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What we think we know about geomagneti
 �eld
it should exist at least 3 · 109y (age of the Earth is4.5 · 109y)it is non-stationarydipole str
uturereversals, ex
ursonsMAC waves
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Boussinesq geodynamo model . . .
∂B
∂t = ∇× (V × B) + q−1∆BEPr−1 [∂V

∂t − V× (∇× V)] = −∇P − 1z × V + RaT 1r + E∆V
∂T
∂t + (V · ∇) (T + T0) = ∆T (1)
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Pr = ν

κ
∼ 10−1 ÷ 10 � Prandtl number, E =

ν2ΩL2∼ 10−15 � EkmannumberRa =
αg0δTL2Ωκ ∼ 109 � modi�ed Rayleigh number, q =

κ

η
∼ 10−5 �Roberts number
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Some results on Boussinesq-like geodynamo models
self-
onsistent thermal and 
ompositional dynamoEarth-like spe
trumreversals and ex
ursionsinner 
ore rotations
aling lawsinverse 
as
ades
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Figure: Distribution of the Vz -
omponent of the velo
ity �eld with ranges
(−675, 701), (−153, 157)Reshetnyak M.Yu. Compressibility and heli
ity in geodynamo
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Figure: Normalized �uxes of kineti
 TK energy in the wave spa
e: NR (red),R1 (green), R2 (blue). Reshetnyak M.Yu. Compressibility and heli
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Fig. 1. Regime R1. The distribution of V  (–26.3, 17.4), Nu (1.0, 1.4),  (–64.1, 17.1), T (–0.02, 0.04), E  (0.0, 

ω, T , EK , χ for R1
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ω, T , EK , χ for R2
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Fig. 6. Regime R3. The distribution of Vr (–874, 1387), Nu (–7.3, 32.9), ω (–4909, 19490), T (–0.49, 0.14), EK (0.0, 2.7 

ω, T , EK , χ for R3
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Fig. 2. The profiles of the rotation angular velocity (ω)
along the radius for the R1 (1), R2 (2), and R3 (3) regimes
within (a solid line) and outside (circles) TC.
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Fig. 3. The profiles of the Nusselt number (Nu) along the
radius for the R1 (1), R2 (2), and R3 (3) regimes within (a
solid line) and outside (circles) TC.

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

(b) are specified by the f = Ai /s2 function, where Aa =

ωR1(0.01), Ab = ωR3(0.46), and Ac = –ωR1(0.46) ≈

ωR2(0.46).

s for R1�R3
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δρ
ρ

∼ 20% � we need anelasti
 model!Boussinesq or anelasti
, ∇ ·V 6= 0, (∂ρ

∂t = 0)?15 years ago: "Can 3D thermal 
onve
tion generate magneti
 �eldat all?"Even for Boussinesq we have quite enough parameters: kinemati
vis
oity, thermodi�usion, magneti
 di�usion, intensity of thermalsour
es (in
luding various b.
.), daily angular rotaion (whi
h is toorapid for simulations)Re ∼ 108 − 109, q = κ/η = 10−5, Rm ∼ 103.Anisotropy: l||/l⊥ ∼ E−1/3 ∼ 105 (at least at the onset of
onve
tion)It is only some of the reasons why Boussinesq approximation lived so longin geodynamo! Reshetnyak M.Yu. Compressibility and heli
ity in geodynamo



Kineti
 heli
ity generationKineti
 heli
ity χ =< v · rot v >, 
losely related to the α-e�e
t � thereason why we have a large-s
ale magneti
 �eld in the body for Rm ≫ 1.Sour
es:vis
ous stresses, e.g., no-slip b.
, generation in the Ekman layer ofthikness δE ∼ E 1/2?rotation+boundaries: dEKdz 6= 0 (violation of geostrophi
 balan
e)rotation+density gradient:
χ ∼

(Ω · ∇ρ)

ρ
l v , τ ∼ l/v , α = −

τ3 χ ∼ −
(Ω · ∇ρ)

ρ
l2
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Meridional se
tion of kineti
 heli
ity χ for E = 2 · 10−4,Pr = 1 for Ra = 1.5 · 102 and Ra = 8 · 102, ∇ ·V = 0.
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Meridional se
tion of kineti
 heli
ity χ, E = 2 10−4, Pr = 1,Ra = 8 · 102, δρ
ρ

= 0.2 and δρ

ρ
= 1.
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Estimation of vorti
ity. Observations. ∇ ·V = 0 limit.
Let l⊥ = Cl L and v observω = Cv VwdFor l⊥ ∼ E1/3 L ∼ 10−5 L = 10m (Cl = 10−5) and
Cv = 1 one has exa
tlyrot vobservω =

Cv
Cl VwdL ∼ 3 · 10−5 Cv s−1This s
ale is too small for geodynamo: Rm ∼ 10−2.
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E�e
t of ∇ ρ

Ω = 7.3 · 10−5 s−1, ν = 10−6m2/s,Vwd = 3 · 10−4m/s, L = 106m, C = δρ/ρ = 0.2.v⊥ ∼ C
l⊥L vz − horizontal velo
ity of 
ell with vzF
 ∼ 2CΩv⊥ ∼ 2CΩ l⊥L vz − Coriolise for
evω = τ F
 ∼ l⊥v⊥ 2CΩ l⊥L vz ∼ 2CΩl⊥

ω ∼ rot vω ∼ 2CΩ ∼

∼day−1
︷ ︸︸ ︷3 · 10−5 s−1− for ∇ · v 6= 0(2)Here we do not know l⊥ be
ause di�usion does notintrodu
ed! Reshetnyak M.Yu. Compressibility and heli
ity in geodynamo



10
-7

10
-5

10
-3

10
-1

10

10
3

10 10
2

10
3

10
4

10
5

10
6

PSfrag repla
ements
l⊥,m

v l ⊥,

day−1 
ompr. estimate = 1rm = 1, 1l2
⊥ rm > 1 Vwdl⊥
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