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Fluid mechanics

It is the branch of science which deals with the behaviour of fluids at rest as

well as in motion.

Fluid static

The study of fluid at rest.

Fluid Kinematics

The study of fluid in motion where pressure forces are not considered.

Fluid Dynamics

The study of fluids in motion where pressure forces are considered.



Density

Density or mass density of a fluid is defined as the ratio of mass of
fluid to its volume.

p = Mass of fluid (kg)

Volume of fluid (m?3)

Specific Weight or Weight Density
Specific weight of a fluid is the ratio between the weight of a fluid to its

volume.
W = Weight of the fluid
Volume of the fluid
w = (Mass of the fluid x Acceleration due to gravity)

volume of the fluid

W = pXxgd



Specific volume

Specific volume of the fluid is defined as the volume occupied by a unit mass of the
fluid.

Specific volume = Volume of the fluid (m3)

Mass of the fluid (Kg)
= 1p
Specific Gravity

Specific gravity is defined as the ratio of density of a fluid to the density of the

standard fluid.

S = Density of Liguid

Density of water

The standard fluid for liquid is water and for gas it is air.
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Viscosity

Viscosity is defined as the property of a fluid which offers resistance
to then movement of one layer of fluid over another adjacent layer of
fluid.




Yy oNS)

Consider two layers of fluid at a distance “dy” apart with velocity or
“‘U” and “U + dU”.

Viscosity together with relative viscosity causes shear stress

acting between fluid layers.

Shear stress is proportional to the rate of change of velocity with

kg N

respectto y.

U a du
dy

UL =p du
dy
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M = Coefficient of dynamic viscosity or viscosity.
M= T/ (du/dy)

Viscosity is also defined as the shear stress required to produce unit
rate of shear strain.

Units : S| system : Ns/ m?

CGS system : dyne-sec/ cm? (Poise )

Newton’s Law of Viscosity

It states that the shear stress (U) of a fluid element layer is directly
proportional to the rate of shear strain.



Kinematic viscosity is defined as the ratio between the dynamic viscosity

and density of fluid.

units :
S| system
CGS system

m?2 /s

cm?/s

Kinematic Viscosity

(Stokes)

Y

Y

= Viscosity
Density
= U
P
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Types of Fluids

*|deal Fluid
*Real Fluid

Newtonian Fluid

. . Ideal Solids
*Non Newtonian Fluid

A
| Ideal Plastic fluid

Non Newtonian fluid

Newtonian fluid

Shear stress

Ideal Liquid

.
»

Velocity gradient
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Effect of Temperature on Viscosity

* Viscosity decreases with increase in temperature of liquid.

« Viscous Forces

. Cohesive Forces

. Molecular momentum transfer

* In liquid the cohesive forces dominates due to closely packed
molecules and with the increase In temperature, the cohesive

forces decreases hence decreasing the viscosity.
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Surface Tension

Surface tension is defined as the tensile force acting on the surface of
the liguid in contact with gas or on the surface between two immiscible

liquid.

Surface tension on liquid droplet

P=40
d

!
L




Surface tension on a hollow bubble

P=80
d

Surface tension on aliquid jet

P=g*2L
L *d
Where P = Pressure in N/ m?2
o = Surface tension in N/m

d = diameter of the liquid droplet

L  =length of water jet

b Y bR b N
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Capillarity

Capillarity is defined as the phenomenon of rise or fall of a liquid
surface in a small tube relative to adjacent general level of liquid

when the tube is held vertically in the liquid.

Rise of liquid in the tube - Capillary rise
Fall of liquid in the tube - Capillary depression

Factors affecting rise or fall

1.Denisty of liquid
2. Diameter of the tube

3.Surface tension of the liquid
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Expression for Capillary rise
Under state of equilibrium weight of the liquid of height is balanced by
the force at the surface of the liquid in the tube

Weight of liquid = p x g x Area of tube x h

=pxgxmd?xh




Vertical component of the tensile force = o x T d Cos 6
« Equating two equations,

 The capillary riseisgivenas h= 4o Cos 6
pxg xd

0 =0 for clean water and glass tube

h= 4

- pxg xd
Where p= density;
o= surface tension;

d = diameter of the tube
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If the glass tube is dipped in mercury the level of mercury in the tube

IS lower that the general level of the outside liquid.

The capillary depressionis h= -4 0 Cos 6
pxg xd

0 =128 ° for mercury and glass tube

Where p= density; o= surface tension ;d = diameter of the tube
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INSTITOTIONS;

The Pressure on a fluid is measured in two different systems

Absolute Pressure: The Absolute pressure is defines as the pressure

which is measured with reference to absolute vacuum pressure.

Gauge Pressure: The Gauge pressure is defined as the pressure
which is measured with the help of pressure measuring instrument, in

which the atmospheric pressure is taken as datum.



Pressure

A

Absolute Pressure
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Gauge Pressure

B
Y o

Absolute Pressure

Absolute Zero Pressure

v

Vacuum Pressure: It is defined as the pressure below the

atmospheric pressure.



