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the existence of dense cores within the low-density corona during the wire explosions is well established,
the physical state of the expanding core, until now, had been conjecture. The time-resolved Cornell data
show that, for low-conductivity metals (W, Mo, NiCr, Ti), the core has a persistent, foam-like, liquid-vapor
structure (Fig. 1) and a substantial portion of the wire remains liquid. Before visible wire expansion, the
applied voltage causes a breakdown in the vapor around the wire, after which time the current is carried in
the vapor instead of the core. During slow cooling of the core, as the current damps out, the remaining lig-
uid coalesces into separate droplets along the initial wire position. In contrast, for highly conductive metals
with relatively low melting points (Al, Au, Cu, Ag), the expanding wire column is fully vaporized and
more uniform. To model the initial stages of exploding wires during the Z prepulse in MHD codes, it is
therefore essential to include specific material properties for a wide temperature and density range.

Before designing future z-pinch accelerators, we must determine if loss mechanisms exist that fundamen-
tally limit the current density in a conductor. To pursue these studies, we have developed a new conductiv-
ity model for MHD codes. Of special interest is the regime defined by temperatures below a few eV and
densities below solid. In this regime, Alan DeSilva and his U. Md. colleagues have obtained conductivity
data for Cu, W, and Al wires. The discrepancy between their data and commonly used models (Lee-More
and SESAME) is large below solid density (Fig. 2). We modified the Lee-More model so that it agrees with
the DeSilva data, blends into the usual Lee-More model above solid density, and can be scaled to othet
conductors. The new algorithm also agrees with Redmer’s (Universtitat Rostock) theoretical model for a
partially-ionized metal plasma of arbitrary degeneracy. Compared to earlier MACH2 simulations using the
SESAME tables, the new model shows much less material expansion into the anode-cathode gap.

Contact: Jeff Quintenz, Inertial Confinement Fusion Program, Dept. 1602, 505-845-7245, fax: 505-845-7464, email: jpquigi@sandia.

Highlightsare prepared by Mary Ann Sweeney, Dept. 1602, 505-845-7307, fax: 505-845-7890, email: masween@sandia.gov.
Archived copies of thelighlightsbeginning July 1993 are available at http://www.sandia.gov/pulspowr/hedicf/highlights.

Sandia National Laboratories Inertial Confinement Fusion Program



