
Preface

The availability of increasing computer power and efficient numerical methods for
the simulation of transport processes have led to an increased use of—in part
commercial—computational tools in science and engineering. The applications
range from electrodynamics to fluid mechanics, from production technology to the
life sciences. In many fields and cases, however, the interpretation of computational
results remains difficult, since relevant details of the (commercial) computer codes
are often unknown. One possible way to test the ability of a code to solve a given
problem or to reproduce a physical effect is to run it for a related classical problem
with a known analytical solution. A correct reproduction of the analytical solution
enhances the confidence in the numerical code. For the purpose of benchmarking
computer codes, the analytical solutions of classical problems are therefore of high
value.

Another value of analytical solutions is that they provide an understanding of the
physical phenomena underlying a given process, including the trends of the
behaviour of a function for very low and/or very high values of its argument(s). An
analytical equation representing the behaviour of a solution by elementary functions
is of higher value than columns of numbers that do not immediately show the
underlying functional dependencies.

The restrictions underlying analytical solutions, on the other hand, are manifold.
Typically, analytical solutions of transport processes are possible for
two-dimensional laminar flow in simple geometries only, where the material
properties are treated as constants. This aspect, however, does not put the value of
analytical solutions in question altogether.

The present book presents and discusses analytical solutions of problems in
transport processes, i.e. in fluid mechanics and in heat and mass transfer, with the
intention to give an overview of the field, with some selected in-depth analyses. The
problems and their solutions are in a bigger part classical, but complemented by
results from recent research. Starting from the underlying equations of change of
continuum mechanics and thermodynamics, the derivations of the equations and
their solutions address all the simplifications and assumptions involved and
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quantify the functional dependencies of the resulting quantities on the influencing
variables and parameters. The book includes appendices listing the equations of
change of continuum mechanics and thermodynamics, important vector analytical
operations with scalar and vectorial functions encountered in transport processes,
and selected special functions of mathematical physics used in the analyses pre-
sented in the book.

The book does not claim completeness in any respect, but rather puts together
classical methods and solutions for transport processes in a widest possible field,
with an emphasis on multiphase flows under the influence of capillary forces. The
selection results from the research interests of the author.

The book addresses readers in research and development working in the field
of the physics of transport processes, early-stage researchers entering the field and
users of computational tools to be applied to transport problems in science and
technology.
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