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The The AnelasticAnelastic Approximation Approximation

• The an-elastic ( or non-elastic) approximation    / t = 0

i.e., elastic waves (acoustic modes)  do not exist

Condition:

• M2  << 1 [Gough, 1969. J. Atmos. Sci., 26, 448-456.]

M:  Mach number  (ratio of convective velocity to sound velocity):

M2  << 1  a separation of time scales   elastic vibrations
irrelevant on convective time scales (and vice-versa).

    For gases, T  = 1.    For liquids, T << 1.   <= Anelastic Liquid Approx.]



Non Boussinesq Terms

Conservation of Mass, Momentum and EnergyConservation of Mass, Momentum and Energy























Dimensionless  Temperature EquationDimensionless  Temperature Equation 

Neglecting terms of order μ:





Boussinesq

Anelastic

Superadiabatic temperature in

Anelastic Liquid model is

similar to Boussinesq model.

Anelastic

D = 0.117,  Boussinesq Limit



<=  Superadiabatic Temperature Field



D = 0.50,  Entropy, S,  looks like T in Boussinesq models.



D = 1.00    Time dependent solution  - S mimics  T-Ts ,     affects T (and S)



Temperature Profiles

D = 0.0 D = 0.25

D = 1.0

D = 0.5

Adiabatic vs Isothermal  central

regions
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D = 0.5
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Entropy Profiles
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Note:   Isentropic central regions











Deep Layer Model on 24 x 96 grid for D = 1.50 



Depth Dependence of Adiabatic Temperature Gradients

Adiabatic Gradient:  -g T/Cp is proportional to T in our

models.

This stabilizes the lower regions relative to the upper.

In the Earth  decreases by a factor of ~3 with depth across

the mantle, while T increases by ~3 with depth from the base

of the lithosphere to the CMB.

So the product T remains ~ constant.

Thus many features in our models do not apply to the Earth.

Adding a constant adiabatic temperature gradient to

incompressible model temperature fields may suffice.





Basic Equations



Anelastic Equations



Anelastic  Liquid  Equations



Truncated  Anelastic  Liquid  Equations



Extended  Boussinesq Equations

r = surface = a constant



Boussinesq Equations

r = surface = a constant




