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Abstract

Fractional order partial differential equations (PDEs) can be characterized as an

extended form of integer-order PDEs, specially designed to model certain real-world
phenomena that can not be described well by integer-order PDEs. Some well-known
applications of fractional PDEs include anomalous diffusion process, fractals, auto-
matic control systems with feedback, traffic model, population dynamics, and so on
9, 22, 31, 62].
This thesis aims to find numerical solutions of scalar and coupled time-fractional
nonlinear diffusion equations. We develop efficient numerical schemes involving finite
element spatial discretization. For time discretization, we employ several popular
approximations to the fractional derivatives existing in the literature. A significant
contribution of this thesis includes establishing a priori bounds and convergence es-
timates in terms of a newly developed discrete fractional Gronwall type inequalities.
In this thesis, we solve many time-fractional nonlinear scalar and coupled diffusion
equations by establishing various novel and effective numerical schemes. Firstly, we
propose a first-order accurate Grinwald-Letnikov-Galerkin finite element scheme
for solving the time-fractional nonlinear diffusion equation. A discrete fractional
Gronwall inequality is derived and employed to prove a priori bounds and conver-
gence estimates in both L?(£2) and H'(£2) norms.

Next, we present two new fully-discrete schemes to obtain the numerical solution of
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the coupled time-fractional nonlinear diffusion system. A prior: bounds and a pri-
ori error estimates are obtained for the presented schemes. Further, we reconsider
the time-fractional nonlinear diffusion equation and establish a fractional Crank-
Nicolson-Galerkin finite element scheme which is known to recover second-order
accuracy. Well-posedness and convergence results are proved for the fully-discrete
solution. Due to the advantage of the fractional Crank-Nicolson scheme over L1,
we revisit the coupled time-fractional nonlinear diffusion system and propose two
new second-order accurate fully-discrete schemes for solving this coupled system.
Well-posedness results and a priori error estimates for both schemes are obtained in
L?(£2) norm. Finally, we analyze the numerical solution of the time-fractional non-
linear delay diffusion equation by presenting two linearized fully-discrete schemes.

In each chapter, all our theoretical results are validated via one and two-dimensional

numerical examples.
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