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steam power plant

Here is the layout of a steam power plant,
In general steam power plant consists of:-
i) steam turbine

ii) steam generator

iii) condenser

iv) pump

v) accessories
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Steam Power Plant

Working fluid cycle steam power plant 1s a closed cycle, which uses the same fluid
repeatedly. First, the water 1s filled into the boiler to fill the entire surface area of heat
transfer. In the boiler water 1s heated by the hot gases of combustion fuel with air so that
turned 1nto vapor phase. Steam produced by boiler with pressure and temperature are directed
to do work on the turbine to produce mechanical power in the form of rotation. The former
steam out of the turbine, and then flowed into the condenser to be cooled with cooling water
that turned to water. Condensate water 1s then used again as boiler feed water. Thus the cycle
goes on and repeats.

Rotation of turbine is used to turn a generator that is coupled directly to the turbine. So when

the turbine rotates, the generator output terminals generate electricity. Although working fluid
cycle 1s a closed cycle, but the amount of water in the cycle would decrease. The reduction 1s

due to the leakage of water either intentional or unintentional



Steam turbine

A steam turbine may be defined as a form of heat engine in which the energy of the steam 1s
transformed 1nto kinetic energy by expansion through nozzles, and the kinetic energy of resulting jet
1s turn converted into force doing work on rings of blading mounted on a rotating disc

Steam nlet 1
Steam is a vapor Steam outlet i - Steam outlet
used as a working \ 2 A Moying Blades
substance In the
. Rotor Sy
operation of steam p -
turbine. i e 21
/ A e AP Stator
al : B |
Steam outlet | Steam outlet

Steam 1nlet
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A turbme stage consists of stationary stator row
(guide vanes or nozzle ring) and rotating rotor
TOW.

In the gwde wvanes high pressure. high
temperature steam 1s expanded resulting 1n high
velocity.

The guide vanes direct the flow to the rotor
blades at an appropriate angle.

In the rotor, the flow direction 1s changed and
kinetic energy of the working fluid 1s absorbed by
the rotor shaft producing mechanical energy



Steam turbine

There are two basic steam turbine types, impulse turbines and reaction turbines,
whose blades are designed control the speed, direction and pressure of the steam

as Is passes through the turbine Impulse Turbine Reaction Turbine

)

.-"

Degree of reaction is defined as the
ratio of static pressure drop in the rotor to
the static pressure drop in the stage. It is
also defined as the ratio of static enthalpy
drop in the rotor to the static enthalpy drop
In the stage.
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|

Steam Velocity




Turbine blade

TS inch
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Reheat on 7-s Diagram Rankine Cycle Schematic of Rankine Reheat Cycle
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Methods of Increasing the Efficiency of the Rankine Cycle

1. Decreasing the condenser pressure

The effect of lowering the condenser
pressure on the Rankine cycle efficiency

1s 1llustrated on a T-s diagram on the left.

Steam exits as a saturated mixture in the
condenser at the saturation temperature
corresponding to the pressure in the
condenser. So lower the pressure in the
condenser, lower the temperature of the
steam, which 1s the heat rejection
temperature. The blue area is the net
work 1ncreases due to the decreasing of
the condenser pressure.

T

¥

The Effect of Lowing the Condenser Pressure



2. Superheating the steam to a high temperature

The effect of superheating the steam
to a high temperature on the Rankine
cycle efficiency 1s illustrated on a T-s
diagram on the left. By superheating
the stream to a high temperature
(from state 3 to state 3'), the average
steam temperature during heat
addition can be increased. The blue
area 1s the net work increased due to
superheating the steam to a high
temperature.

The Effect of Superheating the Steam to a
Higher Temperature

L



3. Increasing the boiler pressure

The effect of increasing the boiler pressure
on the Rankine cycle efficiency 1s illustrated
on a T-s diagram on the left. If the operating
pressure of the boiler 1s increased, (process
2-3 to process 2'-3'), then the boiling
temperature of the steam raises automatically.
For a fixed inlet turbine temperature, the blue
area 1s the net work increased and the gray
area 1s the net work decreased. Also, the
moisture content of the steam increases from
state 4 to state 4', which 1s an undesirable
side effect. This side effect can be corrected
by reheating the steam, and results in the
reheat Rankine cycle.

T 1 Net work Pa
increase P
7(\3 3 MNet work
el e X Bcreased
L 4'4
-
3

The Effect of Increase the Boiler Pressure
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TYPES of BOILERS

The basis for identifying the two types is as follows:
e Water-tube boilers are those in which the products of combustion surround the tubes through which the
water flows.

e Fire-tube boilers are those in which the products of combustion pass through the tubes and the water

surrounds them. HOT

GASSES
Flue Gas Furnace Water Pipes STEAM

out
Steam Steam -,.r
Dome |
Saf -
=3 (1
4 |

ShiEam

Firebox

v

Smokestack

Drain % l F::{" l Fuel and Air I = .- “_

Fire-tube boilers Water-tube boilers ™



Fire-Tube Boilers

There are four types of fire-tube boilers—Scotch marine boiler, vertical-tube boiler, horizontal return tubular
boiler, and firebox boiler
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Horizontal Return Tubular Boiler

In addition to operating portable boilers such as the Scotch marine and vertical fire-tube boilers, the
horizontal return tubular must also be able to operate stationary boilers, both in the plant and in the field. A
stationary boiler can be defined as one having a permanent foundation and not easily moved or relocated. A
popular type of stationary fire-tube boiler is the horizontal return tubular (HRT) boiler as shown.

The 1nitial cost of the HRT boiler is relatively low, and installing it is not too difficult. The boiler setting can
be readily changed to meet different fuel requirements—coal, oil, wood, or gas. Tube replacement is also a
comparatively easy task since all tubes in the HRT boiler are the same 1n size, length, and diameter.



Vertical-Tube Boiler

In some fire-tube boilers, the tubes run vertically, as opposed to the
horizontal arrangement in the

Scotch boiler. The vertical-tube boiler sits in an

upright position. Therefore, the products of combustion (gases) make a
single pass, traveling straight up through the tubes and out the stack. The
vertical fire-tube boiler is similar to the horizontal fire-tube boiler in that it is
a portable, selfcontained unit requiring a minimum of floor space.
Handholes are also provided for cleaning and repairing. Though self-
supporting in its setting (no brickwork or foundation being necessary), it
MUST be level. The vertical fire-tube boiler has the same disadvantages
as that of the horizontal-tube design—Iimited capacity and furnace volume.

Before selecting a vertical fire-tube boiler, you must know how
much overhead space is in the building where it will be used.
Since this boiler sits in an upright position, a room with a high
ceiling is necessary for its installation. The blow down pipe of the
vertical fire-tube boiler is attached to the lowest part of the water
leg, and the feed water inlet opens through the top of the shell.

Cutaway view of a vertical fire-tube boile



Water-tube boilers
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SUPER HEATER
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Steam Outlet Dryer
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Classification of Soot Blower

Wall Furnace |::[:

1. Long Retractable Soot Blower

3. Rotary Soot Blower 4. Rake Soot Blower



b gaall ¢ o) da gliia

AN Bl (N dlan g ASSaa 3 Ahad) JIA Ooa ALY AR Al ) ) s QA S
s SR N AN B i A e dpm B Nall kA e A A M &

C R 53l S0 § 5aals WAl WA s CNN) At 5y Jed i Ragh ) a ARl e 3) sl Clikaa-\ £ o8 dDE N g in
B RCS S BPREES KEL A TR WA LLUSVARTIS I oy | g FEL U SEOL I [ VEEEA NS R TENER

SEYCEL EPRCA A IPEC PEPRUTERREN VAL
L) i) g\ A=Y

iy y o) Ao\s -
353 @Ghga -
Qe3840 3 -
sloa) Aaloa dany -
30 s\aal) Baag -
AS AL, -

.\555'.\ t_..'a“.b.a -

gt g\ oa AREE LA Wibiaay g An 350 3\ AV X sy CIERRAN ) A 6\ e G
B ) e sl 3 0 o) 3 A g3 Cldiad s o g e ) OR



i) cle 4a shaia

dadiall- |

‘_AM\M\ Glidwar | 59 e Japall Mo jaead s 4deill sla () JA (e KA elall 2AE 450251 cloda glaia
33 yada shatall Jagad IS ¢ _alaall atilag Ja pall 3as) s Adiiae 65 Cun 0l e JiSiias (saa) da 5
el A i shid daeaall Jlea el il e oL

Aala Asila i o) labea YA e odle iy 5S3al g 5l e IS S8 slall Gloa laia e s ) i




A2l e da plaiall (8 aSall) 3 heal

DM\&‘DJL&\JM‘)JLJ})&\&‘)AMM\ ;LALAMQJ\LM\ ;uw;w\u;ut_ij.u\uich).\
BJL.:L\ du}tfj\}c)dfjcw\ﬁ‘)\ﬁﬁjﬂ‘;’ﬁyw\ﬂutﬂjﬁjM\‘)\muﬂ@ﬁﬁyﬂﬁj
kel dd e 8% ) jall Jaia

Las £33
Lid e dlad] Lpaparadll clioal sl

e S L_lﬁ%;—hm M\ 9\_A.‘\.L&.AA
Aol | JaXeX,t Aok | Ja¥eX,t BN FEES “"\Hl\’?"\\l" S

PN “aANE ]S AN ¢ B ) A As

¢ S RS A a8V €Lt 3 5a) 5N ¢ gana
Fa tRIN "a\att 23N LB Y s . : d
) . a \\Y|o g\all B ) s Aa
aYax|e a YAt QAN AN ) A s

Ja XA Ja AECR I R R 2 °[oN N )

Aol | a Ve Aok | s VYN SAN dan .‘6‘-\“]'?‘“ C;\—.‘J%u-h\



a_A !. . SS LEJ\:]SQY\ 3..~ :~.~S‘

Saall B 3p\a (5 RSN s\ a ghia A

Sl B3 (6 e\l Al AT s y Ui e C\daia B g X
S (5% #\) Ciwd EXTRACTION STEAM Aaasd) )iy giia ¥-
el Ny (s S ¢

Jasl 5 ANy (15 e AN e gl -

(XA B2 3 Bl (A ST 3a i ml ada 2
3»\:,&55\':\.%3&\\&.\% \

ERCX TR TR S PL S PREL R ST N N
Readad NN ) s\ 8

GAS B B8 s Jaad) B aka AR \ o

Gaall D ke s gaasth ) gal) ada dagiiia \ V-



e shaiall Jerdil) e dale e

A S (ABa Nl o apd) fa iy QBN g daay \

CAADTR §Ae\ (B e 3gag e oa AN AN AR s b

AN CAiaa O glia (4 Claglal Ay 2 (e X0 X

O\ gL\ (5 S a2\ g ) Sl (yand &

- AN G Bl e NN ATSAN S\ ()R (A s\l (5 guma (a2 o

(PHY O 2\ g s 7 sacnall 3g0al) (yaia A5 o\a) Aladl cina) gl o) oo s \-
CBAAN B ) Cu) diuia BB ya -

CAREA Qe A8 HTAN O Qe e B o) ki A8 ya A



CRE e R Pl Ragiia JalD

u\g\ﬂ\ b.\)\h uh\g\\ Yl \_\\) L.LS.A\\ 9-\.‘\3\ QAM
éz.l\ L) Qn\.&\\ ‘\Q.:s\ 3 k.u.:\.\\a\ L) Rt WA\ TS

kM\ub\&“@hMu\ \_A.;SA-\;\J&\L;MA
\.L:SAX\Q\A\UA;\\J\A A}:ﬁ3 d\a)y\\ UBJ\.;.Q\ J\J.&A ?J'\Il\t'\)ﬂ\ uayua&.d\-

R U WA S Sl s\all (pdui X
RS gl AR L pa o baua oA AN g lal) Ui AN e\ Al ah Ae (Al Y
CASEN s\a (A (N O pap O S S et LESa) el DAuaa—t



Bagash 3 s pbs haghia

Water outlet Sti"m valauﬂegfgtem \ PR "\'A\\ AR 58 P\ -
GRS ) gad Ba gl
s s O Sy Ragiia
PUR PR P Aa giia
' R e
F‘l:%nvgeid Tubesheet Tubesheet

plate G DA S\ s hasa 04 @A S haghia
Water inlet Condensate




AT &%M Aasaaill i) sall

i) gl L)y ¥ 2l XALYD A gana \a \ag) Aaadad) Aalead (o3 Cya ARSAY ws»_;u_as_d;\
Aol | e YVE|t gl AN s =N

Aola | Gda VAN oSl e @l Jal Ja R

Jfohe ~asygd e s gt b Y -

Aol | Gda tVERO Ooa Lyt la Jald y LBSal g\l AusS — 4

BALAY pla g el

FRA W) asdd s ymdan-
"2 EN 3oE) Pl ) R R
14 PPB/HET CuauS S\ a N

Aaa e (s s\all)ana sta Shaa —N
. B Aaad DR 6 ) AN BN A Jad s\l LAy A =4



1o No a3k ki gedl JAe —\ «
[V P S ANV W TR R
baaly  — AN CAate ae—\Y
O = glall ) a2 =AY
) g = Sl Ao -\ ¢



b ) ol ald L) clidia

O ofay GMOFY Oa Addl g Aol N s 5 a JA0G (V) ) g bl Wiaa s
Laga el olall ficn Cun ((A00N ola Al giia aal ) A0sal el (pdudll Sale) A ghia 4 "\e
O yal) A0S e\a ) A @ A gy OB A gLl CAAaa A g (AL A e (4 v gaaaal g

"eo.. AN Aa

Tavo N AN B Y ha

Mo 5 IS A XAA B A ag Ja 8N o % iy (gl (e AN Al 4 JAN Span
S QAN Ay S ) V[0 Mhuayy solea) JAN ahaaad

RFCC O Ve VR SV VORI PR NI A WA WA RSP SOV X WS



Y COA| ;LAM lAaa

AR | pe Ve = & ad\

pR Oy = aNOX |t = BN\ dgas ¢ sana

N o= J—alsda_c

VOB atam Mte = sk 34

IS CRY AN WO CTVRE VR S\ S T\ . 1

JAel] pdatenftey = dasaliag e

A% | SymNens =8, adie

i Quas Xov = A_duaal $ sl

lr‘ AT &ﬁbm QARTYL L = Ry peNE
WA

b

{ b~

—
-----



ia haiall i
300 p\a (g gna ABiia QIA pany SN gL\ Adiaa Waid gy Jal A (a SN Pl o
A5 sla 03338 G AN Ba i ) a5 (YY) ady pn (V) Ry P\ Auwa (N LCV 1010 &3
G
6 Sma Gshalare (AL AN ) ANA Ga gL sn e LCV 1001 5 o\ daa 2 o
caghal Ga S adh ya ASEN sla (A R s\
G Aalall et sl a8 28 LCV 1003 sl OB AL ) Bl VY -
G SLal A Ga cda B La VY A8 LCV 1004 Qaal) W) A30aN) il plal) SAA
RIS NV ST ER W P I
S i pecs (oS 758 LCV 1008 (A danad) (2 450N pla (03 (B ¢\l (5 ghsa 203 N -
2 C AL AN N Al adal
LA Claghidl L) e GG slal Rlaa Wl 5 Gagnenal) slall (8 A\ AR -
A deadl CNANTN g R daak)) 3 pal plahaghia
L ARG M EN o\l Aaghia —o
coMos) s Byt Raghia o
c oSN N @dal e sl MR e Aaghia —o
C oMo AN 0N Mg Raghia ¢
Alial b A i shh pa et A AN o) s Wia B4 G N S ol ) -
) B) e Badiag (X)) Ry slal Adiia (B y el




Jaa i) il Hliiea

RN NN A pe N

Qaall b\ J il e\l Ao Aa ghia X!

Jaally AXCAN ¥~

ol 5 pla g bighan Joball gl QAGA 4

§3ala Ragaall A gall pa Baghia o

3aag) B2, B1 5,80 A CAR XY Ay SN B8N RN\
AL N B e\ ¢ S i sla RGNS

e giial Biga ALC g \XL B0 BN

dageill D.C CA g\ 358 g A

T\ e ALC SVt B8 Balse

(a ¥ ]0) Aaua s\ O (2 eI ¢ S #la LY RS



u\)m;.d\

CAVITION A b i\ Ca g jh Cad (Sl g\ Adiaa (il e N

queh\\agﬁmm\ap@ggwu;wa&u@}\m‘—

)u\\ u‘:\-‘m o\ A A Al Jabal Sl Adas Cla gab s\ e\ 55N (A Y-
- A5 Alaga (e 20 ALY



MM \@Lﬁdﬂ\ Q\JMY\

JUSETS-PRPR W VENX R PR BN
CJR 1001 29580 ¢ Y a8 AR e\ Jua g Aa i3 ) -
PS 1003 G55 e V64 (oa B ARSA Baua plia ) -
LS 1002A SN\ ) G a XX N AL AN (g giea gAY Y
LS 1002B AEEN) 30 (a3 A ¥o (N Lul  (g faa GABAN -4
PS 1006 SVRR I WUV A AW F SRS = oS A TG S
A s A, e L) G PL Adaa G
LS 1008 GAEEN) Gl A N0 NASN gl VA geaplin) -\
LS 1007 GAEN) R e XX0 N AN gl (MR (A M\ Qe pliny  -A
LS 1009 GAEEN) it Yo v s N RS p\a (D3R (5 ia AR -8

(A5 ¢\a Adlan LB 5 i)
LS1010B (k885 32 il daXene N AN el (A (6 fhua aASRN —\
LS 1010 A (88 32 ) ola XAV G NALSIN la (A (g ghea AT Y —\



A A ) A (g oS3 e pla
S0 (Nl g AR JANS oa ARSI 530 CAIEN 3 o) sal L (iiuian {oa Ra I ¢y oS
ta Ragiiad i cGhss (B A Qs e el @0 RS ARV Ly Ay
EVRTA I PR R

Sl G )y o (A AT & e i g e GBS A A sSE B AN (s AAaa )
Guohhs Su ol g N AR ) A0 Wha sl N A g BESA (a0 gt ) A )
Plahagiia (a p 380 sl Sall M a0 D shaad) 5ot Ag Al L O b
2158



S hd :.wsx "‘ P ian
o I
-

a8\ NN s\ B\

D.C < gd \X0o 3,58\ fqX-

RSaT 35 Sl 4 S 58N B Y-

MCCI11 &S nal § Janes 8ya A AR YN B8N R &-
3\ 2 yEl ela A giia 0



Cilaa Aol 5 30 A 30aa N 2 ety SAAN Ha 3R G B 3B e Alaaa B g

- .‘x.:u\'l\ ) daal) Uk' PATCOA 4933"..‘:‘&

o S8l 8484l Ciliilna®

N Mdﬁﬂ\ 43533\ gﬂm*
. LM\ 43333\ Glidawa *
. LM\ Jﬁﬂ‘é@*

o Al 4g8gll Cldiiag ¥




s Jandl ) 2 68 o1l As shaie AdngS

CJeall alall Qi o 8 gl il A an) 8 aad ) alaca g conadl aleca ot - ]
MMQ_\]L;Q.\AAL;); 3| )‘H\\j@.».éaad.\ﬁeumc_\s )

e Dala (e aSU 5 503aill 93 sl 5 (el 3 e aead J 0l Cilalaia 8 -3
CAdadl bl bt alecall 7 g 5l 5 J A dlaa 238 -6

sl Al B aliie alaca R 5 3 58 ol Aidiall 3 6 1 2 5 53 5 J i alana b -7
25l Aaad 40l S0 ) b 51 -9




- Janll Cadal) 5 85l i R

OB AaE A ARSI agay o AN
ORN A ol daa X

O N a5 s a-Y

Gl Ghaa 32 3 Qs oa—t
a3 J AN A ia-o

Z_A !. . l‘ "l ;.. ..S

A3 (e g 3AN daa RN

Al Xiua ghia may OB daa RN

e sy Jol B30 B NN ey Oyl 5 AN B3l s ) oa SEN-A
A gia

380V A.C 5120 UPS daiaa & pad Ay g 5,80 24—



s oaldliual) ALl :\AJBJA

() g dolall A SN el CRea (N G ) s (a Riaa 08 e 0a A Gela, -
AN 33 Ma Ay ol bl O WS pla Cliliea Ny
=3 By sl Sl g s ae Cldaay A 48 Al e i) (5 s -
A2 Joraaa
53 00 ae ) AN B geia aay (s ) s e Sl B giia pa Aladh a A gL -
-Gl A Gl (A U AR A gilia aay A RN



« Ol il (i patl) Cilalana Z\.gk.m

A8 ) s ¢ 5 Bacbaall 43 jeal 5 (b )y 68l iy palll il asant 4 slaial) (Jads
ELSJJY‘ gﬂ LASJ

39 Ao kiy et A AN et SRR O

&, & .. .- -~ \ AN * - ‘.‘.: -
o) sl Sdeal el A A caa e

= \ G‘ ) o> ‘\ "‘ .s. . ‘\. ‘\ \\ \ . \‘\ \An I . “ \\'\\::.\
-v,z:.\ 3,\ raua cAsaal Uc...s_....a.A,\ J\:......\ PA LA Al L



Aiiia g Guly) o) Gy Aaglaia

B Ao Baghial oan Jaih
T s\ A T _
. A (A Sl s \5'\“\ DS 20 WA CRERL B VARTS
\ (__,)}\ C_\;..A.AJIAL}“ - Il .\\‘_‘“ d&‘ﬁgsﬂj*:\ 6J595b- +
BT I e ?3‘_»:_, (e Ty Ao
.o \ VA Lk M\_&:\} - . .
B3 3 e

. . ) o‘ "\\
- R - .\. tj_.h.—t' “\ 3 g
o O S0, W DAY iy pad) CuN O Ry
. - ‘.\\ ‘.\) . 3 ~‘-' .}_\ \ S.L.‘A
At Ctuaa g o) DA Ay S ()



; daghiia b () ciaa

Cu basa Nty ALC A Cliuza s} And s Glaygd Cu) Q5 G ol o -
A O o Ragiia s g h o B ) o Cun AN 33\ s N SRy
G TR | e Ny e Akia Galan Cus JA ) Gy hua it N (A g oA 5 B s
) Boa RN M Raa ) Gelhage Alguan AN Neia d | odave
&&éﬂépﬂKﬂwéwﬁu%ﬁ&dﬂuqﬂ@ﬁ@ﬁ-
G Asde) O Bl G\ I esay MO (A Aadiy agh (D amsad) N OVER FLOW
§ s OO ) Aday Gada 530 Col AAE AW A3 S -
A

-

WA OB

DA AR ) 0 Jea R A8 Sl G 30 G QA RER o OB LA G -
AARA A 5ya e (2 04) (A S



1da gliiall B aSalll B jea

Gl Gdial A 3522 oAl 28 ) A ASN OB (A 3 s G OA

XA B V- W W

o Li :n'n L r' x‘ "‘ ;“ i.c

C._a}\k_:s...hul\\_\.tl).‘.\$\ah;n_nw9\a}5s \-

ACCAR Y 3.8 aa Y-

Cat CAided &Yy MCCISCIL, CIE €A ) 838 M AC CARYA 3,8 3a Y-
CANSN A4S jay

Saadl 3 aNa cudap et Gy (A A AN AE s ¢

Gl o) Ay Gl o OB @ ) e o

Qa3 e AN A8 Say D.C Ny AC A Cuh GAiuza ) oa XN -



	Power Plant Systems Operation-1
	Power Plant Systems Operation-2
	Power Plant Systems Operation-3
	Power Plant Systems Operation-4
	Power Plant Systems Operation-5

