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PART - A
When the velocity of flow of fluid does. not change both in magnitude and 2
direction from point to point in the flowing liquid for any given instant of time, it

is said to be non-uniform
Bernoulli’s theorer tes that “for a perfect incompressible liquid, flowing ina 2 I
continuous stream, tal energy of a particle remains the same; while the

I (i) _

particle moves from on t to another”,

ie, Zy + +Vi’12g = Zy+ Palo + \12I2g

Water flowing through a pipe ileeposses s'ome momentum due to its motion. 2

If the water is brought to rest s ly by closing the valve, its momentum is

! i destroyed which causes a rise in sure and is followed by a series of
pressure vibrations. This phenomen of sudden rise in pressure in a pipe is
known as water hammer or hammer It creates a noise known as
knocking. The pipe may even burst if the pre rise is very high.
In an impulse turbine the entire pressure energy is first converted into kinetic 2
energy. The turbine works at atmospheric pressure. Conversion of energy is

| () also taken place at atmospheric pressure. Therefore there s no difference in
pressure at inlet and outlet of the turbine. As this turbine converts velocity
energy to mechanical energy, these turbines are known as impulse turbine or
velocity turbine.
In practice, the actual discharge is less than theoretical discharge. The 2
difference between actual discharge and theoretical discharge is known as

F(v)
slip of the pump.
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PART - B

11 (i)

The atmospheric air exerts a normal pressure upon all surfaces with
which it is in contact, and it is known as atmospheric pressure. It varies
with altitude and it can be measured by means of a barometer and so it is
called barometric pressure. At sea level under normal conditions the
equivalent values of the atmospheric pressure are 101.325 K Pascal or
1.03 Kgflem? or 10.3 m of water (in terms of equivalent water column) or |
76cm of mercury (in terms of equivalent mercury column). Fluid pressure
may be measured with respect to any arbitrary datum. The two most
common datum’s are (i) Absolute zero pressure ie, complete vacuum and
(i) local atmospheric pressure. When the pressure is measured above

absolute z it is called absolute pressure. When it is measured above

atmospheri ssure it is called atmospheric pressure. If it is below

atmospheric re it is called gauge pressure.
All pressure gau es read zero, when it is opened to atmosphere.
Atmospheric Pressé Gauge Pressure = Absolute Pressure

Atmospheric Pressure um Pressure = Absolute Pressure
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I (ii)

It is used for measuring difference of pressure between érmoints in
a pipe line or in two pipes. It consists of a U — shaped glass tube, the two
ends of which are connected to the two gauge points A ands B, whose
pressure difference is to be measured. The lower part of the manometer
contains the heavier manometric liquid. Due to the difference in pressure
intensities at A & B, the levels of manometric liquid-in the two limbs will
be displaced through a height “h”.
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11(i)

Bernoulli's theorem has been derived on certain assumption and so it has
the following limitations.
(1) Velocity of every liquid particle across any cross section of a pipe is

wall due to f n. (Mean velocity is taken into account)

(ii) It is assumed th ere is no loss of energy while flowing. But actually
some kinetic energy is, converted into heat energy.

When liquid is flowing )%h a curved path, some energy due to

centrifugal force is lost. Thi uld also be taken in to account.

11(iv)

Laminar flow occurs in the caggb viscous fluids. In laminar flow liquids
move in the form of concentric,@ﬁers sliding one within the other.
Such a flow is takes place at very In@ cities and is known as laminar
flow.When liquids flow at high ve!ociti@éddy current occurs and is called
turbulent flow. It happens in the case of Ti@s having more inertia force
than viscosity.

ll(v)

A simple vertical boiler produces steam at a Ioy” pressure and in small

quantities. It is, therefore, used for low power generation or at places
where the space is limited. It consists of a cylindrical shell surrounding a
nearly cylindrical fire box. The fire box is slightly tapered towards the top
to allow the ready passage of the steam to the surface. At the bottom of
the fire box, is a grate. The fire box is fitted with two or more inclined
cress tubes. The inclination is provided to increase the heating surface as
well as to improve the circulation of water. An uptake tube passes from
the top of the fire box to the chimney. The hand holes are provided
opposite to the end of each water tube for cleaning deposits. A manhole
is provided at the top for a man to enter and clean the boiler. A mud hole
is provided at the bottom of the shell
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[(vi)

| According to the workin d
a. Low head turbine 0 80m)

b. Medium head turbine

c. High head turbine (abov@Om)

Il According to the direction of

a. Tangential flow turbine

b. Radial flow turbine
c. Axial flow turbine
d. Mixed flow turbine (A

Il According to the displacement of shaft.

a. Vertical turbine
b. Horizontal turbine

[l According to the action of w
a. impulse turbine

b. reaction turbine

Eg:- Kaplan Turbine
to 300m) Eg:- Francis Turbine
Eg:- Pelton Turbine

Ko
f Eg:- Pelton Wheel
L 2

oNot in use
:- Kaplan turbine
:- Francis turbine

Eg:- generally Kaplan turbine

flow

xial & Radial)

Eg:- generally Pelton Wheel
ater

Eg :- Pelton Wheel

Eg :- Francis & Kaplan Turbine

11(vii)

The hydraulic machines whi
hydraulic energy are called pu

in to pressure energy by means of centrifugal force acting on the fluid,
the hydraulic machine is called centrifugal pump.
The following are the main parts of a centrifugal pump.

ch convert the mechanical energy in to
mps. If the mechanical energy is converted
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. Impeller : The rotating part of a centrifugal pump is called impeller. It
consists of a series of backward curved vanes. The impeller is
mounted on a shaft which is connected to the shaft of an electric
motor.

. Casing : The casing of a centrifugal pump is similar to the casing of a
reaction turbine. It is an air tight passage surrounding the impeller and
is designed in such a way that the kinetic energy of the water
discharged at the outlet of the impeller is converted in to pressure
energy before the water leaves the casing and enters the delivery
pipe. The 3 types of casings used are; (a) Volute Casing / Spiral
Casing (b) Vortex Casing (c) Casing with Guide Blades

valve opens only jmthe upward direction. A strainer is also fitted at the

lower end of the s pipe
FN
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7
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PART.—C
MODULE — |

I a

Difference of mercury, h = 10cm = 0.1m
Pressure at point B = Pressure at point C
ie, Pa+pxgxh (where p=1000kg/m*® & h=0.1m) = Pd + ppgx g x h
ie, Pa+1000x9.81x0.1 = 0+(13.6x1000) x9.81x 0.1
ie, Pa+981N/m*> = 133416N
Pa = 12360.6 N/m’
Given Pa = 9810 N/m?  which is less than 12360.6 Hence mercury in
the left limb will rise. The rise of mercury in left limb will be equal to the
fall of mercury in the right limb.

Let x = rise 4f mercury in left limb in cm

hen fall of mercury in the right limb = x cm
The points B, shows the initial conditions where B*, C*, D* shows
the final conditio 2
Pressure at point B@Pressure at point C*

ie, Pa+pxgx@ + phg X g X h

ie, 9810 + 100@ 1 x {(10 — x)/100}
13.6 x 1000) x 9.81 x {(10 — 2x)/100}
ie, 262x = 260 The x=0.992 cm

New mercury diff

Il b

Specific gravity of liquid A, S1=15  p1=15000
Specific gravity of liquid b, $2=0.9  p2 =900
Pressure at A, Pa = 9.81x10* N/m?

Pressure at B, Pb = 17.66x10* N/m’

Density of mercury = 13.6 x 1000 kg/m®
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Pressure above X-X in the left limb

=0.81x10* + 1500 x 9.81 x 5 +13.6 x 1000 x 9.81 x h
Pressure above X-X in the right limb
= 17.66x10* + 900 x 9.81 x (h + 2)
ie, 9.81x10% + 1500 x 9.81 x 5 +13.6 x 1000 x 9.81 x h
= 17.66x10* + 900 x 9.81 x (h + 2)
h=(23/127) = 0181 m = 181 mm

OR

IV a | Pressure head in the left limb below datum line
= ha - his1 = 1.5+ (1x0.2) = 1.3 mm of H,0
Pressure head in the right limb below datum line = hg - soho — hsss
= hg— (0.75 x 0.1) — (1 x 0.05) = hg — 0.125 m of H:0
1.3=hg—0.125 therefore, hg = 1.425 m of water
And Pressure in ipe B, Pe=w x hg=9.81x1.425
‘A = 13.98 KN/m® = 13.98 KPa
IVb | Pressure head in the leflimb above datum line
+ hysq = h + (1 x50) = h + 50-mm of H,0
Pressure head in the righh%bove datum line
= Sgho)= 13.6 x 60 = 816 mm of H,0
h+50= 81‘(‘ erefore, h = 766 mm of water
M/O%/— I
Va |lts principle is that by reducing the:@ss sectional area of the flow

passage, a pressure difference is create@nd this pressure difference
enables the determination of discharge thro@ the pipe. Venturimeter is
a device used for finding out the discharge iquids flowing through
pipes. It consists of (i) A Venturi cone : It is a short pipe which tapers
from the pipe diameter “d1” to throat diameter “d2". Its cone angle is
nearby 210 and length 2.7(d1-d2). (ii) Throat : Itis a short uniform pipe.
The length of the throat is equal to its diameter. (iii) Divergent cone : Itis
a gradually diverging pipe with its cross sectional area increasing from
the throat diameter d2 to pipe diameter d1. its length is 3 to 4 times
greater than convergent cone and cone angle is between 50 to 150.
Since cross sectional area of the throat is smaller than the cross
sectional area of the inlet section, the velocity of flow at throat will
become greater. It results in a decrease in pressure. This pressure
difference can be measured with a differential manometer. It enables to

calculate the rate of flow through the venturimeter.
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Theoretical Discharge through the venturimeter,
Qt=av; =ajaxV(2gh) /¥ (a’—a2?)
Actual Discharge, Qa=Cd . Qt = Cd as a» V(2gh) / ¥ (a:® — &?)

® ®

©

A d{,.-.;.-.-‘.d,.-. ........... e oy SO ‘...q
._ il ey
L‘/—" R — Divergent 4._'
Corivergent - Throat
Vb Discharge, Q=200 lit/s = 0.2m"/s
Specific gravity of oil = 0.87
p = 0.82%1000 = 870 kg/m*
At Section A
DiaatA, Da=2 =0.2m _
Area at A, Ax = 0.08 14° Al
Pa=9.81 N/cm? = 9.1%&04 N/m? \ DATUM LINE
Zi=0 /. |
Va=Q/Aa = 0.2/0.(%
= 6.369m/s @
At Section B /fé
Dia at B, Dg = 500mm = 0.5m Oﬂ}rea at B, Ag = 0.1963 m?
Ps=5.886 N/cm’ =5.886 x 10 NI/ Zs=4m
Ve=Q/Ag =0.2/0.1 1.018m/s
Total Energy at A, Ea= Total @ yatB, Eg =
(Pa/pg) + (V?al29) + Zp=13.557m (Ps Ip‘g)@.ﬂg) +Zg = 10.948 m
(i) Loss of head =h . =Ex—Eg = 2.609m
(i) Direction of flow Ep is more than Eg, the flow from A to B
OR
Vla | When velocity of flow is increased, laminar flow changes to turbulent

flow, but the change does not occur suddenly. It has got a transition
period. The velocity at which laminar flow stops or velocity at which flow
changes from laminar to transition period is known as “lower critical
Velocity”. A velocity at which turbulent flow starts or velocity at which
flow enters from transition period to turbulent is known as “upper critical
velocity”.

Prof. Reynold found experimentally that the value of critical velocity
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depends on inertia force and viscosity. He derived a dimensionless
number connecting these two factors and is called Reynold's Number.
Reynold’s Number, Rn = inertia force/Viscosity

ie, (Mean velocity x dia of pipe)/Kinematic viscosity

If Reynold’s Number is less than 2000, the flow is laminar. In between
2000 & 4000 it is either laminar or turbulent. The velocity corresponds to
Rn2000 is lower critical velocity and that to Rn4000 is upper critical
velocity. When Reynold’s Number is above 4000 the flow is turbulent.

Vib

L=2000m, Q=200l/s=0.2m%s, hi=4m, c=50

Velocity of Flow, V = Q/A = 0.2 / (nd*/4) = (0.2 x 4) /(nd?)

Hydraulic mean depth, m = d/4

r unit length, i = hs/ L =4/2000 = 0.002

V==CImi = (0.2x4)/(nd®) = 50 {N(d/4)x0.002}
=,0.553 m =553 mm

Diameter,

@ MODULE -1lI

20

Vil a

This is a modern high ure water tube steam boiler working on a
forced circulation. The cir ion is maintained by a centrifugal pump,
driven by a steam turbine, @ steam from the boiler. The forced
circulation causes the feed water/@irculate through the water walls and
drums equal to ten times the mas@)eam evaporated. This prevents
the tubes from being overheated. ‘_L

The feed water passes through the ecoﬁ@ser to an evaporating drum.
It is then drawn to the circulating pump @ h the tube. The pump
delivers the feed to the headers, at a pressurﬁwe the drum pressure.
The header distributes water through nozzles into the generating tubes
acting in parallel. The water and steam from these tubes passes into the

drum. The steam in the drum is then drawn through the super heater.

il

Werter fEa_q_a’l e
Pl Feonomyizer

K f___[__...,_.JL*
ik == 1 Superheater
: il ;
:qi:“ ﬂ_}Tb prime
maver
Water ; y
dam” H Generartirg 1ubes

i convection sec-
Fen i

7

CL] burner. ; :
2 i Generorting fubes

== rodiont section
L5 4 i

T TTTITF T I b & TTTIL,
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Vil b

An impulse turbine, is a turbine which runs by the impulse of steam jet. In
this turbine, the steam is first made to flow through a nozzle. Then the
steam jet impinges on the turbine blades (which are curved like buckets)
and are mounted on the circumference of the wheel. The steam jet after
impinging glides over the concave surface of the blades and finally leave
the turbine. -

In a reaction turbine, the steam enters the wheel under pressure and
flows over the blades. The steam, while gliding, propels the blades and
makes them to move. As a matter of fact, the turbine runner is rotated by
the reactive forces of steam jets. The backward motion of the blades is
similar to the recoil of a gun. It may be noted that an absolute reaction

turbine is 1 used in actual practice.

OR

Vil a

In fire tube ste%)oners the flames and hot gases, produced by the
combustion of fuet, s through the tubes (called multi-tubes) which are

surrounded by wate e heat is conducted through the walls of the
tubes from the hot g to the surrounding water. Examples are:
Simple vertical boiler, Co boiler, Lancashire boiler, Cornish boiler,

Scotch marine boiler, Locom@tiVis boiler, and Velcon boiler

In water tube steam boilers, tf‘ ater is contained inside the tubes
(called water tubes) which are surr@ded by flames and hot gases from
outside. Examples are: Babcock a@ilcox boiler, Stirling boiler, La-
Mont boiler, Benson boiler, Yarrow b0|ler€|’d Loeffler boiler.

Vil b

A steam turbine is a prime mover in wh1c@tary motion is obtained by
the gradual change of momentum of the steam. The statical pressure of
steam gives to and fro motion to the piston, and conversion of energy
takes place through crank and connecting rod.

In a steam turbine, the force exerted on the blades is due to the velocity
of steam. This is due to the fact that the curved blades by changing the
direction of steam receive a force or impulse. The action of steam in this
case is said to be dynamic. Thus, the dynamical pressure of steam
rotates the vanes, buckets or blades directly. The turbine blades are
curved in such a way that the steam directed upon them enters without
shock, though there is always some loss of energy by the friction upon
the surface of blades. In general, a steam turbine, essentially, consists

of the following two parts :

| The nozzle in which the heat energy of high pressure steam is
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