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Definition: Mechanics

Mechanics is a science that deals with the study of changes occurred in a body
(stationary and moving) when subjected to external/internal forces.

The branch of mechanics that deals with bodies at rest Is called statics while the
branch that deals with bodies in motion is called dynamics

The subcategory fluid mechanics is defined as the science that deals with the
behavior of fluids at rest (fluid statics) or in motion (fluid dynamics), and the
Interaction of fluids with solids or other fluids at the boundaries.

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 science
Is called fluid dynamics



Definition: Fluid

A substance exists in three primary phases: Solid ¢ liquid
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A substance in the liquid or gas phase is referred to as a Fluid.

Difference

Solid

Fluid

Amount of molecules per unit volume are more

Amount of molecules per unit volume are less

Molecular force of attraction is more

Molecular force of attraction is less

Solids have a definite shape

Fluids have no shape

Tensile and compressive: resist

Cannot resist tensile but resist compressive

Solids can sustain a shear force; i.e. they
remain static

Fluids cannot sustain a shear force, i.e. a fluid
Is always in motion

Stress is a function of the rate of strain.

Stress is a function of strain.




Definition: Fluid

o Fluid: Fluid is a substance that deforms continuously under the action of shear
stress, as long as the shear stress is applied, no matter how small the shear stress
may be.

» It is this property of fluids not to resist shear stress that makes them capable to
flow and take any shape.

DEFINITION OF A FLUID
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Definition: Liquid vs Gasses
In a liquid, molecules can move relative to each other, but the volume remains
relatively constant because of the strong cohesive forces between the molecules.
As a result, a liquid takes the shape of the container it is in, and it forms a free
surface in a larger container in a gravitational field.
A gas, on the other hand, expands until it encounters the walls of the container
and fills the entire available space.

This Is because the gas molecules are Free surface
widely spaced, and the cohesive forces /
between them are very small.

Unlike liquids, gases cannot form a free
surface

Gas




No slip condition
The layer of the fluid in contact with the solid boundary has the velocity of the
boundary itself. In other words, the layer of the fluid sticks to the solid surface
In contact and there is “NO SLIP” at the surface.

Lets take a example of pipe

Inside a pipe or tube a very thin layer of
fluid right near the walls of the tube are r
motionless because they get caught up in T
the microscopic ridges of the tube. Layers
closer to the centre move faster and the
fluid sheers. The middle layer moves the
fastest.

Pipe wall




Specific mass or density (p)

The “mass per unit volume™ Is mass density. Hence it has units of kilograms per
cubic meter (kg/m?).

Specific mass or density (p) = V’:l i‘; e { :193 }

The mass density of water at 4°C is 1000 kg/m? while it is 1.20 kg/m? for air at
20°C at standard pressure.



Specific weight or weight density (w or y)

It is the ratio between the weight of a fluid to its volume. It is also termed as
weight per unit volume of a fluid. Its unit is N/ms3.

. o . __ Weight _ mass Xgravity {l}
SpeCIfIC Welght (w) ~ Volume volume ~ PY m3

Problem:
What is the specific weight for water at 4°Ciis ........
What is the specific weight for air ..........

g = 9.81 m/sec?



Specific volume (v)

It is defined as the volume of a fluid occupied by a unit mass or volume per unit
mass of a fluid is called specific volume.

Specific volume (v) = — == ”

Volume 1 (m3
Mass p

Problem:
What is the specific volume of waterat 4°C is ........
What is the specific volume for air ..........



Specific gravity (S)
The ratio of specific mass (density) of a given liquid to the specific mass

(density) of water (standard fluid) at a standard reference temperature (4°C) is
defined as specific gravity (S).

DenSiSithesing fluid

Specific gravity (S) = — No units
p 5 y (8) Densisitystandard fluid { }
Example:

Density of mercury is 13600 kg/m3. What is the specific gravity.

o 13600 a6
Hg = 1000

Problem:
Find out the specific gravity of oil having density of 800 kg/ m3?

If the specific weight of oil is 8829 N/m3. Find its specific gravity, density and
specific volume?



Viscosity

Different kinds of fluids flow more easily than others. Water, for example, flows
more easily than honey. This is because honey has a higher viscosity.

Viscosity is a property of fluid by virtue of which a fluid offers resistance to the
relative movement of one layer to the other layer adjacent to the first layer.

Pipe Wall



Causes of viscosity

Cohesion force of attraction

o Particle of a layer attracts the
particles of other adjacent layer.

V + AV

\Y

» As a result net force in the
backward direction for upper later
and forward direction for lower
layer. So, the net velocity of upper
layer decreases and lower layer
Increases.

Molecular momentum exchange

 Particles of one layer jumps into the
other adjacent layer and vice versa.

V + AV

\Y

» As a result the particles in the upper
layer consists of some slower
particles and in the lower layer we
have some fast moving particles.
So, the net velocity of upper layer
decreases and lower layer increases.



Newton’s Law of Viscosity

By experiment:

Foo A Dynamic viscosity
,,,,, AV
F oo V F oo ﬂ wep F =/ U,"_
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Fo1/h
F = UAV
~ h
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T, acting on flmd
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Newton’s Law of Viscosity: It says that the shear stress is proportional to the
velocity gradient or shear strain rate.

.. : : AV
Dynamic viscosity: Units F = “T
_ Fh_ NXxm _ Nsec _ Pa-sec
=A™ Tomz ~ m2z
sec
or Units of dynamic viscosity are Poise. 1 Poise = 0.1 Pa-sec

Kinematic viscosity (v) : It is defined as the ratio between the dynamic viscosity
and density of the fluid.

(kg.m)

N.sec sec? sec 5

v = L m2 m?2 . m
) kg kg sec



Variation of viscosity with
temperature

Liquids
Viscosity decreases as temperature
Increases.  (with  increase In

temperature molecules get apart and
cohesion force decreases)

Gases

Viscosity increases as temperature
Increases. (with increase in
temperature intermolecular
momentum exchange increases )

liquid

[

gases

Temperature




Solved Example:

Calculate the dynamic viscosity
of an oil, which is used for
lubrication between a square plate
of size 0 8 m x 0 8 m and an
Inclined plane with angle of
Inclination 30° as shown in Fig.
The weight of the square plate is
300 N and it slides down the
Inclined plane with a uniform
velocity of 0 3 m/s The thickness
of oil film is 1.5 mm

Oil

= 1.5 mm

W =2300N




Fluid Mechanics & Fluid Properties

O

Solution. Given : : Weight of plate, W=300N
Area of plate, A=08x08=064m Velocity of plate, u=03m/s
Angle of plane, ' 0 =30°

Thicknessofoil film, =~ r=dv=15mm=15x10>m

Let the viscosity of fluid between plate and inclined plane is p.
Component of weight W, along the plane = W cos 60° = 300 cos 60° = 150 N
Thus the shear force, F, on the bottom surface of the plate = 150 N

F 150 .., 3
and shear stress. T= rea = 064 N/m
Now using equation (1.2), we have
T=y du
dy

where du = change of velocity =1 -0 =u = 0.3 m/s
dy=1=15%x10"m
150 03
063 " 15x107

_150x15x%107°
~ 064x03

= 1.17 N s/m* = 1.17 x 10 = 11.7 poise. Ans.




Solved Example:

The space between two square flat
parallel plates is filled with oil. Each
side of the plate is 60 cm. The
thickness of the oil film is 12.5 mm.
The upper plate, which moves at 2.5
metre per sec requires a force of 98.1 N
to maintain the speed.

Determine (i) the dynamic viscosity of
the oil, and (ii) the kinematic viscosity
of the oil if the specific gravity of the
oil is 0.95

/]E/

moving plate

i /4—F>

%
> “/hml - “m:x\

% (

> stationary plate

|

u (velocity)



Fluid Mechanics & Fluid Properties
Solution. Given:

Each side of a square plate =60 cm =0.6 m
Area (A) = 0.6 x 0.6 = 0.36 m? . Thickness of oil film (dy) = 12.5 mm = 12.5 x 10-3m

\elocity of upper plate (u) = 2.5 m/s

Change of velocity between plates, du = 2.5 m/sec
Force required on upper plate, F =98.1 N
Forcc F_ 98.1 N
" Area A 036m’

(¥) Let p = Dynamic viscosity of oil

Shear stress,

. . du 981 25
Using equation (1.2), T=ll — Of —— =
§ equation (1.2) | a dy ° 036 =KX 125%107°
981 125x107° Ns
= — =13
036 25 635 a7 Ams.

-




Fluid Mechanics & Fluid Properties
Solution. Given:

Each side of a square plate =60 cm =0.6 m
Area (A) = 0.6 x 0.6 = 0.36 m? . Thickness of oil film (dy) = 12.5 mm = 12.5 x 10-3m

\elocity of upper plate (u) = 2.5 m/s

(if) Sp. gr. of 0il, S = 0.95
Let v = kinematic viscosity of oil
Using equation (1.1 A),

Mass density of oil, p =S x 1000 = 0.95 x 1000 = 950 kg/m>
13635 (ﬁ‘})
Using the relation, v = % we getv = 950"' =.001435 m%/sec Ans.




Chapter 2: Static Pressure

Fluid Pressure @

» Fluid pressure is defined as a normal force exerted by a fluid on a surface per unit
area. The same can be understand from the following figure.

« It has the unit of newtons per square meter (N/m?), which is called a pascal (Pa).

The other units for pressure are: Torr, psi, mm of Hg, bar,
standard atmosphere, and kilogram-force per square
centimeter.
1 Pa=1N/m?
1 bar = 10° Pa = 0.1 MPa = 100 kPa
1 atm = 101,325 Pa = 101.325 kPa = 1.01325 bars
1 kgf/cm? = 9.807 N/cm? = 9.807x10* N/m? = 9.807x10* Pa
latm = 760 mm of Hg = 760 Torr
1 atm = 4.696 psi




Static Pressure

YF, =0; ie.,p, dzb — p,bds sinf =0
YF,=0; ie.,p.dzb — p, bds cos@ =0

ds stn@ = dz, and dscosl = dzx




Variation of pressure inside a static fluid

Take a cuboid (dx, dy, and dz) in the static fluid as shown in Figure. The forces
acting on the cuboid are also shown on each face.
Cuboid is at rest, so net force in each (p+3_de) dxdz

direction is zero (P+{gdz) dxdy

¥ =

FE, = p(dydz) — (P + _dx> dydz =0 y(dde)Pji/"}_,{._;zdL(P+%dX) dydz
=

(dxdy)P dx
zZ ‘ W= p g (dxdydz)

E, = p(dxdy) — ( + —dz) dxdy = Ofi /P (dxd2)

~— X

F, = p(dxdz) — < + —dy> dxdz —p g (dxdydz) = 0

dy
From above equatlons:  This implies pressure in X and z directions (horizontal
op p direction) is constant for a static fluid.
ox O’ az =05, =—pgdy . However, the pressure in Yy direction (vertical
P

direction) is variable.



Static Pressure

O

Variation of pressure inside a static fluid

If we will take two points A and B as shown in Figure.

The pressure is same at A and B because they are same horizontal level.
However pressure at C is different from A and B.

Again, pressure at C and D are same because they are same horizontal level.
Pressure at C is more than A, because C is at more depth than A.




Variation of pressure with depth
As discussed earlier, pressure vary in the vertical direction for static fluid.

To analyze, if we take a point 1 to be at the free surface of a liquid open to the
atmosphere, where the pressure is the atmospheric pressure P, then the pressure

at a depth h from the free surface becomes by using equation givwn in the
previous slide.

ap 1 h
oy~ pgdy, fz dp = fo —pgdydy o ?‘m
P, — P, = —{(pgh)-(pg x 0)} P, — P, = —pgh h
P, — P, = pgh P, = P, + pgh P, = Pytm + pgh ! ()P, =Py + pth
Therefore pressure with the depth increases in a static fluid.




Static Pressure




Fluid statics forces on submersed surface
Pressure Force

When a stationary fluid comes in contact with solid surface either plane or
curved, a force is exerted by the fluid on the surface. This force is called total
pressure or pressure force or hydrostatic force. Since for a liquid at rest, no
tangential force exists, the hydrostatic force acts in the direction normal to the
surface. The point of application of total pressure on the surface is called center
of pressure (CP).

Hydrostatic Force acting on Plane Surface

A plane surface may be immersed in a static liquid either in one position or

combination of more than one position:
A plane surface immersed horizontally
A plane surface immersed Vertically
A plane surface immersed at an angle i.e. Inclined position.

In every position of immersed plane surface, magnitude of total hydrostatic force
and position of center of total hydrostatic force are to be determined.



Total Hydrostatic force (F) on Horizontal Plane Surface:
Let a plane surface of area, A is immersed horizontally (Figure) in a stationary
liquid of known specific weight, ® = pg and at a depth of h below free surface of
the liquid. If P is the pressure intensity exerted by the liquid in stationary
condition on the upper side of the plane. Further, the bottom of the plane is
assumed to have atmospheric pressure. o

F = (P-Patm)A P = Patm + oh 1 —

F = ohA = pghA "

F = Total hydrostatic force acting on plane surface
immersed horizontally in downward direction !
(N).

5 = Density of liquid, (kg/m?). Fatm

h = Depth of the plane surface below free surface
of the liquid, (m) ().

A = Area of the plane surface (m?).




Total Hydrostatic force (F) on Horizontal Plane Surface:

Center of Pressure (h) : Location of center of pressure (CP) is defined as the
height of this point from free surface and denoted as h.

For such condition, since pressure intensity is
uniform over the area, the total hydrostatic ., Free surface of liquid
force would pass through the centroid of the —

area (CG) and center of pressure (CP) coincide

with each other. h

h=h Y

i

x|
|
=

W ¥ W WY -
o o o o o o

-




Static Pressure

P2=Patm* P8O

Fatm=Patm X Area




Total Hydrostatic force (F) on Vertical Plane Surface:

Let a plane surface of area, A is immersed vertically (Figure) in a stationary liquid
of known specific weight, ® = pg and at a depth of h (for centroid of the syrface)
below free surface of the liquid. If P is the pressure intensity (variable) exerted by
the liquid in stationary condition on the one side of the plane. Further, the other
side of the plane is assumed to have atmospheric pressure. Then

. - lg ¥
F=pgxA h=—+%x =
Ax Z - .
5 - 7
F = Total hydrostatic force acting on plane surface F EG
Immersed vertically (N). ACP
X = Depth of centroid of plane surface below free Patm
surface of the ||C]U|d (m) Fig: Vertical submerged surface

A = Area of the plane surface (m?).
I.= Moment of inertia of the surface about
horizontal axis passes through centroid (G)

p = Density of liquid, (kg/m3).



Static Pressure

axis pasing through C.G. and
parallel to base (is)

dab=
12




Solved Numerical: Determine the hydrostatic force on the following triangular
plate that is submerged in water as shown.

Solution:

waters surface

¥=4/3=1.33m A:%:lzm2

F = pgxA =1000x9.81x1.33x12 = 156960 N

3 3
Ig = == ==—=10.667
= _lg | - =~ 10.667 _
h—Af+x h—12X1.33+1.33—2m



Static Pressure

Problem

v A plane surface is circular with a diameter of 2m. If it is vertical and
the top edge is 0.5m below the water surface, find the magnitude of the
force on one side and the depth of center of pressure.

» Solution: T o
D
=0.5 +?= 1.5m 05m
F=A *
D=2
F =9.810(l.5{%22) .
F =46.2kN /
h,=h +—
h
h =h + :
£ h A
h =1.5+\zD*164)\1.5x7D* /4
=15+ (@' 641 5x70° 19 -

hp =1.667m




Fluid Pressure: If the fluid is stationary , then the force exerted by the
surrounding fluid on the area dA will be perpendicular to the surface dA. If dF
Is the force acting on dA in normal direction then intensity of pressure or
pressure is given as

p = dF/dA
p = Force/Area | Unit: N/m2 known as Pascal (Pa)

Pascal’s Law: The pressure or intensity of pressure at a point in a static fluid is
equal in all directions.

Absolute pressure (P,,): The pressure which is measured with reference to
absolute vacuum pressure. In other words, it is measured above the absolute
zero or complete vacuum.

Absolute Pressure = Atmospheric Pressure + Gauge pressure
I:)ab = I:)atm +P

gauge



Gauge Pressure: It is the pressure which s
measured above the atmospheric pressure, I.e. Gauge Pressure
atmospheric pressure is taken as datum. It is
measured with the help of a pressure measuring 4
i Absolute VaaLm Pressys
instrument. - Kuum Fressi
A
Vacuum Pressure: It is defined as the pressure i
- atmospheric | Absolute Pressure
below the atmospheric pressure. P
Vacuum pressure = Atmospheric pressure —
Absolute pressure Absolute Zero

Example: What are the gauge pressure and absolute (complete vacuum)
pressure at a point 3 m below the free surface of a liquid

having a density of 1.53X 103 kg/m? if the atmospheric

pressure is equal to 750 mm /hg? The sp. Gravity of Hg is

13.6 and density of water is 1000 kg/m3



Solution : Depth of liquid Z1 = 3 m
Density of liquid p = 1.53 X 103 kg/m?
Absolute pressure head Z, = 750 mm Hg
po = Density of Hg = 13.6 X 1000 Kg/m3
Atmospheric Pr., p,m = po X g X Z,=13.6 X 1000 X 9.81 X .75
= 100062 M/m?
Pressure at depth of 3m from free surface,
Gauge Pressure, P=p, X g X Z;
= 1.53X1000X9.81X3 = 45028 N/m?
Absolute Pressure, = Gauge Pressure + Atmospheric Pressure

= 45028 + 100062 = 145090 N/m?



The pressure of a fluid is measured by following devices :
Manometers
Mechanical Gauges

Manometers: theses are used for measuring pressure at a point in a fliud by balancing the
column of fluid by the same or another column of fluid. They are classified as:

Simple manometers
Differential Manometers

Simple Manometers: It consists of a glass tube , having one of its ends connected to a point
where pressure is to be measured and the other end remains open to atmosphere. Common types
of simple manometers are:

Piezometer
U-tube manometer
Single column manometer



Pressure Measurement

Manometers
Simple Differential
Manometers Manometers
SO Double Piezometers
U-tube . .
s U-tube Differential
Manometer

Single Column
Manometer

Inclined Single
Column
Manometer

Manometer

Inverted U-tube
Differential Manometer

Micromanometer

Mechanical gauges

Diaphragm Pr. Gauge

Bourdon Tube

I Dead weight Pr. Gauge

! Bellows Pr. Gauge




Piezometer: Simplest form of manometer used for
measuring gauge pressures. One end of this manometer e
IS connected to the point where pressure is to be
measured and the other end is open.
pressure at A= p x g X h N/m?
p 1s density of liquid in piezometer.
g is acceleration of gravity.
h is height of liquid column(as shown in figure).




U-Tube Manometer: It consists of a glass tube bent in U shape, one J b2
end of which is connected to a point at which pressure is to be
measured and other is open to atmosphere.

The tube generally contains mercury or any other liquid whose
sp. Gravity is greater than sp. Gravity of the liquid whose pressure
IS to be measured.

Pressure at point B will be given as:
p = p,gh, - p,gh, (symbols have the usual meaning)

Example: The right limb of a simple u-tube manometer, containing Hg, is open to the
atmosphere while the left [imb is connected to a pipe in which fluid of sp. Gravity 0.9 is
flowing. The centre of pipe is 12 cm below the level of Hg in the right limb. Find the pressure
of fluid in the pipe if the difference of Hg level in the two limbs is 20 cm.



e
-
)
=
D)
e
)
0]
qe!
)

=
0]

=
a®)
-
q!
D)
e
)
0]
0P
)
[
al




Single column Manometer: It is a modified form of U-tube
manometer, in which a reservoir , having a large cross-sectional ~—=->—

e T

area as compared to the area of tube is connected to one of the “H _____
limbs of the manometer.

______________

Differential Manometer: These devices are used for measuring the difference of
Pressure between two points in a pipe or in two different pipes.
U Tube Differential Manometer: _
It consists of a u-tube, containing Sl ; AL S IRE2ES
a heavy liquid, whose two ends are . HEER
connected to the points, whose difference

X A

(a)Two pipes at different levels (b) A and B are at the same level



p, 1s density of liquid at A; p, Is density of liquid at B and p, is density of heavy liquid
or mercury

P, Is pressure at point A and P, is pressure at point A

In the given figure (a), pressure in the left limb is = p, g (h + X) + P,
Pressure in right limb = pggh + p,Qy + P,
Equating the two pressures, we get,
p19(h+x)+P,=pygh+p,gy +P,
Pa- Py =pggh +p,0y - p; 9 (h+X)

=hg (pg-p1) + P9y - P19 X
In the given figure (b), pressure in the left limbis = p, g (h + x) + P,

Pressure in right limb = p,gh + p, gx + P,



Pressure and its Measurement

Equating the two pressures, we get,

pggh+pgx+P,=p,g(h+x) +P,
P,- Po=py0h+p 0x-p;9(h+X)

= hg (pg- 1)
» Taking an example,

A differential manometer is connected at the two points A and B of two
pipes as shown in Fig. The pipe A contains a liquid of sp. gr. = 1.5 while
pipe B contains a liquid of sp. gr 0.9. The pressures at A and B are 1

kgf/cm?2 and 1.80 kgf/cm? respectively. Find the difference in mercury
level in the differential manometer. (1 kgf=9.81 N)

Sp.gr.= 1.5 >
e Pa =1 kgf/cm

EASE = —

— 2 Sp. gr.=0.9

Pa = 1.8 kgf /cm?




Solution: AtA'S; =1.5 p, =1500 Kg/m3
AtB S, = 0.9 p,=900 Kg/m?
P, =1 kgf/cm? = 1x10* kgf/m?
= 10%x 9.81 N/m?
P, = 1.8 kgf/cm? = 1.8 x 10 x 9.81 N/ m?
Density of Hg = 13.6 x 1000 Kg/m?
Taking X-X as datum line,
Pressure in left limb above x-x = 13.6 x 1000 x 9081 x h + (1500 x 9.81 x 5) + P,
= 13.6 x 1000 x 9.81 x h + (1500 x 9.81 x 5) + 10*x 9.81 N/m?



Pressure in right limb above x-x =900 x 9.81 x (h+2) + P,
=900 x 9.81 x (h+2) + 1.8 x 10*x 9.81 N/ m?
Equating the two pressures, we get,

13.6 x 1000 x 9.81 x h + (1500 x 9.81 x 5) + 10%x 9.81 =900 x 9.81 x (h+2) +
1.8 x 104 x 9.81

13.6h+75+10=(h+2)x.9+18
13.6h+17.5=0.9h + 1.8 + 18 =0.9h + 19.8

12.7h =2.3

h=0.181m Ans



Inverted U-Tube Differential Manometer: It consists of a inverted

U- tube, containing a light liquid. The two point are

connected to points whose pressure difference is to 3

be measured. = T
p, Is density of liquid at A; p, is density of liquid at B "

and ps is density of light liquid. £ }
P, Is pressure at point A and P, is pressure at point A .
Taking X-X as datum line,

In the given figure, pressure in the left limb below x-x is = P, - p,gh,

pressure in the right limb below x-x is = P, - p,gh, - p.gh




Pressure and its Measurement

O

Equating the two pressures, we get,
Pa-p19hy = Py-pygh,-pgh
Py - Py = p19hy - pygh; - pgh
Taking an example,

In Fig. an inverted differential manometer is connected to two pipes A

and B which convey water. The fluid in manometer is oil of sp. gr. 0.8.
For the manometer readings shown in the figure, find the pressure

difference between A and B. P —
N _OIlL OF
“ Sp.gr. 0.8




Solution: Sp. Gr. Of 0il = 0.8 i.e. p,=800 Kg/m3

Difference of oil in two limbs = (30+20) — 30 = 20cm

Taking X-X as datum line,

Pressure in left l[imb below x-x =P, 1000 x 9.81 x 30

=P,—2943

Pressure in right limb below x-x = P,— 1000 x 9.81 x 0.3 — 800 x 9.81 x 0.2
=P,— 2943 — 1569.6
=P, — 4512.6

Equating the two pressures, we get,

P,— 2943 = P,— 4512.6

P,. P,=4512.6 — 2943 = 1569.6 N/m?



Micromanometer: It is a combination of two | P+AP P |

___________ _|_______-_____-___.___-________l. -
single column manometers. This is used for T L """ o R T
measurement of very small pressure h r 2h
differentials or where the pressure differential || .+ |
IS to be measured with very high accuracy. R
Ot @

Mechanical Gauge

Bourdon Tube: The Bourdon tube is the namesake of Eugéne Bourdon, a French
watchmaker and engineer who invented the Bourdon gauge in 1849.

Bourdon tube pressure gauges are very common and are used to measure

medium to high pressures. They cover measuring spans from 600 mbar to
4,000 bar.



. . At
Bourdon tube is an elastic-element (—)
SECTION A-A

type of pressure transducer. It is Ae
relatively cheap and is commonly used dancy
for measuring the gauge pressure of both

CONNECTING
= s - MOVEMENT
gaseous and liquid fluids. SECTOR LINK
\rRA\/ELlNG
The Bourdon pressure gauge operates ANGLE
.. . SOCKET—

on the principle that, when pressurized,
a flattened tube tends to straighten or

- . . ) . PROCESS
regain its circular form in cross-section. PRESSURE

1 # # d #
C-Bourdon pressure element InstrumentationTools.com

The Bourdon tube comes in C, helical, and spiral shapes.



Types of Flow:

A fluid may be in static condition or in motion. For a fluid in static condition,
specific weight of the fluid plays an important role. But when the fluid is in motion,
various other fluid properties (velocity, density, pressure, temperature etc.) become
significant. The fluid flow is classified as:

Steady and Unsteady flows

Uniform and Non-uniform flows
Laminar and Turbulent flows
Rotational and Irrotational flows
Compressible and Incompressible flows



Steady and Unsteady flows

Steady flow: It is defined as that type of flow in which the fluid properties like
velocity, pressure, density etc. at a point do not change with time.

Mathematically, for steady flow

ov op ap
at_o at_o 6t_0

Example: Flow of an incompressible fluid (i.e. liquids) through a pipeline

Unsteady flow: It is defined as that type of flow in which the fluid properties like
velocity, pressure, density etc. at a point change with time.

Mathematically, for steady flow

ov o op

7 0 > 7 0 > 7 0

Example: Flow of compressible fluid (i.e. gas) through a pipeline

The flow in a pipe whose valve is being opened or closed
gradually.



Uniform and Non-Uniform flows

Uniform flow: It is defined as that type of flow in which the velocity of flow of a
fluid 1s constant at any section in the path of flow of the fluid.
Mathematically, for uniform flow

(52) =0
0s/ t=constant

where dv=change of velocity
ds= Displacement in any direction
Example: Flow of a liquid through a pipeline of uniform diameter.

Non-Uniform flow: It is defined as that type of flow in which the velocity of
flow of a fluid is different at different sections in the path of flow of the fluid.
Mathematically, for Non- uniform flow

ov
(—) £ 0
0s/t=constant

Example: Flow of a liquid through a pipeline of variable diameter.



Laminar and Turbulent flows
Laminar flow: A flow is said to be laminar if each particle fluid has a definite

path and the path of one particle does not cross the path of any other particle.

-
-
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-
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Laminar flow
Laminar flow is also called streamline or viscous flow. Such a flow can occur only

when the velocity of flow is low.
Example: Ground water flows, Flow of blood in veins and arteries, flow of

muddy water at a very low velocity through a pipeline, flow through a
capillary tube.



Turbulent flow: A flow is said to be turbulent if the fluid particle do not have a
definite path and the path of one particle crosses the path of other particles during

flow.
—'—_ﬂ\c; - S . >
G S -

Turbulent flow

In turbulent flow the fluid particles move in a zig-zag way. Turbulent flow is also
called Non-laminar flow. This type of flow occur when the velocity of flow is high.

Example: Flow of a liquid of low viscosity such as petrol through a
pipeline



Compressible and Incompressible flows:

Compressible flow: is the branch of fluid mechanics that deals with flows having
significant changes in fluid density is called compressible flow.

Incompressible flow: is the branch of fluid mechanics that deals with flows
having significant no changes in fluid density is called incompressible flow.

Rotational and Irrotational flows:

Rotational flows: Fluid particles rotate about their mass centre while moving in
the direction of flow. This flow is called rotational flow. Example: Forced vortex,

earth -
i = W/
Oy (O &) 2

Irrotational flows: The fluid pafticles do not rotate about their mass centre while
moving in the direction of flow. This flow is called irrotational flow. Example:

.I'J'" ml\ t\‘\-\.:-”-. 4 A o \

Free vortex, satellite, whirlpool in a river. ﬂ; O r/ ?;
by &
R A=t



Discharge (Rate of Flow):

It is defined as the quantity of a fluid flowing per second through a section of a pipe
or achannel. It is generally denoted as Q.

Consider a liquid flowing through a pipe.
Let A=Cross sectional area of the pipe
V= Average velocity of the liquid in perpendicular direction of cross-section
Discharge, Q =Area x Average velocity
Q = AV Cosa (md3/sec) vy ViCosa




CONTINUITY EQUATION:

It states that if no fluid is added or removed from the pipe in any length then the
mass passing across different sections shall be same. Continuity equation is based
on the principle of conservation of mass.

Consider two cross sections of a tapering pipe as shown in diagram.

Let Vv,= Average velocity at section 1-1
A,= Area of pipe at section 1-1
p,= Density at section 1-1

Direction
of Flow



CONTINUITY EQUATION:
and V, A, p,are corresponding values at section 2-2.
Total quantity of fluid (mass) passing through section 1-1= p, A,V,
Total quantity of fluid (mass) passing through section 2-2=p, A,V,
From the law of conservation of mass, we have

P1AV1=p, AV, --(1)
Equation (1) is called Continuity equation. It is applicable to the compressible (i.e.
gases) as well as incompressible (i.e. liquids) fluids.
For incompressible fluids p,= p,
So, from continuity equation (1), we get

AV =AV,



Flow of Fluids

CONTINUITY EQUATION: @

1. The diameter of a pipe at the sections 1-1 and 2-2 are 400 mm and 200 mm
respectively. If the velocity of water flowing through the pipe at section 1-1 is
5m/sec, find:

Discharge through the pipe.

\elocity of water at section 2-2
Solution: D,= 400mm , D,= 200mm, V,= 5m/sec,
Discharge = A,V,=-D,?x 5= 0.6284 m¥/sec.= A, V, D,=200mm,
V,= A,/0.6284=.03142/.6284=0.05 m/sec

D,=400mm,
V,=5m/sec




Oil flows through a pipeline which contracts from 450mm diameter at A to
300mm diameter at B and the branches into two pipes C and D. the diameter
of the pipe C is 150mm and the diameter of the pipe D is 200mm. If the
velocity at A is 2m/sec and that at D is 4m/sec, Determine

\elocity at section B

Discharge at D

Discharge at C

Velocity at C C

D5;=150 mm
A V,=?
B
D,=450mm
V,=2m/sec
D,=300 mm
V,=?
D,=200 mm
V,=4m/sec



Solution: At A: Diameter D,=450 mm=0.45 m
Area A,=0.159m?
V,=2m/sec

At B: Diameter D,=300 mm=0.30 m
Area A,=0.0707m?

At C: Diameter D;=150 mm=0.15 m
Area A;=0.0177 m?

At D: Diameter D,=200 mm=0.20 m
Area A,=0.0314m?
V, = 4m/sec

Apply Continuity equation:
AV =AV,



V,=(0.159X2)/0.0707=4.5m/sec.
Discharge through pipe D, Q,=A,V,
= 0.0314X 4=0.1256m?3/sec
Let Q5= Discharge through pipe C
Q; + Q= Q,
Q;+0.1256 = A,V,
Q,;+ 0.1256 = 0.0707 X 4.5=0.3182
Q5= 0.1926 m3/sec.
Qs=As V3
V3= 0.1926/0.0177=10.9 m/sec.




ENERGY OF AN IDEAL FLUID:

There are three types of energies or heads of flowing fluids:
Potential energy
Kinetic energy
Pressure energy

Potential energy: The energy possessed by a fluid particle by virtue of its position
Is called potential energy, Potential energy is due to position of fluid above some
suitable datum line.

Potential head iIs the potential energy of a fluid per unit of its weight. Potential head
Is also called datum head or static head. It is denoted as Z.

Let m= Mass of a fluid particle in Kg

Z= Height of the fluid particle above the datum line in metre.
Weight of the fluid particle=mg
Potential energy of the fluid particle in Nm=mgZ

Potential head of the fluid particlez’l—‘?gz =Z metre of the fluid



ENERGY OF AN IDEAL FLUID:

Kinetic Energy: The energy possessed by a fluid particle by virtue of its motion is
called kinetic energy.

Kinetic head or velocity head is the kinetic energy of a fluid per unit of its weight.
Let m= Mass of a fluid particle in Kg

V=velocity of flow of the fluid in m/sec.
Weight of the fluid particle=mg

Kinetic energy of the fluid particle in Nm:%mv2

Kinetic head or velocity head of the fluid particle= %mvzlmg:g meter of fluid



ENERGY OF AN IDEAL FLUID:

Pressure Energy: The energy possessed by a fluid particle by virtue of its existing
pressure is called Pressure energy.

Pressure head is the pressure energy of a fluid per unit of its weight.
Let W= Weight of the fluid particle

w= Specific volume of the fluid particle
Weight of the fluid particle=mg

Pressure energy of the fluid particle in Nm (Work done) = P x Volume =P X

w

p x¥

Pressure head fluid particle= WW = h= Depth of the horizontal pipeline below the
free surface of the liquid.




BERNOULLI’S THEOREM:

This theorem was given by Dr. Daniell Bernoulli’s in 1783. He was a Swiss
engineer. Bernoulli's theorem is a form of the principle of conservation of energy.

Bernoulli’s theorem states that for an incompressible fluid flowing from one section
to another in a continuous stream, the total energy of the fluid particle remain
constant.

Mathematically,
P, V?

— —+ Z= Constant
w 2g

Where = Pressure head

—= velocity head or Kkinetic head

N
Q <NEI“U

Z=Potential head



BERNOULLI’S THEOREM:
Assumptions:
The flow is ideal and incompressible
The flow is steady and continuous
The flow is one —dimensional i.e. along a stream line
The velocity is uniform over the section and is equal to the mean velocity.
No external force except force of gravity and pressure acts on the fluid.

LIMITATIONS OF BERNOULLI’S THEOREM :
Mean velocity of flow should be taken into consideration
Loss of energy due to pipe friction during flow of the liquid from one section to
another section iIs neglected .
Bernoulli’s equation does not take into consideration loss of energy due to
turbulent flow.
Bernoulli’s equation does not take into consideration loss of energy due to
change of direction.
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P_roblén:r -1 Wateris ﬂo{ving through a pipe of 5 cm diameter under a pressure of 29.43 Nfem*
(gauge) and with mean velocity of 2.0 m/s. F ind the total head or total energy per unit weight of the
water at a cross-section, which is 5 m above the datum line. . (e oo -

Solution. Given:

Diameter of pipe =5cm=0.5m
Pressure, 2 p =29.43 N/em® = 29.43 x 10* N/m® -
Velocity, ey =20m/s -
Datum head, o z=5m o |
Total head ' = pressure head + kinetic head + datum head
- 29.4 4 ,
Pressure head = p._ = 2 3>< 10 =30 - ) p for water = 1000 Lg_

_ pg  1000%9.81 | m’
Kinetic head LA _2lx-2, - =0.204m

| 2¢  2x981
Total head =P Y =30+0.201+5=35.204 m. Ans.
. pg 28 |
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Problem o Wateris flowing through a pipe having diameter 300 mm and 200 mm at !he bottom
and upper end respectively. The mrensrf_} of pressitre at the bottom end is 24.525 N/em® and the
pressure at the upper end is 9.81 Nfem?®. Dﬂenmne the difference in datum head if the rate of flow
through pipe is 40 [it/s. W @

Solution, Given: .D,=200mm
p; = 9.81 N/cm

Section 1, D,=300mm=0.3m 4
| p, = 24.525 Nfcm® = 24.525 x 10" N/m”
Section 2, D;=200mm=02m :
p,=9.81 Niem? =938l x 10* N/m? 2 (E = 300 i
Rate of flow = 40 litfs 1 T py=24.525 N.-*c'.m:_
1
40 . - L o
or o = T000 = 0.04m%s DATUM LINE
Now AV, =A,V, =rate of flow=0.04 . Fig. 64
' V, = '2‘4' = #.04 - Eu.m ~ =0.5658 ms
I _Dz.' - {}.3 .
| 4. 4f )
- Sz 0S66mis T
v2='“4_. BN SR

A, LT
3 (D;) 2 (0-2}
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Appl}fmg Bt:rnmﬂh 5 equahnn at ( 1) an-::i (2), we get -

.. V: r--'VJ, ey
ﬂ+ MRS qﬁ-r =tn

ps 28 - PS 28

24525%10° 566 *’*555;, _ 98Ix10° (1 2?4}

-u‘.l

r -+ = S SRR LT
-Iﬂl]ﬁ_xQ.Sl 2x981 1000:-:981 2x981 %

| 2532+z]-"11523+32 'L AR

R 2 =2532-11.623 =13, 697 = 13. ?{]m -
leferencem datum head nz' —-2Z -13 70 m. Ans. o
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VENTURIMETER:

The principle of venturimeter is that when a fluid flows through the venturimeter, it
accelerates In the convergent section and decelerates in the divergent section,
resulting In a drop In the static pressure followed by a pressure recovery in the flow
direction.

1 Converging Throat

Upﬁtream__g__ _Downstream

Diverging Cone

Manometer




VENTURIMETER:

The principle of venture meter is firstly developed by G.B. Venturi in 1797 but this
principle comes into consideration with the help of C. Herschel in 1887. Its basic
principle also depend on Bernoulli’s equation and continuity equation. Velocity
Increases pressure decreases.

Simple meaning is “When cross sectional area of the flow Is reduces it creates
pressure difference between the different areas of flow. This difference in pressure is
measured with the help of manometer and helps in determining rate of fluid flow or
other discharge from the pipeline.”

Main parts of Venturimeter:-
Converging part
Throat
Diverging Part



Converging Part:

It is starting section of venturimeter which attached at inlet pipe. The cross-sectional
area of this cone starts to decrease, and the converging angle is 20 degree. Its length
Is 2.7(D-d). Here (D) is the diameter of inlet section and (d) is the diameter of throat.
Other end of converging is attached with throat.

Throat: Throat is middle portion of venturimeter, and its cross-sectional area is too
small. At this point pressure is decreases and velocity is increases. One end relates to
converging part and other end is attached with diverging part. Diameter of throat is
Y4 to ¥ of the diameter of the inlet pipe, but mostly it is %2 of the diameter of the
pipe.

Diverging part: Diverging part is last part of venturimeter and its cross-sectional
area Is increases continually. Angle of diverging part is 5 to 15 degree. Its cross-
sectional area continuously increases. One end is connected to throat and other end
IS connected to outlet pipe. The main reason behind the low diverging angle is to
avoid the formation of eddies because flow separation and eddies formation will
results in large amount of loss in energy.



Expression for the rate of flow through venturimeter:-

Let d;, p;, V; & @;, are the diameter at the inlet, pressure at the inlet, velocity at the
Inlet and area at the cross section 1.

And d,, p,, vV, and a, are the corresponding values at section 2.

Applying Bernoulli's equation at sections 1 and 2
LS v +7=22 4 45 +/Z
pg 29 Pg 24

As the pipe is horizontal, so Z,=2,

P. Vv?: p. V.72

L 41 =_2 42
pg 29 pg 2g
Pl - PZ - sz - V12 _______________ (1)
pg pg 29 24
Therefore
P

p—; - g—; Is the difference of pressure heads at section 1 and 2 and it is equal to h. So,

substituting this value of h in equation (1), we get



Expression for the rate of flow through venturimeter:-

v
h= 2 " 20 (2)
Now applying continuity equation at section 1 and 2
A V=AY,
—AZVZ
V= n
Substituting this value of V, in equation (2) and solving, we get
_ J2gh
VE M T

Discharge Q=A,V,
Substituting this value of V, in above equation and solving, we get

_ V2gh
Q=M o



Q Is the theoretical discharge under ideal conditions. Actual discharge will be less
than the theoretical discharge. The actual discharge is given by the formula

Q= CoAA, P

Where C, is the coefficient of venturimeter, and its value is less than 1.
Expression of ¢h’ given by differential U-tube manometer:
Case 1:The liquid in the manometer is heavier than the liquid flowing through the
pipe. h., = difference of the liquid columns in U tube
h:hm[%-l] where S, : Specific gravity of the heavier liquid

S, : Specific gravity of the flowing liquid
Case 2: The liquid in the manometer is lighter than the liquid flowing through the
pipe.
h=h_[1- %] where S, : Specific gravity of the lighter liquid
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Problem®™™  An oil of sp. gr. 0.8 is flowing through a venturimeter having inlet diameter 20 em
and throat diameter 10 cm. The oil-mercury differential manometer shows a reading of 25 cm. Ca!cu
late the discharge of oil rhn:mgh the fz.:rnzﬂnmt' venturimeter, Take Cy = (0.98. .
Solution. Given : AT |
Sp. gr. of oil, S, = II}.B
~ Sp. gr. of mercury, §,=13.6
~ Reading of differential manometer, x=25cm

. Difference of pressure head, h = x [i; E lil At e

_25 [—1{?—;-—1] cmnfml—25[i?—l] 4Dﬂcmofmi
'Di.'a..:;u'mlet, - d -ED-¢m L |
a,__d-_—- 2ﬂ2~3]416cm
4 4

d;! = l[} cm -
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§ n T 5 1T M
a= 4&,1..Ex2n1-u31415cm
-dz-.lt}cm |
-az-_leﬂl—?Eﬂcm

o,

v__th 098 IR, A
The discharge Q is given by gquatml_n (6,'8)_- -

'III 1 _Tﬂl : .' _ .: reh -l-" . WS Yo e Ty A
31415}:?8 54

' ,ﬁxgmxmﬂ
1} :3141«5.)1 - (78.54)? |

_ 2142137568 '_214213?563 ni";s'-'-"-'-'?
98696 -6168 ~ 304

 =70465 cm’/s = 70.465 litres/s. Ans. it

or : Q=Cy-

.—-093
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Problem®™8 A 30 cm x 15 cm venturimeter is inserted in a vertical pipe carrying water, flowing
in the upward direction. A differential mercury manometer connected to the inlet and throat gives a
reading of 20 cm: Find the discharge. Take CJ = (.98.

Solution. Given:

Dia. at inlet, =30cm
RS o ﬂ:—— (3'3}3:3‘1’? 85em’

Dia. at throat, dy=15cm
| a,= g (15 = 176.7 cm®

§iés 136 =% .

h=x e =20 —]—lj—-lﬂ =20 x 12.6 = 252.0 cm of water
C,;=098 |
Discharge, Q=C, %x 2eh
' B yay —ay
= 0.98 x —00BIXTOT 3% 98Ix 252
' J(706.85)* —(176.7)°
86067593.36 _ 86067593.36

T JA096363-3122298 6844
= 125756 cm’s = 125.756 lit/s. Ans.




Orifice Meter:
Orifice meter: is a device used for measuring the rate of flow of a fluid flowing
through a pipe.
It Is a cheaper device as compared to venturimeter. This also work on the same
principle as that of venturimeter.
It consists of flat circular plate which has a circular hole, in concentric with the
pipe. This is called orifice.
The diameter of orifice is generally 0.5 times the diameter of the pipe (D),
although it may vary from 0.4 to 0.8 times the pipe diameter.
Let
D, = diameter at section 1,P, = pressure at section 1, V,; = velocity at section 1,
A, = area at section 1.

Similarly D, = diameter at section 2,P, = pressure at section 2, V, = velocity at
section 2, A, = area at section 2.
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2D D2 Vena contracta

Ny ~
P -~

Orifice 2

N

\

/

Direction
of flow

V! Differential manometer




Applying Bernoulli's equation at sections 1 and 2
2 2
i + V_l + /= & + V_Z +/
pg 29 pg 29
As the pipe is horizontal, so Z,=Z,
Pl + V12 = P2 + VZ2
P9 29 pg 24
P P, _V}? V?

1 _ 2 —=_2 __1 e (1)

Pg P9 29 29

Therefore

i - 5—; IS the difference of pressure heads at section 1 and 2 and it is equal to h. So,

substltutlng this value of h in equation (1), we get
_Vv: ov?
=25 "2 T (2)
V,=/2gh + V2

Where h is the differential head.




Let A, Is the area of the orifice.

Coefficient of contraction, C= %

Now applying continuity equatio% at section 1 and 2
AV =AV,
CcAy Cchoy,

Al
J2gh

2

2
1-482C,

V=

Hence V,=

Thus Discharge, Q=A,V,=C.A,V,= CA, V2gh

1-Ao o2

Q=AA FZ_ZV Is called theoretical discharge.
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- FRmTesL SaLwAL A AL GV W lAWALE BRI .

Problem:. - Angrifice meter with orifice a'mme!er / O cm is mserfed in a pipe of 20 cm d:amerer
The pre.rsure gﬂuges fi Hed’ upstream and danus:ream af the anf ice meter gives read;ngr of
19.62 N/eni® and 9.81 N/em? respectively. Co- eﬁ” cient of ducharge far rhe meter is given as 0.6. Find
the discharge of water through p;pe . : :

Solution. Given:

Dia. of'uriﬁce,_ .dﬂ =10¢ cm
F_A_n:a,' o n=— (10)3-73 54cm
Dia. of pipe, | dy=20cm
Afea,- LT TR L al-—-(ZO)z—BM lﬁcm
'- | p,_19 62 Nfem? -weleo“wm
= 1962 104 =20 m of water
pg - 1000 x 9.81
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981x10*

Similarly p2= - =10 m of water
eyl S 1000:{9.31 -
h=21_ P2 _ 20.0 - 10. {] 10 m of water = 1000 cm of water
P8 P8 Mot |
Cy=0.6
The dlscharge Qis gwen by equatmn (6. 13)
Q=Cdﬂ‘*—x 23;1
i 2 O X et X128 Jngslxmoo
o \(31416) = (78.54)%.
Lo _ 2073;?;’3 09 | -68213 28 cm3fs-- 68.21 litres/s. Ans.
L ; P R T 12 1o
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Problem: * An orifice meter with orifice diameter 15 cm is inserted in a pipe of 30 cm diamet
The pressure d:ﬁ’erence measured by a mercury oil differential manometer on the two sides of
orifice meter gives a reading of 50 cm of mercury. Find the rate of ﬂaw af oil of sp. gr. 0. 9 when
co-efficient of discharge of the meter 0 64 |

~Solution. Given :

- Dia. of orifice, o do lScm B
. Area, | _'ao_a- (15) - 1767 cm’
Dia.of pipe, d,=30cm
- Area, R a, = E:'_:(Sb')z = 706.85 cm?
Sp. gr. of oil, - 5,=09 |

Reading of diff. manometer, x =50 cm of mercury
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Problem: An orifice meter with orifice diameter 15 cm is fﬂsei?ed in a pipe of 30 cm diamet
‘The pressure difference measured by a mercury oil differential manometer on the two sides of .
orifice meter gives a reading of 50 cm of mercury. Find the rate of flow of oil of sp. gr. 0.9 when .

co-efficient of discharge of the meter = 0.64.
Solution. Given: RSP RS Bl

- Dia. of orifice, | dy=15 cm ,_
Area, | | @y = -35 (15)% = I'.:i’ﬁ.'? cm?
Dia. of pipe, | S d; =30 cm
©oAra, - a= l}- (30)% = 706.85 cm?
Sp. gr. of oil, . §,=09

Reading of diff. manometer, x =50 cm of mercury

: o v [ 136 7. .
Differential head, h=x|—-1|=50|—-1 cm of Qil _
' , S, 09 : _
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- —50xl411-7055cmofml -
' | o Cd 0. 64 R EEER
The rale of the flow Q is gwen equauon (6 13)

-

H 0 54 176770685 _ x-Jz-x_ 98T -705'.5..?::. 2

J(?Oﬁ 85)’ —_(1‘76 7)

940::2:7 78- = 137414 25 cm ls = 137 414 litres/s. Ans




Pitot Tube:

Pitot Tube is a device used for measuring the velocity of flow at any point in a pipe or a
channel.

Principle: If the velocity at any point decreases, the pressure at that point increases due
to the conservation of the kinetic energy into pressure energy.

In simplest form, the pitot tube consists of a glass tube, bent at right angles.

Let P,= Pressure at section 1
P,= Pressure at section 2
V= Velocity at section 1 o
V,= Velocity at section 2 I h
H= depth of tube in the liquid
h=rise of liquid in the tube above
the free surface H
Point 2 is just at the inlet of the pitot tube
Point 1 is far away from the tube 1




Applying Bernoulli's equation at sections 1 and 2
PV 2 vy Z— + Y 2 Va7
pg 2g pg 2g

As the pipe is horizontal, so Z,=Z7,

Pl + V12 —_ P2 + VZZ
P9 29 pg 29

5—;: Pressure head at section 1= H

ﬁ—;: Pressure head at section 2= h + H

Substituting these values, we get

V 2
+ — =h+H
29

V,=./2gh is called theoretical velocity.
Actual velocity Ve = Ci/2gh where C, is known as Coefficient of velocity
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~Velocity of flow in a pipe by pltot-tube. For finding the velocny at dny pomt in a pipe by pnot-
tube the followmg arrangements are adopted .

1. Pitot-tube along with a vertical plezometer tube as shown in F1 g

2. Pitot-tube connected with piczometer tube as shown in Fig. . .

3. Pitot-tube and vertical piezometer tube connected wnh a dlffcrentlal U-tube manometer as shown

inFig.| .

PIEZO 'METER -}{- . PITQT-TUBE -

——— — ——
— — — — —

————— —

————— — — — — — —

— . —— e — — — — — —

— e S S — — — —




4. Pitot-static tube, which consists of two circular concentric tubes one inside the other with some

annular space ]m between as shown in Fig. 6.17. The outlet of these two tubes are connected to the
differential manometer where the difference of pressure head ‘A’ is measured by knowing the difference

S.-
of the levels of the manometer liquid say x. Then h=x [—;’4 - 1].
- ) - . - o .. ‘ .
Problem A pitot-static tube placed in the centre of a 300 mm pipe line has one orifice point-
ing upstream and other perpendicular to it. The mean velocity in the pipe is 0.80 of the central
velocity. Find the discharge through the pipe if the pressure difference between the two orifices is

60 mm of water. Take the co-efficient of pitot tube as C; = 0.98.
Solution. Given: o

Dia. of pipe, d=300mm=030m

Diff. of pressure head, h = 60 mm of water = .06 i of water
C.=0.98 Cinr

Mean velocity, i V = 0.80 x Central velocity e

Central velocity is given by equation (6.14) |
' = C, \2gh =098 x /2x9.81x.06-=1.063 m/s
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V =0.80 x 1.063 = 0.8504 m/s

Discharge, =~ Q= Area of pipe x V
| _‘Zdz ( 30) % 0.8504 = 0.06 m*s. Ans.
Problem  F md the velocity of the flow of cm ml rhraugh a pzpe, when the dtﬁ'erence of mercury

level in a differential U-tube ‘manometer connected to the two tappmgs of the p:rot-rube xs 100 mm.
Take co-efficient of pitot-tube 0.98 and sp. gr. of 01! =08.
- Solution. Given: . |

Diff. of mercury level, = 100 mm = 0 1 m
Sp. gr.of oil, - Sa 0.8
Sp.gr.of mercury, . §,=13.6
. C,=098
: s 13.6 . . i
Diff. of pressure head, h=x|—-1|= 1 —-1 -_--1.6mof011- ;
e e So 08 _

Velocityof flow _~~=C, J2gk = 0.98 JIX98IX16 = §-f!?'?i_f§__é£'§-_ iy
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Problem - A sub-marine moves horizontally in sea and has its axis 15 m below the surface of

water. A pitot- rube properly p!aced Justin  front of the sub-marine and along its axis is connected to
“the two limbs of a U-tube containing mercury. The difference of mercury level is found to be 170 mm.

Find the speed of the sub-marine knowing that the sp. gr. of mercury is 13.6 and that of sea-water is

1.026 with respect of fresh warer L SRR -~ (AMIE, “Wmtc_r, 1975)
Solution. Given: Sy AN I b
Diff. of mercury level, x=170mm=0.17m
- Sp. gr.of mercury, - S,=13.6 B
-Sp. gr. of sea-water, - .5,=1.026 PR R
h=x|{-X-1|= 017[39--1] _2.0834m
| .S',p o 1.026
V= 1/23 J2x981x20834 6.393 m/s .
6393 X 60 x 60

]-. 2 . . .
1000 m/hr 3.01 km/hr Ans )




Chapter 5: Impact of Jet

Impact of Jet:

A jet of water issuing from a nozzle has a velocity and hence it possesses a
Kinetic energy.

If this jet strikes a plate, then it is said to have an impact on the plate. The jet will
exert a force on the plate which it strikes. This force is called a dynamic force
exerted by the jet.

This force is due to the change in the momentum of the jet because of the impact.
This force is equal to the rate of change of momentum i.e.,

The force is equal to (mass striking the plate per second) x (change in velocity).



Impact of Jet

Impulse Momentum Principle:

The impulse-momentum theorem states that the change in momentum of an
object equals the impulse applied to it.

The impulse-momentum theorem is logically equivalent to Newton's second law
of motion (the force law).

From Newton's 2nd Law: F=ma=m(V,-V,)/t

Impulse of a force is given by the change in momentum caused by the force on
the body.

Ft = Impulse= mV; — mV, = Initial Momentum — Final Momentum
Force exerted by jet on the plate in the direction of jet, F =m (V,-V,) / t

= (Mass / Time) (Initial \elocity — Final Velocity)

=(pQ) (V1 - V) =(paV) (V.- V,)
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Force Exerted By Fluid Jet On Flat Plate:

The following cases of the impact of jet, i.e. the force exerted by the jet on a plate
will be considered:

Force exerted by the jet on a stationary plate
Plate is vertical to the jet
Plate is inclined to the jet
Plate is curved

Force exerted by the jet on a moving plate

Plate is vertical to the jet
Plate is inclined to the jet
Plate is curved
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Force exerted by jet on vertical plate.
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Force Exerted By Fluid Jet on a Stationary vertical Flat Plate:
The force exerted by the jet on the plate in the direction of jet.

F, = Rate of change of momentum in the direction of force=(initial
momentum — final momentum) /time

= (mass x Initial velocity — mass x final velocity) / time

= mass/time (initial velocity — final velocity)

= (density x discharge ) x (velocity of jet before striking) x (velocity of jet

before striking — final velocity of jet after striking)

=(p Q) (V,—V,)=(paV) (V-0)=(paV?) (because V,= zero)
Work done by the jet on a flat stationary plate = force x distance in the direction
of force /time = F, x zero=zero

Kinetic energy of the jet= %2 mV?=%: pAV3

Efficiency of the jet = work done by the jet / kinetic energy of the jet= zero



Impact of Jet

Jet striking stationary inclined plate.
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Force Exerted By Fluid Jet on an inclined fixed Plate:
The force exerted by the jet in a direction normal to the plate.

F., = Rate of change of momentum in the direction of force=(initial
momentum — final momentum) /time

= mass/time (initial velocity — final velocity)
= (density x discharge ) x (velocity of jet before striking) x (velocity of jet
before striking — final velocity of jet after striking)
=(p Q) (V,—V,) = (paV) (VsinB-0)=(paV=sinb ) (because V,= zero)
The force exerted by the jet in a direction of the flow= F,= F_sin6 = paV?2sinZ0

The force exerted by the jet in a direction normal to flow= F = F.cosb = paV?sin0
cosO= (paV2sin20)/2

Work done by the jet on a flat stationary plate = force x distance in the direction of
force /time = F, x zero=zero

Kinetic energy of the jet= %2 mV?=% pAV3
Efficiency of the jet = work done by the jet / kinetic energy of the jet= zero



Impact of Jet
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Q1) Find the force exerted by a jet of water of diameter 75 mm on a stationary flat plate,

e Problems:

when the jet strikes the plate normally with a velocity of 20 m/s.
Solution: Given:

i) Diameter of jet, d =75mm =0.075mm
i) Area, a — Edﬂ - %(0.075)2 — 0.004417m?

iiii) Velocity of jet, v=20m/s

The force exerted by the jet of water on a stationary plate is given by,

F = pav’

F = 1000 x 0.004417 % 20° = 1766.8N
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Q2) A jet of water of diameter 50 mm strikes a fixed blade in such a way that the angle
between the plate and the jet is 30°. The force exerted in the direction of jet is 1471.5N.

Determine the rate of flow of water.

Solution:
Given:
i) Diameter of jet, d = 50mm = 0.05m

i) Area, @ = % % (0.05)% = 0.00163m?

iii) Angle,d = 30°
iv) Force in the direction of jet,

F, = 1471.5N

As force is given in (N), p should be taken equal 1000 kg,:’m?'

+.1471.5 = 1000 x 0.001963 x v* x sin? 30

150
2
— =2 _ 3000
Y = 0.05

v = +/3000 = 54.77Tm/s

Discharge, Q = Area x velocity

Q = 0.001963 x 54.77 = 0.1075m?*/s
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Force Exerted By Fluid Jet On a Moving vertical Flat Plate:
Consider a jet of water coming out from the nozzle strikes the vertical plate.
V = velocity of jet, d = diameter of the jet ,A = area of x-section of the jet

-.Mass of water striking the plate per second

=pAxvelocity with which jet

strikes the plate Nl i

- pANV-u) R oy e |

Now, impact of water jet on e

moving plate in the direction | (vl)
Of Jet’ Impact of jet on moving flat plate

F.=(Mass of jet strikes/sec) x[Initial relative velocity of
jet-Final relative velocity of jet in the direction of jet]

= PAV —u)x|(V — )~ (u—u))

S F. = pA(V —u)
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Work done by the jet on a flat moving plate = force x distance in the direction of
force /time = F, x u= pA(V-u)?x u

Efficiency of the jet = work done by the jet per second / kinetic energy of the jet per
second

Kinetic energy of the jet= %2 mV?= % pAV?3
Hydraulic efficiency n= work done by the jet/ kinetic energy of the jet
= pA(V-u)?x u/ %2 pAV3



Impact of Jet

Force Exerted By Fluid Jet On a Moving inclined Flat Plate:
Consider a jet of water coming out from the nozzle strikes the vertical plate.
V = velocity of jet, d = diameter of the jet ,A = area of x-section of the jet

Lo
/ 7

, ,

() in®

(V'\.O | FB :Fh Ce 8O

Consicey o th SHk apy o intivd  plete mou;ng
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Force Exerted By Fluid Jet on a moving inclined Plate:

Let the velocity of the jet and the vane be V and u in the same direction. Let the
angle between the jet and the plate be 0. In this case mass of liquid striking the plate
per second = pa (V —u)

Relative velocity normal to the plate before impact = (V —u) sin 0

Relative velocity normal to the plate after impact =0

= Force exerted by the jet normal to the plate

F. = Rate of change of momentum in the direction of force=(initial
momentum — final momentum) /time = (mass X initial velocity — mass
x final velocity) / time

F.=pa(V—-u)|[(V-u)sin6-0]
~ F, = pa (V —u)? sin 6 Newton
The force exerted by the jet in a direction of the flow= F,= F_sin6 = pa (V — u)? sin“0

The force exerted by the jet in a direction normal to flow= F,= F cos0 = pa (V — u)?
sinf cosO= (pa (V — u)? sin260)/2
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Problems:1 A jet of water of diameter 10 cm strikes a flat plate normally with a
velocity of 15 m/sec. The plate is moving with a velocity of 6m/sec in the direction
of the jet and away from the jet. Find:(1) the force exerted by the jet on the plate

(2) Work done by the jet on the plate per second (3) Find the power and efficiency
of the jet.

Solution: (1)diameter of jet d=10cm=0.1m
Area a=3.142 d?= 0.007854m?
Velocity of jet V= 15m/sec
Velocity of the plate u=6m/sec
F.= pa (V-u)?=1000x .007854 X(15-6))N=636.17N
(2) Work done per second by the jet
=F, Xu=636.17 x6=3817.02Nm/sec.
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(3) Power of the jet in kW= work done per second/1000=3817.02/1000=3.817kW

Efficiency of the jet (n)= work done by the jet per second / kinetic energy of the jet
per second
Kinetic energy of the jet= % mV?= % pAV3= 1, x 1000 x.007854

X153=13253.6Nm/sec
Hydraulic efficiency n= work done by the jet/ Kinetic energy of the jet
=3817.02/13253.6=0.288=28.8% Ans.
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Problems:2 A 7.5 cm diameter jet having a velocity of 30 m/sec strikes a flat plate,
the normal of which is inclined at 45° to the axis of the jet. Find the normal pressure
on the plate: (1) when the plate is stationary (2) when the plate is moving with a
velocity of 15 m/sec, and away from the jet. Also determine the power and
efficiency of the jet when the plate is moving.

Solution : diameter d= 7.5 cm= 0.075m
Area =a= 3.142 x (0.075)?= 0.004417m?
Angle between the jet and plate 6= 90°9-45°=450
Velocity of jet, V=30m/sec
When the plate is stationary, the normal force on then plate is
F_= pav?sin 6 =1000 x0.004417 X302 xsin45=2810.96N

(2) When the plate is moving with a velocity of 15 m/sec and away from the jet,
the normal force on the plate is given by

F = pa(V-u)?sin 6 = 1000 x0.004417 x(30-15)? Xsin45=702.74 N
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(3) The power and efficiency of the jet is obtained as :

Work done by the jet per second =F, X u=F,_sin 8 X u= 702.74 X sin45 X
15=7453.5Nm/sec

Power in kW= 7453.5/1000=7.453kW

Efficiency of the jet (n)= work done by the jet per second / kinetic energy of the jet
per second

Kinetic energy of the jet= %2 mV?= % pAV3= 14 x 1000 x0.004417 x303
Hydraulic efficiency n= work done by the jet/ kinetic energy of the jet
=0.1249=12.5%
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Jet Striking a Symmetrical Curved Vane at Rest, at the Centre of the Vane:

In this case the jet after striking the vane at the center gets divided into two identical
jets leaving the vane at the outer tips, with the velocity having the same magnitude
as that of the striking jet if no resistances are offered by the vane.

FIXED
CURVED
PLATE
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The force exerted by the jet on the plate in the direction of jet.

F, = Rate of change of momentum in the direction of force=(initial momentum —
final momentum) /time

= (mass x initial velocity — mass x final velocity) / time
= mass/time (initial velocity — final velocity)
= (density x discharge ) x (velocity of jet before striking) x (velocity of jet
before striking — final velocity of jet after striking)
=(pQ) (V. —-Vy) =(paV) (V-(-V cost)=(paV?) (1+cosb)
For the particular case, when the vane is flat, 6=90%and F.= (p a V?)

It is clearly seen that force exerted by the curved vane is greater than the
force exerted by the flat plate.

For another case, when the vane is semicircular , 6=0°and F,= (2p a VV?)

In this case, force exerted by the curved vane is two times that of the force
exerted by the flat plate.
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Jet Striking a Symmetrical Curved Vane at Rest, at the tip of the Vane:

In this case the jet after striking the vane at the center gets divided into two identical
jets leaving the vane at the outer tips, with the velocity having the same magnitude
as that of the striking jet if no resistances are offered by the vane.

AVsing

The force exerted by the jet on the plate VRN R cumven
. . . . A* PALTE
In the direction of jet. \F, "

F, = Rate of change of momentum in the direction

of force=(initial momentum — final momentum) /time |
=(p Q) (V;—V,)=(paV) (Vcosd-(- V cos)) TN AAA,
=(2paV?) (cosb)
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Jet Striking an Unsymmetrical Curved Vane at Rest, at the tip of the Vane:

In this case the jet after striking the vane at the center gets divided into two identical
jets leaving the vane at the outer tips, with the velocity having the same magnitude
as that of the striking jet if no resistances are offered by the vane.

AVsin®

\'}
»
0

The force exerted by the jet on the plate Vcos §
In the direction of jet. \F,

" CURVED
» PALTE

F, = Rate of change of momentum in the direction
of force=(initial momentum — final momentum) /time bt (/
=(p Q) (V,-V,)=(paV) (V cosd-(- V cosd)) Yy 74
=(paV?) (cosb+ cosd) o
F,= (paV?) (sinb - sing)
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A jet of water of diameter 50 mm moving with a velocity of 40 m/s, strikes a curved
fixed symmetrical plate at the centre. Find the force exerted by the jet of water in the
direction of the jet, if the jet is deflected through an angle of 120° at the outlet of the
curved plate.

Solution:
Given:

i) Diameter of jet, d = 50mm = 0.05m
i) Area, @ = "';;(0.01:;)2 — 0.001963m>

iii) Velocity, v=40m/s

.. To find 8, use equation
180 — @ =given angle
180 — 8 =120

s, 0 =180 — 120 = 60°

. F, = pav?[1 + cos§]

F, = 1000 x 0.001963 x 402 x [1 + cos 60°]
F, = 4711.5N
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A jet of water of diameter 75 mm moving with a velocity of 30 m/s, strikes a curved

fixed plate tangentially at one end at an angle of 30° to the horizontal, the jet leaves the
plate at an angle of 20° to the horizontal, find the force exerted by a jet on the plate in the
horizontal and vertical direction.

Solution:Given:

i) Diameter of jet, d =75mm = 0.075m

i) Area, @ = g x (d?)

a= g x (0.075)2 = 0.004417m?

iii) Velocity, v=30m/s

iv) Angle made by the jet at inlet tip with horizontal, # = 30°

v) Angle made by the jet at outlet tip with horizontal, ¢ = 20°
- F, = pav®[cos § + cos ¢

F, = 1000 x 0.004417 x 30% x [cos 30° + cos 20°]

F, =T7T178.2N

F, = pav*[sin§ — sin ¢

F, = 1000 x 0.004417[sin 30 — sin 20| x 30?

F, = 628.13N



Impact of Jet

Jet Striking a Symmetrical Curved moving vane, at the centre of the Vane:

In this case the jet after striking the vane at the center gets divided into two identical
jets leaving the vane at the outer tips, with the velocity having the same magnitude
as that of the striking jet if no resistances are offered by the vane.

The force exerted by the jet on the plate (V-u)_ (V-u)sin®
In the direction of jet.
F, = Rate of change of momentum in the direction N

(V- u) cos'®

of force=(initial momentum — final momentum) /time

=(p Q) (Vi=Vy) =pa (V-u) ((V-u-(V-u)cosb) -
=pa (V — u)? (1+cos0) 7 ’
Work done by the jet on a flat moving plate bl

= force x distance in the direction of force /time E

— — —u? OVING CURVED
F, x u=pa (V —u)? (1+cos)x u i
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Problem 17.14 A jer of water of diameter 7.5 cm strikes a curved plate at its centre with a
velocity of 20 m/s. The curved plate is moving with a velocity of 8 m/s in the direction of the jet. The
Jjet is deflected through an angle of 165°. Assuming the plate smooth find :
(i) Force exerted on the plate in the direction of jet, (ii) Power of the jet, and (iii) Efficiency of the jet.
Solution. Given :

Diameter of the jet, d=7.5cm = 0.075 m

- Area, a= ; (.075)% = 0.004417
WVelocity of the jet, V=20 m/s

WVelocity of the plate, u= 8 m/s

Angle of deflection of the jet, = 165°

.. Angle made by the relative velocity at the outlet of the plate,
0= 180" — 165° = 15°.
(i) Force exerted by the jet on the plate in the direction of the jet is given by equation (17.17) as
= F_ = pa(V — u)? (1 + cos )
= 1000 x .004417 x (20 — 8)? [1 + cos 15°] = 1250.38 N. Ans.
(ii) Work done by the jet on the plate per second
= F,xu=1250.38 x 8 = 10003.04 N m/s
10003.04

.. Power of the jet = ——— = 10 kW. Ans.
1000
W .
(iii) Efficiency of the jet = Output _ _ Work done by jet/sec
Input Kinetic energy of jet/sec
125038 x8 1250.38 x 8

%(paV)x v? %xl()(}(}x-(]ﬂtull‘?x v?

- 125038 %< 8 = 0.564 = 56.4%. Ans

» 1000 x 004417 x 207

1
#
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Problem 17.15 A jetr of water from a nozzle is deflected through 60° from its original direction by

a curved plate which it enters tangentially without shock with a velocity of 30 m/s and leaves with a

mean velocity of 25 m/s. If the discharge from the nozzle is 0.8 kg/s, calculate the magnitude and

direction of the resultant force on the vane, if the vane is stationary.
Solution. Given :

Velocity at inlet, V, =30 m/s
Velocity at outlet, V, =25 m/s
Mass per second = 0.8 kg/s
Force in the direction of jet,
F_ = Mass per second X (V, — V,)) e
where V. = Initial velocity in the direction of x Orlghnel dicaciion
= 30 m/s of jet
V,, = Final velocity in the direction of x Fig: 1723 (2)
1

= 25 cos 60° = 25 x =3 = 12.5 m/s

F,.=0.38[30 - 12.5] = 0.8 x17.5 =140 N
Similarly, force normal to the jet,
F, = Mass per second X< (V,, — V,))
= 0.8 [0 —-25sin 60°] = - 17.32 N

—ve sign means the force, F, is acting in the vertically downward direction.

.. Resultant force on the vane = \/F:r2 — F;,z = \/142 +(—17.32)> = 22.27 N. Ans.
The angle made by the resultant with x-axis

F, _ —1732
F. 140

X
—ve sign means the angle O is in the clockwise direction with x- axis as shown in Fig. 17.13 (a)
: 6 = tan ' 1.237 = 51° 2.86". Ans.

tan 6 = = —1.237
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Direct Impact of a Jet on a Series of Flat Vanes Mounted on the Periphery of a Large

Whee| . In this case, a number of flat plates are radially mounted over a wheel. The wheel is supported
over a shaft, with a suitable bearing to afford easy rotation of the wheel. The jet moving at a
velocity strikes the plate in succession causing the wheel to rotate.

Velocity of the jet before striking the wheel =V
Velocity of the jet after striking the wheel

= v = Velocity of the plates at the impact peint.
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In this case, force exerted by the jet on the wheel
P = Mass striking the wheel per second x Change in velocity
P = paV(V-v)Newton
Work done per second

= Pv Nm/sec = paV(V—-v) v Nmfsec
Energy supplied by the jet per second

1, .2_1 2 _1 1
= =MV* =—paVV* =—paV
2 2P 2P

Hydraulic efficiency =1

Work done per second _paW(V—vlv

- Kineticenergyof jetpersecond 1
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2(V—=v)v
Condition for maximum hydraulic efficiency
-V
We know, hydraulic efficiency, 1 = sz )
For 1 to be maximum, dn =0
dv
2
. [?](V —'21?} = ﬂ
e V=2v =0
: Y
- v = 2
-1
Mo = e, =0.50r 50%
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The wheel with plates (vanes) provided as in this case and subjected to impact by a
jet is called a water wheel. When the jet strikes the wheel at the bottom as in this
case, the device Is called an undershot water wheel. When the jet strikes the wheel at
the top, the device is called an overshot water wheel.



Impact of Jet

18.6.1 Velocity Triangles and Work done for Pelton Wheel. Fig. 18.5 shows the shape
of the vanes or buckets of the Pelton wheel. The jet of water from the nozzle strikes the bucket at the
splitter, which splits up the jet into two parts. These parts of the jet, glides over the inner surfaces and
comes out at the outer edge. Fig. 18.5 () shows the section of the bucket at Z-Z. The splitter is the inlet
tip and outer edge of the bucket is the outlet tip of the bucket. The inlet velocity triangle is drawn at the
splitter and outlet velocity triangle is drawn at the outer edge of the bucket, by the same method as

explained in Chapter 17.

THIS IS
CONNECTED TO
RUNNER

SPLITTER

ANGLE OF
DEFLECTION

(B)
Fig. 18.5 Shape of bucket.

Let H = Net head acting on the Pelton wheel
=H, — h,
2
where H, = Gross head and /2, = %
3 D*x<2g
where D* = Dia. of Penstock, N = Speed of the wheel in r.p.m.,
D = Diameter of the wheel, d = Diameter of the jet.
Then V, = Velocity of jet at inlet = ,/2gH ---(18.7)
TN
g == ll| = uz = ——
60
The velocity triangle at inlet will be a straight line where
V, =V, —u, =V, —u
Vv, =V,

"y

ot 0° and © = 0O°



From the velocity trnangle at outlet, we have
V., =V, and V,, =V, cos & — u,.
The force exerted by the jet of water in the direction of motion is given by equation (17.19) as
F,=paV, |V, +V_ 1 - (18.8)
As the angle B is an acute angle, +ve sign should be taken. Also this is the case of series of vanes, the
mass of water striking is paV’; and not pa Vr. . In equation (13.8), *a” is the area of the jet which is given as

a = Area of jet = %dz.

Now work done by the jet on the runner per second
=F,>xu=paV, [V, +V_  ]1>xuNm/s . (18.9)
Power given to the runner by the jet
pavi|Vv,, + V,, |xu
= : 2 kKW . (18.10)
1000

Work done/s per unit weight of water striking/s

paV] [le + V“.Z] >
Weight of water striking /s

paV, [le + V5., ] >

_ — i[v“. +V,, | <u (18.11)
paV, < g Z2 ' :

The energy supplied to the jet at inlet is in the form of Kinetic energy and is equal to i.rrz‘l«*'z

. K.E. of jet per second = % (paV,) < V;*?

Work done per second

. Hydraulic efficiency. n, = K.E. of jet per second

paV,[le -+ V”.z]xu _ Z[le -+ sz_]x“

L (18.12)
2
;(pavl)x \% Vi
Now Vi, = V.V, =V, —u, =(V, —u
V, =(V, — u)
and Ve, =V, cosdp—u,=V, cosdp—-—u=(V,-—u)cosd—u
Substituting the values of V|, and V|  in equation (13.12),
Z[V] + (V) — u) s::osq)—u]xu
My = v,lz
2[V, —u +(V;, —u)cos dp| < u  2(V, —u)[1 + cos ¢] u
= vz = V2 - - A(1B.13)
1 1
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The efficiency will be maximum for a given value of V; when

d [2::(1!, —u)(]+ms¢)} _o

d
el -0
e (M) or

du Vlz
1+
or = ) 4 uy 2 =0 or 4 puv,—2=0 | 1F80 L,
Vi du du Vi
4
or 2V, -4u=10 or U= ? ..(18.14)

Equation (18.14) states that hydraulic efficiency of a Pelton wheel will be maximum when the
velocity of the wheel is half the velocity of the jet of water at inlet. The expression for maximum

efficiency will be obtained by substituting the value of u = % in equation (18.13).

Vlj Vv,
21V —— |(l1+cosd) X —
v’

Max. n, =

i Vi
_2x2(1+005¢)2 _ (1+cos ¢) (18.15)
- . = . ..(18.
v 2




Chapter 6: Hydraulic Turbines

Classification of Hydraulic turbines:
1) Based on type of energy at inlet to the turbine:

Impulse Turbine : The energy is in the form of kinetic form. e.g: Pelton wheel,
Turbo wheel.

Reaction Turbine : The energy is in both Kinetic and Pressure form. e.g:
Tubular, Bulb, Propeller, Francis turbine.

2) Based on direction of flow of water through the runner:

- Tangential flow: water flows in a direction tangential to path of rotational, i.e.
Perpendicular to both axial and radial directions.

Radial outward flow e.g : Forneyron turbine.

- Axial flow : Water flows parallel to the axis of the turbine. e.g: Girard, Jonval,
Kalpan turbine.

Mixed flow : Water enters radially at outer periphery and leaves axially. e.g :
Modern Francis turbine.
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3) Based on the head under which turbine works:
High head, impulse turbine. e.g : Pelton turbine.
Medium head, reaction turbine. e.g :Francis turbine.
Low head, reaction turbine. e.g : Kaplan turbine, propeller turbine.

4) Based on the specific speed of the turbine:
Low specific speed, impulse turbine. e.g : Pelton wheel.
Medium specific speed, reaction turbine. e.g : Francis wheel.
High specific speed, reaction turbine. e.g : Kaplan and Propeller turbine.

5) Based on the name of the originator:
Impulse turbine — Pelton wheel, Girard, Banki turbine.

Reaction turbine — Forneyron, Jonval, Francis, Dubs, Deriaze, Thomson Kalpan,
Barker, Moody, Nagler, Bell.
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Difference between Impulse and Reaction turbine:

Impulse turbine

Reaction Turbine

The entire available energy of the water is first
converted into kinetic energy.

The available energy ofthe water is not
converted from one form to another.

The water flows through the nozzles and
impings on the buckets, which are fixed to the
outer periphery of the wheel.

The water is guided by the glide blades to flow
over themoving vane.

The water impings on the buckets withKE

The water glides over the moving vanes with
PE.

The pressure ofthe flowing water remains
unchanged and is equal to the atmospheric
pressure.

The pressure ofthe flowing water is reduced
after gliding over the vane.

It is not essential that the wheel should run
full.

It is essential that the wheel should alwaysrun
full and kept full of water.

It is possible to regulate the flow without loss.

It is not possible to regulate the flow without
loss.

Impulse Turbine has more hydraulic
efficiency.

Reaction Turbine has relatively less
efficiency.

Impulse Turbine operates at high water heads.

Reaction turbine operates at low and medium
heads.

Example of Impulse turbine is Pelton wheel.

Examples of Reaction Turbine are Francis
turbine, Kaplan and Propeller Turbine, Deriaz
Turbine, Tubuler Turbine, etc.
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Hydraulic (Water) Turbines

Basic working principle:
Hydraulic turbines convert the potential energy of water into mechanical work.

Three most popular hydraulic turbines are :
Pelton wheel (Pelton turbine)

Kaplan turbine (Propeller turbine)
Francis turbine
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O

This turbine is named after Lester A. Pelton (1829 — 1908) an American
Engineer who developed it in the year 1880.

Pelton wheel is a high head turbine. It is used with heads of more than 500
metres.
Note : A head is the distance the water falls before It strikes the
turbine blades. ' ——

Pelton Wheel (Pelton turbine):
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The flow of water Is tangential to the runner. So it is a tangential flow impulse
turbine.

A Pelton’s runner consists of a single wheel mounted on a horizontal shalft.
Water falls towards the turbine through a pipe called penstock and flows
through a nozzle.

The high speed jet of water hits the buckets (vanes) on the wheel and causes
the wheel to rotate.

A spear rod which has a spear shaped end can be moved by a hand wheel.
This movement controls the flow of water leaving the nozzle, before it strikes
the bucket(vane)

CASING
VANE

RUNNER
WATER FLOW N

PENSTOCK

SPEAR ROD \SPEAR WATER JET

HAND WHEEL FOR
SPEAR MOVEMENT

WATER DISCHARGE
NOZZLE /TA)L RACE SLUICE

C -
- e Tt aw s -..._'_-_-..._.!-__-‘

A S A X
. st

Fig. 2.32: VIEW SHOWING HOW THE WATER STRIKES THE BUCKET
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The bucket or vane is so shaped that when the water strikes, it gets split into
two and gives it an impulse force in the center of the bucket. This bucket is
also known as splitter.

-~
WATER JET ;

WATER FLOW
PASSING BUCKET SECTION

Fig. 2.33: VIEW SHOWING THE SHAPE OF THE BUCKET
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Fig. 2.31: WORKING OF A PELTON WHEEL
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Kaplan turbine (Propeller turbine):
Kaplan turbine is a type of propeller turbine which was developed during

1900°s by the Austrian engineer Victor Kaplan (1876 — 1934)
Kaplan turbine is a low head turbine and used for heads of less than 80 metres.

The runner of a kaplan turbine resembles with propeller of a ship. That is why,
a Kaplan turbine is also called as propeller turbine.
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The turbine wheel, which is completely under water, is turned by the pressure
of water against its blades.
- Guide vanes regulate the amount of water reaching the wheel.

SCROLL CASWG

DAM
==z 1 RESERAVOIR
c s S S — ELECTRIC GENERATOR

Illrl"

- - - e o =

Fig. 2.35: DETAILED VIEW OF THE PROPELLER AND THE KAPLAN TURBINE
(sdevation view) Fig. 2.34: WORKING OF A KAPLAN TURBINE
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Francis turbine :

- A Francis turbine rotates in a closed casing.

- Its wheel has many curved blades called runner vanes as many as 24.

- Its shaft is vertical. The wheel of a Francis turbine operates under water.

- The guide vanes and stay vanes control the amount of water flowing into the
runner vanes.

- The runner is rotated mainly due to the weight or pressure of the flowing water.

Fig. 2.06: FRANCIS TURBINE (elevation view)
Nete © For the purpose of clority, waler i3 not shoun fowing through the ones and droft tube,
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The velocity A at inlet will be a straight line,

Vw1 = Vi
Vr1= Vi—ll'_l: Vl—ll

The velocity A at outlet,

Vir = Vi Vw2 = Vppcos 0— Uy

The force exerted by jet of water in the direction of motion,

Fx = paVy[Vyy + V2]

paV [Viys + Vyolxu
1000 '

Power given to the runner by jet =
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paVy [Vy + Vyplxu
paVix g

_ [V + VWZ]X u
g

j |
o E paV; (V12)

1
= EP3V13
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()

Ih = 2
Vi

[Vi+ (V; —u)cos @ —u]xu
- 2
V1

Mh

_2(Vi—u) (1 +cosD)xu
= 72

Nh

d (nn) _

The efficiency is maximum when y
u

0

d IZ(V1 —u) (1 + cos @)xu
> =0
du A

1+cos®) d
( ‘;S ) ——[2u(V; —u] = 0
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O

d
E[Zu‘lfi —2u?]l=0

Expression for maximum efficiency of pelton wheel



Chapter 7. Reciprocating pump

Pumps are used to increase the energy level of water by virtue of which it
can be raised to a higher level.

Reciprocating pumps are positive displacement pump, i.e. initially, a small
quantity of liquid is taken into a chamber and is physically displaced and
forced out with pressure by a moving mechanical elements.

The use of reciprocating pumps is being limited these days and being
replaced by centrifugal pumps.

For industrial purposes, they have become obsolete due to their high initial
and maintenance costs as compared to centrifugal pumps.

Small hand operated pumps are still in use that include well pumps, etc.

These are also useful where high heads are required with small discharge,
as oil drilling operations.
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Main components

A reciprocation pumps consists of a plunger or a piston that moves forward
and backward inside a cylinder with the help of a connecting rod and a
crank. The crank is rotated by an external source of power.

The cylinder is connected to the sump by a suction pipe and to the delivery
tank by a delivery pipe.

At the cylinder ends of these pipes, non-return valves are provided. A non-
return valve allows the liquid to pass in only one direction.

Through suction valve, liquid can only be admitted into the cylinder and
through the delivery valve, liquid can only be discharged into the delivery

pipe.



Reciprocating pump
e

’DELIVERY PIPE
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P CYLINDER
PISTON
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Fig. 20.1 Main parts of a reciprocating pump.
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Working of Reciprocating Pump:

 When the piston moves from the left to the right, a suction pressure
is produced in the cylinder. If the pump is started for the first time or
after a long period, air from the suction pipe is sucked during the
suction stroke, while the delivery valve is closed. Liquid rises into the
suction pipe by a small height due to atmospheric pressure on the
sump liquid.

e During the delivery stroke, air in the cylinder is pushed out into the
delivery pipe by the thrust of the piston, while the suction valve is
closed. When all the air from the suction pipe has been exhausted,
the liquid from the sump is able to rise and enter the cylinder.
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During the delivery stroke it Is displaced into the delivery pipe. Thus the

liquid is delivered into the delivery tank intermittently, i.e. during the delivery
stroke only.

Following are the main types of reciprocating pumps:
« According to use of piston sides
— Single acting Reciprocating Pump:
If there is only one suction and one delivery pipe and the liquid is filled
only on one side of the piston, it is called a single-acting reciprocating
pump.
— Double acting Reciprocating Pump:

A double-acting reciprocating pump has two suction and two delivery

pipes, Liquid is receiving on both sides of the piston in the cylinder and
IS delivered into the respective delivery pipes.
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According to number of cylinder
Triple cylinder pump (three throw pump)

A triple-cylinder pump or three throw pump has three cylinders, the cranks
of which are set at 120° to one another. Each cylinder is provided with its
own suction pipe delivery pipe and piston.

There can be four-cylinder and five cylinder pumps also, the cranks of
which are arranged accordingly.

Triple cylinder pump (three throw pump)

A triple-cylinder pump or three throw pump has three cylinders, the cranks
of which are set at 120° to one another. Each cylinder is provided with its
own suction pipe delivery pipe and piston.

There can be four-cylinder and five cylinder pumps also, the cranks of
which are arranged accordingly
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9,
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Discharge through a Reciprocating Pump

Let
A = cross sectional area of cylinder
r = crank radius
N = rpm of the crank
L = stroke length (2r)

Discharge through pump per second= Area x stroke length x rpm/60

Q, = Ax L><E

60

This will be the discharge when the pump is single acting.
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Fig. 11'6.  Area of cylinder.
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Discharge in case of double acting pump

Discharge/Second = _ - ALN (A — Ap) LN
Qn = +

60
_(2A-A)LN
Qn = o0

Where, A, = Area of cross-section of piston rod
However, if area of the piston rod is neglected

Discharge/Second = 2ALN
60

60
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» Thus discharge of a double-acting reciprocating pump is
twice than that of a single-acting pump.

» Owing to leakage losses and time delay in closing the
valves, actual discharge Q, usually lesser than the
theoretical discharge Qy,.
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Slip:
Slip of a reciprocating pump is defined as the difference
between the theoretical and the actual discharge.

i.e. Slip = Theoretical discharge - Actual discharge
- ch' - Qa

Slip can also be expressed in terms of %age and given by

%slip = Q=R 100

th

— (1— Quc leO =(1-C, 100

th
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Slip Where C; is known as co-efficient of discharge and is
defined as the ratio of the actual discharge to the
theoretical discharge.

Cd = Qa / ch'

Value of C; when expressed in percentage is known as
volumetric efficiency of the pump. Its value ranges
between 95---98 %. Percentage slip is of the order of 2%
for pumps in good conditions.
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Negative slip

It is not always that the actual discharge is lesser than the theoretical
discharge. In case of a reciprocating pump with long suction pipe, short
delivery pipe and running at high speed, inertia force in the suction pipe
becomes large as compared to the pressure force on the outside of
delivery valve. This opens the delivery valve even before the piston has
completed its suction stroke. Thus some of the water is pushed into the
delivery pipe before the delivery stroke is actually commenced. This way
the actual discharge becomes more than the theoretical discharge.

Thus co-efficient of discharge increases from one and the slip becomes
negative.



Reciprocating pump

Power Input
Consider a single acting reciprocating pump.

Let

h, = Suction head or difference in level between centre
line of cylinder and the sump.

h; = Delivery head or difference in between centre line of
cylinder and the outlet of delivery pipe.

H, = Total static head
= h, +hy

Theoretical work done by the pump
= p Qu 8 Hy

ALN
— P[ng(hs + N, )
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Power input to the pump
ALN
= p| —— |g(h. +h

However, due to the leakage and frictional losses, actual
power input will be more than the theoretical power.

Let n = Efficiency of the pump.

Then actual power input to the pump

1 ALN
= — p| ——— h. +h
7710[ 60 jg( s+ d)
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Problem-1: A single-acting reciprocating pump
discharge 0.018 m3 /s of water per second when running
at 60 rpm. Stroke length is 50 cm and the diameter of
the piston is 22 cm. If the total lift is 15 m, determine:

a) Theoretical discharge of the pump

b) Slip and percentage slip of the pump

c) Co-efficient of discharge

d) Power required running the pump

Solution:
L=0.5m

Q,= 0.018m3 /s
D=0.22m

N = 60 rpm
H,=15m
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Problem-1

Solution: N T LN
( ) = AX L X — —=| — D2 -
] % 60 (4 j 60

Qq, = (1/4)x(0.22)2x(0.5x60/60)
Q4 =0.019 m3 /s

(b) Shp = ch B Qa
Slip = 0.019 — 0.018
= 0.001m3 /s
Percentage slip = (Qy, - Q,)/ Qu,
= (0.019-0.018)/0.019
= 0.0526 or 5.26%
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Solution:

(c) Ca=Q./Qu
= 0.018/0.019
= 0.947

(d) Power Input

= p Qu g H (Neglecting Losses)
= 1000 X 0.019 X 9.81x 15
= 2796 w or 2.796 KW
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Problem-2: A three-throw reciprocating pump
delivering 0.1 m3 /s of water against a head of 100 m.
Diameter and stroke length of the cylinder are 25 cm
and 50 cm respectively. Friction losses amount to 1 m in
the suction pipe and 16 m in the delivery pipe. If the
velocity of water in the delivery pipe is 1.4 m/s, pump
efficiency 90% and slip 2%, determine the pump and the
power required.

Solution:

H, =100 m Qa=0.1m3 /s

D =025m L=0.5m

hg=1m hf =16 m 3ALN
Ny, = 0.9 S = 0.02 LIPS

Vd=1.4m/s
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Solution:
We know that, s = (Q4, - Q,)/ Qu,

0.02 =1-Q,/Qy
Q./ Qum =0.98
Qun =Q,/0.98
Q,/ 0.98 = 3/60x7/4 D2x1L.xN
0.1/ 0.98 = 3/60x7/4 (0.25)?x0.5xN
N = 83.15 rpm
Total head generated
H = H,, + hy, + hey + Vd2/(2g)
H =100+1+16+ (1.4)?/(2x9.81)
H=117.1m
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Solution:
Power required = 1/ n, ( p Qy, g H)
=1/0.9 (1000 x 0.1/0.98 x 9.81 x 117.1)
=130.21 X103 W
=130.21 KW




Centrifugal Pumps

Reciprocating Pumps

1. Steady and even flow

1. Intermittent and pulsating flow

2. For large discharge, small heads

2. For small discharge, high heads.

3. Can be used for viscous fluids e.g. olls,
muddy water.

3. Can handle pure water or less viscous
liquids only otherwise valves give frequent
trouble.

4. Low initial cost

4. High initial cost.

5. Can run at high speed. Can be coupled
directly to electric motor.

5. Low speed. Belt drive necessary.

6. Low maintenance cost. Periodic check
up sufficient.

6. High maintenance cost.

replacement of parts.

Frequent

7. Compact less floors required.

7. Needs 6-7 times area than for centrifugal
pumps.

8. Low head pumps have high efficiency

8. Efficiency of low head pumps as low as
40 per cent due to the energy losses.

9. Uniform torque

9. Torque not uniform.

10. Simple constructions. Less number of
spare parts needed

10. Complicated construction. More

number of spare parts needed.




Hydraulic Accumulator:

It is a device used for storing the energy of a liquid in the form of pressure
energy, which may be supplied for any sudden or intermittent requirement.

It can be used in case of hydraulic lift or crane.

 When the ram is at lowermost position, the pump supplies water under
pressure and it raises the ram on which a heavy weight is placed.

* When the ram is at the upper most position, the cylinder is full of water and
accumulator has stored the maximum amount of pressure energy.

« When the machine requires a large amount of pressure energy the hydraulic
accumulator will supply this energy and ram will move in downward
direction.
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Hydraulic Accumulator
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Hydraulic Intensifier:

» This device is used to increase intensity of
pressure of water by means of hydraulic g
energy available from a large amount of :
water at a low pressure.

» Such devices are used when hydraulic
machines, like hydraulic press requires water
at high pressure which cannot be obtained
from the main supply directly.

It consists of a fixed ram through which the
water under high pressure, flows to the
machine. A hollow inverted cylinder,
containing water under high pressure, is
mounted over the fixed ram.



The inverted sliding cylinder is surrounded by another fixed inverted cylinder
which contains water from the main supply at a low pressure.

A large quantity of water at low pressure from supply enters the inverted fixed
cylinder. The weight of this water pressure the sliding cylinder in the
downward direction.

The water in the sliding cylinder gets compressed due to the downward
movement of the sliding cylinder and its pressure is thus increased.
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Hydraulic Lift:

It is a device used for carrying passengers or goods from one floor to another in
multistoreyed building. It has two types:
1. Direct hydraulic lift

2. Suspended hydraulic lift

2o 1loeor \_ Coga .«..-J
1. Direct Hydraulic Lift - B Stkaing
It floar | "
* It consists of a ram, sliding in fixed RS "+
cylinder. At the top of the sliding ram, a Groung fiecr
. . EE L
cage Is fitted. —

« The liquid under pressure flows into the
fixed cylinder.

» This liquid exerts force on the sliding
ram, which moves vertically up and thus e
raises the cage to the required height.

gl imyar

* The cage is moved in the downward direction by removing the liquid from the foxed
cylinder.
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2. Suspended Hydraulic Lift:

It is a modified form of direct hydraulic
lift. It consists of a cage which is OO
suspended from a wire rope. LMJ
A jigger consisting of a fixed cylinder, a

2nd floor

sliding ram and a set of two pulley blocks RS L W
is provided at the foot of the hole of the w0 [
cage . Ground tloas

One of the pulley block i1s movable while

the other one is fixed. The end of the = s

sliding ram is connected to the moving >(_ml ...
N,

pulley block. P | ;*JS\\
A wire rope, one end of which is fixed and e | //
the other end is taken round all the pulleys ouidoncor _y e | Fitgtpuliy

of the movable and fixed blocks and finally
over the guide lowering of the cage of the
lift is done by the jigger.
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Working:

When water under high pressure is admitted into the fixed cylinder of the
jigger, the sliding ram is forced to move towards left.

As one end of the sliding ram is connected to the movable pulley block, the
pulley block moves left, increasing the distance between two pulley blocks.
The wire rope connected to the cage is pulled and the cage is lifted.

For lowering the cage, water from the fixed cylinder is taken out.

Hydraulic Jack:

Hydraulic jacks depend on this basic principle to lift heavy loads: they use pump
plungers to move oil through two cylinders. The plunger is first drawn back,
which opens the suction valve ball within and draws oil into the pump chamber.

Hydraulic jacks are often used to lift elevators in low and medium rise buildings.
A hydraulic jack uses a liquid, which is incompressible, that is forced into a
cylinder by a pump plunger. Oil is used since it is self lubricating and stable.
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» Most pieces are made of steel, non steel parts are either rubber or plastic.

Reservoir of

low pressure
oil

High
pressure
oil
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Hydraulic Ram:
It is a pump which raises water without

any external power for its operation.

When large quantity of water s
available at a small height, a small
quantity of water can be raised to a
greater height with the help of
hydraulic ram.

It works on the principle of water
hammer (Hydraulic shock or water
hammer; is a pressure surge or wave
caused when a fluid, usually a liquid
but sometimes also a gas, in motion Is
forced to stop or change direction
suddenly; a momentum change.)

PIPE

SUPPLY TANK
] [

NN
SUPF’LY/
PIPE

DELIVERY _,.

AIR VESSEL

| |

Fig. 21.7 The bydraulic ram.
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When the inlet valve fitted to the supply
pipe is opened, water starts flowing from the supply tank to the chamber, which has two valves at B
and C. The valve B is called waste valve and valve C is called the delivery valve. The valve C is fitted
to an air vessel. As the water is coming into the chamber from supply tank, the level of water rises in
the chamber and waste valve B starts moving upward. A stage comes, when the waste valve B suddenly
closes. This sudden closure of waste valve creates high pressure inside the chamber. This high pressure
force opens the delivery valve C. The water from chamber enters the air vessel and compresses the air
inside the air vessel. This compressed air exerts force on the water in the air vessel and small quantity
of water 18 raised to a greater height
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Hydraulic Press: It is a device used for
lifting heavy weights by the application
of a much smaller force.

It Is based on Pascal’s law, which
states that the intensity of pressure
in a static fluid Is transmitted
equally in all directions.

It consists if two cylinder of
different diameters. One of the
cylinders is of large diameter and
contains a ram, while the other
cylinder is of smaller diameter and
contains a plunger.

The two cylinders are connected by
a pipe. The cylinder and pipe
contain a liquid through which force
IS transmitted.

- fomims] Fulcrum /W\

L =

Force f

Plunger
(Area a)

Working principle of hydraulic press
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W = Weight to be lifted
F = Force applied on the plunger.
A = Area of ram,
a = Area of plunger, and
p = Pressure intensity produced by force F.
Force F F

~ Area of plunger Ca
Due to Pascal’s law, the above intensity of pressure will be equally transmitted in all directions.

From the figure:

. . . F
Hence, the pressure intensity at the ram will be = p = —.

a
Weight
But the pressure intensity on ram is also = i = E
Areaof ram A
. . . F W
Equating the pressure intensity on ram, — = =
a
W= xa. ~(21.1)
a
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Problem 21.1 A hydraulic press has a ram of 300 mm diameter and a plunger of 45 mm diameter
Find the weight lifted by the hydraulic press when the force applied at the plunger is 50 N.

Solution. Given :

Diameter of ram, D =300 mm=0.30 m
Diameter of plunger, d=45mm=0.045m
Force on plunger, F=50N
Let weight lifted =WN
Area of ram, A= % D’= % (0.30)* = 0.07068 m*
Area of plunger, a= %dz = %(.045)2 = 00159 m’
The weight lifted (W) is given by equation (21.1) as
W= Lxq 2 X068 09264 N. Ans.
a
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()

Problem 21.4 [fin the problem 21.1, the stroke of the plunger is 100 mm, find the distance travelled
by the weight in 100 strokes. Determine the work done during 100 strokes.

Solution. The data given in problem 21.1 :
D =0.30 m, A = 0.07068 m?, d = 0.045 m, a = .00159 m?
F =50 N and W (calculated ) = 2222.64 N
Stroke of plunger = 100 mm = 0.10 m
Number of strokes = 100
Volume of liquid displaced by plunger in one stroke
= Area of plunger X Stroke of plunger
=ax0.10 m>=.00159 x 0.10 =.000159 m>.
The liquid displaced by plunger will enter the cylinder in which ram is fitted and this liquid will
move the ram in the upward direction.
Let the distance moved by the ram or weight in one stroke
=xm
Then volume displaced by ram in one stroke
= Areaof ram X x= A X x= 0.07068 X x m
As volume displaced by plunger and ram is the same,
.000159 = .07068 x x

x= 2019 60225 m

07068
Distance moved by weight in 100 strokes
= x X 100 = .00225 x 100 = 0.225 m. Ans.
Work done during 100 strokes = Weight lifted X Distance moved

= W x 0.225 = 2222.64 X 0.225 Nm = 500.094 Nm. Ans.

3
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Hydraulic Crane:

It is a device use for raising or transferring loads. It is widely used In
workshops, warehouses and dock sidings.

It consists of a mast, tie, jib, guide pulley and a jigger.

The jib and tie are attached to the mast. The jib can be raised or lowered In
order to decrease or increase the radius of action of the crane.

The mast along with the jib can revolve about a vertical axis and thus the load
attached to the rope can be transferred to any place within the area of the crane’s
action.

The jigger which consists of a movable ram sliding in a fixed cylinder, is used
for lifting or lowering the heavy loads.

One ened of the ram is in contact with water and the other is connected to set of
movable pulley block.

Another pulley block called fixed pulley block is attached to the fixed cylinder.
The pulley block, attached to the ram, moves up and down while the pulley
block, attached to the fixed cylinder, is not having any movement.
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A wire rope, with one end fixed to movable pulley is taken around all the
pulleys of the two sets of pulleys and the guide pulley(attached to jib). The
other end of the rope os provided with a hook, for suspending loads.

For lifting the load, water under high pressure is admitted into the cylinder of
the jigger. This water forces the sliding ram to move vertically up.

Due to vertical movement of the ram, the movable pulley also moves up. This
Increases the distance between the two pulley blocks and the wire passing over

the guide pulley is pulled by the jigger. This raises the load attached to the
hook.
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