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TRANSP/PTRANSP Isolver

TRANSP Isolver is a free boundary equilibrium

Isolver Solution for D3D 133147209 with Vacuum Vessel

solver available in TRANSP in both the interpretive = 15 b e
. . limiter N \:":l\\\ —
and the fully predictive mode (PTRANSP) el 1 N W
ounding Point 4, LY
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Free Boundary "
Magnetic field representation outside plasma is useful for fastion orbit & of & ' | @) ﬂ 1 e s 1200 0
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Boundary may adjust to heating and current drive based on realizable b AN __/ /| gseror: o002
PF coil currents —
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Coil Currents (.
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Least Squares Mode — coil currents selected to best match a Penens e 2 222

prescribed boundary (traditional TRANSP mode)

Measured Coil Currents Mode — feedback applied to center the plasma at the prescribed boundary
(analysis and predictive mode)

Passive Structures — induced currents in vacuum vessel

Affects plasma evolution and shape particularly during current ramp up

Coupled Flux Diffusion — time evolution of q profile coupled to equilibrium solution.

Self consistent solution of coupled plasma and coil circuit equations for predictive modeling
Supported Tokamaks:
~ Coils and Vacuum Vessel: NSTX (current), D3D
- Coils only: NSTX (upgrade), ITER, CMOD, EAST, IGTR, MAST



TRANSP/PTRANSP Execution

e Isolver is called during the TRANSP run to update the equilibrium solution

Initialize TRANSP run

Update Heating and

Current Drive and Neutral

Transport
v
Isolver
Advance equilibrium solution
1:geo — 1:geo + étgeo
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Advance Plasma
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Write out data
Done




Algorithm: Isolver’s Picard Loop

* Picard loop incrementally adjusts the equilibrium solution at each new geometry
time point until converged

~—

Start with old or estimated
Plasma Current on R,Z grid

\

Update g profile

Update F profile

Update Plasma Current and
Plasma Poloidal Flux

Derive Coil Currents and total
Poloidal Flux

~—

No Flux
Surfaces

Find Axis and X-points, form
flux surfaces and get metrics

Flux Surfaces
Available

Check convergence

Equilibrium at L,

g profile as input or evolved in time from flux diffusion

F derived from q profile, pressure and metrics

Solve Partial Differential Equation from p,F

Match to prescribed boundary or evolve coil
currents from circuit equations

Equilibrium at ty, +dt,

Converged
Get more metrics Done!
and balance terms Back to TRANSP




Algorithm: Update Plasma Current

Isolver’s solution is based entirely on the plasma current J¢(R, z) defined on a
finite difference R,Z grid (typically 65x129 or 129x129)

/"\‘
As the solution iterates, the plasma current is J AR, '7)
updated from the most recent pressure and F 7
profiles.
= Note that this does not require a flux surface
representation which enables robust start up. /
. R d F dF <~
IPFRZ)=—— Dy _
Ay dy uRAy dy R
F =RB 7 - Y normalized poloidal flux
® Ay

New plasma current is relaxed with the old solution

(R, Z)=wd?F(R,Z)+(1-®)I2(R,Z)




Algorithm: Update Plasma
Poloidal Flux

e A fast PDE solver is used to derive the poloidal flux due to the
plasma ™™ (R,Z) from the plasma current 3/ (R, Z) defined
on the finite difference R,Z grid.

. a 1 awplasma azl//plasma
plasma _ — new
Ay _RaR(R p j+ poF HoRJ, (R,Z)

 The total poloidal flux also includes the flux from the coils and
passive structures (represented as coils)

W(R, Z) _ Wplasma(R’ Z) ‘|‘l//CO”S(R, Z)



Algorithm: Update F from g profile
General Principles

 The F profile is required to satisfy
' 1 2

V'= d—V differential volume

diy
Ay = poloidal flux enclosed by the plasma

e The F profile must be smooth in order to be representable by J¢(R, Z) onthe
R,Z grid

e Foradiverted plasma, q and V' are singular at the edge.

e So to provide asymptotic consistency at the edge when the g profile is provided
as input or from flux diffusion, \/ ' was considered a derived quantity and not
a geometric metric when deriving the equilibrium equations.




Algorithm: Update F from g profile
Solving for F

e The F profile is derived from the solution of the ordinary differential equation (ODE),

d(Fz):_z m dp+Ac//F(a’j

diy < 1 >d17 47% \ q
R?
—12 —
R Ay

p(w) = pressure 1 (i) =enclosed plasma current

e  When substituted into the Grad-Shafranov Equation

A*W — _ILIO R2 . 1 dg + F2 a,
Ay 1\ |dy 4r°q
R?

. : 1
* A flux surface average recovers the required relation FV’<¥> = 4r*qAy
when ¢' is nonzero.



Algorithm: Update F from g profile
Integral of q form

* The F profile ODE can be manipulated to remove the sinqularity of the g profile in
the equation

da
(g’jzﬁ
q,) ¢Q)

$7)=[ a@dy =2

2y

a(d) = a([g(y)r) using the function inverse of ¢ = %

* In this form, the solution of the Grad-Shafranov equation depends only on the
integral of the q profile @¢() which represents the toroidal flux at each flux
surface per total enclosed poloidal flux on a normalized poloidal flux grid.




Algorithm: Update F from q profile
Characteristic of Solution

Smoothing of & is required

— A smoothing half-width of 1 radial zone is sufficient though 2 radial
I ] | 1 I | 1 | I |

zones is used in practice — better convergence with more smoothing A NN ;

— The number of radial zones is arbitrary va |

Solution can be taken to the separatrix

— TRANSP requires the boundary be offset from the separatrix due to
metric singularities

Isolver Solution for iso Output Data

Q profile can deviate from input near separatrix
— Reflects disconnect between q profile singularity and Vv ,singularity
— Typically, the edge q profile is perturbed to match desired plasma

current when the q profile is input to Isolver =
q profiles N
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Algorithm: Update F from g profile
Characteristic of solution cont.

e Convergence is robust but slow

— Convergence can slow down as final converged solution is approached (ugh!)

Relative Error/Convergence Threshold vs. Iteration
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Algorithm: Update F from g profile
Speeding up Convergence

* The normalized poloidal flux coordinate used during the picard iteration 1/7 is only
an approximation to ¥/

e The relationship between ¥ and ¥ is given by,

~ J1\Ay F
h(w)z—‘”=V< > T
7 R/ ow 4x°q

1 ~ ~
oy = j h d this definition removes the scale dependence of h
w=| hiy)dy

* This can be used to refine the solution during the picard iteration

= —+——
dy oy | 1 > dy 4rn
R?
e Since h(y) - Ay a constant in the limit of the solution, h(¥) can be windowed
away from the axis and edge and heavily smoothed to eliminate the effect of
taking the derivative of the q profile. W (%)

redefine h’(&)sdd—&(V’< R12> 4:2q)W(&) \ )

7
0 1

d(F?)__ [ h u do AyF(h o' ah
oy q q oy




Algorithm: Update F from g profile
Speeding up Convergence cont.

* The effect of this algorithm change is significantly improved convergence

whereas the original will not

Relative Error/Convergence Threshold vs. Iteration

delta Psi
toroidal Flux
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——F

i : i i
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Solution is a little tighter in matching the q profile

Slightly less robust though there are cases where the modified solution can reach convergence
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Algorithm: Update q profile
Flux Diffusion

* The poloidal flux evolves in time to satisfy,

ov) _ Vi
ot | 2z
Vloop — 77 Joh Joh = <j §> _Jdrive Jdrive = <jdrive ' §>
27 : <B Vg0> <|§'V(P>

e  Where gl is the plasma resistivity and<3drive : §> represents driven currents.

* When expressed as an evolution equation of the integral of the q profile ¢(i,t) as
used in the F profile ODE on a normalized poloidal flux grid, two equations must be
satisfied.

=  Boundary condition at the edge for ¢((}7, t) equation provides one degree of freedom in the solution
0 Will be used to match the plasma current, surface voltage or axial poloidal flux condition
=  Boundary condition at axis is fixed to enforce regularity

o9 :ﬂ\]oh_l_ 1 d(Al//)( ¢) q dyd"

oty Ay Ay dt dt
dl//dlff
o =-nJ*" 0 w ™ = poloidal flux at axis
l//:




Algorithm: Update q profile
Full Flux Diffusion Equation

e Substituting for J"gives the diffusion equation in #(¥ 1)

09| _ e 1+05(Al//)2 ¢ a o +£ 1+a(A1//)2 80@
atl, v W2 |0 AnlAw F<1>a.,7 Ly Y

¢

diff
+ 1 dWo _H)?d(AV/)_n”Jdrive 6?_ 1 d(Al//)
Ay | dt dt oy Ay dt

dl//g”_f =7 AI//RS oa +Jdrive
e, NV oy
0 o

—2
\%
a, = a\i ‘ ¢J = My o q here is from flux surface metrics
op \ R AD




Algorithm: Update q profile
Flux Diffusion Sanity Check

Check of Zﬁ—w

p” (8,1) = V000 (S:1) over time t for fixed S=+/ for a D3D run

e Poor match at egge due to error in q profile match as amplified by shape of resistivity profile
2pi*dpsi/dt and —Vlocop at const Phiflux for s=0.0 2pi*dpsi/dt and —Vloop at const Phiflux for s=0.4

o L —
/
N
2pi*dpsi/dt and —Vloop at const Phiflux for s=0.9 . 2pi*dpsi/dt and —Vloop at const Phiflux for s=0.98 ‘ ‘

"\ I‘\“'/“ ﬂ




Algorithm: Update q profile
Flux Diffusion Comparison with TSC

e Comparison of radial slices of the q profile from Isolver with TSC for D3D run
e Isolver run outside of TRANSP in plasma current prediction mode using TSC coil currents and pressure and
resistivity profiles
e Isolver driven current (bootstrap only) estimated from TRANSP run should be similar to TSC driven current

q profile at xi=0.0 for 131498 q profile at xi=0.3 for 131498
£ £ i i i —_— TS 243 i F i i F
o \od
\\ |
................ \‘
T
q profile at xi=0.7 for 131498 q profile at xi=0.98 for 131498
11
L‘n
P |
1\
4.0 HF\\ 9 \WA\J
8.
T T
VA
T T ke A ARG 17
2.5 3.0



Algorithm: Update g profile
Flux Diffusion Mixed Boundary Condition

The flux diffusion equation has the form

0 _, 0,0,
ot ow?: oW

Where C and V change significantly within the picard loop. The solution of this

equation can be written in terms of a function ®(Y,t) which does not change very
much during the loop.

d(w 1) =0O(y —vt,t)e ™
d, t+X)=1-cR)Pe™ —vs %De“ +O(?) for aa—? << Cc,Vvterms

Applying a boundary condition on ®@(y,t) during a finite difference time step &t is
equivalent to using the following mixed boundary condition on ¢(i,t)

_ o4
o = (L CR)g,_, +vat =2

y=1

In the case of the flux diffusion equation c.-v= 1 94y) s ysed to remove the effect

of the changing poloidal flux on the diffusion equatlon during the picard loop.



Algorithm: Update g profile |
Flux Diffusion Boundary Condition and ¥ .

. l//giff represents the poloidal flux at the axis which is required to satisfy the flux

diffusion requirements -- physically, it should match the axial poloidal flux due to
the plasma current and coils ¥,

: . . diff _
e Butthere is no a-priori condition to force Wo =Wofrom the eguations alone

 There are several options in Isolver for resolving this difference and setting the
boundary condition Umixon the flux diffusion equation:

1. Adjust Q,,;x to match a desired plasma current (NLPCUR=.TRUE.) or surface
voltage (NLVSUR=.TRUE.)

diff
a. Traditional TRANSP: Let '//ol and Yo differ. This implies the existence of an ohmic coil
which makes up the flux difference but does not affect the shape. it
1
b. Ohmic Coil Current Prediction: Apply a feedback current to the ohmic coils to match ¥o and ¥o

- Implemented with a PID (proportional —integral-differential) controller between time steps

2. Adjust g, to force & "™ =y, (NLINDUCT=TRUE.)

0
a. Plasma Current Prediction: Inductive coupling between the poloidal field coils and the plasma
predicts the plasma current

e API(proportional-integral) controller is used to adjust Jixfor the desired
boundary condition within the picard loop. SV
— Aloop voltage condition will match Q,,x = ¢ + 9 ( %P (o — l//o)j forot=t" -t~
Ay 27




Algorithm: Update g profile
Example Boundary Condition and %o

e Comparison of TSC with Isolver run in predictive mode out5|de of TRANSP

oilb Ohmic Coil Current for D3D 131498
Plasma Current for D3D 131498 os10 \
1.6x10" TsC
e A e e A A Lsolver
1.4x10°
1.2x10° y,
1 /‘ " T —
<
0.8x10° —
: l
0.6x10° v I f
{\/ o 1 ’IL | - l‘r‘ I‘\M\\Hll
/ IUI‘ M Ilp an ‘ ;l li Hl‘ ‘lu Hf”“ *l
O‘ihll)h'“'r[\’ . " ‘v".‘gl HJ-“M‘ "Mﬂql‘# (m N JW}'L\H ‘I‘J\L\ Lg ‘ m '. |‘ M Al// ~0.3 (Wb/rad)
1 O I TN
| I ] |
o 0.3 1.0 1.3 2.0 25 3.0 3.5 |““ ! ‘ ” !
time (s) \|1
T
e Plasma Current Prediction

*  Ohmic coil induces current in plasma «  Ohmic Coil Current Prediction

. Plasma current is used as flux
diffusion boundary condition

« ™ =y matched exactly by flux
diffusion boundary condition

. Ohmic coil current feedback PID
controller keeps l//o ~ Y, over
time.



Algorithm: Poloidal Field Balance
Poloidal Field Energy

e TRANSP’s poloidal field diffusion equation for evolving the g profile from within
TRANSP has an associated poloidal field balance equation evaluated at each radial
surface within the plasma.

e [solver’s flux diffusion tracks a similar balance and in addition volume integrates it

within and outside the plasma to form a coupled plasma/coil circuit poloidal field
power balance.

 The total poloidal field energy at a time slice is given by

2
\% I
j‘ al dv = 2{ M T+ T 427 (po +Ap) + 1V [ d el,}
V, L = volumeand cross sectional arc length of the plasma at the boundary
| =coil currents
M = poloidal field coil mutual inductance matrix

L = mutual inductance of plasma and coils
, = plasma current

¢} = plasma normalized internal inductance




Algorithm: Poloidal Field Balance
Integrated Power Balance

The poloidal field power balance associated with the change in the poloidal field
energy is given by

WVM ] r.R.r_li[f-MS.f] circuit terms
Zyo dt 2 dt

-[ o <J¢E¢>d§7 dissipation in plasma

d compression in plasma
2% q ot EY 14 P P
R2
\ :
+i §§ | VZ| |dS compression of boundary
2luO boundary R at|<I>

coil circuit voltage and current sources

= coil circuit resistance matrix
S

>
R
M

= coil circuit source mutual inductance




Algorithm: Poloidal Field Balance
Example D3D

Below are examples of the total and plasma integrated poloidal field power
balance for a D3D run

The plasma only integrated power also includes an ExB term and boundary movement term

Combined Circuit and Integrated Plasma Flux Diffusion Balance

2.5x10

Plasma Integrated Flux Diffusion Balance

bbplasma_dbpoldt

bbjdote

bbexb

bbcomp
bbplasma_bound
bbplasma_bal

bhdbpoldi 2.5x10° :
bbeoil_source H
2“}(1{]7_ .............................. bbcoil resist 2[])('[)“
bbjdote
1.5x10] reeeeess AR S I bbtotcomp r ‘M
bbbal 1.5x10"
O /1 Wl Ml
[ 1.0x10° = \
ot AR TN e 1 I |
o.0-JLUb LTt LN 10 AT i AL I TNR S - i W
W\f | 0.0d--HED _d ) 0l VR T AL TP BT
7[)‘5’”07_... L - n ................ p
10k 107 A g s ................. —O.SxIO“—“’V\/\ \\/\ / EMRRN i —
IR T T - ................. _1ox10° “\_\\J
s 0 0.5 1.0 1.5 250 3.0 35 7|‘5“0“u,u 0.5 i.0 13 2.0 25 3.0 3.5
time (s) time (s)
total poloidal field power balance
Balancey o.ax10° H ‘[ [ bbhall
onIy 0.2x10° J I ; , |
= 0.0 ey - it L. Alu WM .ﬂwnvhv ‘W{kﬁ rh[lr.« | | }‘Mﬂ Ir \ ”I.l Jl'\ ﬂwan .HIR ﬂrf\ |r|l“|h “Vﬂ“ ﬂl\?‘i h\ \I I'|L A f‘\]
e B B W L LA A T
—-0.2x10 H ™ V T ¥ ‘ )
—0.4x10° !
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5

time (s)
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Algorithm: Miscellaneous Output

The circuit equations have a separate balance equation where the plasma acts as

an additional circuit source.

— Circuit balance can be used to limit the time step

%%[T-(M +M*)-T]= T-i—T-R-T—*%['q)Ep]

The flux diffusion algorithm will fail if the time step
is too large

One of the outputs is an estimate of the largest time

step which may be taken next time while accounting =
for a safety factor.

e Time step must be short enough to ensure a monotonicg(¥)

e Use of the mixed boundary condition O mix introduces a
courant type of time step condition at the edge

While not evident in this case, the use of the

poloidal flux axis in Isolver can unfortunately lead to
sub millisecond time steps especially during the

early time part of the current ramp up.

107"

10!

Relative Circuit Power Balance

\|||r i :|w |

0.0

0.5 1.0 1.5 2.0 2.5 3.0 3.5

Estimated minimum time step

time (s)

0.0

24



Algorithm: Coil Currents
Least Squares Match to Prescribed Boundary

The Least Squares Mode of running Isolver returns a set of coil currents which
provides the best match to a prescribed boundary.

— This mimics the traditional mode of running TRANSP which assumed a fixed boundary solver
To stabilize the picard iteration a match is also made to the nearest X points offset

from the prescribed boundary.

— Given just the boundary, the X points are guessed from the points on the boundary with the smallest
radius of curvature and offset from the boundary by the radius of curvature.

— The weight assigned to guessed X points decreases exponentially as the square of the distance from

the boundary. 7 15
. . limiter ) s
Optionally, the coil currents may also be i dlxpg?nffg . B A\
. . . . ounding Point () ¢
constrained to a fixed value or included in i atans 5 '
the least squares weighting. 05

The least squares solution is computed using
a singular value decomposition. Small
eigenvalues are effectively dropped while s

maintaining solution continuity.  Reference points are placed on the
prescribed boundary (green curve) y

and reference X points are guessed | Sz
from the boundary shape NS

Z(m)
o

+ 4
1.5 \\1\ ! 1 I 1 I Wi
1 121416 18 2 22 24
R (m)




(A)

Algorithm: Coil Currents
Circuit Model

4.x10"

2.x10°

In Circuit Equation Mode, a circuit drives each coil to advance the coil currents in time.

Selection of circuit parameters determines coil and drive.
« Passive Structure: no sources R®* =)

« Current driven PF coil: | o 7 0 R°=w0

« Voltage driven PF coil: | )= 0 V°,R® setbypowersupply Notcurrently working
Cross coupled coil resistance Rkj allows the modeling of toroidal cuts in the vessel.

Isolver advances the coil current in time through a loop current circuit matrix.

T 1P
~_— dl d(,L")
V=Rl +M—+—7°
dt dt
Vessel Current for D3D 131498
_ Circuit Model
Power Supply
YA S I -
R; M Kj I Coil
+ e ~ R
p \ S -~ ‘ . — l\J
| Vi [\___
- I \ M,;
_____ Ir




Algorithm: Coil Currents
Circuit Feedback for Centering the Plasma

(A)

As part of Circuit Equation Mode, a feedback current
source can drive several coils to keep the plasma centered

Several points are selected on the prescribed boundary to
provide a feedback which forces the weighted poloidal flux
difference between the feedback points to zero.
LS ww )

k points
w" =no plasma response from unit 1., .,
3 =feedback

féa Vertical Field Coil Current for D3D 131498

I feedback —

Vertical/Horizontal Feedback

. ", PFupperCoil
_/-,;'-.vfm'w- ______ :
! M, 1 S
/'"‘\,\_. 0 E‘ii“v :
A L)
Lo S,
i
_____________ / T \
M Goney™ " "PF Lower Coil i \ /
DLk Lot feedback
ey "
:I\h_/’ ~

-

Isolver Solution for D3D 133147Z09 with Vacuum Vessel

5 1.5
—-0.6x10 T - T T
X TSC (input) fﬁjsx‘ ’;‘4774‘
~0.8x10° \U _____ Isolver (with feedback) ||m!|)|§y'{ \ \ \r\\ i
X Points  + | N, W
—1.0x10° Feeeeeefeensd Bounding Point 4  \
Feedback Points
—1.2x10° . \
; os |l | A\
—1.4x10 |
. -
~1.6x10 _
E o B NS #H time stice: 1.208 (s)
~1.8x10° B UL =/ i avg time:  0.000 (s)
'\,\/\\A | g — / runid: 133147208
~2.0x10° s device: D3D
\1 o051 /4 gserror:  0.002
2.2x10° \ g
—2.4x10° \!\N\M ; =
E . 4
-2.6x10° !
- xxnfn D 0.5 10 1.5 2.0 5 3.0 35 154 L
! > : 0 1 121416 18 2 22 24
time (s)

R (m)



TSC, Isolver comparison D3d 131498

Various results comparing a TSC run of D3D 131498 with Isolver have been given.

Isolver Average Grad—Shafranov Error for 131498

[ J
. Isolver was run outside of TRANSP in plasma current prediction mode using TSC’s
pressure and resistivity profiles and TSC colil currents as inputs to Isolver
. The driven currents were estimated from a TRANSP run
o Below are some additional outputs for comparison.
Number of Isolver Iterations for 131498
' — hiter 0.0028
" 0.0022-
i |
w |”” 0.0014=
zUu.u ()Is 1.0 1.5 2.0 5 1‘0 3.5 0‘001-0

0 0.5 1.0 1.5 2.0 2.5 3.0



TSC, Isolver comparison D3d 131498

Raxis for 131498

1.74 Zaxis for 131498
t_raxis 0.02
M/WWV\/\A i_raxis T_z:lx-is
1.73 A {\ i_zaxis
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-0.08 W“
1.6 ~0.10
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time (s) time (s)
Rminor for 131498

0.65
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0.64
0.63 {

0.61
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—_
£0.60
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0.59

0.58

0.57

I, et

0.56

0.55
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time (s)
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(A)

TSC, Isolver comparison D3d 131498

Elongation for 131498

Triangularity for 131498

1.8
t_elong 0.6 t_triang
r"’% i_clong . . | i_triang
T 2 SO SO fidt ' ~ P N ad’ ad R —— i _jiriang
7 Y i Worarlg 4~
0.4 : v \,/Jw B
1.5 ]/“/\JJ\AJ
T I
To3 |
1.4 JJ
N
1.3 ; 0.2
% A |
H 0.1
1.1 f | /
0.0 0.5 1.0 1.5 2.0 25 3.0 35 0.0d—’
time (s) 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5
f7a Vertical Control Coil Current for 131498 s Internal Inductance for 131498
e TSC (input) — t_lil
Isolver with feedback i_lil
A A —_—_li3
—0.5x107 m -4 i_li3
~1.0x10° ] .\‘_‘ A 1.34- "-‘I ".‘ M‘Vf |
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time (s)
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(Wb rad™)

TSC, Isolver comparison D3d 131498

psi at the Axis for 131498

-0.20 Delta psi for 131498
t_psiaxis 0.4C —
/ i_psiaxis /_/__,___,_______,_ -] :_ps!,jfrr
/-" _psidi
-0.25 T SOOI SO O o OSSOSO OSSR S
[T T Lo e R

-0.30

D

=1

0.2

=

=
-0.35 Z

/ T S S ..
-0.40
0.15 ] S S
S
4
—-0.45 0.1C
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 35
time (s)

time (s)

31




Summary of Isolver in TRANSP

Isolver free boundary solution based only on J¢(R,Z) on an R,Z grid

« Aninverse solver is not used

o Unable to model current sheets due to R,Z grid resolution
Isolver uses an algorithm which avoids the singularity in the q profile

« Allows the advancement of the q profile within the picard loop

« g profile matches well to the input except near the boundary where F must remain smooth
Flux diffusion advances the g profile

« Boundary condition can be chosen to match the plasma current, surface loop voltage or for inductive
coupling which will predict the plasma current

Coil currents can be chosen to best match a prescribed boundary or as the solution
of a circuit equation which drives the poloidal field coils

« Vessel currents modeled as passive coils in circuit equation mode

Balance equations check the fidelity of the flux diffusion and circuit equation
solutions

Comparison with a TSC D3D run shows very good agreement

o Comparison of plasma current prediction in an NSTX shot did not look as good — under investigation
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