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POWER PLANT ENGINEERING
e

1. Specific Steam Consumption
(SSC) or Steam Rate: .
It is mass flow rate of steam to
produce 1 kW power output. 4 Y
3600 kg
SSC =
Wnet kWhr 3 2
Where W, is in k] /kg.
» S
2. Heat Rate: Nearnot > NRankine (AS mean temp of
Qbpil B heat addition is higher in Carnot).
HR=—"—=-
Whet i (Wnet)rankine > (Wnet)carnot
" (Wpump)carnot & (Wpump)Rankine

= efficiency of thermal power cycle 1-2 — Turbine work

Carnot Vapour Cycle: Rad® vurdfieme k

T A

Methods to Improve Performance of
Rankine Cycle:
A. Decreasing condenser pressure:

4 1

TA
Y
3 2

v

p; = Initial condenser pressure
p, = Lowered condenser pressure
1-2 - Initial pump work

3-4 — initial turbine work

2-3 — initial heat supplied.
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e Wyymp = can’t say (But marginally T). C. By Superheating:
*  Wrurbine T 4 5
hd Wnet T 3
e Steamrate ! il
2
b QSupply T 1
®  Qrejection = can’t t say (but marginally -/ I < YRR
)
» S
e Tyean Of heat addition | (Tya)
e W — same
e  Tpean Of heat rejection 40 (Tyg) pump
e Wrihine 1
®  MNThermal T Turbine
e x (dryness fraction l) * Wneel
e Moisture T * Qoupply T
b Qrejection T
B. Increasing Boiler pressure e Tua T
T4 e Tygr — same
6
3 ®  MNthermal T
5 o x1T
2 e moisture |
— e SSC | (size of boiler )
_/ 1 X AT
e Condenserload T
» S
e Woump T Reheating:
o Wryrbine (W) 11 The main aim of reheating is to increase
o Woee=(Wp—W )1 dryness fraction at the outlet of turbine.
ne pump

TA
* Qgupply — can’tsay (but!)

Qrejection l
e Tual

e Tyr — same

® TNthermal T

o x|

e moisture T »S
e SSC ! * Woump = same

e Condenser load | *  Wrurbine T

X info@iitiansgateclasses.com | @ : +91-9740501604 | © Copyright Reserved | www.iitiansgateclasses.com



http://www.iitiansgateclasses.com/

lITians GATE
CLASSES

Exclsive GATE COACHING BY IIT/IISC GRADUATES

A division of PhiE Learning Centfer

POWER PLANT ENGINEERING

o Wpe T

o Qg7
Qrejection T
e Tyr — same

o Tya— can’t say (Can T,1 or

constant)
e naTya
o x1

e Moisture content |
e Condenser load (size) T

e SSC!

Regeneration:
A. Open feed water heater (OFWH)
(Direct contact type):

Turbine

(1-y)ke] 3

1kg |

Pump

»S
@ ykg
1kg
©
® (1-y)kg

yh, + (1 —y)hs = hg

m, + ms = mg

Condenser I

Effect of Regeneration:

e 1

*  Wryrbine ¢

e SSC T- Biggest boiler
Qrejection ¥

e (Condenserload |

Closed Feed Water Heater

(Indirect contact type):

9 — 1
> 1 Boiler I >

6‘(1-y) kg

Pump
TA
»S
Note:
TA
QS
»S

Infinite bleeding points results —

Ideal Regenerative cycle.
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WTurbine - Wpump T

Nthermal =
qupply

Stirling Cycle:

2 isothermal processes and 2 isochoric

processes.
T4 >S
Qi" . WCompressor(WC)
1 2 Back work ratio =
V=c V=c WTurbine (WT)
< Work ratio = 1 — Back work ratio
/ . | / Qregeneration _ WT — WC
4 l 3 WT
output ‘ Tl 1
>S nBraytonzl_T_zzl_ =1
Pa (I‘p) Y
I, = pressure ratio
T T Va1
2 _ . (rp) Y
4 T, T,
n4
3
>v
TL
Nstirling = 1lon ﬁ
>1,
Note: Ifr, T=n 1
Nstirling = Mcarnot IfytT=n1

= TNideal regenerative rankine cycle

= Nericsson Optimum pressure ratio for Max

Kok kokk Work:

Tz = T4_ = 1/T1T3

Chapter 2: GAS TURBINE

2
POWER PLANT Woedmax = C (4T — +/Tom)
Y
‘F ( ) _ Tmax>< 2(y-1)
Tp optimum - T Ncomp NTurbine
2 3 min
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Free Shaft Turbine:

T4 3
HPT
14
—1—
2 o WLPT
1

» S
Wgenerator = Wppr = Cp(T4- — Ted

WCompressor i WHPT

TZ_T1=T3_T4

rp = (l‘p)HPT X (rp)Lpr

Combustion Chamber Types in
Brayton Cycle

Open System Combustion Chamber:

Mf Cle
. ——*—’_CC
mac (ma + mf)

pa
m
AFR = 2
me
(AFR)C,T, 4 1c(Cy) = (1 4+ AFR)Cp Ty

C, = calorific value of fuel

Cpe =Equivalent specific heat at
constant pressure

Closed Combustion Chamber:

e,

macpa ri'l.alcpa

(AFR)C,. T, + Cyne = (AFR)Cp, Ty

Regeneration in Gas Turbine:

T4 3

€ = Effectiveness of regenerator

Tu— T,
TTL-T

_ Wr — W,
reg = Qsupply

For Ideal Regenerative Cycle:
TX = T4
T2 — Ty

Tmin ypl
Nideal reg = = (rp) Y

Tm ax

Effects of Regeneration:
W, - same, Wr - same, Qg !, Qrej l,

Tma T T, Tur 4

Reheating:
TA
3 5
2 6
"
1
>S

Effects of reheating:

° WCOmp — same

*  Wrurbine T

e W, T— Main purpose of reheating
o Q5T QT

e Tya T, Tur 1

e nl!
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Condition for max work output with Ericsson Cycle:
perfect reheating: (T; = Ts) 2 constant pressures + 2 constant temp process
1. Ty =Ts £
2 T4_ = T6 3 4
3. Pintermediate = P4 = P5 = Y P3P
4 WT1 = WT2
Wiy =Wsg 2 1
»>S
Intercooling: P
T4 5 2 3
4
6 1 *
i 1 >V
& Atkinson Cycle:
Effects: Also called as constant volume gas
1. Wgomp { > Main  purpose  of turbine.
intercooling. T
2. Wryurbine — Same
3. Wpee T
4. qupply 1
5. Qrej T
6. Tya W >
7. Tur !
(W- D)net
qupplied
Qrej = me(T4_ - Tl)
Condition for minimum work input
e — Tk
with perfect intercooling: NThermal = 1 — Y —
e 'k
1. T, =T;
: Y
2. T,=T, r. = Expansion ratio = —3
3. P=,/P4P V.
! HOL r, = Compression ratio = V_l
4. W, =W, 2
Wy, = W5, Whet = Qs = Qrej
QS = mCV(T3 - TZ)
KKKk sk
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Chapter 3: STEAM TURBINE

Impulse Turbine (De laval Turbine)

Nozzle MB

e

Symmetrical Blade

Reaction Turbine:

FB MB

\1’1

\ 132
\< VI‘Z
—'
-

9

/

Converging Passage
Note:
All Steam turbines are axial flow
machines.

De laval Turbine:

/
Nozzle/” ) u

Vw
1

v

o = Fixed blade outlet angle or nozzle
angle
B = Fixed blade inlet angle

(u; = up)

Euler Turbine Equation:
Power/Stage = m(Vy, + Vi, )u

: (Vf —VZ +ng —Vé)

=it s 2

|Wtotal = N X Power/ Stage|

N = No. of stages
m = pA V¢
T
A=7 (D = D}) = mdyyhyy

: D¢ — Dy
h,, = height of blade =

Fp = h(Vyy, + Vi)

Energy lost in moving blade due to friction
m

= 2 (Vrzz o V1”21)

u
Speed ratio = —
peed ratio v,

. Ve
Flow ratio = —
u
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h(Vy, + Vi, Ju

NBlade/diagram = 1 V2
7 MV
Condition for maximum blade efficiency
u _ cosa
v, 2
(1 4+ kC) cos? a
Mmax == 5
k = E
Vi,
_cosd
~ cosH
Note:

1. For symmetrical blade without
friction

Nmax = €0s? a

Vo= 0

v, v,
Nozzle |=+— MB |=—

n 1 (Ah) actual
nozzle (Ah)isentropic

_ (Viy; + Vi, )u
NBlade V12/2

Ngross = Mnozzle X nblade|

Reaction Turbine:

V2 VrZ —vr?

Inlet E =
nlet Energy > >
. _ (Vw, + Vi, )u
Blade V_12 R Vr22 _ Vr21
2 2

50% Reaction Turbine (Parson’s Turbine)

a=d, =06
‘GZ ::\H,\Gl ::\E

For maxn

u

— =cosa

Vi

( ) 2 cos?a
Nblade)max = 1+ cos? a

Degree of reaction(DOR)
s (Ah)ymp
(Ah)mp + (Ah)gp
V2 -V
2(Viy, + Vi, )u
(DOR)pe 1aval Turbine = 0

kkokkk

DOR =

Chapter 4: RECIPROCATING

COMPRESSOR
High pressure upto 1000 bar

Less discharge 5- 8 m3/min
Case A:
Winput without Clearance

Pa

NN
A 4
[N

' N
v

vV =V
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Winput with Clearance

Pa

— >V
A Vs
n-1
n P2\ n
Winput = n_1 (p1va) <<p_) - 1)]
1
/cycle

V4 = vq — V4 = v4 for without clearance

v, = v; — v, for with clearance

'
Clearance ratio (C) = —
VS

Volumetric Efficiency

1/n
ot = 1+ ¢ — € (22
PL

If (p—H) T Nyar
PL

IfCT= Nvol l

Multistage Compressor:

1. Overall pressure ratio =
(pressure ratio in each stage)N

2. Total work input = N X(Work input
in each stage)

N = No. of stages

kK skoksk

Chapter 5: CENTRIFUGAL

COMPRESSOR
Vi-Vi  ui-uf
VW2u2 _VW1u1 = 2 + 2
Impulse Centrifugal
Effect effect
Vr? — Vrs
2
Reaction
effect

Euler power = r'rl(VW2 u, — leul)
Viv, = Whirl velocity at inlet

Viv, = Whirl velocity at outlet.

A
v

Uy
General Compressor

V2 =V, %+ V¢
i+V, =V
0 and ¢ — Blade angle of inlet and

outlet.

For Centrifugal Compressor

Inlet
Casing , Impeller , Diffuser,
P
Pressure \E/ ﬁ 3

Velocity V1 / NIV
/ 3
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Velocity triangles for centrifugal
compressor.

Inlet:

Vw; =0

Outlet:
Case 1: Backward curved vane (for

maximum efficiency)

< T, >
e ———
¢ vE, B
Vr, V,

Case 2: Radially Outward Vane
(For minimum stress)

u, = Vw,
—
] L
Vr, = Vf;
\&

Case 3: Forward Curved Vane

(For higher pressure ratio)

U,
D —
¢ B
Vr,
Vi,
\£
w

Winput = szuz - Vwlul
Vi, = 0 for centrifugal compressor
Winput = szuz J/kg

Winput = MVy,, u; Watt)

W2

Slip factor (0) =
u;

Vw, =0 Uy

Winput = O u% J/kg

Actual w;
Power factor () = input

Theoretical Wi, py¢

>1

(Winput)actual = lIJsz u;

Winput = Yo - u% J/kg

WD = h2 - h1 = Cp(TZ - Tl) =

— a2 = 2
Vi, Uz = ou; = Yous.

skkskkok
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Chapter 6: AXIAL FLOW
COMPRESSOR

Fg y Mgy Fg (Mg 3 Fg | My

Velocity

Pressure

a, B — Flow angle measured from axial

direction made with V.

Work Input:
Win
stage - (VWZ a le)u

=V u(tanf —tan )
Wrotal = N X (Winput)

Kk kkok

single stage
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