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ldeal magnetohydrodynamic equations Goal

Develop a building block for high-order finite difference MHD code with AMR
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where p: mass density, pu: momentum, &: total energy, e PIF-WENO e Positivity-preserving v’
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e Positivity-preserving limiter on fluxes

Single-stage, single-step PIF-WENO scheme

Hyperbolic conservation law q: + 1(q)x + g(q), =0 —
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Picard-Integral-Formulation g qg" — At(F"(x, y))x Atljr(p (X, Y))y Showing 2D, works for any-D
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where F"(x,y) = |~ f(qitx y)dt, G0,y =5 | glatt x, ) dt

Single-stage No intermediate stage to store
Single-step No history to store

Benefits in potential embedding to AMR:

e No intermediate stage ~» fewer communications A discretization (Taylor):

e Smaller effective stencil ~~ fewer ghost points per

R 1. Taylor expansion in time 4+ Cauchy-Kowalewski + central differencing
communtcation
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e Efficient when complex features are localized GT(x, y) Asf:mtlar . . .
» Motivation and a next step of current work 2.F); i = ST EYY Gy .= Gtz = gy where F, G are fluxes WENO reconstructed from F”, G"
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Constrained transport Why bother correct B V .B - 0 ~~» robustness

At each time step Otherwise error in V - B accumulates, causing Orszag-Tang test
. . n n+1
2. Evolve magnetic potential A" ~~» A Orszag-Tang test

3.Correct B"™" := ¥V x A" density, t=1500___ density, ¢ ~1.500
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Unstaggered

e A sits on same mesh as g No constrained transport ~ With constrained transport

e Simplifies interpolations in future embedding to AMR

Evolution of A Positivity-preserving
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» A approximate by Lax-Friedrichs numerical Hamiltonian, with
high-order reconstruction ot A, A,, A,. Also, artificial viscosity in
3D to deal with weak hyperbolicity

e Negative pressure in simulation (!!) ~- pressure, at =0.01

o Limit fluxes towards low-order (estab-
ishedly positivity-preserving) fluxes, e.g. o}
in 2D, use limited fluxes z 0
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where f, g are Lax-Friedrichs fluxes, and j**
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» Aty Are: Cauchy-Kowalewski i ¢ heme controls oscillations in Ax, Ay, A, O's e [0,1]
B @EmiTOLS Cecllatons i 12 e Low B (~ 0.00025) » Retains positive density and pressure
e Steep (1000 : 0.1) con-  »High-order when no risk of negativity
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