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Free boundary Tokamak Equilibrium Code (FBT)

Abstract

A Computer Code (FBT) has been written to calculate axisymmetric
tokamak equilibria with arbitrary plasma cross section. The code
solves the Grad-Shafranov equation in a rectangular domain, in r-z
coordinates. The accuracy of the calculation has been tested by
varying the mesh size and by changing the number of terms used in eva-
luating elliptic integrals. The code has been applied to the computa-
tion of a number of TCA and TCD equilibria. Some of these equilibria
have also been computed in Garching, using Lackner's code. The results

of the two codes agree to within 0,25 %.



1. Description of the FBT Equilibrium Code

1.1 Strategy

The basic strategy of the FBT code is outlined in the flow-chart
below:

Read input data

v
Set up spatial mesh

v

Compute elliptic integrals
v

Compute ¢ at the boundary, due to external currents

)

Guess current distribution in the plasma

)

Compute ¢ at the boundary, due to internal currents

v

Scale the plasma current distribution

v

Compute ¢ tgtg] at the boundary

R

Compare new and old values of ¢ at the boundary to see wether the
calculation has converged:

Y Y

no convergence‘....___._____..‘l convergence

Solve the Grad-Shafranov equation within the domain, using a fixed
plasma current distribution

¥
Compute the new plasma current distribution, using the functions
p' and TT!'

!

Print out results

)

Draw the field lines




1.2 Vacuum Fields

The toroidal component of the vector potential, Ay, due to a

current loop (I) located at r = rI, zZ = zI is given by
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The corresponding poloidal flux function, ¢ = rAg, can be written as
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The elliptic integral F(k?) is computed for M different values of |2

in the internal 0 < K& < 1. Values of F at intermediate points are

obtained by linear interpolation.



1.3 Grad-Shafranov equation

The poloidal flux function ¢ describing an axisymmetric toroidal

equilibrium obeys the equation
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where jg is the toroidal current density. In finite difference form,

the equation is written as
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In the present version of the code, equation (4) is solved by an
iterative SOR method. In future versions, it is planned to use an
optimized Gauss elimination technique in order to save computation

time.



1.4 Current Distribution

A. Configurations without separatrix

The toroidal current density is given by
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and ¢)ijp is the value of ¢ at the limiter surface. The quantities p'
and TT' are arbitrary functions of ¢. If TT' is proportional to p'. an

approximate value of Bp is given by
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Ry is the mean plasma radius, Ry = (RLI + RLO)/Z where R . and R, , are

the inner and outer limiter radii. respectively.,

B. Configurations with separatrix

When ¢ has a saddle point. ¢1ijy in Eq (5) must be replaced by
bgeps the value of ¢ at the separatrix. In addition. Eq. (5) must be
supplemented by a condition stating that J = 0 in any domain where

¢ > bseps if that domain is in contact with the boundary.



2. Results

2.1 Effect of varying the mesh size

A typical TCA equilibrium was computed. using the following input

parameters:

n

R 8.4349 m

LT

Ry, = 0.8099 m

/37’ = /.§3382

I jo kA

VF

h

p = const x |1 (1-¢)7]

—
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TTI = Const. x /4/

Five runs were performed with different numbers of mesh points. Fig. 1
shows the plasma current as a function of the parameter (NR x NZ)-!.
NR and NZ are the numbers of radial and axial mesh points.
respectively. Note, that when NR x NZ is changed by a factor of 9, the
plasma current changes by 0.2 % only.



2.2 Number of Terms in Elliptic Integrals

N is the number of terms used in the calculation of the elliptic
integrals (Eq. 1). A series of runs were performed, using four
different values of N. Input parameters were identical with the ones
listed in section 2.1. Fig. 2 shows the plasma current as a function
of N. By extrapolating to N = « we find that n = 200 produces an

error which is less than 0.1 %.

2.3 Interpolation Errors

The precision of the interpolation procedure which is used to
compute F(IZ) depends on the number (M) of values of K at which F is
actually computed. Fig. 3 shows the variation of the plasma current as
a function of M. Again we find, by extrapolating to M = w, that M =

2000 is sufficient for obtaining a precision of 0.1 %.

2.4 Comparison with Lackner's Code

In September 1982 a number of TCA and TCD equilibria were
computed at Garching, using Lackner's equilibrium code (TCD = proposed
upgrade of TCA with poloidal divertor). Some of these equilibria were
then recomputed at Lausanne, using the FBT-code described in this
report. Identical pressure and toroidal field profiles (INTOR
profiles) were used in both calculations. The results of the two codes
are compared in Table I and in Figs. 4 through 11. Note, that the
corresponding plasma currents differ by less than 0.25 %. The flux

surface plots are practically identical.
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