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Radiogenic heat sources (?)

e How much U, Th, K in the Earth ?
... What is the Earth made of ?

it it i

Depends on who you ask
Earth’s compositional models

» 0, Fe, Si, Mg account for ~90% of Earth’s mass
* + Al Ca,Ni, S ... >98% of Earth’s mass

» Negligible K, Th, U in the metallic core

. (-10—20—30 ppb of U in Silicate Earth )
 Th/U ratio of ~4

» K/U ratio of 7000-15000

. 60-20-30 TW of radiogenic heating j

/

Bulk Silicate Earth
(BSE) models:

Low-H A

~10 TW

—

Enstatite chondrite models
Collisional erosion models

Middle-H
~20 TW

Chondritic + petrological
constraints

High-H
~30 TW

Classical parameterized
convection models

A factor of 3 uncertainty

in the amount of U, Th, K
in the Earth...
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Thermal catastrophe

convective Ur = H/(Qom+Qcm)
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Korenaga 2008: Urey ratio and Earth’s
mantle



Thermal catastrophe
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« Dealing with the thermal catastrophe conundrum by including of Q.

Q. IS the minimum needed to operate Geodynamo (Labrosse, 2015)

* Code (can be made) available Cmdﬁ = H + Qcmp — Qs,
dt
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Settling of inertial particles in turbulent Rayleigh-Bénard convection
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Flow past particles (focus of this study)

Re,

«— laminar, turbulent —

Stokes law:
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Existing numerical methods

* Macroscopic methods that incorporate particles via Lagrangian tracers
* Semi-analytical and numerical methods based on Basset-Boussinesg-Oseen equation

* Direct numerical simulations of fluid-solid systems

(Verhoeven & Hansen, 2009, Suckale et al., 2012, Maas & Hansen, 2015, 2019)

A. Monocrystalline suspension
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Local flow speed normalized by influx speed




Existing numerical methods

* Macroscopic methods that incorporate particles via Lagrangian tracers
* Semi-analytical and numerical methods based on Basset-Boussinesq-Oseen eq.

* Direct numerical simulations of fluid-solid systems

(Verhoeven & Hansen, 2009, Suckale et al., 2012, Maas & Hansen, 2015, 2019)
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Small particle dilemma

Verhoeven et al., 2009
Martin & Nokes, 1989 Maas & Hansen, 2015, 2019
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Numerical model

NVS fluid:
Pr _ .
ou+ (u-Viu = —Vp+ EV u+60z
V:u = 0
1
0.0+ (u-V)§ = V20,
( ) vV PrRa

Particle model: Simplified Maxey-Riley equation (Basset-Boussinesg-Oseen model)

dv Du 1 .
T BDt §(u—v)+/\z,
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Example simulation
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Our model

dN _




Our model

dN —w t
M&N(1989) : —= = —Awv c(0), c(0)=N/AH = N(t) = Noexp ( :; )
dN = —AN(t)dt Poisson distribution
» Distribution for: how h _

many light bulbs will

burn out in a month?

— Large building.

— Maintenance it

department immediately T

replaces burned out
bulb.

— Choose A = the average
number that burn out in
a month

mathematicians
does it take to
change a light bulb?

_In earlier work,
*  Haynor[1] has
shown that one
mathematician can

change a light bulb.

(www.clipartof.com)
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Capture and escape

dN = —(1—Pe) dNe = —N v, dt

Structure of the velocity field and suspended particles, t=129.5. Ra=10'°, Pr=50. U] /Urms  VilUrms
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vite / (1—-Pe)

The distribution function

Ndt 1—Pe
—dN = (1-Pe) dNc = (1-Pe) = (1=Pe) N v dt
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vite/ (1—-Pe)

The distribution function
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[vi] tc / (1=Pe)

The influence of Ra, Pr, and [
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Crystal radius r. [mm]

Magma oceans and chambers:
fractional crystallization
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What next? Dark (blind?) alleys...

Nucleation and growth of crystals
Rotational flows
Crystal feedback on the flow

Re-entrainment



J. Fluid Mech. (1994), vol. 273, pp. 83-107
Copyright © 1994 Cambridge University Press

83

The nucleation, growth and settling of crystals
from a turbulently convecting fluid

By RICHARD A.JARVIS'Yf AND ANDREW W, WOODS?

! Department of Geology and Geophysics, Yale University, New Haven, CT 06511, USA

?Institute of Theoretical Geophysics, Department of Applied Mathematics and Theoretical
Physics, University of Cambridge, Silver Street, Cambridge CB3 9EW, UK

Cooling from above to drive convection

Nucleation in unstable
upper boundary layer

Growth in undercooled,
vigorously convecting
iterior

Settling at floor to
i form basal cumulate

Temperature

Initial cooling -
no crystallization

Growth-limited
regime

ucleation-limited
regime
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volume [%], based on LU

Volume of suspension, = 0.789
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Rotational flows

Floating “ribbon™:
* balance between Coriolis force and gravity

Boundary conditions:
* free-slip, no-slip ?




Rotational flows

Floating “ribbon™:
* balance between Coriolis force and gravity

Boundary conditions:
* free-slip, no-slip ?
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(c) particle and temperature field snapshot.




Crystal feedback on the flow

e Sedimentation events
(Koyaguchi et al, Sparks et al., Nature, 1990)




Crystal feedback on the flow

e Sedimentation events
(Koyaguchi et al, Sparks et al., Nature, 1990)

e Crystal-driven convection
(Culha et al., JGR, 2020)
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Crystal diameter (m)
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Re-entrainment



Crystal diameter (m)

Re-entrainment
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Series of papers by Solomatov, Stevenson, and Olson in 1993
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