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In the present work, the nonlinear finite element method is used to solve the phase field
equations for phase transformations at the nanoscale. In the phase field theory, the evolution
of a martensitic nanostructure is described in terms of several order parameters and the
Ginzburg-Landau equation is a linear relationship between the of the change rate of an order
parameter and the thermodynamic forces which are the variational derivative of the free energy
of the system with respect to the order parameter. Since the free energy includes nonlinear
terms of the order parameter, the thermodynamic forces are nonlinear functions of the order
parameter. Therefore, the phase field equations are solved using the nonlinear finite element
method and the self-developed code. The studied transformation is the conversation of cubic
to tetragonal phase in NiAl by temperature changes and neglecting the mechanical effects.
Therefore, the transformation is the induction temperature type and is defined using only one
order parameter. To validate the numerical work, the profile, width, energy, and velocity of
the austenite- martensite interface were calculated and compared to the previous works and
a very good agreement is found between them. Also, various physical problems such as plane
interface propagation, martensitic nucleation, and propagation undercooling, and reverse
phase transformation under heating are simulated. The obtained results present a proper
tool to solve more advanced phase field problems for phase transformations at the nanoscale
including mechanics effects and complex initial and boundary conditions.
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