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Abstract

This report summarizes the results from the research project entitles
“Research and Development of Finite Element Method for Mechanical Engineering
Design”. The report begins with the study of the Navier-Stokes partial differential
equations for fluid flows which are classified into two types namely, the
incompressible and compressible flow. In each flow case, the finite element method
is applied to derive the corresponding finite element equations. The de.rived finite
element equations are then used in the development of the two computer programs.
These programs have been verified by solving academic-type problems before
using to solve more complex problems. To improve the solution accuracy, the
adaptive meshing technique has been applied to these flow problems, especially the
high-speed compressible flows that normally include shock waves. The technique
generates small elements in the regions of large change in solution gradients, such
as in the region of shock waves, to increase the solution accuracy. At the same
time, larger elements are generated in the other regions to reduce the
computational time and the computer memory. Examples presented show that the
technique can provide improved flow solution accuracy for general flow behavior
that is not known a priori. The finite element methods for thermal and structural
problems are also presented. The corresponding finite element equations are
derived and two computer programs are developed. The adaptive meshing
technique has also been applied to further improve the thermal and structural
solution accuracy. Results obtained from the fluid-thermal-structural analysis have
demonstrated the efficiency of the finite element method and the adaptive meshing
technique that can help analysts to understand the behavior that occur in these
problems. Such understanding will lead to further improvement in the design.
Outcome of this research project have been summarized as technical papers that
are presented at conferences and published in journals. The details of the finite
element method presented herein and the computer program developed, in addition,

can be used as basis for generating new theses as well as applying to other

research works.



