
  

Particle dynamics in convecting fluids

Vojtěch Patočka
(patocka.vojtech@gmail.com)

Nicola Tosi and Enrico Calzavarini



  

Content

● Heat budget of the Earth

● Settling of inertial particles in turbulent 
Rayleigh-Bénard convection

● What next? Discussion...



  



  

Thermal catastrophe

Korenaga 2008: Urey ratio and Earth’s 
mantle
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● Dealing with the thermal catastrophe conundrum by including of Q
CMB

● Q
CMB

 is the minimum needed to operate Geodynamo (Labrosse, 2015)

● Code (can be made) available



  



  



  

Flow past particles (focus of this study)

Stokes law:



  

Flow past particles (focus of this study)

← laminar, turbulent → 

Suckale et al., 2012

Stokes law:



  

Existing numerical methods

● Macroscopic methods that incorporate particles via Lagrangian tracers

● Semi-analytical and numerical methods based on Basset-Boussinesq-Oseen equation

● 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

Martin & Nokes, 1989

Verhoeven et al., 2009
Maas & Hansen, 2015, 2019

?



  

Numerical model

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

NVS fluid:



  

Example simulation



  

Results: settling curves



  

Our model
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Capture and escape



  

The distribution function



  

The distribution function



  

The influence of Ra, Pr, and β



  

Magma oceans and chambers: 
fractional crystallization



  

What next? Dark (blind?) alleys...

● Nucleation and growth of crystals

● Rotational flows

● Crystal feedback on the flow

● Re-entrainment



  



  

Nucleation and growth

UC: 
T

S
-T

time
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Nucleation and growth



  

Rotational flows

Floating “ribbon”:
● balance between Coriolis force and gravity

Boundary conditions:
● free-slip, no-slip ?
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Crystal feedback on the flow

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



  

Crystal feedback on the flow

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

● Crystal-driven convection
(Culha et al., JGR, 2020)



  

Re-entrainment

Solomatov, ToG 2015



  

Re-entrainment

Series of papers by Solomatov, Stevenson, and Olson in 1993
Solomatov, ToG 2015
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