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1.1  Fluid Mechanics
Fluid mechanics is that branch of science which deals with the behaviour of the fluids (liquids and
gases) at rest as well as in motion. This branch of science deals with the static, kinematics and
dynamic aspects of fluids. The study of fluids at rest is called fluid statics. The study of fluids in
motion, where pressure forces are not considered, is called fluid kinematics and if the pressure
forces are also considered for the fluids in motion, that branch of sicence is called fluid dynamics.
Fluid machinery is that group of hydraulic machines which converts either hydraulic energy (energy
possesed by water) into mechanical energy (which is further converted into electrical energy) or
mechanical energy into hydraulic energy. The hydraulic machines, which convert the hydraulic
energy into mechanical energy, are called turbines while the hydraulic machines which convert the
mechanical energy into hydraulic energy are called pumps. Thus the study of hydraulic machines
consists of study of turbines and pumps. Turbines consist of mainly study of Pelton, Francis and
Kaplan while pumps consist of study of centrifugal pumps and reciprocating pumps.

1.2  FLUID
A fluid in brief may be said to be a substance which is capable of flowing. It cannot preserve its
shape for any length of time unless it is restricted into a particular form, depending upon the shape
of its surroundings. Thus it would flow in a layer of small thickness over a large area if the surroundings
are removed.

A small amount of shear stress as a result of shear force  exerted on the fluid will distort it and
the change of shape will be continuous and permanent. Thus when at rest a fluid will not be able to
sustain shear stress.

Chapter-1

PROPERTIES
OF FLUIDS



2 Fluid Mechanics

Fluid may be ideal or real
An ideal fluid is one which has no property other than its density. No resistance is encountered when
such a fluid flows. In a true sense, no such fluid exists in nature. The assumption of ideal fluid helps
in simplifying the mathematical analysis. However fluids which have low viscosities such as water
and air can be treated as ideal fluids under certain conditions.

Real fluids are those which have viscosity, surface tension, and compressibility in addition to the
density. All fluids have these properties whether large or small. Thus in a real fluid some-shear
stress, will exist and some frictional work will be done.

Classification of Fluids —Fluids  are divided   into   Liquids and Gases (including vapours).
Liquids: Fluids, which are not able to be compressed, occupy definite volume and are not affected
appreciably by the change in pressure and temperature, are called liquids.
Gases—Fluids capable of being compressed and expanded are known as gases and they conform to
the shape and volume of the vessel they are contained in. Any change in the temperature of a gas
will affect its volume and pressure.

1.3  CONTINUUM
As described earlier, any matter of fluid is composed of a very large number of molecules continuously
agitating and colliding. So all fluid properties such as density, pressure and temperature are outcome
of the interactions of huge number of molecules.
But these properties become meaningless when either the sample volume is extremely large or
extremely small.

To illustrate this consider a large container filled with a very small mass of gas such that only a
few molecules are present. Due to the lesser number of molecules the force exerted per unit area
(i.e. pressure) on the tank wall due to bouncing off of molecules, will depend on probability of
molecules bouncing off a particular wall at a time. Hence the pressure inside the tank will not be
continuous or it will not vary smoothly at a given time. The pressure will vary in discontinuous
fashion. Therefore, the distribution of matter is not continuous i.e. continuum does not exist. Similarly,
in case of very small volumes of a dense gas which contains very few molecules, the continuum will
not exist.

Then question arises what should be the limiting size for the existence of continuum. As a
qualitative guideline for the smallest volume to be considered a continuum is one which has a large
number, of molecules so that the average effects of molecules on the properties are constant or vary
smoothly with time and the size of the volume.

The concept of continuum, however an arbitrary one, is very useful in simplifying the mathematical
analysis. Without the concept of continuum one would have to take into account the action of each
molecule or group of molecules in a flow.

However, in most of the problems of fluid mechanics the size of bodies through which flow takes
place are quite vast in comparison to size of molecules and the average motion of molecules between
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collisions is called the mean free path. For example the mean free path is 5 × 10–6 cm for the air at
standard conditions. Moreover even the smallest element contains many molecules. For example air
at standard conditions has nearly 2.5 × 106 molecules in one cubic millimetre. So at ordinary conditions
the fluids, i.e., liquids and gases both, may be considered a continuum, in which all properties like
density, viscosity,  temperature,  velocity, pressure etc. can be considered to be varying continuously
with respect to time and space.

But in case of gases at very low pressure such as in the upper altitudes of the atmosphere, the
mean free path (i.e. the distance between collisions)  may easily increase from 5 × 10–6 cm to
metres because of the rarity of the air. In such conditions the mechanics must be considered on
molecular basis as in rarefied gas dynamics.

1.4  NEWTONIAN AND  NON-NEWTONIAN  FLUIDS
Distinction between Newtonian and non-Newtonian fluids can be readily illustrated when that velocity
gradient du/dy is plotted against the viscous shear stress t.

Fig. 1.1 Variation of shear stress with velocity gradient  (time rate of deformation)

Fluids for which the viscosity is independent of velocity gradient are called Newtonian fluids. For
these fluids the plot between shear stress and velocity gradient is a straight line passing through the
origin. Slope of the line equals the coefficient of viscosity, µ = t (du/dy). Fluids represented by curves
(a) and (b) are Newtonian fluids; fluid represented by line (a) is more viscous than that represented
by line (b). Fluids like air, water, kerosene and thin lubricating oils are essentially Newtonian in
chapter under normal working conditions.
Fluids such as human blood, thick lubricating oils and certain suspensions for which the viscosity
coefficient depends upon velocity gradient are referred to as non-Newtonian fluids. The viscous
behaviour of a non-Newtonian fluid may be prescribed by the power law equation t = k (du/dy)n
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where k is a consistency index and n is a flow behaviour index. For a Newtonian fluid, the consistency
index k becomes the dynamic viscosity coefficient µ. and the flow behaviour index n assumes a
unity value.

Fluids for which the flow behaviour index n is less than unity are called pseudo-plastic. Viscosity
coefficient is smaller at greater rates of velocity gradient and the curve becomes flatter as the shear
rate (i.e., velocity gradient) increases (curve c). Examples of pseudo-plastic fluids are the milk,
blood, clay and liquid cement. Fluids for which the index n is greater than unity are called dilatant.
Viscosity coefficient is more at greater rates of viscosity and the flow curve steeps with increasing
shear rate (curve d). Concentrated solution of sugar and aqueous suspension of rice starch are
examples of dilatant fluids.

An ideal plastic substance indicates no deformation when stressed upto a certain point (yield
stress) and beyond that it behaves like a Newtonian fluid and hence is represented by line (e). For
certain substances, there is finite deformation for a given load, i.e., rate of deformation is zero. These
materials plot as ordinate (curve f) and are called elastic materials or idea solids. Actual solids
deform slightly when subjected to shear stress of larger magnitude and hence plot as a straight line
almost vertical (g). A fluid for which shear stress is zero (even i there is velocity gradient) is the ideal
fluid and it plots as abscissa (h). Fluids which show an apparent increase in viscosity with time are
called thixotropic. Conversely if the apparent viscosity decreases with time, the fluid is called
rheopectic.

‘This text deals with Newtonian fluids for which viscosity is independent of velocity gradient as
well as duration of stress. Non-Newtonian fluids come under the purview of another science called
Rheology.

1.5 PROPERTIES OF FLUIDS
All matter exists basically in three states, viz: solid, liquid and gaseous states. Fluid is the common
name given to liquids and gases. The molecules of a solid are bonded together with a high degree of
cohesion which gives them a rigid and compact form. The molecules of a liquid have a relatively
larger spacing. The smaller inter-molecular attraction in a liquid is adequate to keep it in the confines
of the vessel in which it is placed. The molecules in a gas are more loosely spaced and the inter-
molecular attraction is practically absent. Consequently the gas molecules have a greater freedom
of movement even inside the container in which the gas is kept.

Besides this physical contrast related to molecular structure, solids and fluids exhibit a distinct
difference in resisting different types of forces. A fluid, especially a liquid can resist compression
quite well, tension to some extent and no shear at all. The deformation of a fluid even under a small
shear, increases with time and does not stop till the force is removed.
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1.6 FLUID PRESSURE AT A POINT
Consider a small area dA, in a large mass of fluid is stationary, that the force exerted by the surrounding
fluid on area dA will always be perpendicular to the surface dA. Let dF is the force acting on area dA, in

normal direction. Then ratio of 
dF
dA  is known as intensity of pressure and it is represented by p. Hence

mathematically the pressure at a point in a fluid at rest is given by:

p =
dF
dA ...(1)

Force (dF) is uniformly distributed over area (dA) the pressure intensity at any point is given by

p =
Force
Area ...(2)

Force = p × Area
Unit of pressure is kgf/m2 or kgf/cm2,
Newton/m2 or N/m2 or N/mm2 in S.I. units. N/m2 is known as pascal and is represented by pa.

k Pa = kilo pascal = 1000 N/m2

1. bar = 100 k.Pa = 105 N/m2

1.7 PASCAL’S LAW
It states that the pressure or intensity of pressure at a point in a static fluid is equal in all directions.

Fig. 1.2
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Let the fluid element has very small dimensions i.e. dx . dy and ds as shown in
(fig. 1.2) in x, y and z direction.

Consider a fluid element of wedge shape. Let the width of element perpendicular  to the plane of
paper is unity and px, py and pz are the pressures intensity acting on faces AB, AC and BC.

 = .
Then forces acting on the element are:
(i) Pressure force normal to the the surfaces

(ii) Weight of element in the vertical direction.
Force on AB = Px × Area of Face AB

= px × dy × 1
Force on AC = py × dx × 1
Force on BC = pz × ds × 1

Weight of element = mass × g
= (volume × ) × g ( = mass density)

=

 = 0
 = 0

But cosds  = AB = dy
px . dy – pz . dy = 0

px = pz ...(3)
Similarly, resolving forces in y-direction

but sinds  = dx

 = 2
dx dy

py – pz = 2
dy

...(4)

py – pz = 0

Since 
2
dy  is negligible due to small element

py = pz ...(5)
From Equations (5) and (4) We can conclude that
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py = pz = px
The intensity of pressure is same in all direction. It is called Pascal’s Law.

1.8 PRESSURE VARIATION IN A FLUID AT REST
The hydrostatic law states that the rate of increase of pressure in a vertically downward direction must
be equal to the specific weight of the fluid at that point

Fig. 1.3

Consider a small fluid element ABCD as shown in figure 1.3
dA = Cross-sectional Area of element

AD = Z = Height of fluid element
p = pressure intensity on face AB
z = Distance of fluid element from the free

surface.
Forces acting on the fluid element are:

Pressure force on AB = p × dA is acting perpendicular to AB in the downward direction.

Pressure force on dA acting perpendicular to face CD, vertically

upward.
Weight of fluid element

= Density × g × volume

=
Pressure force on surfaces BC and AD are equal and opposite and cancel each other.
For equilibrium–

 = g = = Weight of fluid
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By integrating  =
p = g z

where p is the pressure above atmospheric pressure and z is the height of point from free
surface

z =
p

z = pressure head
or p = z (  = g)
The pressure intensity varies with depth of water from the free surface

1.9 ABSOLUTE, GAUGE, ATMOSPHERIC AND VACUUM PRESSURE
Pressure of a fluid is measured in two different systems. In one system, it is measured above the
absolute zero or complete vacuum. It is called the absolute pressure. In other system, pressure is
measured above atmosphere. It is called gauge pressure.

(i) Absolute Pressure: It is defined as pressure which is measured with reference to absolute
vacuum pressure.

(ii) Atmospheric Pressure: Atmosphere surrounded by body exerts pressure in all directions.
It varies from place to place. At lower level, atmospheric is different than at higher altitude.
At normal pressure in normal conditions at sea level, the atmospheric pressure value is
10.1013 × 102 N/m2 or  1.03 kgf/cm2 or 10.3 m of water or 76 cm of mercury.

The fluid pressures can be measured by two methods (i) Absolute zero pressure and (ii) Local
atmospheric pressure.

(a) Absolute zero pressure: When the pressure is measured above absolute zero (or complete
vacuum), it is called as absolute Pressure.

(b) Local Atmospheric Pressure: When the pressure is measured either above or below
atmospheric pressure as a datum, it is called gauge pressure. It is because, practically all
pressure gauges read zero when open to atmosphere and read only the difference between
the pressure of the fluid to which they are connected and the atmospheric pressure.

Measurement of Atmospheric Pressure
Atmospheric pressure is measured by mercury barometer.

A mercury bamometer consists of a glass tube about 80 cm long and closed at one end as shown
in Fig. 1.4 (b). Glass tube is filled with mercury and inverted in a small container full of mercury. A
vacuum is formed in the closed end of tube. The atmospheric pressure acting on the surface of
mercury in the container supports a column of mercury in the tube. The height of mercury column is
about 75 cm for standard temperature. Point B and A in the container and tube are at the same level
of mercury, have equal pressures. The pressure at A is equal to h where unit weight of mercury
and h is the height of mercury in the tube. The refer height of mercury in the tube is equal to the
atmospheric pressure.
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If the pressure of fluid is below atmospheric pressure, it is called as vacuum pressure (or
suction pressure, or negative gauge pressure) and it’s gauge value is the amount by which it is below
that of atmospheric pressure. (Fig. 1.4 (a))

Absolute pressure = Atmospheric pressure + Gauge pressure
= Atmospheric pressure – Vacuum pressure

Fig. 1.4

1.10 MEASUREMENT OF PRESSURES
Pressures are measured by:

(i) Manometers and
(ii) Mechanical gauges

1.10.1 Manometers
Manometers are those pressure measuring devices which are based on the principle of balancing the
column of liquid by the same or another column of liquid. Monometers are classified as:

• Simple Manometers
• Differential Manometers

1.10.1.1 Simple Manometer
These are the manometers which measure pressure at a point in a fluid contained in a pipe or a vessel.

On the other hand, differentital manometers measure the difference in pressure between any
two points in a fluid contained in a pipe or vessel.

1. Simple Manometers: The simple manometer consists of a glass tube having one of its ends
connected to the gauge point where the pressure is to be measured and other end remains open
to the atmosphere. Some of the common types are noted below:
(i) Piezometers
(ii) U-tube manometers and
(iii) Single column manometers
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1.10.1.1.1 Piezometers
It is the simplest form of manometer which can be used for measuring moderate pressure of liquids. It
consists of a glass tube inserted in the wall of the pipe or vessel, containing a liquid whose pressure is to
be measured. If -specific weight of liquid, then the pressure at any point in the liquid = p = hm, where
hm is the pressure head at  point m, as shown in Fig. 1.5.

Fig. 1.5

Piezometers are also used to measure pressure head in pipes flowing with liquid.

Fig. 1.6

1.10.1.2 U-tube Manometers
A U-tube manometer consists of a glass tube bent in U-shape, one end of which is connected to the
gauge point and the other end remains open to atmosphere. The tube contains a liquid of specific gravity



Fluid Mechanics By A.K. Singh

Publisher : Vayu Education ISBN : 9789383137848 Author : A.K. Singh

Type the URL : http://www.kopykitab.com/product/3386

 Get this eBook

http://www.kopykitab.com/Fluid-Mechanics-By-AK-Singh

