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Abstract

For some time 2-dimensional RMHD (radiation magneto-hydrodynamic)
calculations of radiating z-pinches have been made to agree with integral data
(current wave form, yield and power). For these calculations, the agreement
with detailed data, such as time-resolved x-ray images, is generally not as good.
Correctly ‘modeling the physics of z-pinches, including detailed data, is needed
to have true predictive capability. To address this problem, we fist determine
which integral data are most sensitive to the details in the models. With this
information, we investigate aspects of the pinch, to which the data is sensitive,
using non-standard techniques. For example, the pinch is calculated in (x,y)-
geometry to investigate how a non-symmetric implosion affects the simulated
dat~v ~“
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Introduction

In order to have predictive capability, one must get the correct answers for
the correct reasons. In other words, the physics that dominate a natural
phenomenon must be included in the calculation, whereas physics that play a
minor role can be eliminated unless a high degree of accuracy is needed. Above
all, parameters should not be adjusted (in some minor physics or even another
dominate aspect of physics) to compensate for a dominant aspect of physics that
has been ignored. The preceding statement is largely self-evident however,
determining which physical processes are dominant and which only play a
minor role is sometime non-trivial.



Traditionally, axially symmetric 2-dimensional RMHD (radiation magneto-
hydrodynamic) codes have been used to calculate radiating z-pinches. Imposing
random density perturbations in the axial direction of the initial geometry, these
calculations can be made to match integral data (current wave fo~ yield and
power). On the other hand, calculations consistently disagree with time resolved
x-ray images. Intuitively, these differences appear related to the fact that axially
symmetric codes force mass convergence exactly on axis, a situation that does
not actually occur due to small variations in initial dimensions and masses, non-
uniform current flow, and other irregularities.

Rather than attempting to go directly to a 3-D code, we modi& an existing
Eulerian code to calculate a radiating z-pinch in (x,y)-geometry. In addition to
being simpler than a 3-D code, understanding the relative contributions in (x,y)-
geomehy, as well as axially symmetric geometry, should help us to later apply a
3-D code correctly, and hence enable us to come closer to true predictive
capability.

Traditional Calculations

Traditional calculations employ a 2-D axially symmetric Eulerian code with
MHD and three-temperature radiation diffkion. Using the amplitude of the
random density perturbation as a free parameter (“knob”), the integral data can
be matched self consistently for the known charge of the capacitors. X-ray
images can be calculated from these 2-D Eulerian simulations at times
corresponding to the data images. Spectra are calculated by solving the transfer
equation, at a fixed time, along 3-D rays traced through the 2-D mesh. These
rays have the orientation of the experimental line-of-sight (LOS) and have a
spacing approximately equal to the resolution of the x-ray camera. This spacing
is also approximately equal to the Eulerian zone size. These spectra are then
convolved with the camera response fimction to obtain the calculated 2-D
image.

Data and calculated images of bare pinches compare similarly for Pegasus,
Saturn and the Z-machine. At time of maximum power, both data and
calculations show a series of bright spots along the axis of symmetry, with the
calculated spacing agreeing reasonably well with the data. This spacing is
determined by the axial, long wave length instabilities. The existence of these
instabilities has been verified with visible light images on Pegasus.

Major differences also exist between the calculated x-ray images and data, as
seen by the comparison of line-outs fkom a Saturn shot in Figure 1. Since the
camera is not absolutely calibrated, the intensity scale is arbitrary, as is the
relative magnitude of calculation to data. A hot spot in the data (Figure 1) is
only about 30°/0 more intense than a valley between hot spots along the axis.
The corresponding difference in the calculation is about an order of magnitude.
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In the data, the off axis intensities are very similar at these two axial positions,
while the calculated intensities at these positions are very different from each
other. These comparisons hint that the mass does not actually stagnate exactly
on axis as it does in the axially symmetric 2-D calculations but converges in a
more blurred, irregular manner about the axis. Calculated densities vary axially
by more than three orders of magnitude, with most of the mass collecting in the
hot spots. The data hints that the axial variation in density is actually much less.
In fact, this blurring effect may be the dominating mechanism while the axial
instabilities, which are currently used alone to match the integral data by also
compensating for this blurring effect, could be secondary. Even though this
interpretation is not unique, it is likely enough to be correct that we pursue this
line of reasoning.

Different Approach

We begin our investigation of axial convergence with a simple model. A
one-temperature radiation diffhsion hydrodynamics Eulerian code wa
in (x, y)-geometry to include#e Biot-Sevart Equation,
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A current ~ passing through the I~>%ne (height ‘assumed to be 1.0 cm) is
attracted by the currents in all other zones at dj~tance r~ to calculate the force FL
at each time step. Zones distant from the L!Yzone can be combined as larger
zones in order to speed up the calculation. For the case assuming uniform
current flow, the current in each zone is proportional to the mass in each zone.
For non-uniform current flow, the current varies by a specified function of angle
about the center of mass, which is calculated at each time step. The zonal
currents are normalized such that their sum equals the specified total current at
each time step. Equation (1) lends itself to any other irregularity in mass or
current that one wishes to specify. Forces due to irregularities in the return
conductor can also easily ‘be taken into account. Resistive heating presently
assumes a constant resistivity in all zones. This could be changed to tabular
resistivities.

The current is specified as a function of time rather than solving for the
current wave form self consistently with the rest of the calculation. This is
justified by a parameter study done using the traditional method where the
current wave form was found to be nearly invariant with respect to changes in
the instability model. The total energy generated by the pinch varied weakly
with the instability model, while the time dependent power was sensitive to the
model used.

Doing convergence calculations in (x,y)-geometry with an Eulerian code is
not without difficulties. Convergence is not exact, hence the tight pinch of an



.

unperturbed calculation with an axially symmetric code cannot be reproduced.
Therefore, we only intend to show the effects of azimuthal variations in (x,y)-
geometry relative to an (x,y)-calculation with no intentional variations.

Results and Conclusions

An (x,y)-geometry calculation with uniform current flow is compared with a
similar calculation with non-uniform flow. These calculations are based on the
Z-machine shot Z26, which had a 4. lmg tungsten wire array of 2.Ocm radius and
2.Ocm height. In the calculations, the mass of the wire array was uniformly
distributed in a O.lcm annulus about the 2.Ocm radius. The maximum current
was 16.1 MA. The function that defined the non-uniformity in current was
randomly generated and varied from 4 .2°/0 above the nominal current to 3 .5°/0
below.

The power and energy generated (see Figure 2) differ for these two
calculations, with the power curves showing the greater amount of variation.
The non-uniform current does indeed reduce the peak power. A comparison of
temperature contours from the two calculations (see Figure 3) show that the high
temperature spike in the uniform calculation is greatly reduced in the non-
uniform calculation. In fact in this example, the reduced spike has actually
divided into two components. (Note the non-circular contours for the uniform
calculation, a difficulty mentioned above.)

We have shown that irregularities in (x,y)-geometry alter the pinch in a
manner that is consistent with the differences in Figure 1, hence these
irregularities will probably need to be considered in order to calculate correctly
the detailed data, such as in Figure 1. Correctly calculating detailed data is a
necessary part of true predictive capability.
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