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Abstract

A time-dependent, zero-dimensional computer
model with no adjustable parameters, for magnetically
confined plasmas, is described. It predicts spatially
averaged values of plasma density and electron and ion
temperatures, and its predictions compare well with
volume averaged measurements made in the Wisconsin
Levitated Toroidal Octupole. The model is easily
adaptable to predict scaling in other devices.

1. Introduction

This paper describes SIMULTl, a fast, simple,
time-dependent, zero-dimensional computer model for
magnetically confined plasmas, and compares its pre-
dictions with experimental data. This paper deals
with a version that models cylindrical or toroidal (in
large aspect ratio approximation) devices, and 2
specifically the Wisconsin Levitated Toroidal Octupole
with a hydrogen ECRH plasma, but the extension to
other devices or heating methods is straightforward.
In fact, most of the terms do not depend on the par-
ticular geometry, containing at most the total plasma
volume, and so could be used unchanged in modeling
other devices.

The development of this program was motivated by
a desire to understand the energy and particle Toss
mechanisms in toroidal devices, and therefore only
those mechanisms have been included which can be jus-
tified from theory or independent experimental measure-
ments (e.g., collision cross sections). No adjustable
parameters were allowed for fitting predictions to
experimental measurements. The hope was that dis-
crepancies would appear, and terms could then be added
and adjusted to account for the discrepancies, there-
by giving information about any anomalous heating or
loss mechanisms.

A1l terms are spatially averaged in some
appropriate way, and the electron and ion velocity
distributions are assumed to be Maxwellian, so the
major quantities which are predicted are the spatially
averaged values of charged particle density, electron
temperature, and ion temperature. Differential
equations for the rate of change of each of these
quantities are solved by a second order iterative
method to predict their values at successive time in-
tervals. These equations depend only on average
quantities, all spatial and velocity distributions
having been removed by averaging. Non-zero initial
values of plasma density and temperatures must be
specified for the beginning of the experiment, but
at least for microwave heating these can be quite
small and the results are quite insensitive to the
exact numbers used.

II. Definition of Symbols

The symbols used below in the description of the
various terms, and their units, are:

average electron (ion) density (109/cm3)
average neutral molecule density (109/cm3)
initial neutral molecule density (109/cm3)

n

"

o

u

n_.
01

initial neutral pressure (10'5 torr)
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U, = average electron energy density (109eV/cm3)
Ui = average ion energy density (109eV/cm3)
T, = average electron temperature (eV)
Ti = average ion temperature (eV)
Ty = plasma chamber wall temperature (eV)
B = average magnetic field strength (kG)

B = peak magnetic field strength (kG)

= dB/dt (kG/sec)
= minor radius of plasma (cm)
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= length of plasma (or major circumference) (cm)
Ao = obstacle area (cmz)

P = microwave power (watts)

f = microwave frequency (GHz)

QO = unperturbed cavity Q of plasma chamber

S = pumping speed of vacuum system (1iters/sec)
t = time (sec)

For the levitated toroidal octupole, we take the

values:
T, = .025 eV
= 50 cm
= 800 cm
0, = 2x 10
s = 10% Titers/sec

III. Terms Used in Computation

A. Magnetic Field

Any time-dependent magnetic field can be speci-
fied. The levitated octupole is usually operated with
a half-sine-wave pulse of the form:

_ -t/t_;
Bvac = B0 e sin wt

where T = .086 sec and w = (m/.043) sec’l. The mag-
netic field is then corrected for finite beta:
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B = [Bvac - 4.05 x 10 n(Te + T1

B. Neutral Density

The neutral hydrogen gas is assumed to consist of
thermal (T = Tw) molecules. The initial value of

neutral density is an experimental parameter which must
be set. At each time step the density is calculated
according to















