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Rankine Cycle
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7.1 Introduction

A steam power plant continuously converts the energy stored in fossile fuels or fissile fuels into shaft
work and ultimately into electricity. The working substance is water which is some times in the liquid phase and
sometimes in the vapour phase. The fluid is undergoing a cyclic process, there will be no net change in its

internal energy over the cycle (4) dE =0) and consequently the net energy transferred to the unit mass of the
fluid as heat during the cycle must equal the net energy transfer as work from the fluid.
Q= ZW (First law of thermodynamics for a cycle)
Q-Q,=W,-W,
where,
Q, =heat transferred to the working fluid kd/kg
Q, =heat rejected from the working fluid kJ/kg
W, =work transferred from the working fluid kd/kg
W, =work transferred into the working fluid kd/kg

no o W _Wr-We | G
cycle 01 01 01

NOTE : Working substance in steam power plant — water.

Working substance in steam turbines — steam.

7.2 Rankine Cycle

The Rankine cycle is a model used to predict the performance of steam turbine systems. It was also
used to study the performance of reciprocating steam engines. The Rankine cycle is an idealized thermodynamic
cycle of a heat engine that converts heat into mechanical work while undergoing phase change.

The Rankine cycle slosely describes the process by which steam-operated heat engines commonly
found in thermal power generation plants generate power.

It is the practical cycle used in steam power plants.

e  This cycle consists of four processes:

—  Forsteam boiler: reversible constant pressure heating process of water
—  Forturbine: reversible adiabatic expansion of steam.

—  Forcondenser: reversible constant pressure heat rejection

—  Forpump: reversible adiabatic compression.
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e When all these four processes are ideal, the cycle is an ideal cycle, called a Rankine cycle.

Steam
Wf
Flue gas
Furnace — Steam
@ uiiet Electric
~—— Superheater [__tUroine generator
I )
Fuel Air = Evaportor ®
1@ <——@ River
@ ~—+—Economiser go s%ra
Exhaust @ Q cw @
as to stack 2
9 Pump
@ w,
e Now,

For 1 kg of fluid, the steady flow energy equation to each processes:
For boiler, Q,=h,—h,
For turbine, Wy = h,-h,
For condenser, Q, = h,—hy
For pump, Wy = h,—h,

Efficiency of Rankine cycle

anet WT — WP (h1 — h2) — (h4 — hS)

""" T a ° hy — b
4
Wo=h,—hy= —jvdp ; v — specific volume of liquid at 3
3
Volume of liquid at 3.
Since’ Vsteam or gas >> Vquuid
Wp> > > W,

So, W,is often neglected.

e Steam rate: The capacity of a steam plant is often expressed in terms of steam rate or specific
steam consumption. It is defined as the rate of steam flow (kg/s) required to produce unit shaft
output (1 kW).

1 g = 360

net net

Steam rate = kg/kWh

It varies from 3 to 5 kg/kWh
e Heatrate: The cycle efficiency is sometimes expressed alternatively as heat rate which is the rate of
heat input (kJ/s) required to produce unit shaft output (1 kW)

Q _ 1k
Wr =W, n kWs.

Heat rate (H.R.) =
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1.3 Economiser, Evaporator and Superheater

Rankine Cycle 89

Water is first heated sensibly in the economiser in the liquid phase at a certain pressure fill it

becomes saturated liquid.

Economiser heats the feedwater (sensibly) by using the heat of exhaust flue gases. This reduces

the fuel consumption in the bailer.
OEco = h5 - h4

In the evaporator there is phase change or boiling by

absorbing the latent heat of vapourization at that pressure

Qevo = hg—hs = hfg

The saturated vapour is further heated at constant

pressure in the superheater to superheated state
Qgy=hy=hg

As pressure increases, the latent heat decreases and so

the heat absorbed in evaporator decreases and the fraction

of the total heat absorbed in the superheater increases.

For steam generators operating above the critical pressure
there is no evaporator or boiling section. because enthalpy
of vaporization becomes zero at critical point. However,
there is a transition zone where all the liquid on being
heated suddenly flashes into vapour.

T

1

Rankine Cycle with
Supercritical Pressure

EI Example - 7.1 The function of economizer in a boiler is to

(a) Superheat the steam

(c)

Increase steam pressure

Solution: (b)
Economiser extracts heat flow the flow gases to heat feed water and reduces fuel consumption.

(b) Reduce fuel consumption
(d) Maintain saturation temperature
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Internal Irreversibility

Internal irreversibility of Rankine cycle is caused by fluid friction, throttling and mixing.

Due to rapid processes in pumps and the turbines and large flow rates involved, heat loss per unit
mass is negligible.

Though the assumption of adiabatic flow in them is still valid, due to fluid friction the expansion and
compression processes are not reversible and entropy of the fluid in both increases.

h1 - h25

The isentropic Efficiency (n;) of the turbine is n, =

— Internal
irreversibility

The liquid leaving the pump must be at higher pressure then turbine inlet as there is pressure drop
in boiler pipes, valves etc. and reaches at P, from P, as shown above.

h4s _ h3

The isentropic Efficiency of the Pump, n,= Pt
4 — 13

hye —h v -
The actual pump work would be, W, = 4s — '3 _ 3(Ps = P3) .
T1P T]p

Thus turbine produces less work and the pump absorbs more work.

NOTE: Processes in turbines and pumps in steam power plants are ADIABATIC and IRREVERSIBLE.

External Irreversibility

. S ) 1P ; Flue gases
External irreversibility of the rankine cycle 74 @1 Pinch point 1
¢-5 : Pinch point 2
a  External

is caused due to the temperature b 1 -~

i i irreversibility - 1
differences between the combustion 1SH
gases and the working fluid on the source
side and the temperature- difference d9g
between the condensing working fluid H,0

. 4 External

and the condenser cooling water on the Y, 2 \_irreversibility - 2
sink side.

The point where minimum temperature
difference occur are called pinch point.
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Carnot Cycle : Why it is not practical

e  To compress the wet steam from state 3
will require a large work consuming T
COMpressor.

e ltthis case, pump work (h, — h;) will be
large. Alsoitis impossible to supply heat A

Y

at constant temperature from 4 to 5.

e Thedryness fraction at the lower stages

Rankine Cycle

Yo
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of turbine expansion will be less and there (a)
will be problem of blade erosion.

(b)

° Itis not possible to control condensation process in such a manner that the desired quality of steam

is obtained.

o It is not possible to design a pump which can handle liquid vapour mixture phase.

e |tis not possible to add heat at constant temperature but with decreasing pressure.

NOTE g

work

We —W,
Work Ratio = —/—*
or atio .

1.6 Mean Temperature of Heat Addition

Carnot cycle (in any of the above two cases) will have very less work ratio because of large pump

o In the Rankine cycle, heat is added reversibly at a constant pressure but at infinite temperatures. If

T, is the mean temperature of heat addition then

Heat added is

Q =h-h,= T,771 (s;,-5,)
= g
1 4
Heat rejected
Q,=h,—hy;=T,(s,-5s,)
_Q T
NRankine = Q1 = _T_

m

T

/X

<

N

s\i

/o»\

V' N

N

T2
N

e |ower is the condenser temperature, the higher will be the Efficiency of the Rankine cycle.

Since it is fixed due to ambient conditions SO Mg, ine = f( Tm1) only.

e The higher the mean temperature of heat addition, the higher will be the cycle efficiency.

NOTE: In winters or colder regions, T, 4 = Mg |
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Effect of Superheat

(@) Mean temperature of heat addition is increased, hence
efficiency is increased.

(o) The quality of steam at turbine exhaust is increased as
the expansion line shifts to right. Hence performance of
turbine is improved.

e The maximum temperature of steam that can be used
is fixed from metallurgical considerations.

e As the operating steam pressure at which heat is
added in the boiler increases, the mean temperature T
of heat addition increases. But when the turbine inlet
pressure increases the ideal expansion line of steam 5 /

shifts to the left and the moisture content of steam in
the later stages of the turbine is high and strike the 5
blade with high velocity and erode their edges, as a
result of which the life of the blades decreases.

n=T

P1' > P1 Superheating at increased inlet
pressure and same inlet temperature

S

Xy <X,
e At turbine exhaust quality of steam should not fall below 90% to avoid blade erosion.

Reheating of Steam

e Reheating is done to utilize higher boiler pressure while maintaining better quality of steam at
turbine exhaust.

o In reheating, the expansion of steam from initial state 1 to condenser pressure is carried out in two
or more steps.

e Initially the steam is expanded from state 1 to 2s in high pressure (HP) turbine, then reheated from
2s to 3 in areheater and then expanded from 3 to 4s in low pressure (LP) turbine.

a

@]

Q, = hy=hg,+ hy—h,
02: h4s_h5

S
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W= hy = hyg + hy — hi)g

Wp = hGS_ h5

(hy = o + 3 + hyg) = (hgs — hs)
hy = hes + h3 = hag

n:

The net work output of the plant increases with reheat, and hence the steam rate decreases. Reheating
also improves the quality at turbine exhaust.

With reheating, cycle efficiency decreases or increases depending upon whether mean temperature
of heating addition in process 2s — 3 is higher than that in 6s— 1.

By increasing the number of reheats, still higher steam pressure could be used, but the mechanical
stresses increases in much higher proportion than the pressure because of prevailing high temperature.
In that way the maximum steam pressure gets fixed and more than two reheats results in cycle
complication and increases capital cost that are not justified by improvement in the cycle efficiency.

The optimum reheat pressure for most of the modern power plant is 0.2 to 0.25 of the initial steam
pressure.

For too low a reheat pressure the exhaust steam may even be in the-supersaturated state, which is
not good for the condenser.

NOTE g

With reheating

1. Quality at turbine exhaust T = Erosion of blades {

2. Condenserload T

3. Work output T

4. Efficiency may or may not increase

"To increase the dryness fraction at exhaust is the main aim" of reheating.

-j Example - 7.2 If a re-heater is added to a Rankine Cycle, then usually:

(a) the net work and efficiency decreases
(b) the net work increases and efficiency remains same
(c) the net work and efficiency increases
(d) the net work remains same and efficiency increases

Solution: (c)
Efficiency may increase or decrease but net work always increases.

1.9 Regeneration

With the help of regeneration, the mean temperature of heat addition is increased by decreasing the
amount of heat added at low temperatures (liquid phase) in the economiser section.

In regeneration, the energy is exchanged internally between the expanding fluid in turbine and
compressed fluid (after pump work) before heat addition.

A well known gas cycle that uses regeneration is the stirling cycle comprising two reversible

isotherms and two reversible isochores. Ideal stirling cycle has the same efficiency as the carnot
cycle.
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° In the Ideal regenerative cycle the condensate after leaving the pump circulates around the turbine
casing so that heat is transferred from the vapour expanding in the turbine to the condensate
circulating around it. It is assumed that this heat transfer process is reversible.

AT (water) = —AT (steam)

T
Q= h,—hg=T,(s,-sg)
5 1
02 = h2 N hS = T2 (32 - 33) Asy> As, ] “‘“‘_‘[‘ T,
for reversible heat transfer: AT
ASuniv = ASwater + ASsteam =0 4s N T
_ 3 T2 2 2
Aswater - Assteam S
a b c d S
n=1- % 1= Q Ideal Regenerative Cycle
o T
Pump work remains same as in Rankine cycle i.e.
Wp = h,g—hy

e  The efficiency of ideal regenerative cycle is equal to Carnot cycle.

e  The net work output of the ideal regenerative cycle is thus less and hence, its steam rate will be
more; although it is more efficient compared to the Rankine cycle. However the cycle is not practicable—
because

—  reversible heat transfer cannot be realized in finite time.
—  heatexchanger in the turbine is mechanically impracticable

—  the moisture content of the steam in the turbine is high, which leads to excessive erosion of
turbine blades.

- EI Example-7.3 Inideal regenerative cycle the temperature of steam entering the turbine
is same as that of

(a) water entering the turbine (b) water leaving the turbine
(c) steam leaving the turbine (d) water at any section of the turbine

Solution: (b)
In anideal regenerate cycle
ATwater = _ATsteam

Heat transfer between steam and water takes place reversibly so that decrease in temperature of steam
is equal to the increase in temperature of water leaving the turbine.

7.10 Regenerative Feedwater Heating

e Inpractical regenerative cycle, steam is bled from the turbine and feed water is heated with it.

° In multistage regenerative cycle, more number of feedwater pumps are used and heat added at low
temperature (in economizer) is minimized.
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1kg @
Q1 —
@+ ©\ 1-my—-m,
l@
@

Heater

Energy balance for heater 1

mh, + (1-m,)hg = 1 ha

m

' ohy—h

Energy balance for heater 2

myhy + (1-=m, —m,)hs = (1-my)h,

(1= my) 2o
m, = —
2 1
h3_h6
h
A‘E.N
10 P\ kg
m 1-m,
SVQ P, 2>Q
i 1-m—-m,
6/7 S N
5 Ps 4
S S

Wy = 1(h, - hy) + (1 =m,) (h, = h;) + (1 =m, —m,) (h; - h,)
Wp = (1-=m; —m,) (hg=hg) + (1= m,) (hg = hy) + (D5 = ho)

Q= 1(h=hy)
Q=100-m;,-m,)(h,-hs)
Q- _Wr-W

B Gy

e  The effects of regenerative feedwater heating for the same turbine output may be summerized as
below:

1.

w

It significantly increases the cycle efficiency by increasing the mean temperature of heat
addition and reduces the heat rate.

Itincreases the steam flow rate, (requiring bigger boiler).
It reduces the steam flow to the condenser (needing smaller condenser)
If there is no change of boiler output, the turbine output drops.
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NOTE g

Regeneration

/\

Steam rate T Heat rate |
(9 Wnet ‘l’) (971 T)

U U

Boiler size T Operating costs |
(and so capital cost T)

7.11 Feed Water Heaters

e  These are of two types viz., open heaters and closed heaters. In an open or contact type heater, the
extracted steam is allowed to mix with feed water and both leave the heater at a common temperature.

° In a closed heater, the fluids are kept separate and are not allowed to mix together.
° The condensate (saturated water at the steam extraction pressure), sometimes called the heater
drip, then passes through a trap into the next lower pressure heater.
e  The drip from the lowest pressure heater could similarly be trapped to the condenser, but this
would be throwing away energy to the condenser cooling water.
e To avoid this waste a drip pump, pumps the drip directly into feed water stream.
e The advantages of the open heater are simplicity lower cost, and high heat transfer capacity. The
disadvantage is the necessity of a pump at each heater to handle the larger feedwater stream.
e In most steam power plants, closed heater are favoured but at least one open heater is used,
Primarily for the purpose of feedwater deaeration. The open heater in such a system is called the
dearator. Closed heaters are mostly horizontal.

NOTE : Open feed water heater — Low cost, high temperature rise
Closed feed water heater — Costly, low temperature rise

7.12 Carnotization of Rankine Cycle

e Withinfinite number of extraction stages, the irreversible process DE-the heating from condenser to
boiler saturation temperature could thus be made reversible.

e  The area of parallelogram CEAG which represent cycle output will be equal to the area of rectangle
ABGE, which represent the output of Carnot cycle.

T
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° Regenerative feed water heating by turbine
extraction is, therefore, also termed as the
carnotization of the Rankine cycle. A regenerative T 1

feed heating cycle with an in finite number of A
feedwater heaters has thus an efficiency equal to
that of carnot cycle. 8
7 mkg
e  Complete carnotization of Rankine cycle is not 5
possible with a finite number of heaters. If there 5 / 1-m
is one feedwater heater used, M kg of steam is (T-mkg
extracted from the turbine for each kg of steam
entering it to heat the feed water. s
(hy = he) (hs = hy)
(hy = hy) (By = hg)
e  Maximum efficiency is obtained in regeneration, when the total enthalpy rise of feed water from
condenser temperature to boiler temperature is equally distributed in feedwater heaters and
economizers.

NOTE: Efficiency gain in feedwater heating follows "law of diminishing return"i.e., increment in efficiency
successively diminishes with number of heaters. Five to seven points of extraction are used in practice.

thermal efficiency of the cycleis,n = 1-

- E I Example-7.4 Mean temperature of heat addition gets increased resulting in an increase
in cycle thermal efficiency. What is this cycle called?

(a) Regenerative cycle (b) Reheat cycle
(c) Carnot cycle (d) Brayton cycle

Solution: (a)
The main aim of regenerative cycle is to increase the mean temperature of heat addition in order to
increase the cycle efficiency.

7.13 Super Critical Pressure Cycle

Steam is generated in a “once through” T
boiler at a pressure above the critical point of

221.2 bar. If the plant incorporates reheat and

several stages of feedheating, there is about

a 2% gain in thermal efficiency compared with

the corresponding subcritical cycle. However,

such an increment is gained only at the

expense of increased cost and complexing of

the plant.

7.14 Deaerator

e  One of the feedwater heaters is a contact type open heater, known as deaerator, others being
closed heaters. It is used for the purpose of deaerating the feedwater. The presence of dissolved
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gases like oxygen and carbon dioxide in water makes the water corrosive. These gases are removed

by heating the feed water to its saturation temperature by steam extracted from turbine.

To neutralize the effect of residual dissolved oxygen and CO, gases in water sodium sulphite (Na,
SO,) or hydrazine (N,H,) is injected in suitable, calculated doses into the feed water at the suction

of the boiler feed pump (BFP).

1.15 Effect of Operating Conditions on Rankine cycle

Variable T-s Plot Effect
r Py <P, ] WTTT}W 1
l . t
Condenser pressure W, 0 nef
2. Tm y T
Tur L1
3 x; < X

" (i.e., moisture T)

T pi <Py
171 1. W, — No change
5
2. Tyd =0T
Maximum pressure T 5
at same temperature ’
4 3. X2<X
(i.e., moisture T)
3 2 2

S

NOTE : Above mentioned variables are not used to increase efficiency because

x L = Moisture T = Blade erosion

7.16 Efficiencies in a Steam Power Plant

The overall efficiency of a power plant is defined as

B Power available at the generator terminals
Noverall = Rate of energy release by the combustion of fuel

MW, x 10°

T WxCV. W, = Fuel burning rate.

Rate of energy absorption by water to form steam

The boiler efficiency is - Mg = Rate of energy release by the combustion of fuel

W,(h; — hy)
W, xCV.
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W, = is the steam generation rate.
The cycle efficiency is given by
T]cycle = h —h
1 4
e The mechanical efficiency of the turbine will be
_ Brake output of the turbine  brake output
Murbine(meeh) = Tntermal output of the turbine  w (h, — hy)

e The generator Efficiency of the electric alternator is

_ Electrical output at generator terminals
Mgenerator = Brake output of the turbine

NOTE: T]overall = T]boiler x T]cycle x T]turbine x T]generator'

- EI Example-7.5 The overall efficiency of thermal power plant is

(a) Boiler efficiency, turbine efficiency and generator efficiency

(b) Boiler efficiency, turbine efficiency, generator efficiency and gas cycle efficiency
(c¢) Carnot cycle efficiency

(d) Regenerative cycle efficiency

Solution: (b)
Here, in (b) gas cycle efficiency refers to the rankine cycle efficiency.

- E I Example-7.6 Economiser used in power plants is used to heat

(a) Flue gases (b) Intake air
(c) Steam (d) Feed watger

Solution: (d)
Economiser heats feed water with the heat of flue gases.

- EI Example-7.7 The ideal cycle for a steam power plant is Rankine cycle instead of the
Carnot cycle because

(a) the Rankine cycle has higher efficiency

(b) Rankine cycle efficiency equals the Carnot cycle efficiency

(c¢) Rankine cycle has higher work ratio and is easier to implement.
(d) the Carnot cycle gives lower turbine work

Solution: (c)
Due to lesser pump work, rankine cycle has higher work ratio.
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The function of an economizer in a steam power

plant is to

(a) increase the temperature of air supplied to a
boiler

(b) increase the enthalpy of feed water

(c) condense the exhaust steam from the turbine

(d) heatthe fuel before combustion

Consider the following statements: The purpose
of reheating the steam in a steam turbine power
plant is to

1. increase specific output

2. increase turbine efficiency

3. reduce the turbine speed

4. reduce specific steam consumption

Which of these statements are correct?

(@) 2and 4 (b) 1and3

(c) 1,2and 4 (d)y 1,3and 4

In a regenerative cycle, steam with enthalpy of
3514 kJ/kg is expanded in h.p. turbine to a state
corresponding to saturated enthalpy of water
equal to 613 kd/kg. If the pump work
requirements in high pressure and low pressure
zones are respectively 3 and 1 kd/kg, amount of
heat transferred in boiler is

(@) 2897 kd/kg (b) 2898 kJ/kg

(c) 2904 kd/kg (d) 2905 kJ/kg

Consider an actual regenerative Rankine cycle
with one open feed water heater. For each kg
steam entering the turbine, m kg steam with a
specific enthalpy of h, is bled from the turbine.
Specific enthalpy of water entering the heater is
h,. The specific enthalpy of saturated liquid
leaving the heater is equal to

(@ mh,—(h,-h;) (b) h;—m(h,-h,)

(¢) h,—m(h,-h,) (d) mh,-(h,-h,)

What is the efficiency of an ideal regenerative
Rankine cycle power plant using saturated steam
at 327°C and pressure 135 bar at the inlet to the
turbine, and condensing temperature of 27°C
(corresponding saturation pressure of 3.6 kPa)?

Q.6

Q.7

Q.8

Q.9

(@) 92%
(c) 50%

(b) 33%
(d) 42%

Which combination of the following statements

is correct?

The incorporation of re-heater in a steam power

plant

A. Always increases the thermal efficiency of
the plant

B. Always increases the dryness fraction of
steam at condenser inlet

C. Always increases the main temperature of

heat addition

. Always increases the specific work output

(@) AandD only (o) Band D only

(c) A,CandDonly (d) A B,CandD

O

In a regenerative feed heating cycle, the

economic number of the stages of regeneration

(@) increases as the initial pressure and
temperature increase

(b) decreases as the initial pressure and
temperature increase

(c) is independent of the initial pressure and
temperature

(d) depends only on the condenser pressure

In thermal power plants, the deareator is used
mainly to

(a) remove air from condenser

(b) increase fire water temperature

(c) reduce steam pressure

(d) remove dissolved gases from feed water

Which one of the following cycles working within
the same temperature limits has the highest work
ratio?

(a) Carnotcycle
(c) Ottocycle

(b) Joule cycle
(d) Rankine cycle

Q.10 What is the difference between the temperature

of feed water outlet and saturation temperature
of steam entering the heater called ?
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(@) Pinch point Q.17 In ideal regenerative cycle the temperature of
(b) Terminal temperature difference steam entering the turbine is same as that of
(c) LMTD (a) water entering the turbine
(d) Terminal point (b) waterleaving the turbine
Q.11 The most efficient ideal regenerative steam power (c) steam leaving thg turbine ,
. (d) water at any section of the turbine
cycle is
(@) Rankinecycle (b) Carnotcycle Q.18 The work done in a steady flow process is equal

(c) Braytoncycle (d) Joulecycle

Q.12 Which one of the following is the correct
statement?
Reheating of steam under ideal conditions takes
place at constant
(@) entropy (b) enthalpy
(c) pressure (d) temperature

Q.13 The enthalpy of steam entering a turbine in a
Rankine cycle is 3200 kd/kg. The enthalpy after

to —J vap. Inthe Rankine cycle, the turbine work

is much greater than the pump work because

(@) The specific volume of water is much higher
than that of steam

(b) The specific volume of steam is much higher
than that of water

(c) The pressure drop in the turbine is much
higher than that in the pump

(d) Thereislessirreversibility in the turbine than

isentropic expansion is 2400 kd/kg and the in the pump
enthalpy at the end of actual expansion is EEEN
2560 kd/kg. What is the turbine efficiency ?
(©) 85% (d) 90% > ANSWER KEY / ASSIGNMENT
Q.14 In a Rankine cycle, with the maximum steam .(b) 2 (d) 3. () 4. (o) 5. (o)
temperature being fixed from metallurgical . (b) 7. () 8. (d) 9. (d) 10. (b)
consideration, as the b0||§r pressuremcreases m.b) 12 © 13.(b) 14 (b) 15. (b)
(a) the condenser load will increase
(b) the quality of turbine exhaust will decrease 16. (@)  17. (b) 18. (b)
(c) the quality of turbine exhaust will increase
(d) the quality of turbine exhaust will remain
STUDENT'S
unchanged ) HINTS & SOLUTIONS // , STURENTS.

Q.15 Employing superheated steam in turbines leads

to n (b)

a
b
c
d

=

Increase in erosion of blading
Decrease in erosion of blading
No erosion in blading

No change in erosion of blading

~

(
(
(
(

=

Q.16 Consider the following statements pertaining to
the features of a regenerative steam cycle plant

A common application of economizer in steam
power plant is to capture the waste heat from boiler
stack gases (flue gases) and transfer it to the boiler
feed water. This raises the temperature of the boiler
feedwater, lowering the needed energy input and
thus increases the enthalpy of feed water.

as compared to a non-regenerative plant: n (d)

1. ltincreases the cycle efficiency.

2. ltrequires a bigger boiler.

3. ltrequires a smaller condenser.
Which of these statements are correct?
(@ 1,2and 3 (b) 1and2

(c) 2and 3 (d) 1and3

The purpose of the reheating of steam in steam

power plant is to:

1. increase the quality at turbine exhaust thus the
blade erosion decreases.

2. increase the condenser load.
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3. increase the work output.
4. Turbine speed decreases.
5. The turbine efficiency may or may not increases.

[ 3. [

WT = 3514 -614 = 2901 kd/kg
WP=3+ 1 =4 kJ/kg
Zonet = z“\Nnet = 2901 — 4 = 2897 kJ/kg

[ 4. |G

m, h,

—

(1—m), h,

R —

1kg, h

1x h=mh, +(1-mh,
h=h,—m(h, - h,)?

B ©

The efficiency of ideal regenerative cycle is equal
to that of Carnot cycle working between same
temperature limits.

am=qote g  BT+279) _ po

T (327 +273)
6. [

Effect of using Reheater:

T
13
7
6 20
5 “ N
s
VVturbine T
W, ump = Constant
Wnet (WT_ WP) T

Heat supplied T

Heat rejected T

Mean temperature of heat addition - may increase
or decrease

Mean temperature of heat rejection - constant
Efficiency - may increase or decrease

Dryness fraction of steam at condenser inlet -
increases.

UPPSC-AE

(a)

Since efficiency is proportional to gain in feed water
temperature. As initial temperature and pressure
increases, the gain in feed water temperature
decreases because gain follows the law of
diminishing return with increase in the number of
heater.

[ 8. [G)

The purpose of deareator is to reduce dissolved
gases, particularly oxygen to a low level and
improve a plant’s thermal efficiency by raising the
water temperature.

In addition, deareator provides feedwater storage
and proper suction conditions for boilder feedwater
pumps.

[10.[0)

Performance of feed water heaters is quantified
using a parameter called “terminal temperature
difference”. Terminal temperature difference (TTD)
refers to the difference of temperature between
temperature of feed water outlet and saturation
temperature of steam entering the heater.

(11.[0)

Regenerative feedwater heating by turbine steam
extraction is termed as the carnotization of the
Rankine cycle. Aregenerative feed heating cycle
with an infinite number of feed water heaters has
an efficiency equal to that of carnot cycle.

13.[0)

B 3200-2560 640
Niurbine = 3200 -2400 800

14.[0)

As the boiler pressure increases, quality of the
steam at the exit of the turbine decreases.

15.[0)

Superheated steam in turbines leads to decreases
in erosion of blading, i.e. increase in the life of
turbine blade.

=0.8 or 80%
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18.[0)

16. [B)

Effect of regenerative cycle over simple Rankine

cycle

1. Thermal efficiency is improved because the
mean temperature of heat addition to the cycle
isincreased.

2. Due to many extractions there is an
improvement in the turbine drainage and it
reduces erosion due to moisture.

3. Asmall size condenser is required.

4. For given power a large capacity boiler is
required.

Rankine Cycle 103

Workdone = —jvdP (for steady flow process)

Workdone in turbine is much greater than that of
pump because in turbine, working fluid is steam
and in pump, working fluid is water.

And specific volume of steam is much higher than
that of water.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




