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1 INTRODUCTION:
Simple symmetric modes of convection of the Earth's mantle can be used 
to validate numerical codes and predict global dynamics patterns. We use 
an incompressible and isoviscous Rayleigh-Bénard thermal convection 
benchmark at infinite Prandtl number in a spherical shell to compare the 
state-of-the-art finite element code ASPECT with the previously 
benchmarked numercial code CitcomS.

We explore the sensitivity of the initial and steady-state root mean 
square velocity, average temperature and Nusselt number measured at 
both inner and outer boundaries to resolution for a range of Rayleigh 
numbers. Although the original benchmark is formulated with free slip 
boundary conditions, we explore for the first time the effect of a free 
surface on such calculations and compare the measured topography to 
dynamic topography measurements.

5 CRITICAL RAYLEIGH NUMBER:

6 PERSPECTIVES – WORK IN PROGRESS:

What this poster shows:

3. sensitivity test (free slip) ASPECT vs CitcomS
4. model resolution test (free surface) ASPECT
5. free slip vs free surface: critical Rayleigh
6. perspectives – work in progress: S40RTS – free surface

4 ASPECT – FREE SURFACE:

Conclusion:
 - Numerical experiments and sensitivity test with ASPECT using free slip vs free surface
 - Critical Rayleigh number of free surface is slightly less than for free slip
 - Predictions of similar topography to real Earth require an adequate choice of
    resolution and thermal expansion coefficient.  

2 MODEL SETUP:

3 ASPECT – FREE SLIP:

t = 0.22 s t = 0.13 s t = 0.08 s t = 0.06 s t = 0.05 s t = 0.045 s t = 0.04 s t = 0 s 

t = 0.14 s t = 0.08 s t = 0.0044 s t = 0.03 s 

t = 0.025 s t = 0.02 s t = 0.017 s t = 0 s 

1 1e-1 1e-2 1e-3 1e-4 1e-5

level 3 0.647 0.655 0.981 7.01 69.5 694

level 4 0.647 0.647 0.652 0.88 5.72 56.6

level 5 0.647 0.647 0.647 0.65 0.815 4.8

1 1e-1 1e-2 1e-3 1e-4 1e-5

level 3 1.89 3.01 27.9 283 2830 28300

level 4 1.93 1.91 7 71.1 715 7160

level 5 1.94 1.91 2.32 17.6 179 1790
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Initial Vrms (m/s) depending on model resolution 
and thermal expansion coefficient:

FREE SLIP

FREE SURFACE

We find that using a free surface top boundary, 
the convection pattern is altered and more 

sensitive to model resolution. 

Root-mean square velocity (Vrms), average temperature (<T>) and Nusselt number (Nu) sensitivities to
 - grid resolution (level 3-4-5) and Courant number (CFL) 
 - stabilisation, with or without Boussinesq 
 - initial temperature perturbation (delta – є in equation 8) – Similar tests to Arrial et al. 2014 using CitcomS

FREE SURFACE – critical Ra = 665 FREE SLIP – critical Ra = 729 (Bercovici et al. 1989b) 

No convergence yet.
Requires higher resolution 

/ lower CFL

We incorporate real density in a spherical shell with a free surface and compare model 
prediction on dynamic topography (free slip) with topography (free surface)

FREE SLIP

FREE SURFACE

Using S40RTS data
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