Fluids Mechanics
What is fluid mechanics?
As its name suggests it is the branch of applied mechanics concerned with the statics and dynamics of
fluids - both liquids and gases. The analysis of the behavior of fluids is based on the fundamental laws of
mechanics which relate continuity of mass and energy with force and momentum together with the
familiar solid mechanics properties.
Objectives of this section
Define the nature of a fluid.
Show where fluid mechanics concepts are common with those of solid mechanics and
indicate some fundamental areas of difference.
Introduce viscosity and show what are Newtonian and non-Newtonian fluids
Define the appropriate physical properties and show how these allow differentiation
between solids and fluids as well as between liquids and gases.
Fluids
There are two aspects of fluid mechanics which make it different to solid mechanics:
1. The nature of a fluid is much different to that of a solid
2. In fluids we usually deal with continuous streams of fluid without a beginning or end. In
solids we only consider individual elements.
We normally recognise three states of matter: solid; liquid and gas. However, liquid and gas are both
fluids: in contrast to solids they lack the ability to resist deformation. Because a fluid cannot resist the
deformation force, it moves, it flows under the action of the force. Its shape will change continuously as
long as the force is applied. A solid can resist a deformation force while at rest, this force may cause
some displacement but the solid does not continue to move indefinitely.
The deformation is caused by shearing forces which act tangentially to a surface. Referring to the figure
below, we see the force F acting tangentially on a rectangular (solid lined) element ABDC. This is a
shearing force and produces the (dashed lined) rhombus element A'B'DC.

We can then say
A Fluid is a substance which deforms continuously, or flows, when subjected to shearing force,
and conversely this definition implies the very important point that
If a fluid is at rest there are no shearing forces acting. All forces must be perpendicular to the
planes which they are acting.
When a fluid is in motion shear stresses are developed if the particles of the fluid move relative to one
another. When this happens adjacent particles have different velocities. If fluid velocity is the same at
every point then there is no shear stress produced: the particles have zero relative velocity.
Consider the flow in a pipe in which water is flowing. At the pipe wall the velocity of the water will be
zero. The velocity will increase as we move toward the centre of the pipe. This change in velocity across
the direction of flow is known as velocity profile and shown graphically in the figure below:

Velocity profile in a pipe.
Because particles of fluid next to each other are moving with different velocities there are shear forces
in the moving fluid i.e. shear forces are normally present in a moving fluid. On the other hand, if a fluid
is a long way from the boundary and all the particles are travelling with the same velocity, the velocity
profile would look something like this:

Velocity profile in uniform flow
and there will be no shear forces present as all particles have zero relative velocity. In practice we are
concerned with flow past solid boundaries; aeroplanes, cars, pipe walls, river channels etc. and shear
forces will be present.
Newton's Law of Viscosity
We can start by considering a 3d rectangular element of fluid, like that in the figure below.

Fluid element under a shear force
The shearing force F acts on the area on the top of the element. This area is given by
can thus calculate the shear stress which is equal to force per unit area i.e.

. We

The deformation which this shear stress causes is measured by the size of the angle

and is know as

shear strain.
In a solid shear strain, , is constant for a fixed shear stress .
In a fluid

increases for as long as is applied - the fluid flows.

It has been found experimentally that the rate of shear stress (shear stress per unit time, /time) is
directly proportional to the shear stress.
If the particle at point E (in the above figure) moves under the shear stress to point E' and it takes time t
to get there, it has moved the distance x. For small deformations we can write

shear strain

where

is the velocity of the particle at E.

Using the experimental result that shear stress is proportional to rate of shear strain then

The term

is the change in velocity with y, or the velocity gradient, and may be written in the

differential form

. The constant of proportionality is known as the dynamic viscosity,

the fluid, giving

This is known as Newton's law of viscosity.

Source : http://nprcet.org/e%20content/mech/FMM.pdf
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