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Extended Abstract

The aluminothermic (AT) welding, a.k.a. THERMIT® welding or thermite welding (TW), is well known for its
simplicity, robustness, portability and economic usage for joining and repairing of rails. It has been successfully used
all around the world for over a century. It is, in principle, a casting process in which the molten metal from the crucible
is settled in a preheated mould and then allowed to solidify. For an efficient and high-quality weld, the knowledge of
each stage involved during welding, such as preheating, thermite reaction, mould filling (pouring), cooling
(solidification) process, is significant.

The present work numerically investigates the thermal conditions involved during the preheating and cooling stages
of the AT welding process along with solid-liquid phase change. The steel-slag system is considered as two immiscible
fluids and has been modelled using the Volume of Fluid (VOF) method [1, 2]. The enthalpy-porosity technique [3] has
been employed to predict the temporal and spatial evolution of the solid-liquid phase front and to enforce the velocity
field in the solid region to zero. The complete multi-physics model is developed and implemented in the open-source
Finite Volume Method (FVM) based Computational Fluid Dynamics (CFD) software, OpenFOAM®, and has been
rigorously validated in our previous work [4].

A typical THERMIT® SkV-ELITE L25 mould assembly for a 60E1 rail profile has been investigated, here SkV
(German: SchnellschweilRverfahren mit kurzer Vorwarmung) means rapid welding process with short preheating and
ELITE is a type of mould used for the AT welding of rails. Taking advantage of two symmetry planes, only one-fourth
of the computational domain is considered for the simulation. To predict the temperature distribution in the rail at the
end of the preheating stage, simulations are carried out by prescribing a predefined heat flux profile on the rail end inside
the mould. The heat flux profile is calculated using the temperature measurements in the rail obtained from experiments
as discussed by Chen et al. [5]. For simplicity, the mould filling simulation is not performed. Instead, it is assumed that
the mould is already filled with a constant molten metal temperature of 2473 K. Furthermore, the heat transfer between
the mould and the molten metal is neglected (i.e., the insulated boundary condition is imposed on the mould walls).

At the beginning of the cooling stage, as the hot molten metal is in direct contact with the rail surface inside the
mould, the primary heat flux inside the mould goes through the relatively cold rail. The density of the molten metal close
to the rail surface increases and results in buoyancy-driven thermal convection. As time progresses, the temperature
gradients in the molten metal decrease due to the heat loss through the rail, thereby weakening the velocity field in the
molten metal.
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The solid-liquid phase front inside the mould progresses from the rail end towards the weld centre and from rail base
to rail head, such that the temporal and spatial evolution of the solid-liquid phase front results in a V-shaped solidification.

Finally, the simulation results are qualitatively compared with experiments conducted at Goldschmidt Holding GmbH.
The predicted temperature profiles in the rail during preheating and cooling stage, fusion zone (FZ) and heat-affected zone
(HAZ) have shown a good agreement with experiments.
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