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The PIES Algorithm

Given field in n’th iteration, B(™,

1. Take p constant along field lines:

B™ . vpln+tl) =,

2. Calculate current, j(" 1), satisfying
j(f'H) — B « Vp(nJrl)/(B(n))?’
B(™ .yt = _y.j, (*+D),

3. Update field.
v )4 B(n'l'l) —_ j(n+1)‘
More generally, apply underrelaxation (blending). Let
V % C(n+1) =j(fn+1).
Then
B"HD) = (1 — a)C D) 4 aB™),

where « 1s the underrelaxation parameter.
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Resonant Currents Require Large
Underrelaxation

Strong response of resonant current to small changes
in B leads to requirement of large underrelaxation
parameter.

Solve for pressure-driven current on good flux sur-
faces using magnetic coordinates,

B=VyxV0 + tVo x Vb
Current:

i= (1w - 55) vexve
+ (50 - ’(tb)) Vo x Vi,

where

_ 8 N~ tTnm —i(ng—mo)
d¥ ~ (n —+m) ’

J =B Ve¢)!
j(wa 9: (}.’5) — Z jn,me_i(n¢—m9)-
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Code Displays Numerical
Instability When Underrelaxation
Not Large Enough

¢ When underrelaxation inadequate, get
oscillatory, growing current.

* Problem most severe for low shear region near a
low order rational surface.

e Underrelaxation parameters as large as .99 may
be required.

e Can things be improved by applying
underrelaxation to the current, using different
blending parameters for different Fourier
components? (A simple form of preconditioning.)
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33 Plot 1486
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Blending on Currents

e Blending on a single Fourier
component of current shows
1mproved convergence properties.
Suggests desirability of more general
scheme for blending currents.

e An issue: are currents provided by
VMEC sufficiently accurate to use
for initializing blending.
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Conclusions

e A simple form of preconditioning shows promise
for accelerating the convergence of the PIES
code.

» Higher resolution VMEC equilibria may be
helpful in providing more accurate currents,

allowing blending on the currents rather than
the fields.
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