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One Dimensional Burn Computations for RFPR*
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Fusion Studies Laboratory
University af I1lingis

K. W. Moses and R. L. Hagenson
Los Alamos Scientific Laboratory

1. Introduction

Previous studiesi af the Reversed Field Pinch Reactor (RFPR) have been
dong with a zero-dimensional or “point-properties” formulation which
averages all plasma profiles over the radius. In order to allow a closer
examination of the RFPR performance and explore other phenomena, a more
realistic one-dimensional (radial) plasma model (RFPBRN} has been deuetnpeda
and applied to RFPR.

The earlier global model assumes flat temperature profiles, ¢lassical
particie ¢onfinement, and magnetic fiald profiles determined through a
pressure balance model algne. In contrast, the one-dimensional model
determines the temperature and field profiles self-consiztently and allows
for instability induced transport as well. It also checks the plasma
profiles local and global stability characteristics. A major objeciive of
this study was to determine how these additienal physical effects would
influence the RFPR design. Alsg, this new ¢ode allowed a more detailed
optimization of the RFPR. Both aspects of the study are discussed here.
1. The Maodel

RFPERN is5 a three fluid {ions, electrons, and aiphas) one-dimensional,
Lagrangian mesh transport and stability code. A quasi-static assumption is
used so the plasma evolution can be followed on & resistive fime scale.
Linear ideal MHD stability is then periodically monitored as the profiles

evolve in time.
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The sgiution is found by integrating the temperature, density, and

- field profiles Torward in time and then adiabatically readjusting the

mesh to satisfy pressure balance., - A variable time step predictor-corrector
numeric technique is used to solve the diffusion section, The degree of

implicitness for the numerics is contrelied eatérna]]y.

3 except for

Transport coefficients are assumed to scale classicaliy
thermal conduction which, tased on a review of data from Zeta experiments,

is taken to be ~ 1/200th Bohm. The perpendicular resistivity alse assumes

‘Batm-Tike scaling in regions where Suydam's stability criterion4 15 violated.

The modeling in these reqions is that of Christiansen and RﬂbEFtSE.

MHD stability is monitored for both global amd Tocal modes, Local
stability is monitored using Suydam's criterion while gross modes are
checked using Newcomb's fﬂrm-of the ideal MHD energy princip135. The
energy principTE is minimized dire;t1y by using a Rayieighwkitz trig)
function expansion with arbitrary coefficients. The technique has the

advantage that is shows whether the plasma is unstable to modes with wide

(non-localized) eigenfunctions as well as determining the plasma's

absolute stabidity characteristics.
ITT. Resulis
A. Zero-Dimensional and One-Dimensional Comparison

In order to match the global model as close as possible, the plasma

| edge was required to be the reversal point and the radius varied as:

rp (B =g (t=o)/T-B (] (1)
Initial conditions for temperature, density and field profiles were also
' &

takan consistent with the global model's pressure balance assumptions™.
Results generally showed simitar trends, -the principle difference

baing that the 1-D code ignited faster, burned out quicker, and had lower
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fractional burnup {see Fig. 1). A1l of these features can be attributed
to profile effects. The lower burnup resyited in an gverall reduction in
the energy gain factor Qp to about 3/5's of that predicted by the 0-D code,
While this is a significant difference, the agreement is still considered
"good" in view of the many differences between the two codes [See Table [}.

Inciuston ¢f Suydam induced turbylent transport flattened the density
profiles but had 1ittle effect on plasma performance. The yeason this
gffect was small is that the stable cuter region provided confinement
while the Suydam induced ensrgy transport was already dominated by the
assumed Bohm-like thermal conductivity {See Table II}.

B. Optimized Burn

In view of the reduced energy gain predicted by the 1-I modei, &
decision was wade to use it to optimize Gp. The density was raised to
increase the power level near the global simulation parameters. The
toroidal and poloidal fields were then reduced to the marginal amount
required to ignite the plasma. Poloidal # and giobal stability were
checked to see if the plasma maintained stability (which it did}.

The results of the optimization are shown in Table [ where it is zeen
that Qp wasi incraased by a factor of two. The principle reason that Dp
was doubled is that the radially varying temperature profile allows ignition
on the magnetic axis which then propagates radially through the plasma.
This allows the current {magnetic field energy) required for ignition to

be lower which in turn raises Qp.

Summary
Studies of the RFPR have been done using a one-dimensional three fluid

transport and stability code. Results have verified trends predicted by
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previopus global studies. However, inclusion of profile effecits, princi-

pally centerling ignition,has enabled the RFPR design to be optimized to

obtain Qp's as high as 20. Assuming ciassical parallel resistivity, global

MHD stability can be maintained throughout the entire burn.
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Figure 1. Glgbal Parameters and

wall lgad for 1-D and
point model comparison.
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