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Helps in understanding
fluid bahavier in real life

Q

and engineering systems.

Essential in hydraulic
% . \
m machines, aircraft,
ships, weather systems

and many applications.

Impartant for
MEET, JEE &
Board Exams.
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KEY TAKEAWAYS

v Fluids have ne fixed shape
but have velume,

v They exert pressure
in all directions.

v Pressure increases
with depth,

v Viscosity causes ‘
resistance to flow.

v Surface tension acts
at the liquid surface. |

COMMON SYMBOLS

.
@ viscousiy ()

o
| {f_: = Velocity gradient

MECHANICAL PROPERTIES OF FLUIDS

FLUID AND ITS PROPERTIES

A fluid is a substance which can flow
and has no fixed shape.
It can be a liquid or a gas.

Properties of Fluids
= Mo fined shape
+ Takes the shape of the container

Exerts pressure in all directions

Has volume but no rigidity

Flows under a small shear stress

E PRESSURE [N FLUIDS

Pressure at a point in a fluid is the
normal force acting per unit area.

Unit : Pascal (Pa) = Nm™?

PRESSURE DUE TO DEPTH
At a depth i below the surface
of a static fluid;

P

pgh

Whare,
P = Density of fluid
g = Acceleration due to gravity

f = Depth helow the surface

Total pressure at depth h (absalute

[Pﬂbs:PaEm'f‘Pgh]

'3 suovacy AD
ARCHIMEDES' PRINCIPLE

When a body is immersed in a fluid,

B} rascavsiaw

Pressure applied at any point

in an enclosed fluid is transmitted
it experiences an upward buoyant
force,

undiminished to every other point
in the fluid and to the walls of

the container. BUOYANT FORCE

Fy

[‘Fﬁ = Ofuid § P:ii.-ipim:ed]
Where,
Byt = Density of fluid
Hlisphmd = Volume of fluid
displaced

CONDITION FOR FLOATATION
« Ky » W = Bodyfloats up
“F =W

=+ Body floats
= F, < W — Badysinks

I Fg.

Basis of hydraulic machines,

Vigeosity i the property of  fluid
that opposas relative motion batween

s layers, /
According to Newton's law of ll.'"l
vineosity: |
dv
F=n4—
‘ " ‘
Where

F = Viscous farca (M)
n = Ceoefficiant of viscosity (Pa s}
A = Area of contact {m7)

Unit ; Pascal second (Pa s /
e
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MECHANICAL
PROPERTIES
OF FLUIDS

Key Concepts
at a Glance

Pressure (Pa)

Density (kg m™3)
Depth {m)
Acceleration due to
gravity {m s~

Area (m¥)

Force (M}

Viscosity (Pa s}
Surface tension (N m™)
Velocity {m s7'}

w =% 0w

Valume flow rata {m? s~}
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" IEd SURFACE TENSION (y)

Effects of Surface Tension

= Causas liquid to form drops

+ Responsible for capillary action
» Alows ingects to walk on water

Surface tensian is the property of the
liquid surface which acts as if it were
a stretchad elastic membrane,

Surface tension is defined as the
force acting per unit length
perpendicular to the length.
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Unit : Nawtun per metre (M m™')
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B cariLariTy

Capillarity is the rise or fall of a liquid
ity a thin tube.

For a liquid in & capillary tube:
2y cos @
pgr

Where,

% = Surface tension

@ = Angle of contact

£ = Density of liquid

g = Acceleration dua
1o gravity

r = Radius of
capillary tube

| @ BULK MODULUS (K)

Bulk modulus is the ratio of increass in
presgure to the fractional decrease in
voluma.
5 AP
K= \
TAVV [ v

Unit : Pascal (Pa) —b' -~

High Bulk modulus —+ Liquid i ns
less compressible.

(5]

Unit : Pascal™ (Pa™"}

High compressibility =
Ligguid is more compress-ble

] COMPRESSIBILITY ()

Compressibility is the fractional dacrease
in valume per unit increase in pressure,

witight (affactive) of
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3 stokes Law

The viscous force acting on a small
spherical panicle moving slowly in
a viseous fuid is:

[ F=6mnrv |

Where,

r = Radius of sphere

© = Velocity of sphare

1 = Coafficient of viscosity

Applicabla at low (terminal) velocities
in viscous fuids.
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a amuuuurs THEGREM | [ (I FLOW RATE AND |
For a streamine flow of an ideal fluid, CONTINUITY EU UATION |
the total energy is constant, Flow rate (Q) is the valume of Auid
I flewing per unit time,
= ConstantJ ‘

dv
Q=" =Av
e

For steady flow of an incompressible

Yvhere,
P = Pressure
2 = Density of Auid

r = Velocity of fluid fluid:

g = Accelaration due to gravity

hk = Height above reference fevel
Applications: Whare,

= Lift on asrofoil
+ Venturimeter
+ Flow measurement
P, 3 k)

N

A = Cross-sectional area
v = Velocity of fluid

Applications: Pipes, rivers,

m TERMINAL VELOCITY

When the viseous force batances the

with a eonstant (terminal} velecity.

blood flow, ete.

Wﬁ\%

m APPLICATIONS

JEE?' = Hydraulic lift and brakes

the body, it falls
« Aircraft lift (Bernoulli's principle)

2 r? {ps — or)0 i ﬁ.. + Ships and submarines (Buoyancy)
= S | JE
7, R % + Capillary action in plants
‘Where,
ps = Density of salid l':‘,j + Flow measurement (Vanturimeter)
=D I f fluid
) C::;:I:t ‘: Fonjousizn i @ b « Lubrication in machines
= el WVISCOSH
" Y tps=pr) 1-’:’,r |

P=pgh

Fa == P{mmﬂv l F= ?IA

SOME IMPORTANT EQUATIONS AT A GLANCE

du |

dy

. PROTIPS

%

= Practice numericals reguiarly fo

= = Understand fuid behavier through real-ife
= Laarn derivations and formula uses clearly,

F=6mprv

s

Y=

AP
AV/V

2y cosd | iK=—

1
P+§pv2+pgh=C: Q=Av

[* * CONCEPT CLEAR - PRACTICE MORE - SCORE HIGH *]

REMEMBER

r better accuracy,
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Fluids may flow, but
their principles build
the waorld!




