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Basics of Thermal Convection in the Earth‘s mantle

Rayleighnumber Prandtlnumber

α; thermal expansion coefficient, g gravitational scceleratiom,
∆T temperature difference across the layer, d depth of the layer
κ thermal diffusivity and ν viscosity.



Characteristics of mantle convection

Rayleighnumber )10( 7
3
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No Coriolis Forces, Viscosity depends strongly on temperature,
Flow velocities: cm/yr

Characteristics of core convection

Ra > 1020, , Pr < 1, Strongly influenced by Rotation 
Flow velocity: mm/sec



Convection at infinite Pr
Ra = 10**7



Toroidal motion at low Pr



Strongly temperature-dependent
viscosity – stagnant lid mode



Dynamics beneath the stagnant lid



Episodicity and Resurfacing



10

5102/1 =Ra

010=∆ Tη
310=∆ Tη

610=∆ Tη

T=0.25 T=0.60 T=0.83

Thermal convection in a spherical shell
temperature-dependent viscosity, basal heating



Generation of the Wind
Ra = 10**10

Stress-free boundaries



Flow Reversals – Ra=10**8
A = 1.8





'0 2 RaTzvP +∇+−∇= ν
QTvT +∇−∇= 20 κ

Stationary solutions at infinite Prandtl number

Solve the system iteratively

Can statinary states be used to derive the
Nu - Ra relation

bRaaNu •=



Stationary Flows – stress free
boundaries







Effect of aspect ratio on Nu-Ra scaling, stress free b.c#s









Do the stationary
States have physical
Meaning?





Nu = 0.447*Ra**0.201













Rigid top- and bottom



Corresponds
To A = 0.25



Summary

Convection at high Rayleigh number and infinite Prandtl number   
exhibits  features of turbulent convection, like ‘wind’,  ‘plumes’ and 
‘reversals’.

In a wide range of parameters stationary  flows (with finite stability) 
can be found. 

If a persistent ‘box-wide’ wind exists, the time evolution of Nu forms 
a Gaussian distribution  with a mean value of the corresponding 
stationary state.

In a wide range of Rayleigh numbers the Nu-Ra scaling depends on 
the aspect ratio. The exponent in inversely proportional to the aspect 
ratio.



Under such conditions, in a wide parameter range, a layered flow
pattern develops. The range includes temperature- and pressure 
dependence of the viscosity, internal heat generation and temporally 
decaying heat source

The results indicate that the formation of layers and thus of 
discontinuities are a typical feature of planetary formation

Low Prandtlnumber convection exhibits a significant toroidal flow
component – 3D and 2D flows are similar at high Pr, but
significantly different at low values of Pr.
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Two-dimensional conection in an incompressible Bousinessq-
fluid at infinite Prandtl number
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Consider only stationary flows
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