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Structure of the Earth and geodynamo

Reshetnyak M.Yu. Compressibility and helicity in geodynamo



What we think we know about geomagnetic field

o it should exist at least 3 - 10% (age of the Earth is
4.5 - 10%)

e it IS non-stationary

o dipole strcuture

@ EVErSsa |S, excursons

o MAC waves
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Boussinesq geodynamo model . ..
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Some results on Boussinesqg-like geodynamo models

self-consistent thermal and compositional dynamo
Earth-like spectrum

reversals and excursions

inner core rotation

scaling laws

¢ &6 ¢ ¢ ¢ ¢

inverse cascades
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Figure: Distribution of the V,-component of the velocity field with ranges
(—675, 701), (—153, 157)
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Reshetnyak, Hejda, Nonlin. Proc. Geophys. 2008
Hejda, Reshetnyak, Phys. Earth Planet. Int. 2009.
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Figure: Normalized fluxes of kinetic Tk energy in the wave space: NR (red),
R1 (green), R2 (blue).
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w, T, Ex, x for R1
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w, T, Ex, x for R2

A
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w, T, Ex, x for R3
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Fig. 2. The profiles of the rotation angular velocity ()
along the radius for the R1 (1), R2 (2), and R3 (3) regimes
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.. w(r), Nu(r) for R1-R3

Fig. 3. The profiles of the Nusselt number (Nu) along the
radius for the R1 (1), R2 (2), and R3 (3) reginies within (a




1.0

Fig. 7. The profiles of the rotation angular velocity m(s) for
the R1 (1), R2 (2), and R3 (3) regimes. Parabolas (a) and

(b) are specified by the f = Ai/s2 function, where 4, =
®g1(0.01), A, = wg3(0.46), and A, = —mp(0.46) ~

® g(0.46).
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57’0 ~ 20% — we need anelastic model!

0
Boussinesq or anelastic, V -V #£ 0, a—/t) =017

@ 15 years ago: "Can 3D thermal convection generate magnetic field
at all?"

@ Even for Boussinesq we have quite enough parameters: kinematic
viscoity, thermodiffusion, magnetic diffusion, intensity of thermal
sources (including various b.c.), daily angular rotaion (which is too
rapid for simulations)

@ Re~ 10% —10° g = x/n=10"5% Ry, ~ 10%.

@ Anisotropy: /|/IL ~ E~'/3 ~ 10° (at least at the onset of
convection)

It is only some of the reasons why Boussinesq approximation lived so long
in geodynamo!
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Kinetic helicity generation

Kinetic helicity x =< v -rotv >, closely related to the a-effect — the
reason why we have a large-scale magnetic field in the body for Ry, > 1.

Sources:

@ viscous stresses, e.g., no-slip b.c, generation in the Ekman layer of
thikness dg ~ E1/27?
: . dEk S :
@ rotation+boundaries: v = 0 (violation of geostrophic balance)
4

@ rotation-+density gradient:
Q- Q-
x~( pr),V,TN (£2-Vp)

p

.
/ -y~ 2
/v, « 3 X
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Meridional section of kinetic helicity y for E = 2 - 1074,

Pr=1forRa=15-102and Ra=8-10% V-V =0.

H1_M H1_M

—358650.0
38650.0

—1.53700e+06
1.62200e+06
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Meridional section of kinetic helicity y, E = 2104 Pr =1,

5 5
Ra=8-102 22 —02and £ = 1.
p p
H1_M H1_M
Phi = 300.917 Phi = 300.917
—686100. —740600.

2.72500e+06 608500.
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Estimation of vorticity. Observations. V -V = 0 limit.

Let /, =C,; L and vjjbserv =C, Vi

For Iy ~EY3 L~107%L=10m (C; = 107°) and
C, = 1 one has exactly

_ G Y
¢ L

This scale is too small for geodynamo: Ry, ~ 1072,

observ

rot v, ~3-107°C,s?
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Effect of V p

Q=73-107s1 v=10"°%m?/s,
Vg =3-107*m/s, L =10°m, C = p/p =0.2.
/

v, ~C % v, — horizontal velocity of cell with v,

Fe ~2CSQ2v, ~ 2CN2 % v, — Coriolise force

Vo =T Fe~ 22CQ % v, ~ 2001,

~day?!

—N—
W rotv, ~20Q~3-107°s = for V-v#£0

2
Here we do not know /| because diffusion does no’g )

introduced!
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