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CHAPTER - 1

RANKINE CYCLE

Vapour power cycle (Rankine Cycle)

Rankine cycle thermal power plant & pratical working cycle ¥l 2 food water working
substance % R W use A ST ¥ Thermal power plant & 37X fossile fuel (coal) F1 use,
water #1 steam H convert #% & fed a1 W1 21 99 7w high temperature 3R pressure
steam high velocity ® ®¥ turbine W impact 2, @ turbine &I AW ¥ 3R shaft power

foerdt 21 feT STEM electricity 1 generate # ¥ fFar W@ )

working substance = water
fossil-fuel(coal) 2, steam — shaft power — ele

vapour power cycle X rankine cycle § 4 component Bd 2l
1. Feed pump 2. Boiler 3. Turbine 4. Condenser

/ heat addition
2

1 Awater

000000

> A

condenser
heat rejection

condenser 4

v

S—>

Process

super heat steam

vapour + water

H.A
Turbine
pump
1 \/condenser
v ) 4
H.R _
V—

1 - 2 = Rev adiabatic compression in feed pump/ water feed pump

2 - 3 = Constant pressure heat addition in boiler
3 - 4 = Rev. adiabatic expansion process in turbine
4 -1 = Constant pressure heat rejection in condenser
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Power Plant ZONE TECH

Pump work done =h, - h, (or) -vdp=V, (P,-P)
Turbine work done = h, - h,
Heat supply = h, - h,
Heat rejection = h, - h,
_ Wnet — W -W, _ Qs _QR :1_&
n B Qs Qs Qs QS
Rankaine cycle (or) vapour power cycle @t n @M & @i
1. Heat addition % mean temperature %l g
2. Heat rejection % mean temperature i =eTeh{

Condenser pressure sl decrease i{eh

v

S—

W > increase &l 2
pump
W, hine = S increase sl 2l
W __, — increasr dl 2l
qupplie 4 — increasr H 2
Q,jection = Unpredictable (£ T FE BSEX)
> decrease ¥l 2l

Tmean addition
T > S1E1 decrease Sl T

mean rejection

T W
n — increase & 2 ﬂz[l' TmR \LJT

mA

dryness fraction — decrease Hdl ¥| HAeH steam § moisture content sg@l & HH blade
errosion dadl 2
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(B) increasing boiler pressure :-

A
2 N
TT 2 N
; < 4|-4
5S—» -
(1) W, — increase 2l
2) W, ... ST increase sl 2l
() W_, — increase sl 2l
4) Q,ppiea > unpredictable (%3 TET T Hehdl)
(5) Qjection — decrease F 2l
6) T .. . 4o, —> INCTEASE Y 2l
(7) Tmean rejection — same T&dl %l

T
(8) n — increase Yl 2| ﬂ=[1—ﬁj'r

(9) dryness fraction — @&l dryness fraction decrease Bl 21 Hae™ steam H moisture content &l
¢ @ blade F1 errosion J&dl €1 TfeT higher pressure boiler &I reheating & 1 use foan
ST 2

(C) By super heating :-

(1) W, — same T&dl 2l

2) W,...— increase sl 2l

() W_, — increase sl 2l

4) Qi — iNCrease Bt 2

(5) Qjection — iNCrease Bt 7
6) T_.. . g, —> INCTEASE I 2l
(7) Tmean rejection — same T&dl %l
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(8) m — increase 2 n:[1_TAJT

(9) dryness fraction — FI&l dryness fraction S 2 f9™ turbine blade #1 errosion FH el ¢
Reheating in Rankine Cycle :-

<41T—Reheater
5

Condenser

(1) W, — same &l 2l

2) W,  — 6 increase g 81 11

(B) W, — increase sl 2l

(4) Q. pieq — inCrease il

(®) Qjection > inCrease Bt 2

©6) T... .. — increase Bl 71 (v )
7)) T — same & 2

mean rejection

(8) n — increase Sl 2l n:(l‘%jT (BT e

(9) dryness fraction — @&l dryness fraction S 2l (upto 0.9 )

Note :-
Rankaine cycle % reheating & SR work done 3R efficiency I F&dt g f5@d work done @
THRN 9@ WifeRd efficiency, heat addition % mean temperature W depend F¥dt 21 FifF heat
rejection &I mean temperature constant &l 2l

Note :-
Gas turbine % 3R reheating turbine 1 work output SgH & fe@ &t St 8 S@f® o=l
efficiency decrease Bt # Wf®T rankine cycle § reheating 3@ fo@ &1 St & % higher
pressure W boiler F use fHal ST ¥ |
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CHAPTER - 2

STEAM TURBINE

I8 T prime mover 2 S heat energy I mechanical shaft work § convert &%l Bl
~> Steam turbine axial flow machine gidt 21 3GfeTU steam T flow blade ¥ &Il g3T axis ED parallel

move hdl %I

Types of Steam turbine :-

1.
(i)
(i)

—_

Working Principle & 3TgR WX :-
Impulse turbine
Reaction turbine

Impulse Turbine

moving blade # pressure drop 8!
B pressure drop %ad fixed part
(Nozzle) § & @ 2l

impulse turbine ¥ pressure drop %ad
Nozzle W Bl 2| moving blade H
pressure constant {&dl 2l

impulse turbine H profile type @t
blade use it 2|

profile type 1 blade & w4
uniform space Bt 2l

profile type ! blade &I design &
manufacturing % easy Bl 2l
power developement d9 7

T FA B 2

THHT I less power
requirement & faT foan

S B

Reaction Turbine
pressure drop fixed part (Nozzle) @ moving &M

part o ear ©

moving & fix TFI blade W pressure decrease Bl
2

reaction turbine # areodynamic type &1 blade
use BRIt €

areodynamic type blade H space converging type
Ealci i

aerodynamic type blade ®I design & difficult
e 2

ST power 3R I efficient

more power requirement & fAT reaction turbine
1 ST fHan ST 2

Simple Impluse Turbine (or) De level Turbine :-

Ig T8all working turbine & 8% st ®aa Tk & Nozzle (single set of Nozzle) use far S

21

Total enthalpy drop boiler & condenser T il g1 TT total enthalpy drop %ad@ T& & Nozzle
H T S 81 $8% FRU turbine F1 rotational speed 20000-30000 rpm TE= ST 21 Sk turbine
@1 pratical working limit 3@ maximum speed 3000 rpm & & Tl 2l

3Td: T9 rotational speed 1 decrease % & AT impulse turbine ® compounding &1 St 2l
Impulse turbine # compounding I W& ¥ HI WA 2

Pressure compounding (Reteau turbine)
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Velocity compounding (curtis turbine)
Pressure Compounding turbine (or) Reteau turbine :-

T9 THR % turbine H steam & pressure &I drop & & AT compounding & 2l
Steam & pressure &I drop FH % T F2 stage use F1 S T
el J® stage H Nozzle & moving blade & 2id 2l

H

§ 9 § =D

moving moving moving
nozzle blade nozzle blade nozzle blade
P,
P,
Pressure P Py
P, =P, P,| P,=P, .
5 P5 = P6
V, v, V;
Velocity \\ / \\/ \\V
v, v, I ’
Loss
Vi

2. Velocity Compounding (Curtis Turbine) :-

= T9 UHR % turbine ® velocity % faT compounding #t St €1 W& velocity § drop TH ¥ ST
stage ¥ foha1 ST 1 9o YF stage § moving and fixed blade =it Bt 21

@ Velocity compounding & #%ad T& & Nozzle il 21 W& total pressure drop @l & Td high
kinetic energy achieve 1 STl 2l

= Velocity drop moving blade ® &rft 21

« fixed blade o flow &I guide FA 2l

nozzle| M.B F.B M.B F.B M.B F.B M.B
....... NG -
T
R P=C
Vi
T~ V.5V
V, " V.3V,
v, i ViFV;
V, " V,
velocity
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Degree of Reaction :-

% moving blade ¥ pressure drop e fixed Sy moving blade & 1T total stage & pressure
drop &1 U@ B 2l

Degree of reaction

APinmovingblade Enthalpy dropin moving blade

~ Total pressuredropin moving & fixed blade ~ Total enthalpy drop inmoving & fixed blade
Note:-
Impulse turbine % @& degree of reaction ¥[= Bl T i moving blade % pressure constant
@@ 2
Reaction turbine :-
50% Reaction turbine — parson turbine

100% Reaction turbine — hero turbine
Velocity Diagram For Impulse Turbine

Where

a = Nozzle angle or fixed blade outlet angle

p = fixed blade intlet angle or absolute velocity angle at outlet
6 & ¢ = blade angles at intlet & outlet
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Parameter Impulse Turbine Reaction Turbine
Blade Symmetrical (0 = ¢) Unsymmetrical (6 > ¢)
Inlet energy Kinetic energy Kinetic + pressure energy
Pressure and velocity P, =P, P,>P,
Vrl = VrZ Vrl < Vr2
Optimum speed or cosa. cos o
speed ratio (p =u/v) 2
Maximum efficiency cos’ o 2cos’ o/ (1 + cos’a)
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CHAPTER - 3

BOILER

Boiler T heat exchanger device 2 T99& 3T desire pressure g temperature W heat =T
transfer & & foru fRan s 2

Boiler H fossile fuel(coal) use foar ST ? fSgat "erar ¥ water #1 steam ® convert W 2
Generally boiler steel @ alloy steel & ad 2l

\

\

Boiler Classification :-
1. Fire tube 3i¥ water tube boiler :-

Fire tube boiler :-
%—» hot gases ‘%0

fire tube boiler # tubes % =X hot gases flow ! Sl & T 3% <& water 811 €1 Hot gases
AT heat water 1 dl g2 W =gl B

Ex.

Cochran boiler
Lancashire boiler
Locomotive boiler

Water Tube Boiler :-

T

water tube boiler ¥ water, tube % 3R flow &1 & 72 hot gases 3Heh IR TE flow Bt 1 hot
gases 30 heat water FI transfer sl 2l

Ex.

Bebcox and wilcox boiler

stirling boiler

Benson boiler

Lamount boiler

2. Externally fired R Internally fired boiler :-
Externally fired - 3TR grat @ fuel %! burning boiler shell % =& 2idt I externally fired
boiler Feem
Ex. Bebcox and wilcox boiler
Internally fired :- 3R grat ® fuel ! burning boiler shell & 7= &It I internally fired

boiler FEa™ Tl
Ex.
Lancashire
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Locomotive

3. Forced Circulation 3R Natural Circulation :-
Forced circulation :-
water pump %1 help @ circulated i
Ex. Lamount, Benson Boiler

Natural Circulation :-
Water normally & Naturally €9 ¥ circulated B 2l
Ex.

Bobcox and wilcox
Lancashire boiler

4. Low pressure 3{¥ High Pressure Bioler :-

Low Pressure Boiler High Pressure Boiler
Work below 80 bar Work above 80 bar
Ex. Ex.

Cornish Babcox & wilcox
Locomotive Lamount boiler
Lancashire Benson boiler

Note :- Benson boiler

« Benson boiler § #§ drum use T& g 7
= TIHI efficiency 90% =it 2

« T pressure #1 ¢ limitation T& B 2l
@ ¥F super critical boiler Bl 2l

Water Tube 3iT Fire Tube Boiler
1. Fire tube boiler :- 39 &R & boiler § hot gases tubes ¥ flow gt 21 Td water 39 tubes &
arround flow &M 21 hot gases tubes § BN 3 T Tt ? W9 319 heat, water I transfer W
gu fomft &1 Te@@r @ atmosphere § exhaust & S

water

— — —
%—» hot flue gases 4%»

—_ —> —> —> —>
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Ex. Cochran, Cornish, Locomotive, Lancashire

Cochran boiler :-

safety valve stop valve
<+—— Chimnay

pressure gauge ——» ( m
anti priming pipe

mainhole — I
external shell ———

water level indicator ——»

tuslible plug i suraue SRR SR E IR E AR TS (RS RELE: 7
- ; = smoke
combustion chamber > ( = > o // ;/
] {’ 0= — > < Fire tube
fire brick lining ——— [ r = > S smoke box door
M P —— > ]
- e — >
- e — >
> b

fule pipe KK 'Erov:n
feed check valve — : KKfire boxK <«—— TFire hole
grate
blow off cock — [ W/v/\ /\Q\N |

u Ashpit U |

& most popular fire tube boiler Bi T T low pressure W work hdl % 7 vertical , multitube
dl internally fired boiler gl 2l

& Cochran boiler I diameter 3 H. q1 =g 6 WX R

@ HH! vapour S I capacity 3640 kg/hr 2l

@ I8 low pressure boiler 2 St f&F 20 bar W % e 2l

@ Cochran boiler § T% vertical shell gt & it f& hemispherical shape &1 a1 Bt 2l

@ Cochran boiler H ®[E joint 78! Bl FHfAT 39 joint boiler Fed 2l

@ boiler & bottom part H Grate @t il 21 ST fossile fuel F1 burn A & a% = g T@ %I Ash
pit ¥ collect X femm smn 21 @l hot gases Wl fire tubes § TSI STl 2l

@ ¥ S heat water ! transfer %%l g8 cheimeny ¥ @& ket St 2l

Note :-
Locomotive boiler horizontal, multitube, internally fired boiler g & 9 mobile boiler
8T ST 2
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9 § 9 9 9 §

Water tube boiler :-

water tube boiler ¥ water tube % <X flow Il & T hot gases tube & =R W flow Bl T
S hot gases tube & FRI WF flow Fx & A1 F T heat water 1 transfer Fdt g cheminey
¥ R f1eRet St €1 water hot gases ¥ heat T #& steam ® convert & ST 21 f9 super heat
condition ® collect FX ferar S 21

—» — hot flue gases —»

T

—_ —> —> —> —>

Babcox and wilcox boiler :-

Horizontal boiler B 21

Water tube boiler g 21

High pressure boiler B 21

Externally fired tube boiler 2l 2l

Naturally circulation boiler & 2l

Babcox and wilox boiler ! vapour S & capacity 20000 & 40000 kg/hr &t 2

Construction and working

safety valve

steam and \x stop valve
E ( water drum {

pressure 5T v
BIse S Eible anti priming pipe manhole
R — | [D
water level —» § plug
indicator § P
Feed—/ Ri =
water inlet — 5T 4 =
( superheater =
L1
Header T X p 5 == down comer
Door < J : header
Z ]
2 T baffles =% / J l =
2 furnace T S = bl.ow off
é J + 1% b mud box [~ K pipe
water tubes |
= ]
Stok =
o ’Ae \ S damper to
D=C rate
Ashpit a
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Boiler Mounting T Accessories :-

Boiler Mountings :-

IE protective device B 2 S boiler #1 surface W mount B T T ST *19 boiler F1 safe
functioning 3R control ®I ensure HTAT BT ¥1 HB FE@U boiler mounting 39 YR 2l
Water gauge & Water level indicator :- 98 T& important fitting gidt 2 S boiler & =T water
level #1 indicate F% &1 THFIAAT boiler § 3 water level indicator ST fd S 21
Fusible plug :- 9% furnace 3 fire box &I crown plate W fit gl @ 3R SHH! FM furnace & 3T
fire putoff s B %, S boiler & 37X water T level T& limit ¥ &Y & Sl 2l SHRT YA
boiler ® over heating ¥ s=M ¥ foran S 21 fusiable plug, low melting point material S
gun metal &1 ST BT 2l

Pressure gauge :- Pressure gauge &1 3991 steam boiler & 3T=I pressure %l measure FH &
fol fan ST €1 WA bourden type ®T pressure gauge STAN fRaT ST B

Safety Valve :- I8 steam chest ¥ attach BT € S steam & internal pressure & o5& ¥ g @l
explosion@ boiler ! S=m B T& steam boiler ¥ IHFIGAT 1 safety valve o B4 B 519 steam
1 pressure boiler & I Tk limit § SIET & T e EX) steam 1 AR H release Y
@ 2

Blow off pipe/cock :- 8% 3TN boiler ¥ 9 mud (W']_tﬁs’), scale, sediments & M o
maintanance % XA X & o boiler ®1 el HIA e 9 fFa1 ST T

Feedcheck valve (or) feed water valve :-
I8 TF non-return valve FdT T 3T HM feed pump % BN boiler & 3= ¥ WM a1 water
%I regulate % T B T 98 boiler shell § water level % slightly = </l &1 2

Stop valve (or) steam stop valve :- &I ST boiler ¥ &I steam pipe # flow &I control & &

ford foran ST & Ao THRT STAM steam & completely shutoff W & Tl «ff e S €, < oft
AT B T

Note :-

Spring loaded safety valve %I SWIM H&d: locomotive 3R marine boilers ¥ 2 2|
3 |sft components f5% H® gauge, plug 3 valve @ &  boiler mounts FFe! ¢

Boiler Accessories
7% devices boiler &1 integral part it T 3 boiler F efficiency R performance 1 TG
FH A T H/D TE@qUl boiler accessories 8 THR 2l
Economiser :- 78 device feed water #1 exhaust flue gases 1 Tedl ¥ heat FH & HH A 2
T% boiler 1 economy &l improve 2 T boiler % =X fuel H1 TTIRAT HI FH HIl 2
I% boiler F1 efficiency =1 F@w % o overall thermal stresses & ®H HTdT gl
Air Preheater :- 78 furnace & 3= SH el air & exhaust gases %1 Hewdl § heat HT &1 &
FI Bl Air preheater economiser R chimney % &= ¥ installed B 2l
Super heater :- ST%I ST saturated steam T temperature I superheat HH o o S
21 TE flue gases & path ¥ installed 2l 2l
Steam saparater :- THH1 TN steam ¥ water particals 1 3 & o fomar S 2
Injector :- STHT STANT S&I space FHH El 2 =&l feed water FI boiler & 3R inject & H foman
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S B

Steam trap :- S9FT ITAN negligible steam loss ® ¥ condensate 3R noncondensate gases &l

discharge & # f&a1 S 2
Boiler Accesseries &1 Correct Order :-

ESP :- ESP &1 use dry aish % fine particals %! collect &1 & fow fohan 2 [size =10 ppm]

Super heater
Economiser

Air pre heater

|—> ESP—— ID - FAN

Chimney

ESP - Electro static presipleter
Difference between wate tube boiler and fire tube boiler :-

Parameter Water tube Fire tube
Blast tendency More Less

Operating cost More Less

Clearing More (easy to clean) Less (hard to clean)
Water distilation Yes, Required Non required
Efficiency More Less

Floor space More Less

Heating area Less More

Life More Less

Leakage Less dangerous Less dangerous
Overall efficiency More Less

Operating pressure High Low

Example

Babcox & wilcox Lamount,

Bension

Cohren, Locomotive concashire

Boiler Performance Parameter :-

(1)
(2)

Evaporative Capacity :-

IE boiler ® per hour steam production rate I water evaporation heat & S 2l
Equivalent evaporation :-

Normal atmospheric condition ¥ 100°C & water %I 100°C %I dry ¥R saturated steam ¥
convert &% & fordl & S aTelt heat @2 water & latent heat of vaporisation %1 ratio equivalent

evaporation shgaildl 2l
Equivalent evaporation
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_m, (h -h, )
2057

&

S
h = exit W steam %1 enthalpy

h, = feed water 1 enthalpy
2257 = latent heat of vaporations
m_= mass flow rate of steam

(3) Boiler Efficiency :-
& water %! steam H convert & H & T8 energy e boiler ® =X furnace # fuel ¥ released
heat 1 ratio il 1

_ steam %I produce % ¥ used heat m,(h-h,)
n= furnace ¥ liberated heat " m, xcalorific value
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