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ODbjectives

® Observe scaling of the reconnection
process In a simple 3D system

® Compare observed scaling to that in an
analogous 2D system
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1st: 2D Scaling Study

® 2D 2-fluid model with finite
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® Double Tearing mode
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® Periodic B.C.’s in both x
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® Stable in absence of Forcing (kzdy > 1)
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This system Is stable, but
If you force It...
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(b)

Time series Data
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Expected R. Rate

Scaling
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Defining The Reconnection

Rate
Ro= 7 [9(ze, ~Lu/4) — $(@or ~Ly/4)
9 [
— E . By(m, —Ly/4)dﬂ7
X . where B=3%xV+B,3

= (_ay':b: Oz, Bz)

This is a rate per unit lengthé.4



Forced 2D Data Agree with
GEM Challenge Scallng




3D Study

® Same 1D initial equilibrium as in 2D

study

25.6d; x 25.6d; x 25.6d
® Smaller System SIZ(GEG ¢ X 25.6d; x 25.6d;)

® Forcing function scaled down with system

® Forcing localized in out-of-plane direction

® Combparisons made to a 2D anaload
Pa VY
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Out-Of-Plane Localization of Forcing

Fy(z,z)
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Defining the 3D Reconnection
Rate

In 3D we extend the 2D definition along z:

q)tot = / By(.’L', z)da,
A
where A Is the area of the magnetic island

o o Lz

Ry = —®, , = —
RO T 6t

(@) dz

Careful: This Is the total rate, not per unit Iengthl.O/24



Where Is the reconnected




Shape of the Island

x,z) ot y= L/4, t=12.188
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Why Is inflow
enhanced in 3D?

15/24



e Blue Arrows: V;(z, 2)

e Greyscale :J,(z, z)

X
max(V,)=0.274903 max(V,)=0.301773
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Forced Reconnection In
both 2D and 3D exhibit
very similar scaling

However, there are some qualitative

differences In the dynamics
] 1 IRAITL T 1IN W s 1 s
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Jiz and J; In 3D
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The electrons carry the Magnetic
Island In the -z direction

By(a:, 2) Jez(, 2)

19/24



(I)z[) (Z)

Movement of Reconnected
Flux along z

Dotted curve: Forcing F'(z)

Solid curve: Flux ®op(2)
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Where are the
nulls of B?

® Nulls are located using an Algorithm by
John Greene (J. Comp. Phys.1992)

® Algorithm implemented by John Dorelli

® Here’s how it works...
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Magnetic field
vectors at
vertices of one
grid cell

Does this cell contain
a null of the field?
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Divide cube faces
Into triangular
simplexes
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Suppose a mapping
from configuration
space to a B-field
space:
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Using linear interpolation

S map triangles to
~.._ B-field space.

N
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Calculate solid angle
subtended by triangle
at origin of B-space
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~

— Repeat for all the triangles

Y

)__ « )
(z,9,2) (Be, By, B,) bz
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/7 Does surface in B-space
—~> enclose the origin?

Y
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“String of pearls” pattern of nulls
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Conclusions

GEM-Challenge-like Scaling of R. Rate
similar in 2D and 3D for the parameters
In this study

3D system presents less back pressure
because plasma can flow out in many
directions direction

Spread and drift of Reconnected flux
along z makes comparison to 2D tricky

Structure of 3D nulls is complex & has
no direct 2D analog
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