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ABSTRACT

In this thesis, we studied stability, convergence and consistency for the
numerical methods of a model of system nonlinear parabolic partial
differential equations. To find the numerical solution of the above problem
two types of methods have been considered:

Type one: A method which deals with the original model that is the system
of nonlinear parabolic partial differential equations, in which we

discretire both the spatial derivatives and time derivative with
the use of finite difference operator and then we consider the
following methods:

- ADE finite difference method.

- ADI finite difference method.

- Hopscotch finite difference method.

Type two: Transforming the original model of NPPDEs , by using method
of lines to a system of ODEs, and then we use numerical
methods such as ERK and IRK methods to find the numerical
solutions.

In chapter two we use two types of numerical methods to investigate
propagating heat solutions of PDEs, the explicit finite difference method and
Crank-Nicolson method, and our numerical results show that Crank-
Nicholson method produce more accurate numerical solution than the
explicit finite difference method. This is due to that C-N has a longer region
of stability than explicit finite difference method.

As an illustration we apply the above methods to autocatalytic reaction
diffusion equations involving two diffusing chemicals in one dimension.

Also we studied 1in this chapter the numerical stability of the explicit and
implicit (C-N) methods with the aid of Fourier (Von-Neumann) method. The

resulting analysis showed that the explicit method was conditionally stable,
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but it is consistent, thus the method is conditionally convergent. However,
(C-N) method is unconditionally stable and consistent, and thus it is
convergent.

In chapter three we studied the stability of steady state solutions using

Fourier mode and we showed that the solutions are unconditionally stable.

In chapter four, we study three types of finite difference methods, in
detail, to find the numerical solution of reaction difference systems of PDEs
in two dimensions. These methods are ADE, ADI and Hopscotch, where
Gray-Scott model in two dimensions has been considered. Our numerical
results show that the ADI method produces more accurate and stable
solution than ADE method and Hopscotch method is the best. Also we
studied the consistency, stability and convergence of the above methods.

In chapter five, we consider a transformation type method to find the
numerical solution of Gray-Scott model in two-dimensional space which is a
system of non-linear parabolic partial differential equations. We transform
the original model (system of non-linear PPDEs), by using the method of
lines, to a system of ODEs. Thus we can use Runge-Kutta type methods
(Explicit RK method and Implicit RK method) to find the numerical
solutions of the new systems. We compared between these methods, and we
concluded that the numerical results obtained from using IRK methods is
more accurate than the numerical results of ERK method. Also we study in
this chapter the consistency, stability and convergence of these methods.

Finally, We believe that this thesis will show that there is a lot of future
research work that can be done in this area, such as the development of
robust and reliable method, code, for finding a stable numerical solution of

the above problem.
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