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Abstract. We investigate conditions in a radially self-similar outflow in the regime of large
resistivity. Using the PLUTO code, we performed simulations with proper choice of boundary
conditions, relaxed at the footpoints of critical surfaces in the flow. We investigate outflow
propagation in a high-resistive disk corona, and compare it to the results with small or vanishing
resistivity.
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1. Initial and boundary conditions
General classes of self-consistent ideal-MHD solutions have been constructed in

Vlahakis & Tsinganos (1998). In Gracia et al. 2006 ideal-MHD solutions with modified

Figure 1. Initial state in our NIRVANA simulations for ideal-MHD and for simulations with
not too large resistivity is shown in the leftmost panel. Logarithmic color grading and solid lines
represent density, magnetic field lines are shown in dashed lines, and critical surfaces are shown
in dotted lines. The density, magnetic field and velocity are slightly modified from the analytical
solutions for numerical reasons. In the middle panel is shown the final, stationary state in low
resistivity simulations, which does not differ significantly from the initial state. In the rightmost
panel is shown the value of 0.5β(V R/V0R0 ) for the analytical solution, which gives critical value
of resistivity that corresponds to Rb. We introduced a new number, describing influence of the
magnetic diffusivity η on the energy transport, which can be written in terms of Rm and plasma
beta as Rb=Rmβ/2.

371

https://doi.org/10.1017/S1743921311017844 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921311017844
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Figure 2. To avoid influence of the outer boundary, we triple the computational domain in R
direction, and results are taken before the reflected wave can return from the outer R-bound-
ary to our domain of interest, RxZ=50x100. We show results for large resistivity, one order
of magnitude above the critical resistivity found in previous study. Boundary conditions are
not over-specified and solutions are different for different b.c. relaxed, what could infer on the
outcome of simulations, and we study it closer. Here we show the initial density and critical
surfaces, and results after the relaxation for Vx, Vy, Bz boundary conditions relaxed, left to
right respectively, for η=1.5.

analytical initial conditions were obtained, and followed with extension in the resistive-
MHD in Cemeljic et al. 2008-both using the NIRVANA code (version 2.0, Ziegler (1998)).

Solutions with small and moderate resistivity show smooth departure from the ideal-
MHD solutions as shown in Fig. 1, up to critical resistivity, for which solutions changed
abruptly — see Fig. 2. This critical resistivity was 103 times larger than numerical re-
sistivity in simulations. Here we investigate the case with large resistivity, solving the
resistive-MHD equations with the diffusive terms added in the induction and energy
equations, by the PLUTO code by Mignone et al. 2007. Anomalous resistivity often
introduced in simulations is usually few orders of magnitude larger than microscopic
resistivity, and it is instructive to investigate how a code treats such problem.

2. Results
We show, for the first time, results of resistive simulations above the critical resistivity

found in our previous study, in comparison with the analytical solution of the closely
related ideal-MHD problem. Understanding those results, and disentangling the physical
and numerical causes for differences, is essential for understanding the simulations of
launching and propagation of resistive astrophysical jets.
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