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Numerical experiments of mantle convection of extrasolar terrestrial planets
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A series of numerical experiments had been carried out in order to obtain a
comprehensive understanding of mantle dynamics of terrestrial planets with various sizes and mean
compositions. The effect of adiabatic compression turned out to be significant on the mantle
dynamics of terrestrial planets whose mass is more than four times the Earth®s. In addition, a
structure called "deep stratosphere™ of stable thermal stratification can be formed at the lowermost

part of the mantle of massive planets with 10 times the mass of the Earth®s owing to the
interaction between the adiabatic compression and spatial variations in physical properties (such as
viscosity and thermal conductivity), although the strength of the effect of adiabatic compression
varies depending on the spherical geometry of the convection vessel of mantle.
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1 Snapshots of the distribution of the
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2 Schematic illustrations on the meridian
planes of the structures of incipient flows obtained
for the cases with strong temperature-dependent
VISCOSIty Mtop/Mbot = 10% in the three-dimensional
spherical shell geometry together with the values
of the depth-dependence in thermal conductivity
(a) kbot/ktop = 1, (b) 10 and (c) 100. Shown
in color are the distributions of infinitesimal per-

turbations in temperature 7" normalized by their

maxima Omax. For the color scale for the distri-
bution of T//Omax, see the scale bar at the bottom
of the figure. Shown in solid lines are the contour
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lines of a “potential” 1) of the mass flux pv’. The
contour lines are drawn for 0.1 < |¢)/¢max| < 0.9
with the interval of 0.1, where tmax is the maxi-

mum of [¢].
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3 Comparison of overall structures of the thermal convection calculated with various
values of Epot/ktop together with Ra = 10° and nop/Mnor = 107. (a) The distributions of
temperature T". The contour interval is 0.05. The colour scale is indicated at the bottom of
the figure. (b) The distributions of potential temperature Tpor. The colour scale is indicated
at the bottom of the figure. The contour lines for Tyt are shown at the interval of 0.005 only
in the range of Tpot > 0.47. (c) Plots against dimensionless height from the bottom boundary
of the horizontally averaged temperature (') (thick red lines) at the height of r. Plotted by
the thin blue dashed lines are those obtained for the calculations in 2-D Cartesian box. Also
shown for comparison by thin black lines are the plots of several adiabats against r, while
by dotted black lines are the radial profiles of temperature by steady 1-D heat conduction
in the radial direction. (d) Plots against r of the root-mean-squares of the magnitude of
(red) velocity vector \/W and the radial velocity \/@ at the height r, normalized by
the maximum values Vmax = max(m for given conditions, whose values are indicated in
the figure. Also shown for comparison by the insets for 3 < kbot/ktop < 30 in (a) and (b)
are the distributions obtained for the calculations in 2-D Cartesian box by Kameyama and
Yamamoto (2018).
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