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Abstract—The successive development of thermal convection in a rotating spherical shell heated from below
has been studied. It has been indicated that the convection properties strongly differ within and outside a Tay-
lor cylinder. The distributions of the kinetic energy, helicity, temperature, and differential rotation in these
regions are presented. The consequences for the geodynamo theory and interpretation of geomagnetic obser-

vations are considered.
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1. INTRODUCTION

The spherical geometry is typical of many astro-
physical objects including stars and planets. This phe-
nomenon is related to the predominance of centrally
symmetrical gravitational force during the formation
and further evolution of these objects. This property
remains also true for convection (if originates) in cer-
tain regions of these objects. However, for a number of
objects (mostly planets), convection in the cores,
atmosphere, and ocean is defined by spherically sym-
metrical gravitational forces (as before) and by a rapid
daily rotation, which results in a new type of symme-
try—axial symmetry: when the axis of symmetry coin-
cides with that of rotation. Convection can change
from classical three-dimensional convection (daily
rotation of an object is insignificant) into the state
close to two-dimensional convection (rapid rotation).
The latter state (the so-called geostrophic state [Ped-
losky, 1987]) is caused by the fact that the Coriolis
force twists any flow in the direction perpendicular to
the axis of rotation, remaining fields parallel to the axis
unchanged. Doing no work (force is perpendicular to
velocity), the Coriolis force substantially affects the
energy redistribution in the physical [Chandrasekhar,
1981] and wave [Reshetnyak and Hejda, 2008] spaces.
Much attention is paid to the problems of convection
in the works on the planet’s and Earth’s dynamo,
where it is possible to consider only the Boussinesq
model with heating from below [Jones, 2000] in a first
approximation.

The circumstance that it is, for any several reasons,
reasonable to consider convection only in a spherical
shell, ignoring the central region, is another distinctive
feature of models of convection and dynamo in spher-
ical bodies. For geodynamo models, this is related to
the fact that in certain models it is assumed that the
solar magnetic field is generated in the 0.7 <7< 1 radial
layer (unity corresponds the dimension of the Sun)
[Hollerbach and Riidiger, 2004]. For planets (and the

Earth), the pressure in the central part is often so high
that the matter is in the solid state in spite of high tem-
peratures. Thus, the Earth’s liquid core is the 0.35 <
r < 1 layer in units of the liquid core radius. On the one
hand, the transition to the spherical layer can result in
several simplifications: e.g., for the Sun, a small layer
thickness forms the basis for the introduction of a
small parameter and the development of an asymp-
totic analysis [Parker, 1979]. On the other hand, a
visual analysis of convection in a spherical layer at
small Rossby numbers (characterizing the ratio of the
characteristic velocity to the daily rotation velocity)
indicates that convection in the region above (below)
the inner core and outside this region has different
properties [Jones, 2000; Simitev, 2004], which was
repeatedly discussed in the literature. The separation
of these regions is related to the so-called Tailor cylin-
der (TC), the axis of which coincides with the axis of
rotation and the radius is equal to the inner core
radius. In the presence of friction at the core bound-
aries, TC coincides with the Stewartson layers. How-
ever, the division into two different regions remains
even when nonviscous boundary conditions are used.
Increased interest to this problem is also related to the
fact that geomagnetic activity at the intersection of TC
with the Earth’s surface (6 = 20.5° is the angle counted
off from the axis of rotation) is increased according to
the geomagnetic observations [Olson, 2007].

Below we consider how convection can first origi-
nate outside TC and then be transferred into TC,
depending on the amplitude of thermal sources.
Helicity and differential rotation behave differently in
these regions. These characteristics are of prime
importance for understanding the problems of con-
vection and dynamo in planets. Using a number of
convection modes (typical of the geodynamo) in a
spherical layer as an example, we indicate how these
characteristics of flow change with increasing Ray-
leigh numbers.
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2. CONVECTION EQUATIONS

We consider the convection equations for an
incompressible fluid (V - V = 0) in a spherical layer
(r; £r<r,) rotating about the z axis at an angular veloc-
ity Q, where (7, 0, ¢)— is the spherical coordinate sys-
tem [Jones, 2000]. We introduce the following units
for velocity V, time #, and pressure P— /L, L?/x, and
pk?/L?, respectively (here L is the unit of length, « is
the molecular thermal conductivity, and p is the mat-
ter density):

EP{‘[@—VHV- V)VJ
o1
= _VP—1,xV+RaTrl. +EAV (1)

%7T+(V- VY (T+T,) = AT,

The dimensionless Prandtl, Ekman, and modified

Rayleigh numbers were specified as Pr = Y, E =
K

\%

2QL
of kinematic viscosity, a. is the coefficient of volumet-
ric expansion, g, is the gravity acceleration, and 87 is
the unit of a temperature (7) disturbance relative to
the equilibrium profile 7. We introduce the modified
Rossby number, determined from the diffusion veloc-
ity, as Ro = EPr .

Problem (1) has the boundary conditions at r» = r;,
ry- Zero boundary conditions are used for temperature
(7) disturbances, which (together with the T, profile
specified above) corresponds to the fixed values of the
total temperature 7, + 7T: (1, 0). The condition of
impenetrability V,= 0 is accepted for the velocity field.
The nonviscous boundary conditions are used for the
velocity tangential components ¥, and V,, (for more
detail, see discussion about the boundary conditions
for the geodynamo problems in [Reshetnyak, 2006]).

The control volume method [Patankar, 1980;
Hejda and Reshetnyak, 2004] was used to numerically
solve set (1); the equations were solved in terms of
physical derivatives on shifted grids (125 x 125 x 125).
The algorithm was adapted for multiprocessor com-
puters [Reshetnyak and Steffen, 2005] using MPI. In
the calculations we used n = Ny x N, + 2 processors,
where Ny = N, = 12 is the number of processors in the
meridional (0) and azimuthal (¢) directions.

og,0TL

and Ra = , Where v is the coefficient
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3. TWO CONVECTION REGIONS
Below we consider three convection regimes
RI:Ra=1x10? Pr=1, E=10"%, Re~40;
R2:Ra=5x10% Pr=1, E=10"* Re~300;
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R3:Ra=5x10%, Pr=1, E=10"% Re~ 2000,
with different amplitudes of thermal sources.

For the first regime (R1), the Ra value is close to its
threshold value. For this range of parameters, convec-
tion appears outside the TC region and represents
cyclones and anticyclones (CA) located along TC near
its boundary. This type of convection is characterized
by a high degree of geostrophy: if we accept that the
characteristic wavenumber for cyclones is m, ~

0.2E~'2 = 4 (see Fig. 1), the ratio of the nonlinear
term amplitude to the Coriolis force will be Gz, =
ERem,~0.016. The regime close to rigid corotation at
an angular velocity of ® < 0, opposite to the direction
of the planet’s daily rotation Q, is observed within TC:
€ = oQ < 0 (Fig. 2). Convective heat exchange within
acylinderis absent (Nu = 1), Fig. 3. The maximal heat
loss is reached outside TC at the equator (Fig. 4). A
fluid is the warmest in the same region. Helicity y =
(V-VxV),,, averaged over the azimuthal coordi-

nate and time (Fig. 1), usually originates (for more
detail, see [Reshetnyak, 2006]). The y sign changes in
the equatorial plane (z = 0). So strong difference
between two regions within and outside TC is related
to the fact that the energy of thermal sources cannot
generate cyclonic convection within TC, where a fluid
near the upper boundary should move perpendicularly
to the axis (rather than at an angle, as is observed out-
side TC), owing to the geometry of the boundary. In
this case the Coriolis force is more effective than out-
side TC, the flow scale decreases, and dissipation
increases.

For R2 Gy, = 0.1 and is locally close to unity (i.e.,
the transient regime from geostrophic convection to
the regime of inertial waves is observed); the energy of
sources can already generate convection within TC. It
is interesting that rotation (®) in the opposite direc-
tions (which reverses along z in either hemisphere)
appears in TC, and helicity y changes its sign here.
The angular velocity profiles w(r) are still close to R1
(Fig. 2), but changes in the temperature (Fig. 4) and
heat loss (Fig. 3) distributions are observed: the tem-
perature in TC reaches that in the outer region.

We now estimate the differential rotation ampli-

tude as G = s%—m , Where s is the distance to the z axis.
s

For the Northern Hemisphere, %6 > 0 immediately
above a core in TC, and % < 0 at the upper boundary
(Fig. 5). The accepted order of magnitude of the o
effect amplitude is usually oo = —1y¢/3 < v, where Tt =
/v is the characteristic time of an /-scale vortex rota-
tion at velocity v. We introduce the magnetic field gen-
eration effectiveness, well-known in the aw dynamo
theory: the so-called dynamo number % = 0. It is
evident that 9 < 0 in the entire TC in the Northern
Hemisphere; at the same time, for R1, % > 0 in the
Northern Hemisphere, and the generation maximum
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Fig. 1. Regime R1. The distribution of V, (—=26.3, 17.4), Nu (1.0, 1.4), o (—64.1, 17.1), T (-0.02, 0.04), Ex (0.0, 103), and
% (—4298, 4326) (from the left to the right, from top to bottom). Dots correspond to the negative field values.

is outside TC. A change of the dynamo number (%)) intervals without inversions can appear at negative D
sign is an important factor in the dynamo models and ~ [Reshetnyak and Pavlov, 2000].

was repeatedly studied in the mean field models For R3 Gg; = 0.8 and can locally be larger than
[Krause and Radler, 1980; Jones, 1995]. Thus, long unity. Thisis also the transient regime (as R2). A Taylor
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Fig. 2. The profiles of the rotation angular velocity (®)
along the radius for the R1 (7), R2 (2), and R3 (3) regimes
within (a solid line) and outside (circles) TC.

cylinder, where heat exchange is mainly concentrated
(Fig. 3), is the warmest (Fig. 4). Descending flows,
cooling a fluid adjacent to the core, are located in the
equatorial part (Fig. 6). In all three regimes, the equa-
torial part near the solid core remains to be the region
with the highest energy. The behavior of the rotation
curve o(r) is reconstructed most substantially (Fig. 2).
In TC o > 0, and 4 is generally negative except quite
small s. Outside TC o is also positive, and %§ < 0. Near
the equator ® becomes negative. It is interesting that ®

GEOMAGNETISM AND AERONOMY Vol. 50  No. 2

Nu
1.3r

1.1

Fig. 3. The profiles of the Nusselt number (Nu) along the
radius for the R1 (/), R2 (2), and R3 (3) regimes within (a
solid line) and outside (circles) TC.

outside TC reversed its sign in all three cases. A strong
azimuthal flow (o > 0), twisting also the adjacent
regions outside TC, originates in TC. Only near the
equator, ® becomes negative, and the amplitude of this
flow remains several times as small as at high latitudes.

From the archeomagnetic data, it is known that the
eastward drift of the nondipole field is observed
together with the westward drift of the magnetic field.
Two hypotheses exist concerning the drift origin. The
first hypothesis is related to sliding of the frozen-in
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magnetic field relative to the mantle due to the relative
motion of the core and mantle fluid. The second
hypothesis is related to the existence of waves caused
by the magnetic—Archimedean—Coriolis forces
(MAC waves) and is independent of mass transfer.
Both westward and eastward waves are observed at the
same latitudes, which is seemingly the argument for
the MAC mechanism to a greater extent. However, we
assume that the sliding mechanism can also exist since
o changes its sign along the radius outside TC in all
three regimes.

For R3, the generation of y decreased due to a
decrease in the role of rotation and a decreased corre-
lation between V and curlV as a result of intensified
motions. The centers of high y are observed in TC and
near the equator. The pattern becomes less regular.

We consider in more detail the dependence of the
rotation angular velocity (o) on the distance (s) to the
axis (Fig. 7). Regimes R1 and R2 are close to each
other and demonstrate an extremely extraordinary
behavior from the standpoint of general concepts
[Velikhov, 2005]: a rigid corotation within TC and near
the equator and a monotonous increase in the region
of CA existence. Convection specificity in the shell
consists in that CA start generating Rossby waves,
propagating in the azimuthal direction, with increas-
ing Rayleigh numbers [Busse, 2002]. The wave direc-
tion depends on the type of the column height A(s)
function: decreasing (sphere) or increasing (parabo-
loid). For a sphere, the liquid core regions near the
equator lead the rotation of the planet (£ > 0); at the
same time, the regions near the pole rotate oppositely
(€ < 0). For a paraboloid, the signs in the inequalities
should be replaced by the opposite ones. It is interest-
ing that curves / and 2 are in the unstable region near
the poles and the equator according to the Rayleigh

criterion of instability: (o)sz); < 0. As was mentioned
previously, convection near the poles is suppressed by
the Coriolis force near solid boundaries. In the equa-
torial region, flows are arranged so that (for the Ra
data) heat from the solid core is more effectively trans-
ferred near TC (0.35 < 5 < 0.6), inheriting the proper-
ties of the [Busse, 1970] linear solution, and the outer
layers continue corotating rigidly.

Regime R3 is substantially different: the outer lay-
ers start rotating oppositely to the planet’s rotation
(€ < 0), whereas the rotation maximum (correspond-
ing to £ > 0) is observed within TC. The thermal wind

(%I{‘—" ~ Ra%) begins to penetrate from the region
Z

outside TC into the inner region, resulting in that the
entire TC starts rotating at £ > 0. Figure 6 clearly dem-
onstrates that TC in the equatorial plane is replenished
by approaching flows since a fluid is cold in this region.
An increase in Ra results in a closer relation between
two regions separated by TC. As we approach the
upper boundary, ® decreases and remains positive (see
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Fig. 4. The temperature (7) disturbances along the radius
for the R1 (1), R2 (2), and R3 (3) regimes within (a solid
line) and outside (circles) TC.

in more detail an analysis for different Prandtl num-
bers in [Sreenivasan and Jones, 2006]). The presence
of the temperature gradient in TC results in the linear
profile for @ within TC. The regions within TC and
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Fig. 5. Regime R2. The distribution of V,.(—134, 136), Nu (-0.22, 3.0),  (—780, 382), T'(—0.08, 0.04), E¢ (0.0, 1.6 x 104), X (—2 %
10° ,2 % 105) (from the left to the right, from top to bottom).

near the equator are unstable according to the Ray- curve o for the Sun has also the rotation minimum at
leigh criterion. It is interesting that the » sign reversal  the poles and the maximum near the equator, although
in all three regimes is observed at s ~ 0.6—0.7 (0 ~ 35°—  this curve is less geostrophic [Hollerbach and Riidiger,
45°). We also pay attention to the fact that the rotation  2004].

GEOMAGNETISM AND AERONOMY Vol. 50 No.2 2010
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Fig. 6. Regime R3. The distribution of V,.(—874, 1387), Nu (-7.3, 32.9), ® (—4909, 19490), T7'(—0.49, 0.14), Ex (0.0, 2.7 x 106),
x (=3 x 107, 3 x 107) (from the left to the right, from top to bottom).

4. FLOW RADIAL SYMMETRY

It is known that the topology of convective cells can

be changed by reversing the f = % sign [Getling,

GEOMAGNETISM AND AERONOMY  Vol. 50

No. 2

1999]. It is customary to consider that a cell belongs to
the g type (B < 0), if a matter (gases, gas) descends at
the cell center. For fluids the situation is reverse: a sub-
stance ascends at the cell center, and § > 0. Such a cell

2010



270

0 035 0.7 1.0

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

(b) are specified by the f = A,~/s2 function, where 4, =
®Rg1(0.01), A, = ®g3(0.46), and A. = —wg(0.46) =
®gy(0.46).

belongs to the / type (liquid). Assume that we have cells
of the / type. In such a case, less deformations of a
large-scale magnetic field are required to carry it
downward than to push it onto the surface (in the first
case, the Maxwellian tensions will be lower). It is said
that ascending flows are topologically independent,
whereas descending ones are related, as a result of
which the term “magnetic field topological pumping”
appeared [ Drobyshevski and Yuferev, 1974; Vainshtein
et al., 1980]. In due time this phenomenon made it
possible to explain why a strong magnetic field is
retained in the solar convective zone rather is pushed
out of the generation zone onto the surface owing to a
low density of the regions with strong magnetic fields.
The asymmetry of convection cells is also known in
the galactic dynamo, where hot mass ejections, form-
ing /-type cells, are related to supernova explosions
[Brandenburg et al., 1995].

The situation for the Earth’s liquid core does not
formally correspond to the considered classifications
since B = 0 is usually accepted for liquid iron. Even in
going from the Boussinesq approximation to the so-
called unelastic approximation, taking into account
the effects of compressibility and the equation for
entropy, one usually assumes that the medium molec-
ular viscosity is constant. Below we consider how non-
linear effects can nevertheless result in breakdown of
symmetry of ascending and descending flows in the
problem in a spherical shell with constant coefficients
at least for the case without rotation. I am grateful to
V.P. Trubitsyn for the initiation of the studies in this
direction.
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According to a linear analysis, the structure of
ascending and descending flows is identical in the case
without rotation when the coefficients are constant at
the generation threshold. With increasing amplitude
of thermal sources, nonlinear effects originate,
boundary layers are formed, and asymmetry can alto-
gether appear. These effects are observed in the calcu-
lations for the mantle, where the Pr — oo approxima-
tion is used. In this case a grid of descending cold flows
originates on the surface, whereas approaching warm
flows have the shape of plumes. At the lower warm
boundary, the pattern is opposite: a grid of a super-
heated fluid originates, and a cold fluid has the shape
of plumes. It is interesting that tessellation granules
with dark edges are also observed on the Sun. These
facts as well as the numerical experiments make it pos-
sible to state that the response slightly depends on the
type of boundary conditions for the velocity at the
boundary since the conditions of non-slippage and
absence of viscous tensions are usually accepted for
the mantle and gaseous bodies, respectively. Below we
quantitatively estimate the originating asymmetry and
the dependence of the effect on the Prandtl number.

Figure 8 presents the section near the lower and
upper boundaries for small and large Prandtl numbers.
For large Prandtl numbers, the above effect is clearly
defined: the grids of warm and cold flows from below
and above, respectively. For Pr= 1, such a difference is
already absent. We estimate the areas of ascending (.5)
and descending (.5,) flows as a function of radius r (the
S,(r) and 5,(7) values are normalized so that S; + .5, =
1 for any r), see Fig. 9. The Pe = 1 — 10 transition is
evident when the monotonically decreasing function
R is transformed into the monotonically increasing
function, Fig. 9(3). Figures 9(1) and 9(2) correspond
to the appearance of “nails” and “mushrooms.” At
small Prandtl numbers (v < k), a flow has time to cool
due to the effects of thermal conductivity and iso-
therms correspond to “nails” when approaching the
upper boundary. For v > K, isotherms at the upper
boundary resemble caps (or a thermonuclear explo-
sion). In this case a matter has been brought “too”
rapidly, and a time is required for its cooling.

In spite of the fact that the phenomenon of warm
and cold grids at the boundaries has long been known
in the numerical experiments, it has not yet been
explained rigorously. Assume that Pr > 1 (the scale of
changes T 'is small). The originating fluctuations of 7'
in the boundary layer at the lower boundary result in
the appearance of a two-dimensional grid of ascending
flows. At the same time, cold flows, which have a
cylindrical shape and fall on the center of a convective
cell, descend on the lower boundary. A cylindrical
shape is optimal from the standpoint of a decrease in
frictional forces. The opposite effect is observed at the
upper boundary: a cold grid is formed. At Pr ~ 1, the
scale of thermal fluctuations at the boundaries sub-
stantially increases (Fig. 8). A nail pointed upward is
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Fig. 8. The distribution of the temperature (7)) disturbance for » = 0.36 (the upper two figures) and » = 0.99 (the lower two figures)

for Pr=1, Ra= 107, E = 1 (the left column) (—0.22, 0.00), (0.00, 0.27) and Pr = 10>, Ra = 108, E = 1 (the right column) (—0.30,
—0.04), (0.01, 0.22). The values in parentheses correspond to the range of field variations.

formed at the lower boundary (5, decreases). Nails of
cold flows of these fluctuations pointed downward
appear at the upper boundary.

Similar experiments for plane geometry at the early
state of flow formation confirm the results for spheri-
cal geometry. However, one not always succeeds in
obtaining considerable R variations on large time
scales due to the formation of horizontal shafts, lead-
ing to the distortion of asymmetry in the main volume
and to the R ~ 1 values.

The introduction of rotation is critical for this type
of asymmetry (see Fig. 8): the deviation of R from
unity is much smaller than in the case without rotation
and already depends on the Rayleigh number. In this
respect, it is interesting that another type of asymme-
try exists [Sreenivasan and Davidson, 2008]: cyclones
predominate over anticyclones when the Rossby num-
bers are about unity. This type of asymmetry is of little
interest for the Earth’s core (the Rossby number in the
Earth’s core is much smaller than unity); at the same
time, this effect is worthy of consideration for the solar
dynamo.

5. DISCUSSION

We consider how the results, achieved for the
regimes with rotation, can be used to describe the pro-
cesses in the Earth’s core. It is known [Hunter and
Riahi, 1975; Boubnov and Golitsyn, 1995] that the
effect of rotation on thermal convection can be esti-

mated based on the ratio of the Rayleigh (l/{\a =RaE™)

and Taylor (Ta = E~2) numbers. These data were
obtained for convection in a plane layer with heating
from below but are also applicable to spherical geom-

etry. Convection is possible at Ta < W (W = Ra*” ). At
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Ra > Ta, the role of rotation is insignificant (7). At

Ra <Ta< H (H = Ra"’ ), rotation can lead to
enhancement of a thermal flow (/) under the condi-
tions of non-slippage [Rossby, 1969]. The latter is
related to the fact that the thermal boundary layer is
“pressed” by the Ekman layer when Ta increases. For
H <€ Ta < W, rotation results in weakening of a ther-
mal flow and cessation of convection (iii). However, a
thermal flow cannot increase for the ii regime, even if
the viscous boundary conditions are taken into
account, because the thickness of the Ekman layer in
the liquid core is less than that of the thermal boundary
layer (the molecular value of the Prandtl number is
Pr=20.1).

For the Earth’s liquid core [Christensen and Aub-

ert, 2006], Rag ~ 102 and Tag = 4 x 10%, so that Ta <

1/{;1%/3 = 4 x 10%; i.e., the ii regime is observed. The

presented estimates correspond to the case when Ra is
larger than the critical value (Ra‘") at the excitation
profile by a factor of 5000. A more conservative esti-
mate is Ra ~ 500Ra‘" [Jones, 2000]. The R1—R3
regimes considered above fall also in the range (if):

Tag, = Tag, = Tag, = 10%: Ray, <Tag < Hy, where Ra
Rag, = 106, Rag, = 5x 106, Rag; = 5 x 107, Hg, =
108, HR2 = 8 X 108, and HR3 = 4 X 1011.

Coincidence in the Nusselt number is another
important parameter. For the Earth, Ng ~ 10° [Chris-
tensen and Aubert, 2006], which cannot certainly be
reached in the scope of laminar models. At the same
time, Nu(r) becomes stable and boundary layers are

formed with increasing Ra (Fig. 3), which also makes
it possible to hope that the results of the R2—R3
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Fig. 9. (1) The contribution of the ascending flow area
(V,>0) S for the thermal convection model as a function

of radius r (during insignificant rotation, E = 1). (/) Pr =
I,Ra= 10%, and Re ~ 200; (2) Pr=0.1, Ra= 107, and Re
~3100; (3) Pr=10, Ra= 107, and Re ~ 83.4; and (4) Pr=
100, Ra = 107, and Re ~ 10. (2) The same regimes for the
area of descending flows (V,. < 0) .S, as a function of radius
r (during insignificant rotation, E = 1). (3) The R(r) =
S/, ratio.

regimes can be extrapolated for the Earth’s conditions.
However, the R3 regime is more suitable concerning
the supercriticality of thermal sources (Ra values).
Taking into account the fact that a large-scale spirality
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Fig. 10. The R(r) = S}/, ratio for the R1 (1), R2 (2), and
R3 (3) regimes.

of this regime is not observed, we can consider it in the
class of a large-scale dynamo, where the role of the o
effect is insignificant. At present, the classification of
the Earth’s dynamo in terms of mean-field models is
the problem to be solved [Sokolov, 2004]. The pioneer
models by Braginsky (specifically, the Z model [Bra-
ginsky, 1978]) belonged to the type of aw models. In
the scope of these models, toroidal magnetic fields,
hidden from us by the nonconductive mantle layer, are
substantially larger than poloidal fields. The following
three-dimensional calculations [Jones, 2000] indi-
cated that the ratio of these fields (%Y) is close to unity,
which was an argument for a’&» models, where toroi-
dal and poloidal fields are also comparable. On the
other hand, the a effect is evidently zero and %Y ~ 1 in
going to the regime without rotation, where the mag-
netic field can also be generated by large-scale flows.
The calculations indicate that the role of spirality for
R1 and R2 regimes decreases with increasing Ra.
Therefore, it seems interesting to subsequently con-
sider the limitations imposed by the magnetic field
generation (a change in the magnetic spectrum at an
increase in Ra) and to estimate the necessity of using
the small-scale mechanism to explain the observed
magnetic field. Note that pumping of the magnetic
field from small scales to large ones must be accompa-
nied the inverse process of energy transfer from large
scales to small ones at least because dissipation on
large scales is insignificant. The latter is rarely dis-
cussed in the mean-field dynamo models, where it is
usually accepted that velocity field is specified, and the
transition to the quasistationary state is performed
through the suppression of the o effect, which is far
from the only possible explanation of the existence of
such a state. This can be demonstrated by the results
achieved in [Reshetnyak and Hejda, 2008], where the
magnetic energy fluxes in the wave space were esti-
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mated for a rotating layer heated from below. It turns
out that the fluxes are extremely low for the scales
larger than LE'3: more exactly, the energy flux (from
small scales to large ones) of the ((B - V)V) term,
including the a and o effects, is neutralized by the
convective flow (V - V)B from large scales to small
ones to a high degree of accuracy. In total, these two
terms give zero flux. In other words, an inverse effect
of the magnetic field is reduced to “washout” of the
magnetic field into the region of small scales and the
following dissipation rather than to the suppression of
the o effect.
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