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Finite Domain Moving Boundary Problems in Heat Transfer: Direct and
Inverse Formulations
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ABSTRACT

Thermal conduction and thermoelastic stress considerations of a solid media with moving boundaries are
of great interest in many research areas. Unfortunately, it is very difficult to find analytical or semi-analytical
solutions for the single-phase thermal conduction equation in real time with a growing or receding
boundary. While analytical solutions for infinite and semi-infinite domains are available, these cannot
accurately model many common situations met in industry. To overcome this shortcoming, a semi-
analytical solution for the heat equation for a single phase, homogeneous, and finite-slab with a growing or
receding boundary under unit loading is derived. Conformal mapping is then used to solve a similar problem
for a hollow cylinder with a moving boundary. A methodology based on Duhamel’'s and Laplace convolution
theorems is derived to solve the unsteady heat conduction problems on the above-mentioned finite
domains under time dependent arbitrary thermal loading. The resulting semi-analytical solutions are then
used to determine the transient thermoelastic stresses. Lastly, a straightforward approach is developed
that solves the inverse heat transfer problems on finite domains with moving boundaries. An important
application of this model with an increasing thickness could be used in the prediction and/or verification of
numerical and/or experimental studies of the temperature and thermal stresses in real time during solid
state additive manufacturing as seen with cold-spray methods. Moreover, similar calculations could be
employed to assess temperature, thermal stresses, growth and/or recession rates during machining and/or
eroding surfaces. Indeed, the resulting solutions might be utilized to remotely assess surface temperature
and/or erosion/wear and/or oxidation/growth rates in severe conditions where direct measurements are
not feasible.
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