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Model

A simple 2D zero-f model of merging flux ropes is used here in cylindrical geometry

oU

e = —VEXB-VU—Fb-VJH-l-I/ViU (1)
)

alb = —b-Vo+nJ (2)

Vi = —J (3)
U = Vig (4)

This is implemented in terms of Arakawa bracket operators. In particular, because ax-

isymmetry is assumed the derivatives along the magnetic field only contain a term from the
“poloidal” field:

b-Vf=-[tf] (5)
The model is therefore implemented as:
= U+ [+ #VAD ©)
0
= el ")
Vig = Jj (8)
U = V¢ (9)

(note change of sign on J))).

Boundary conditions are 1» = 0 and ¢ = 0, on a rectangular domain which is twice as
high as it is wide.

In all simulations here the normalised viscosity is fixed at v = 1072,

Single current filament

First test starts with a single current filament. The initial current density is a circular
Gaussian. There are some rapid transients during which the shape of the filament changes
slightly, followed by a slow relaxation when finite resistivity is included. This is shown in
figure [1] for a case with a single current filament and a normalised resistivity of n = 107°.
The effect of resistivity on a single current filament is shown in figure [2| where the flux ¢
at the centre of the filament is shown against time. This test indicates that the numerical
resistivity is small on the timescales examined here; a negligible change in flux is seen if the
resistive term is turned off.
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Figure 1: Single filament at centre of rectangular domain with normalised n = 107°. Tran-
sient change in shape over first ¢ ~ 5, followed by resistive relaxation
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Figure 2: Flux against time for a single current filament, comparing a case where n = 0
against 7 = 107°. Finite resistivity results in slow diffusion of flux out of the domain so v

relaxes towards zero.



Merging current filaments

We now run a simulation with two current filaments, initial state shown in figure The
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Figure 3: Initial condition for merging current filament simulations

flux at the centre of the domain is shown as a function of time in figure [d] The case with no
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Figure 4: Flux 1 as a function of time, for merging current filaments with n = 0 and = 1075.

resistivity shows a slow change in 1, with the current at the end of the simulation shown in
figure [5| A narrow layer is seen where the filaments meet.

In the simulation with finite resistivity, the formation of this layer leads to a rapid recon-
nection between ¢ = 100 and ¢ = 200 (in figure [4)). The parallel current profiles for this case
are shown in figure [6]
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Figure 5: Parallel current .Jj at ¢ = 500 for
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Figure 6: Evolution of .J)| for two
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merging current filaments, with normalised 7 = 107°



