
Numerical study of conjugate heat transfer in a continuously moving metal during solidification
by David Greif

A thesis submitted in partial fulfillment of the requirements for the degree of Master of Science in
Mechanical Engineering
Montana State University
© Copyright by David Greif (1998)

Abstract:
Heat transfer problems involving phase-changes have important applications in the field of
engineering, such as metal casting, welding, wire drawing, optic fiber drawing,, fiber-glass drawing,
and icing on airfoil surfaces. This study investigated the conjugate heat transfer in the continuous
casting process. The investigated material was aluminum and it was assumed to be isotropic. The flow
within the liquid phase was assumed to be laminar and incompressible. Problem geometry included a
cooling mold to extract heat from the solidifying metal. The effects of casting speed, inlet temperature,
and cooling rates in the mold and post-mold regions on the solidification process were studied. Casting
speed was expressed as the Peclet number (Pe), and the cooling rates were expressed as Biot numbers
(Bi). Radiation between the mold and the solidified aluminum was examined, and its effect on the
solidification process was investigated.

Due to a moving phase-transition boundary, the governing equations describing a two-phase flow in a
continuous casting process are non-linear. Inside the phase transition zone, the latent heat of fusion was
absorbed into material’s specific heat. Specific heat evaluation within the two-phase region was done
using the average specific heat method. The governing equations were coupled, discretized using the
Galerkin technique, and solved using the finite element method.

The results were plotted as: solidification front locations and shapes; velocity vector fields; temperature
distributions along the outer surface and the centerline; isotherms throughout the domain; local heat
fluxes; and total non-dimensional heat flux values. The plots were studied and conclusions drawn with
respect to each casting parameter.

Numerical results indicate that the casting speed and the mold-cooling rate have the strongest effect on
the slope and location of the solidification front. The inlet temperature does not affect the
phase-transition slope. Radiation between the mold and the cast material has negligible effects on the
solidification process. The post-mold cooling rate does not affect the solidification process within the
mold, but it has a strong effect on the temperature distribution in the post-mold region and on the total
heat flux. All casting parameters reflect in local and total heat flux values. 
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