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1 Artificial Dissipation Based on Compressibility

Here we follow the idea of artificial dissipation as described by VonNeumnann [1,2]. The equations
are added to the resistive MHD equations with the terms defining artificial dissipation in blue.
Additional advection of the density diffusion term are given in red, though these are turned off by
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default as they appear to cause numerical instability.
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cρ, cp, and ch are user-defined constants which are supposed to be near unity [2]. ∆xeff =
CFL Element Volume

max(Element Areas) . The user is allowed to specify a minimum allowed ∆xeff by setting ∆xeff =

max (∆xcut,∆xeff), which should effectively filter out high-k modes specified by the value of ∆xcut.

The timestep used is ∆t = CFLDiff∆xeff
2

max(Dρ,Dp,Dh) , or if the density diffusion advection terms (red) are

turned on ∆t = min
(
CFLDiff∆xeff

2

max(Dρ,Dp,Dh) ,
CFL∆xeff
|vanom|+|u|

)
.

1.1 Cylindrical Source Terms

Cylindrical source terms can be calculated in an identical manner to that of other MHD terms.
Since one runs into 2nd derivatives of u and T doing this at r = 0, Gaussian Quadrature nodes are
required for these source terms.

1.1.1 Continuity
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1.1.2 Momentum
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and that ∇ · u is given by
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The Πanom tensor can thus be written
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1.1.3 Energy
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For heat flux
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1.1.4 Vanom Terms

If Vanom is advected (red terms), then we also need
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