K2 4+ pA)E, + A,m?2,
f — case = (K5 +M(KS +pNE; + Azm (qug+>\)a N,

someabout h, p and f anisotropy ll m, g and f anisotropy JAN
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A, — E, Regime diagrams in SA anisotropy for the stationary marginal modes

For each SA (CLIECHEIIED after getting the ac, l., m for oblique @ it is possible to find the following relationships between A, and E:

A, =Aj (1 - E) =(C/0), E, = Ej = (0/P)
ER

k E A w2 B}, A%
i E A 3—13-1/2 31/29-1
h E A 37'37l/? 3L/22-1
m E A, 371371/2  (142q)271371/2
p  E. A azl3zl/? 35/2271
¢ E A, 33'agl/? az3z /2271
— —1/2 —1/2,—
f o OB. A, azlsgt/ as3g /2271

Table: Different variables and special dimensionless parameters

2, = 1+\2/10‘+8<x D80 = 1424, ag = 1+ a2q A-z vs ‘Ez is‘regime diagram in whic:h all C, O, P modes
E are in their regions ©, ,®, respectively. The curves are
*
Az <Ap(1- E% = preference of cross modes C in their (C/0O) and (O/P) are the boundaries between ©
E, > E; = preference of parallel modes P and @, and @ and ® regions, respectively.
=] [ = E == waAw
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Some AFE, Regime diagrams in SA anisotropy with & = 0.1, 10
— B P
o o oo I T—— |
| | semeason o | pecaseacio a=1
0.6 ——asereon |
‘ \<,=m ho o Joememmro ‘
: - h-case a=0.1 ;
< 0.4 : _ ; <0 N | e isotropic case !
: Seorropic case I
;
| |
0.2] - !
ah i
S | :
oose IR
0.0 0.05 0.06
T
<~ B P
0. e — 10so —  Jreasea=10
=10 =1
0.6 | g-casea=0.1 T areaeaslo =
K [ —r
I ——
= 0.4 = N T~ - isotropic case
N isotropic case N
hRe RN . 4l a=10.)\
0.2 Tl il . r=10
=11 1 5 .
0.0l5c—] I ——— | o )
0.005 0.020 -00 0.01 0.02 0.03 0.04 0.05 0.06

these regime d ms refers to.
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Anisotropic diffusive coefficients in SA and BM anisotropy (partial and full)

Assumption 1: following anisotropy in the viscosity and thermal diffusivity holds

Vex 0 0 Koz 0
v = 0 Vyy 0 s K= 0 Kyy 0
0 0 Vyz 0 0 Rzz

Assumption 2: same diffusion in two directions, but a different diffusion in the third one. This is called partial anisotropy for reasons which will be

clearer later. However, in a more general case we need to deal also with the anisotropy in the (S ERTETe I EER RN Sl e
Nez = N0 + Bz, Myy = N0 + Byy, Mzz =10 + B2z
We call this situation full anisotropy (Filippi et al., 2019) considering magnetic diffusivity also anisotropic

SA, Stratification anisotropy:
Vgx = Vyy 7£ Vzzy, Rxx = Kyy 7£ Rzzy Nex = Nyy = MNzz = 10 and Nzx = Nyy 75 Nzz-
Gravity or/and the Archimedean buoyancy force lead the dynamics of turbulent eddies

BM by Braginsky & Meytlis (1990):

Vg < Vyy = Vzz, Koo < Kyy = Kzz, Nzax = Nyy = Nzz = 10 and Nzx < Nyy = Nzz-

Rotation and magnetic field lead the dynamics of turbulent eddies
There is “horizontal isotropy” in SA, but not in BM
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Heat transport anisotropy

Donald & Roberts (2004) developed a dynamo model which introduces anisotropy only in the thermal diffu-
sivity. Inspired by them we began to study also another case of anisotropy in rotating magnetoconvection,
we call it Heat transport anisotropy.

vo 0 0 Kea 0 0 no 0 0
v = 0 v 0 , K= 0 Kyy 0 , Mo = 0 no 0 .
0 0 vo 0 0 Kzz 0 0 1o

This new simplified model is developed for wider chance to compare the effects of more anisotropic models.

Outine TEETITIITTITINIIRY  icst unstable modes  Conclusions
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Dimensionless parameters

where Z = dz, b= Byb and

z2z g d d2 >, q ZZAT
u=0Uu= n—u, t=—t=—t, P =20n..p0P, U= D227
d U Nzz Rzz
B2 ATd R
Ro:%yAz:—MaEz: szQa :aTg 7QZ:szapz:_o
2QOd 290,00/107722 ZQOd 290522 N2z Ez
o, = V:m;7 o, = :‘izz7 Olr, _ Nax
Vzz Rzz Nzz

the can be solved by
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Method of solution in the most general case ‘

We look for a solution by using some methods developed, e.g., in Chandrasekhar (1961): u and B are divergenceless, therefore
u=0a"2[V x(Vxwz)+V xwz] and b=a 2[V x (V x bz) + V x jz]
All perturbations (w, w, b, j and ¥) have a form
f(z,y, z,t) = Ne[F(z) exp(ilz + imy) exp(At)]
a=+vVIE2+m2 \A=ic €C, F(z) =W(z), Q(2), B(z), J(2), and ©(z)

[E:Dy — RoA|2+DW +imA,J =0, (1)
(D% — a?)[E, Dy — RoA]|W — D2

+imA,(D? — a?)B = a?RO, 2)

(Dy — N)J +imf2 =0, (3)

(Dy — A)B +imW =0, (4)

(Dr —CN)O + W =0, (5)

¢= qz_l; D =d/dz; Dk, Dy, Dy are equal to D2 —a.l2—m?2, D%2—q,l2—-m?2, D?— ozy,l2 —m?2 and D? — a,.a?,
D? — a,a?, D? — ozna2 for BM and SA types of anisotropies, respectively.
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Critical Rayleigh numbers in stationary SA (partial, full ) anisotropy

From now on, for simplicity we assume that in partial and full anisotropy:
ax =y = aq, w =Qy, =a, =«
X = 0 (marginal modes), 1, = (Ko/K)?

. m(r? 4+ a2)1/2K§ 1 s w(mr+ a2)3/2 12
B="—m—(Gtg) =" (Gt )

E.K?K2+Am? E.KX4+Am?
where C), = —_— and Cy = e

in SA K2 = 7% + aa® and

E.(m* 4+ a®) (7% + aad®) + Am? E. (1% + aa®)? + Am?

Cr = (w2 4 a?)1/? » Co = (72 + a2)1/2
ORS  ORS OR®  _ OR®
ac, =% g =0 am 8C. ' da?

we have critical Cp, a® and C,,, a” in case of partial and full anisotropy respectively thus

7[_2 1 + AV 1 + 8@
2a
by the (6) and (7) it is possible to obtain m. and I,

2 2 2 2
Cpe=1,a; =724 = and Cue = lo,a. =7 24

(6)

(@)
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Critical Rayleigh numbers in stationary SA m-case anisotropy

ay=ax =1, ay =«

m 0/2 o

R = KK, (?—m + C;ll)

where
_ K2K?E + A.m?

K,

Cm

oR;, oR;,
ac,, 0 and 902

Cime = V1 and az = 272

=0

ac in pure-m anisotropy is identical to the isotropic one
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Critical Rayleigh numbers in stationary heat transport and partial-¢ SA anisotropy

From now on, for simplicity we assume that in heat transport and partial-g anisotropy:

Qr =0,0p =0y =1, a, =1l,as =0y, =«

A=0, 1o = (Ko/K)?

2, 2\3/2 3 /O )
Ry — 1, ) (O+ l), Ry = Tho < : +C,jl> .
a

a? C

in SA K2 = 7% 4+ aa? and

o= EK*+ Am? c - K2K?E + A.m®
o K e Ko
OR;, OR;, OR; OR;
—h—0, =L =0 d =0 1=
aC " Ba2 an aC, _  Ba?

C.=1,a2=7"2, and C, =1, a’ =72,
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AE, Regime diagrams in SA anisotropy (h, p, f with a = 0.1,10)

! ? P
0.8 :\ 10 S0 — [ f-casea=10 :
i \\ \ | feasea=01 Q \ oo |pemeanio ia:] 0
0.6 : = — e a=ll o |
i \\\ =10 ;10 - - |h-casea=10 :
! L —-| hcasea=01 .
N ! ;0 |
< 04 I A . — < 0N - isotropic case !
: N0 | || e !
o 4 !
N 4: ~e o= a=1 !
02 \‘\ 3 = a=1 > i
=1 N N 1
()‘0¥sicA‘Tﬁ’7” —— el - g N R DR X
0.005 0.010 0.015 0.020 0.04 0.05 0.06

E;
The AE, regime diagrams for steady convection in SA anisotropy in h, p and f cases compared with isotropy. In
the left figure atmospheric anisotropy (Sa), in the right figure oceanic anisotropy (So).
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AE. Regime diagrams in SA anisotropy (m, ¢, f with a = 0.1,10)

ol i P
0.8 —  f-casea=0.1 10 SV —  frascasi0
=10 .
0 6 e . —  g-casea=10 =10
\\\ - - m-case =10
- m-case a=0. \€= 10
y 04 N <N N ---- isotropic case
L \\§O ----- isotropic case \
il } 4 a=10.
\\\\\\ : a=1 ) -10
02 e=1.1 I s =1 9 N
L I RN =]
0.05c~! ——— o=1].1 SN ofSC \ ....... =1
0.005 0.010 0.015 0.020 00 001 002 003 004 005 006
E. E.

The AE, regime diagrams for steady convection in SA anisotropy in m, q and f cases compared with isotropy.
In the left figure atmospheric anisotropy (Sa), in the right figure oceanic anisotropy (So).
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Regime diagrams in Sa anisotropy, a < 1

AE, diagrams for several cases of Sa anisotropy compared with isotropic case.

...back to rolls

A
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‘ Regime diagrams in So anisotropy, a > 1
AE, diagrams for several cases of So anisotropy compared with isotropic case.
SO0 |
4 sca000) |pooo)
20t
4100010004 ¢=1000

15
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—— full So anisotropy @=1000
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...back to rolls

————— partial So anisotropy @=1000
— full So anisotropy a=100

..... partial So anisotropy =100
—— full So anisotropy @=10

partial So anisotropy =10
isotropy

SO(1)

. 0.015

0.020EZ




The most unstable modes in rotating magnetoconvection with anisotropic diffusion in the Earth’s outer core
Enrico Filippil  Jozef Brestensky! @Ugg‘;{;‘ngozz
1Fat:ulty of Mathematics, Physics and Informatics, C ius Uni ity, Bratislava, Slovaki:
AFE,-Regime diagrams in BM anisotropy
— Full BManisotropy (@=0.5)  —— Full BM anisotropy (cc= 0.1) 10+
—— Full BM anisotropy (o= 0.9) —-~- Full SA anisotropy (.= 0.1)
—-—- Partial BM anisotropy (@ =0.1) —-—- Partial BM anisotropy (o= 0.9) AQ -
—-—- Partial BM anisotropy (¢ =0.5) - - - Isotropy (o= 1)
A3 / a=0.1 /05! /05 09/ 8
/ lo : 74 ‘
1’ ’ 1 :
! , ' ] :
2 / SO ! i | 6 :
! / 101 ' = 5 : P
1 7/ 1 ' .
/ i / ! i .
j’ /s’ i p, \ 4 _
1 z | / !
! b N 34 i
14 .11 : _/'/ H :
I |
sC ; 117 -
b2 i B ' S i
2 i AT | e I e e !
. = = T T 1
0.000 0.015 0.020 0.000 0.005 0.010 0.015 0.020
E E,

z
The regime diagrams for steady convection in various cases of partial and full BM anisotropy in two different

A-axis scales. For comparison cases of isotropy, a« = 1, and of strong Sa, o = 0.1, are added; there are three
asymptotes at A — oo, represented by the dotted vertical lines, for six SO/P lines for o = 0.1, 0.5, 0.9.

...back to rolls
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‘ The most unstable modes in isotropic case

Roberts & King (2013);

2
N £0, R; = (argATd)/(2Q0k), R = (argATd)/(2Qkz2), E = v/(2Q0d?), A = oM

2Q0po 100

the most unstable modes are the modes with maximum growth rate (A = OmA = 0)

Braginsky-Meytlis approximation (T-case) (see, e.g., Braginsky & Meytlis 1990; Roberts & King, 2013):

K2 A 272
Ry = 508 (BK 4 Am? + 25080 ) A= —aK? 4 g I X
K? A 2 . ; .
X:T"'RT,(%) VY =200 (F) § Amas = g (K? = 372) with K:
- _ 4
EK'+ Am? —nK =0, K3 — K- Tim—o, A= (ZEEED) @ = (K2 —n)/m?,

O/P boundary E = /K3

General case (G-case):

. _K2(K24)\/q) 7r2(K2+>\)2/K2 - 2 2 2
Ri = Gy [12\/ P+ - ] Ny 7E(2K + A (K2 +pA) + Am
)‘:_qKZ"_q}; KK2 X2+y27X )‘+ +R (Kg+A)7YZ%O(%)§Amaz— (K2

A K
K : RoKANK? + ) + EK3(K2 + \) +Am2K —n(K2+AN) =0, A=c? (}gﬁjz) [z - B(K

O/P boundary E = m/[K(K? +p)\)], K3 — £ig? - Big =g,

371'2) with

24 0],
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‘ The most unstable modes in anisotropic case

p)
By

Bz = 22/ (2Q0d%), Ax = g0

anisotropic T-case:

(Ka+A/a:) K> K _ 4 2y _ 2 -2 X
R= (K2—7r2)K2 Ny + 5,5 ) - Ny = EKL + Aem ,)\—q(—K + A K2—a? X2+Y2)7
2
X = 2 ()Y = () sAmar = @ [ (K% = 372) + (a — )72, with K:

-

2
aK3 — ’K2 — —7r—0 A, =c? (K;(“ 2) (% —Eng), c? = (K? —72)/m?,
O/P boundary E, = n/(KK2)
anisotropic G-case:

R= K2(K2+X/q.)
T (K2HN(K2-72)

2 K2 A 2 KZ
[Nf+ TRl :Nf = Bo(K2 + A (K2 +p:A) + Asm?,

A=a [_K2+%%ﬁ] X = >\+ +R (#i)\)vyz(ﬁ)%/\mam:
qZ[ (K2 371'2)+(oc—1)7r2],W|th K:

2
a3 B2 _Rip_g A = [If;f:;]{%—Ez (K2 +p:A] )

O/P boundary E, = m/[K (K2 + p:))]

Qutline |  Anisotropy and magnetoconvection . (TEFTENTEIEI Conclusions



Enrico Filippi1 Jozef Bres':ensky1

1 Faculty of Mathematics, Physics and Informatics, C ius University, Bratislava, Slovaki:

/ff@ﬂx The most unstable modes in rotating magnetoconvection with anisotropic diffusion in the Earth’s outer core
5 g ) g
GY

(Gl

2022

‘ Regime diagrams for isotropic most unstable modes

Comparison among AE diagrams for different ~y in isotropic T and G most unstable modes.

0 0.2 0.4 0.6 0.8 1.0 #10~%

1 0 = T T T T T — 1 0
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0.8 -Ho.8
T e300
0.6
A 30°
0.4+ -H0.4
___________________ 45"
60" y
0.2 00° Jo.2
=
1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0 «10~4

E
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Regime diagrams for T most unstable modes in Sa and So anisotropy

Comparison among AE. diagrams in T-cases for v=0°, 30°, 60°, 90° compared with isotropic cases.
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Regime diagrams for G most unstable modes in Sa and So anisotropy

Comparison among AE, diagrams in G-cases for v=0°, 30°, 60°, 90° compared with isotropic cases.

[0) 0.5 1.0 1.5 2.0 2.5 3.0 *107%
2.FT T T T T T 32.

— ¥=90, 60, 30, 0; ¥=0.5; G—case
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=0

=90

0.5~ -0.5
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z
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Comparison between steady marginal and most unstable modes

a  El(a) Ef(a) E*(a)
0.5 1.875-10~% 0.1797-10~% 0.01880
1 7.003-107%* 0.7295-10~* 0.01950

2. 2343-107%* 3.070-10~* 0.01884

Some values of isotropic and anisotropic ET in T and G cases with R = 200, ¢. = 105,
p. = 105 compared with isotropic and anisotropic E* for the steady modes.
a M@ Af(e) Ao
0.5 0.0498242 0.0498247 0.393076
1 0.197652  0.197654  0.866025
2. 0.752291 0.752296 1.8413

Some values of isotropic and anisotropic AT in T and G cases with R = 200, ¢, = 10°
compared with isotropic and anisotropic A* for the steady modes.
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