1 General Theory
1.1 Introduction

Fluid mechanics is the subdiscipline of continuum mechanics that studies fluids, that s,
liquids and gases.

Fluid dynamics is the sub-discipline of fluid mechanics dealing with fluids (liquids and gases)
in motion. It has several subdisciplines itself, including aerodynamics (the study of gases in mo-
tion) and hydrodynamics (the study of liquids in motion). Fluid dynamics has a wide range of
applications, including calculating forces and moments on aircraft, determining the mass flow rate
of petroleum through pipelines, predicting weather patterns, understanding nebulae in interstellar
space and reportedly modelling fission weapon detonation. Some of its principles are even used in
traffic engineering, where traffic is treated as a continuous fluid.

The continuum hypothesis. Fluids are composed of molecules that collide with one another
and solid objects. The continuum assumption, however, considers fluids to be continuous. That
is, properties such as density, pressure, temperature, and velocity are taken to be well-defined at

”infinitely” small points, defining a reference element of volume (REV), at the geometric order of -

the distance between two adjacent molecules of fluid. Properties are assumed to vary continuously
from one point to another, and are averaged values in the REV. The fact that the fluid is made up
of discrete molecules is ignored.

The continuum hypothesis is basically an approximation; under the right circumstances, the
continuum hypothesis produces extremely accurate results. Those problems for which the continuum
hypothesis does not allow solutions of desired accuracy are solved using statistical mechanics.

1.2 Kinematics of Fluids

Definition I.M a material medium filling up completely a region in space.

Let’s assume that the physical support is a simply connected domain D € R3. Every point in D is a
material particle; the term particle here refers to a very small section of the continuum material, like
a drop of water, or few grains of sand. In a mathematical model a particle is vanishingly small and

identifiable with a (geometrical) point. We will understand by material particle a (geometrical)
point with a mass associated to it.

Definition 2. Fluid - a continuously deformable medium such that the distance between any two
particles can become as larger as possible with time.

kProblem: the mathematical characterization of fluid motion.j

Tools: deformation tensor, constitutive laws.
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Figure 1.8 Particle paths of the continuum movement used
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