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Abstract

In this thesis, we presented new formulas for the analysis and simulation
of some incompressible flow problems by using two semi-analytical meth-
ods: Reduced differential transform method and perturbation-iteration al-
gorithm, in terms of application and modification of these methods.

To apply these two methods we have relied on the following techniques:
The first technique was represented by using the kinetically reduced local
Navier-Stokes equations as an alternative formula for simulation two- and
three-dimensional unsteady viscous incompressible flow problems at some
Reynolds numbers and low Mach numbers. The kinetically reduced local
Navier-Stokes equations combine with the reduced differential transform
method and to obtain a new approach with it symbolize KRDTM has been
utilised on four fluid flow problems which are: Two- and three-dimensional
Taylor decaying vortices flow, two-dimensional Kovasznay flow and three-
dimensional Beltrami flow. In addition, the lid-driven cavity flow problem
has been treated by using this alternative formula the kinetically reduced
local Navier-Stokes equations with both the reduced differential transform
method and the perturbation-iteration algorithm, which through its appli-
cation we got another new approach KPIA.

The second technique relied on the use of the similarity transformation
to convert the governing partial differential equations of the flow prob-
lems into ordinary differential equations, before being solved by using the
perturbation-iteration algorithm. This technique is utilised to simulate the
heat and mass transfer in the unsteady two-dimensional squeezing flow of
an incompressible viscous fluid between the infinite parallel plates, and
also for the steady incompressible flow problem of a fourth-grade non-
Newtonian fluid between two stationary parallel plates in the presence of

a magnetic field.
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Abstract viii

Approximately, all new analytical formulas of the approximate analyt-
ical solutions which are obtained from the application of the above analyt-
ical methods have been offered with tested their accuracy and convergence
by calculating the norm of errors, and comparing their results with the
results of the other methods adopted in the previous studies of these prob-
lems. The results showed that these solutions have good accuracy, and the
time period which is required for implementation was very short compared
with the period in other numerical methods. In addition, the application
of these methods to flow problems is easy in terms of implementation.

Theoretically, the convergence of the reduced differential transform
method and the perturbation-iteration algorithm with and without the
kinetically reduced local Navier-Stokes equations were discussed through
some of theorems where condition of convergence were found. All the so-
lutions that have been obtained achieved the condition of convergence for
different values of physical parameters, so it can be said that all these

solutions were good in terms of accuracy and convergence.
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