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WHY To STUuDY FLUID MECHANICS....?

Common Applications of Fluids
o Hydroelectric Power Plants
o Hydraulic machines

o Refrigerators and Air Conditioners,

o Thermal Power Plants |® H
i - ;’

o Nuclear power plants ‘
clear power pl

o Fl%{s E}lenev.vable Energy Source =
o Operati_flg_ Various Instruments —
—

o

Heat Engines

RGeS
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WHAT WE ARE GOING TO COVER IN
FLUID MECHANICS....?

1.0 Properties of Fluid
L1 Define fluid

1.2 Description of fluid properties like Density, Specific weight, specific gravity, specific

volume and solve simple proble

cosity, kinematic viscosity,

surface tens

2.0  Fluid Pressure and its measurements
2.1 Definitions and uni
22 Statement of Pasc:
23

of fluid pressure, pressure intensity and pressure head.
Law.

‘Concept of atmospheric pressure, gauge pressure, vacuum pressure and absolute
pressure
2.4 Pressure measuring instruments
Manometers (Simple and Differential)
2.4.1 Bourdon tube pressure gauge(Simple Numerical)
2.5 Solve simple problems on Manometer.
3.0  Hydrostatics
3.1 Definition of hydrostatic pressure
32 Total pressure and centre of pressure on
immersed bodies(Horizontal and Vertical Bodies)
33 Solve Simple problems.
3.4 Archimedes *principle, concept of buoyancy, meta center and meta centric height
(Definition only)

3.5 Concept of floatation

it Parida, Lecturer, Mechanical Engg. Department, Govt. Polytechnic Kendrapara

WHAT WE ARE GOING To COVER IN
FLUID MECHANICS....?

.
4.0  Kinematics of Flow
4.1 Types of fluid flow
42 Continuity equation(Statement and proof for one dimensional flow)
4.3 Bemoulli’s theorem(Statement and proof)
Applications and limitations of Bernoulli’s theorem (Venturimeter, pitot tube)

4.4 Solve simple problems

5.0 Orifices, notches & weirs
5.1 Define orifice
5.2 Flow through orifice

5.30nifices coeflicient & the relation between the orifice coefficients /
5.4 Classifications of notches & weirs

5.5 Discharge over a rectangular notch or weir
rge over a triangular notch or weir
5.7 Simple problems on above

6.0 flo“' through pipe
6.1 Definition of pipe. Yy
6.2 Loss of energy in pipes. [
6.3 Head loss due to friction: Darcy’s and Chezy’s formula (Expression only)
6.4 Solve Problems using Darcy’s and Che:
6.5 Hydraulic gradient and total gradient

formula.

Dr. Biswajit Parida, Lecturer, 1
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WHAT WE ARE GOING To COVER IN
FLUID MECHANICS....?

7.0 Impact of jets
7.1

Impact of jet on fixed and moving vertical flat plates

7.2 Derivation of work done on series of vanes and condition for maximum
efficiency.

7.3 Impact of jet on moving curved vanes, illustration using velocity triangles,
derivation of work done, efficiency.

18 -
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Learning Resources:

S No. Name of the Book Author Name Publisher
1 Text Book of Fluid hani R.K Bansal Laxmi
2. Text Book of Fluid Mechanics R.S khurmi S.Chand
3. Text Book of Fluid Mechanics R.K.Rajput S.Chand
4. Text Book of Fluid Mechan Modi & Scth Rajson’s pub. Pvt. It .

= —
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Chapter-01: Properties of Fluid

Introduction
Fluid

In very simple way we can say that
“Which Can Flow” , -

Elise] Meshianicn
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Mo flods ot rverl s well ar 0 motion
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Chapter-01: Properties of Fluid y
Properties of Fluid :
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Chapter-01: Properties of Fluid
Properties of Fluid
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Properties of Fluid
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Chapter-01: Properties of Fluid
Properties of Fluid X
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Chapter-01: Properties of Fluid
Properties of Fluid
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CHAPTER-02:
FLUID PRESSURE
AND
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Chapter-02: Fluid Pressure and its measurements
Fluid Pressure
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Chapter-02: Fluid Pressure and its measurements

Fluid Pressure (contd...)

Pascal’s Law

Consider the image given below. The column is filled with water
and the ends of each column A and B have been blocked by a
piston. If piston A is pressed, what do you think will happen to
piston B? Piston B is going to rise up. We have just applied
Pascal’s law to our fluid pressure.

https://www.youtube.com/watch?v=hV5IEooHqIw
https://www.youtube.com/watch?v=tAyFKf7zxFg
It states that the pressure or intensity of pressure at a point
in a static fluid is equal in all directions.
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Fluid Pressure and Its Measurements
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Chapter-02: Fluid Pressure and its measurements
Fluid Pressure and Its Measurements
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Chapter-02: Fluid Pressure and its measurements

Fluid Pressure and Its Measurements
1)MANOMETERS

Manometers are defined as the devices used for measuring the pressure at
a point in a fluid by balancing the column of fluid by the same or another column of the fluid:
a) SIMPLE MANOMETERS
Asi

ple manometer consists of a glass wbe having one of its ends connected 1o a point where
pressure is to be measured and other end remains open to atmosphere.

i) Piezometer.

= It is the simplest form of manometer used for
measuring gauge pressures.

— One end of this manometer is connected to the point
where pressure is to be measured and other end is
open to the atmosphere

—=The rise of liquid gives the pressure head at that point.

=

If at a point A, the height of liquid say wateris h in
piezometer tube, then pressure at A

N
=pXxgxh—.
e

https:/www.youtube.com/watch?v=SR9rxSgLQEQ Piezometer.
https://www.youtube.com/watc awJQ6eaAlcw

Dr. Biswajit Parida, Lecturer, hanical Engg. Dep: , Govt. Poly ic K

Chapter-02: Fluid Pressure and its measurements
Fluid Pressure and Its Measurements
i)U-tube Manometer

== It consists of glass tbe bent in U-shape, one end of which is connected to a point at which
pressure is to_be measured and other end remains open to the atmosphere

= The tube generally contains mercury or any other liquid whose specific gravity is greater than
the specific gravity-of the liquid whose pressure is to be measured.
(a) For Gauge Pressure
As the pressure is the same for the horizontal surface. Hence
pressure above the horizontal datum line A-A in the left column
and in theright column of U-tube manometer should be same.

T h, Pressure above A-A in the left column=p +p, X g X h;

m L Pressure above A-A in the right column= p, X g X h,

Hence equating the two pressures
: P+ pighy = paghy, P = (Paghy = py X g X hy).

(a) For gauge pressure
(b) For Vacuum Pressure.
Pressure above A-A in the left column = p,gh, + p,gh, + p
Pressure head in the right column above A-A =0
o paghy 4 pighy+p=0 . P=-— (nghz + pyghy).
httpeiwrang. youtube comiwatch w=2P5_JEJEHT S

https: e, youtube com/watch =8eqTNEGO X 4
httpsitwrv. youtube, comiwatch hr=aetwzRJ4ChL (b) For vacuum pressure

Dr. Biswajit Parida, Lecturer, Mechanical Engg. Department, Govt. Polytechnic Kendrapara|
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Chapter-02: Fluid Pressure and Its Measurements
Fluid Pressure and Its Measurements

iii) Single Column Manometer. Single column manometer is a modified form of a U-tube
manometer in which a reservoir, having a large cross-sectional area (about 100 times) as compared to
the area of the tube is connected 10 one of the limbs (say left limb) of the manometer

Due to large cross-sectional area of the reservoir, for any variation in pressure, the change in the liquid
level in the reservoir will be very small which may be neglected and hence the pressure is given by the
height of liquid in the other limb.
= Vertical Single Column Manometer
Fall of heavy liquid in reservoir will cause a rise of
heavy liquid level in the right limb.
S AXAh=axh, . Ah=
Then pressure in the right limb above Y-Y.

=Py X g X (A + hy)
Pressure in the left limb above Y-Y

=P, XgX(Ah+ hy) + py
Equating these pressures, we have
Py XgX(Ah+ hy)=p Xgx(Ah+h)+p,

axh,

S

ah
Pa= P8 (Al + hy) — pig(Ah + hy)
= Ohlpyg - pigl + hopag — hipyg Vertical single column
htbps g youtube com'arateh hr=glkpeCBuXe0 manometer.

‘https://www.youtube.com/watch?v=MpXhXVFY-HM
Dr. Biswajit Parida, Lecturer, Mechanical Engg. Department, Govt. Polytechnic Kendrapara
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Fluid Pressure and Its Measurements

27
2Py - [E2AE £ 0ged9) s hidg-hag
w4

— Inclined Single Column Manometer

This manometer is more sensitive.
Due to inclination the distance moved by the heavy liquid in the right
limb will be more.

Prowgd BFA, Py o b g -h, 47 T
hy

"4/?4 Eimgr g hieng }' {:

Ah )\(,7

"l‘_:. LS B

Inclined single column
manometer.

Dr. Biswajit Parida, Lecturer, hanical Engg. Dep: , Govt. Poly ic K

Chapter-02: Fluid Pressure and its measurements

Fluid Pressure and Its Measurements
b) DIFFERENTIAL MANOMETERS

=are the devices used for measuring the difference of pressures between
two points in a pipe or in two different pipes.

= A differential manometer consists of a U-tube, containing a heavy liquid,

whose two ends are connected to the points, whose difference of pressure
is to be measured.

i)U-tube Differential Manometer
Pressure above X-X in the left limb = p g(h + x) + p, T .
Pressure above X-X in the right imb = p X g X h+ p, X g Xy + pp x
Equating the two pressure, we have

P18 +x) + py = p X g X I+ pygy +py

Pa—Pp=PeX 8 X I+ pogy —piglh+x) e

=hx -p)+ -
g(p‘ P!) ngy P'gx (a)Two pipes at aifferent levels

Pressure above X-X in right limb = p X g xh+p, xgxx+pg

Pressure above X-X in left limb = p, X g x (7 + x) + p,
Equating the two pressure

PeXgXh+pgx+pp=p xgx(h+x)+p,
S PA—PE =P X8 X I+ pigx—p gl + x) .
=g X hp,—p)).

(b) Aand B are at the same level
Dr. Biswajit Parida, Lecturer, Mechanical Engg. Department, Govt. Polytechnic Kendrapara|
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Chapter-02: Fluid Pressure and its measurements

Fluid Pressure and Its Measurements
ii)inverted U-tube Differential Manometer.
~It consists of an inverted U-tube,
containing a light liquid. X——
=The two ends of the tube are connected to the points whose
difference of pressure is to be measured.
=]t is used for measuring difference of low pressures.
The pressure in the left limb below X-X
=pa- P XgXDy.
Pressure in the right limb below X-X
=pp—PrXg X -p,XgXh
Equating the two pressure
PA=P1XEX I =pg—pPyXgXhy—p,xgxh
PA=Pp=PiX8X Ny —pyXgXhy—pyxgxh

Dr. Biswajit Parida, Lecturer, Mechanical Engg. Department, Govt. Polytechnic Kendrapara|

Chapter-02: Fluid Pressure and its measurements
Fluid Pressure and Its Measurements

Bourdon tube pressure gauge:

= is used for measuring high as well as low pressures.

= In this case, the pressure element consists of a metal tube of approximately
clliptical cross-section.

= This tube is bent in the form of a segment of a circle and responds to pressure changes.

Bourdon tube

Rack
Pinion
Pointer d
\7;5
Bourdon tube pressure gauge,
Dr. Biswajit Parida, Lecturer, hanical Engg. Dep: , Govt. Poly ic K

Chapter-02: Fluid Pressure and its measurements

Fluid Pressure and Its Measurements

= When one end of the tube which is attached to the gauge case, is connected to the
source-of pressure, the internal pressure causes the tube to expand, whereby
circumferer stress i.e., hoop tension is’set up.

= The free end-of the tube moves and is in turn connected by suitable levers to a rack,
which engages with a small pinion mounted on the same spindle as the pointer.

=Thus the pressure.applied to the tube causks the rack and pinion to move.

==The pressure 1s indicated by the ponter over a dial which can be graduated in a
suitable scale.

=The Bourdon tubes are generally
made of bronze or nickel steel. N

The former is generally used tor
low pressures and the latter for
high pressures. Pinion

Pointer

P
- Ya
= 9y=] Bourdon tube pressure gauge.
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Chapter-03: Hydrostatics

Center of Pressure

a)VERTICAL PLANE SURFACE SUBMERGED IN LIQUID
Cons\igu:r a plane vertical surface of arbitrary shape immersed in a liquid

Let = Total area of the surface .
istance of C.G. of the area from free surface of liquid Area of the strip,
“entre of gravity of plane surface dA = b x dh
“entre of pressure

~ h* = Distance of centre of pressure from free surface of liauid

Pressure intensity on the strip, p' = pgh

Total pressure force on strip, dF =p X Area = pgh X b X dh

.. Total pressure force on the whole surface,
F =JdF =Jpg!:xbxdli =ngb X hx dh =nghxd,q
But = [hxdA

= Moment of surface area about the
free surface of liquid
= Area of surface
x Distance of C.G. from free surface

=Axh
F =

pgAh
Total Pressure (F)

Dr. Biswajit Parida, Lecturer, Mechanical Engg. Department, Govt. Polytechnic Kendrapara|
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Chapter-03: Hydrostatics

Center of Pressure

Centre of Pressure (h*) centre of pressure is calculated by using the “Principle of Moments™,
which states that the moment of the resultant force about an axis is equal to the sum of moments of the
components about the same axis.
moment of the force F about free surface of the liquid = F x i*
Moment of force dF, acting on a strip about free surface of liquid

=dFxh {~ dF=pghxbxdh} =pghxbxdhxh
Sum of moments of all such forces about free surface of liquid

- Jpgh xbxdhxh=pg Ib Xhxhdh| = pgjbfrzdh =pg _[h:d/{ (0 bdh = dA)
= pgly
Vo= J’t’r:n’A = _l-bh:dh = Moment of Inertia of the surface about free surface of liquid
FREE SURFACE OF LIQUID

Sum of moments about free surface z
= pgly

Equating
F x h* = pgl,

h
But F=pgAh - pgAhxh*=pgl, L
dh

Dr. Biswajit Parida, Lecturer, Mechanical Engg. Department, Govt. Polytechnic Kendrapara

Chapter-03: Hydrostatics
Center of Pressure
By the theorem of parallel axis, we have

L=Ig+AXI®

where I; = Moment of Inertia of area about an axis passing through the C.G.
of the area and parallel to the free surface of liquid.

Substituting I, in equation , FREE SURFACE OF LIQUID _

Iy + A
h* —Z+h
Ah l
|
|
Hence from equation , it is clear that : L) S

(i) Centre of pressure (i.e., h*) lies below the centre of gravity of the vertical surface.

(i) The distance of centre of pressure from free surface of < <
liquid is independent of the density of the liquid.

1 Engg. Dep , Govt. Poly ic K

Dr. Biswajit Parida, Lecturer,
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The moments of inertia and other geometric properties

Moment of inertia Moment of
about an axis passing | inertia about
Planesurface C.G. from the Area through C.G. and base (1)
base parailel to base (i)
1. Rectangle
|
T
i
G & P
fI 1 ol od L bt
X J 2 12 3
t
P —
2. Triangle
h
h bh b’ bh*
+G x== L T Ll
x _L 3 2 36 12
Lo »
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Chapter-03: Hydrostatics
The moments of inertia and other geometric properties
Moment of inertia Moment of
about an axis passing | inertia about
Plane surface C.G. from the Area through C.G. and base (1,)
base parallel to base (I;)
3. Circle
g i d a '
X 2 4 64
4. Trapezium
l—a—»
; f , © 20b)h |(ath) a* +4ab+b? < N
X a+b )3 2 36(a+b)
——if
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Chapter-03: Hydrostatics
Center of Pressure
b)HORIZONTAL PLANE SURFACE SUBMERGED IN LIQUID

Consider a plane horizontal surface immersed in a static fluid.

As every point of the surface is at the same depth from the free surface of the liquid,
the pressure intensity will be equal on the entire surface and equal to,

p = pgh, where h is depth of surface. __ FREE SURFACE

total force, F, on the surface

=pxArea=pgxh xA=pgAh

— =
-

where /i = Depth of C.G. from free surface of liquid = /
also  h* = Depth of centre of pressure from free surface = k.~
A = Total area of surface B ¢

Dr. Biswajit Parida, Lecturer, hanical Engg.
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Chapter-03: Hydrostatics

Archimedes Principle

When a body is immersed in a fluid
whether wholly or partially, 1t 1s buoyed 1

5 # Thrust
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the weight of the hqud displaced by the + Grviy
body. i
FHns e oty be oo miwateh =05 W CPORLi
Puo 1 - becomfwatch =X kJTwE T4

— whonewer a hocky i immerses) whally o podially in o f L) s
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Chapter-03: Hydrostatics
Meta-center

= It is defined as the point about which a body starts oscillating when the body
is tilted by a smallangle.
= may also be defined as the point at which the line of action of the force of
buoyancy will meet the normal axis of the body when the body is given a small
angular displacement.
Let the body is given a small angular displacement in the clockwise direction
The centre of buoyancy, which is the centre of gravity of the displaced liquid or centre
of gravity of the portion of the body sub-merged in liquid, will now be shifted towards
right from the normal axis.
The line of action of the force of buoyancy in this new position
META-CENTRIC HEIGHT
The distance MG, i.e., the distance between the meta-centre of a floating body and
the centre of gravity of the body is called meta-centric height.

NORMAL AXIS ANGULAR
DISPLACEMENT

f

point M is called Meta-centre

NORMAL AXIS
(a) (b}
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Flotation
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Chapter-04: Kinematics of Flow
Fluid Kinematics
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Chapter-04: Kinematics of Flow

Fluid Flow
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Fluid Flow
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Fluid Flow
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Orifices
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Orifices
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Notches & Weirs
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Classification

When a fluid is flowing through a pipe, the fluid experiences some
resistance due 1o which some of the encrgy of fluid is lost.

' '

‘1. Major Energy Losses ‘ ’ 2. Minor Engrgy Losses’

This is due to friction and itis  This is due to
calculated by the following (&) Sudden expansion of pipe

formulae : (b) Sudden contraction-of pipe
(a) Darcy-Weisbach Formula (€ B?"d :'"_P'F”
(b) Chezy's Formula (d) Pipe fittings e/t

(e) An obstryction in ptpe

Dr. Biswajit Parida, Lecturer, hanical Engg. Govt. Polytechnic K

Chapter-06: Flow Through Pipe
Loss of Energy (Minor Losses)
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Loss of Energy (Minor Losses)
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Loss of Energy (Minor Losses)

Loss of Head Due to Sudden Enlargement.
Let
P, = pressure intensity at section 1-1,
V| = velocity of flow at section 1-1,
A, = area of pipe at section 1-1, @ @
P2V, and A, = corresponding : .
values at section 2-2. . ]
vy PA L:ziz_ _ _xz
(©) :
Let @
p’ = pressure intensity of the liquid eddies N
on the area (A, - A)) )
h, = loss of head due to sudden enlargement
_-w)y | s
€ 28 N
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Loss of Energy (Minor Losses)

Loss of Head due to Sudden Contraction.
Let A= Area of flow at section C-C

V, = Velocity of flow at section C-C

A, = Area of flow at section 2-2

V, = Velocity of flow at section 2-2

h. = Loss of head due to sudden contraction.

@
2 2 © @
=R loms Bl T N
2g 2g| oo —r—-i-"—’—

If the value of C, is not given then the @
head loss due to contraction is taken as

2 2
=0.5v—20rh¢=0.5 V—2 .
2g 2g
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Loss of Energy (Minor Losses)
Loss of Head at the Entrance of a Pipe.

— This is the loss of energy which occurswhen a liquid enters a pipe which
— is connected to a large tank or reservoir.

= This loss is similar to the loss of head due to sudden contraction.

— This loss depends on the form of entrance.

2

h]_ =05 — where V = velocity of liquid in pipe.
28

Loss of Head at the Exit of Pipe.

This is the loss of head (or energy) due to the velocity of liquid at outlet of the
pipe which is dissipated either in the form of a free jet (if outlet of the pipe is free)
or it is lost in the tank or reservoir (if the outlet of the pipe is connected to the
tank or reservoir).

V2

- zg where V = velocity at outlet of pipe.

h

o
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Chapter-06: Flow Through Pipe
Loss of Energy (Minor Losses)
Loss of Head Due to an Obstruction in a Pipe.

Whenever there is an obstruction in a pipe. the loss of energy takes place due to reduction
of the area of the cross-section of the pipe at the place where obstruction is present.
Let a = Maximum area of obstruction

A = Area of pipe

V= Velocity of liquid in pipe

Head loss due to obstruction = v ‘-A—— 1
2g\C.(A-a)

A-a

C, = co-efficient of contraction @ C’T,)
f I

| |

;

v TN T T

|
| |
1 t
i i

@ @
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Chapter-06: Flow Through Pipe
Loss of Energy (Minor Losses)
Loss of Head due to Bend in Pipe.

When there is any bend in a pipe, the velocity of flow changes, due to which the
separation of the flow from the boundary and also formation of eddies takes place.

kv?
hy, = Z—
2g
where i, = loss of head due to bend, V = velocity of flow, k = co-efficient of bend
The value of k depends on
(i) Angle of bend,

(if) Radius of curvature of bend, (iii) Diameter of pipe.

Loss of Head in Various Pipe Fittings.

The loss of head in the various pipe fittings such as valves, couplings etc.

is exp d as 3
kv
2
where V = velocity of flow, k = co-efficient of pipe fitting. .
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Loss of Energy (Minor Losses)
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