
introduction
“Nonlinear MHD simulations

for the Reversed Field Pinch with active feedback”

R. Paccagnella

Consorzio RFX and CNR

• 3D MHD studies using (modified) DEBS code

• Resistive Wall studies (external kinks)

• Successful Feedback control of modes (external
and internal). Drive to selected Single Helical
states. 7th workshop on Active Control of MHD Stability 

Columbia University, 19 November 2002



codeDEBS code:
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+ mass evolution equation
+ pressure evolution equation

*3D :   r  finite difference, θ and z Fourier

*cylindrical geometry

*Pseudospectral: use of numerical FFT
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Thin shellBC in DEBS with feedback

• Thin shell BC at each metallic wall:
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linear

time

radial field at rw
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•Linear interpolation of sampled data

• fixed feedback during ∆tfeed time window
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RWM simul.
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Simul. n=2,4
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Feedback simulations
m=1
n=1,2,3,4
with different Gains
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Single helical states in the RFP

t =  43.0 ms
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Numerically predicted and ... Experimentally ≈ found! 

RFX

3D MHD

(from χαοςςςς to order)`

Cappello&Paccagnella, Varenna (1990)



SH n=5 stab.
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SH n=5 unstable
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Drive of n=-7 mode
for a Multi-helicity
case (at low dissipation

and short wall time constants

Careful adjustment of the gains 
during the initial phase needed

10-9

10-8

10-7

10-6

10-5

0.0001

0.001

0.5 1 1.5 2 2.5

eps42wf3_4/f5_10

Wr( 0,  1)
Wr( 0,  2)
Wr( 1,  1)
Wr( 1,  2)
Wr( 1,  3)
Wr( 1,  4)
Wr( 1,  5)
Wr( 1, -1)
Wr( 1, -2)
Wr( 1, -3)
Wr( 1, -4)
Wr( 1, -5)
Wr( 1, -6)
Wr( 1, -7)
Wr( 1, -8)
Wr( 1, -9)
Wr( 1,-10)
Wr( 1,-11)
Wr( 1,-12)
Wr( 1,-13)

Time

τ
1 = 0.05

S=3.3 10 3

P=0.5

τ = 0.062

TIME Successful drive and
sustainment of m=1 n=-7

MH case



conclusion
ConclusionsConclusionsConclusions

• RWM studies show the growth of low n modes after
few  (2-3) wall times

•  good predictions of the linear theory for the growth
rates  and dominant modes

• Feedback of external modes has been shown to be
possible, at R/a=4 and different walls time

•  a few n’s (1,2,3,4,5) should be considered

• Drive of selected Single Helical state is possible
even starting from MH states


