
    
      Fig. 3 
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        Purely HD simulations of a 2D KH shear layer. The two runs start from the same initial condition and only deviate due to the use of two different limiters in the center-to-face reconstructions: wenozp5 (left column) and venk (right column). We show density views at times t = 20 (top row) and t= 40 (bottom row). The flow streamlines plotted here are computed by MPI-AMRVAC with its internal field line tracing functionality through the AMR hierarchy, as explained in Sect. 7.2. Insets show zoomed in views of the density variations in the red boxes, as indicated. An animation is provided online.

      

    

  
    
      Fig. 5 
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        2D hydro runaway thermal condensation test. Density distributions are at times t = 6.45 (left) and t = 7 (right). The insets show zoomed-in views with more detail. An animation of this 2D hydro test is provided online.

      

    

  
    
      Fig. 7 
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        Reference t = 1 uniform grid result for the Alfvén test using HLLD and constrained transport. The grid is uniform and 8192×8192. We show density and magnetic field lines, zooming in on the corrugated reflected shock at the right.

      

    

  
    
      Fig. 10 
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        1.75D ambipolar MHD wave test, where fast waves move upward against gravity. Left: vertical velocity profile for the two STS and three different splitting approaches and for an explicit reference run. Right: normalized error, 6, from Eq. (14) as a function of the cell size, comparing the numerical solution obtained using STS with a reference numerical solution obtained in an explicit implementation. All variants produce nearly identical results, such that all curves seem to be overlapping.

      

    

  
    
      Table 6 

      Comparison of the computational times of explicit, RKL, and RKC methods (always exploiting eight cores).

      
        


	Method
	Timestep
	Number of iterations
	Computational time





	Explicit
	3.38 × 10−6
	295880
	233933 s



	RKL(split)
	4.24 × 10−5
	23589
	17196 s



	RKC (split)
	4.24 × 10−5
	23589
	14367 s
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      Fig. 11 
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        Temporal evolution of υ(x, y, t) in a pure reaction-diffusion 2D Gray-Scott spot replication simulation. An animation is provided online.

      

    

  
    
      Fig. 12 
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        Temporal convergence of the IMEX Runge-Kutta schemes in MPI-AMRVAC. The error computed as [image: equation], where N is the total number of grid points, is plotted as a function of the timestep used to obtain the numerical solutions u and υ using IMEX schemes. The uref and υref are the reference numerical solutions obtained using an explicit scheme with a much smaller timestep.

      

    

  
    
      Fig. 13 
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        MF relaxation of a non-force-free twisted magnetic flux tube. (a) Magnetic field lines of the flux tube in different colors at time 0. (b) Magnetic field lines starting from the same footpoints at time 900 of the ct run. (c) Degree of force-freeness as the weighted average of the sine of the angle between the magnetic field and the current density for the linde and ct run. (d) Degree of divergence-freeness as the average dimensionless divergence of the magnetic field for both runs.

      

    

  
    
      Fig. 14 
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        Evolution of magnetic field lines in the data-driven time-dependent MF simulation. The left column shows a top view, and the right column shows a side view. The slice on the bottom displays the normal magnetic field, Bz. The magnetic field lines are colored according to the field strength.

      

    

  
    
      Fig. 15 
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        Magnetic flux rope constructed via RBSL overlaid on the STEREO_B/EUVI 304 Å image observed at 01:11 UT on 2011 June 11.

      

    

  
    
      Fig. 16 
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        Ingredients for the (on-the-fly or post-process) synthetic imaging, (a) Simulation box (blue cube), LOS (dashed red line), and EUV image plane (black mesh). The EUV image plane is perpendicular to the LOS. (b) LOS depends on θ and φ at simulation box coordinates.

      

    

  
    
      Fig. 20 
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        Demonstration of charged-particle tracing in an MHD simulation. The background fluid state is taken from Sect. 4.2.2 and kept fixed while several charged particles are traced (red lines in the top-left panel) by numerically solving the equations of motion. Selected zoomed-in trajectories (top-right, bottom-left, and bottom-right panels) show the typical oscillatory and drift motion of charged particles around and across magnetic field lines. An animation is provided online.
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