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Recent advances in numerical simulation capabilities have made the modeling of
glass container forming processes feasible. These forming models must include large free
surface deformations, viscoelastic behavior, conjugate heat transfer, and complex contact
phenomena between the glass and the forming molds. One of the most critical inputs to
these models is the heat flux between the glass and mold. A simple one-dimensional heat
transfer model was developed for use in conjunction with a complex three-dimensional
forming model to determine the heat flow between the glass and forming mold.
Throughout glass-making history there have been assumptions made about the
contact conductance of molten glass and the mold. One is that there is no gap; there is
perfect contact between glass and mold. The other is that the continuum remains
constant. However, comparisons between perfect contact numerical model with actual
experimental measurements of the heat flux between the glass and mold make it evident
that assuming perfect contact between mold and glass will lead to a substantial overprediction of the heat flux and that assuming a constant continuum will result in the
prediction of dramatically different glass surface temperatures and viscosities. Such
errors will inevitably lead to poor results in the glass forming models.

An experiment was set up in which two isothermal semi-infinite slabs are brought
together at a contact time of zero to determine the time varying value of the contact
conductance between molten glass and the forming molds. The interface between the
two materials and the thermal contact is allowed to vary and is characterized by a time
dependent contact conductance h(t). This contact conductance depends on the heat flux
q(t) and the temperature difference between the two surfaces. The functional relation for
the time varying mold and glass surface temperatures were determined by curve fitting
the resultant data. The curve fit expression for the mold surface temperature was then
used to develop an expression for the heat flux. This function was then used, along with
the glass and mold surface temperature functions, to determine the overall contact
conductance.
This contact conductance can be input into heat-transfer modeling programs like
Ployflow, where engineers can identify the areas of the scoop, trough or deflector that are
causing the most heat loss and deformation to the gob. They can then use that
information to redesign the gob delivery equipment in an effort to minimize not only the
heat transferred from the gob, but also to minimize the amount of deformation that is a
result of the heat loss and due to the shape of the delivery equipment. When both of
those problems are minimized, it will significantly reduce the number of defective bottles
that are molded. Reducing the number of bad molds will ultimately reduce the cost to
both Emhart and its customers.

