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Abstract-In this paper, a model that describes the transient heating of a thin wire causing the tip to melt, 
roll-up of the molten mass into a ball due to surface tension forces, and the subsequent solidification of 
the molten material due to conduction up the wire and convection and radiation from the surface, has 
been provided. The wire is assumed to be heated at its lower tip to a temperature beyond the melting 
temperature of the wire material by heat flux from an electrical discharge. The shape of the melt is 
analytically/numerically determined by solving equations based on minimum energy principles. The depar- 
ture from spheric&y of the melt that is formed is examined by perturbation schemes, based on expansions 
for small ratio of gravity to surface tension forces and small ratio of surface tension gradient to surface 
tension forces, both of which are true for the problems considered. Temperature fields in the melt have 
been obtained by solving the energy equation using a body-fitted coordinate system. Temperature fields in 
the wire above the melt were calculated as well. Comparisons of those temperatures with experimental 

measurements described in Part II of this study are excellent. 

1. INTRODUCTION 

We examine the heating of a thin wire by heat flux 
supplied at one end. The heat supplied eventually 
causes the tip to melt. As the wire melts, surface ten- 
sion forces cause the melt to roll-up and form a ball 
shaped object. When the heating is terminated, the 
melt cools and solidifies due to heat loss by conduction 
up the wire and convection and radiation from the 
surface. The analyses and numerical simulations 
described in this study examine all of the constituent 
aspects of such processes. We start with a long fine 
wire. The initial heat-up is governed by a nonlinear 
transient heat conduction equation. The nonlinearity 
arises from the presence of the radiative heat loss to 
the ambient. The melting problem involves a careful 
consideration of the mobile phase change interface. 
By a suitable coordinate transformation, we immo- 
bilize the interface and describe the problem in fixed 
coordinates. The shape of the liquid melt is derived by 
an extremum principle which guarantees a minimum 
total energy for a given volume of melt. The effects of 
temperature variation on surface tension and the effect 
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of gravity are taken into account in deriving the shape 
of the melt. The variational procedure associated with 
the extremum principle results in the derivation of an 
Euler-Lagrange equation for the surface shape at each 
instant of time. The energy equation for the molten 
and solid regions are simultaneously solved by finite 
differences using body-fitted coordinates. The com- 
putational grid is allowed to change with time as the 
phase change interface is maintained coincident with 
a fixed mesh line. The interface conditions with phase 
change and the energy equations for the liquid and 
solid regions are developed in a general non-orthog- 
onal coordinate system suitable for the numerical cal- 
culation. The timewise temperature distribution in the 
solid phase is obtained by a numerical calculation. 
The timewise temperature distribution in the solid 
phase is obtained by a Crank-Nicolson solution al- 
gorithm for the energy equation. Finally, comparisons 
for shape predictions and temperature fields are made 
between the numerical results and both experimental 
measurements and photographs developed using high 
speed films. In the experiments, described in Part II, 
fine aluminum and copper wires are subject to electric 
arc heating in a partially evacuated chamber or with 
a suitable cover gas (see Fig. 1). The corresponding 
current, pressure and temperature values are recorded. 
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