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In the [ast wg@/alg@stR%%er;ga@Hne DW\éV éngstR nker.)):%wﬁ
liduid  paxticles  have (esS€¥  velocity  thyp Vafouy
PaXticles . Thus 5 the wet steam  causes expcisn
of <ta¥bine  hlades and inc¥eases  intexna
(osses . Hence 5 1t ¥Seduces the CRACKEN of tugyine.

low
' E PEesfue
WP cubine
tbo‘“d@’ 'fl)a'b%f\
% Reheates
Vi
.
)
Condensey
PuMl
The  followind  axe the advaniades of sebeatin g
o,f Stéam »
J ozt ihckeases the  wovkdone  +thyougy the tubine
and  hence  efficiency  inceages.
9 It seduces  e¥sSion  of bladeg
3, As  the Sspecific  Steam consumption -
S ¥educeq
condengey IS §Cduced .
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cYdcle the steam

th a Supe¥heated  State at point 1 .

then CxPands, ibent yoPically

the +Hw¥hkine , bY  Hhe

as  Shywn

figuse @. Apiey CARNSIoN 5  +the

wet »  which g Yehealed  at

Shown by  the  ppiny 3, when I

(N Supevhegted State . The

isentsopicary
of

3

while £/owing

stafe tU§ bine

the as Shown

(ine o 4 in H-S  dia$¥am.

The  solient Points

l - stéam endeyxing into  tusbine

L - Steawm  candition altey Pabiical

3 - Sl€am  dondition  aftex

yeheating

- Steam  condition

afley

CXLanSioN

>~
tempesatuse

S

EMJSP nke@ r@@m Reheat (Ycle -
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The

while  flowing

Veytica(

Steam

a ConStant

/s

thsouvdh the

bY

e

n

the tU¥bine

steam
thsoLh
liné in

becomes

Pressuse

a dain

Stecam adain  eotpands

nex t

the Vexticat

Pﬁ’-”'ﬁion 9

tu¥hbine,

J
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A
(A7)
Flt!-ég é‘&% Ilgrigfpngffam TuFhines - 7

rstran www.FirstRanker.com www.FirstRanker.com
ateam Au¥bines  ake classipicd  GPsn the -;%(lcw.?ng
Paametess .

I action op gtenm e

Pulse  ux bine

Reaction g bine

©Crbination  4p  impulse yeaction tu¥king

Q. didtection of  Steam Plow ‘-

aial  stegm To¥bine - oleam flows  axialiy e,
Pasaltet axr§ of tu¥hineg

to  ani§ of

tudbine.

3. NUMbeY  of  preceuye stades -

sindle  gtade tW¥ bine ik che

O M velscity
stafes.

Multistade  impulse  and Yeaction tu¥hbines

inlet e
low  pyesswae  +turbines (l-& -2 aim)

medivm  pressuxe £y bineg (< 4o atm)

high  pyessure tuy bines (>4 atm)

vexy - high P¥esswe tU¥bineg (z (70 aiM)

SUpPey . C¥tical P¥CSS Uy e

tbka-bi'r)es, Czaﬁﬁ ai»@
5. NUMbRY of c¢dlindexg *-

sindle  C(indey - tu¥bines

Double  ¢dflindey Ww\fvﬂ?{’ﬁaﬁ(er.com
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Fous  cYlindey tuyhbineg

6. Exhayst condition of Steam :-
tondensing  twi¥bines

Non - Condep ¢ing tu¥ hine

Axial  discha 5Jde -

e
(3

I +h
€ Steom  (eaver the blade at HS exit RiP

a 0"« ? :
it 9 o 4he di¥ec+ion af the blade ™o tioh s

_é . >
hen  the  tuypine  1¢ Said  to have  an  gadal

discha¥e .
Conditions oy pojal  disChastde -

The  condition fox  asial  dischasde i velocity of

(9L
wWhiftt  at  oueieq (V%) ie Qual to 28k

VLOQ =0 hene Powey dQVPIGPEd by the fﬁééfn%

CoMmbined Ve (ocity diaJsam for

axial  disChayge.

om
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Loy hine
stade  eppiciency
clade  efficiency s defined as the valio of ks

done on the hlodes +Lhsovd h the tS'taﬁé to

the enthalpy dyoP 1n  lhat slade .

Loox}d‘doﬂé oN Lt he blades

o rlst ¢
" enthaply  dyop

WOk done  on the bloades = Mg (th+ Vw’J)U

WheXe s, = mass  flew dale of steowm

(3]

t

1]

blade Vvelocity

Ve » Vg = intet and outlet whixl Velotities yegpPectively.

Mg (an o vw-,_ “u

- y&tage - m AH

now s MuliPlY and divide by 9V 5 we Jet o

9 Viy, = Vipy)V 2
VZ&taSe = va'L wa) % QAIH

= blade efficiency X hoaale effictency

-.- QSfa(th :'sz Qr\.

(£ logeq In hoeele a¥e neflecled , then

QS'&’)L?P = V?:@
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diaJyom eppiciency - |

i
BiaJsam  efpiciency is the dadic  af the wokk  done
by ‘the blade o +{he [|Kmetic energy  entesing the
blad€ - it IS alco  Knpown as  blade  epLPiciency.

whexe s M =masy of Steaw SuPPlied 1h '<3/S

V= absolute  Velocity of imle!  sleam in ™[

CREYFY  supPlicd 4o the blade pes second
' ‘ .
KE = 5 m V«L J/S

The wo¥K dohe on -the blodes  poy  Second ="’7(Vw+v)
| ' o7,

piadsam e.ﬁp;c;ehcy - wo¥K done o blade

Cheydy SUPPlied  to  blade

M(de\/w,_ U
c—_ 7
{ QO
2 MV

Rlade iCit
efficiency o diadiam efficiency

1- 2o(v, + Vio,)

¥
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camhingy  veloelty  eftaffiam )

The ot yiad e 0 af cohf Cocd vy vortoetty
ciagdams Sl comne  hath tha Ve ety
diafNems o Mied o8 well ay ol aulled  of
L he blage s, o AR dla)dam  ay .

T N [
in Pdwe - this CHede v both  the VO loe iy
diafiams  qye Aawn  on  acommon  bage  (Ihe
ERIESENIng  the  piode  veloenty ‘u
: (x .
r:' P (f W pe !\;)@ :
. \ |
\p 1 A N\ N '
o N N
' “ ,
y
N\
combined  velocitY o¥ienfle  foy pexson's seactlon
twvbine  and  @APlam  the saltent  -Leatudes -
wheye
Vie, = velocity of  whi¥l ol entyance
Vier = Velocity of  whirl o eAit
Ve, = Velodty of ipw  at  intet
Voo = VelocHY  of  ppw at  outlet
www.FirstRanker.com
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vz abgolute velocitY ot eart

L= Blade velocity

Y= Yelative  velocity Wyt  the blade at [nlet

1

Vio = Yelative  ve(ocity weyt the blade ot outlEt

L= onfle wode by the entexing  steam

B=oandle wade Ly the Steam (Cowind the
blade

gﬁ = outled  angle of blode

&= inlet canle of blode-

salient  featwses =

The combined velecity diaddamt of paron'S  pexttion

tuykine 1o - SYmmetrical  a bout  the cential Line.

-

Hence s ,Fouow/’hg selations CHr6ES M combingd

vele ity diaJtam .

Vf:: L d:?{
A\/n-,v,
FA =Bé€
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Pzlo oy and ot= 0-9. wel 3¢ o
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~
tg K .Hh!:(-.:eero‘;@’e@" in Yeaction twybihe :- 5
ran ' www.FirstRanker.com www.FirstRanker.com
The pollowing — o¥e the (osses in ¥eaction  tuyhine
I+ Blode pxicdion (o5Ses
R whael L¥iction losses
2+ Mechanical bea¥ing P¥iction (ssses
“av Residual  velo ity (055es
5 (lakaJe (osseq
6~ Rodiation (osseq
- Moistu¥e (055658
T Gwl/eémihj (o5Ses
P¥CVentive measuyeg °-
te Stlect h ; 7
the Sw table ™Ma t.LehalS 'fO* b[ﬂc/@ s to a’ﬁcfacé
£&iction.
- Select  self  Aubkicated  beayings
2 APPlY  psoPCY  whepl balonCind  +o Yeduce ol
thyust ond  Viksating fosces  gn wheet Shafy
L. PkoPey  sadiation  Shields  deduce sadiation  (ssSeg
5. pse Psopey  sealind to ¥educe (Cakades.
6. ULSe  ¥ohesting — and sedenesation methods Yo
yeduce  moistude .
d¥¥nesk fyaction 0.9 and pPressuye of 10 bay.
P=-lo bat
A= 0.9

~
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hyg = @112-119 k7 /kg

SPecific enthapy of a wWet gteam Wwith

ia Jiven by

9

=5
1]

162:649 + Q499 -407

1

2962 - 997 KJ/k3

sPecific enthaply 5 h = 3962 -21 kJ/kS

SPeciPic volume o ENtholpy  ownd

inteshral  enexgy
ateom at- 8§ bay 4

dyyness -fracltion

py¥essuyre  of we SHeam 5y P=I§ bay

d¥¥ness  Praction , N=o.85

P=1§ ba¥y and ots 0-§5 , we Jet ,

Vg = 0.1l m>[kyg
he = 8646 K7/kg

Ll,fg - 1910-3 kJ/K9

SPecific vo lume °

\/:9(V3

v = 0-§8% O0+1l = 0:004 m'k9

enthalPY of wet Steam o

h = hy +9thsg

~ §84 -6 +o»8‘5(lmo»@

0-85.

]
}
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Inteshal  encygy wel steam -
U= h-py,

=&508°3 - 169-2

52339 | kI/kg

fosmation of steam and Zive S Gyaphical 5€ Pye S€ntation:

The Phase tiansSfoxmation of ihc. water Lyom  solid
ice te steam 5 IS anal¥sSed  bY  congidering Cex tain
MASSof ice  which i at temperature  (€ss
than  o'c . This s Kept o cYlindes  and
Psesswse 18 geplied on it. how  beat % supplied

slow © the cYlindey containing  ice. tThen s the Phats

<£¥on S Loyma tion of lce akes Place alS Showr N

piuse (@)

D9y | T 0] T
YYEX. 79,0, s - |
] ﬁ@yd’éﬁ ! /ﬂﬂ ﬂo - - i
—_— gyg oy ﬂﬂﬁ{/ = = N%
0% 2040 — - T |
&ﬂﬂﬁm o0 ? 20 = -
(ee btlow lce at o wated gi gc

o’c -

Tl T 1

-7 zi a { )

Le 22 R

= A g | f
IS ﬁ \\

water at stegm  at SuPel heated

, i [od° ¢ ' Ltear
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ol ) FiestBankerccomrer diown between  the
£

empevatuye

9¥aPh  Shows +he  nitial  {eMPe¥aiuse  of the  ic€
befoYe the heat IS Sopplied . Due te  the

SUPPIY  of heal s the (empeiatwre g @ ice

ngyeases  to @%¢ . This state 18 ¥ePsecented bY

mt-a . ' '
Point-Q The Uihe (_g9 yeP&®sents the supPlY

of heat - on L s they heating of Tce s +the

EMPevatove L2 ice Femaing  Constant s but  the ice

chang e to water ot o0°c

TeMPeyalul e

heat suPP(ied

Different  1@¥ms  pertaining o the  skeom fo¥mation «

1. DY Sotuyated Steam

de Senyible heatl of water (h-ﬂ)

1. laten t heat of VaPoy!zeotion (hfa)
Yo Enthalpy  of  wee Steat 3% gotal  heat

5¢ SPecific volume of Steam
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A steam  that does hot contaiv  pasticles of  UYuid
SVUSPended v it IS called as dY¥Y  Satusated steom.

Tt behaves  like a Perfoct  gpq.

2 sensible  heat of Cuafek(hf) .-

It 15 defined as the total ampunt  of  hegt abseybed
LY a k3 of waies foxr Convestind Lo Steam  any

¥AISIVY  the  (owmperatore fiom o'c to the satuyation
Point . i1 ig deng ey bV ‘;,lf’cw'od mathema ticay

u.D A =
f=Ce TSqéuarafion

2o tatent  pept o Vaforizotion (%) v

Tt is defived ag the

of Watey at 7ts

amount  of  hear  absoybed by 29

Satwation temfeyalude to Jed

conveyied inte Akd of satwated  Stepym for a Jiven
PECSSLYE . (atesne heat  of  vaPoyization 7S densted
® .

h#g and its VL@ dopendg on PIe22LLSC -

“.€nthalpY of wet steam &' totar heut (h) i

It is definey as  Sum of enthalpy of watll gy

enthalPY  of latat hegy |

S h=hy +9‘l§gg

5. Specific  volume o cyeam .

Tt IS defined  oq the Volume  occuPied by the

steam per

UMt mass 5 as  pogyus  jncveases
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Lo e JJff. - Z¥ o

SUPex heatss Size are JFwen a3 Bdlews ,
SUFSE healts St T
[ERSRISY  LiS3e skevg  Crydles bw j-£.,
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T"‘ w7
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. < |
- e )
- m
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Swp 2 T —
z

Molliey diagdam >

ol Of+1s
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~ 7%
Mollicé c’?ﬂiﬁ?&m B YEEY WREFuL an =0/ vird  the
peokiems en 1S ENtECHIC e Farsion  and  Jgep+x i

ComPEESSIaT  ef St€ami- The Fruie B divided Ly
2 - ,’_‘ 3, - - N " -
§at Udagion lepe i Two  Psxliong. In the

oy ¥ 3 the  tompoyniutre £ g5
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wet  fedion- IN the  UPPEY  deGion the temPeratuye

of  Steam  Incyeases at’ the &iven PEessuye the

seJion 1S also  called  SuPeYheated  segion.

The woliies  dicdsam  has the follo wing lires ,

L Conglant PECSWIC  (fnes
2 constant  AeMpexaioye lineg
&, DY ness  Lracdion  (ineg
4 Isothexmal  Lines
@ 5, Isothexmat  lineg
& Thyott(ing lines
@) Tsothesmal  Pyocess -
It 15 a conStant  teMPe¥atuse  procese
woykdone duxing  this  p¥ocess s diven by,
Wig=Q_y-dou
whese
P Qo = 15 the heait t¥ansfoyved du¥ihg  pocess .

HU.’ 1S -the cl—.ange n inte§nal @'TGng-

Chande jn  intexng eney gy 15 Qiven by

heod t¥ansfevved  duying  the

Q\-;J :EXCSL’S)

Process is Jiven 4y,

whew ,

1 3 ) P N N
Tg = SUTHETTION e Peiataye
= www.FirstRanker.com
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s dorie ‘e (voceey,

dutmi

Wy = D09 K000 x %V Lol ((C’J y.;;/,,g
i

r py j v o ) ) b
chande i i Csngy Cnenyy

((U 7 (J«; . {,)'

I'W - ;"},
heal Loy Slevved  duying  Ahe
m""l) = dU o “y. y
(¢) Adia hodtc Phocess -
Wosk done  guving 4 he Process s

Wiy =« du
S (o -w)
(A)', 1) r U,‘ (J’

Chande  in nlesnal enesyy

du=z 0, - L, K ;}///’7
(A)}'\(’h(’ Y

U = h = loox Py o, x Vg, /‘a/kﬂ
Uy = hy = 100X Py 5 Ay % Vg, K3/ py
Vs = by oo x Py % Vs K3 /19

Wiz hy = oo x (2 w Veup ka/kg

heat  Lsonsg poxied  duying

ol lobhotl,
whese ,

Q;»:‘L. - 0

Process

i Hiven by

Péocess
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'f’r %&g’ﬂkefrmggsmaf’/’ﬁed to steam - @
www.FirstRanker.c
0

: Y \_i '
Vi v, >S
T-5 C“O?Zfom

A PolY/L¥OPIC  Pyocess s sePYesented by
‘5

PV - conStant
wheye , N 18 the  index

Th this  PYocess s thepe o a change In epiy
S0PY .

Henee s jt i Krown  ag  potyeypps, P¥o cess

heat inteaction S  Jiven by,

Q= w"L((AL—(A,)

wo¥Kkdone in & PolYtkop/c P §ocegg 'S

Jiven ag,
_ ID,V/ - PLV‘L
. W= T——— and U= h-py
=1

i

g, = e bl w Jly W)~ (i, - v)J

n -1

Cconstant  Volome  pPyocess -

It 1S P¥cess 5 the  volume . af  Sleaw ‘Femaing  copg tant

hefo¥¢ and  oftex  the completion of process- T4 g

also Kpown  as  isochosic process and  these s hé
woykdohe  du¥ing  the  pygeeqq

covrsidey a K9 of Steom  that 4 heatéd ot

con Stant volume .
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X Vg
b= 2

9(’1 V‘?

N IntCYpal eneyyy

i qnlesnal  CheYYY  op  cteam

by ,

dU = U’L." U}

Wheye 4

and

TS0 boYic

T this

Pyessuse

hefoxe

WoYkdone

The

LLJ(—&

Choange in

The

S

U‘L'; hq_

chande

given

L=, ~loo X P, X o x Vg,

Uy = h,* loo X Py Y P2 X Vg2

-loox P X Vg"-

UL :h'l ’ICJO KP;_)( VS()P

FPyocess -

PYroceSS  Steam 1S Jenevated by

consStant . The PYresswe sfemaing

aftey

and the pProceSs:

¢

v

wo¥kdune  doxing i1sokayic Psocess

= o xPx (n-v) k;/kg

ihtedhat  eneyyy o

Cin int@thal  ener§y Por This

bY

C\((.J:(_).)__()| k;‘/kg

wWheye

U, = L ~log py L

douying

moih taining

Iﬂ(@gvﬁﬂm heeete o at  conglont volume,
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heatl  abSpybed -

ijpaf_ dukfn‘-’{ {h€ F&'O(fss S 3““’@” bY )

Gb3prbed

Qr-‘:( :([-‘L "U.) '{ UJ:—‘Z

-~/

ho - log sz}‘ -(h.-lOoP'/,) + loo (p)(yj_y.j
N 2":—16010\/‘1 ~h,4lco PV, 4 1cg p [Vm-"f)
Ah. - ;
=i 11)"- 66 P(V,_—V,)-(IGDP(V,—’VQ
Q‘_.‘_ Y~ 1’32—17. ¥ 3/!’5

e @) SPecific entvory in the cates, o~

LP>20ba¥ 5 4 2 0.5 giy
2P =338 ba¥s dW¥ and cgturateq

2-P= Bo bars T:-Q9p%
- PzR2cbal s Gro-gdyy
AL P=Qobar £ g =08 VY, we Gy

= 24473 kJ/,eg -k

W

@
&
\

§-3367 K3 /kg-k
SpPecific ent¥ofy for et Steam i giren by,
| Swet =S+ 9 (s, - Se)
‘ = Q4473 + 0§ [6.3367-,,:),1,1,73)
224473  3-112 |
Swet = 5-659 "J/kﬁ
P =22 bod 5 A ond  Saluia fey

.—féc'm Steam  tables , at P=33:§ bLay H¥5 day

and  Ssafuasated Conditions 5 we Je1.
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- 5ll~ §16K

heg = 1710+ 14 kT [K9 5 sf -2.692 ¥3[kg «

Seg = 3-451 KJ)kg -k

specific  entwoPyY f¥ dsY  and  SatWATed  Condithn

of Steam 1S Given by ,

h
53 :S_f + 79
Tsat
00 s
:&-6‘?&4-17—0—’6‘—
-84

S =8:15 I [kg -k

At = 50 bad  and Tgyp =9290°¢

(given that s
P =50 bad

Tsyp =4q¢°¢c =90 4213 = 963FK
| Sy - 6-143 k?/kg_K

Tsa¢ = 263-95°¢

Toe =263:9574273 = 536-95 K

sPrecific entdPY  fo¥  SUPEY heatey cicowt  iS

given bY
T

Swp = Sg *Ce lod e =

Tcﬁ.‘f s

Cp = 20924 K7 [kg-k
Ssup = 6+ 143 + 2.093U X (09, ( b )

%%

T Sep £ 61292 KT Jrg-ok
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Tt ololes ¢had “heat engines  oPesating between
a diven  conglant  temperature  Soue  and S

given constant  tempeyatube SinK s hag  a highey

efliciency than a fevexstble engine”,

Pyoof -
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