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Course Objectives:

The objective of this subject is to provide knowledge about different cycle used in power plants,
combustion of fuels and to provide knowledge about boilers, Steam Turbines, Steam Condensers
& Steam Nozzles, Gas Turbines, Jet Propulsion & Rockets and their principle of operations.



MODULE I: Basic Concepts 10 Periods
Basic Concepts: Rankine cycle - Schematic layout, Thermodynamic Analysis, Concept of Mean
Temperature of Heat addition, Methods to improve cycle performance — Regeneration &
reheating. Combustion: Fuels and combustion, concepts of heat of reaction, adiabatic flame
temperature, stoichiometry and flue gas analysis.

MODULE II: Boilers 10 Periods

Boilers : Classification — Working principles — with sketches including H.P. boilers — Mountings
and Accessories — Working principles, Boiler horse power, equivalent evaporation, efficiency
and heat balance — Draught. classification — Height of chimney for given draught and discharge,
condition for maximum discharge, efficiency of chimney — artificial draught, induced and forced

draught.

MODULE III: Steam Condensers & Steam Nozzles 10 Periods
A: Steam Condensers: Requirements of steam condensing plant — Classification of condensers —
working principle of different types of condensers vacuum efficiency and condenser efficiency —
air leakage, sources and its effects, air pump- cooling water requirement.

B: 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, criteria to
decide nozzle shape: Super saturated flow, its effects, degree of super saturation and degree of

under cooling - Wilson line.
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MODULEIV: Steam Turbines & Reaction Turbine 0 Periods
Steam Turbines: Classification — Impulse turbine; Mechanical details — Velocity diagram —effect
of friction — power developed, axial thrust, blade or diagram efficiency — condition for maximum
efficiency. De-Laval Turbine - its features. Methods to reduce rotor speed-Velocity
compounding and pressure compounding, Velocity and Pressure variation along the flow —
combined velocity diagram for a velocity compounded impulse turbine.

Reaction Turbine: Mechanical details — pninciple of operation, thermodynamic analysis of a
stape, degree of reaction —velocity diagram — Parson’s reaction turbine — condition for maximuom
efficiency.

MODULEV: Gas Turbines, Jet Propulsion & Rockets M Periods
Gas Turbines: Simple gas turbine plant — Ideal cycle, essential components — parameters of
performance — actual cycle — regeneration, inter cooling and reheating —Closed and Semi-closed
cycles — ments and dements, Bref concepts about compressors, combustion chambers and
turbines of Gas Turbine Plant.

Jet Propulsion: Principle of Operation — Classification of jet propulsive engines — Working
Principles with schematic diagrams and representation on T-5 diagram - Thrust, Thrust Power
and Propulsion Efficiency — Turbo jet engines — Needs and Demands met by Turbo jet —
Schematic Diagram, Thermodynamic Cycle, Performance Evaluation Thrust Augmentation —
Me thods.

Rockets: Application — Working Principle — Classification — Propellant Type — Thrust,
Propulsive Etficiency — Specific Impulse — Solid and Liguid propellant Rocket Engines.



PROGREAMME OUTCOMES (POs)

Engineering knowledge: Apply the knowledge of mathematics, science, engineering
PO 1 | fundamentals and an engineering specialization to the solution of complex
engineering problems.

Problem analysis: Identify, formulate, review research literature and analyze
PO 2 | complex engineering problems meaching substantiated conclusions using first

principles of mathematics, natural sciences and engineering sciences.

Design' Development of solutions: Design  solutions for complex engineering
pg 3 | Problems and design system components or processes that meel the specified needs
with appropriate consideration for the public health and safety, and the cultural,
societal and environmental considerations.

Conduct investigations of complex problems: Use research-based knowledge  and
PO 4 | mesearch methods including design of experiments, analysis and interpretation of data,
and synthesis of the information to provide valid conclusions.

Modern tool usage: Create, select, and apply appropriate technigues, resources, and
POS5 | modem engineering and IT tools including prediction and modeling to complex
engineering activities with an understanding of the limitations.

The engineer and society: Apply reasoning informed by the contextual knowledge lo
PO 6 |assess societal, health, safety, legal and coltural issues and the consequent
responsibilities relevant to the professional engineering practice.

Environment and sustainability: Understand the impact of the professional
engineering solutions in societal and environmental contexts, and demonstrate the
knowledge of. and need for sustainable development.

po g | Ethics: Apply ethical principles and commit to professional ethics and responsibilities
and norms of the engineering practice.

pog | Individual and team work: Function effectively as an individual and as a member or
leader in diverse teams, and in multidisciplinary settings.

Communication: Communicate effectively on complex engineering activities with
po | | the engineering community and with society at large, such as, being able to
comprehend and write effective reports and design documentation, make effective
presentations, and give and receive clear instructions.

Project management and finance: Demonstrate knowledge and understanding of
po 1 | the engineering and management principles and apply these (o one’s own work, as a
member and leader in a team, to manage projects and in multidisciplinary
environments.

Life-long learning: Recognize the need for, and have the preparation and ability o
PO 12 | engage in independent and life-long leaming in the broadest context of technological

change.




PROGEAMME SPECIFIC OUTCOMES (PS0Os)

PSO1: Understand the problem and apply design and analysis tools to find solution in the
domains of Structural, thermal and Fluid Mechanics.

PSO2: Engage professionally in industries or as an entrepreneur by applying Manufacturing
concepts.

PSO3: Systemize the Engineering and manufacturing practices using TQM concepts and
Optimization techniques.



Course OQutcomes
At the end of the course. students will be able to

l. Understand different cycles used in power plant.
2. Understand working principles of boiler and its accessories.
3. Analyse the performance of steam nozzle and condenser.
4. Analyse the performance of steam and reaction turbine.
5. Analyse the performance of gas turbines and jet propulsions.
CO- PO Mapping
(3/2/1 indicates strength of correlation) 3-Strong, 2-Medium, 1-Weak
CcO Programme Outcomes(POs) PSOs
s PO1 | PO2 | PO3 | PO4 | POS | PO6 | POT7 | POS | POY | POT10 | POI1 | PO12 | PSO1 | PSO2 | PSO3
Co1 2z 3 1 1 2 3
Co2 2 3 1 1 2 3
CO3 2 3 1 1 2 3
co4 | 2 3 | 1 i > 3
cos [ 2 3 1 I - 3
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| Work Producing Cycle’s

1. Carnot Cycle
2. Stirling Cycle
3. Ericson Cycle
4. Lenior Cycle

5.AtkinsonCycle |

6. Otto Cycle
7.Diesel Cycle
8.Duel Cycle

e

These cycles
are rarely
used

Usedin
Automobiles

Work Consuming Cycle’s

1. Reversed Carnot Cycle

2. Vapour Absorption Cycle
3. Vapour Compression Cycle

4. Bell Coleman Cycle

(or)
Reversed Brayton Cycle

9.Brayton Cycle  —— < GasTutbine >
10.Rankin Cycle ~ ——¢_ StesmPowerPlant >
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[ecture on Rankine Cycle
INTRODUCTION

« Who i1s Rankine and What is Rankine Cycle?

- A Scottish CIVIL ENGINEER, physicist and
mathematician. He was a founding contributor,
with Rudolf Clausius and William Thomson, to
the science of thermodynamics, particularly
focusing on the first of the three
thermodynamic laws. YV AN

« The Rankine cycle is a cycle that converts -
heat into work. The heat is supplied externally
to a closed loop, which usually uses water.

This cycle generates about 90% of all electric
power used throughout the world.

William John Macquorn Rankine
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Rankine cycle 1s an external combustion engine in which;-

=> High energy steam is developed in a boiler
= i 1s passed through a turbine to develop power.

=> The exit steam [rom turbine then passed through a condenser to
convert 1t into hquid water.

e=r> |he liquid water 1s sent back by the help of a pump
to the boiler for generation of steam.

12



Rankine Cycle

—!- Turbine

Power Cycle

_ Condenser

Feedwater Pump




Types of fuel used

]

Converts mechmical energy to electrical
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The Rankine cycle It comprises of the following processes :

Process 1-2 : Reversible adiabatic expansion in the turbine (or steam engine)
Process 2-3 : Constant-pressure transfer of heat in the condenser.

Process 3-4 : Reversible adiabatic pumping process in the feed pump.
Process 4-1 : Constant-pressure transfer of heat in the boiler.

16



qz(hl_h:)_(h4_h3)
h—h,
ump Neglected
:(hl—h2)(P p Neglected)

h1_h4

7

1-2 : Reversible adiabatic expansion in the turbine

2-3 : Constant-pressure transfer of heat in the condenser
3-4 : Reversible adiabatic pumping process in the feed pump
4-1 : Constant-pressure transfer of heat in the boiler

17
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(a) q & : (b)

1-2 : Reversible adiabatic expansion in the turbine

2-3 : Constant-pressure transfer of heat in the condenser
3-4 : Reversible adiabatic pumping process in the feed pump
4-1 : Constant-pressure transfer of heat in the boiler

5
3 (c) 18




Considering 1 kg of fluid :
Applying steady flow energy equation (S.F.E.E.) to boiler, turbine, condenser and pump :
(i) For boiler (as control volume), we get

hfq + Ql = hl
Q=h - hﬂ

(ii) For turbine (as control volume), we get
h, = Wy + hy, where Wy = turbine work

Wy =hy - h,

M LA
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(iti) For condenser, we get
hy = Qg+ h,-m
Qg = hy— hy,
(iv) For the feed pump, we get
31';(3 + Wp= h,  where, W, = Pump work
Wp=ly - hy,
Now, efficiency of Rankine cycle is given by

0 _ W _ Wp -Wp
Rankine — Ql Ql

. (!11 o }12) = (hﬁ - hf.‘] ) _T

Bodler

1

N

(hy —hy,)

= /Turbim:

=0

2

&

Py




The feed pump term (ky, - hy, ) being a small quantity in comparison with turbine wul‘lﬁ
Wy, is usually neglected, especially when the boiler pressures are low,

hy -y
Then, . Moaaine = 3, T
i

el | e = 1
:ln.—l'.d...' e Pl -




Variables Affecting Efficiency of Rankine Cycle
OR
Methods Of Improving Efficiency of Rankine
Cycle

22



Variables Affecting Efficiency of Rankine Cycle

1. Effect of superheating of steam :

Rankine cycles (1-2-3-4-1) and (1-2'-3"-4-1) using dry
saturated steam and superheated steam respectively are
shown in Fig.

It is obvious from the Figure that superheat cycle delivers
more work by an amount equal to the shaded area (2- 2'-
3'-3-2).

The heat supplied to steam is also increased by an
amount equal to area under the curve (2-2' ) 1.e. area (2-
2°-M-L-2) in T—S diagram.

However, the ratio of increase in work output to increase
in heat supplied to steam is more than the ratio of work P
done to heat supplied for Rankine cycle (1-2-3-4-1) due

to which the cycle efficiency increases.

Due to the superheating of steam the average temperature

of heat addition to the cycle increases while the average
temperature of heat rejection from the cycle remains the
same.

So there should be an increase in the thermal efficiency
compared to the cycle using dry and saturated steam.

s Increase in heat rejection due to
superheating

-~

h Increase h_a work due to
2. superheating

23



Variables Affecting Efficiency of Rankine Cycle

S S e

2. Effect of Tncrease in Buoiler Pressure :
Rankime cvcles (1-2-3-4-1) and {1°-2°-3"-4-17) have the
same maximum temperamuee [, = L[," but differemt
maximum pressure py and py' respectively are shown in
Fig. The condenser pressure py 15 same 10 both the cases.
It is obvious from the Figure that due to increase in
maximum pressure from pressure py o py' . the net work
mcreases by an area shown by the obligue hatching and
decreases by the area shown by horizontal hatching due o
the mncreased pressure of the cvele,

These two approximately work done (arcas) are the same
bul the heat rejected i the condenser decreases by the
area {3°-3-M-L-37).

Since heat rejection is reduced in the case of increasing
boiler pressure, so the Rankine efficiency increases with
the mcrease in the maximum pressure of the ovele.

e Decrease in
heat supplied

2o Debrease in
2 heal rejection

h
&
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Mean temperature of heat addition




/ -7 Areaunder 4s — 1 = areaunder 5 - 6
5 6 m1
. Qp = hy —hyg =Ty (51 —545)
% ;
3 < 2 \2 T B h] _h-la
ml —
e—. 1 545

Q> [5 (51 —545)
n : 1_ - — 1 - _: S
SN Q T (51— 545)
Tﬂr
NRankine = 1 -
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1 NRankine =1- =
I111] T

NRankine £ Tml }““l}'

Conditions:

v'If T2 is Decreased, then Efficiency will increase. (Cannot go below
the Atmospheric pressure).

v'If Tmi Is Increased, Then Efficiency will Increase.

27
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Reheating or Reheat Cycle



For Turbine , the X must be > (.85

Amount of dry steam

A=

Amount of total steam

If steam quality is less than 85% Erosion of turbine blade take place
Which decrease the life of turbine

32
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Why we need reheating ?

To increase the boller pressure, reduce the steam quality which results erosion of turbine blade or pitting take place in
turbine, Hence the life of turbine blade Is decreased.

To reduce erosion of the blade the quality of steam s above 85% and this achievement is possible if we use reheating
method in steam power plant

Reheating increase the mean temperature compared to earlier case and improves the efficiency.

34
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The efficiency of the simple Rankine cycle can be improved by increasing the pressure and
temperature of the steam entering into the turbine.

As the imtial pressure of steam increases, the expansion ratio in the turbine also increases and
the steam becomes quite wet at the end of expansion.

This wet steam passing over the turbine blades for a prolonged period will corrode and
erode the turbine blades and increase the losses.

This reduces the nozzle and blade efficiency. The dryness fraction of steam is allowed to fall
upto 0.88 but not below it during its expansion in the turbine.

The erosion and corrosion difficulties due to
the presence of water particles in the steam can
be avoided by reheating of steam, because the
steam becomes dry after reheating,

In reheating, the whole steam 1s extracted from
a suitable point in the turbine (before reaching
(.88 dryness) and is reheated with the help of
the flue gases in the boiler furnace as shown in
Fig.

Teas
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Rankine cycle with two Reheats
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Regeneration in Rankine Cycle



ldeal Rankme cvcle
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Basic Concept of Regeneration 1n Rankine Cycle
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Regeneration 1n Rankine Cycle

L kg/s Boiler
2950C £
23309C — iy :é:
(1-m) keg/s
~=40°C
40°C |

Pump |

0.08 bar

S Condenser | =
4 (1-m) kg/s
‘ Q,

-
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Two Regeneration (or) In case of Three pumps.
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Efficency
We = 1l =h)+( 1 =m)h =Mh)+(1 —m —m,)h-Nh)
We=(1-m-m X -h)+(1-m¥h-h)+ 1(h, -h)
O= W(h-h,)

W, -W,
s r

O
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Important Terms of Steam
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Boilers

What is boiler?

It is an enclosed pressure vessel in which water is converted into steam by gaining heat
from any source (coal, oil, gas etc).

Boiler in thermal power plant accumulates the steam and build up a pressure to expend it
in turbine and convert thermal energy to mechanical energy. The generator which is

connected to turbine converts the mechanical energy into electric energy.



Classification of Boiler

(1) According to geometric orientation of boiler:

# If the axas of the boiler 15 honzontal, the botler 1s known as horizontal boiler,

Example : Lancashire Boiler, Locomotive Boiler

# If the axis of the boiler 1s vertical, 1t 1s known as vertical boiler,

Example :Cochran Boiler

# If the axis of the boiler 1s inchined 1t 15 known as mclined boiler




(2) According to relative position of water and hot gases :
Fire Tube boilers -

If the hot gases of combustion from the fumace pass through the tubes and water is surrounding (outside) the tubes
1s called water tube boilers. Example : Cochran Boiler, Lancashire, Locomotive,

Water tube hoiler :
If the water passes through the tubes and hot gases surrounding (outside) the tubes 15 called water tube boiler.
Example : Babcock and Wilcox boiler.

Figure . 1 Figure . 2




(3) According to location of furnace:

Externally Fired boilers: Fumace 1s placed outside the boiler shell. Water tube botlers are always extemally fired.
Example : Babcock and Wilcox boiler.

Internally fired boiler: Fumace is placed inside the boiler shell. Most of fire tube boilers are intemally fired
boiler.

Example : Cochran Boiler, Lancashire.

Figure . 1 Figure . 2




(4) According to method of water circulation :
Natural circulation boilers:

In this boiler, water flow take place naturally, by temperature difference of
water. The low capacity boilers use natural circulation,

Example : Lancashire, Babcock and Wilcox bonler.

Or

In Natural circulation type boilers,
circulation of water in the boiler takes
place due to mnatural convection
current produced by the application of
heat




Forced circulation bollers :

In this boiler, water flow (circulation) is take place by a pump. High pressure

bolers are forced carculanion bonlers.
s o= STEAT OU
—cETRTE
Tt
| -
r . #
Fesd pumg Y i
Waler in—=' 2t
Fump




(5) According to working pressure :

High pressure boiler:

The working pressure of this boiler is higher than 25 bar.
Example : Babcock and Wilcox boiler

Medium pressure boller :

The range of working pressure of this boiler 1s between 10 bar 1o 25 bar.
Exemple : Lancashire boiler, Locomotive boiler

Low pressure boiler :

The range of working pressure 1s between 3.5 to 10 bar.
Example : Cochran and Comish boiler.



(6) According to mobility of boiler :
Stationary boiler -

This boaler cannot be transported easily from one place 1o another place. The stationary boilers are used for
power generation or process heating in industries.
Example : Lancashire, Babcock and Wilcox boiler.

Mobile boiler

It 1s portable borler and can be easily transported (moved) from one place to another place. This boiler 1s used
in marine and locomotive. Example: Locomotive boiler.

(7) According to numbers of tubes in the boiler :

Single tube boiler: This boiler having only one fire or water tube for circulation of hot gases or water.
Example: Comish boiler.

Multi-tube boiler : This boiler having two or more fire or water tubes for the circulation of hot gases or
waler

lénmph : Locomotive. Cochran. Lancashire, Babcock & Wilcox
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Comparison of Fire Tube Boiler & Water Tube Boiler
FIRE TUBE BOILER VS WATER TUBE BOILER

ot Gamuey Ot

b o Cngt

DETAILS FIRE TUBE BOILER WATER TUBE BOILER
FLUE GASES INSIDE OF PIPES WATER 1S INSIDE THE PIPES
EVAPORATION OF WATER LESS MORE
LESS WATER WILL DAMAGE PARTS 0 vis
THICKNESS OF SHELL MOFE LESS
COST OF PURCHASING MORE LESS
PRESSURE RANGE Low HiGH
CLOGGHNG OF WATER NO CLOGGING ¥ES
i BLAST MORE DAMAGE LESS DAMAGE
MAINTANANCE EASY DIFFICIALT
EFFICIENCY LESS OB
FLUCTUATION OF LOAD NOT SUTABLE SUATRABRLE
COST OF INSTALLATION LESS MORE
STEAM GENGREATION CAPACITY LESS MORE
EXAMBLES COCHRAN BOILER, LOCOMOTIVE BOWLER BABCKOCK AND WILCOX




Constructional details of Boiler &

Power boiler




Power boiler

Shell

Setting

Grate

Furnace

Water space & Steam space
Mountings

Accessories

Water level

Blowing off

S B NS0 W WP
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Shell

* the shell of a boiler consist of one or more
steel plates bent into a cylindrical form &
viveted or welded together.

Setting

* The primary function of setting is to confine
heat to the boiler and form a passage of
gasses.

* [t is made of brickwork and may form the
wall of the furnace and combustion chamber

* [t also provides support in same types of
boiler.
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Grate

o [t is the platform in the furnace upon which
fuel is burnt and it is made of cast iron bars.

* The bars are so arvanged that air may pass
on to the fuel for combustion.

* The area of the grate on which the fire rest
in a coal or wood fired boiler is called grate

surface.

Furnace

* It is a chamber formed bg the space above
the grate and below the boiler shell, in which
combustion takes place.

[t is also called a fire box.

15



Water space & Steam Space

* The volume of the shell that is occupied by
the water is termed water space while the
entire shell volume less the water and tube
space is called steam space.

Mountings

* The items such as Stop valve, safety valve,
water level gauges, fusible plug, blow off cock,
Pressure gauge, water level indicator, dead
weight satety valve, lever safety valve, spring
loaded safety valve, feed check valve etc. are
termed as mountings.

* They are external part of boiler.
* They are used for safety assurance.

16



Accessories

* The items such as super heater, economiser,
feed pump, injector, air pre heater, steam
separator etc. are terimed as accessories.

* They are internal part of the boiler.
*» They increase efficiency of boiler.

Water level

» The level at which water stands in the boiler
(s called as water level.

*» The space above the water level is called
steam space.

17



Blowing off

* The removal of the mud & other impurities
Of water is termed as blowing off.

18



Cochran Boiler

Steam Stop Valve
Pressure
Feed Chucﬁ'{w‘ge

Valve

Manhole
Wate
Inlet

Water [91.4:-1 .

[ndicator

Steant ot

lu )

hned

’/ Chimney

Priming Pipe

=moaoke

Fusible Plug LLd
Box

Fire Brick Door
Lining =
i Boiler Shell
Flue Pipe -
> P
Blow off A g ;
Cock ¢ r
| | | = Grate

e b Safety Valve

Characteristics of boiler:
» A vertical,

»Internally fired,
»Matural circulated boiler.
»Multifire-tube

Specification:
Shell Dhameter :
Height : 5.75 m,
Heating Surface Area : 120 m* ,
Working Pressure 6.5 bar,
Steam Capacity : 3500 kg/'hr,

275 m,
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Steam Stop Valve

Pressure @

A Steam onuf
froe
Feed Cheek -

Deand ﬁ'dphi Sufety Valve
Valve A N
'aln R a T thd Priming Pipe

let SRt
[ |

o ._."'._ ;-*/{ himney
Water o
||

Indicator

- "'"‘

Fusible Plug —“ ?
| I |
T
Fire Brick re— oot
Lining ___‘“
Flue Pipe \ Hhhie Sgll
sl ire [loor
Blow off } l r 4 -
Cock

] |||| [ 1] ]| Grate

Mud andgyater
off during blow

Mounting :

e Steam Pressure G rauge,

= Water Level indicator,

«  Dead Weight Satety Valve,
v  TFeed Check Valve,

«  Blow OI Cock,

*  Steam Stop Valve,

= Man Hole,

Fusible Plug: To stop firing when water level
in the boiler 1s lower than safe limat.

Anti-priming Pipe :To separate water particle
d

from steam and to collect the dry
steam from boiler through the steam

20



Steam Stop Valve:

Hressire

Feed Check N2
Valve AR

Manhole i E
Wate LR O o e i
Inl.'?[ T 1 '--'-'.-.' .|.'. L -..
Water Level :
Indicator

L

o Steam ont

|1i.'.1r|'ﬁ|l!,lf:|_'hl Salelv Valve

jialy- Priming Pipe

l/ Chimney

Fusible Plug

Fire Brick
Lining

Flue Pipe

Blow ofl
Cock

Door

Boiler Shell

Mud and@V ater

= Grate

off during blow «

Aar T

=

Construction :

#The boiler consists of a cylindrical shell,

hemispherical fire box. fire tubes and chimney.

#1he top of the shell having hemisphencal

shaped crown as shown in fig.

# The hemispherical crown of boiler gives good

strength to withstand pressure of steam nside the

boiler..

#1he hemispherical shape of fumace can

withstand high heat and 15 also useful to increase

radiant heat transfer from the furnace fo

hemispherical fumace wall,

#The prate 15 placed at the bottom of furnace and

ash pit is located below the grate.

# The fumace and the combustion
connected by short flue pipe.

# The wall of the combustion chamber is gl
with the fire bricks.

dls
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Steam Stop Valve

Pressure

Feed ChecBo e
Valve

e L2000 000
Water |- :

Indicator [

s e

Fusible Plug —

| —— ‘iﬁ

| R
Fire Brick N oot
Lining ___‘n '

Flue P‘:pe

Blow off
Cock

Mud andgyater
off during blow

Boiler Shell
,
‘l alry

L] |||| L[| [ ]§r—Crate

@ Steam out .
2 | I'lt-.-ul W%‘]ili Sufely Valve
- =R i 3

y Chimney

Working :

rs

-

Y ¥ ¥

b T

The water 1s supplied to the boiler through
feed check valve.

The coal is introduced to the grate through
the fire door.

The hot gases from furnace
combustion chamber through flue pipe.

This hot gases enters nto horizontal fire
tubes.

Heat transfer take place from flue gases
passing inside the tubes to water surrounded
the tubes by convection,

The flue gases coming from fire tubes enters
into smoke box and then finally discharged to
atmosphere through chimmey.

The ash formed is collected in the ash pit.
The steam 15 collected through anti priming

pipe on top of the shell,

enters
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Babcock and Wilcox Boller

It 1s a water tube boiler and used in stationary and manne engine.
The efficiency of this boiler 1s much greater than that of the fire tube boiler.
This boiler 15 exclusively used when pressure 1s above 10 bar and steam generating capacity 15 required
higher than 7000 kg'hr.
Sagper Hemted Steam
Supportng Beams

Pressare grage

Steam &
‘ater Drum

Water Lavel
lndi:ﬁ::" Fusable Plug Manholc
8]
Foesl Water Inlet
Up take Header
Dewens Take Hemder

Baffles

Mud Bon

!1'; 0| O3 -H;
Ash Pu || Cleanpt Door To Stuck Damper 23

Water Tighes




Specification:

Diameter of the drum = 2000 to 4000 mm,
Length = 6000 to 2000 mm.

Size of the water tube = 76.2 to 101.6 mm
Size of upper header tube = 38.4 to 57.1 mm
Maximum working pressure = 42 bar
Maximum steam capacity = 40,000 kg'hr
Efficiency = 60 to 80 %

Sagper Hemted Steam
Supporting Beams
Pressure pwage — Safety Valve pres——
- Vv -ll-!u-. Sm &
Water Level

Fend Water [nlet
Up mke Header

e
Q
Raffles
Water T e
. # Blow off Mpe

sl || gli:nﬂ:E -ﬁ:ﬁ;ﬂu—pﬂ
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Working:

The water feed into the boiler shell through the feed
check valve.

Due to gravity water passes through the wvertical
tubes, headers and fills up the inclined tubes first,
Then the water collects in the drum. Initially one half
of drum is filled up with water.

The coal s introduced to furnace grate by help of
stoker,

The coal is fired. hot gases produced is first forced to
move upward through passage between tubes.

The baffles plates make flow of hot gases in sine
wave, as move down and then move upward over the
water tubes.

The damper controls the flow of air into the furmnace.
Water in the drum comes down through JhIRgk.
header and enter the tubes.

25



Pressore gauge

Water Level
lnekicaton

Ferd Water Inlet
Up mke Header

Baffies

Sapeer Hewted Soeam
Supporting Beams
Lalety Valve :
hd.ol Steam &
Vater Drum
Fuwible Plug Manhole
©

Water Tobes

Stoker

Ash Pit

Devarn Takoe Header

Mud Box

Blow off Pipe

Working:

The water feed into the boiler shell through the feed
check valve.

Due to gravity water passes through the wvertical
tubes, headers and fills up the inclined tubes first,
Then the water collects in the drum. Initially one half
of drum is filled up with water.

The coal is introduced to furnace grate by help of
stoker.

The coal is fired, hot gases produced is first forced to
move upward through passage between tubes.

The baffles plates make flow of hot gases in sine
wave, as move down and then move upward over the
water tubes,

The damper controls the flow of air into the furnace.
Water in the drum comes down through JdbiSvweapg:
header and enter the tubes.
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Working:

They are heated by hot gases coming from furnace. Due
to heating of the water, density of water decreases. Low
density water moves upward in water tubes.

The water tbes just above the fumace are heated
comparatively at a higher temperature than the rest of it.
Therefore low density water 1s gradually converted into
steam in their path and rises into drum through up take
header.

Thus a continuous circulation of water from drum to
water tubes and water tubes 1o drum 1s mamtamed due
to density difference of water and gravity, without any
pump.

The steam then enters to the ant-pniming pipe and flows
in the super heater tubes where it 1s further heated and 1s
finally taken out thorough the main steam siqpgglve
and supplied to the engine when needed.

At lowest point of the header, mud collector is prowided
to remove the mud particles through a blow dswn cocle

27



Advantages:
l. The steam generation capacity of the boiler i1s very high, about 2000 to 40000 kg /hr.

2. Replacement of defective tubes is easy.
3. The draught losses as compared to other boilers are mimimum.

28



Locomotive Boiler

29



Working of Locomotive Boiler

» In a locomotive boiler, first, the solid fuel (coal) is inserted on the
grate and 1s 1gnited from the fire hole. The burning of the fuel starts
and 1t creates hot exhaust gases. A fire brick arch 1s provided that
makes the flow of hot exhaust gases to a definite path before entering
into the long tubes (fire tubes). It also prevents the entry of burnt
solid fuel particles into the fire tubes

» The hot exhaust gases pass through the long fire tubes and heat the
water surrounding them. Due to the heating, water gets transformed
into saturated steam and collected at the top. Saturated steam from a
dome enters into the steam pipe with the help of a regulator valve.
The steam travels in the main steam pipe and reaches the superheater
header. From the header, the steam enters into the superheater
element pipes.



» Here it 1s superheated and then the superheated steam enters into the
steam pipe of the smokebox. The steam from the superheater goes to
the cylinder containing the piston. The superheated steam made
the piston moves within the cylinder. The piston 1s connected to the
wheels of the steam engine and the wheels start rotating. The exhaust
steam from the cylinder enters the blast pipe.

» The burnt gases and smoke after passing through the fire tubes enter
into the smokebox. The exhaust steam coming out from the blast pipe
pushes the smoke out of the boiler through the chimney. Here the
smoke cannot escape out from the boiler on its own, so an artificial
draft 1s created by exhaust steam coming out from the steam engine.
This artificial draft created pushes the smoke out of the smokebox
and creates suction for the hot exhaust gases.



Advantages of Locomotive Boiler

1. It is portable.

2. This boiler is capable of meeting sudden and fluctuating demands of steam.
3. It is a cost-effective boiler.

4. High steam generation rate.

5. It Is compact in size and its operation is easy.

Disadvantages of Locomotive Boller

1. It faces the problems of corrosion and scale formation.

2. Unable to work under heavy load conditions because of overheating problems.
3. Some of its water space are difficult to clean.

4. The overall efficiency is less.

Application of Locomotive Boiler

1. Locomotive boilers are used in railways and marines.

2. This type of boiler is used In traction engines.

3. This is also used in steam rollers.

4 [t is can be used in portable steam engines and some other steam road vehicles. 32
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Boiler Draught

» The small Pressure difference which cause the flow of gas
to take place 1s termed as Draught.
or
» Draught is a small pressure difference between air outside
the boiler and gases within the Furnace.

Flue gases out

Boiler

Air Preheater Economiser
__ | Gratelevel
Atmospheric

air in




» The Function of draught in case of boiler, is to
force the air to the Grate for Combustion and
carry away the flue gases outside the Chimney.

» In Boiler furnace. The proper combustion takes
place only when sufficient quantity of air 1s
supplied to the burning fuel.



Necessity of boiler draught
|. To provide sufficient quantty of an for combustion,

2. To expel out the hot gases to tlow through the boiler.

3. To r.lii-:f_'hm':_{i: these gases (o uhnu'.-:phm'c i]u'uugll Ehil]mu'_'_u'.



Classification of Draught

Draught
Natural or Artificial
Chimney draught draught
|
| |
Steam jet Mechanical or
draught Fan draught
| | | |
Induced Balanced Induced Forced Balanced
draught

draught draught draught draught



Natural draught

Notwral A
/s 41 ¥ [ i
Flue gases out
F i
| A r
p! jm 1
Top i = i
|
‘ vl MF ]
] Chimney
H | {
‘i Boiler |. o ! J ¥
_- Air Preheater Economiser
: : [ Grate level 7 o\
Base R I e f il e e [ydwse U 1
Atmospheric i
air in } 4

» Its value is very small, so it is generally the pressure values are measure by Water
manometer.

» It is noted that the pressure difference in chimney is generally less than 12mm of
water. !



The natural draught is obtained by the use of chimney. The chimney in the power plant
performs the following two functions.

(i) It produces draught (create pressure difference) which required to force air and gases
through the furnace, boiler accessories and settings.

(ii) It comes the product of combustion to such a height that they will not be objectionable
or injurious to surrounding.

The chimney is vertical tabular structure build either of masonary, concrete or steel. The
draught produces by the chimney is due to density difference between the column of hot
gases inside the chimney and cold air outside the chimney and also on the height of the
chimney above the level of the furnace grate. The density difference depends on the

temperature of flue gases passing in chimney and temperature of atmospheric air.

Flue gases out

p:l
Top o g

Chimney
Boiler

Air Preheater Economiser

b — p; [CSERSR—— ) i — -

Atmospheric 8
air in




Advantages of chimney or natural draught:

(1) Chimney draught does not reguire any external power to produce draught.

(2) Simple in construction, less cost and has long life.
(3) Non-mechanical parts and hence maintenance cost is negligible.

(4) Chimney keeps flue gases at a high place in the atmosphere which prevents the

contamination of atmosphere and maintains the cleanliness.

Disadvantages / Limitations of chimney or natural
draught:

(1) The maximum pressure available for producing natural draught by chimney is hardly 10
to 20 mm of water. Hence it is only used for very small boilers.

(2) Due to low velocity of air, the mixing process of air and fuel is not proper and hence

combustion is very poor. This increases the specific fuel combustion of boiler.

(3) In case of modem power plant, the draught produced by chimney is insufficient for high
generating capacity and also reduces thermal efficiency. Therefore, now a days chimney is
used with artificial draught system in all power plant only to discharge the flue gases high

in the atmosphere to maintain the cleanliness of atmospheric air.



Forced Draught

In a forced draught system, a fan is install near the base of boiler

furnace and air is forced to pass through the furnace, flues,

economizer, air pre-heater and chimney. It is known as forced

draught because the pressure of air throughout the system above

atmospheric pressure.

Boiler
To Exhaust
[
Stack or Chimney
0 Air
El T T T J Economiser Preheater
Furnace \
— Grate =
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Forced Draught

LY ]
PREHEATER LAY

STACK

11



Induced Draught

In induced draught , the fan is install near the base of chimney. The air is

sucked into the system by reducing the pressure through the system below the
atmospheric pressure. In this draught fan suck the gases from the furnace and
the pressure inside the furnace reduced below atmosphere pressure. Due to this

pressure difference air suck in furnace and gases remove to surrounding

Boiler
To Exhaust
Stack or Chimney
Al
T T T Economiser p.-.h.r.m
Furnace \ . Induced Fan
7 s i)y L
§ZAECTIRS N W

Air
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| Induced Draught;|

f i PREHEATER

BOILER TO EXHAUST
FURNACE , ‘1
» | ECONOMISER

o
b T B2

AIR
PREHEATER " 13

STACK




Balanced Draught

A balanced draught is a combination of forced and induced draughts. The

force draught supplied sufficient air in boiler furnace for proper & complete
combustion of fuel. The induced draught fan removes the gases from furnace
and maintaining the pressure in the furnace below atmospheric pressure.

Boiler
To Exhaust

Stack or Chimney

&=

Economiser  Preheater
Furnace

. Blower
Grate . ]

|
[
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Balanced Draught

BOILER TO EXHAUST
—— ‘s

Forced Fan

. | ECONOMISER
|
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PREHEATER Sl
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Steam jet draught

In steam jet draught the exhausted steam of turbine or steam
engine use for producing draught. In this draught the steam
nozzle located near the smoke box induces the flow of gases

through the tubes, ash pit, and grate. It is generally used in

locomotive boiler.

Exhaust steam from
Meam engine =

16



Comparison of Forced and Induced
Draught

Forced Draught Induced Draught

1. Fan 15 placed before the fire grate. 1. Fan 15 placed after the fire grate,

2. The pressure inzide the fumace 13 above the atmospheric 2 The pressure mside the furnace 1z below the atmosphenic

pressure pressurs.

3. Forces fresh air into combustion chamber 3. Forces hot gases to chimney.

4. It requures less power as fan has to handle 4. It requires more power as fan has to handle hot air and flus
cold air only. ZASCS.

5. Flow of air through the furnace 15 more uniform 3. Flow of arr through the fumace iz less uniform.




DRAUGHT LOSSES

Loss due to the frictional resistance offered by flue
gas passage to the flow of flue gases.

Loss due to bends in gas flow circuit, which also
offer flow resistance.
- Loss due to friction head in grate, economizer,

super heater elc.
Loss due to flow resistance oftered by chimney.
Loss due to imparting some velocity to flue gases,
which is required to increase heat transfer in boiler
and also to throw away the flue gases from
chimney.

This loss in Draught in a chimney is 20% of the total Draught produced in it.

18
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Steam Condenser
Defimition:

~ Condenser is a device in which steam is condensed to
water at a pressure less than atmosphere.

~ Condensation can be done by removing heat from
exhaust steam using circulating cooling water.

~ During condensation, the working substance changes its
phase from vapour to liquid and rejects latent heat.

~ The exhaust pressure in the condenser 1s maintaned
nearly 7 to 8 kpa which corresponds to condensate
temperature of nearly 313 kelvin.



Functions of Condenser:

- To reduce the turbine exhaust pressure so as to
increase the specific output and hence increase the
plant efficiency and decrease the specific steam
consumption.

- To condense the exhaust steam from the turbine and
reuse 1t as pure feed water in the boiler. Thus only
make up water is required to compensate loss of water

~ Enables removal of air and other non condensable
gases from steam. Hence improved heat transfer,



Elements of Condensing Plant:




Elements of steam condensing plant
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\dvantaee of a Condenser

~ It increases the work output per kg of steam supplied
to the power plant. It also reduces the specific steam
consumption, therefore reduces the size of power
plant of given capacity.

~ It improves the thermal efficiency of the power plant.

~ It affects the saving in cost of water to be supplied to
the boiler since the condensate is returned to the
boiler.

~Cost of water softening plant 1s also reduced since
pure feed water is available for the boiler.



Cooling Towers






Cooling Towers

The Purpose of a cooling tower 1s to reduce the temperature
of circulating hot water to re-use this water again in the boiler.
This hot water 1s coming from the condenser.
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Parts of Cooling Tower

Eliminator: It 1s not allowed to pass water. Eliminator 1s placed the at top of
tower, from which only hot air can pass.

Spray Nozzles and Header: These parts are used to increase the rate of
evaporation by increasing surface area of water.

PVC Filling: It reduces the falling speed of hot water.

+—— Motor cap
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Air Outlet —_—~Motor
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Mesh: When the fan i1s ON, it uses atmosphere air which contains some
unwanted dust particles. Mesh 1s used to stop these particles and do not allow to

enter dust in to cooling tower.

Float Valve: It 1s used to maintain level of water.

Bleed Valve: It 1s used to control the concentration of minerals and salt.

Body: Body or outer surface of cooling tower is often made up from FRP (fiber

reinforced plastic), which protects the internal parts of cooling tower.
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Working of Cooling Tower

» Hot water is coming at the inlet of the tower and pumped up to
the header.

» The header contains nozzles and sprinklers which is used to
spray water, and 1t will increase the surface area of water.

» After that, water comes to PVC filling; it used to reduce the
speed of water.
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» At the top the cooling tower, fans are used to lift air from
bottom to the top. Because of slow speed and more contact area
of water, 1t makes a good connection between air and hot water.
The process will reduce the temperature of water by
evaporation process and cooled water 1s collected at the bottom

of the cooling tower, and this cooled water 1s used again 1n the
boiler.
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Cooling towers can be classified in two types:

1. Natural Draught Cooling Tower:
2. Mechanical or Forced Draught Cooling Tower



1. Natural Draught Cooling Tower:

In this type of cooling tower, fan is not used for circulating air but here, by enclosing
the heated air in the chimney and it will create pressure difference between heated air
and surrounding air. Because of this pressure difference air enters in to the cooling
tower. It requires large hyperbolic tower, so capital cost is high but operating cost is low
because of absence of electrical fan.

There are two types of natural draught cooling tower, rectangular timber tower and
reinforced concrete hyperbolic tower.
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2. Mechanical or Forced Draught Cooling Tower

»In this type of cooling tower, fan is used to circulate the air.

»When power plant runs on peak load, it requires a very high rate of
cooling water. To rotate fan, it uses motor with speed around 1000 rpm.

» Working principle is same as natural draught cooling tower, only
difference 1s that here fan 1s mounted on the cooling tower.

»1f fan 1s mounted on the top of the tower is called as induced
draught cooling tower. It contains a vertical shaft. which 1s most
popular for very large capacity installation and requires large capacity
of fan.

»So, forced draught cooling tower contains horizontal shaft for the
fan and 1t 1s placed at bottom of the tower and
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Classification of Condensers:

According to the type of flow:
~ Parallel flow , Counter flow & Cross flow

According to the Cooling Action:
~ Jet Condensers or mixing type

» Low Level Parallel Flow Jet Condenser
* Low Level Counter Flow Jet Condenser
» High Level Jet Condenser

» Ejector Jet Condenser

» Surface Condensers or Non-mixing type

I Down Flow 2. Central Flow 3. Inverted Flow 4.

Evaporative type 5. Regenerative type
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Jet Condenser Vs

Jet Conidensers
(Hrect Contacl type Mixed type

Exhaust Steam

Condeniate
(Cooling Water + Condensed steam)

Surface Condenser

Surface Condenvers
{Indirect Contact fype™om-Nixed type)

Exhaust Steam

Cooling Water

Cocling Water

Condensote

26



Jet Condensers

* In jet condensers exhaust steam and cooling water come
in direct contact and mix up together. Thus, the final
temperature of condensate and cooling water leaving the
condenser is same.

» Such condensers are normally used for small power units.

» It can be used when cooling water is cheaply and easily
available.

* These condensers are not usually employed since the
Condensate collected can not be reused in boiler, because

it contains impurities like dust, oil, metal particles etc in
the condensate.

27



Jet Condensers

+ CONDENSATE CAN'T BE REUSED DUE
TO IMPURITIES OF THE COOLANT.

* IMPURE CONDENSATE WILL
CORRODE THE PLANT TUBES.

* RISE SCALE FORMATION IN BOILER
TUBES.

SCALE FORMATION

+ SCALE FORMATION WOULD REDUCE
THE EFFICIENCY OF BOILER.
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Why vacuum is created in Condenser...?




Vacuum Creation in Condenser:

When the steam condenses in a closed vessel, the vapour phase of
working substance changes to liquid phase, and thus its specific
volume reduces to more than one thousand times.

- Due to change in specific volume, the absolute pressure in the
condenser falls below atmospheric pressure and a high vacuum is
created.

This minimum pressure that can be attained depends on the
temperature of condensate and air present in the condenser.

The absolute pressure = Atmospheric pressure — Vacuum Gauge
in the condenser Pressure
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Counter Flow Low Level Jet Condenser

The cooling water is supplied from
the top of the condenser and steam
from side of the condenser.

The water flows in downward
direction through a series of
perforated trays. Steam gets
condensed while it comes in contact
with the falling water.

The air pump always maintains the

uired vacuum in the condenser
and induces the cooling water to be
lifted into the condenser up to a
height of 5.5m.

The excess amounts of condensate
from hot well flows into the cooling
pond by an overflow pipe.

Lowo-level counter-flow jet condenser
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Counter Flow Low Level Jet Condenser




Parallel Flow Low Level Jet Condenser

» Exhaust steam and
cooling water both flow in
the same direction.

~»Wet air pump is used to
extract the mixture of
condensate, air & coolant.
This limits the vacuum
created in the condenser
up to 600 mm of Hg.
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High Level Jet Condenser or Barometric jet
condenser
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Ejector Condenser:

-9
|
I [

~ In this cooling water enters from Cmting W

the top of the condenser at least
under a head of 6m of water
pressure alwml t?]:;d ﬂlhclp of a Non-return vakse
centrifugal pump en it passes e e
over a series of convergent nozzles - o= e
and finally it leaves through a oo+,
convergent divergent nozzle. P Comergent
~ The non return valve helps in =i
reventing the rush of water from

ot well to the engine in case the
cooling water supply fails.
~ Momentum of flowing water is
used to remove the mixwure of
condensate & coolant from
condenser without the use of any
extraction pump.
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Advantages & Disadvantages of Jet
Condensers:

L . ____._ O . .




Surface Condensers

* In surface condenser, the exhaust steam and cooling water
do not come in physical contact, rather they are separated

by heat transfer wall. Hence condensate remains pure &
can be reused.

Exhaust

Shell and tube type condenser
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Down Flow Surface Condenser:

» EKhﬂ“St steam enters the Exhaust steam
top of condenser shell & - '
flows downward over Tubes
water tubes.

» Water tubes are double
passed. The cold water
flows in lower side first
& then in upper side in
the reverse direction,
which enables the
maximum heat transfer.




Central Flow Surface Condenser

» The steam flows radially inward s

» The condensate is collected
at the bottom of the shell from
where it is taken out by the

condensate extraction pump.

» The steam gets access to the
entire periphery of tubes, and
thus a large surface area for the
hear transfer is available as
compared to the down flow.

Central-flow surface condenser
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Evaporative Condenser:

& o
L J

—

» The evaporation of some
cooling water provides the
cooling effect, thereby
steam condenses.

» Steam to be condensed is
passed through grilled tubes
& cooling water is sprayed
over outer surface of tubes. Vake up

« The evaporative condensers Wale
are most suitable for small
plants, where supply of cold
water is limited.

N Ecopoviiesomn oS
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Advantages & Disadvantages of Surface
Condensers:

O




Comparison of Jet & Surface Condensers.

Jet Condensers Surface Condensers

" Cooling water and steam are mixed up 11 Cooling water & steam aren’t mixed up

© Requires small floor space 11 Requires large floor space

o The condensate cannot be used as feed water 1 The condensate can be used as feed water 1o
1o boiler unless it is free from impurities hoiler as it is not mixed with cooling water

4 More power is required [or air pump <1 Less power is required for air pump

© Less power is required for water pump | 1 More power is required for water pump

 Requires less quantity ol cooling water o Requires large quantity of cooling water

' The condensing plant is simple | *1 The condensing plant is complicated

* Less suitable for high capacity plants due to  © More suitsble for high capacity plants as
low vacuum efficiency . vacuum efficiency is high
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Sources of Awr in the Condenser:

» The ambient air leaks to the condenser chamber at the joints &

glands which are internally under pressure lower than that of
ambient.

» Another source of air is the dissolved air with feed water. The
dissolved air in feed water enters into boiler and it travels with
steam into condenser.

Effects of Awr Leakage:

» The presence of air lowers vacuum in the condenser. Thus back

pressure of the plant increases, and consequently, the work
output decreases.

* Air has very poor thermal conductivity. Hence, the rate of heat
transfer from vapour to cooling medium is reduced.

* The presence of air in the condenser corrodes to the metal
surfaces. Therefore, the life of condenser is reduced.
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Effect of Condenser Pressure on Rankine Efficiency:

O
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Steam Nozzle



Steam Nozzles

*Turbo machines like
steam turbines \ Generator
produce power by T |
utilising kinetic
energy of steam jet
produced by passing
high pressure steam o
through the devices Stearn Turbing Rotor with SteamyNozzle .
called as nozzles.




*|t is a passage of varying cross sectional
area by means of which pressure energy
of working fluid as steam is converted
into kinetic energy.
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Types of Nozzles

1. Convergent Nozzle

2. Divergent Nozzle

3.Convergent-Divergent Nozzle



. Convergent Nozzle
In convergent nozzle the cross sectional area
decreases continuously from inlet to outlet.

: : Wb
It is used in a case when pressure ratio (P—z) is equal
1

to or greater than the critical pressure ratio (0.58)




. Divergent Nozzle

The cross sectional area of divergent nozzle
increases continuously from inlet to outlet.

It is used in a case, when the pressure ratio is less
than the critical pressure ratio.

envance |/ // /L7 /L7 ey
—pe —
S —

(/I 7T777777




. Convergent-Divergent Nozzle

In this type the cross sectional area first decreases
from inlet to throat, and then increases from throat
to outlet.

It is widely used in many type of steam turbines.

Entrance w;f/ / / J-/;Z—"/'Zl Exit

— —

r 77/ X/ /77777
c:g_;:_ﬂ[‘j{‘ 3' n:r:nt -

Throat
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Significance of Critical Pressure ratio

Va lVf :
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Flow of the
Nozzle




T




Equation of Velocity in Nozzles

Consider steam passing
through nozzle from inlet 1-1
to outlet 2-2.

P, - Pressure of steam

V, - Velocity of steam

T,- Temperature of steam
v,- Sp. Volume of steam

h, - Sp. Enthalpy of steam

u, - Internal energy of steam
Z,— Datum level

E JF O = < 'O
mui e e | = -] wmnd

Inlet

e

Outlet 2

Datum Line
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Steady Flow Energy Equation

vi vi
Pivytup+5 +82,+q=P v, +u, +5° +gZ,+ W

P11:'1+u1-h & P,v,+u,=h,
2
hy+— +gzl+q h1+ +gZ,+w
Change in potential energy is negligible Z, =7,

For adiabatic process q =0 and for no work done w =0

'L Vs
h+—-h+—

VZ =2(h, - h)) + Vf
V<< V,
=2(h, - h,)
V,=4/2(h, - h,) m/s (for hin kJ/Kg)
V,=./2000(h, - h;) m/s (for hinJ/Kg)
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Isentropic Expansion of Steam in a Nozzle

or
Supersaturated Nozzle

Supersaturated flow in

Nozzles:

* As steam expands in the
nozzle, its pressure and
temperature drop, and it
is expected that the
steam start condensing
when it strikes the

~ saturation line.

fid

Wilson line
(x=0.96)

Saturation
[ line

h-s diagram isentropic expansion of steam in a nozzle
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* Due to high velocities,
the residence time of
the steam in the nozzle
is small, and there may
not sufficient time for
the necessary heat
transfer and the
formation of liquid
droplets.

line

J

Wilson line
(.t’ = [}.%]

Saturation
/‘

h-s diagram isentropic expansion of steam in a nozzle
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* Consequently, the :
condensation of steam 18
is delayed for a little
while. This phenomenon
is known as super
saturation, and the
steam that exists in the
wet region without T
containing any liquid is (x=0.96)
known as h-s diagram isentropic expansion of steam in a nozzle 5
supersaturated steam.

-

/ Saturation
line

I
J
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The locus of points
where condensation
will take place
regardless of the initial
temperature and
pressure at the nozzle
inlet is called the
Wilson line.

The Wilson line lies
between 4 and 5
percent moisture
curves in the
saturation region on
the h-s diagram for
steam, and is often
approximated by the 4
percent moisture line.

fid

/" line

N
2 2N

Wilson line _f,/

(x=0.96)

- Saturation

h-s diagram isentropic expansion of steam in a nozzle
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Mass Flow Rate of Steam

Steam is compressible fluid. (p # C)

Steam flows through turbine under steady state
condition.

m=p AV = Constant

goll BE

m = % where v == Specific volume of steam

Where

A - Cross sectional area of nozzle (m?)
V - Velocity of steam (m/s)

v - Specific volume of steam (m?/, )
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Mass of Steam Discharge Through a
Nozzle
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Steam Turbine



Steam Turbine

Definition

A steam turbine 1s a prime mover 1n
which the porential energy of the steam
is transformed into Ainetic energy and
later in its turn is transformed into the
mechanical energy of rotation of the
turbine shaft.






-l

Working Principle of Turbine

A fast moving fluid (1t may be water, gas, steam or wind) 15 made to strike on the blades of the turbine,
As the fluid strikes the blades, it rotates the runner. Here the energy of the moving fluid is converted into

rotational energy.
A generator is coupled with the shaft of the turbine. With the rotation of the runner of the turbine, the shaft of the

generator also rotates. The generator converts the mechanical energy of the runner into electrical energy.



— Ll ol =

Main Parts of the Impulse Turbine

Nozzle: It gmdes the steam to flow in designed direction and velocity

Rumnmner: it 15 the rotating part of the turbine and blades are attached to the runner,

Blades: It is that part of the turbine on which the fast moving fluid strikes and rotates the runner.

Casing; It 1s the outer air tight covering of the turbine which contains the runner and blades. It protects the internal

parts of the turbine.

bucket

stationary
nozzle



Classification of Steam
Turbines



Accordingto the action of steam:

Impulse Turbine

»# Impulse turbine: In impulse turbine, steam coming
out through a fixed nozzle at a very high velocity strikes

e |

the blades mounted on the periphery of a rotor. e .
: . Rl buchets Rotor —
» So energy at inlet of turbine is only K.E. Fiod
# The moving blades change the direction of steam flow
without changing its pressure. Moring
» Ex: De-Laval, Curtis and Rateau Turbines 5%
norrie

o = e B




Impulse Turbine Reaction Turbine

¢

e I F_. Vo <
Baackets —_—
Reaction turbine: In reaction turbine, steam —— """‘___,/ - noxzie
expands both in fixed and moving blades Moving
continuously as the steam passes over them., buckess g~ N+ _-y% o
The pressure drop occurs continuously over Pd _!ﬁ" h%
both moving and fixed blades. ""}ﬂ ; _;',/_i\
# Energy at mlet of turbine 1s K.E. and Pressure ;ﬁ_. o ﬁ
energy (P.E.) as ﬁ
» Ex: Parson’s Turbine o 1
Sieam Pressule

o/

Biaam WiekocEy Uheamn Velocsy

Yo}



According to the number of pressure stages:

» Single stage turbines: These turbines are mostly used for driving centrifugal
compressors, blowers and other similar machinery.

» MultistageImpulse and Reaction turbines: They are made m a wide range of
power capacities varying from small to large.

10



According to the type of steam flow:

» Axial flow turbines:In these turbines, steam flows in a direction parallel to the axis of

the turbine rotor.
» Radial flow turbines: In these turbines, steam flows in a direction perpendicular to

the axis of the turbine rotor.
» Tangentialflow turbines: In these turbines, steam flows in a tangential direction.

11
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According to the inlet steam pressure:

Low pressure turbines: These turbines use steam at a pressure of 1.2 bar to 2 bar
Medium pressure turbines: These turbines use steam up to a'pressure of 40 bar.

High pressure turbines: These turbines use steam at a pressure above 40 to 170 bar.
Very high pressure turbines: These turbines use steam at a pressure of 170 bar and
higher and temperatures of 550°C and higher.

Supercritical pressure turbines: These turbines use steam at a pressure of 225 bar and
higher.

According to their usage in industry:

Stationary turbines with constant speed of rotation: These turbines are primarily used for
driving alternators.

Stationary turbines with variable speed of rotation: These turbines are meant for
driving turbo-blowers, air circulators, pumps, etc.

Mobile turbines with variable speed: These turbines are usually employed

in steamers, ships and railway locomotives.

12



According to the number of shafts:

» Sigle shaft turbines
» Multi-shaft turbmes

According to the method of governing:

» Turbines with throttle governing
» Turbmes with nozzle governing
» Turbines with by-pass governing

13



According to the heat drop process:

1.Condensing and non condensing
turbines :

2. Back pressure or topping turbine:

High pressure
wieum

Stearm
turbine

-

L.ow pressure
steam for
process heoating

Back pressure turbine

High pressure
Ateam

Low pressure

Condenser

Condensaie ‘_]

1 i ler

Condensing turbine

High pressurc
sonrm

A
Steam 1o
stmosphere ot
atirosphenc
PreAsLe

Non-Condensing turbine
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= High pressure
3. Pass-out Turbine: steam

e

Intermediate

pressure
Steam rnl:- _
process heating Low pressure
sleam to
4.Regenerative Turbine: condenser
High pressure

stcam

Steam
turbine |

Feed *
:“m q {‘mﬂenurm

Hot feed
waler (o ™ | ], -—

boiler
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COMPARISION BETWEEN IMPULSE AND REACTION TURBINE

S.No. Impulse Turbine Reaction Turbine
It consists of fixed blades which act
] It consists of nozzles and moving blades | as nozzles and moving blades
Steam 1s partially expanded in the
Steam 15 expanded completely in the fixed blades. Some amount of
nozzle. All the pressure energy 15 pressure energy 1s converted into
2 converted into Kinetic energy kinetic energy
Pressure of steam 15 constant over the Pressure drop takes place in the
3 moving blades. moving blades.
Because of high pressure drop in the
nozzles, blade speed and steam speed are | Because of small pressure drop, blade
4. high. speed and steam speed are less.
B Low Efliciency High Efficiency
6. Occupies less space per unit power Occuples more space per unit power.

16




Merits and Demerits of Steam Turbine

Merits:

* Ability to utilize high pressure and high temperature steam.
« High component efficiency.

 High rotational speed.

» High capacity/weight ratio.

* Smooth, nearly vibration-free operation.

» No internal lubrication.

* O1l free exhaust steam.

 Can be built in small or very large units (up to 1200 MW).
Demerits:

« For slow speed application reduction gears are required.

* The steam turbine cannot be made reversible.

* The efficiency of small simple steam turbines 1s poor

17



Application

Power generation
Refinery, Petrochemical,
Pharmaceuticals.
Food processing,
Petroleum/Gas processing,

Pulp & Paper mulls,
Waste-to-energy

18



Turbine Selection

In all fields of application the competitiveness
a combination of several factors:
» Efficiency
» Life
» Power density (power to weight ratio)

» Direct operation cost

» Manufacturing and maintenance costs

of a turbine 1s

19



Impulse Turbine Pr. & Vel. Variation
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Reaction Turbine Pr. & Vel. Variations

Fixed blades (FB) Moving blades (MB)

Boiler pressure
Initial steam velocity
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Compounding
of Steam Turbine
OR
Staging of
Steam Turbine



Single Stage Turbine

Nozzle Ring

Nozzle Ring

oving Blade Ring

Multistage Turbine

Guide Blades

23



3 Stage Turbine

Guide Blade Ring



[ » _ C,Cosa,
Single Stage Turbine A ‘{*’ﬂpr - 5

in case a, = 20"
C,=1200m/ s
U, =1127m/s

In case D of Rotoris \m then

N=ixﬂﬂ
D

Moving Blade Ring N=21535RPM

Nozzle Ring
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Single Stage Turbine

Nozzle Ring

oving Blade Ring

Problem

Without Losing power,RPM to be
controlled.

Soluto
1) Increase the Rotor Diameter

2) Use Gear Box

3) Do Not Run Blade with optimum Speed
4) Multistaging

26



» In a steam turbine (impulse) , high velocity of stcam is allowed to flow through one row of
moving blades, it produces a rotor speed of about 30000 rpm which is too high for practical
use. Generator Speed : 3600 rpm for 60Hz; 3000 rpm for SOHz.

» Not only this the leaving losses are also very high.

» These difficulties can be reduced by use of more than one set of nozzles, blades and rotors,
in a series, keyed to a common shaft so that either the steam pressure or the jet velocity is
absorbed by the turbine in stages. This is called compounding or staging of turbines.

» Compounding is a method for reducing the rotational speed of the impulse turbine to
practical limats.

Single Stage Turbine Problem

Without Losing power,RPM to be
controlled.

oluts

1) Increase the Rotor Diameter

2) Use Gear Box

3) Do Not Run Blade with optimum Speed

Nozzle Ring 4) Multistaging

oving Blade Ring
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» The high rotational speed of the turbine can be reduced by the following methods of
compounding:
1)  Velocity compounding
2)  Pressure compounding, and
3)  Pressure-Velocity compounding

28



Velocity Compounding Variations

In velocity compounded impulse turbine, the pressure
drop 1s in one row of nozzles like that in simple impulse
turbine

but the resulting kinetic energy is absorbed by the rotor in
a number of rows of moving blades with a ring of fixed
blades in between two rows of moving blades.

The fixed blades are mounted on the casing, while the
moving blades are keyed in series on a common shatft.
The function of the fixed blades is to correct the direction
of entry of steam to the next row of moving blades.

The high velocity steam leaving the nozzles passes on to
the first row of moving blades where it suffers a partial
velocity drop as shown in Fig.

The direction of steam 1s then corrected by the next row

of fixed blades and then it enters the second row of

moving blades.

Here the steam velocity is again partially reduced. Since
only part of the velocity of the steam is used up in each
row of the moving blades, a slower turbine results.
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Velocity —"

Compounding

Stenm

Velocity Line

Stage

Advantages :

(1) It requires less number of stages and less space.

(2) The pressure drop takes place in nozzles, hence
turbine casing has to withstand low pressure.

(3) It's initial cost 1s low.

(4) Its stalling 1s easier.

Disadvantages :

(1) Due to high velocity of steam friction losses are
more.

(2) (2) Its efficiency 1s low and keeps on decreasing with
number of stages.

(3) Blade velocity to steam velocity ratio is not optimum
for all the rows.

Pressure Line




Pressure Compounding Variations

e Steam

Pressure
Compounding

—r

[;‘rcssure Line

! Velocity Line

(Guide Blades act
as a nozzle)
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In this type of turbine, the total pressure drop (steam
generator pressure to condenser pressure) is divided into
number of stages.

Each turbine stage is provided with one raw of fixed
blades which work as nozzles followed by a row of
moving blades as shown in Fig

Steam enters the first row of nozzles where it suffers a
partial drop of pressure and in result of that its velocity
increases.

The high velocity steam passes on to the first raw of
moving blades where its velocity is reduced as shown in
Fig.

The steam then passes into the second row of nozzles
where its pressure is again partially reduced and velocity
1s again increased.

This high velocity steam passes from the nozzles to the
second row of moving blades where its velocity is again
reduced.
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Pressure & Velocity Compounding
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To take advantage of both pressure compounding and
velocity compounding, a combination of pressure and
velocity compounding 1s used.

The arrangement of this turbine is shown in Fig.

Steam is expanded partially in a row of nozzles where its
velocity gets increased.

This high velocity steam then enters a few rows of
velocity-compounding  where its  velocity  gets
successively reduced.

The velocity of the steam is again increased in the
subsequent row of nozzles and then it is allowed to pass
onto another set of velocity compounding that brings
about a stage wise reduction of velocity of the steam.

Condenser pressure
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Throttle Governing of steam turbines
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Basic Working Principle of Gas Turbine

Power Plant

» In a gas turbine first air is obtained from the atmosphere and compressed in an air compressor as shown in
Fig.

» This high pressure air is then passed into the combustion chamber, where it is heated due to combustion of
fuel.

# The product of combustion (hot gases) of high pressure and temperature passes through the passages formed
by the stationary and rotating blades of gas turbine. Fuel |

7 A jet of hot gases is made to flow over rings of blades ifﬁlmnﬂ rotary motion to the shaft of the turbine.

Combustion
Chamber

Atmospheric air Exhaust gas out
in
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In a gas turbine first air is obtained from the atmosphere and compressed in an air compressor as shown in
Fig.
This high pressure air is then passed into the combustion chamber, where it is heated due to combustion of

fuel.
The product of combustion (hot gases) of high pressure and temperature passes through the passages formed

by the stationary and rotating blades of gas turbine.
A jet of hot gases is made to flow over rings of blades

uaﬁﬁ'ﬂ‘tng rotary motion to the shaft of the turbine.

A larger part of the
power developed by
the turbine rotor is
consumed for driving
a compressor which
supplies air under

pressure to
combustion chamber.
while remaining

power is utilized for
doing the external
work.

Atmospheric air Exhaust gas out
in




Simple Open Cycle Gas
Turbine
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A simple open cycle gas turbine consists of a (i) compressor, (ii) combustion chamber and (iii) gas
turbine.

In the open cycle gas turbine, ambient air enters at the compressor

and after the compression of air, fuel is burned in the air itself to raise it to a high temperature

and then product of combustion are passed on to the turbine for expansion. After delivering the work
combustion products are finally rejected to atmosphere.

In the open cycle the working medium 1s cantinuuusgue Iﬂced by fresh air and fuel.

It works on the Joule cycle or Brayton cycle.

Atmospheric air Exhaust gas out
in
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A schematic arrangement for simple open gas turbine
plant is shown in Fig.

The air is sucked in by the compressor from the
atmosphere through the filter which removes the dust
from the air.

The rotary blades of the compressor push the air
between the stationary blades to raise its pressure to 4-5
atmosphere. Hence air is available at high pressure at
output of the compressor.

Then high pressure air passes through combustion
chamber, in which heat added to the air at constant
pressure by buming the fuel and raises temperature
(about 1650°C) of working medium.

This high temperature must be brought down to a level so that the thermal stresses in the turbine blades do
not become excessive. This is achieved by allowing the excess air to enter the combustion chamber at
downstream to mix and cool down the Combustion gases.

The products of combustion comprising of mixture of gases at high pressure and temperature are passed
through the gas turbine. These gases in passing over the turbine blades expand and thus result in mamtion af
rotor and finally discharged to the atmosphere at the temperature about 540°C.




Advantages of open cvcle :

(i) Simplicity : There are only few rotating parts as turbine. compressor and gear train driving the auxiliaries.
Hence problem of vibrations and lubrication is not so severe,

The ignition system is also simple compared to closed cycle.

(ii) Flexibility : Since different processes within the cycle take place in separate components, a great variety in
the arrangement of the system is possible.

(iii) Low weight and size : The weight in kg. per kW developed is less.

(iv) Independent system : Open cycle gas turbine power plant, except those having intercooler, does not
require cooling water. Therefore the plant is independent of cooling medium and becomes self-contained.

(v) Fuels : Almost any hydrocarbon fuel from high octane gasoline to heavy diesel oils including some solid
fuels can be burmed in the combustion chamber.

(vi) Warm-up time : After the turbine has been brought up to speed by the starting motor and the fuel 1gnited
the gas turbine will accelerate from cold start to full load without a warm up time. This is particularly important
in stand by emergency plants.



Disadvantages of open cvcle :

(i) Part load performance : The part load efficiency of the open cycle plant decreases rapidly as the
considerable percentage of power developed by the turbine, is used to drive the compressor. Also the system is
sensitive to the changes in component efficiency.

(ii) Sensitivity : Since system sensitive to the component efficiency, particularly that of compressor. The
efficiency of compressor is affected by change in the atmospheric conditions such as temperature and humidity
of air at the inlet and foreign matter contained in the air.

(iii) High air rate : The simple open cycle gas turbine has a very high air rate as compared to other prime
movers. However, the air rate may be lowered by intercooling and reheating

(iv) erosion and corrosion: the working fluid is mixing of air and fluid. Since air contains dirt being deposited
on the compressor blades. Due to carbon and other foreign deposits from combustion in the combustion
chamber, turbine and regenerator. it is necessary that the dust should be prevented from entering into the
compressor in order to minimised erosion and depositions on the blades and passages of the compressor and
turbine.

(v) In the simple open cycle. the turbine exhaust is discharged into atmosphere. Since turbine exhaust
contain large amount of heat resulting in loss of heat.



Closed CycleGas
Turbine
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As we know that in open cycle gas turbine power
plant, the fuel is mixed with air in the combustion
chamber and the combustion gases are expanded in the
gas turbine which causes erosion and corrosion of
turbine blades and therefore it is necessary to use fuel
superior quality in the combustion chamber in order to
minimise erosion and corrosion.

This negative effect is overcome in closed gas turbine
power plant.

In the closed gas turbine power plant, the same air or
the working fluid is circulated over and over again.

The working medium is not mixed with the fuel, but
it is heated by the burning of fuel in a separate supply
of air in the combustion chamber and transferring this
heat to the working fluid which passes through tubes
fitted in the combustion chamber.

The working fluid does not come into direct contact
with products of combustion.

Atmosphenic air

Fuel In
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# The other disadvantages of open cycle plant 1s that the
turbine exhaust is discharged into the atmosphere
resulting in rejection of heat of exhaust gases to the

atmosphere.
» In case of closed cycle these heat are recovered in a heat

exchanger or cooler.

Fuel And  Exhaust
Arr In Ciases oul

i ompressor

Coolmg Cooling
waler m waler Ot
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A schematic arrangement of closed cycle gas
turbine plant is shown in Fig.

The working fluid (air or any other suitable
gas such as hellum, argon, hydrogen and
neon) coming out from compressor is heated
in a heat exchanger (heater) by an external
source at constant pressure.

The high temperature and high pressure air
coming out from the external heater is passed
through the gas turbine.

The working fluid coming out from the
turbine 1s cooled to its original temperature in
the heat exchanger (cooler) using external
cooling source before passing to the
COMPressor.

In the closed cycle, the working fluid 1s
continuously circulated through compressors,
cooler, heater and turbine without its change
of phase, the required heat addition and
rejection taken place in the heater and cooler
respectively.

Fuel And Exhaust
Air In Gases out

?

Compressor

Cooler

NN
) y

Cooling Cooling
water in water Out
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Comparison Between The Open Cycle
And Closed Cycle Gas Turbine



particulars Open cycle gas turbine Close cycle gas turbine

The working fluid air or any other

T T e — suitable gas as argon, helium, helium-
AR et R S CO, mixture. Etc., can be used, which
more favorable properties than air
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particulars

5. Type of fuel

6. Efficiency

7. Part load performance

8. Compactness

9. Control
10. Life

11. Complexity

12. Cost

Open cycle gas turbine

Close cycle gas turbine

It require high quality oil or gaseous
fuel because combustion is internal
part of the system

Lower thermal efficiency for given
temperature limit
Comparative less thermal efficiency

Size of plant is less

Poor control on power production

The combustion product directly
passes through the turbine, and
hence blades are subjected to higher
thermal stresses and fouling.
Therefore life of blades is shorter

It do not require heater and cooler
and hence less complex

Less

Any type of fuel can be used because
heat is transfer externally

High thermal efficiency for given
temperature limits,

Comparatively better thermal

efficiency

Size of plant 1s large

Better control on power production
Due to indirect heat transfer,

combustion products do not come in
contact of turbine blade, thus there is
no blade fouling and longer blade life

It require heater and cooler and hence
plant is more complex large

Large
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