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Course Objectives:

To familiarize about the Rankine cycle used for steam power plant & steam boilers.

To impart knowledge on the working of nozzles and condensers used in steam power plants.
To impart knowledge on the working of steam turbines.

To understand the principle and operation of various Refrigeration methods.

To acquire knowledge on different Psychometric Processes & Air conditioning systems.
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Course Outcomes:

At the end of the course, the student will be able to

1. Calculate the efficiency of Rankine cycle and summarize the working of different boilers used in
steam power plant.

Analyze the flow through Nozzles and condensers used in steam power plant.

Solve the performance parameters of Steam Turbines.

Explain various refrigeration methods for specific uses.

Analyze various heat load concepts using RSHF and GSHF using psychrometric processes for
different air conditioning systems.
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Unit1 Introduction to steam power plant 10
Rankine cycle - Schematic layout, Thermodynamic Analysis, Concept of Mean Temperature of Heat
addition, Methods to improve cycle performance — Regeneration — reheating.

Boilers: Classification based on Working principles - Fire tube and water tube boilers — High pressure

Boilers.

Unit 2 Steam Nozzles & Condensers 10
Steam Nozzles: Function of nozzle — applications - types, Flow through nozzles, thermodynamic
analysis — assumptions -velocity of nozzle at exit- Ideal and actual expansion in nozzle, velocity
coefficient, condition for maximum discharge, critical pressure ratio.

Condensers: Requirements of steam condensing plant, rare fraction — Classification of condensers —

working principle of different types — vacuum efficiency and condenser efficiency — air leakage,
sources and its effects.

Unit3  Steam Turbines 10
Classification of steam turbines -impulse turbine and reaction turbine -compounding of turbines -
velocity diagrams for impulse and reaction turbines, efficiency, degree of reaction - governing of
turbines.

Unit 4 Refrigeration 12
Introduction: Refrigeration, Necessity and applications — Unit of refrigeration and C.O.P. — Different
refrigeration methods.




Air Refrigeration: Bell Coleman Cycle-Simple air-cooling system- Refrigeration needs of Air craft.
Vapour Compression Refrigeration: Basic cycle - working principle and essential components of the
plant — COP — Expander vs. Throttling, effect of sub cooling and super heating — numerical Problems.
Vapour Absorption Refrigeration System: Description and working of NH;- water system, Li Br —
water (Two shell) System, Principle of operation of three Fluid absorption systems, properties of
common refrigerants.

Unit 5 Air Conditioning 12
Psychometric Properties & Processes — Need for Ventilation, Consideration of Infiltrated air — Heat
Load concepts: RSHF, GSHF- Problems. Requirements of human comfort and concept of Effective
Temperature- Comfort chart —Comfort Air Conditioning-Summer, winter & vyear-round air-
conditioning systems (elementary treatment).

Prescribed Textbooks:

1. Thermal Engineering, R.K. Rajput, S.Chand & Co., 10" edition 2020, Laxmi publications, ISBN-
9788131808047

2. Refrigeration and Air Conditioning by C P Arora, 4™ Edition 2021. ISBN-13 : 978-9390385843

Reference Books:

1. Thermodynamics: An Engineering Approach, Cengel .Y.A and Boles M.A, 5/e, McGraw-Hill, 9th
Ed 2019, ISBN-13: 978-9339221652

2. A Textbook of Thermal Engineering by R. S Khurmi & JS Gupta, S.Chand, 16™ Ed.2020, ISBN
9788121925730

3. A Course In Refrigeration And Air-Conditioning By Domkundwar, Arora, Domkundwar, 2022.
ISBN-13 : 978-1111644475

4. A text book of Refrigeration and Air Conditioning by R.K Rajput , S K Kataria & sons, 3™ Edition
2015. ISBN-13 :978-93-5014-255-4

Web resources:

1. https://archive.nptel.ac.in/courses/112/107/112107291/
https://youtu.be/DuLFDzQVTU4
https://youtu.be/h1Yt4ibYXfA
https://archive.nptel.ac.in/courses/112/107/112107216/
https://archive.nptel.ac.in/courses/112/105/112105128/
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A PRESENTATION ON
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< BOILER N

Boiler, How it works .mp4

» Boiler 1s an apparatus which produce steam by
supplying heat to the water.

» Thermal energy released by combustion of fuel 1s used
to make steam at the desired temperature and pressure.

The steam produced is used for:

1) Generating power in steam engines or steam turbines.
2) Heating the residential and industrial buildings.

3)Performing certain processes in the sugar mills, chemical
and textile industries.




Selection of boiler:

® The working pressure & quality of steam.
® Rate of steam generation.

® Floor area available.

® Accessibility for repair & inspection.

® Comparative initial cost.

® The fuel & water available.

® Operating & maintenance cost.

® Portable load factor.

® Erection faci:_ity.
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CLASSIFICATION OF BOILERS:

The boiler may be classified as :

1.
2.
3.

Horizontal, vertical or inclined
Fire tube & water tube boilers
Externally fired & internally fired boilers

Forced circulation & Natural circulation boilers

. High pressure (>80 bar) & low pressure boilers

Stationary & portable boilers
Single tube & multi tube boilers
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1. Horizontal, vertical or inclined

® If the axis of boiler is horizontal, the boiler is

called horizontal.

e If the axis is vertical then it is called vertical.

e If the axis is inclined then it is called inclined.
o Advantage of horizontal boiler is that it can be
repaired easily.

. Advantage of vertical boiler is that it occupies less

floor area.
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2. Fire tube & watertube boiler

® In the fire tube boiler the hot gases are inside the

tubes & the water surrounds the tubes.

ex. Cochran, locomotive etc.

¢ In the water tube boiler the water is inside the

tube & the hot gases are surround them.

ex. Stirling, Babcock etc..
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3. Externally & internally fired

® The boiler is known as externally fired if the fire is
outside the shell.

ex. Babcock & Wilcox

® In case of internally fired boilers, the furnace is located
inside the boiler shell.

ex: Cochran, Lancashire etc.
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4. Forced circulation & natural circulation

® [n forced circulation type of boilers the circulation of

water is done by pumps.

ex. Velox, Lamont etc .

® [n natural circulation type of boiler the circulation of

water in boiler takes place due to density variation.

ex. Lancashire, Babcock etc
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5. High pressure & low pressure boilers

® The boilers which produce steam at pressure of

80 bar and above are called high pressure boiler.

ex: Velox

® The boiler which produce steam at pressure

below 80 bar are called low pressure boiler.

ex. Cochran




7.Single tube & multi-tube boilers

® The fire tube boilers are classified as single tube
& multi tube boilers, depending upon the fire

tube is one more than one.

e Ex: Cornish boiler




e

Basic classification

¢ Fire tube boilers

® Water tube boilers




FIRE TUBE BOILERS

How Steam Engines Work Fire-tube Boiler

STEAM _ HOT
ouT Boiler GASSES

Furnace Smokestack




WATER TUBE BOILERS

How Steam Engines Work Water-tube Boiler

HOT

STEAM GASSES

Furnace Water Pipes OUT

J Smokestack




10.

Particulars

Mode of firing

Rate of steam production
Construction
Transportation

Treatment of water

Op erating pre ssure

Floor area
Shell diameter
Explosion

Risk of bursting

/ Comparison between Fire-tube & water-tube boilers:

Fire tube boilers

Internally fired
lower
Difficult

Difficult

Not so necessary

Limited to 16 bar

More floor area

Large for same power

Less

lesser

Water tube boilers

Externally fired
Higher
Simple
Simple

More necessary

Under high pressure as 100 bar

Less floor area
Small same power
More

More risk
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TYPES OF FIRE TUBE BOILERS

There are mainly five types of fire tube boilers :
1) Simple vertical boiler
2) Cochran boiler
3) Cornish boiler
4) Lancashire boiler
5) Locomotive boiler

6) Scotch boiler




1). SIMPLEVERTICAL BOILER

e It consist of a cylindrical shell,
the greater portion of which 1is
full of water & remaining 1s the
steam space.

o At the bottom of the fire box is
grate on which fuel i1s burnt and
the ash from 1t falls in the ash

pit.

e A simple vertical boiler 1s self-
contained & can be easily
transported.

é N

simple vertical boiler.mp4
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/2) COCHRAN BOILER

e It 1s one of the best types
of wvertical multi-tubular
boiler, and has a number
of horizontal fire tubes.

e Cochran boiler consist of a
cylindrical shell with a
dome shaped top where
the space 1s provided for
steam.

Safety valve Steam stop valve

Antipriming pipe
Pressure
auge

Main
hole

Water Jevel

Qe TR et

- ———— - - —— -

Combustion =———— e
chamber
Firebrick —
lining

Cylindrical shell

) +— Water
Fire tbe ]

€— Firchole

._j\ Ash Pit

Blow off
cock

Fig. Cochran Boiler
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COCHRAN BOILER.mp4
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COCHRAN BOILER

e Working Pressure: 6.5
bar(max pressure=15 bar)

e Steam capacity =3500
Kg/hr (max
capacity=4000Kg/hr)

e Heating surface =120
sq.mts

e Efficiency=70 to 75%
(depending on the fuel
used)
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3 .CORNISH BOILER
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Lined with fire brick

Fig. 17.5 Cornish boiler
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Differences with Lancashire Boiler

e Small in size

* It has only one flue tube

e Dia of the shell =1.25m to 1.75m

* Length of the shell = 4 to 7 mts

* Maximum working pressure = 10.5 bar
* Steam Capacity = 6500 kg/hr

* Efficiency = 50 to 70 %.




4) LANCASHIRE BOILER é
Working & Construction of Lancashire Boiler - Magic Marks.mp4

e This boiler is reliable, has simplicity of design, ease of operation & less
operating & maintenance costs.

e It 1s commonly used in sugar-mills & textile industries where along with
the power system & steam for the process work is also needed.

Lancashire Boiler cross section views




LANCASHIRE BOILER

¢ Dia of the shell =2 to 3 mts

* Length of the shell =7 to 9 mts

* Maximum working pressure = 16 bar
* Steam Capacity = 9000 kg/hr

* Efficiency = 50 to 70 %.
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5) LOCOMOTIVEBOILERS

ANUNIVERSE 22 - LOCOMOTVE BOILER WORKING [FIRE TUBE BOILER]mp4

1. Fire box

. Ash pit

. Smoke box

. Regulator

. Superheater exist pipe

. Whistle

. Grate

. Damper
10.
14.
. Smoke box door

22.

Chimney (short)

Lever

Water gauge

3. Fire hole

7. Fine tubes

11. Exhaust steam pipe
15. Superheater tubes
19. Feed check valve

4. Fire bride arch

8. Barrel or shell
12. Steam dome

16. Superheater header
20. Safety valve
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«  Locomotive boiler is a horizontal fire tube type mobile boiler. The main
requirement of this boiler is that it should produce steam at a very high rate.
Therefore, this boiler requires a large amount of heating surface and large grate
area to burn coal at a rapid rate. In order to provide the large heating surface
area, a large number of fire tubes are setup and heat transfer rate is increased by
creating strong draught by means of steam jet.

ADVANTAGES:

a. Large rate of steam generation per square meter of heating surface. To some
extent this is due to the vibration caused by the motion.

About Locomotive boilers:

b. It is very compact.

c. The pressure of the steam is limited to about 20 bar.




Locomotive boilers

e Barrel dia = 2.095 m

* Length of barallel = 5.206 m

* Size of tubes ( Super heater ) = 14 cm
* No of superheater tubes = 38

* Steam capacity = 9000 kg/hr

* working pressure = 14 bar

* Coal brunt per hour = 1600 kg

* Efficiency = 70%




SCOTCH BOILER

T~ Anti-priming pipe

Longitudinal bar stays

B S e . .
gauge e —— Chimney » Steam Capac1ty about
Water —H - 1000 kg/ hr
P vl ) 4 > Pressure developed
Stays Smoke box
o around 17 bar
chamber > > Compact 1n size
Cylindrical shell ,
cf\;.ﬁ A\ B . g » Occupies less space
valve 10 “:«"1 +—Fire hOlO
O L1% Mu'b"; 5 Grating
T Ash pit

Fig.17.7 Scotch Marine boiler




WATER TUBE BOILERS ARE CLASSIFIED AS :

1). Horizontal Straight tube boiler
There are two types of Horizontal straight tube boiler:
a. Longitudinal drum
b. Cross drum
there are three types of cross drum boiler :
1. Two drum
2. Three drum
3. Four drum
2). Bent tube boiler
There are one type of bent tube boiler :
a. Low head three drum




BABCOCK WILCOX BOILER

(o et ot k-t
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A3 e Dirveree
P = Down take header
W = Water tubes
BP = Baflfle plates
I = Doors
L7 =" Ciratse
FIr = Five door
AT Muad colloctor
W= Water level indicator

e

PIiF = Pressure @auegme
ST = Buperhenter tubes
S5V = Safevy valve
ALEV = Main stop valve
APF = Antipriming pipe
L = Lavwar junction box
IF = Llpper janction box
FV = Foad valve




Features

1.The evaporative capacity of this boilers is high compared
with other boilers (20,000 to 40,000 kg/hr). The operating

pressure lies between 11.5 to 17.5 bar.

2.The draught loss is minimum compared with other boilers.

3. The defective tubes can be replaced easily.

4. The entire boiler rests over an iron structure, independent
of brick work, so that the boiler may expand or contract
freely. The brick walls which form the surroundings of the

boiler are only to enclose the furnace and the hot gases.




Stirling Boiler
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Construction and Working of Stiling Boiler - Magic Marksmp4
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High Pressure Boilers




" Advantages of High Pressure Boiler A

» Due to use of forced circulation, there is freedom in the arrangement of

furnace, tubes and boiler components.

> Because of the forced circulation usage, components can be arranged

horizontally.
» All the parts are uniformly heated, therefore danger of overheating is

reduced and thermal stress problem is simplified.
> The efficiency of plant is increased up to 40 to 42%.
> Rapid start from cold is possible, so it can be used as standby purpose.

» The differential expansion is reduced due to uniform temperature and this

reduces the possibility of gas and air leakages.

» The tendency of scale formation is eliminated due to high velocity of

N water through the tubes. Y,




High Pressure Boilers

e Lamont Boiler
e Loeffler Boiler
* Benson Boiler

® Velox Boiler




Lamont Boiler
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Characteristic of La Mont Boiler

> A centrifugal pump circulates the water equal to 8 to 10 times the

vveight of steam evaporated.
> Because of the large circulation of water overheating is prevented.

» These boiler have been built to generate 45 to 50 tons of superheated

steam at a pressure of 120 bar, and at a temperature of 500°C

» Main disadvantage of this boiler is formation and attachment of

bubbles on the inner surfaces of the heating tubes.




EXHAUST GASES

Loeffler Boiler
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Loeffler Boiler
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g Characteristic Of Loeffler Boiler

> Problem of salt deposition in Benson boiler is eliminated in Loeffler boiler
as most of the steam is generated outside from the feed water using part

of the superheated steam coming out from the boiler.

> About 65% of steam from super-heater is used to evaporate the feed

water and 35% of steam is supplied to H.P. turbine.
> Special design nozzle is used to distribute the superheated steam through

the water into evaporator drum to avoid noise.

» This boiler can carry higher salt concentration than any other type and is

more compact than indirectly heated boilers having natural circulation.

> Generating capacity is of 100 tones/hr and operating at 140 bar.

\




EXHAUSTGASES

Benson Boiler
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Benson Boiler

The main difficulty experienced in the La Mont boiler is the formation and

attachment of bubbles on the inner surfaces of the heating tubes.

Benson in 1922 argued that if the boiler pressure was raised to critical
pressure (225 atm.), the steam and water would have the same density and

therefore the danger of bubble formation can be completely eliminated.

Benson boiler having temperature as high as 650°C, pressure up to 500 bar

and steam generation capacity of 150 tonnes/hr are in use.




g Advantages and Disadvantages o

® There is no drum so weight is reduced by 20% than other boilers.

® Pipe joints are welded, so erection of the boiler is easier and quicker as all parts

are welded at sites.

® Transportation is easy as there is no drum and majority of parts are carried to
sites without pre—assembly.

® Can be started very quickly.
® Insensitive to load fluctuation.

e Blow-down losses of Benson boiler are hardly 4% of natural circulation boilers

of same capacity.

* Major problem is salt deposition when all remaining water is converted into

steam in transformation zone. To avoid this, the boiler is flashed out after every

4000 Working hours to remove salt.

- /




VELOX BOILER
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VELOX BOILER
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Fig. 17.15 Velox boiler

Filue gas

S

Feed
Economiser

Feed water




e
Characteristics of Velox Boiler

® When the gas velocity exceeds the sound-velocity, the heat is transferred

from the gas at a much higher rate than rates achieved with sub-sonic flow.

* High heat release rates (40 MW /m3).

® Circulation ratio varies from 10 to 20%.

® Low excess air is required as the pressurised air is used and the problem of
draught is simplified.

® Itis very compact generating unit and has greater flexibility.

® [t can be quickly started even though the separator has a storage capacity of

about 10% of the maximum hourly output.
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