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E RMF Simulations
I RMF intro.
I RMF boundary condition implementation in NIMROD.

I Numerical calculations & plans

R.D. Milroy, C.C. Kim and C.R. SovinecExtended magnetohydrodynamic
simulations of field reversed configuration formation and sustainment with
rotating magnetic field current drivePhys. Plasmad,7, 062502 (2010)

E d-Pinch Formation, Translation, and Merging
E Stability Calculations

L4

E FRC Simulation Plans
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RMF Antenna \%
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lllustration of windings and vacuum field lines from a single
phase of a 2 phase antenna

Even Parity Odd Parity
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E Apply RMF boundary condition on radial wall:

I Specifyn=1 component ok,,,,andB,,,
I EXxpress tangential component of a vector potential on radial wall

A=(A ) E+A (zt)He ™ &

i Assume thd® @ ~0 on the boundary (negleding
S0A, can be expressed in termsAgf

Aq(z,t):alﬁ
n pz
I ExpressE andB in terms ofA: E=- %
_& h,0 _& LN __ra PA L HPAD
E,(zt)=2ab — E (zt)=a — Elzt)=-a—-av—=+1——*=
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RMF Boundary Conditions
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E ExpressA(z,t)as:A(zt)= %% B, f(z)g(t)

where,B, is the RMF magnitude at the axial midplane,
after it is ramped fully onf(z) = g(t) = 1.0).

1 1 —f(2)
E f(z)= R S/ { — """"""""""""""
( ) 1+e(zl- z)/ +e(z 22)/ . ______________
0.5_ ____________________________________________________ . __________________________________________________
13 2 1 0 1 2 3

E g(t)7 linear ramp from O to 1 over the time O tot =1t;.



Initial Conditions
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E Cylindrical domain with radius 0.4 m and length of 7 m.

E RMF extends from1 m to + 1 m, and ramps from 0 to 5 mT
In 100 pusec. (RMF from.5 mto +.5 m for TCSWdimg

E B,=4 mT (at axial midplane) withx2mirrors

0.4

0.2

r(m)

0

02F

-0.4

z (m)
E Uniform plasma density =308 m3,
E RMF frequencyf,«= 117 kHz T, =

8.55 pusec)
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Pressure Contours as FRC Forms \%

PSI-Centef

E Initial plasma has strong distortions which decreases in time.

t =50.00 psec

t =100.84 psec

=149.16 psec

e

t = 200.60 psec




3D Pressure and Magnetic Field Linesf@
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E Magnetic field lines are opened by the expamity RMF.
i All field lines near axis of symmetry and z=0 exit under antenna.
I Open field lines twist up due ndshortingb.c. at endsfy back torque.




End-Shorting Boundary Conditions ‘Y
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E When endshorting boundary conditiong,~0) are applied at
axial ends, a strong toroidal field develops near the FRC ends
that can drive a kink instability on the open fililte plasma.

i A probe is being developed for TCSU to investigate experimentally.




Odd Parity Calculation \%

Comparison of boundary conditions appliedried
magnetic field for even and odd antennas
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Odd Parity Calculation

E FRC formed, but with less flux than the equivalent even parity case (1.
mWbvs 2.41mWDh)

E Field lines launched from inside the FRC attfidplaneappear to be
much longer than for even parity case.




RMF for FRC Formation 4
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E If an FRC is formed with RMF, will the fieline structure heal after
RMF is switched off?

i For evenparity antennas, the field lines remain open.
I For oddparity antennas, the field lines close.
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Recent & Continued RMF Calculation&
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E Adjust antenna length and axial bias field shape to match
TCSU experiment.
'r

Goal: Perform detailed comparisons with internal probe
measurements and match magnetic oscillations observed with

internal probes, especially 30 kHz signal &pg- 30 kHz.
I Antenna length=1 m, mirror field length=2m.
-0.4 3 > 1 _U_z(m) 1 2 3
E Reduced resistivitydfe .= 64,

was 100)
E Reducedn/m = (1/400, was 1/100)



Pressure and Magnetic Field Lines 7/
(TCSU Parameters) @

E Field-lines in the FRC appear longer than those of previous
calculations, but they remain open.

E Magnetic field oscillations do not yet match observations
from probe measurements.
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RMF Summary
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E RMF formed FRCs have large perturbations during formation, but
become symmetric as simulation proceeds. There is no evidence of ar
disruptive instabilityy even at reduced viscosity and0 A n=5.

E Current drive extends beyond antenna ends.
I Strong toroidal field develops on open fidilde plasma.
i Endshorting produces a bat&rque opposing the RMF.
E Evenparity always opens field lines and they remain open when RMF i
turned off. Field lines close after ogarity RMF is turned off.
E Plans

I Physics and numerical parameter scans, comparison with detailed probe
measurements.

I Examine the effect of assuming Chodura resistivity

I Odd parity simulations with reduced resistivity to see if most field lines can
be closed.

i Investigate whether RMF added toFpinch formed FRC can stabilize
instabilities without penetrating the separatrix.



d-Pinch Formation, Translation, & Mergi T

E d-Pinch formation, translation, and merging calculations are
being performed in support of FRX PHD, and the
proposed High Flux Source.

E Goals are to:
I Better understand formation including Hall physics
I Generation of toroidal field, spiap, and poloidal flows.

I Sensitivity of 3D calculations to neimiform initial plasma
distribution.

I Growth rate of instabilities during the formation process.

I Investigate possible flux conversion (toroidalpoloidal) during the
merging process.



Symmetricd-Pinch Formation .
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E Begin with uniform pressure vacuum field solution.
I Flux interpolation between coils is same asHgr

1.5

E |

0 05 1 1.I5 2
z(m)
ncl ude Hal |l '

I n Ohmos |
E Apply Chodura resistivity

E Use 16 x 48 grid (3order polynomial)
E n=2x1°m3, T.=5eV

a Ww.

E Apply 30 kV to center coil (sinusoidal with £E3ec quarter
cycletime).gB=05T
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Density evolution during formation \W/

PSI-Centef

Density (solid color) + flux contours
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_Plag

I Form26i Chodura resistivity model
I Form27i Fixed resistivity éleca=250)
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Dynamic formation calculations
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E Segment the central coil into 3 sections

04

0.2

-0.2

-04

I Fire each segment sequentially, to push the FRC axially
I Use Chodura resistivity and 480 on radial boundary
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Density (solid color) + flux contours
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Density evolution notsymmetric formation
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Induced toroidal magnetic field 4

B4 (solid color), range i0.1 T to +0.1 T, + flux contours



